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Abstract: Open science is not only about making research results freely
available, but also about making them understandable to and reproducible for a
wider public (audience) and not only to specialised scientists. It is thus influencing
strongly the research environment, especially the way research results are
disseminated and communicated. Many research results remain unpublished due to
lack of novelty or insufficient strength of the experimental design, which is a loss
to the particular knowledge community. If the research is reproducible and the
associated data are available, publication can open up new opportunities and ideas
for data reuse, contributing significantly to knowledge gain. Thus, the classical way
of publishing research results needs alternative approaches. This paper presents
two initiatives to disseminate results from animal production research and
agriculture in general. The first one is the e-platform animal open space
(ANOPES), intended for research results. It opens the possibility to publish
research, methodological and data papers with faster review and is already
operational. The second initiative is a proof-of-concept study of the EUREKA
project to create an agricultural knowledge e-platform to strengthen the agricultural
knowledge and innovation system of the European Union. For ANOPES, the scope
and opportunities for publication are presented. For EUREKA, the analysis of data
and knowledge objects created in a multi-actor projects and their relevance to the
knowledge repository are presented.
Key words: animal production; open science; knowledge objects; erepository
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Introduction
Open science has for the objective to make scientific research results (e.g.
publications, data, software) freely available to all stakeholders, amateur or
professional (Woefle et al, 2011). Open science denotes a transparent and
accessible knowledge shared and developed through the collaborative networks
and generally making it easier to publish and communicate scientific knowledge
(Vicente-Saez et al., 2018). According to Eve (2014), for a piece of academic
research to be called open access (OA), it must be available digitally for anybody
to read at no financial cost beyond those intrinsic to using the internet; it means
implementing a new system that allows free access to peer-reviewed scholarly
research on the world wide web. The term also means that people should be able to
reuse this material beyond the provisions of fair use enshrined in copyright law, as
long as the author is credited. This policy has been rapidly spreading and has
strongly affected the scientific environment, in particular the publishing. For
example, the policy of open science has been implemented in European Union
research programmes, and unless the results need to be protected, there is a
contractual obligation for open access dissemination. Thus science becomes more
transparent and accessible to society at large and can contribute to boosting the
innovation potential, as suggested by Woefle et al. (2011) in a paper Open science
is a research accelerator. OA also contributes to more efficient research and
increases its impact.
It should be mentioned that open access (OA) of research results demands
that FAIR data principles are respected (FAIR stands for Findable, Accessible,
Interoperable and Reusable). The acronym and principles were defined in a paper
that was published in 2016 the journal Scientific Data (Wilkinson et al., 2016) and
emphasise the ability of machine-based operation i.e. the capacity of computational
systems with none or minimal human intervention (FAIR principles). OA does not
only refer to research papers being freely accessible, but covers the whole spectrum
of research outputs like primary data produced or tools and methodologies
developed in the research. The re-use of primary data is of particular interest as it
contributes to avoiding additional experiments on animals, allows new
ideas/analyses to be tested and used in larger context e.g. big data analysis. There is
also a lot of research that has not been published due to shortcomings related to
scientific soundness, insignificance of tested hypothesis or insufficient power of
methodological approach which is a pity to be completely lost for the knowledge
community. Knowledge community is strongly aware, that there is an urgent need
to improve the infrastructure supporting the reuse of scholarly data (Wilkinson et
al., 2016).
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Besides creation of new knowledge, another issue to be considered in the
context of knowledge availability is the innovation uptake, i.e. the transfer and
implementation of knowledge into practice. The knowledge objects that emerge in
the research community are diverse (see Fig. 1) and not always easy for various
public to understand. Therefore, research papers are not and should not be the only
outputs of a given research effort. While research papers are mostly produced for
and intended for the scientific community, other types of knowledge objects
developed by researchers are of interest and importance to practitioners. In
particular those that convey a concise, condensed and practical message. When
preparing or disseminating to farmers or practitioners, it is important to consider
what and how to present the information - the content, the form and the
communication channel.
Thus, the aim of this article is to present new trends and developments in
the dissemination and communication of research results or knowledge transfer in
animal production science. First, the platform for dissemination of research results
related to animal production that has recently been established and put into
operation is Animal Open Space. Second, the Horizon 2020 feasibility study of
EUREKA project for the development of an e-platform for agricultural knowledge
to facilitate knowledge transfer to end users. Both platforms respond to societal
needs related to open science, FAIR principles and better research impact, and
represent an innovative approach to the provision and/or transfer of knowledge
(know-how) for enhanced innovation uptake in the field of animal production.

Animal Open Space – concept and scope
On June 28 2021, the animal consortium, which is a collaboration between
the British Society of Animal Science (BSAS), the Institut National de la
Recherche pour l’Agriculture, l’Alimentation et l’Environnement (INRAe) and the
European Federation for Animal Science (EAAP) launched with the journal animal
– open space a new publishing initiative. This new journal is part of a family of
journals including the flagship journal animal and animal – science proceedings.
Compared to other known journal in animal science, animal - open space
fully embraces Open Science. Its philosophy is that all reproducible research, the
data linked to that research and the associated points of views of the authors
contribute to knowledge gain. Therefore, this knowledge deserves to be rapidly
published and open for comments once published. Thus, we would like to open the
possibility of a discussion between author and reader using the platform PubPeer.
The journal publishes articles that relate to farmed or other managed animals,
leisure and companion animals and the use of insects for animal feed and human
food. In animal – open space, articles can be accepted from all species if they are
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in, or contribute knowledge to, the aforementioned categories (e.g. cattle, sheep,
pigs, poultry, horses, rabbits, fish, cats, dogs). One key element is also that lack of
novelty, negative results or lack of significant treatment differences are not a
barrier for publication in this journal.
The objective of the animal consortium is that animal - open space will
become an essential reading for all animal scientists, stakeholders and policy
makers interested in agricultural, veterinary and environmental sciences with
expected impacts on animal performance and productivity, animal welfare, animal
health, food security, environment, climate change, product quality, human health
and nutrition, sustainability of animal agriculture, livestock systems and
methodology. The impacts of the articles can be either of local or international
relevance.
In the spirit of the Opens Science, animal – open space aims to publish
open and reproducible research as data papers, method articles and research
articles. The following characteristics are the key elements for the journal for all
article types, it is mandatory 1) to deposit the complete raw dataset and the
metadata describing them in an official data repository and 2) to provide a detailed
description of critical methodologies, including mathematical equations and
statistical models including the programming codes, that ensures that the research
process and products are transparent and can be reproduced. As aforementioned
there will be 3 types of articles published in animal – open space:
Data paper: What is a data paper? A data paper is a searchable metadata
document, describing a dataset or a group of datasets and the circumstances of their
collection, but without further analyses and interpretation of the data. Data paper
provides a way for researchers to share and reuse each other's datasets by
publishing datasets. Almost any piece of information can be defined as data.
However, to merit publication in animal – open space data should be a set of
information that are acquired/collected with a scientific method and be accurate,
reusable, reproducible, replicable, and of value to the research community. What
are the benefits of data papers for the research community? For instance, data sets
can be used for another purpose (e.g. meta-analysis) than their original purpose.
Data sets published as a data paper are accessible for a long period of time and by
everyone and are easily to find. What are the advantages for the author(s)? The
data is citable. If the associated research article is published in another journal (e.g.
animal), a data paper might increase the traffic towards the research article and
lead to more citations. Data papers may help to open doors for new research
collaborations.
Method article: We know that reproducible experimental and laboratory
methodologies are essential to science and animal - open space welcomes method
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article dedicated only to these aspects. This includes new research protocols and
methods or changes to existing research protocols and methods. In most cases (but
not mandatory), research protocols and methodology articles compare (at least) two
methods: the proposed or alternative method and the currently used or “gold
standard” method. The rapid development of non-invasive methods (e.g. based on
sensors and cameras, in vitro systems) provides alternatives to more invasive
research protocols and methods and these alternatives can be published in animal –
open space. Method articles can also describe novel, improved or experimental
extension and teaching methods in animal science used in either higher or
continuing education. The authors of method articles should clearly demonstrate
why the novel, improved or experimental methods were considered and provide a
qualitative or quantitative assessment of the method.
Research article: Research articles correspond to all types of reproducible
experimental research and include: 1) “Confirmational” research which may not be
novel per se, but contributes to enlarging the knowledge that is essential to life
sciences. 2) Pilot studies and proof-of-concept research for which the statistical
power may be not sufficient to make clear conclusions on the outcome. 3) Applied
animal research in which a management factor or solution is tested under field
conditions. 4) Observational data papers in which the results are based on
observations made in field conditions, and not necessarily controlled conditions. 5)
Articles describing meta-analysis, modelling research or software tools are
considered as research articles.
The raw data used to present in tables or graphs in research articles need to
be published in data repository. Compared to a data paper, authors of a research
article need to express their opinion on their results.
Compared to a “classical” journal, the articles will be subjected to an
editorial review process, that is a review by an editorial staff of animal – open
space. The evaluation process will focus mainly on the scope, transparency,
reproducibility, clarity of writing, quality of English, ethics and the quality of the
metadata. That means that Material and Method, Results and Metadata will be
reviewed. The introduction and discussion/points of view of the authors are
reviewed only for clarity but the responsibility of the contents is left to the authors.
With this journal we aim to bring animal - open space to a point where it is
recognized as an important member of the animal family, and we hope that with
the introduction of this new concept (open science, open review process), the
journal will be able to initiate and foster the post-print interaction between its
authors and readers.
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EUREKA project – analysing knowledge supply of multiactor projects
EUREKA is a Horizon 2020 project (https://www.h2020eureka.eu/)
responding to the EU call “Reinforcing the EU agricultural knowledge base”, with
the aim of analysing multi-actor projects and assessing the feasibility of developing
the agricultural knowledge base as an e-infrastructure and proposing options for the
future, in particular to efficiently link existing communication and dissemination
channels with national and regional agricultural knowledge and information
systems (AKISs). The project EUREKA has several objectives, one of which is to
analyse the projects from the point of view of the data generated in the multi-actor
environment. In Horizon 2020 Framework Programme, the multi-actor approach
(MAA) was introduced as an innovative concept to facilitate and accelerate the
adoption of innovation in agriculture. The concept of MAA means addressing real
problems and opportunities and actively involving different stakeholders in project
activities to make the best use of complementary competencies in co-creating new
knowledge and solutions and thus enhancing the practical implementation and
impact of the projects.
The EUREKA project is exploring the feasibility of building an open data
knowledge reservoir by
• analysing the supply of knowledge from MAA projects, and the profile of
end-users
• engaging with MAA community to identify most relevant needs of endusers
• developing an e-platform to integrate knowledge and innovation in line
with the FAIR principles.
In the frame of the EUREKA the funded MAA projects were analysed to
identify the types of knowledge and data generated in order to recognize the
knowledge supply of interest for an agricultural knowledge e-platform. The
analysis included 101 MAA projects of different types and the clusters of various
outputs are presented in Figure 1.
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Figure 1: Clusters of outputs created in MAA projects

It was observed that there is a large diversity of outputs from MAA
projects, and that outputs differ mainly according to the type of project (research
and innovation action-RIA, coordination and support action-CSA, innovation
action-IA). RIA projects typically put more emphasis on scientific publications,
whereas CSA and IA projects are more knowledge-exploitation oriented. With
respect to FAIR principles, the published outputs (scientific and technical papers)
are in-line with them, whereas more efforts are needed to assure the access to other
types of important outputs produced in the projects, e.g. raw data,
software/applications. It has emerged that publication of raw (or primary) data
papers should be encouraged for a better re-use of data. The importance of
intangible benefits that MAA projects create was highlighted, as was the challenge
for the sustainability of the created knowledge community. This last point is
particularly important in the context of the MAA paradigm, since it helps in
keeping alive the interactions between providers and users of the knowledge. It was
recognised that there is a need for the “infrastructure” that would support the reuse
of scholarly data and that a unique online repository could greatly increase the
impact of projects.
In the interviews conducted with representatives of MAA projects it was
also noted that such an e-platform should integrate raw data, knowledge objects
and digital tools but at the same time enable the sustainability of networks and
facilitate the knowledge community in general. With regard to end-users it should
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be kept in mind that different stakeholders/actors have different information needs
as well as different preferred ways to obtain the information they need. It has also
been noted that if we are to provide the information to farmers, we need to provide
the results in a way that farmers trust, and this is where personal contact should be
prioritized over written information. In relation to the importance of developing an
e-platform of knowledge, it was also noted that the results created by the projects
need to be applied and disseminated widely and easily. There is also a need to
increase the understanding of the importance of data management, adherence to the
principles of FAIR and the associated adherence to open access. This should be
done not only to comply with the policy but as a part of good scientific practice.
Any multi-actor project represents a knowledge community whose sustainability is
at risk once the project is completed. An e-platform capable of integrating different
outputs of the multi-actor projects is important for the sustainability of the
knowledge community after the end of the project.

Conclusions
Open Science changes the way research results are disseminated with the
aim of making them freely available, reproducible, but also more understandable to
a wider audience and not only to specialised scientists. In the area of animal
production, animal open space platform offers a novel approach for disseminating
research outputs and foresees research, methodology and data papers.
A concept of multi-actor approach in a project builds a knowledge
community whose sustainability is not assured once the project is completed. An eplatform capable of integrating different outputs of the multi-actor projects is
important for the sustainability of the knowledge community after the end of the
project. In that respect the understanding of the importance of data management,
and adherence to the principles of FAIR and open access to knowledge and data
created by the projects is fundamental.
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Novi trendovi u objavljivanju istraživanja i prenošenju
znanja o stočarstvu - predstavljanje projekat Animal Open
Space i EUREKA
Marjeta Čandek-Potokar, Giuseppe Bee

Rezime
Otvorena nauka se ne sastoji samo u tome da rezultati istraživanja budu dostupni,
već i u tome da ih učini razumljivim i reproducibilnim za širu javnost, a ne samo za
specijalizovane naučnike. Time snažno utiče na istraživačko okruženje, posebno na
način na koji se rezultati istraživanja šire i saopštavaju. Mnogi rezultati istraživanja
ostaju neobjavljeni zbog nedostatka novina ili nedovoljne snage eksperimentalnog
dizajna, što predstavlja gubitak za specifičnu zajednicu znanja. Ako se istraživanje
može ponoviti i ako su povezani podaci dostupni, objavljivanje može otvoriti nove
mogućnosti i ideje za ponovnu upotrebu podataka, značajno doprinoseći sticanju
znanja. Dakle, klasičnom načinu objavljivanja rezultata istraživanja potrebni su
alternativni pristupi. Ovaj rad predstavlja dve inicijative za širenje rezultata
istraživanja proizvodnje u stočarstvu i poljoprivrede. Prvi je Animal Open Space na
e-platformi (ANOPES), namenjen rezultatima istraživanja. Otvara mogućnost
objavljivanja istraživačkih, metodoloških i podataka sa bržim pregledom i već je
operativan. Druga inicijativa je studija dokazivanja koncepta u okviru projekta
EUREKA za stvaranje e-platforme za jačanje znanja u poljoprivredi i inovacionog
sistema Evropske unije. Za ANOPES su predstavljeni obim i mogućnosti
objavljivanja. Za EUREKA projekat je predstavljena analiza podataka i objekata
znanja nastalih u projektima sa više aktera i njihova relevantnost za repozitorijum
znanja.
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Abstract: The agricultural revolution made us who we are, the ultimate
predator on Earth. This evolution breakthrough enabled a sudden jump of Homo
Sapiens in the food chain, rapid population growth, creation of civilizations and
rapid expansion to all parts of the planet. These days we, as agricultural experts,
are facing a new task; how to produce enough food for a growing human
population, in conditions of limited resources and increasingly frequent labelling as
pollutants by those who clearly do not understand the basic role of agriculture for
human survival, agriculture produce food!!! Research, development and innovation
have made the agricultural sector in Europe competitive and effective in producing
enough quantity of quality food for the citizens of Europe. Now, this sector needs
to operate in the production system that ensures safe and healthy food supply,
reduces environmental impact, improves resource utilization, provides ecosystem
services, contributes to a sustainable economy and satisfies consumer needs in a
way that society values. And finally, we need to educate the population we are
feeding; we are not Farming for Failure, we are Farming to Sustain!
Key words: agriculture, animal production, sustainability

Agricultural Revolution
The agricultural revolution implies cultural transformations that originally
enabled humans to transform from hunting and gathering resources to plant and
animal domestications and consequently agricultural production. Today, more than
80% of the human diet is originated from less than a dozen crop species and
several animal species domesticated thousands of years ago. Accordingly, to
archaeological data, the domestication of plants and animals started in the
Holocene period approximately 12 thousand years ago in separate global locations
(Picture 1) possibly caused by climate change and local population increases. This

12

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

transformation from hunting and gathering to agriculture production occurred
gradually as humans selected plants and animals for domestication, and then
continued the selection for the traits of interest. The development of agriculture
represents a major turning point in the evolution of the human population. The
breeding of plants and animals increased according to the distinct environmental
conditions of the region, while human migration and trade enabled the global
expanse of domesticated beings (plants and animals). This change in resources
availability provided a surplus of plant food and consumption during the winter
period, while domesticated animals were used during the entire year. These new
survival strategies enable the building of homes, villages, and communities, which
consequently resulted in rapid increases in the human population and finally in the
appearance of civilizations.
The agricultural revolution also caused many other modifications of the
environment such as deforestation and irrigation. Furthermore, the agricultural
revolution also initiated innovations in technologies, trade, architecture, and
changes in socioeconomic relations, property ownership, and political systems.
This change in the way of living provided a relatively safer existence and more
time for analytical and creative thinking resulting in the development of art,
religion, and science. It is necessary to emphasize that the human population,
without the agricultural revolution, would still be organized into small uncivilized
groups for hunting and gathering with the human population of about 500 million.

Picture 1. Origin of crops and domestic animals (ECOCLIMAX, 2015)
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Agriculture today
Agricultural production today has to manage production in the changing
world from the aspects of environmental conditions (climate change) and the
population that it needs to feed (increasing food demands for growing human
population). The forecasts indicate that the world human population will increase
from the current 7.2 billion to 9.6 billion by the year 2050 (Census Bureau, 2016).
Expected population growth, in combination with rising incomes and urbanization,
implies great challenges to systems of food production and agriculture (FAO,
2011).

Picture 2. Expected increase of human and domestic animals’ population (FAO, 2011).

It is expected that the demand for meat and milk will increase by 73 and
58% in the year 2050, comparing the levels in the year 2010. Furthermore, the
expected increase in human population and changes in feeding preferences implies
the necessity of an increase of the number of domestic animals from the current 60
billion to 100 billion by the year 2050 (Picture 2). In order to prevent global food
insecurity, it is necessary to enable sustainable intensification of animal production
under the following conditions: increased demand for animal products, decreased
available resources needed for production (agricultural land, water), and available
various tools and production methods.
In these conditions, livestock intensification implies increase of animal
density and decrease of the stockperson per animal ratio. In the case of increasing
herd size and decreasing workforce availability the precision livestock farming
imposes as optimal solution. Precision livestock farming implies usage of various
sensors and big data managing in order to provide a simple score regarding the
animal health, productivity, and welfare. By collecting and analyzing large amount
of data the precision livestock farming can provide farmers with the information
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regarding the production, reproduction and welfare at the individual and herd level.
That information enable farmer to optimize the management of farm and
consequently realize the efficient and sustainable production system.
So, to be a successful farmer you need to manage a number of different
tasks; to build adequate facilities, to select proper genetic, to control and manage
environmental (microclimate) conditions, to grow and process the animal fed, to
prevent animals' disorders or diseases, to answer the market tasks; to minimize the
environmental footprint, so in one world, you have to be a magician.

Agriculture – From the Founder of Civilization to the
Destroyer of the Planet
According to the Greenpeace analysis (2020, ominously named: Farming
for Failure), farm animals and the production of animals' fed in Europe are
producing more greenhouse gases every year than all of the bloc’s cars and vans
put together. Furthermore, Greenpeace (2020) continues that the increase in meat
and dairy production in Europe over the past decade has made farming a
significantly greater source of emissions, while on the other hand, governments
invested in renewable energy and transport resulting in the reduction of emissions
from energy and transport sector.

Picture 3. Global statistics on land clearing and deforestation (ECOPEANUT, 2021).
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In a similar mood continues also ECOPEANUT (2021) stating that the
livestock industry has a negative impact on the environment through emissions,
water consumption, deforestation and land clearing, land occupation, ... In
continuation, they suggested that ‘if farm animals stopped landing on everyone’s
plates’ meaning that we supposed to switch to vegetarianism or become hunters,
which raises other questions (what to hunt and what will be the emissions and do
we have enough resources to produce food of plant origin for the growing human
population, and of course the basic characteristic of the genus Homo that we are
omnivores (Picture 4) and as such cannot survive only on foods of plant origin (we
are not ruminants)), ‘14.5% of all human-related emissions would be offset’.
Nevertheless, the information and relevance of the information always
depends on the source of the information and the intention to place the same
information.
Furthermore, speaking purely theoretically, the complete extinction of
domestic animals (which is ardently advocated by certain lobbies) would leave
catastrophic long-term consequences on the pedological quality and structure of
arable land that could not be recovered by any known alternative to manure! This
would automatically and directly jeopardize existing plant production. Also, there
would be an increase in the number of starving people in the world, because in
some regions only traditional livestock breeding with acclimatized plant crops is
possible (where wheat and corn do not grow). Moreover, there would be large
population migrations, hunger, the devastation of the region, etc.
Today's agroecological systems are extremely complex and dynamic, but
they are still based on biological principles. Reckless moves by those who will
manage the development of agriculture in the future could lead to catastrophic
consequences for the planet, and the entire living system on it. Which wouldn't
even rule out the outbreak of wars!

Picture 4. The basics – food chain (Gloster EDU, 2019).
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It could be observed that the changes in climate are changing the
environmental conditions in various regions by making them not convenient for
living and agricultural and livestock production in particular. FAO experts (FAO,
2013) stated that with the purpose to hold the increase in global temperature below
2oC and to avoid dangerous climate change, global GHG emissions need to be
significantly decreased worldwide.
The animal production sector, within agriculture production sector, has to
some extent impact on the environment. The global animal production sector
significantly adds to an anthropogenic GHG emission, but on the other hand, it can
also deliver a significant share of the required mitigation effort. Total GHG
emissions from livestock supply chains are estimated at 7.1 gigatons of CO 2 eq/year (year 2005) representing 14.5% of all anthropogenic emissions (49
gigatons CO2-eq for the year 2004; IPCC, 2007). Furthermore, regarding the
species, cattle are labelled as the main contributor to the sector’s emissions with
about 4.6 gigatons CO 2 -eq, representing 65% of sector emissions, while small
ruminants have much lower emission levels in the interval from 7-10% of sector
emissions (0.47 gigatons CO 2 -eq). The main source of GHG emissions in the
ruminants’ supply chain focused on milk or meat production is enteric fermentation
and feed production. Meat production systems contribute more to the sector’s
emissions than the milk production system. Also, the grazing system, compared to
the mixed one, produce more GHG. This holds for all studied ruminants, cattle,
sheep and goats. Furthermore, in ruminant production systems, there is a strong
negative relationship between productivity and emission intensity that is emission
intensity decreases as yield increases. The reduction of sectors emission could be
achieved by: reduction of production and consumption, lowering the emission
intensity of production and by combination of mentioned above. The application of
different mitigation techniques could result in large environmental benefits. The
mitigation potential varies in intervals from 14 to 41% depending on the selected
species, production system and world’s region.
Considering that the livestock sector currently is in the challenging period
when the necessity of sectors GHG emissions reduction and significant demand
growth for animals’ products (projected to be +70% between the year 2005 and
2050 (FAO, 2011) need to be harmonized, stimulation of farmers for higher
production level could be one of the effective mitigation measures, and we as
scientific community should give are share. Also, it is needed to emphasize that the
agriculture will mitigate its environmental impact to a much greater extent
compared to the steel, cement, iron, and oil industries, or transport and construction
sector.
Furthermore, we need to ask ourselves, how did we come from the
producer of the most basic needs of all living beings, food, to the label of the
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destroyer of the planet? And more importantly, how to change the consciousness of
the population for which we produce and which in the end without us really cannot,
just obviously not aware of it?

Cultured Meat – Meat without Harming a Single Animal
Cultured meat, or lab-grown meat, is meat produced by in vitro cell
cultures of animal cells (as opposed to meat obtained by slaughtering animals).

Picture 3. Expected increase of human and domestic animals’ population (Flynn, 2019)

‘Cultured meat, produced in bioreactors without the slaughter of an
animal, has been approved for sale by a regulatory authority for the first time. The
development has been hailed as a landmark moment across the meat industry’
(Guardian, 2020).
Lab-grown meat appears in many additional names; cultured meat, in vitro
meat, synthetic meat, ... This 'meat' is made by growing muscle cells in a nutrient
serum and assisting them into muscle-like fibers. Simpler 'animal' products, such as
artificial milk or egg whites, can be produced by yeast that has been genetically
altered to produce the proteins found in milk or eggs. Then those proteins are
extracted and blended in the adequate volumes. Cultured meat includes applying
the practices of tissue engineering (cellular agriculture) to the creation of muscle
for consumption as food.
Cellular agriculture includes a set of technologies to create products
typically obtained from livestock farming, using culturing techniques to create the
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individual product. Cellular agriculture could be divided into two types: tissue
engineering-based and fermentation-based cellular agriculture, depending on the
production method used. Tissue engineering-based cellular agriculture includes
cultured meat and leather systems in which cells or cell lines are taken from living
animals and are tissue-engineered to produce useable tissue. Starting material, i.e.
the cells, can be obtained from an animal using a biopsy procedure (Post, 2014), or
a genetically modified cell line could be created that only requires animals from
which to source the original cells (Genovese et al., 2017). Fermentation-based
cellular agriculture opposes tissue engineering-based systems in that it does not
use any tissue from a living animal. Alternately, products are created by
fermentation using bacteria, algae or yeast that have typically been genetically
modified, by adding recombinant DNA, so they produce organic molecules. These
molecules can be used to biofabricate familiar animal products (e.g., gelatin, casein
(used for milk), and collagen (used for leather)).
Cultured meat could be defined as an early-stage technology with potential
benefits and challenges, so... Furthermore, when it comes to cultivated meat, there
is of course the question of the impact on the environment, what is the emission,
water consumption, footprint ... The premise that artificial meat will save the planet
from GHG emission is not based on scientific evidence, nor are there scientific
estimates of the extent to which meat production will contribute to the reduction of
GHG, and will it at all? The only estimates are regarding the financial turnover on
the artificial meat market in amount of 140 billion euros in the next few years.

Role of the Animal Production Sector in European
Bioeconomy
The animal production sector with an amount of 168 billion euros annually
contributes significantly to the European economy (Eurostat, 2014), moreover, it
supports food safety, rural development and ecosystem services. The animal
production sector represents 45% of the total agricultural activity and provides jobs
for almost 30 million people (ATF, 2019). In addition, the European animal
production sector generates additional export possibilities for Europe both in terms
of product and expertise. Finally, the European animal production sector plays a
central role in obtaining food safety and nutrition worldwide.
Food production represents a major part of the bio-economic system. In
many parts of Europe, the animal production sector is inseparably linked to the
vitality of rural social-economic infrastructure. Furthermore, animal production
may pose a challenge to the environment and some aspects of human health.
Although the animal production sector offers multiple possibilities for contribution
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to climate-smart, sustainable and competitive Europe, it needs a creative and
innovative systematic approach and strong, flexible to do research and study in
order to implement the knowledge, technology and skills that will prepare the
sector for European challenges in the future.
Research, development and innovation have made the animal production
sector in Europe more competitive and effective today. Creating a stimulating
environment for research and innovation in the livestock sector can lead to a
production system that ensures safe and healthy food supply, reduces
environmental impact, improves resource utilization, provides ecosystem services,
satisfies consumer needs in a way that society values, and contributes to a
sustainable economy. Given the above, it is extremely important to ensure
investment in research, development and innovation and application of the same at
the local, national, and global level.

How to Ensure Sustainability of Animal Production
Systems—Case Study
‘Danish Crown will no longer be hunting for growth by slaughtering more
animals. In the Group’s new Feeding the Future strategy, focus will be on reducing
the carbon footprint of meat and use this as a foundation for increasing earnings
on the Group’s products’ (Danish Crown, 2021).
Danish Crown (2021) stated that Danish farmers were a key driver in
global developments for a set of generations, with high investments in knowledge,
facilities, people, and high-quality genetics that ensured the top position of Danish
farmers in European farming.
Furthermore, they (Danish Crown, 2021) continue ‘if meat is to lose its
reputation as a climate culprit, fields must be grown intelligently, slurry handled
critically, and animals tended to carefully’.
Danish Crown is planning to invest billion-kroner in farm-to-fork
innovation to create a position where sustainability will be making the incremental
value of the Group’s products. Jais Valeur, CEO of Danish Crown stated (Danish
Crown, 2021): 'Our goal is not to produce more pigs, but instead to create more
value from the raw materials supplied by our owners'.
Since the market is constantly changing and plant-based products currently
became popular, the animal production sector needs to invest in innovation and
production of offering sustainable foods meaning the reduction of the carbon
footprint of farms as well as education of consumers regarding the animal products
and their real impact on the environment as well as on human health. As Jais
Valeur said (Danish Crown, 2021): 'we need to create a positive, upward-moving
spiral'.
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Instead of a Conclusion
About 400,000 years ago, Homo Sapiens appeared on the evolutionary
horizon, not for nothing a special animal somewhere in the middle of the food
chain. It survived for thousands of years as a collector and hunter, living in smaller
(up to 100 individuals) mostly related groups and spreading to a lesser extent
across the planet. Furthermore, approximately 12,000 years ago, the process of
domestication of plant and animal species began, i.e. the agrarian revolution,
enabling a sudden jump of Homo Sapiens in the food chain, rapid population
growth, creation of civilizations and rapid expansion to all parts of the planet.
Homo Sapiens becomes the ultimate predator.
Today, agriculture is facing a new task; how to produce enough food for a
growing human population, in conditions of limited resources and increasingly
frequent labelling as pollutants by those who clearly do not understand the basic
nature of agriculture for human survival, we are producers of food!!! The human
population currently lives in a world of a large number of imposed needs
(consumer society) but the basic need of all living beings are water and food!!!
Research, development and innovation have made the agricultural sector in
Europe competitive and effective in producing enough quantity of quality food for
the citizens of Europe. Now, this sector needs to operate in the production system
that ensures safe and healthy food supply, reduces environmental impact, improves
resource utilization, provides ecosystem services, contributes to a sustainable
economy and satisfies consumer needs in a way that society values. And finally,
we need to educate the population we are feeding; we are not Farming for Failure,
we are Farming to Sustain!

Poljoprivreda i stočarska proizvodnja - od osnivača
civilizacije do neuspeha ili održivosti
Vesna Gantner, Denis Kučević, Muhamed Brka

Rezime
Poljoprivredna revolucija učinila nas je onim što jesmo, najvećim predatorima na
Zemlji. Ovaj napredak u evoluciji omogućio je nagli skok Homo Sapiensa u lancu
ishrane, brzi rast stanovništva, stvaranje civilizacija i brzo širenje na sve delove
planete. Ovih dana pred nama, kao poljoprivrednim stručnjacima, stoji novi
zadatak: kako proizvesti dovoljno hrane za rastuću ljudsku populaciju, u uslovima
ograničenih resursa i sve češćeg označavanja zagađivača od strane onih koji jasno
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ne razumeju osnovnu ulogu poljoprivrede za opstanak ljudi, poljoprivreda
proizvodi hranu !!!
Istraživanje, razvoj i inovacije učinili su poljoprivredni sektor u Evropi
konkurentnim i efikasnim u proizvodnji dovoljne količine kvalitetne hrane za
građane Evrope. Sada ovaj sektor treba da radi u proizvodnom sistemu koji
osigurava sigurno i zdravo snabdevanje hranom, smanjuje uticaj na životnu
sredinu, poboljšava korišćenje resursa, pruža usluge ekosistema, doprinosi održivoj
ekonomiji i zadovoljava potrebe potrošača na način koji društvo ceni. I na kraju,
moramo obrazovati stanovništvo koje hranimo: mi se ne bavimo poljoprivredom za
neuspeh, mi se bavimo poljoprivredom kako bi osigurali održivost!
Ključne reči: poljoprivreda, stočarska proizvodnja, održivost
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IMPACT OF NUTRIENT SELF-SUPPLY THROUGH CHOICE
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Abstract:This pilot study aimed to compare the growth performance,
nutrient deposition efficiency and feeding behaviour of growing pigs fed on a
standard two-phase feeding or a choice feeding regime. The experiment was
performed with 12 Swiss Large White barrows between 23.2 and 108.0 kg body
weight (BW). Six pigs assigned to the standard (ST) treatment were offered ad
libitum access to a grower (ST-G) and finisher (ST-F) diet from 23.2 to 63.4 kg
and from 63.4 to 108.0 kg, respectively. The ST-G and ST-F diets were
formulated based on the Swiss feeding recommendation for swine for an average
BW of 40 and 80 kg, respectively. The other six pigs assigned to the choice (CH)
treatment had constant ad libitum access to both a grower (CH-G) and a finisher
(CH-F) diet formulated for a reference BW of 20 and 100 kg. All diets were
isocaloric and differed only in the crude protein and essential amino acid content
according to the reference BW used for feed formulation. To determine the empty
body nutrient deposition rate, pigs were scanned using dual-energy x-ray
absorptiometry at 25.8 and 103.8 kg BW. Individual feed intake and feeding
behaviour were monitored with automatic feeders. Changes in BW were
determined weekly. Compared to ST pigs, CH pigs ingested more feed daily (P =
0.05) and grew faster (P = 0.02). Total crude protein consumption tended to be
greater (P = 0.08) in CH than ST pigs due to a numerically greater intake of the
protein-rich CH-G diet during the finisher period. A greater crude protein intake
in CH than ST pigs was accompanied by a greater (P = 0.04) daily protein
deposition rate but a similar protein efficiency. Regarding feeding behaviour, CH
pigs went more often to the feeder, spent less time at the feeder, ate less feed per
visit and had shorter intervals between two meals than ST pigs (P < 0.01 for each)
in the grower but not in the finisher period. Considering the feeding behaviour
traits, the CH pigs with a greater protein deposition potential preferred the
protein-rich CH-G over the CH-F diet. In conclusion, these results show that, like
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the wild pigs, the domesticated modern pigs maintained the ability for an
adequate nutrient self-supply according to their nutritional requirements.
Key words: dual-energy x-ray absorptiometry, empty body composition,
nutrient deposition, pig

Introduction
Regarding the increasingly limited feed resources, there is a clear incentive
to further improve the nutrient or, more specifically, the crude protein (CP),
essential amino acids (EAA) and phosphorus efficiency in pig production. To
achieve this objective, nutrient supply in a specific feeding scheme should cover as
closely as possible the nutrient requirements of growing pigs at a given body
weight (BW). The widely used phase-feeding strategies have precisely this goal in
mind (Han et al., 2000). The core element of developing phase-feeding strategies
leverages the principle that pigs’ ability to ingest feed surpasses its capacity to
deposit protein (NRC, 2012), and the latter is closely linked to the dietary supply of
EAA (van Milgen and Dourmad, 2015; Ruiz-Ascacibar et al., 2019). In most swine
diets, lysine is the first limiting EAA, and the requirements for the other EAAs are,
expressed in percentage of lysine, relatively constant (van Milgen and Dourmad,
2015). As the protein and lysine requirements per kg of diet decrease from birth to
slaughter (NRC, 2012), the key factor of phase-feeding strategies lies in fixing the
dietary CP and lysine requirements for optimal growth and lean tissue deposition.
Subdividing the growth period into small BW ranges to increase the number of
phase-feeding periods limits the time span when CP and lysine supplies are below
or above requirements. Interestingly, Menegat et al. (2020) showed that increasing
the number of dietary phases from 2 to 3 or 4 did not significantly improve the
overall growth performance and carcass characteristics of pigs. One explanation
could be that variation in BW, growth rate, and feed intake within a pen prevents,
on an individual basis, the accurate delivery of an optimal CP and lysine level for
growth and, ultimately, protein deposition (Pomar and Remus, 2019).
To overcome or limit these variabilities in group-housed pigs, there are two
possibilities: either the feed composition is adjusted daily according to their BW
and thus their nutrient requirements or pigs could be offered a choice of diets
differing in their CP and lysine contents, thereby allowing them to compose their
diet. Hence, pigs could adjust their nutrient supply according to the requirements of
their actual growth phase. This ability for adequate nutrient self-supply, which is a
common trait in the wild pig (Henry, 1985), seems to have also been preserved in
the domestic pig despite the strong genetic selection for feed efficiency and lean
tissue deposition. The older publications of Kyriazakis et al. (1991) and Ettle and
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Roth (2009) and also the more recent one of Pichler et al. (2020) revealed that the
nutrient self-supply characteristic of modern pig lines has been preserved.
Specifically, the aforementioned experiments examined the impact of choice versus
conventional phase-feeding strategies on growth performance, feeding behaviour,
and carcass or meat quality. This pilot study aimed to extend this knowledge and
determine how choice versus phase feeding impacts nutrient and energy deposition
rates alongside protein and energy deposition efficiency. To address these
questions, the feed intake and the body composition of choice- and phase-fed pigs
were monitored using automatic feeders and dual-energy x-ray absorptiometry
(DXA).

Materials and Methods
The Swiss cantonal Committee for Animal Care and Use approved all procedures
involving animals (Animal welfare permit number 32382).
Animals, diets and housing conditions
For this pilot study, 12 Swiss Large White barrows originating from five
litters of the Agroscope sow herd were used. From weaning to the start of the
experiment, the pigs were reared in the same pen and offered ad libitum access to
the same standard starter diet (weaning to 25 kg BW). At an average BW of 23.2 ±
1.39 kg (mean ± standard deviation), the pigs were randomly allotted to the
standard (ST) and the choice (CH) treatment. Pigs in the ST group were offered ad
libitum access to a grower (ST-G) and finisher (ST-F) diet from 23.2 to 63.4 (±
3.01) kg and from 63.4 to 108.0 (± 3.01) kg, respectively. The ST-G and ST-F diets
were formulated according to the Swiss feeding recommendations for pigs
(Agroscope, 2017) for an average BW of 40 and 80 kg, respectively. During the
whole experimental period, pigs in the CH group had constant ad libitum access to
both a grower (CH-G) and a finisher (CH-F) diet formulated for a reference BW
of 20 and 100 kg according to the Swiss feeding recommendations for pigs
(Agroscope, 2017).
To monitor individual feed intake, each pen was equipped with two
automatic feeders and an individual pig recognition system (Schauer
Maschinenfabrik GmbH & Co. KG, Prambachkirchen, Austria), as previously
described (Bee et al., 2008). The pigs were raised in two pens of equal size (17.35
m2) connected by an alleyway and therefore accessible to the 12 pigs. Water was
offered ad libitum through nipple drinker. Pigs were weighed weekly. When they
reached a BW ≥ 98 kg, they were DXA-scanned two days later and slaughtered
four days after the DXA measurements.
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Feeding behaviour
Feeding behaviour data were collected by single-space automatic feeders
(MLP, Agrotronic Schauer, Austria). The feeders are 0.6 m wide and 2.2 m long.
The feeding system recorded all daily visits at the feeder, feed intake (FI) per visit
and time spent at the feeder. Data evaluations considered only feeder visits that
coincided with the intake of feed (but not sham visits). Between-visit intervals
shorter than 5 min (which was used as the meal criterion) were regarded as withinmeal feeder visits (WMFV), and these visits were grouped into meals (De Haer
and Merks, 1992). As proposed by Carcò et al. (2018), the day, rather than the
single meal, was considered the temporal basis for describing the feeding
behaviour of the pigs in the experimental period. The total FI, total feeder visits
and total feeding time per day per pig were therefore calculated. Those data were
then used to calculate the average total time spent feeding per day (TTF expressed
in min), the average frequency of feeder visits (FFV), the average time per visit
(TV = TTF/FFV, expressed in min), the average daily feed intake (ADFI), the
mean feed intake per visit (FIV = ADFI/FFV, expressed in g), the mean rate of
feed intake (RFI = ADFI/TTF expressed in g/min) and the interval between two
meals (FI expressed in min).
Dual-energy x-ray absorptiometry (DXA) measurements
The DXA scans of the live animals were performed at an average BW of
25.8 (± 2.1) and 103.8 (± 3.4) kg BW using a GE Lunar DXA (i-DXA, GE
Healthcare Switzerland, Glattbrugg, Switzerland) with a narrow-angle fan beam
(Collimator Model 42129), applying the protocol described by Kasper et al.
(2020). Briefly, the day prior to the DXA scan, the pigs were fasted for at least 16 h
and then sedated using isoflurane (Attane, Piramal Critical Care, Inc., Bethlehem,
PA, USA). The scans were conducted using the ‘total body thick’ mode with the
enCORE software (version 16). Subsequently, the scan images were pre-processed
to remove artefacts and to position the regions of interest. The variables ‘total
mass’, ‘BMC’ (bone mineral content), ‘lean’ and ‘fat’ of the live empty body were
obtained from the software. The water, ash, protein, fat and energy contents of the
empty body of the animals were calculated using the DXA values and the
regression equations published by Kasper et al. (2020). Pigs were weighed after the
DXA exam.
Chemical analysis of the feed
The diet analyses were conducted in duplicate except when the results
differed by more than 5%, then up to four replicates were obtained. The dry matter
and ash content were determined by gravimetry after drying at 105°C for 3 h and
after 3 h at 550°C, respectively. In the same samples, the CP (CP = total nitrogen ×
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6.25) content was analysed with a LECO FP-2000 analyser (Leco,
Mönchengladbach, Germany) (International Organization for Standardization
(ISO), 2008). The amino acid composition of the diets was determined after 24 h of
acid hydrolysis (48 h for leucine, isoleucine and valine). Methionine and cystine
were hydrolysed after peroxidation with formic acid. The amino acid profile was
determined by HPLC coupled with a fluorescence detector (Alliance 2695; Waters,
Milford, MA, USA), as described in the manual (Waters AccQ Tag Chemistry
Package 052874 TP, rev. 1). To determine the crude fat content, samples were
hydrolysed in 10% HCl (v/v) for 1 h. The hydrolysate was dried and subsequently
extracted with petrol ether using the Büchi SpeedExtractor E 916 (Büchi
Labortechnik AG, Flawil, Switzerland). The dry residual of fat was determined by
gravimetry. The fat content in the freeze-dried samples was determined using the
Avanti Soxtec System (2050 Extraction Unit; Foss Tecator, Hillerød, Denmark).
Calculations and statistical analysis
Using the calculated nutrient and energy content of the empty body at the
start and the end of the experiment, the daily nutrient and gross energy deposition
rates were calculated as the amount of deposited nutrients and energy from the start
to the end of the experiment divided by the days on feed. The CP and energy
deposition efficiency were calculated as the total CP and gross energy deposition
divided by the amount of ingested CP and digestible energy.
The data were analysed with the MIXED procedure of SAS (SAS Inst.
Inc., Cary, NC) with the individual pig as the experimental unit. The model used
for the data analyses included the feeding regime as the fixed effect and the litter of
origin as the random effect. Least square means and the pooled standard error of
the mean were calculated and reported in tables. Treatment differences were
considered to be significant at P ≤ 0.05 and tendency at P > 0.05 and P ≤ 0.10.

Results
Diets
The CH-G diet contained 12 g/kg more CP content than the ST-G diet, and
the CH-F diet contained 13 g/kg less CP content than the ST-G diet (Table 1). The
differences in the CP contents can be explained by the different reference BWs that
were used to formulate the two grower and two finisher diets (Agroscope, 2017). In
accordance with the CP levels, the digestible EAA content was, on average, 14%
greater [range: +6% (histidine) to +21% (lysine, methionine, threonine)] in the CHG than the ST-G diet and 17% lower [range −7% (lysine, cystine, threonine) to
−17% (tyrosine, isoleucine)] in the CH-F than the ST-F diet. The digestible
methionine content was twice greater in the CH-F than in the ST-F diet. The crude
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fibre and crude fat content were similar between the CH-G and ST-G diets and
between the CH-F and ST-F diets.
Table 1. Feed ingredients (%), nutrient composition and energy content of the experimental diets 1
Item2
CH-G
CH-F
ST-G
ST-F
Barley

30.00

30.00

30.00

30.00
3.50

Oat

3.50

3.50

3.50

Corn

0.60

10.49

3.62

7.53

Wheat

40.00

40.00

40.00

40.00

Blended fat

1.10

0.22

0.71

0.43

Potato protein

5.84

1.80

3.85

2.83

Soy bean meal extract

3.39

3.90

2.04

Rapeseed press cake

3.50

3.50

3.50

3.50

Dried sugar bett pulp

5.00

5.00

5.00

5.00

Apple pommace

0.53

0.46

0.40

0.29

L-Lysin-HCl

0.441

0.255

0.323

0.181

DL-Methionin

0.039

0.246

0.012

L-Threonin

0.088

0.036

0.044

L-Tryptophan

0.008

Monocalcium phosphate

1.007

0.111

0.476

0.209

Limestone

1.199

0.845

1.003

0.896

NaCl

0.423

0.198

0.311

0.256

Pellan

0.30

0.30

0.30

0.30

Celite 545

2.00

2.00

2.00

2.00

Vitamin-mineral mix

0.40

0.40

0.40

0.40

Sweetener Sucram

0.02

0.02

0.02

0.02

Flavour Pigortek

0.02

0.02

0.02

0.02

Natuphos 5000 G

0.01

0.01

0.01

0.01

Mikrogrit

0.60

0.60

0.60

0.60

75

58

67

61

Nutrient content, g or MJ/kg
Crude ash

1

2

The CH-G and CH-F diets were formulated based on the Swiss feeding recommendations for swine
(Agroscope, 2017) and optimised for a BW of 20 and 100 kg, respectively. The ST-G and ST-F
diets were formulated based on the same feeding recommendations but optimised for a BW of 40
and 80 kg, respectively.
The digestible and net energy coefficients from each feed ingredient were obtained from the Swiss
(Agroscope, 2017) and French (Noblet et al., 2003) databases, respectively. Considering the relative
amount of each feed ingredient in the diet, digestible and net energy content were calculated.
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Crude protein

29

176

135

164

148

Crude fat

37

30

34

32

Crude fibre

40

40

40

40

Sugar

30

29

31

30

Starch

484

554

506×

534

Digestible energy

13.70

13.70

13.70

13.70

Net energy

10.10

10.26

10.15

10.21

10.03

5.82

8.30

6.25

Methionine

2.92

4.22

2.41

2.07

Cystine

2.72

2.29

2.62

2.47

Threonine

5.76

3.47

4.77

3.74

Tryptophan

1.64

1.10

1.44

1.28

Phenylalanine

7.11

4.85

6.42

5.66

Tyrosine

5.06

3.19

4.44

3.84

Valine

6.79

4.64

6.11

5.4

Leucine

Digestible amino

acids3

Lysine

10.79

7.62

9.81

8.77

Isoleucine

5.52

3.57

4.93

4.28

Histidine

3.08

2.31

2.91

2.63

Growth performance
Pigs were weighed weekly and slaughtered six days after weighing ≥ 98 kg
according to protocol. Despite this defined time table, pigs in the CH group were
heavier (P < 0.01) the day of slaughter than the ST pigs (Tabela 2). The difference
in slaughter weight can be explained by the greater ADG and greater ADFI in the
finisher (P = 0.03) and overall period (P ≤ 0.05) in the CH group. Pigs in the CH
group tended (P = 0.08) to ingest more CP over the whole grower-finisher period
than the ST pigs. The CP efficiency, expressed as kg daily ingested CP/kg ADG,
was greater (P < 0.01) in the grower but not in the finisher and overall period.

3

The content of digestible essential amino acids was based on nutritional characteristics of
ingredients estimated from their chemical analyses with Allix.
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Table 2. Growth performance of pigs either offered constant free access to the CH-G and CH-F
diets (Choice) or offered ad libitum access to the ST-G from 20 to 60 kg BW and to the ST-F
diet from 60 kg BW to slaughter (Standard) 4
Treatment
Item5

Choice

Standard

SEM

P-value6

23.20

23.15

0.633

0.95

BW, kg at
Start
Start of finisher period

65.53

63.38

1.015

0.17

110.89

107.39

1.534

< 0.01

Grower

0.908

0.862

0.0272

0.23

Finisher

1.217

1.108

0.0512

0.03

1.040

0.971

0.0354

0.02

Grower

1.886

1.783

0.0382

0.07

Finisher

3.271

3.042

0.0615

0.03

Overall

2.492

2.357

0.0455

0.05

Slaughter
ADG, kg/d

Overall
ADFI, kg/d

Total feed intake, kg
Grower

89.538

84.678

3.4011

0.08

Finisher

121.234

120.088

3.7638

0.83

Overall

210.573

204.566

4.0769

0.14

Grower

13.923

13.858

0.3414

0.85

Finisher

19.175

17.753

0.6132

0.14

Overall

32.871

31.384

0.5270

0.08

Grower

0.479

0.481

0.0118

0.79

Finisher

0.373

0.365

0.0134

0.47

Overall

0.417

0.413

0.0111

0.58

Grower

0.326

0.340

0.0060

< 0.01

Finisher

0.422

0.404

0.0126

0.26

Total CP intake, kg

Gain-to-feed, kg/kg

CP intake/ADG, kg/kg

4

The CH-G and CH-F diets were formulated based on the Swiss feeding recommendations for swine
(Agroscope, 2017) and optimised for a body weight (BW) of 20 and 100 kg, respectively. The ST-G
and ST-F diets were formulated based on the same feeding recommendations but optimised for a
BW of 40 and 80 kg, respectively.
5 ADG = average daily gain; ADFI = average daily feed intake; CP = crude protein
6 P-values of the main factor experimental treatment.
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Overall

31

0.375

0.373

0.0080

0.78

Grower

47.5

47.5

2.02

1.00

Finisher

37.2

39.5

1.38

0.26

Overall

84.6

86.9

2.20

0.33

145.8

149.5

2.65

0.22

Days on feed, d

Age at slaughter, d

Feeding behaviour
The CH pigs went more often to the feeder (FFV), spent less time at the
feeder (TV), ate less feed per visit (FIV) and had shorter intervals between two
meals (FI) than ST pigs (P < 0.01 for each; (Tabela 2.). Overall, the CH pigs spent
more time per day in total (P = 0.04) at the feeder (TTF) because the 2.8 min
shorter feeder visits were compensated for by up to 11.4 greater number of feeder
visits. The CH pigs appeared to be nibbler, as they had a larger (P < 0.01) number
of feeder visits (WMFV) within a meal than the ST pigs. The feeding behaviour of
the two control groups did not differ significantly during the finisher period, even
though similar tendencies were noted. Interestingly, the CH pigs changed their
feeding behaviour more drastically from the grower to the finisher period.
Compared to ST pigs, pigs in the CH group reduced the frequency of feeder visits
(dFFV, P < 0.01), stayed for a longer time at the feeder (dTV, P = 0.03) and
increased the between meal interval (dFI, P < 0.01).
As per design, the CH pigs had constant access to the CH-G and CH-F
diets that differed mainly in the CP and digestible EAA level. The current data
suggest that neither in the grower nor the finisher period did the CH pigs prefer one
diet over the other, as none of the feeding behaviour traits differed (Tabela 4).
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Table 3. Feeding behaviour in the grower and finisher period f pigs offered constant free access
to the CH-G and CH-F diets (Choice) or offered ad libitum access to the ST-G from 20 to 60 kg
BW and to the ST-F diet from 60 kg BW to slaughter (Standard)7
Treatment
Item8

P-value9

Choice

Standard

SEM

TTF, min

78.5

63.7

4.41

0.04

FFV, n

20.8

9.4

1.73

< 0.01

WMFV, n

Grower period

24.1

11.1

2.04

< 0.01

TV, min

4.0

6.8

0.33

< 0.01

FIV, g

99

193

12.2

< 0.01

RFI, g/min

25

28

1.6

0.12

33.5

78.8

48.2

< 0.01

TTF, min

76.1

65.6

5.61

0.21

FFV, n

15.1

9.8

2.07

0.11

WMFV, n

17.0

12.3

2.52

0.24

FI, min
Finisher period

TV, min

5.6

6.8

0.65

0.15

FIV, g

254

329

37.9

0.19

RFI, g/min
FI, min

44

48

2.8

0.35

45.6

63.7

5.65

0.08

Difference between the grower and finisher
dTTF, min

2.9

−1.4

4.08

0.42

dFFV, n

5.9

−0.2

0.81

< 0.01

dWMFV, n

7.3

−1.0

1.17

< 0.01

−1.7

0

0.46

0.03

dTV, min

7

period10

The CH-G and CH-F diets were formulated based on the Swiss feeding recommendations for swine
(Agroscope, 2017) and optimised for a body weight (BW) of 20 and 100 kg, respectively. The ST-G
and ST-F diets were formulated based on the same feeding recommendations but optimised for a
BW of 40 and 80 kg, respectively.
8 TTF = total time feeding per day; FFV = frequency of feeder visits; WMFV = within meal feeder
visits; TV = time per visit; FIV = feed intake per visit; RFI = rate of feed intake; FI = interval
between two meals.
9
P-values of the main factor experimental treatment.
10 dTTF = difference between TTF in the grower and finisher period; dFFV = difference between FFV
in the grower and finisher period; dWMFV = difference between WMFV in the grower and finisher
period; dTV = difference between TV in the grower and finisher period; dFIV = difference between
FIV in the grower and finisher period; dRFI = difference between RFI in the grower and finisher
period; dFI = difference between FI in the grower and finisher period.
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dFIV, g
dRFI, g/min
dFI, min

−157

−136

33

27.4

0.61

−19

−19

2.0

0.99

−11.5

15.8

4.88

< 0.01

Table 4. Feeding behaviour in the grower (20 – 60 kg BW) and finisher period (60 – to
slaughter) of pigs in the choice-feeding group with constant access to the CH-G and CH-F
diets11
Diets
Item12

CH-G

CH-F

SEM

P-value13

Grower period
DFI, g/d

949

934

121.9

0.93

TTF, min

36.5

42.0

5.7

0.51

FFV, n

10.0

11.6

1.63

0.43

WMFV, n

11.3

13.5

1.92

0.35

3.9

3.7

0.42

0.53

TV, min
FIV, g

101

81

12.9

0.12

RFI, g/min

15.6

22.7

1.60

0.12

FI, min

33.5

31.8

4.45

0.75

DFI, g/d

1878

1394

291.9

0.27

TTF, min

41.3

34.9

6.85

0.52

FFV, n

8.2

7.8

1.64

0.75

WMFV, n

9.2

8.9

1.91

0.84

Finisher period

TV, min

4.6

4.8

0.81

0.40

FIV, g

259

196

43.35

0.22

RFI, g/min

44.8

41.4

2.80

0.07

FI, min

49.7

39.6

8.57

0.40

11

The CH-G and CH-F diets were formulated based on the Swiss feeding recommendations
for swine (Agroscope, 2017) and optimised for a body weight of 20 and 100 kg,
respectively.
12
TTF = total time feeding per day; FFV = frequency of feeder visits; WMFV = within
meal feeder visits; TV = time per visit; FIV = feed intake per visit; RFI = rate of feed
intake; FI = interval between two meals.
13
P-values of the main factor experimental treatment
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Nutrient and energy content of the empty body
At the start of the experiment, the water, nutrient and gross energy content
of the empty body of CH and ST pigs did not differ (Table 5). Four days before
slaughter, the ash content was greater (P = 0.02) and the water and protein contents
tended (P = 0.09) to be greater in the CH than the ST pigs, whereas fat and energy
contents of the empty body did not differ. The differences in ash, water and protein
contents can be explained by the greater (P = 0.04) empty body weight of the CH
pigs because when ash, water, protein and fat contents were expressed as a
percentage of the empty body weight, no treatment differences were observed.
Table 5. Nutrient and energy content of the empty body determined by dual-energy x-ray
absorptiometry (DXA) at the start of the experiment and prior to slaughter of pigs offered
constant free access to the CH-G and CH-F diets (Choice) or offered ad libitum access to the
ST-G from 20 to 60 kg BW and to the ST-F diet from 60 – to slaughter (Standard) 14
Treatment
Item15

Choice

Standard

SEM

P-value16

Empty body nutrient composition
At the start of the experiment
Empty body, g

25865

25316

1015.9

0.55

Water, g

17867

17510

689.8

0.57

693

687

19.8

0.82

Protein, g

4087

3982

202.3

0.57

Fat, g

2754

2679

119.3

0.52

214

208

9.5

0.49

105533

101652

1294.2

0.04

63478

60506

1283.4

0.09

60.09

59.49

0.740

0.48

3011

2834

66.7

0.02

2.86

2.79

0.007

0.19

17463

16591

376.4

0.09

16.53

16.31

2.222

0.40

Ash, g

Gross energy, MJ
At the end of the experiment
Empty body, g
Water, g
%
Ash, g
%
Protein, g
%
14

The CH-G and CH-F diets were formulated based on the Swiss feeding recommendations for swine
(Agroscope, 2017) and optimised for a body weight (BW) of 20 and 100 kg, respectively. The ST-G
and ST-F diets were formulated based on the same feeding recommendations but optimised for a
BW of 40 and 80 kg, respectively.
15 The water, ash, protein, fat and energy contents of the live animals were calculated using the DXA
values and the regressions published by Kasper et al. (2020). The %-values were calculated as the
ratio between the water, ash, protein, and fat content and the empty body weight.
16 P-values of the main factor experimental treatment.
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Fat, g
%
Gross energy, MJ

35

20212

20399

977.4

0.85

19.19

20.06

0.992

0.43

1246

1230

32.4

0.60

Water, nutrient and energy deposition rate and protein and energy deposition
efficiency
The greater (P = 0.02) daily empty body weight gain was due to the greater
(P ≤ 0.04) protein, ash and water deposition rate in the CH pigs than in the ST pigs
(Table 6). In contrast, fat and energy deposition rates were similar among
treatments. Protein and energy deposition efficiencies were similar in the CH and
ST pigs.
Table 6. Daily empty body, nutrient and energy deposition rate and protein and energy
deposition efficiency of pigs offered constant free access to the CH-G and CH-F diets (Choice)
or offered ad libitum access to the ST-G from 20 to 60 kg BW and to the ST-F diet from 60 – to
slaughter (Standard) 17
Treatment
Item
Daily weight

Choice

Standard

P-value18

SEM

gain19

Empty body, g/d

1051

963

30.9

602

541

24.6

0.04

31

27

1.0

< 0.01

Protein, g/d

177

159

7.2

0.04

Fat, g/d

229

225

12.2

0.74

Gross energy, MJ

13.6

13.0

0.45

0.13

Protein

44.55

43.73

1.603

0.69

Digestible energy

39.29

39.73

0.798

0.52

Water, g/d
Ash, g/d

0.02

Nutrient deposition efficiency20, %

17

The CH-G and CH-F diets were formulated based on the Swiss feeding recommendations for swine
(Agroscope, 2017) and optimised for a body weight (BW) of 20 and 100 kg, respectively. The ST-G
and ST-F diets were formulated based on the same feeding recommendations but optimised for a
BW of 40 and 80 kg, respectively.
18 P-values of the main factor experimental treatment.
19
Daily weight gain = gain of weight determined between the two dual-energy x-ray absorptiometry
(DXA) measurements/number of days between the two DXA measurements.
20 Protein deposition efficiency = empty body protein content at slaughter – empty body protein
content at 20 kg body weight/total protein intake between the two DXA measurements; Digestible
energy deposition efficiency = gross energy content of the empty body at slaughter – gross energy
content of the empty body at 20 kg body weight/total digestible energy intake between the two
DXA measurements
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Discussion
It is expected that at the beginning of the growing period, the amount of
CP and lysine per kg of diet required by the growing pig is high and then gradually
declines with increasing BW and age (NRC, 2012; Agroscope, 2017). If the feed
intake was driven by the CP and lysine requirements, pigs given the choice
between the high (CH-G) and the low CP diet (CH-F) would select a greater
amount of the protein-rich CH-G diet at the beginning. With increasing BW and
age, pigs would then gradually increase the CH-F diet intake at the expense of the
CH-G diet. This seems not to be the case in this experiment. Out of the six pigs,
four pigs (animal ID: 7583, 7549, 7586, 7594) seemed to prefer the CH-G over the
CH-F diet (Figure 1), as the cumulative differences between the CH-G and CH-F
diets favoured the CH-G diet. In contrast, two pigs (animal ID: 7518 and 7613)
consumed slightly more of the CH-F diet. The overall greater preference for the
protein-rich diet ultimately resulted in a greater overall CP intake of pigs in the CH
group compared to the ST group (Figure 2). One could hypothesise that this
preference was due to differences in the appetence between the CH-G and the CHF diets. There are three reasons that suggest that this might have not been the case.
First, during feed formulation, strict care was taken to ensure that, if avoidable, the
same amounts of the same feed ingredients were used in both diets. Second, a
flavour and high intensity sweetener was included in the diet to limit possible
differences in palatability between the diets (Sterk et al., 2008). Third, the lack of
significant difference in feeding behaviour parameters did not suggest that the CHG diet was preferred to the CH-F diet. These findings partly contradict the results
of earlier studies (Kyriazakis et al., 1990; Bradford and Gous, 1991b, a) that
showed that the ability for an adequate nutrient self-supply is preserved in
domesticated pigs. However, Bradford and Gous (1991b) found that when the CP
levels of the two diets from which the pig can choose are close together, the
physiological effect of each of the diets on the pig is similar. Ultimately, this makes
it difficult for the pig to differentiate the diets.
The aforementioned greater CP intake of CH compared to ST pigs was
converted into a greater daily protein deposition rate. However, substantial
differences were observed between the six CH pigs in the deposition rate of protein
(varying from 152 g/d to 208 g/d) and of fat (varying from 216 g/d to 270 g/d)
(Figure 3). The variance between the six ST pigs was much smaller, at least for the
protein deposition rate. The differences in protein and fat deposition rates in CH
pigs appeared to be linked to the preferential selection of the CH-G or CH-F diet.
For instance, the pigs that primarily selected the protein-rich CH-G diet (Figure 1;
animal ID: 7518 and 7586) displayed the greatest protein deposition rate. In
contrast, the pig with the lowest protein deposition rate selected primarily the low-
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protein CH-F diet. In a study comparing an improved (Large White × Landrace) to
an unimproved (Meishan) line, Kyriazakis et al. (1993) established that based on
their greater protein deposition potential, pigs of the improved line preferred the
diet with the greater CP level than the pigs of the unimproved line. Similarly,
Meers et al. (2010) found in pigs of similar genetic backgrounds that their nutrient
intake was influenced by their body composition or composition of BW gain. In
their study, they observed that female pigs with a greater amount of lean mass
preferentially selected the diet with a greater CP content, while those with a greater
fat mass preferentially selected the low CP diet. However, the diet selection effect
was less evident in castrated male pigs. They explained this sex difference with the
fact that body composition was more variable in female pigs than castrates. In
addition, they hypothesised that the difference in the dietary CP level of the two
diets was not sufficiently different for barrows to sense the physiological effect of
each of the two diets. When considering the present findings, the ST pigs deposited
a similar amount of protein, whereas when given the choice to nutrient self-supply,
there seems to be a different potential in protein deposition within pigs of the same
genetic background. As reviewed by Roura and Fu (2017) dietary EAAs such as
lysine, methionine, threonine and tryptophan are important drivers of feed selection
and intake in pigs. However, the exact mechanism(s) by which the body
composition and the composition of BW gain drive the feeding behaviour remain
partially not understood.
Feeding behaviour patterns of the ST pigs in the grower period were very
similar to the feeding patterns observed in a recent study from our research group
(Bee et al., 2021). In contrast, in the finisher period, the ST pigs went more often to
the feeder, stayed for a shorter time at the feeder and ingested less feed, and the
between-meal interval was shorter compared to the pigs in the standard group of
the aforementioned study. One can only speculate about the reasons for these
differences. Environmental factors or genetics can be excluded as both studies were
conducted in the same experimental facilities, and the pigs were of the same
genetic background. However, there were large differences in stocking density,
with six pigs assigned to one single-space automatic feeder in this study, whereas
in the study of Bee et al. (2021), there were 12 pigs per feeder. In addition,
differences existed in the nutrient density of the diets, which might have
contributed also to these different eating patterns. Unclear is why these differences
between studies were limited to the finisher period.
When comparing the feeding behaviour traits of CH and ST pigs, they
differed only in the grower period but not in the finisher period. One could
speculate that the shorter but more frequent visits of the two feeders in the grower
period occurred because the CH pigs needed to get accustomed to accessing two
feeders, and perhaps, this spurred on the spirit of exploration. The exploratory
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activity faded in the finisher period as they markedly visited less the feeder and
stayed for a longer period at the feeder and eating more feed per visit. In contrast,
Pichler et al. (2020) did not find marked differences in feeding behaviour traits
between the grower and finisher period of pigs given the choice to eat from two
different diets. When comparing the present study with that of Pichler et al. (2020),
it was noticeable that the pigs went on average less to the feeder and spent less time
eating daily in both the grower and finisher periods in the present study.
7583
7586
7594
7549
7613
7518
CH-G only
CH-G and CH-F equally preferred
CH-F only

Cumulative difference (CH-G - CH-F), kg CP

40
30
20

CH-G only

10
0
-10
-20
-30
CH-F only
-40
0

5

10

15

20

25

30

Cumulative CP intake, kg
Figure 1. The paths of diet selection of the six pigs given a choice between the CH-G and CH-F
diet. Each line refers to an individual pig. The dotted lines refer to a pig choosing only diet CHG or CH-F diet. The CH-G and CH-F diets were formulated based on the Swiss feeding
recommendations for swine (Agroscope, 2017) and optimised for a BW of 20 and 100 kg,
respectively.
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Choice
y = 136 + 0.566 × BW - 0.004 × BW2
r2 = 0.54
Standard

170

CP intake, g/kg ingested feed

165

160

155

150

145

140
20

40

60

80

100

BW, kg
Figure 2. The average daily crude protein intake (CP, expressed as g CP/kg ingested food) over
the grower and finisher period of pigs given a choice between the CH-G and CH-F diets
(Choice, blue circle) and pigs having access to the ST-G and ST-F diets (Standard, red
diamond). The CH-G and CH-F diets were formulated based on the Swiss feeding
recommendations for swine (Agroscope, 2017) and optimised for a body weight (BW) of 20 and
100 kg, respectively. The ST-G and ST-F diets were formulated based on the same feeding
recommendations but optimised for a BW of 40 and 80 kg, respectively. The regression line fits
the data points of the CP intake of the Choice group.
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C)
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Protein deposition rate, g/d
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Figure 3. Individual protein and fat deposition rate (expressed as g deposition/d) of the six pigs
given a choice between the CH-G and CH-F diets (panels A and B, respectively) and the six pigs
fed the standard grower-finisher diet (panels C and D, respectively). The CH-G and CH-F diets
were formulated based on the Swiss feeding recommendations for swine (Agroscope, 2017) and
optimised for a body weight (BW) of 20 and 100 kg, respectively. The standard grower and
finisher diets were formulated based on the same feeding recommendations but optimised for a
BW of 40 and 80 kg, respectively. The dotted lines designate the average value for each group,
as presented in Table 6.

Conclusion
The current results agree with previous studies (Kyriazakis et al., 1990;
Bradford and Gous, 1991b), revealing that modern pig breeds can compose their
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diet according to their requirements and convert it efficiently into greater
performance. This implies that, regarding protein supply, it is not necessary to offer
a diet formulated for a given BW range to group penned pigs like it is proposed in
the feeding recommendations (NRC, 2012; Agroscope, 2017) and implemented in
phase-feeding regimes. Nevertheless, a better understanding of the mechanism(s)
regulating the interaction between the growth of periphery tissues and the central
feeding centres is needed, which then might help in designing the required choice
of feeds.

Uticaj samostojeće ishrane kroz izbor na performanse rasta,
ponašanje tokom hranjenja i efikasnosti proteina u uzgoju tovnih
svinja
Giuseppe Bee, Catherine Ollagnier

Rezime
Ova pilot studija je imala za cilj da uporedi performanse rasta, efikasnost
deponovanja hranljivih materija i ponašanje pri hranjenju svinja hranjenih
standardnim dvofaznim hranjenjem ili režimom hranjenja po izboru. Eksperiment
je izveden sa 12 švajcarskih svinja rase jorkšir između 23,2 i 108,0 kg telesne
težine (BW). Šest svinja dodeljenih standardnom (ST) tretmanu su imale ad libitum
pristup grover (ST-G) i finišer (ST-F) obroku od 23,2 do 63,4 kg i od 63,4 do 108,0
kg, respektivno. Obroci ST-G i ST-F formulisani su na osnovu švajcarskih
preporuke za ishranu svinja prosečne težine od 40, odnosno 80 kg. Ostalih šest
svinja dodeljenih tretmanu (CH) imalo je stalan ad libitum pristup i grover (CH-G)
i finišer obroku (CH-F) formulisanom za referentnu težinu od 20 i 100 kg. Svi
obroci su bili izokalorični i razlikovali su se samo po sadržaju sirovog proteina i
esencijalnih aminokiselina prema referentnoj BW koja se koristi za formulaciju
hrane. Da bi se odredila brzina deponovanja hranljivih materija, svinje su skenirane
korišćenjem rendgenske apsorpciometrije sa dvostrukom energijom pri 25,8 i 103,8
kg BW. Pojedinačni unos hrane i ponašanje pri hranjenju praćeni su automatskim
hranilicama. Promene u BW utvrđivane su nedeljno. U poređenju sa ST svinjama,
CH svinje su unosile više hrane dnevno (P = 0,05) i brže rasle (P = 0,02). Ukupna
potrošnja sirovih proteina imala je tendenciju da bude veća (P = 0,08) u CH u
odnosu na svinje ST zbog brojčano većeg unosa CH-G ishrane bogate proteinima
tokom završnog perioda. Veći unos sirovih proteina u CH nego kod ST svinja
praćen je većom (P = 0,04) dnevnom stopom deponovanja proteina, ali sličnom
efikasnošću proteina. Što se tiče ponašanja pri hranjenju, CH svinje su češće
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odlazile do hranilice, provodile manje vremena kod hranilice, jele manje hrane po
poseti i imale kraće intervale između dva obroka u odnosu na ST svinje (P <0,01 za
svakoga) u period rasta, ali ne i u finalnom periodu. S obzirom na osobine
ponašanja pri hranjenju, CH svinje sa većim potencijalom deponovanja proteina
preferirale su CH-G obrok bogat proteinima u odnosu na CH-F obrok. Zaključno,
ovi rezultati pokazuju da su, poput divljih svinja, pripitomljene savremene svinje
zadržale sposobnost za odgovarajuće snabdevanje hranljivim materijama u skladu
sa svojim nutritivnim potrebama
Ključne reči: rendgenska apsorpciometrija sa dvostrukom energijom, sastav
praznog tela, deponovanje nutrijenata, svinja
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Abstract: Innovations in animal husbandry are most often where
production processes are most sensitive or where the largest workforce participates.
Milking cows is one of such jobs where automation of jobs has been introduced
more and more in recent years, ie where robots are increasingly used for milking.
Today, there are about 50,000 robots of various designs and manufacturers in use
in the world. Research shows that number will double in the coming years. The
robotization of dairy farms has gained momentum with producers in the Republic
of Croatia. However, in robotization of farms, farmers face new challenges and
practices that they did not know before. That is why any professional and scientific
help is welcome and worth studying. The results of this study were conducted on
two dairy farms that underwent a transition from conventional to robotic milking.
The results showed a significant (p <0.0001) decrease in the number of older cows
seen through the number of lactations after the transition from conventional to
robotic milking (from 2.51 to 2.16 and 1.77 lactation, respectively). This indicates
that it is necessary to do increased selection and selection of cows better adapted to
robotic milking. The average production per cow increased significantly (p
<0.0001) (by about 500 kg milk in the second year after the introduction of robotic
milking), while the percentage of milk fat and urea in milk decreased significantly
(p <0.0001). The number of somatic cells increased, but not significantly. It can be
concluded that the first (transitional) year (the year of transition to robotic milking)
is very important and technologically challenging. However, in the second year of
production, robotic milking shows significant positive effects on production.
Key words: production results, conventional milking, robotic milking,
cows
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Introduction
Today's milk production has become a very intensive livestock industry
with large technological investments. Due to their economic sensitivity and
complexity, milk production is accompanied by various innovations. Milking cows
is quite sensitive and demanding, furthermore about 50% of working time on the
farm is spent on milking every day (Havranek and Rupić, 2003).
In order to facilitate milking, but also to increase production efficiency,
automated milking systems (AMS), i.e. milking robots, are increasingly being
introduced on dairy farms. The reasons are very clear and well-argued: higher
labour efficiency, lower labour costs, lack of manpower interested in working on
milking jobs, better farm management and more (De Koning et al., 2002; Kuczaj et
al., 2020). Milking robots have proven to be particularly suitable on farms with a
free way of keeping cows, but also on farms where cows are kept on pastures
(Woodford et al., 2015). The use of milking robots with accompanying computer
and software programs enables complete automation of the milking process. It has
also been found that there is a decrease in the share of human labour in milking,
and an increase in the share of labour in farm management (Rodenburg, 2017).
The first robots began to be used in the Netherlands in 1992 (Bijl et al.,
2007), and since then their number has been steadily growing. It is not possible to
say exactly what the current number of cow milking robots in the world is. Rough
estimates say that around 50.000 milking robots are currently used in the world
(Mijić and Bobić, 2019). The Netherlands is today a leader in robotic milking,
where about 22% of farmers own a milking robot (Huiden, 2018).
The largest part of the world market (about 80%) is covered by three
manufacturers of robotic equipment (Lely, DeLaval and GEA). The other three
manufacturers (Fullwood, SAC and BouMatic) share the rest of the market.
According to US projections (Tranel, 2017), the number of milking robots in the
next five years in the world could be doubled. It is interesting to note that as much
as 90% of the total number of milking robots in the world are located in cattledeveloped countries in north-western Europe. These are most common family
farms with one to three robots (Huiden, 2018).
Robotic milking of cows has opened up a number of possibilities for
various researches. Thus, for example, Brito et al. (2020) state that some countries,
when evaluating genetic and genomic tests of cattle, among other things, collect
information about animals they take from automated systems on the farm (milking
robots, feeding robots, robots for cleaning and care, videos, etc.). Some other
research (von Kuhlberg et al., 2020) studies the use of phantom robots in heifers to
adapt them to robotic milking when lactation begins. This type of training of
heifers proved to be quite good, especially in the first five days of milking. In
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trained animals, stress levels were significantly lower, resulting in higher milk
production at this initial stage of lactation.
Automation and robotization of dairy farms is increasingly present among
producers in the Republic of Croatia (Mijić and Bobić, 2019). The first six milking
robots were installed in 2008. The latest data show (Mijić and Bobić, 2020) that the
number of cows for milking cows in Croatia is constantly increasing. Currently, 40
milking robots from four producers were installed on 27 farms, or 0.6% of the total
number of farms in Croatia.
Following the above information, the hypothesis were that the introduction
of automation on the farm is a technologically challenging and stressful period for
both animals and farmers. However, we assume that automation is also
economically justified. The aim of the study was to investigate and analyse the
production results of dairy farms that have undergone a transition from
conventional to robotic milking cows.

Materials and Methods
For the purposes of this research two dairy farms were selected, which
switched from conventional to robotic milking of cows. On both observed farms,
milking robots were installed in the same year (Table 1.), and had Holstein cows.
The research covered three production years:
− A - year before the introduction of robots (conventional milking),
− B - first year of robotic milking (transition year) and
− C - second year of robotic milking.
Production data from dairy cows were taken from the database of the
Croatian Agency for Agriculture and Food, which performs official milk control.
In order to determine the difference between conventional and robotic milking on
some production traits, an analysis of variance (ANOVA) with the statistical
program STATISTICA (2018), was performed.
Table 1. Basic data on the study farms
Farm
Robot
Number of robots
manufacturer
on the farm
I
DeLaval
1
II
Lely
3

Number of cows
at milking
78
152

Year of transition
to AMS
2019.
2019.
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Results and Discussion
The results in Table 2. show that the average number of lactations of all
cows on the observed farms was 2.24. The average lactation production corrected
at 305 days was 7,923 kg of milk, and the average daily production was 25.35 kg
of milk. Considering the protein content in milk (3.48%), the fat (4.00%) and the
urea content in milk (24.93 mg / 100mL), it could be said that the farm ration for
dairy cows was well balanced. Furthermore, the Somatic Cell Count (SCC) was
within standard limits (average about 281,000). Slightly different values are
reported by Bach et al. (2009). The average daily milk production was higher and
amounted to 29.8 kg, while the values of milk fat and protein were lower and
amounted to 3.65% and 3.38%. However, the observed farms were designed and
built from the beginning for robotic milking. This is an important fact, because the
movements and feeding of cows on the farm can be better designed (Rodenburg,
2017).
Table 2. Descriptive statistic of the production traits for all three investigated years corrected to
305 days
Trait
Lactation

Average
2.24

Minimum
1.00

Maximum
10.00

Milk (305 days, kg)
Daily Milk Yield (kg)

7.923
25.95

875
5.00

14.204
68.70

Fat (%)
Protein (%)

4.00
3.48

2.46
2.71

6.68
4.53

Somatic Cell Count
(1.000/mL)
Urea (mg/dL)

281.13

13.00

1.998

24.93

12.00

65.00

During the analysis of production traits (Table 3), after transition from
conventional to robotic milking (from 2.51 to 2.16 and 1.77, respectively) a
significant (p <0.0001) decrease in the average number of lactations was observed.
These results indicated that with switching from conventional to the robotic
milking, the culling cows become increased. The reasons are in the creation of a
uniform herd regard to the requirements of the robot (correct position of the teats,
uniform udder quarters, etc.). In addition, cows with mammary gland and hoofs
health problems are not suitable animals for robotic milking.
According to Pezzuolo et al. (2017) when AMS is fully implemented on
the farm, the duration of lactation of cows is longer and averages values are 3.47.
The first (transition) year of robotic milking (B) is extremely important for the
further successful farm business (Tse et al., 2018).
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The results of this research has shown a decrease in production of standard
lactation by 195.2 kg of milk in transition year compared to the previous year (A)
when cows were milked in a conventional milking parlour. However, already in the
following year (C) there was a significant (p <0.0001) increase in lactation
production for even 532.1 kg of milk compared to year A, or 727.3 kg compared to
year B (Table 3). Furthermore, the significant (p <0.0001) decrease for the milk fat
and urea was determined. For these trends is very important a number of departures
cows at milking (number of visits to the robot). According to a study of the De
Koning (2010) at liest 76% of cows in the farm should be milked more than twice a
day. Such a number of milking can lead to an increase in milk production and a
positive economic effect due to the introduction of robotic milking.
Table 3. Production traits (305 days) during three investigated years (A, B, C)
Trait
Year
A
B
C
Lactation
2.51a
2.16b
1.77c

Significance
p<0.001;
p<0.0001
p<0.0001
p<0.0001
NS
NS

Milk (kg)
7.828,5a
7.630,3ab
8.357,6c
a
ab
Fat (%)
4.06
4.04
3.85c
Protein (%)
3.48a
3.50a
3.47a
a
a
Somatic Cell Count
266
310
283a
(1.000/mL)
Urea (mg/dL)
25.34a
25.16ab
23.86c
p<0.0001
* values within the same row marked with different letter differ statistically significant (p<0.001;
p<0.0001;); NS – not significant

The effect of robotic milking had a positive trend of milk production for all
observed lactations (Figure 1). So that, the milk production of primiparous cows
from year A to year C increased by 551 kg, for the cows in the second lactation by
824 kg, and for the cows in the third lactation by 822 kg, respectively. The smallest
increase in production was recorded in cows in the fourth and subsequent
lactations, where the increase was only 25 kg of milk. It can be seen that older
cows react less to the effect of robotic milking, and the reasons may be in the
weaker adaptation to robotic milking, the higher incidence of health problems
(mastitis, metabolic problems, etc.) and the fewer visits to the milking robot
(Jacobs and Siegford, 2012). Also, for successful production it is very important to
balance the farm ration well, as this will affect the amount of concentrate
consumed. This component is the most expensive part of the meal and significantly
affects the economic profitability of the farm (Migliorati et al., 2005).
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Figure 1. The amount of milk according to the ordinal number of lactation before (A) and after
the introduction of AMS (B and C)

One of the frequently mentioned features cited as negative in robotic
milking is a slightly higher number of somatic cells in milk than in conventional
milking (Svennersten-Sjaunj and Pettersson, 2008; De Koning, 2010). This is
partially confirmed in this study (Figure 2). The primiparous cows had a smallest
somatic cells count after the introduction of robotic milking (by 13.2%). Cows in
other lactations had a slightly higher number of the SCC, but these values were still
at an acceptable level. Thus, cows in the second lactation had an increase in SCC
by 21.5%, cows in the third lactation by 11.7%, and cows in the fourth and
subsequent lactations by 17.6%. However, raw milk was of standard quality and
met the requirements prescribed by the Ordinance on determining the composition
of raw milk in the Republic of Croatia (N.N. 27/2017). Such a slight increase in
SCC with increasing lactation is expected, according to Schepers et al. (1997).
Generally, in older cows the status of mammary gland infection is slightly higher.
One of the reasons is the demanding production of milk, both in quantity and
quality, which has consequences for the health of the udder of cows (Klungel et al.,
2000). However, after adapting cows to robotic milking, udder health and SCC can
be even better than in conventional milking cows. Such a significant effect (p
<0.05) takes about 25 weeks (Berglund et al., 2002).
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Figure 2. The median values of the somatic cell count (SCC) according to the ordinal number of
lactation before (A) and after the introduction of AMS (B and C)

Conclusion
Based on the conducted research, it can be concluded that the effect of
AMS, i.e. the introduction of a robotic milking on the researched example was very
positive. The positive trends were especially visible in the amount of produced
milk, both at the daily and lactation level. The critical period was in the first
(transitional) year of introducing robots into the production process. Then there
may be a certain stagnation of production parameters such as a drop in milk fat or a
slight increase in the somatic cells count in milk. However, the results in the
second year of using the robot show the justification for the introduction of a
robotic milking. Almost all production traits had significantly better results. It is
important to emphasize that the first (transitional) year (the year of transition to
robotic milking) poses the biggest challenges for farmers in production: adaptation
of the facility and installation of robots, habituation of cows to robotic milking,
increased herd culling, mastering technical features of robotic milking systems and
information, etc. Robotization of farms can facilitate and improve the daily
demanding tasks of milk production, and increase the production and profitability
of the farm.
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Istraživanje proizvodnih rezultata pri prelasku sa
konvencionalne na automatsku mužu krava
Pero Mijić, Zdenko Ivkić, Tina Bobić

Rezime
Inovacije u stočarstvu najčešće su tamo gde su proizvodni procesi najosetljiviji ili
gde učestvuje najveća radna snaga. Muža krava jedan je od takvih poslova u
kojima se poslednjih godina sve više uvodi automatizacija radnih mesta, odnosno
gde se roboti sve više koriste za mužu. Danas se u svetu koristi oko 50.000 robota
različitog dizajna i proizvođača. Istraživanja pokazuju da će se taj broj u narednim
godinama udvostručiti. Robotizacija mlečnih farmi dobila je zamah kod
proizvođača u Republici Hrvatskoj. Međutim, u robotizaciji farmi, poljoprivrednici
se suočavaju sa novim izazovima i praksama koje ranije nisu poznavali. Zato je
svaka stručna i naučna pomoć dobrodošla i vredna proučavanja. Rezultati ove
studije sprovedeni su na dve mlečne farme koje su prošle tranziciju sa
konvencionalne na robotsku mužu. Rezultati su pokazali značajno (p<0,0001)
smanjenje broja starijih krava, posmatrano kroz broj laktacija nakon prelaska sa
konvencionalne na robotsku mužu (sa 2,51 na 2,16 i 1,77 laktacije, respektivno).
Ovo ukazuje na to da je potrebno izvršiti povećanu selekciju krava bolje
prilagođenih robotskoj muži. Prosečna proizvodnja po kravi značajno se povećala
(p<0,0001) (za oko 500 kg mleka u drugoj godini nakon uvođenja robotske muže),
dok se procenat mlečne masti i uree u mleku značajno smanjio (p<0,0001). Broj
somatskih ćelija se povećao, ali ne značajno. Može se zaključiti da je prva
(prelazna) godina (godina prelaska na robotsku mužu) veoma važna i tehnološki
izazovna. Međutim, u drugoj godini proizvodnje robotska muža pokazuje značajne
pozitivne efekte na proizvodnju.
Ključne reči: proizvodni rezultati, konvencionalna muža, robotska muža, krave
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Abstract: The quality of farm animal welfare largely depends on a number
of measures and procedures carried out on farms, which are defined by one name
as biosecurity. The application of certain management practices differs from farm
to farm, and accordingly their impact on the quality of animal welfare differs. The
quality of biosecurity, welfare and the presence of factors that threaten them
depend on the technology of production on the farm, animal husbandry systems,
microclimatic and hygienic conditions, management, procedures performed on
animals and the way they are performed, the attitude of employees towards
animals, their training and competence, etc.The aim of this study was to determine
the impact of intensive calf rearing on differences in biosecurity and welfare
quality assessment on two dairy farms. The technological process of production on
both farms is similar, since both farms operate within the same production system.
On both farms, there is a nursery in a separate facility, but without individual
calving boxes. Calves are separated from their mothers immediately after birth.
One of the significant differences between the farms was the way the calves were
kept in the first 7 days of life. On one of the farms (A) the calves were kept tied in
the nursery, while on the other farm (B) they were housed in individual boxes, also
located within the nursery. At 8 days of age, calves were placed in group boxes, in
a special facility, rearing stable.
The greatest weaknesses and threats to biosecurity and welfare on both farms were
manifested at the earliest age of calves, and they relate to the accommodation and
feeding of newborn calves with colostrum. Determined that newborn calves were
kept tie-stall housing system or in dimly lit individual boxes of inadequate size and
design, housed in the nursery together with the cows. This increased the calf's
exposure to a number of pathogens. The risk to biosecurity and welfare is higher
when inadequate colostrum consumption is taken into account in terms of quantity,
manner and time of feeding. When it comes to calves of older categories, the
situation was significantly more favourable in terms of nutrition and housing
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conditions, as well as health surveillance and provided great opportunities in terms
of further improvement.
Key words: biosecurity, welfare, risk factors, intensive production system

Introduction
The precondition for achieving high quality of farm animal welfare is the
implementation of certain, precisely determined, measures that are defined as
biosecurity. The most common biosecurity measures are a system of management
practices used to protect animals from pathogenic agents and to prevent the spread
of harmful agents from the farm to the environment. (Linch, 2012; Damiaans et al.,
2018). Biosecurity can be divided into external and internal. External biosecurity
refers to measures aimed at preventing the introduction of the disease into the herd
(keeping the animal in quarantine, the principle of "all in – all out", control of the
movement of visitors, disinfection barrier). Internal biosecurity is a set of measures
taken to prevent the spread of disease within the herd (separation of different
categories of animals, isolation of sick animals, control of the movements of the
staff, control of the presence of birds, rodents and other animals on the farm, safe
removal of corpses, etc.). The result of consistent implementation of the mentioned
measures is a high quality of welfare of farm animals.
The definition of animal welfare most often refers to the general condition of
individuals (Huges et al., 1976; Broom et al., 1986) observed in a particular
environment. This means that animals (in this case calves) should be in an
environment that will meet their basic needs in a satisfactory way: nutrition,
housing, expression of physiological behaviors, interaction with individuals of the
same species, absence of pain, injury and negative emotions, etc. (Rollin et al.,
1993). The quality of welfare of calves in intensive agricultural production systems
depends on a number of factors with different significance and intensity of impact,
and one of the most important is biosecurity.
Given the pronounced interrelationship between biosecurity and welfare, it is clear
that the presence of certain shortcomings, so-called risk factors, has negative
impact on their quality. The quality of biosecurity, welfare and the presence of
factors that endanger them depend on the technology of production on the farm,
animal husbandry systems, microclimatic and hygienic conditions, management,
procedures performed on animals and the way they are performed, the attitude of
employees towards animals and their training and competence, etc. Different
methods of production imply different degrees of biosecurity, and thus different
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quality of welfare, because the specifics of each farm depend on risk factors that
threaten biosecurity and welfare.
Numerous authors have addressed biosecurity issues from a variety of perspectives
(Beggs et al., 2015; Renaud et al., 2018; Emanuelson et al., 2018; Stanković et al.,
2011 and 2014; Dammianis et al., 2019 and 2020; Robichaud et al., 2019;
Boersema et al., 2013; Shortatall, 2017; Ježek et al., 2019; Winder et al., 2016;
Richens et al., 2018; Stanković and Hristov, 2009; Ferit Can, 2018; Anderson,
1998; Nitovski et al., 2013; Pedersen et al., 2009; Bojkovski et al., 2012) and
welfare (Hristov et al., 2011 and 2012; Samolovac et al., 2019 and 2020; Relić et
al., 2014; Vasseur et al., 2009 and 2010; Weawer et al., 2000; Osaka et al. 2014;
Hristov et al., 2015; Vasseur et al., 2010; Kieland et al., 2010; Gottardo et al.,
2011; Wikman et al., 2013; Winder et al., 2016; Gottardo et al., 2011; OstojićAndrić et al., 2015; Relić and Bojkovski, 2010; Bojkovski et al., 2012; Stanković et
al., 2011; de Vries et al., 2013; Lundvall and Saras- Johansson, 2011; Schütz et
al., 2012; Burton et al., 2012; Elingsen et al., 2014; Winder et al., 2016;Robichaud
et al., 2019).
The basis for the study of the welfare of calves in the intensive housing system
were two hypotheses: the first - biosecurity measures, welfare quality and risk
factors on farms are interrelated and intertwined, and differ on individual farms,
depending on the applied production technology and housing system, and the
second - in different housing systems, there are different threats and weaknesses
that affect the quality of biosecurity and welfare.
The aim of this study was to determine the impact of intensive calf rearing on
differences in biosecurity and welfare quality assessment on two farms.

Material and Method
Assessment of biosecurity, risk factors and welfare of calves up to 30 days of age
was performed on 2 dairy farms with intensive rearing. The technological process
of production on both farms was similar, since both farms operated within the same
production system. Both farms had a nursery in a separate facility, but without
individual calving boxes. Calves were separated from their mothers immediately
after birth. One of the significant differences between the farms was the way the
calves were kept in the first 7 days of life. On one of the farms (A) the calves were
kept tied in the nursery, while on the other farm (B) they were housed in individual
boxes, also located within the nursery. At the age of 8 days, calves were placed in
group boxes, in a special facility, rearing stable.
The assessment of biosecurity and risk factors was performed on the basis of data
collected by the method of a structured questionnaire derived from the Project
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"Development and implementation of welfare and biosecurity standards in order to
improve the technology of cattle and pig production". Good and bad
characteristics, threats and opportunities on farms, based on the data from the
questionnaire were determined by SWOT analysis (analysis of strengths,
weaknesses, opportunities and threats of the farm as a production unit) which
included: biosecurity plan, isolation, health status, movement and traffic control,
attitude towards other persons, control of nutrition and water supply, removal of
dead calves, presence of other animal species on the farm, control of rodent
populations, control of insect population, control of bird population, sanitation and
farm attitude towards the environment (Anon, 2011).
The Welfare Quality® Assessment Protocol (WQAP, 2009), a scientific method for
assessing the welfare of farm animals, was used to assess the welfare of the
animals. The overall assessment of welfare protection on farms A and B was
obtained on the basis of assessment of welfare criteria, which included a number of
indicators: assessment of planning, organization and implementation of welfare
protection, assessment of the staff regarding welfare protection, competencies of
the staff regarding welfare protection, breeders' attitude towards animal needs,
assessment of monitoring and inspection of animals and equipment, animal
treatment; nutrition and watering of animals, housing conditions, microclimatic
conditions, hygienic conditions in the facility, hygiene and care of the animal's
body; reproduction, productivity, behaviour and health.
Risk factors for the welfare of calves on farms A and B were divided into 3 groups,
namely: risk factors related to nutrition, housing conditions and management, i.e.
production technology on the farm. According to the strength and character of the
impact, they were classified from low to very strong (low, moderate, medium
strong, strong and very strong impact). Exposure of calves to the impact was
defined as: rare, very rare, moderate and very common. Based on the
characterization and duration of action, and according to EFSA methodologies
from 2006 and 2009, risk factors were classified into four categories: high, low,
negligible and risk-free.

Results and Discussion
The obtained overall estimates for biosecurity on the observed farms are shown in
the following table (Table 1).
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Table 1. Assessment of biosecurity indicators on farms A and B
Score
Indicators
Biosafety plan
Insulation
Health status
Movement and traffic control
Relation to other persons
Nutrition and water supply control
Removal of dead calves
The presence of other species of animals on the farm
Rodent population control
Insect population control
Bird population control
Sanitation
The relation of the farm and environment
Average rating

Farm A
1.67
2.67
3.40
2.75
2.37
3.50
2.80
1.00
2.80
2.00
1.33
2.92
3.50
2.52

Farm B
1.67
2.67
3.60
3.00
2.37
3.50
2.80
1.00
2.80
2.00
1.33
2.92
3.50
2.55

The SWOT analysis shows that the most pronounced weaknesses on both
farms are the lack of implementation of defined procedures related to biosecurity
plans, control of visitor movements and control of the population of insects,
rodents, birds and other animals. In contrast, the strongest points are the controlled
quality of water (city water supply) and food (regular laboratory analyzes); health
status on farms under the permanent supervision of the veterinary service and the
socially responsible relation of the farm towards the environment. However, in
these segments there is a need for further improvement. Great opportunities for
improving the existing situation are provided in the field of isolation of the farm,
increasing the control of the movement of visitors and workers, removal of corpses
and sanitation, in order to prevent the occurrence and spread of infectious diseases.
The total welfare assessment on farms A and B based on the indicator assessment
is shown in the following table (Table 2).
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Table 2. Assessment of welfare indicators on farms A and B
Inidicators
Assessment of welfare plans, organization and implementation
Assessment of staff regarding welfare
Competences of staff regarding welfare protection
The relation of breeders towards needs of animals
Assessment of monitoring and inspection of animals and equipment
Treatment of animals
Nutrition and watering of animals
Housing conditions
Microclimatic conditions
Hygienic conditions in the facility
Hygiene and body care of animals
Reproduction
Productivity
Behaviour
Health condition
Average rating

Score
Farm A
1.00 - 1
2.75 - 3
2.78 - 3
2.67 - 3
4.62 - 5
2.67 - 3
3.73 - 4
2.70 - 3
2.25 - 2
2.67 - 3
3.00 - 3
3.00 - 3
3.33 - 3
3.45 - 4
3.33 - 3
2.93 - 3

Farm B
1.00- 1
3.00- 3
3.22 - 3
3.00 - 3
4.62 - 5
2.67 - 3
3.73 - 4
3.00- 3
2.12 - 2
2.55 - 3
3.00 - 3
3.00 - 3
3.22 - 3
3.18 - 3
3.33 - 3
2.98 - 3

Given that the quality of welfare directly depends on the degree of
implementation of defined biosecurity measures, it is not surprising that the
obtained results of the assessment of welfare indicators on the observed farms are
in accordance with the assessment of biosecurity measures. The most favourable
situation was in terms of monitoring of animals and equipment thanks to the daily
multi-hour presence of staff in the facilities, and in terms of food and water quality
due to regular laboratory analyzes. The greatest weakness was manifested in the
plans and implementation of welfare protection (lack of procedures, lack of clearly
written instructions, lack of organized training of workers) and in terms of
microclimatic conditions which were very often unfavourable (high temperature,
high humidity). The analysis of the largest number of observed indicators related to
the quality of welfare indicates the fact that there are great opportunities for their
improvement.
Risk factors that negatively affected biosecurity and quality of welfare differed in
part depending on the farm and category of calves, because they showed different
intensity and duration of action, and are shown in the following table (Table 3).
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Table 3. Assessment of risk factors on farms A and B (age categories are given in brackets)
Risk category
Farm A
Farm B
Calves tied to the bed (0-7)
Insufficient floor area (0-30)
Colostrum amount (0-7)
Insufficient light (0-7)
Insufficient water supply (0-7)
Insufficient water supply (0-7)
Continuous arriving of animals to the
High
Continuous arriving of animals to
facilities and departing (0-7)
the facilities and departing (0-30)
Allergens, hemoglobin, Fe not
Allergens, hemoglobin, Fe not
controlled (0-30)
controlled (0-30)

Low

Colostrum quality (0-7)
Lack of maternal care (0-7)
Insufficient light (0-30)
Exposure to pathogenic agents (0-7)

Colostrum quality and consumption
time (0-7)
Lack of maternal care (0-7)

Negligible

Colostrum consumption time (0-7)
Microclimatic conditions (0-7)
Exposure to pathogens (8-30)
Disinfection without analgesia (8-30)

Colostrum quantity (0-7)
Microclimatic conditions (8-30)
Light (8-30)
Exposure to pathogens (8-30)
Surface, floor quality and bedding
hygiene (8-30)

Risk-free

Nutrition and water supply (8-30)
Microclimatic conditions (8-30)
Floor area and quality (8-30)
Bedding hygiene (8-30)
Mixing animals from different
sources (0-30)
Health monitoring (0-30)

Nutrition and water supply (8-30)
Microclimatic conditions (8-30)
Mixing animals from different
sources (0-30)
Health monitoring (0-30)
No dehorning (0-30)

It is obvious that the greatest weaknesses and threats to biosecurity and
welfare on both farms were manifested at the earliest age of calves. According to
the SWOT analysis, the biggest weaknesses are the housing and feeding of
newborn calves with colostrum. It is absolutely unacceptable to keep newborn
calves tied to beds or in dimly lit individual boxes of inadequate size and design.
Housing of calves in the nursery together with cows increases their exposure to
numerous pathogenic agents. The risk to biosecurity and welfare is higher when
inadequate colostrum consumption is taken into account in terms of quantity,
manner and time of feeding. When it comes to calves of older categories, the
situation is significantly more favourable in terms of nutrition and housing
conditions, as well as health monitoring and provides great opportunities in terms
of further improvement.
The improvement of biosecurity measures has been implemented continuously for
many years, but there are still some dilemmas and doubts. There are still significant
differences of opinion between veterinarians and animal breeders regarding the
importance of implementing biosecurity measures and procedures, as stated by
Boersema et al. (2013), Shortatall (2017), but breeders themselves attach
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insufficient importance to certain measures that should be implemented in order to
protect biosecurity on their own farms (Ježek et al., 2019; Winder et al., 2016;
Richens et al., 2018). The overall assessment of the implemented biosecurity
measures on the observed farms was similar for both farms and very close to the
average. Low overall biosecurity scores on farms were recorded by Dammians et
al. (2020), 48.6 out of 100 index points in the questionnaire, and Stanković and
Hristov (2009), report the following results on two farms: 3.81 and 2.31. Different
production systems imply different degrees of biosecurity on farms, and thus the
quality of animal welfare, but it cannot be a priori claimed that one system is better
than the other. This is indicated by a series of researches. According to Beggs et al.
(2015), the size of the herd is to some extent a limiting factor in terms of
biosecurity and welfare because it implies a higher population density, more
difficult organization of storage and distribution of food, easier spread of the
disease. However, larger farms hire workers with a higher level of education,
conduct better veterinary supervision, have better records of activities, which is in
line with the results obtained in our research. Also, Renaud et al. (2018), have
determined that the farms with the lowest risk were those with veterinary
supervision in the nursery every 3 hours. In Sweden, organic farms were compared
with farms with conventional production methods. In the first system, antibiotics
were less used, which is according to the standards and market demand when it
comes to organic production. However, veterinarians are often to late for animal
treatment, which had a bad impact on biosecurity and animal welfare (Emanuelson
et al., 2018 ). Stanković et al. (2014), also state the more frequent occurrence of
infectious diseases in the tie system. There was no established plan for the
implementation of biosecurity measures on the observed farms and no training was
provided to staff in that regard. The health condition of the herd was regularly
monitored by the veterinary service, so that the treatment of the animals was
performed regularly and on time, as soon as the occurence of a disease was noticed.
The basic principles of farm construction and site selection were also respected.
Namely, the facilities for housing animals were at the proper distance from the
main road. The principle that was not respected was that the facilities inside the
farm were insufficiently isolated from each other and insufficiently protected from
the presence of other animals, birds, rodents and insects, although disinsection and
deratization were carried out regularly. These characteristics are similar to the data
provided by Stanković et al. (2011). A large number of diseased animals, in
addition to constant veterinary supervision, indicate a serious danger and
biosecurity risk. The biosecurity risk was represented by the movement of staff on
the farm between different facilities, the absence of clearly stated instructions that
regulate the movement, etc. The visitors did not undergo a more detailed check
related to their recent activities and contacts with the animals, although they
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received protective clothing and footwear, and hand disinfection was mandatory.
Also, there were disinfection barriers at the entrance to each facility, but they were
not always operational. In the case of the dead calves, the corpses were usually, but
not always, removed in a very short time, and after that the location was sanitized.
The facilities were mechanically cleaned daily, and detailed washing and
disinfection were performed after emptying the box or the entire facility. Similar
problems in biosecurity protection were observed by Dammianis et al. (2019) and
Robichaud et al. (2019), and relate to poor isolation of sick animals, mixing of
animals from different sources without quarantine, non-existent or non-functional
disinfection barriers on the farm, cleaning and disinfection of facilities that are not
performed after each production cycle, poor hygiene of facilities and animals, lack
of protective wardrobe for employees, movement of visitors, etc. The observed
farms did not respect the principle of "all in – all out", which often appears as a
problem on farms (Damiaans et al., 2019; Pedersen et al., 2009; Bojkovski et al.,
2012).
According to Ferit Can (2018), the main difficulties in implementing a biosecurity
plan on farms are: educational level, sociological and cultural characteristics
(habits, tradition), costs and finances (profit should be greater than investment),
farm size, geographical and climatic conditions, epidemiological situation and
regulations. There are a number of suggestions for better biosecurity on farms.
Some of them relate to the use of vaccines in order to prevent the occurrence of
infectious diseases, as well as construction solutions that will contribute to better
microclimatic conditions, the use of individual calving boxes, the use of individual
"small houses" for calves (Anderson, 1998), keeping a closed herd, better
veterinary supervision, adoption of a plan for the implementation of biosecurity
measures (Nitovski et al., 2013; Shortall et al., 2017), control of the movement of
staff and visitors, control of the population of rodents, birds and insects, prevention
of contact with other animals (Stanković et al., 2011.). Considering the location
and quality of facilities, there is a basis for improving all biosecurity measures on
the observed farms such as: isolation of facilities on the farm, disinfection,
disinsection and rodent and pest control, prevention of other animals and birds in
facilities, control of movement of staff and visitors, improvement of microclimatic
conditions, improvement of the hygiene of facilities and animals, strict respect for
the principle of "all in-all out", education and training of staff on various bases
(biosecurity measures, treatment of animals, technological procedures, etc.). The
established practice of daily supervision of animals, equipment and production
technology by highly professional and competent staff, chemical analysis of food
and responsible behaviour towards the environment should be continued and
improved over time. The application of these measures would greatly contribute to
the general welfare of animals.
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Like in the case of biosecurity, there was no established welfare protection plan on
the observed farms nor were workers referred to any training in the area. They
relied more on experience in day-to-day work or instructions from immediate
supervisors. There was often a shortage of manpower, so workers were forced to
move from one facility to another. Staff in charge of nutrition, treatment,
implementation of technological procedures and organization of work on farms had
adequate higher and higher education. Special training was attended by staff who
had specific responsibilities such as hoof treatment, but not those who were in
charge of feeding calves with colostrum. It was the colostrum diet that was the
most sensitive part. The quality of colostrum is controlled only organoleptically,
which is one of the most significant welfare problems in calves, as reported by
Hristov et al. (2011) agree. Also, the level of iron and the presence of allergens in
food have not been controlled. The amount of colostrum consumed, especially on
farm A, and the method of administration (from a bucket) were not adequate for
the age and consumption of calves, so colostrum intake was insufficient, and
consequently the creation of passive immunity was highly debatable. The
technology of feeding calves with colostrum of undetermined quality from buckets
at will does not give good results in terms of acquiring passive immunity
(Samolovac et al., 2020; Relić et al., 2014; Vasseur et al., 2009 and 2010,).
Weawer et al. (2000) recommended an intake of 4 l of colostrum to reduce the risk
of calf death, and Osaka et al. (2014) recommend 3.6 l. However, different results
have been reported in practice. As stated by Relić et al. (2014), the intake of the
first quantities of colostrum in calves on three farms with intensive rearing
conditions was less than 1 l. One of the biggest threats to the quality of welfare was
the limited movement of animals, i.e. calves tied to the bed or housing them in
individual boxes of inadequate surface, which does not allow to fully realize some
physiological behaviours such as explorative and maternal behaviour, less social
contacts. (Hristov et al., 2015). There are rare cases in the world where calves are
kept in individual "boxes" or tied (Vasseur et al., 2010).
According to a number of researchers (Kieland et al., 2010; Gottardo et al., 2011;
Wikman et al., 2013), workers are generally aware that animals feel pain, fear, and
express certain emotions. However, interventions such as dehorning or animal
identification were performed without the use of local anesthetics, which is,
unfortunately, a common practice on a large number of farms, as noticed by the
results of research by Winder et al. (2016), Gottardo et al. (2011). Positive relation
towards animals should be one of the goals of improving the quality of welfare in
order to make sure that “animals have a life worth living” (Hristov et al. 2012). In
the conducted research, the treatment of animals was very often rough, impatient,
noisy, with the exception of milking. Microclimatic conditions on farms A and B
were often unfavourable during the cold and warm periods of the year.
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Temperatures exceeded 300 C in summer, while humidity was high in the buildings
during the entire observation period. According to Samolovac et al. (2019),
unfavorable microclimatic conditions affect the increased morbidity and mortality
of calves. The hygiene of animals and facilities can and must be much better,
especially when it comes to nursery and calf breeding. Poor housing conditions
represent one of the biggest threats to the quality of welfare (Ostojić-Andrić et al.,
2015). During the examination, there was no protocol or plan related to the
protection of the animal welfare on the farms, nor the training for staff in order to
implement the protection of the quality of welfare. The overall welfare assessment
of calves on the examined farms A and B was similar to the evaluations obtained in
the research of Vasseur et al. (2010), Relić and Bojkovski (2010), Hristov et al.
(2011), Bojkovski et al. (2012), Stanković et al. (2011), and better than the
estimates given by de Vries et al. (2013) on a larger number of herds. However,
this situation provides only a solid basis for further improvement of the quality of
welfare with existing production technology. First of all, the staff should be trained
in terms of the importance of all aspects of animal welfare and biosecurity on
farms, and certain written procedures and protocols should be adopted accordingly.
The results of numerous researches show that the relations of breeders towards
animals depend on their personal attitude, ethical principles, cultural and sociodemographic conditions, levels of education, etc. (Ferit Can, 2018; Lundvall and
Saras-Johansson, 2011; Schütz et al., 2012). The way humans behave towards
animals should be one of the goals of improving welfare as a whole, and not a
characteristic of an individual or a small group of people, as stated by Burton et al.
(2012) and Elingsen et al. (2014). Raising the awareness of breeders about the
importance of respecting the principle of welfare would also improve their
treatment of animals, care for hygienic conditions in facilities and hygiene of
animal. To improve housing and microclimatic conditions, it is necessary to change
the technology of keeping and equipment in stables in terms of changing the way
calves are kept (calves should be placed in boxes of appropriate size, with a quality
surface and clean and dry bedding, outside the nursery), improving hygiene levels,
by providing quality ventilation in facilities, providing outlets for the movement of
calves and staying outside the stables, which would positively affect the overall
health, behaviour of animals, or reduce the risks of compromising overall
biosecurity and welfare in the herd, as stated by Winder et al. (2016) and
Robichaud et al. (2019).
Based on the risk assessment on farms A and B, some recommendations can be
made that would reduce the risk and improve the overall welfare of the calves. As
already mentioned, it is necessary to adopt a clear and precise plan for the
implementation of biosecurity measures and improvement of the quality of welfare
on farms, the implementation of which would be familiar to all employees
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(Nitovski et al., 2013; Shortall et al., 2017). Newborn calves should be placed in
clean, disinfected individual boxes with adequate nutrition and water supply,
especially in the part related to colostrum nutrition. In that sense, an alternative
way of feeding, graduated bottles, buckets with artificial breast or esophageal
probe can be introduced, and the quality of colostrum can be controlled by
laboratory analyzes, at least occasionally by the method of random sampling. The
same control principle can be introduced for the level of hemoglobin in the blood
of calves, as well as the content of iron and allergens in food. Make microclimatic
and hygienic conditions optimal or at least strive for it, and maintain good practice
of constant control and supervision of the situation on farms by professional staff.

Conclusion
Based on the presented results on two farms with intensive production, it can be
concluded that:
•
Preservation of biosecurity on farms depends to a large extent on the
applied production technology and rearing system
•

Deficiencies in the implementation of all biosecurity procedures and
measures jeopardize the quality of animal welfare, calves in this case,
because biosecuritty and welfare are inextricably linked and interdependent

•

Protocols on biosecurity and welfare protection were not adopted on the
observed farms

•

The greatest threat to biosecurity and welfare was found to be the
conditions of feeding and housing calves in the first seven days of life

•

Accordingly, the biggest changes in order to improve conditions relate to
the introduction of procedures for the protection of biosecurity and
welfare; introduction of individual housing for newborn calves outside the
nursery; supply of high-quality colostrum from graduated bottles (for this
purpose a colostrum bank should be formed, “milktaxi” should be put into
use)

•

Regularly train staff in the field of animal welfare and implementation of
biosecurity measures

•

Strengthen control over the movement of staff and visitors within the farm

•

Regularly disinfect, disinsect and deratize farms
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•

Continuously work on improving accommodation, microclimatic and
hygienic conditions in calf housing facilities

•

Continue with daily zootechnical and veterinary supervision of animals
and equipment

Procena biosigurnosti i dobrobiti teladi u intenzivnom
sistemu držanja
Ljiljana Samolovac, Slavča Hristov, Dušica Ostojić-Andrić, Vlada Pantelić,
Dragan Nikšić, Dragan Stanojević, Tamara Stanojević

Rezime
Kvalitet dobrobiti farmskih životinja u velikoj meri zavisi od niza mera i postupaka
koji se sprovode na farmama a koje se jednim imenom definišu kao biosigurnost.
Primena određenih upravljačkih praksi se razlikuje od farme do farme, pa shodno
tome se razlikuje njihov uticaj na kvalitet dobrobiti životinja. Kvalitet
biosigurnosti, dobrobiti i prisustvo faktora koji ih ugrožavaju zavise od tehnologije
proizvodnje na farmi, sistema držanja životinja, mikroklimatskih i higijenskih
uslova, menadžmenta, postupaka koji se sprovode na životinjama i načina na koji
se sprovode, odnosa zaposlenih prema životinjama, njihovoj obučenosti i
kompetentnosti itd. Cilj rada je bio da se utvrdi uticaj intenzivnog načina gajenja
teladi na razlike u proceni biosigurnosti i kvaliteta dobrobiti na dve farme mlečnih
krava sa intenzivnim načinom držanja. Tehnološki proces proizvodnje na obe
farme je sličan, obzirom da su obe farme poslovale u okviru istog proizvodnog
sistema. Na obe farme je porodilište u odvojenom objektu, ali bez individualnih
bokseva za teljenje. Telad se odvajaju od majki odmah nakon rođenja. Jedna od
značajnih razlika između farmi bio je način držanja teladi u prvih 7 dana života. Na
jednoj od farmi (A) telad su držana vezana na ležištu u porodilištu, dok su na
drugoj farmi (B) bila smeštena u individualne bokseve, takođe locirane u okviru
porodilišta. Sa 8 dana starosti telad su smeštana u grupne bokseve, u posebnom
objektu, odgajivalištu. Najveće slabosti i pretnje za biosigurnost i dobrobit na obe
farme ispoljene su u najranijem uzrastu teladi, a odnose se na smeštaj i napajanje
novorođene teladi kolostrumom. Utvrđeno je da se novorođena telad drže vezana
na ležištima ili u slabo osvetljenim individualnim boksevima neadekvatne veličine
i dizajna, smeštena u porodilištu zajedno sa kravama. Time se povećava izloženost
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teladi brojnim patogenim agensima. Rizik po biosigurnost i dobrobit je veći kad se
uzme u obzir i neadekvatno konzumiranje kolostruma u pogledu količine, načina i
vremena napajanja. Kada su u pitanju telad starijih kategorija situacija je značajno
povoljnija u pogledu uslova ishrane i držanja, kao i zdravstvenog nadzora i pruža
velike mogućnosti u smislu daljeg unapređenja.
Ključne reči: biosigurnost, dobrobit, faktori rizika, intenzivni sistem proizvodnje
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Abstract: The research was performed on Holstein-Friesian and Black and
White cattle, reared on farms of Agricultural Corporation of Belgrade - PKB. The
study included 5238 first calving heifers reared on 6 farms in the period from 2006
- 2014 and represent progeny of 61 bulls. The following dairy traits were analysed
in a standard lactation (305 days): milk yield (kg) - MY, milk fat content (%) - %
MF, milk fat yield (kg) - MFY, protein content (%) - % PC and protein yield (kg)
- PY. The relative economic weight of milk traits included in selection index is
expressed through single standard deviation. The first calving Holstein - Friesian
heifers, in standard lactation produced on average 7765.35 ± 1401.80 kg of milk,
with a milk fat content of 3.49 ± 0.22 and protein content of 3.23 ± 0.13. The
impact of bull, farm, year and season of calving on the variability of milk traits was
present at the level of very high statistical significance, while the genetic group did
not influence the variability of yield and protein content, however it influenced
other milk traits at different levels of statistical significance. Heritability of
observed milk traits was medium to low. The content of milk fat and protein had
the lowest values of heritability, 0.052, and 0.042, respectively. The heritability of
milk yield was 0.305. Negative genetic correlation were determined between milk
yield and milk fat content (-0.380), also between milk yield and protein content (0.500). Coefficient of correlation of selection index and aggregate genotype was
0.3829.
Key words: Holstein – Frisian breed, milk traits, selection index

Introduction
The principal goal of dairy cattle breeding is improvement of economic
efficiency of production. The economic merit of an individual animal is a function
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of the traits identified in the breeding objective weighted by their economic value.
Selection indices provide an estimate of the individuals’ economic merit (based on
the breeding objective) and simplify selection. Animals are ranked on the basis of
the selection index and the best individuals selected. Globalization of breeding
programs is reflected by similarity in breeding objectives. The selection index
provides a simplified interpretation of where a country is headed in terms of
breeding philosophy (Leitch, 1994).
Selection indexes have been extensively applied in the estimation of
breeding value of dairy cattle for single traits as well as for combinations of traits
for selection purposes. Milestones in methodology, such as multiple-trait
evaluation procedures by BLUP, (co)variance component estimation, nonlinear
models, discounted gene flow, dynamic programming, and international sire
evaluations, together with increased computing power and the development of
integrated AI and recording schemes, have contributed to efficient implementation
of selection indexes (Philipsson et al., 1994).
Breeding for dairy cattle worldwide has primarily focused on improving
production traits (Nielsen et al., 2005). Miglior et al. (2005) surveyed the selection
indexes of 15 countries from different geographical regions and showed that the
average relative emphasis for production across all countries was 59.5%. This
finding indicates that production is still the most important component of selection
indexes used in dairy cattle.
Dekkers (2007) reported that the selection of production (protein yield,
protein %) and functional traits (longevity, milkability, and somatic cell score)
increased the selection index efficiency to 58%.
Komlósi et al. (2010) used a bio-economic model to estimate economic
values of 15 milk production, functional, growth and carcass traits for Hungarian
Holstein-Friesian cattle. The highest relative economic importance was obtained
for milk yield (25%), followed by productive lifetime of cows (23%), protein yield
and the direct component of a cow’s total conception rate.
Sorensen et al. (2010) found that the selection of milk yield, somatic cell
score, udder depth, teat placement, and foot angle improved efficiency of response
in the aggregate genotype by 1% to 4% over selection for milk yield alone. Sun et
al. (2010) reported that for improving milk yield, selection indices comprising
milk, fat, or protein yields were 98%–100% as efficient as an index comprising all
three traits. Selection on milk yield alone was 5% less efficient in improving milk
yield compared with the selection using an index of all three traits.
Selection indices are dynamic and will change as economic conditions
change, and as improved parameter estimates become available. Future
modifications may also combine quantitative traits with marker gene information
(Leitch, 1994).
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The objectives of this study were to develop a multitrait selection index for
first calving Holstein-Friesian heifers and to test the accuracy of the index. The
index would give farmers an option of selecting traits depending on the breeder’s
selection goals.

Material and Methods
The research was performed on Holstein-Friesian and Black and White
cattle, reared on farms of Agricultural Corporation of Belgrade - PKB. The study
included 5238 first calving heifers. All cows were reared on 6 farms of Agricultural
Corporation Belgrade in the period from 2006 - 2014 and represent progeny of 61
bulls. The study included the bulls with a minimum of 5 daughters.
The following dairy traits were analysed in a standard lactation (305 days):
milk yield (kg) – MY, milk fat content (%) - % MF, milk fat yield (kg) – MFY,
protein content (%) - % PC and protein yield (kg) – PY.
The variability of milk traits was assessed by the method of least squares
LSMLMW. The mixed model with random influence of bull – sire, fixed influence
of genetic group, farm, year and season of calving was used in the analysis of the
impact of genetic and non-genetic sources of variability.
The Mixed model used in the analysis of the impact of genetic and nongenetic sources of variability on milk traits:
Y ijklmn = µ + O i + F j + G k + S l + H m + e ijklmn
where:
●
Y ijklmn : studied trait,
●

µ: population average for the said trait,

●

O i : random effect of ith sire (i=1,…,61),

●

F j : fixed effect of jth farm (j=1,…,6),

●

G k : fixed effect of kth calving year (k=1,…,9),

●

S l : fixed effect of lth – calving season (l=1,2,3,4),

●

H m : fixed effect of nth – genetic group (n=1,...,5),

●

e ijklmn : random error with characteristics N (0,σ2).
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Within each year, four calving seasons were observed: winter (December,
January and February), spring (March, April and May), summer (June, July and
August) and autumn (September, October and November).
Depending on the share of Holstein genes, all cows were divided into 5
groups: I - below 50% of Holstein genes, II - from 50% to 75% Holstein genes, III
- from 75% to 87.5% Holstein genes, IV - from 87.5% to 93.75% Holstein genes
and V - over 93.75% Holstein genes.
The heritability of the investigated traits was calculated by the method of
interclass correlation between the half-siblings, where the progeny of one sire have
25% of common genes, based on the formula:
h2=

where: h2 – hereditary coefficient (heritability),
(additive genetic variance),

2
e

– variance between sires

– variance errors.

The heritability coefficients of studied traits, i.e. values of genetic and
phenotypic variances and co-variances, necessary for the construction of selection
indexes, were calculated by the method of least squares. Data were analysed using
the statistical software package SAS (SAS Institute Inc. 9.3, 2012).
For the construction of the selection index equation, three most important
milk traits were included: milk yield, milk fat content and protein content.
Breeding value estimated according the method of selection index is shown in the
following selection index equation:
I = b 1 (X 1 –

1)

+ b 2 (X 2 –

2)

+......+ b n (X n –

n)

where: I – relative breeding value of animal estimated using the selection index, b i
– coefficient of multiple regression for each trait included in the selection index;
(X i –
i ) – difference between the phenotypic value of the trait included in the
selection index for given individual animal and population average for given trait.
The relative economic weight of milk traits included in selection index is
expressed through single standard deviation as proposed and described by Falconer
and Mackay (1996):
REW = σ p / σ p 2
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where: REW – relative economic weight of a trait; σ p – phenotypic standard
deviation; σ p 2 – phenotypic variance of each trait.
Table 1. The relative economic weight (REW) for milk traits studied by using one standard
deviation
REW according to
Ϭp2
Trait
Ϭp
MY
MY

1312.893

1723687.426

1

%FC

0.178

0.032

-7377.46

%PC

0.108

0.012

-12127.22

The total breeding value expressed through the aggregate genotype has the
following form:
G=v 1 G 1 +v 2 G 2 +...+v n G n, where:
G – aggregate genotype, v 1...n – economic value of a trait, G 1...n – genotypes of
traits included in the aggregate genotype.
Assuming that the correlation between the genetic value of the animal (G)
and the value of the selection index (I) are at a maximum, then the following
equation is obtained:
P*b=G*v, i.e.,
b=G*v*P–1, where:
P – matrix of phenotypic variances and covariances, G – matrix of genetic
variances and covariances, v – vector of economic values of traits included in the
selection index, b – vector of multiple regression coefficients.
In matrix form indicated equation has the following form:
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=

The coefficient of correlation of the selection index and aggregate
genotype was calculated by using the formula:
r IAG = σ I / σ AG
where: r IAG – the coefficient of correlation of the selection index and aggregate
genotype, σ I – standard deviation of the selection index, σ AG – standard deviation
of the aggregate genotype.

Results and Discussion
The table 2 shows the descriptive statistical indicators and variability of
milk traits in standard lactation.
Table 2. Descriptive statistical indicators for milk traits in standard lactation (305 days)
Trait

N

Min

Max

Sd

Cv %

MY

7765.35

2628.00

13087.00

1401.80

18.05

%MF

3.49

2.60

4.49

0.22

6.29

270.03

102.05

438.41

47.31

17.52

%PC

3.23

2.40

3.68

0.13

4.06

PY

250.28

85.94

409.62

44.22

17.67

MFY

5238
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The first calving Holstein-Friesian heifers, in standard lactation produced
on average 7765.35 ± 1401.80 kg of milk, with a milk fat content of 3.49 ± 0.22
and protein content of 3.23 ± 0.13. Milk yield was characterized by the highest
variability. Slightly lower milk yield in standard lactation of first calving Holstein Friesian heifers is stated by Stanojević et al. (2012).
Atil (2006) reports the milk yield of 4030 ± 1112 kg in the standard
lactation, achieved by Holstein - Friesian breed in Turkey. Beskorovajni (2014) has
determined the average milk yield of cows of Holstein - Friesian breed in the first
standard lactation of 6478.82 kg with 3.55% milk fat. In Egypt, the average milk
yield achieved by cows of Holstein - Friesian breed according to a study of ElAwady and Oudah (2011) is 3936 kg with 121 kg of milk fat and 90 kg of protein,
while Eman et al. (2016) state the average milk yield for first calving heifers in
Egypt, in the lactation of 305 days, of even 8801 kg with 268 kg of milk fat and
219 kg of protein.
As reported by Hoekstra et al. (1994), Holstein Friesian bulls have been
used intensively in the Dutch-Friesian population. As a consequence, and also
because of improved management, milk production has increased considerably.
The population mean for 305 days milk yield for Black and White cows was 6214
kg in 1987 and 7001 kg in 1991.
The influence of factors on the variability of milk traits of first calving
heifers of Holstein - Friesian breed in standard lactation is presented in the table 3.
The impact of bull, farm, year and season of calving on the variability of milk traits
was present at the level of very high statistical significance, while the genetic group
did not influence the variability of yield and protein content, however it influenced
other milk traits at different levels of statistical significance. Stanojević et al.
(2016) reported that an increase in the share of Holstein-Friesian genes does not
have such a drastic impact on milk yield, as opposed to the length of productive
life.
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Table 3. F – values for genetic and non genetic factors affecting milk traits in standard lactation
(305 days)
F – values
Trait

Sire

Genetic group

Farm

Calving year

Calving season

df 1 =60

df 1 =4

df 1 =5

df 1 =8

df 1 =3

df 2 =5157

df 2 =5157

df 2 =5157

df 2 =5157

df 2 =5157

6.64

2.62

27.14

4.55

18.90***

%MF

1.90***

2.43*

160.54***

29.20***

7.64***

MFY

6.43***

4.22**

23.95***

10.25***

22.19***

%PC

1.72***

0.47n.s.

156.64***

36.28***

10.65***

PY

6.40***

2.35n.s.

21.83***

5.11***

14.00***

MY

***

*

***

***

p>0,05nz, p<0,05*, p<0,01**, p<0,001***

Varying of milk traits, influenced by season and year of calving, ocurred
due to the difference in temperature and humidity, as well as the quality and
quantity of available food. Different housing conditions, nutrition and care,
designated as the farm management, contributed to the differences in the
manifestation of milk traits.
Stanojević et al. (2012) in their study of the impact of bull, farm and
calving season on the phenotypic manifestation and variability of milk yield, milk
fat yield and protein yield in standard lactation, have established high statistical
significance (p<0.01) of said factors. Statistically significant effects (p<0.01) of the
farm, bull, year and month of calving are reported by Atil (2006). By examining the
impacts of the bull, farm, year, season and lactation order on variability of milk
yield, fat content, milk fat yield and 4% fat corrected milk, Beskorovajni (2014)
has found a significant effect of those factors on the variability of traits in the
whole and standard lactation.
The table 4 shows the values of the coefficient of heritability.
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Table 4. Estimates of heritability (h2) and error of heritability (Sh2) for milk traits in standard
lactation (305 days)
Trait

h2

Sh2

MY

0.305

0.054

%MF

0.052

0.018

MFY

0.294

0.053

%PC

0.042

0.016

PY

0.292

0.053

Heritability of observed milk traits was medium to low. The content of
milk fat and protein had the lowest values of heritability, 0.052, and 0.042,
respectively. The heritability of milk yield was 0.305 ± 0.054, which is consistent
with the results of Radwan et al. (2015), Ghiasi et al. (2013) and El-Awady and
Oudah (2011), while slightly higher values (0.47 and 0.48) are reported by Atil
(2006) and Hoekstra et al. (1994). Lower value of heritability for milk yield of
0.115 is stated by Stanojević et al. (2012). The heritability values of the milk fat
and protein yield were 0.294 and 0.292, respectively. Higher values for heritability
of milk yield and protein are stated by Hoekstra et al. (1994). Eman et al. (2016)
used three models in estimating genetic parameters, variance and covariance
components for some productive traits in first three lactations in Holstein-Friesian
cattle based on inclusion and/or exclusion of direct maternal effect. Depending on
the applied model, the heritability of milk fat yield ranged from 0.198 to 0.361, and
heritability of protein yield from 0.181 to 0.295.
The table 5 shows the values of genetic and phenotypic correlations of milk
traits in standard lactation.
Table 5. Genetic correlations (above diagonal) and phenotypic correlations (below diagonal) for
milk traits in standard lactation (305 days)
Trait

MY

%MF

MFY

%PC

PY

MY

–

–0.380

0.993

–0.500

0.998

%MF

–0.253

–

–0.274

0.243

–0.378

MFY

0.956

0.035

–

–0.489

0.992

%PC

–0.186

0.184

–0.140

–

–0.446

PY

0.982

–0.221

0.947

0.000

–
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Negative to highly positive phenotypic and genetic correlations were
determined between studied milk traits. Between the milk yield and yield of milk
fat, and milk yield and yield of protein, there was positive and complete phenotypic
and genetic correlation, 0.956, 0.982, 0.993 and 0.998, respectively.
High correlation enables the improvement of two or more traits
simultaneously, while a negative genetic correlation between milk yield and milk
fat content (-0380), also between milk yield and protein content (-0.500) indicates
that selection for high milk yields leads to a decrease in milk fat content and
protein content.
El-Awady and Oudah (2011) obtained lower value of genetic and
phenotypic correlation among monitored milk traits. The genetic correlation
between 305-day milk yield and each of 305-day fat yield and 305-day protein
yield were positive (0.57). 305-day milk yield positively and highly genetic
correlated with each of 305- day fat yield (0.66±0.06) and 305-day protein yield
(0.77±0.07), and also between 305- day fat yield and 305- day protein yield
(0.61±0.05).
As stated by Strucken et al. (2012) yield traits were positively correlated
with each other (0.3 to 0.8) and whilst milk yield was negatively correlated with
the content traits (−0.1 to −0.3), fat and protein yield were positively correlated
with protein content (0.03 to 0.3).
The table 6 shows the selection index equation and coefficient of
correlation of selection index and aggregate genotype.
Table 6: Selection indices equation and coefficient of correlation – r IAG of selection indices and
aggregate genotype
Selection indices

r IAG

I = 0.1738a (X 1 – 7765.35) – 899.2083b (X 2 – 3.49) – 310.3007c (X 3 – 3.23)

0.3829

a

– value of partial regression coefficient for MY, b – value of partial regression coefficient for
%MF, c – value of partial regression coefficient for %PC, X i – traits phenotypic values of each
individual

Correlation coefficient of selection index and aggregate genotype was
0.3829. The obtained results are lower than those reported by other authors. The
reason for this could be that selection indices they used were various combinations
of fertility and production traits.
Ghiasi et al. (2013) used 4 different selection strategies to improve
reproductive performance in the Iranian Holstein dairy cow. Selection indices in
these strategies were various combinations of fertility traits and milk production. In
all strategies, those selection indices that contained milk production, days from
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calving to the first service and number of inseminations to conception were the best
selection indices.
Missanjo et al. (2013) developed selection index equation that included
production and functional traits. The production component of the index included
milk yield, fat yield, protein yield, fat percent, and protein percent while the
functional component included the somatic cell count. The accuracy of the index
was 0.911, and the correlation with the breeding objective was 0.954.
Atil et al. (2006) constructed four selection indices by using one standard
deviation as a relative economic weight. The original index that included all three
traits (305 day milk yield, lactation period and age at first calving) showed the
highest accuracy (0.77) while reduced indices that included only two traits
decreased accuracy of selection.

Conclusion
From the present results, the phenotypic manifestation and variability of
milk traits are under influence of bull, farm, year and calving season. Different
housing conditions, nutrition and care contributed to the differences in the
manifestation of milk traits. Heritability of observed milk traits was medium to
low. Negative to highly positive phenotypic and genetic correlations were
determined between studied milk traits. Coefficient of correlation of selection
index and aggregate genotype was 0.3829. In the further research reproductive and
functional traits should be included in selection index which would lead to more
genetic improvement.

Procena priplodne vrednosti prvotelki holštajn frizijske rase
metodom selekcijskog indeksa
Marina Lazarević, Nevena Maksimović, Nenad Mićić, Miloš Marinković, Vlada
Pantelić, Dragan Nikšić, Dragan Stanojević

Rezime
Istraživanje je sprovedeno na grlima holštajn - frizijske i crno - bele rase koja su
uzgajana na farmama Poljoprivredne korporacije Beograd. Istaživanjem je
obuhvaćeno 5238 prvotelki koje su uzgajane na 6 farmi u periodu od 2006. do
2014. godine i predstavljaju potomke 61 bika. Analizirane su sledeće osobine
mlečnosti u standardnoj laktaciji (305 dana): prinos mleka (kg) - MY, sadržaj
mlečne masti (%) -% MF, prinos mlečne masti (kg) - MFY, sadržaj proteina (%) -
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% PC i prinos proteina (kg) - PY. Relativna ekonomska vrednost osobina
mlečnosti uključenih u selekcijski indeks izražena je preko jedne standardne
devijacije. U standardnoj laktaciji prvotelke holštajn - frizijske rase proizvele su
prosečno 7765,35 ± 1401,80 kg mleka sa sadržajem mlečne masti 3,49 ± 0,22 i
sadržajem proteina 3,23 ± 0,13. Uticaj bika, farme, godine i sezona teljenja u
varijabilnosti osobina mlečnosti prisutan je na vrlo visokom nivou statističke
značajnosti dok genetska grupa nije uticala na varijabilnost prinosa i sadržaja
proteina a na ostale osobine mlečnosti je ispoljila uticaj na različitim nivoima
statističke značajnosti. Heritabilitet posmatranih osobina mlečnosti je bio srednji do
nizak. Najniže vrednosti heritabiliteta imaju sadržaj mlečne mast i proteina, 0,052 i
0,042. Heritabilitet prinosa mleka iznosio je 0,305. Negativna genetska korelacija
utvrđena je između prinosa mleka i sadržaja mlečne masti (-0,380), zatim prinosa
mleka i sadržaja proteina (-0,500). Koeficijent korelacije između selekcijskog
indeksa i agregatnog genotipa je 0,3829.
Ključne reči: Holštajn - frizijska rasa, osobine mlečnosti, selekcijski indeks
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Abstract: Success in lamb production depends on their body weight, and
in recent years there had been a growing interest in understanding the impact of
some factors such as parity on sheep productivity. Knowing the factors that affect
the development and growth of lambs can help make changes in breeding plans.
This paper was to detect important factors affecting lamb's birth weight which
usually are not taken to consideration and have substantial part planning
improvement in sheep production. Miss breed sheep were cross or pair with Ile de
France rams three times, with the following characteristics observed; Body weights
of lambs at birth, type of birth, number of lambs born per sheep per parity in the
periods from 2018 to 2020. The result of each lambing per parity of each ewe was
the basis of the study. The ANOVA, general linear model, univariate analysis of
variance, and descriptive statistics derived to assess the following effects: Effect of
parity on lambs’ birth weight; Effect of parity on birth type, and lambs birth
weight; Interaction effect of different subject effects on birth weight; The
total marginal means of lambing rate per dam in three parities.
The result obtained showed a very significant influence of the indicated factors on
tested traits (P<0.01). Based on the results of our research, we can conclude that
parities have a very significant impact, so they need more attention in the future.
Keywords: Lamb, birth weight, lambing rate, parity
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Introduction
Lamb viability dependent on their birth weight, and in recent years, there
has been an increasing interest in the understanding of the influence of some
factors such as parity on sheep productivity (Macedo and Hummel 2006). The
lambs’ body weight at birth has an essential role in achieving good sheep
production while sheep productivity is affected by many factors, like breed
improvement programs based on maximum utilization of genetic variation, but
these features varied due to certain environmental factors (Petrovic et al.,
2011). Increased percentage of lambing is the substantial contributor to get
higher gains from sheep farms (Mousa-Balabel, 2010). Some important sources of
variation of birth weight included breed, birth type, parity, breed by season, and
season by year of lambing (Ebangi et al., 1996). The breed differences in lamb
vigor at birth were report in pure and crossbred breeds (Dwyer & Lawrence,
1999; Dwyer, 2003). The lambs' weight at birth plays an imperative role in sheep's
first production rate. Birth weight significantly varied due to years, season, sex,
type of birth, and flock (Farmanullah et al., 2020). Although the year of lambing
was a significant source of variation of birth weight, years are not repeatable, and
their specific effects are of limited interest (Ebangi et al., 1996). Various
influential factors affecting the birth weight of lambs' such as the maternal factor,
maternal age, maternal nutrition, maternal body score, effect of ram, and
environmental factors, have noted by various scholars (Babar et al., 2004; Gardner
et al., 2007; Petrovic et al., 2011; Kenyon et al., 2014; Petrovic et al., 2015; Caro
Petrovic et al., 2018; Pesántez-Pacheco et al., 2019).
Considering the non-genetic factors which influence the development and
growth of lambs might help for changes in breeding plans and management
practices to minimize the influential factors which reduce production performance
(Siddalingamurthy et al., 2017).
This paper was to detect important factors affecting lamb's birth weight
which usually are not taken to consideration and have substantial part planning
improvement in sheep production.

Material and Methods
Mis breed sheep were cross or pair with Ile de France rams three times.
The data of Mis breed ewes/dams that have lambed three times within the year of
2018 to 2020, the birth weight of their lambs, the lambs’ birth type, and the number
of lambs born per parity that obtained from the records kept in the mention years,
was utilized.
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The technology of sheep breeding was the same throughout the said
years. The result of each lambing per parity of each ewe was the basis of the study.
The ANOVA, General Linear Model, Univariate Analysis of Variance, and
Descriptive Statistics were performing using the SPSS software version 20. A total
of 176 lambs, 37 ewes, 3 rams, and three times parity within the year of 2018 to
2020 have used for the estimation of the following effects:
Effect of parity (Par) on lambs’ birth weight
Effect of parity on birth type (BT) and lambs birth weight (BWB)
Interaction effect of different subject effects on birth weight
The total marginal means of lambing rate per (LRP) dam in three (3)
parities

Results and Discussion
The parity1 greatest lambs but got lowest average lambs birth weight. Parity 2 got
the lowest number of lambs but the highest in lambs’ average birth weight. Parity 3
was in between parities 1 and 2, holding the second placer both for average birth
weight and the number of lambs (Table 1).
Table 1. Variation of lamb birth weight according to parity
Par

Mean

N

Std.

Variance

Minimum

Maximum

Error

% of
Total N

of
Mean
1.00

4.26

62

.13

1.03

2.10

6.70

35.2%

2.00

5.05

53

.12

.773

3.00

6.50

30.1%

3.00

4.59

61

.15

1.34

2.60

7.30

34.7%

Total

4.61

176

.08

1.15

2.10

7.30

100.0%

The test of between-subjects effects (Table 2) revealed that parity
significantly affects lambs' birth weight (P<001).
Information on factors influencing the birth weight is of farmers’ great
interest, as well as the animal breeders, because birth weight is of great economic
importance (Bermejo et al., 2010).
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Table 2. Effect of parity on lambs’ birth weight
Source

Type III Sum

df

Mean Square

F

Sig.

17.849a

2

8.925

8.426

.000

3759.056

1

3759.056

3549.071

.000

17.849

2

8.925

8.426

.000

Error

183.236

173

1.059

Total

3944.590

176

201.085

175

of Squares
Corrected
Model
Intercept
par

Corrected
Total

Table 3. Average birth type and birth weight according to parity
Par
1.00

2.00

3.00

Total

BT

BWB

2.18

4.26

N

62

62

Std. Deviation

.85

1.02

Std. Error of Mean

.11

.13

Mean

1.68

5.04

N

53

53

Std. Deviation

.49

.88

Std. Error of Mean

.07

.12

Mean

2.11

4.59

N

61

61

Std. Deviation

.88

1.15

Std. Error of Mean

.11

.15

Mean

1.99

4.61

N

176

176

Std. Deviation

.79

1.07

Std. Error of Mean

.06

.08

Mean
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Supreme in average birth type found in parity 1, (Table 3) however,
showed the lowest, on the average birth weight. Parity 2 appeared the lowest in
birth type but highest in lambs’ birth weight (more lambs born single in this parity
that justified the result). Parity 3 manifested as the second placer for both birth
type and average lamb birth weight.
Table 4. Analysis of Variance of birth type*parity, birth weight*parity
Sum of

df

Squares
BT * par

Between Groups

(Combined)

Mean

Sig.

8.743

.000

8.426

.000

Square

10.279

2

5.140

Within Groups

101.698

173

.588

Total

111.977

175

17.849

2

8.925
1.059

(Combined)

F

BWB *

Between Groups

par

Within Groups

183.236

173

Total

201.085

175

Based on the results of analysis of variance (Table 4) showed that
parities have a very significant (P<0.01) influence on lambs' birth type
and birth weight. Considerable with our results was by Ebangi et al. (1996) note
that birth types by parity were equally significant sources of variation. Koycegiz et
al. (2009) state that parity was a significant source of variation (p>0.05) for litter
size at birth, while differed with ours was that ewes in their 1st and 2nd parity had
significantly (p<0.05) lower litter size at birth in comparison to ewes with greater
parity.
A contradictory effect found by Macedo and Hummel (2006) birth weights
were not affected by parity.
Partly justify our result were the comments of some authors. Blickstein
(2004) noted a constraint on fetal growth and development is likely to be greater in
twin than singleton pregnancies, each of which has a distinct fetal growth pattern.
Farmanullah et al. (2020) noted that there are likely complex interactions between
genetics and environmental factors of parental, placental, and fetal origin.
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Figure 1. Total lambing rate per dam in 3 parities

The presented chart (Figure 1) showed the average lambing rate per dam in
three parities. Dam tattoo (DT) 4169 was on top with regards to the average lamb
rate of 2.67 for three parities. Second placer with an average lamb rate of
2.33. were dams numbers 2020, 4073, 4082, 4223, 4261, 4266, 4278, 4316, and
4341. Dams numbers 3013,3017,4115,4146,4147,4175,4249, and 4283 were the
third placer with 2.00 an average lamb rate on three parities. The average lamb
rate with 1.67 were dams numbers 3088, 4163,4220,4229, 4255,4304, and 4319 as
fourth placers. Numbers 3009,4111,4122, 4149,4172, 4224, 4236, and 4334 were
the 5th placers with 1.33 average lamb rate. The lowest on average lamb rate with
1.00 were numbers 2001, 4118, 4246, and 4317.
The parity of dam significantly affects the birth weight (Siddalingamurthy
et al., 2017), was in accord with ours.
We do agree with Mousa-Balabel (2010) the number of born lambs per
ewe is assuredly an economically important trait in a commercial sheep enterprise.
It's not included directly in our study but advocated ours were that as noted
by the following authors: Alexander (1974), the peculiarities of digestion and
metabolism in ruminants make it difficult for the pregnant ewe to provide adequate
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glucose for fetal requirements; and it seems reasonable to explain all these
influences on birth weight as acting, at least in part, through restriction of the
nutrient supply to the fetus. Pesántez-Pacheco et al. (2019), fetal development is
influenced by genetic and maternal factors which could interact with one another.
Likewise, the mature ewes gave birth to heavier lambs than did maiden ewes, and
ewes with single pregnancies gave birth to heavier lambs than did ewes with
multiple pregnancies.

Conclusion
For successful and sustainable sheep breeding, the bodyweight of lambs at
birth was especially essential. Many factors that affect birth weight are studied.
However, on parity focused less. Based on the results obtain in our research, it can
conclude that parities have a very significant influence on lambs' birth type
and birth weight. The importance of the weight of lambs at birth should have paid
more attention, and many contributing factors shall have studied in the future.
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Uticaj pariteta na stopu jagnjenja i masu tela jagnjadi pri
rođenju
Violeta Caro Petrović, Milan P. Petrović, Dragana Ružić-Muslić, Nevena
Maksimović, Marina I.Selionova, Bogdan Čekić, Ivan Ćosić

Rezime
Uspeh u proizvodnji jagnjadi zavisi od njihove mase tela, a poslednjih godina
postoji sve veće interesovanje za razumevanje uticaja nekih faktora kao što je
paritet na produktivnost ovaca.Telesna masa jagnjadi pri rođenju ima suštinsku
ulogu u postizanju dobre proizvodnje ovaca, dok na produktivnost ovaca utiču
mnogi faktori. Poznavanje faktora koji utiču na razvoj i rast jagnjadi mogu da
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pomognu u promenama planova gajanja. Svrha ovog rada je bila da utvrdi važne
faktore koji utiču na porođajnu masu jagnjadi, a koji se obično ne uzimaju u obzir i
imaju značajan udeo u planiranju proizvodnje kod ovaca.
Ovce Mis rasa tri puta su ukrštane sa ovnovima rase Ile de France, pri čemu su
posmatrane sledeće osobine: Masa tela jagnjadi pri rođenju, tip rođenja, broj
rođenih jagnjadi po ovci po paritetu u periodu od 2018. do 2020. godine. Rezultat
svakog janjenja po paritetu svake ovce bio je osnova ove studije. ANOVA, opšti
linearni model, univarijantna analiza varijanse i deskriptivna statistika izvedeni su
za procenu sledećih efekata: Efekat pariteta na porođajnu masu tela jagnjadi; uticaj
pariteta na tip rođenja; efekat interakcije različitih subjekta na porođajnu masu;
ukupna granična srednja stopa jagnjadi po ovci. Dobijeni rezulrtati su pokazali vrlo
signifikantan uticaj posmatranih faktora na ispitivane osobine (P<0.01). Na osnovu
rezultata našeg istraživanja, možemo zaključiti da pariteti imaju veoma značajan
uticaj kod procene vrednosti priolodnih ovaca, pa im treba obratiti više pažnje u
budućnosti.
Ključne reči: Jagnje, porođajna masa tela, stopa jagnjenja, paritet
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Abstract: The aim of the present study was to evaluate the values of some
blood parametres - red blood cell number (RBC), haemotcrit (Hct), haemoglubin
(Hgb), mean corpuscular haemoglobin concentration (MCHC), mean corpuscular
haemoglobin (MCH) and mean corpuscular volume (MCV) of Ile de France sheep
according their body condition score (BCS). The study was carried out in April,
2021, with 98 sheep, aged 1.5-7.5 years, raised in experimental base of IASKostinbrod. Sheep were divided in two groups acording their BCS – I group (n=64)
3.0-3.5 and II group (n=34) 2.0-2.75. Blood analysis was performed with 5-PartDiff Automated Hematology Analyzer. Sheep were categorized according to
hematocrit level: low (LHct sheep) (hematocrit range 19.7-27.9%), high (HHct
sheep) (hematocrit range 32.0-36.9%) and mean (MHct sheep) (hematocrit range
28.3-29.8%). The proportion of LHct, HHct and MHct sheep was also analyzed in
both BCS groups of sheep. It was established that BCS affected significantly RBC
(P˂0.01), Hct (P˂0.05) and Hgb (P˂0.05), as sheep with higher BCS ( I group) had
higher values – 9.11 vs. 8.13 (x 10¹²/ L, RBC) ; 27.99 vs. 25.32 (%, HCT); 94.02
vs. 85.14 (g/L,HGB). In both groups the proportion of sheep with LHct was the
biggest – 48.44 % (Group I) and 64.71 (Group II). The proportion of sheep with
higher BCS (3.0-3,5) was significantly (P<0,05) higher vs. sheep with lower
(BCS2.0-2.7)5 only in MHct group of sheep. The data suggest that hematocrit
levels are an important determinant, of achieving a more favorable proportion of
animals with optimal BCS vs low BCS in the flock, especially in the presence of
adverse factors such as parasite infestation and suspected malnutrition.
Key words: body condition score, sheep, haematological status, haemotcrit
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Introduction
Body condition scoring is a practical and easily learned technique making
it an ideal management tool and it has an advantage over live weight measurement
in that it requires no specialised equipment (Kenyon et al., 2014). Some authors
(Morgan-Davies et al., 2008; Phythian et al., 2011), suggested that BCS is good
indicator of animal welfare as the Sheep Code of Welfare in New Zealand
recommends that all adult sheep should be in the BCS range of 3.0–4.0 at all times
(Anon, 2010). The BCS of an animal is assessed by the palpation of the lumbar
region, specifically on and around the backbone (spinous and transverse
processes) in the loin area, immediately behind the last rib and above the kidneys
to examine the degree of sharpness or roundness (Jefferies, 1961; Russel et al.,
1969; Todorv et al., 1994). The technique was first published by Jefferies (1961)
and was based on a 0 to 5 scale, including only whole units, as 0 - extremely
exhausted, 1 - weak, 2 - moderately fattened, 3 - advanced, 4 - fattened, 5 - very
well fattened. Russel et al., (1969) adapted the system of Jefferies (1961), by
introduced the term "subcutaneous fat" and the concept of 0.5 and 0.25 units. In
Bulgaria, the BCS system was introduced in the 1990s by Todorov et al. (1994)
and Raicheva et al. (1995).
It is widely accepted that BCS has many advantages over liveweight for
determining the condition and wellbeing of an animal (Kenyon et al., 2014). Sheep
that are in good physical condition breed more easily and twin to a greater extent
than weak sheep (Todorov et al., 1994). The optimal pre-fertilization BCS should
be 3.0-3.5. With obesity (BCS above 3.5) fertility deteriorates. Sheep with a
relatively higher BCS, in the transition from seasonal anestrus to breeding season,
show significantly higher sexual activity than other sheep (Forcada and Abecia,
2006).
The aim of the present study was to evaluate the values of some blood
parameters of Ile de France sheep according their body condition score (BCS).

Material and Methods
The current study was conducted strictly in accordance with the guideline
of the Institutional Animal Ethics Committee. The study was carried out in April,
2021, with 98 sheep, aged 1,5-7,5 years, raised in experimental base of IASKostinbrod. The study was performed a month before starting the breeding
campaign of the flock. Till the time of the experiment, ewes were raised indoors
and were fed with meadow hay ( 1.0 kg. per head), corn silage (1.0 kg. per head)
and concentrated mix with 15 % CP (0.4 kg. per head). All ewes were clinically
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healthy. At time of when BCS was done, fresh faeces were collected (aggregate
sample) for parasitology tests(coproovoscopy and coprolarvoscopy). Sheep were
infested only with Prostrongylus spp.(ifestatio rate low (+) to medium (++)). Sheep
were divided in two groups acording their BCS – I group (n=64) 3.0-3.5 and II
group (n=34) 2.0-2.75. BCS was performed by one person according to the adapted
Jeffreies system by Todorov et al. (1994). Blood were collected with vacutainers
from vena jugalaris after BCS exam. Blood analysis was performed with 5-PartDiff Automated Hematology Analyzer (Urit- 5160 Vet, URIT Medical Electronic
Co., Ltd.). The next parameters were analysed - red blood cell number (RBC),
haemotcrit (Hct), haemoglubin (Hgb), mean corpuscular haemoglobin
concentration (MCHC), mean corpuscular haemoglobin (MCH), mean morpuscular
volume (MCV). The proportion of sheep with low (LHct) (hematocrit range 19.727.9%), high (HHct) (hematocrit range 32.0-36.9%) and medium (MHct)
(hematocrit range 28.3-29.8%) hematocrit levels was also analyzed in both groups.
Significance of differences of the results of hematological parameters of the two
groups were compared by t-Test: Two-Sample Assuming Unequal Variances
(computer program EXCEL, Windows Office). The significance of difference
about proportion of sheep with LHct, MHct and HHct was established by the
Fisher’s exact test (http://graphpad.com/quickcalcs/contingency1/.

Results and Discussion
The obtained results showed that the BCS singnificantly influced the
parameters RBC, Hct and Hgb (Table 1) Sheep with higher BCS (3.0 – 3.5) had
higher values of RBC, Hct and Hgb compared to sheep with lower BCS (2.0- 2.75)
– 9.11 vs. 8.13 (x 10¹²/ L, RBC); 27.99 vs. 25.32 (%, Hct); 94.02 vs. 85.14 (g/L,
Hgb). The values of MCHC, MCH and MCV were not significanlty different.
Higher values of Hct and Hgb were due to higher values of RBC number.
It is well known that the values of blood parametres vary according a lot of
factors, such as more important – age, sex, breed, health status, physiological
status, productive status, climate, season, altitude, etc. For sheep, the mean values
of RBC, Hct, Hgb,MCHC, MCH, and MCV varied in next ranges (according
Radostits et al., 2000) – 8.0-18.0 10¹²/ L; 27.0 – 45,0 %; 90-150 g/ L; 310.0-340.0
g/ L; 8.0-1.02 pg; 28.0- 40.0 fL. From the obtained results we could conclude that
sheep with higher BCS (3.0-3.5) had better haemopoetic function and produced
more red blood cells. The same results were found from Yilmaz et al. (2014) at
Saanen goats, as the higher BCS increased significantly the values of RBC, Hgb,
Hct.
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Table 1. Values of the blood parameters of the expeimetal groups
Parameters
I group
x̄ ± SE
RBC, 10¹²/ L
9.11 ± 0.15
Hct, %
27.99 ± 0.49
Hgb, g/L
94.01 ± 1.49
MCHC, g/L
336.07± 1.19
MCH, pg
10.28 ± 0.05
MCV, fL
30.77 ± 0.17
Note: Significance of the difference at *P <0.05; **P <0.01;

99

II group
x̄ ± SE
8.13± 0.29**
25.32 ± 0.94*
85.15 ± 3.09*
336.26 ± 1.31
10.43 ± 0.09
31.22 ± 0.29

The proportion of sheep with LHct, MHct and HHct was presented in table 2. The
proportion of sheep with HHct is equal – 29.69% vs 29.41% for Croup I and Group
II respectively. In both groups the proportion of sheep with LHct was the biggest –
48.44 % (Group I) and 64.71 (Group II). There was a significant difference (P ˂
0.05) in proportion of sheep with MHct- 21.87% (Group I) vs. 5.88 % (Group II).
Table 2.The proportion of sheep from the experimetal groups with LHct, MHct and HHct
Group

LHct,n

LHct,%

MHct,n

MHct,%

HHct,n

HHct,%

I group

31

48.44

14*

21.87

19

29.69

II group
22
64.71
2
Note: Significance of the difference at *P <0,05;

5.88

10

29.41

In our previous studies we found significant hematocrit-related difference
in the magnitude of sheep adrenal response to shearing. Sheep with high hematocrit
(HHct) level demonstrated more vigorous increase of plasma cortisol level in
response to shearing than sheep with low hematocrit (LHct) level (Moneva et al.,
2017). We did not find significant changes in GH levels throughout the entire
experimental period except for significantly higher GH level in MHct ewes
compared to LHct and HHct ewes at 3h following shearing (Moneva et al., 2021).
The major findings of a recent review of the research on multiple effects of GH
suggest a role of GH in the regulation of angiogenesis, immune function,
hematopoietic system, normal differentiation and function of blood cells (Devesa et
al., 2016). Therefore, increased GH level in MHct ewes can be associated with one
or more of its many functions.GH stimulates the growth of small antral follicles to
gonadotropin-dependent phases, as well as the maturation of oocytes. (Silva et al.,
2009).
The breeding campaign is a kind of stress for the sheep, they are placed in
daily contacts with rams. If rams have been isolated from females and/ or
biotechnological methods are used for estrus synchronization, this leads to
additional stress for female animals. As we pointed out in the introduction, sheep
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that are in good physical condition ( BCS 3.-3.5) breed more easily, twin more and
show higher sexual activity. We suggest that this may be due to the higher levels of
Hct. On the other hand, the percentage of sheep with high hematocrit regardless of
BCS is the same, but sheep with MHct were in a higher percentage in high BCS
group. These data are in line with the theory of the existence of an optimal
hematocrit level, which achieves the transfer of the maximum amount of oxygen to
the tissues (Schuler et al., 2010).

Conclusion
It was established that BCS affected significantly RBC (P˂0.01), Hct
(P˂0.05) and Hgb (P˂0.05), as sheep with higher BCS ( I group) had higher values
– 9.11 vs. 8.13 (x 10¹²/ L, RBC) ; 27.99 vs. 25.32 (%, HCT); 94.02 vs. 85.14 (g/L,
HGB). There was a significant difference (P ˂ 0.05) in proportion of MHct sheep 21.87% (BCS 3.0-3.5) vs. 5.88 % (BCS 2.0-27.75).
The data suggest that hematocrit levels are an important determinant, of
achieving a more favorable proportion of animals with optimal BCS vs low BCS in
the flock, especially in the presence of adverse factors such as parasite infestation
and suspected malnutrition.

Hematološki status il de frans ovaca u zavisnosti od njihovog
telesnog stanja
Nikola Metodiev, Penka Moneva, Ivan Yanchev, Kostadin Kanchev

Rezime
Cilj ove studije bio je da se procene vrednosti nekih parametara krvi - broj
crvenih krvnih zrnaca (RBC), hemotkrit (Hct), hemoglubin (Hgb), srednja
koncentracija korpuskularnog hemoglobina (MCHC), srednji korpuskularni
hemoglobin (MCH) i srednja vrednost korpuskularnog volumena (MCV)
ovaca Il de frans rase, prema rezultatima/oceni njihove telesne kondicije
(body condition score - BCS). Studija je sprovedena u aprilu 2021. godine
sa 98 ovaca, starosti 1,5-7,5 godina, uzgajanih na eksperimentalnoj farmi
IAS-Kostinbrod. Ovce su podeljene u dve grupe prema vrednosti BCS-a: I
grupa (n = 64) 3,0-3,5 i II grupa (n = 34) 2,0-2,75. Analiza krvi je izvršena
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sa 5-Part-Diff automatizovanim hematološkim analizatorom. Ovce su
kategorisane prema nivou hematokrita: niski hematokrit (ovce LHct)
(raspon hematokrita 19,7-27,9%), visoki hematokrit (ovce HHct) (raspon
hematokrita 32,0-36,9%) i srednji hematokrit (ovce MHct) (raspon
hematokrita 28,3-29,8%). Udeo LHct, HHct i MHct ovaca takođe je
analiziran u obe BCS grupe ovaca.
Utvrđeno je da je BCS značajno uticao na RBC (P˂0,01), Hct (P˂0,05) i
Hgb (P˂0,05), jer su ovce sa većim BCS-om (I grupa) imale veće vrednosti
- 9,11 naspram 8,13 (x 10¹²/ L, RBC); 27,99 naspram 25,32 (%, HCT);
94,02 naspram 85,14 (g/L, HGB). U obe grupe, udeo ovaca sa LHct bio je
najveći - 48,44 % (Grupa I) i 64,71 (Grupa II). Udeo ovaca sa većim BCS
(3,0-3,5) bio je značajno (P <0,05) veći u odnosu na ovce sa nižim (BCS
2,0-2,7) samo 5 u MHct grupi ovaca. Podaci ukazuju na to da su nivoi
hematokrita važna determinanta postizanja povoljnijeg udela životinja sa
optimalnim BCS u odnosu na nizak BCS u stadu, posebno u prisustvu
nepovoljnih faktora kao što su zaraza parazitima i sumnja na neuhranjenost.
Ključne reči: ocena telesne kondicije, ovce, hematološki status, hematokrit

Acknowledgement
This work was financially supported by National Science Fundat the
Bulgarian Ministry of Education and Science(Grantno. КP-06-Н26/2,
04.12.2018).

References
ANON (2010): Sheep and beef cattle, code of welfare 2010. National Animal
Welfare Advisory Committee. Wellington, New Zealand, MAF Biosecurity New
Zealand. Pp. 12–13.
DEVESA J., ALMENGLÓ C., DEVESA P. (2016): Multiple effects of growth
hormone in the body: Is it really the hormone for growth? Clin Med Insights
Endocrinol Diabetes, 9, 47-71.
FORCADA F., ABECIA J. A. (2006): The effect of nutrition on the seasonality of
reproduction in ewes. Reproduction Nutrition Development, 46: 355-365.
JEFFERIES B. (1961): Body condition scoring and its use in management.
Tasman. J. Agric. , 32, 19–21.

102

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

KENYON P.R., MALONEY S.K., BLACHE D. (2014): Review of sheep body
condition score in relation to production characteristics. New Zealand Journal of
Agricultural Research, 57, 1, 38–64
MONEVA P., YANCHEV I., DYAVOLOVA M., GUDEV D. (2017): Effect of
altitude hypoxia on adrenal activity andneutrophil-to-lymphocyte ratio in low and
highhematocrit sheep. Proceedingsof Scientific Conference with International
Participation „Animal Science - Challenges and Innovations”, Institute of Animal
Science – Kostinbrod, pp. 39-44.
MONEVA P., TSANEVA M., YANCHEV I., METODIEV N., GUDEV D.
(2021): Endocrine responses to shearing stress in pregnant Ile de France ewes with
low and high basal hematocrit levels. Bulgarian Journal of Agricultural Science,
2021, 5 (accepted 2020)., in press.
MORGAN-DAVIES C., WATERHOUSE A., POLLOCK M.L., MILNER J.M.
(2008): Body condition score as an indicator of ewe survival under extensive
conditions. Animal Welfare 17: 71–77.
PHYTHIAN C.J., MICHALOPOULOU E., JONES P.H., WINTER A.C.,
CLARKSON M.J., STUBBINGS L.A., et al. (2011): Validating indicators of
sheep welfare through a consensus of expert opinion. Animal 5: 943–952.
RAICHEVA E., TODOROVA L., SHINDARSKA Z. (1995): Investigation of the
possibilitiesfor estimation of the body composition in vivo. Bul. J. Agric. Sci., 1:
45-47.
RUSSEL A.J.F., DONEY J.M., GUNN R.G. (1969): Subjective assessment of
body fat in live sheep. J. Agric. Sci., 72,451–454.
SILVA J. R. V., FIGUEIREDO J. R., VAN DEN HURK R. (2009): Involvement
of growth hormone (GH) and insulin-like growth factor (IGF) system in ovarian
folliculogenesis. Theriogenelogy, 71: 1193-1208.
SCHULER B., ARRAS M., KELLER S., RETTICH A., LUNDBY C., VOGEL J.,
GASSMANN M. (2010): Optimal hematocrit for maximal exercise performance in
acute and chronic erythropoietin-treated mice. Proc Natl Acad Sci USA.,107(1),
419-23.
TODOROV N., MITEV Y., OTUZBIROV R. (1994): Body condition score of
sheep. ISBN 954-8180-12-X. (Bg).
YILMAZ M., TASKIN T., BARDAKCIOGLU H., LORIA A. (2014): Effect of
body condition score on some blood parameters for anemia level in goats.
Veterinarija ir Zootechnika (Vet Med Zoot). T. 67 (89), 41-46.

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

CURRENT STATE OF GOAT BREEDING IN CENTRAL
SERBIA
Nevena Maksimović, Dragana Ružić-Muslić, Violeta Caro Petrović,
Bogdan Cekić, Ivan Ćosić, Nikola Delić, Marina Lazarević
Institute for Animal Husbandry, Belgrade, Republic of Serbia
Corresponding author: Nevena Maksimović, nevena_maksimovic@yahoo.com
Invited paper

Abstract: This paper describes the present state of goat production in
Central Serbia, discussing the challenges and future prospects for this livestock
system. Number of goats in the country is decreasing and it has been so throughout
the years now. Production systems in goat sector in Serbia are predominately
extensive or semi-intensive, especially in hilly-mountainous areas and goats are
kept in small herds. The majority of goats raised in Central Serbia region are of
French Alpine breed, which takes the most dominant place in breed structure. In
addition to French Alpine breed, there are also Saanen, Balkan and Domestic white
goats. Production of goats in Serbia is directed towards milk-meat, but primarily
milk and there are no typical meat (fattening) breeds of goats in Serbia. In Central
Serbia, herd books are kept for goats raised on this territory. Quality breeding
animals are registered at Central herd book and are under productivity control.
However, this is only a small portion of animals and the productivity of majority of
goats is unknown. Productivity of high yielding breeds such as Alpine and Saanen
goat is inconsistent and not high, especially milk production. Indigenous goat
breeds are considered endangered and their breeding was almost completely
abandoned. Goat sector in Central Serbia is almost completely dependent on
government founding. The only sustainable prospects for preserving goat sector in
Central Serbia for the future are clean organic production, reinforcement of
markets for goat products and smart government founding.
Key words: dairy goats, Serbia, local breeds, production, herd book

Introduction
Despite resources and historical heritage, nowadays, goat breeding in
Serbia is not developed. In fact, it is probably the least popular livestock
production (Maksimović et al., 2015) which is almost completely dependent on
government funding. Goat production in Serbia went through some difficult
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periods in the last few decades, especially in the second half of 20th century with
the adoption of 1954’s Law on the Prohibition of goat keeping, which resulted in
decrease in number of these animals and consequently led to lack of their products
on the market (Maksimović et al., 2017). In recent years, the government has been
trying to revitalize and prevent further deterioration of this type of farm animal
production, mostly by funding breeders for production of quality breeding animals.
One of the most important problems of goat production is the difficult adequate
marketing of goat products, especially milk. The purchase price of milk is usually
unrealistically low and it varies from year to year, which makes this production
very uncertain. Also, consumers in Serbia prefer cow’s milk and cheese over goat’s
or sheep’s, because of the stronger flavour. This is also the case with goat meat.
Statistical yearbook of Republic of Serbia shows no data referring to goat meat
production, nor can number of heads of goats slaughtered in slaughterhouses,
slaughtered for own consumption on farms, forced slaughter on farms and other
slaughtering out of slaughterhouses be found. This alone tends to be very indicative
of the state of goat production in the country. Recently, with the world wide
promotion of healthy food and the rise of fitness industry, as well as the growing
market of organic products, goat production is gaining increased attention in the
country due to its nutritionally valuable and safe products. Organic production in
the European dairy sector has grown considerably and goat producers are
increasing their presence with products such as cheese, different types of milk and
yoghourt (Dubeuf, 2010). Based on the EU Regulation, organic goat milk
production increased by 47.2% in the period from 2012 to 2017 (Ruiz Morales et
al., 2019 referring to EUROSTAT data). The total number of goats in organic
production (including both meat and milk) was 833,087 heads with production of
49.4 million litres of milk. In 2019 that number was 1,015,399 heads of goats in
European countries, with Serbia having 536 heads of goats in organic production
(EUROSTAT). However, number of heads of goats in total is not increasing in
Serbia and farmers are still almost completely dependent upon government funding
and therefore goat production in the country is still not sustainable.

Goat population and production in Serbia
According to the latest data published in the Statistical yearbook of the
Republic of Serbia, 2020 there were 191,000 heads of goats in Serbia, of which
145,000 are bred in Central Serbia region, and the remaining 46,000 heads
belonging to Vojvodina region, i.e. North Serbia.
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Table 1. Number of goats raised in Serbia for period 2013 to 2019
Heads of goats

Year

Serbia
2013
225,000
2014
219,000
2015
203,000
2016
200,000
2017
183,000
2018
196,000
2019
191,000
Source: RZS, Statistical yearbook of the Republic of Serbia, 2020

Central Serbia
180,000
165,000
150,000
155,000
137,000
148,000
145,000

Table 2. Number of goats raised in Central Serbia in 2019 by category
Category
Year
2019

Kids
28,000

Multiparous
goats
99,000

Primiparous
goats
11,000

Other goats
7,000

Source: RZS, Statistical yearbook of the Republic of Serbia, 2020

According to the Agriculture Census, which was conducted in 2012, there
were 231,837 heads of goats in Serbia, of which 171,774 were raised in Central
Serbia region (RZS, Statistical Office of the Republic of Serbia). If compared to the
number stated in Statistical yearbook of the Republic of Serbia for 2019 (191,000)
it is clear that the number of goats decreased. The number of goats has been
declining since 2008 with an average decline of 8.7 thousand per year (Sredojević
et al., 2020).
Nastić and Potrebić (2015) report the number of holdings keeping goats,
stating a total number of holdings to be 62,930, of which 54.21% are holdings with
only 1-2 heads of goats, 40.55% are holdings with 3-9 heads, while the share of
holdings in which 10-19 heads of goats are kept was 3.76%. Also, somewhat larger
holdings with 20-49 heads of goats have a share of 1.20%, those with 50-99 heads
have a share of 0.18% (115 of these holdings) and only 0.09% (56) of holdings
have hundred or more heads of goats in the entire area of the Republic of Serbia.
Although these data are not as fresh and perhaps this structure has changed a bit in
the meantime, but it is clear that the majority of holdings keeps less than 10 heads
of goats which is under any limit that allows sustainable production. In the
Republic of Serbia, goat breeding takes place on 8% of agricultural farms (45.7
thousand).
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Table 3. Number of goats in Serbia by regions in 2019
Year

Vojvodina region

Belgrade region

Šumadija and West
Serbia region

East and South
Serbia region

2019

46,000

8,000

68,000

70,000

Source: RZS, Statistical yearbook of the Republic of Serbia, 2020

As seen from perspective of the region, the majority of goats are raised
south from Belgrade, i.e. in Šumadija (central part), West, East and South Serbia.
Basically, Vojvodina and Belgrade constitute northern part and all the other regions
constitute southern part of the country. The average herd size within the northern
part of Serbia is 5.4 heads and 4.5 heads within the southern part. In both parts of
Serbia, most represented are the farms with a herd consisting of up to 9 heads of
goats (Sredojević et al., 2020).
The majority of goats raised in Central Serbia region are of French Alpine
breed, which is the most dominant breed. In addition to French Alpine breed, there
are also Saanen, Balkan and Domestic white goats (also referred to as Serbian
white goat), as well as different crosses between these breeds. The latter two are
local breeds, both of which are of lower productivity, but well adapted to modest
conditions of care, housing and nutrition, usually raised in high lands and are
considered endangered, although the real number of these animals is unknown
(Maksimović et al., 2019).
Production systems in goat sector in Serbia are predominately extensive or
semi-intensive, especially in hilly-mountainous areas. Just a small portion of farms
implements confined systems with completely mechanized production process and
this is usually based on keeping Alpine or Saanen goats.
Production of goats in Serbia is directed towards milk-meat, but
predominantly milk (Žujović et al., 2011). There are no typical meat (fattening)
breeds of goats in Serbia. Despite the nutritional value, goat meat is still less
appreciated due to the specific odour and flavour, especially if the animal is older
(Ivanovic et al., 2011). According to FAOSTAT in 2019 there was milk production
of 32,046 tonnes of milk from 98,685 milk heads in Serbia. Statistical yearbook of
the Republic of Serbia’s officially published data for year 2019 was 31,000 tonnes
of goat milk. Territorially, most of the sheep’s and goat’s milk is produced in the
Region of Eastern and Southern Serbia, followed by the Region of Šumadija and
Western Serbia (Sredojević et al., 2020). Goat meat production in Serbia was 3,192
tonnes from 238,591 producing/slaughtered animals (FAOSTAT, 2019).
The value of goat’s milk and head for slaughter is only 0.7% of the total
value of livestock production. In the total milk production in Serbia, cow’s milk
makes 96.84%, then goat’s milk 2.20, and in a smaller amount sheep’s milk with
0.96% (Sredojević et al., 2020). However, since official statistics do not include
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home consumption or informal market sales where records are not kept, it is
complicated to measure the real value of goats. In majority of countries, goat milk
is more likely to be consumed locally, whereas cow milk is more likely to enter
formal markets for processing (Miller and Lu, 2019), and that is no exception in
Serbia.

Goat population and production in Europe
European countries leading in regard to their goat populations are Greece
(3,580,000 heads), Spain (2,659,110), Russian Federation (1,992,896), Romania
(1,598,800), France (1,242,000) and Italy (1,058,720). As for Eastern Europe, the
highest-ranking countries in regard to goat populations are Russian Federation and
Romania, followed by Ukraine (FAOSTAT, 2019).
When looking into Serbia’s neighbouring countries, Romania and Bulgaria
are ahead of Serbia, while other countries have fewer goats (Table 4). The same
accounts for milk production.
Table 4. Number of goats in Serbia’s neighbouring countries in 2019

Hungary

63,000

Milk production
(in tonnes)
3,010

Bulgaria

228,490

37,000

Romania

1,598,800

236,400

Croatia

82,000

9,000

Montenegro

28,700

No data

Bosnia and Herzegovina

72,362

No data

North Macedonia

87,581

16,865

Country

Heads of goats

Source: FAOSTAT, 2019

Europe is characterized by the widest caprine biodiversity, compared to
other continents, with 187 goat breeds making up 33% of the goat breeds
recognised worldwide (Gahal, 2005). There are breeds which are large in
population sizes, characterised by high milk production leading to exports to other
countries, as is the case with Saanen and French Alpine, or the MurcianoGranadina from Spain. On the other hand, there are breeds in the opposite position,
with small population sizes, often in a critical situation and on the brink of
extinction (Dubeuf and Boyazoglu, 2009; Ruiz Morales et al., 2019). In this context
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of genotype diversity, traditional systems of meat–milk production co-exist with
intensive milk production systems.
Europe accounts for only 1.9% of world goat population, but produces
15.1% of the world’s goat milk and 35.1% of the world’s goat cheese (Ruiz
Morales et al., 2019 referring to FAOSTAT data). So, milk is dominant product of
goat farming in Europe and most of goat milk is transformed into cheese.
According to FAOSTAT (2019) data, Europe has 11,100,356 heads of dairy goats
producing 3,075,264 tonnes of milk.
Table 5. Dairy goat population and milk production in leading European countries
No of heads
(milk animals)

Milk production
(in tonnes)

France

1,058,000

656,740

Spain

1,896,890

535,790

Country

Netherlands

509,000

386,000

Greece

2,588,000

355,760

Romania

1,297,600

236,400

Russian federation

775,204

247,728

Ukraine

422,600

200,500

Source: FAOSTAT, 2019

As can be seen from Table 5, France is an absolute leader in Europe’s goat
milk production with 656,740 tonnes of milk produced in 2019 from 1,058,000
dairy goats. Spain comes second when it comes down to overall quantity of goat
milk production in Europe, but Netherlands, which comes third on this list with
overall quantity of milk yield, produces more milk from fewer dairy animals.
Production systems in France and Netherlands are more based on the use of highyielding breeds kept in confined systems which provide more intensified
production and therefore more milk from fewer animals. The dairy goat sector in
the Netherlands has been expanding since 1984 when many farmers transitioned
from cows to goats due to quotas for cow milk (Van Dijk, 1996), and so the Dutch
became important producers of goat milk in Europe. Because of their experience
with intensive dairy cow management, Dutch dairy goat breeders use more
technology, such as artificial insemination, confinement rearing, and computerized
record-keeping, compared to other European farmers (Miller and Lu, 2019).
Spain and Netherlands are exporting great amount of their goat milk to
France for processing, as France is the leader in goat milk processing and cheese
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production. In Spain, goat milk is used for making mixed cheese (with cow or
sheep milk) and in Greece traditional ‟feta” cheese is made of goat milk.
As for goat meat production, in 2019, Europe produced 96,310 tonnes of
goat meat from 8,460,324 heads of goats, with Greece being the leader in this
sector with 26,480 tonnes of meat from 2,367,770 heads, followed by the Russian
federation and Spain with 18,676 and 10,420 tonnes of goat meat produced in
2019, respectively (FAOSTAT, 2019).

Herd book goat population in Central Serbia
In Central Serbia, herd books are kept for goats raised on this territory.
Quality breeding animals are registered in the Central herd book and are under
productivity control. In 2020 there were 10,851 heads of goats and 368 bucks
under productivity control (IAH, 2020). This accounts for 7.73% of total number of
goats raised on this territory. Contrary to decreasing goat population in total, in the
country, number of herd book animals has been increasing constantly.

Graph1. Number of goats (♀) under selection control in the period 2016 to 2020;
Source: IAH, 2020

As seen from Graph 1, number of animals under selection control has
increased significantly during the past 5 years. This period brought increase of
roughly 169% in the number of controlled animals. In 2016, number of registered
goats accounted for 2.35% of total goat population in Central Serbia (Maksimović
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et al., 2017), while in 2020, a significant increase to roughly 7.7 is recorded. The
main reason behind this increase is government founding of goat breeders, which is
currently almost the only thing keeping goat sector alive. Farmers receive roughly
59 Euros a year per head for animals registered in the Central heard book plus
additional 38 Euros for goats of endangered breeds (genetic resources) that are
under selection control.
Within breed structure, the most dominant breed of registered goats is
Alpine which accounts for 93.65%, while the rest is divided among three other
breeds, with Saanen breed participating with 2.54%, Balkan with 2.26% and
Domestic white goat with 1.55% (IAH, 2020).

Graph 2. Breed structure of registered goats in Central Serbia

All animals registered in the Central herd book are under productivity control,
including milk production, body development and reproductive traits. Controls are
conducted annually and are done following ICAR Recording Guidelines. Tables 6
and 7 include the production data for heard book animals under productivity
control.
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Table 6. Average values for body weight and fertility of goats of different breeds in 2020
Body weight of kids (kg)
30 days of
at birth
at weaning
age

Body weight
of goats
(kg)

Fertility

Alpine goat

50.97

1.5

2.63

8.23

18.06

Saanen

53.46

1.33

3.49

8.96

18.60

Domestic (Serbian)
white goat

50.15

1.63

2.56

7.07

14.43

Balkan goat

41.55

1.22

2.48

6.72

15.30

Breed

Source: IAH, 2020

Table 7. Average milk production and composition of different goat breeds in 2020
Lactation
duration
(days)

Total milk
yield
(kg)

Milk fat
(%)

Protein
(%)

Daily milk
yield
(kg)

Alpine goat

219

459.52

3.66

3.18

2.10

Saanen

231

651.37

3.59

2.99

2.82

Domestic (Serbian)
white goat

230

484.04

3.64

3.31

2.11

Balkan goat

245

255.19

3.98

3.15

1.04

Breed

Source: IAH, 2020

The presented data shows that the productivity of high yielding breeds, such as
Alpine and Saanen goat, is not high, including all recorded traits, i.e. their body
weight, fertility and milk production. The reason behind this is that these animals
are mostly reared under traditional systems of milk–meat production in more
extensive or semi-intensive manner and therefore their genetic potential is not
completely utilized. Also, milk production is not consistent because of the
inconsistent market which imposes its rules on primary production through prices
and demand for goat products. When the raw milk price is low, producers don’t
milk goats and let kids suck for long period of time. This can cause some udder
problems and leads to lower subsequent production. As for local breeds, their
productivity is within standard for each breed and is considered good due to the
fact that both breeds are reared almost exclusively extensive.
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Prospects for goat breeding
There is a rich diversity in goat breeds in European countries. Due to the very
different environments and cultural peculiarities many different breeds of goats
were formed across the Europe. In fact, alongside sheep, goats are probably the
most diverse livestock species in Europe. And therefore they represent particularly
important biodiversity factor, not just within world of fauna (i.e. animal sector), but
also for ecosystem in general. According to Gahal (2005), Europe is a continent
with the widest caprine biodiversity, with 187 breeds making up to 33% of the goat
breeds recognized worldwide. Majority of these European goat breeds are of local
character and importance, low in their productivity, but very resilient and well
adapted to harsh conditions of environment and nutrition. Unfortunately, they are
considered endangered and/or at the brink of extinction. And yet, they are of most
importance as genetic resources. On the other hand, there are breeds large in
population sizes, characterised by a high milk production exported to other
countries, as is the case with Saanen and French Alpine, or the MurcianoGranadina from Spain (Ruiz Morales et al., 2019).
As pointed out previously, in Serbia there are both local and imported breeds, with
local being very small in population size and imported ones (French Alpine in
particular) dominating the breed structure. While high yielding breeds are
important for closed intensive production systems, it is necessary to preserve these
local genotypes and to utilise them in organic and ecology friendly production
systems. Goats in general are important socio-economic factor in marginal and
remote rural areas, as they provide entire families’ incomes, but also have sociocultural impact for the rural community. In these less favoured and remote areas,
raising small ruminants can often be the last possible economic activity. In Serbia,
as in most other European countries, goat milk could never compete with cow milk
in terms of both consumption and the price, as bovine dairy industry is far more
advanced. However, goats are perfect resource for cleaner organic production.
When reared extensively in natural grazing systems, goats help manage the land,
shape the landscape and reduce biomass fuel, reduce non-renewable energy used as
well as net greenhouse gas emissions (Mancilla-Leyton et al., 2013; Perez-Neira et
al., 2018; Gutiérrez-Peña et al., 2019). In terms of cleaner ecological production,
indigenous breeds are of most importance as they are well adapted to a range of
pasture-based ecosystems. They also help maintain cultural and ethnological
traditions and typical products. In order to contribute to the economic sustainability
of goat farming, it is important for the environmental and social role to be
recognized, but it should also be paid for, thus diversifying and increasing the
income received by farmers.
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One of the most important and applicable prospects for goat breeding in Central
Serbia should be conservation of goat genetic resources and their utilisation in
clean ecological farming systems. Production of so called typical products with
geographical origin and creation and reinforcement of markets for such products
should be priority in goat sector in Central Serbia. Goats and sheep are the only
domestic species left in Serbia that are still so called grass fed, which makes their
products, i.e. meat and milk, valuable for healthy human nutrition. Government
founding should be directed toward environmental and social role of goat
production, rather than just giving the money for herd book animals in equal
amounts. Preserving of animal genetic resources is investment in future.

Conclusion
Number of goats in the country has been decreasing for years. Goats are kept in
small herds, with very small number of specialized goat farms. Small portion of
goat population is involved in nucleus breeding, while the productivity of majority
of goats is unknown. Contrary to decrease of goat population in total, in the
country, number of herd book animals has been increasing constantly. But, even
though there is a positive trend, this number needs to be even higher and more
animals need to be included in record-keeping. The market for goat products is
poorly organized, with meat market being particularly weak. Milk is the dominant
income source for most goat farms, but meat becomes the main product in some
situations, such as is the case in those years when the purchase price of milk is low
for example. Producers are vulnerable to market fluctuations, which makes goat
production unpredictable and insecure. High yielding breeds are not fully exploited
and their productivity is far below their genetic limits. Local indigenous goat
breeds are considered endangered, although the real number of these animals is not
known. Their breeding was abandoned mostly because of their lower productivity
and also because of the changes in demographic dynamics and abandonment of
mountainous rural areas.
The only sustainable prospects for preservation of the goat sector in Central Serbia
for the future are clean organic production, reinforcement of markets for goat
products and smart government founding. Scientific, as well as commercial
promotion of healthy and safe goat products for human nutrition should be a
priority.
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Trenutno stanje kozarske proizvodnje u Centralnoj Srbiji
Nevena Maksimović, Dragana Ružić-Muslić, Violeta Caro Petrović, Bogdan Cekić,
Ivan Ćosić, Nikola Delić, Marina Lazarević

Rezime
U radu je prikazano trenutno stanje kozarske proizvodnje u Centralnoj Srbiji uz
osvrt na izazove koji su prisutni i prospekte za budućnost ove grane stočarske
proizvodnje. U Srbiji je prisutan trend smanjenja ukupnog broja grla iz godine u
godinu. Proizvodni sistemi u kozarskom sektoru su predominantno ekstenzivni ili
poluintenzivni, a koze se gaje u malim stadima, naročito u brdsko-planinskim
regijama. U Centralnoj Srbiji najzastupljenija su grla alpske rase, a u znatno
manjem broju gaje se još i sanska, balkanska i srpska (domaća) bela koza.
Kozarska proizvodnja je usmerena u pravcu mleko-meso, ali je mleko dominantno.
U Centralnoj Srbiji nema tipičnih tovnih rasa koza, a meso se proizvodi uglavnom
samo kao alternativa u formi jaradi za klanje. Matična evidencija vodi se za koze
koje se gaje na teritoriji Srbije. Kvalitetna priplodna grla koza upisuju se u Glavnu
matiču evidenciju i nalaze se pod kontrolom proizvodnih svojstava. Ipak, tu spada
samo jedan mali deo koza dok je većina koza van sistema kontrole i nepoznate
produktivnosti. Proizvodnost visokoproduktivnih genotipova poput alpske i sanske
koze u Centralnoj Srbiji je niska, posebno proizvodnja mleka. Autohtone rase koza
se smatraju visoko ugroženim u svom opstanku i njihovo gajenje je gotovo potpuno
napušteno. Čitav sektor kozarstva je gotovo potpuno zavistan od subvencionsanja
od strane države. Jedan od najrealnijih prospekata za održivu kozarsku proizvodnju
u budućnosti na teritoriji Centralne Srbije je čista organska proizvodnja uz jačanje
tržišta za kozarske proizvode i pametno državno finansiranje upravo ovakvog vida
proivodnje.
Ključne reči: mlečne koze, Centralna Srbija, autohtone rase, produktivnost,
matična evidencija
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Abstract: In this study, the influence of different conditions of keeping
and feeding on meat productivity and meat quality of indigenous Karachai goats
kept in different geographical regions of the Karachay-Cherkess Republic was
assessed. The experiment involved three populations of Karachai goats: Group I
was kept at an altitude of 500-600 meters above sea level, II - 900-1000, III - 16002000 meters above sea level. There were no significant differences in slaughter
indicators (P≥0.05). However, there was a tendency to a decrease in the preslaughter weight, the area of the muscle eye in carcasses obtained from goats of the
foothill and mountain zones (on average by 5.15% and 5.55%), the meat content
coefficient from the foothill zone (7.3%) and several a greater proportion of bones
in the carcasses of goats in the foothill and mountain zones (on average by 3.9%).
Morphological cutting of carcasses showed the predominance of muscle tissue over
bone - 76.8% versus 23.2%. The data of microstructural analysis of the longest
muscle of the back of Karachai goats showed a large number of muscle fibers (on
average 404.5 pieces per 1 mm2 with their small diameter (on average 26.3
microns). Based on the assessment, it is concluded that the higher the height above
the level the sea of the animal habitat, the lower the meat productivity and the
lower the fat content in the
meat.
Key words: Goat, Goat meat, Meat quality, Chemical composition

Introduction
Goats are one of the earliest domesticated ruminants. They are traditional
sources of meat, milk, wool, fluff, sheepskin and other animal by-products. The
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unique abilities of goats, such as unpretentiousness in keeping and feeding, the
ability to adapt to almost any natural and climatic conditions of the environment
have made them widespread. Due to the variety of products obtained from them,
goats have become the main source of resources and an integral part of the culture
of many peoples of the world.
Also, goats are the most diverse species of livestock with pronounced
morphological and physiological characteristics. To date, there are over 576 goat
breeds registered in the world (FAO, 2019). Most of the goats are native and
perfectly adapted to breeding conditions. The exceptional ability of native goats to
develop territories unsuitable for breeding other types of productive animals made
them indispensable sources of milk and meat in mountainous, arid and inaccessible
places with scarce vegetation.
In many developing countries, goat meat is an important food source.
Despite the numerical importance of the livestock (807.6 million head worldwide),
the consumption of goat meat (4.5 million tons) is low compared to the
consumption of beef or poultry (FAO, 2019). Countries with developed goat
breeding have developed their own culture of goat meat consumption. For
example, in North America and in western India, the so-called "Sabrito meat" is
used. As the locals themselves say: "All cabrito is a goat, but not all goat is
cabrito." This is a kind of veal in the goat world. Animals are fed only milk until 46 weeks of age and then slaughtered (Exotic Meat Market, 2021). In Africa, the
Middle East and the countries of South-West Asia, animals are killed for
consumption at the age of 12-24 months with a carcass weight of 13-25 kg males,
11-20 kg females. Adult goat meat is prized in Africa and India (animals age 2-6
years, carcass weight 20-30 kg) (Devendra and Owen, 1983).
As reported by Stanisz et al. (2009) the main lovers of young goat meat,
with an increased demand during the Christmas and Easter periods, are
concentrated in Greece, Italy, France, Spain and Portugal.
In Russia, goat breeding is not of great interest, especially meat. However,
in several regions of the North Caucasian and Southern Federal Districts, the
population of local Karachai goats is widespread. These animals perfectly combine
all the valuable qualities of goats, plus they have good immunity and resistance to
some diseases. At the same time, despite the fact that in some regions in some
seasons of the year rather extreme weather conditions occur, Karachai goats,
thanks to their unique characteristics, help to maintain production and are the main
source of animal protein in the diet of local residents.
The aim of the study was to study the effect of different conditions of
keeping and feeding on meat productivity and meat quality of indigenous Karachai
goats kept in different geographic regions of the Karachay-Cherkess Republic.
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Materials and Methods
The Animal Ethics Committee of the North Caucasus Federal Agrarian
Center has approved the procedures outlined in this document. The studies were
carried out in 2019-2020 on three groups of typical Karachai goats bred in different
regions of the KChR. The research scheme is presented in Table 1. The conditions
of keeping and feeding the animals were different depending on the group and the
norms adopted in the farms.

Table 1. Experimental Scheme
Containment area

Prikubansky district
Zelenchuksky district
Karachaevsky district

Height above
sea level
500-600 m
900-1000 m
1600-2000 m

group
number
I
II
III

Groups of animals
quantity
quantity for
slaughter
53
3
33
3
73
3

In November 2020, at the age of 8 months, 3 goats from each group were
slaughtered.
The pre-slaughter live weight was determined by weighing the animals
after 24-hour fasting with an accuracy of 0.1 kg. At the same time, access to water
was limited 2-3 hours before slaughter. The slaughter was carried out through a
transverse incision of the skin of the neck and by cutting the carotid artery and
jugular vein. Immediately after gutting, the weight of the paired carcass was
determined, after cooling at a temperature of 4 ° C for 24 hours, the weight of the
cooled carcass was measured with an accuracy of 0.1 kg. Each carcass was divided
into 2 longitudinal halves. Sampling of meat for research was carried out in pieces
weighing at least 200 g from the incision, the area opposite the 4-5th cervical
vertebrae, in the area of the shoulder blade, in the area of the thigh.
The varietal composition of the carcass was established on the basis of the
cut of the carcass in accordance with GOST 7596-81. The morphological
composition of the carcass was determined during deboning. The chemical
composition of muscle tissue was determined by the average sample of the pulp of
the carcass according to generally accepted methods, the mass fraction of moisture
- according to GOST 9793-74, fat - according to GOST 23042-86, protein according to the Kjeldahl method, ash - by burning a sample, meat pH - according
to GOST R 51478-99, caloric content by calculation according to the formula of
V.A. (1951). Histological assessment of meat was carried out in accordance with
GOST 19496-93.
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Statistical processing was carried out using Microsoft Excel 2016
(Microsoft, USA). Results were expressed as arithmetic mean ± standard deviation
(Mean ± SD). To determine the statistical significance of the differences in the
mean values, the Student's t-test was used under three conditions of probability "P"
and different numbers of degrees of freedom.

Results
It was found that, on average, for three populations of Karachai goats,
carcasses obtained from young animals had a mass of 13.4 kg, after cooling - 13.1
kg; the yield of cuts of grades 1 and 2, pulp and bones, respectively, amounted to
81.1 and 18.9%; 76.8 and 23.2%. The most significant indicators of meat
productivity are the slaughter yield, the coefficient of meat content and the area of
the muscle eye, which were 44.76%, 3.31 and 12.24 cm2, respectively. These
indicators characterize carcasses as typical carcasses obtained from small
ruminants (Table 2).

Table 2. Indicators of meat productivity of young goats in different breeding zones (8 months)
Breeding zone
Indicator
Average
flat-hilly
foothill
mountain
Pre-slaughter weight, kg
33.5 ±0.41
32.0±0.34
31.5±0.52
32.3±0.30
Carcass weight, kg
13.8 ±0.38
13.5±0.44
13.0±0.31
13.4±0.29
Internal fat mass, kg
1.05 ±0.09
1.10±0.12
1.0±0.11
1.05±0.07
Slaughter weight, kg
14.85 ±0.32
14.60±0.24
14.00±0.38
14.48±0.22
Lethal output,%
44.3
45.6
44.4
44.76
Chilled carcass weight, kg
13.5 ±0.31
13.2±0.29
12.8±0.39
13.16±0.21
Muscular eye area, cm2
12.72 ±0.21
12.11±0.11
11.90±0.26
12.24±0.18
Output, %
cuts of 1 grade
80.6
81.0
81.7
81.1
2 grade cuts
19.4
19.0
18.3
18.9
pulp
77.4
76.0
77.0
76.8
bones
22.6
24.0
23.0
23.2
Meat factor
3.42
3.17
3.34
3.31
Results are presented as mean ± SD

Chemical analysis of the average sample of muscle tissue showed that the
protein content was 19.6, fat - 9.7, dry matter - 30.3, ash - 1%, which characterizes
meat as a product with a low fat content and allows it to be classified as a dietary
category.
Comparison of the parameters of goat carcasses from different breeding

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

121

zones did not reveal significant differences. It should be noted a tendency for a
decrease in the pre-slaughter weight, the area of the muscle eye in carcasses
obtained from goats of the foothill and mountain zones (on average, by 5.15% and
5.55%), the meat content coefficient from the foothill zone (7.3%) and a slightly
higher specific the weight of bones in the carcasses of goats in the foothill and
mountain zones (on average by 3.9%). However, in general, this did not affect the
slaughter yield, which was at the level of carcasses obtained from goats from the
flat-hilly area (45.6 and 44.4 versus 44.3%, respectively).
No significant differences were found in the indicators of the chemical
composition of meat. There was a slight decrease in the amount of fat and calorie
content in carcasses obtained in the foothill and mountain zones, respectively by
0.7 and 1.5 abs. percent, 2.3 and 6.7%. The established low calorie content for the
meat of experimental animals - 1703.9 kcal, testifies to the high modern consumer
(dietary) properties of goat meat (for reference: the calorie content of 1 kg of
broiler meat is 1800 kcal, turkeys - 1940 kcal, veal - 970 kcal) (Table 3).
Table 3. Chemical composition of young goat meat in different breeding zones (8 months)
Breeding zone
Indicators
flat-hilly
Content,%
Moisture
69.3±0.67
Dry matter
30.7±0.34
Fat
10.4±0.18
Ash
1.1±0.11
Squirrel
19.2±0.34
Caloric content of 1
1754.2±2.55
kg of pulp, kcal
Results are presented as mean ± SD

Average

foothill

mountain

69.5±0.72
30.5±0.35
9.7±0.26
1.0±0.09
19.8±0.43

70.2±0.84
29.8±0.43
8.9±0.21
1.0±0.12
19.9±0.62

69.7±0.47
30.3±0.25
9.7±0.16
1.0±0.08
19.6±0.28

1713.9±4.77

1643.6±3.63

1703.9±2.52

Morphometric analysis at the histological level of the longest back muscle
made it possible for the first time to determine in Karachai goats the number of
muscle fibers per square millimeter, their diameter, the content of connective
tissue, which, respectively, amounted to 404.5 pcs., 26.3 μm and 8.47% (Table 4).
Table 4. Microstructural analysis of the longissimus dorsi muscle (m. Longissimus dorsi) of
young goats in different breeding zones (8 months)
Breeding zone
Indicators
Average
flat-hilly
foothill
mountain
Number of muscle fibers, pcs. per
398.7
402.4
412.5
404.5
mm2
Muscle fiber diameter, μm
25.2
26.1
27.8
26.3
Marbling score, point
24.4
22.6
20.8
22.6
Connective tissue content,%
7.8
8.7
8.9
8.47
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The assessment of "marbling", determined according to the original
method developed by the staff of the All-Russian Research Institute of Sheep and
Goat Breeding for Sheep and which is based on the registration and branching of
fatty interfiber and interbeam inclusions made it possible to establish an assessment
of 22.6 points out of 40.0 possible. Comparison of the obtained results with similar
ones for sheep showed that goats per square millimeter have 5.39% more muscle
fibers with their diameter smaller by 12.0%, which can be interpreted as a result
indicating that goat meat is more tender. At the same time, due to the lower content
of fat inclusions, goat meat received 8.1 points less marbling than sheep meat.
However, it is possible for goats to develop their own scale for assessing
"marbling" and this requires a much larger amount of experimental data and their
correlation with the tasting assessment of goat and sheep meat.

Discussion
In our research, we state that carcasses obtained from 8-month-old
Karachai goats can be characterized as typical for small ruminants. However,
Sheridan et al. (2003a) argues that, compared to sheep of the same age and sex,
goat carcasses are smaller and have less covering fat. Differences in the quality of
goat meat depend on its physical and chemical properties (Webb et al., 2005),
biological factors such as age, sex and breed of the animal, and non-biological
factors such as pre-slaughter stress, slaughter techniques, chilling and freezing of
carcasses (Leo et al., 2020). The physiological state of a living animal and the
biochemistry of postmortem processes in muscles, fat, and connective tissue also
directly affect the taste of meat (Mamontova, 2012). Nutrition also influences the
quality of meat through species-specific flavonoids from feed sources, because the
taste of meat is due to the ratio of fatty acids and the ratio of muscle to fat. Thus,
most researchers agree that determining the quality of meat is multifaceted and
difficult.
The percentage ratio of pulp to bones obtained by us (76.8% versus 23.2%)
with morphological cutting of the carcass with a large predominance of muscle
tissue can be explained by the rather young age of the experimental animals. The
same conclusion was reached by Santos et al. (2008) and Stanisz et al. (2009).
They state that the carcasses of young goats contain a high percentage of muscle
mass and a low percentage of bone tissue, intramuscular and subcutaneous fat.
The data of microstructural analysis of the longest muscle of the back of
Karachai goats indicate a large number of muscle fibers and their small diameter in
comparison with sheep, which allows us to conclude that the meat of goats is more
tender. However, Webb et al. (2005) believe that goat meat is less tender than
sheep meat. At the same time, tenderness decreases with increasing age of
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slaughter. The nature of the decrease in the tenderness of meat with age can be
explained by the function of collagen in the body of the animal - the collagen
molecule becomes less soluble due to covalent cross-links between collagen fibers.
Yarmand and Homayouni (2010) in studies of microstructural analysis of muscle
fibers of goats found that the fibers run parallel to each other, the collagen fibers
surrounding the muscle fiber are fuzzy, the surfaces of myofibrils seem to be
normal. At the same time, the authors do not give a conclusion about the
relationship between the microstructural structure and the tenderness of meat and
do not indicate the breed used.
A lower fat content as a result of chemical analysis of the meat of Karachai
goats was found in animals from group III (highlands) compared to the rest. This
can be explained by a more active motor ability, in connection with the conditions
of detention and more scarce forage resources. Our hypothesis is confirmed by
colleagues from Brazil who have carried out work on Brazilian native goats. They
explain the changes in fat content in animals with an association with the balance
between dietary energy and nutritional requirements of goats (Lopes et al., 2014).

Conclusions
Different conditions of detention did not reveal large differences in the
quality of meat and meat productivity of Karachai goats. Comparison of
morphometric parameters of muscle tissue in animals from different breeding
zones showed that the higher the height above sea level of the area of their content,
the greater the number of muscle fibers per unit area, respectively, with a smaller
diameter and less fat inclusions. It is possible to further study the quality of the
meat of Karachai goats with a detailed analysis of the profile of fatty acids, which
will make it possible to give a clearer characterization of the qualitative analysis of
meat.

Kvalitet mesa autohtone rase koza karačaj pod različitim
uslovima
Marina I. Selionova, Tatyana V. Mamontova, Аli-Мagomet М. Aybazov , Violeta
Caro Petrovic, Milan P. Petrovic

124

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

Rezime
U ovom istraživanju rađena je procena uticaj različitih uslova držanja i ishrane na
mesnatost i kvalitet mesa autohtonih karačaj koza koje se drže u različitim
geografskim regionima Karačajsko-čerkeške republike. U eksperiment su bile
uključene tri populacije karačaj koza: I grupa je držana na 500-600 metara
nadmorske visine, II grupa na 900-1000, III grupa na1600-2000 metara nadmorske
visine. Nije bilo značajnih razlika u klaničnim pokazateljima (P≥0,05). Međutim,
postojala je tendencija smanjenja težine pred klanje, površine mišića u trupovima
dobijenih od koza iz zona podnožja planina i planinskih zona (u proseku za 5,15% i
5,55%), koeficijenta sadržaja mesa iz zona podnožja planina (7,3%) i nekoliko puta
veći udeo kostiju u trupovima koza u zonama podnožja planina i planinskim
zonama (u proseku za 3,9%). Morfološko rasecanje trupova pokazalo je prevagu
mišićnog tkiva nad kostima - 76,8% naspram 23,2%. Podaci mikrostrukturne
analize najdužeg mišića leđa karačaj koza pokazali su veliki broj mišićnih vlakana
(u proseku 404,5 po 1 mm2 sa njihovim malim prečnikom (u proseku 26,3
mikrona). Na osnovu procene zaključuje se da što je veća nadmorska visina
životinjskog staništa, manja je produktivnost mesa i niži sadržaj masti u mesu.
Ključne reči: koza, kozje meso, kvalitet mesa, hemijski sastav
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Abstract: Nutrition is very important for maintaining the good health of
people at all stages of life and as such should be the subject of interest not only for
nutritionists, but also for each individual. The choice of food stuffs in the diet is
significantly influenced by habits, and in recent decades it has been noticed that
consumers are increasingly concerned about the way food is produced, its safety
and harmlessness. Although eggs, as a food, have an excellent nutritional
composition, they have had a bad reputation for decades due to the high content of
cholesterol, which was considered bad, which is why many consumers avoided
them or ate only egg whites. The results of research indicating that cholesterol in
food such as eggs has an insignificant effect on blood cholesterol have contributed
to solving the problem of cholestephobia, so that official nutrition organizations,
around year 2000, recommended the abolition of restrictions on egg consumption.
Egg consumption and method of preparation vary significantly among different
countries, which may be related to dietary traditions and consumer preferences.
During the last decades, the attitudes of consumers are gaining in importance and
are being studied in relation to the characteristics of egg quality, according to
production systems, the welfare of chickens, etc. A comprehensive view of
consumers' perceptions, their habits and understanding of the role of eggs in the
diet requires a systematic approach, at the level of the entire social community,
including education, which is especially important for younger populations. The
aim of this paper is to point out the importance of eggs in the diet, to show the
situation in the sector of table egg production in Serbia, with reference to EU
countries, including expected changes caused by changes in the legislation, which
may have far-reaching consequences for this sector, consumers and the market
situation.
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Introduction
Eggs as a food stuff play a significant role in the diet from early childhood
to old age. Although they are a high-value biological food, attitudes about the role
of eggs in human nutrition have changed several times over the last decades. Egg
confusion results from a cholesterol content of 200 to 300 mg per 100g (Miranda et
al., 2015), or an average of 141 to 234 mg per egg, which is about two-thirds of the
recommended daily limit of cholesterol intake, which several a decade ago was 300
mg/day (Clayton et al., 2017). Cholesterophobia, at one time, was primarily related
to consumer fear that consuming eggs could lead to coronary heart disease, which
could be linked to a decline in egg consumption (Ruxton et al., 2010; Kuang et al.,
2018). Only after scientific studies established that cholesterol in foods such as
eggs had only a small and clinically insignificant effect on blood cholesterol, and
that egg consumption was not associated with an increased risk of cardiovascular
diseases (Qureshi et al., 2007; Gray and Griffin, 2009), official nutrition
organizations have recommended lifting restrictions on egg consumption. In 2002,
the American Heart Association (AHA) withdrew a recommendation to limit egg
consumption to 3 to 4 per week. In 2015, the Dietary Guidelines Advisory
Committee (DGAC) officially withdrew its recommendation to limit cholesterol
intake to 300 mg per day, as there was no evidence of a link between dietary
cholesterol and blood serum cholesterol (Carson et al., 2020). However, as the
dietary recommendations for Americans for the period 2015-2020 are such that it is
recommended to consume as little cholesterol as possible, while respecting healthy
eating habits, but that cholesterol is not an ingredient that, if consumed excessively,
does represent a concern, one gets the impression that confusion related to
cholesterol intake to some extent still remains (Zhuang et al., 2021).
Egg production and consumption vary significantly and from country to
country. Production in the last few years, at the world level, according to FAO
data, has recorded a steady increase (FAOSTAT, 2015, 2016, 2017, 2018, 2019).
After China, the European Union is the world's largest producer of table eggs
(Augére Granier, 2019). Among the largest producers in Europe are the Russian
Federation, Ukraine, France, Spain, Germany, the United Kingdom, Italy, the
Netherlands and Poland, and of the surrounding countries Romania, Hungary and
Bulgaria. Serbia is on the first place among the countries of the Western Balkans in
terms of egg production, and in 2019 it was 17th in Europe (FAOSTAT, 2017,
2018, 2019). In Serbia, egg production in 2019 amounted to 7,600 tons, or
1,775,000 pieces, according to the Statistical Yearbook (Statistical Office of the
Republic of Serbia, 2020). Egg consumption per capita on an annual basis,
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according to IEC (2018) data, is the highest in Mexico (368) and Japan (337),
followed by China (255), Spain (273) and Denmark (248). The average
consumption of eggs in EU countries in 2018 was 210, and in the USA 287.5 eggs
per capita (IEC, 2018; Shahbandeh, 2021).
Egg consumption in Serbia in 2007 was about 8 kg, or 135 eggs, while in
the same year in Europe it was 12 kg or 200 eggs per capita, and in the United
States 14 kg or 240 eggs (Milošević and Perić, 2011). In Serbia, egg consumption
recorded a slight increase in 2013 (Zlatanović, 2015) and amounted to 222 eggs per
household member, which is more compared to countries in the region, in
Macedonia 168, in Croatia 153 and in Slovenia 76 eggs. According to the
Household Budget Survey for the period from 2015 to 2019, the average
consumption of eggs per capita in Serbia was 219.4 (Statistical Office of the
Republic of Serbia, 2015, 2016, 2017, 2018, 2019). The reason for the still lower
consumption of eggs in Serbia compared to some developed countries may be the
continued presence of cholesterol phobia, given that according to a survey by
Tolimir et al. (2016), 18.66 % of consumers cite fear of high cholesterol as an egg
deficiency, which opened the question, i.e. the need for better information of
consumers. In the coming period, poultry meat and eggs are recognized as the
leading foods in the diet, since their production is up to 50% cheaper compared to
the same amount of protein from the meat of other domestic animals, which makes
them available to the population, regardless of material status (Milošević and Perić,
2011).
The table egg production sector, in the last two decades, is facing various
challenges due to changes in legislation and numerous regulations in the field of
food safety, ecology, poultry welfare, sustainability of production, as well as socio
- economic changes. Major changes in this sector have been brought about by the
EU Directive 1999/74/EC, which has banned, starting from 2012, the rearing of
laying hens in classic conventional cages. This complex process is influenced by a
large number of factors and takes place differently in individual EU countries.
Serbia has a legal framework harmonized with EU regulations, and the process of
transition from conventional cage systems for raising chickens to permitted
systems is slow. According to the research of Tolimir et al. (2020), in the transition
period (2014-2020), about 85% of producers failed to harmonize their production
with regulations, which led to the extension of the deadline.
Increased consideration of consumer attitudes has led to an increase in
research, mainly surveys and studies focused on consumer preferences of table
eggs (Guyonnet, 2012; Mizrak et al., 2012, Kralik et al., 2014, Tolimir et al., 2016,
Zelić et al., 2016). Also, changes in the egg production sector, conditioned by
legislation, have opened up a number of questions regarding consumer attitudes
about animal welfare (Verbeke, 2009; European Commission, 2007; de Roest et
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al., 2010; Hansstein, 2011). Research indicates that European consumers generally
have similar attitudes towards domestic animal welfare and agree that welfare
needs to be raised to a higher level (Blokhuis et al., 2008; Alonso et al., 2020).
However, there are differences between individual countries (European
Commission, 2005; Martelli, 2009) which are a consequence of different levels of
knowledge and awareness of consumers about animal welfare, i.e. about farming
systems and different willingness to allocate more funds for purchasing products
obtained by welfare principles. The contribution to raising awareness of the
importance of food production according to the welfare principles and the impact
of animal welfare on the quality of animal products could be achieved through
better information and education of consumers (Autio et al., 2017).
The aim of this paper is to point out the very important role of eggs in the
diet and to contribute to overcoming the problem of cholestephobia, to show the
situation in the sector of egg production in Serbia and EU countries, cuased by
changes in legislation related to poultry welfare, including consumer preferences
and the situation on the market in Serbia.

The importance of eggs as food stuff
The human nutrition has always been important - Hippocrates, a Greek
philosopher and physician, who is considered the founder of medicine as a science,
said: "Let food be your medicine, and medicine be your food". Eggs, as a food
stuff, have a wide application, due to their great nutritional value and numerous
possibilities of use in the preparation of various salty and sweet dishes. In addition
to differences among countries in the consumption of eggs as food stuff
(Magdelaine, 2011), there are also differences in the way of preparation, i.e.
consumption of eggs, which are most often conditioned by the tradition of diet and
habits in preparing eggs. Tolimir et al. (2016) indicate a certain similarity between
Serbia and the surrounding countries, i.e. Croatia, and differences in relation to
Turkey. In order to fully understand the importance of eggs as a food stuff in the
diet, which could affect the increase in egg consumption in Serbia, which is lower
compared to some developed countries, it is necessary to educate consumers in
several different areas, i.e. the nutritional value of eggs, the role eggs within a
balanced, healthy diet, the importance of properly combining eggs with other
foods, as well as the impact of heat treatment on nutritive value (Farjami et al.,
2021).
The egg contains almost all the nutrients needed by man and as such is
considered important in the diet, during all life stages. It has the same ratio of egg
yolks, egg whites and shells, as the basic parts, regardless of the breed, age of the
hens and nutrition (Milošević and Perić, 2011). The egg has a high protein content,
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as the basic building blocks necessary for the growth and regeneration of all living
cells in the body (Pal and Molnar, 2021). The egg proteins are among the most
biologically valuable because they are easily digestible and therefore serve as a
standard for measuring the quality of protein in food (Sakanaka et al., 2000). The
amino acid composition of egg proteins is favourable, i.e. they contain all the
essential amino acids necessary for the organism (Lesnierowski and Stangierski,
2018; Wang et al., 2018). In addition to being an excellent source of first-class
proteins, eggs contain significant amounts of vitamin A, D, E, K and B complexes,
especially riboflavin, biotin, vitamin B12, folic and pantothenic acid, minerals,
especially iron, zinc, calcium, phosphorus and sodium (Anton et al., 2005; LopézFandino, 2007), also bioactive and antimicrobial compounds, such as
phospholipids, immunoglobulin, fosvitin, lysozyme and cystatin (Lesnierowski and
Stangierski, 2018). Also, eggs are foods of moderate caloric value (about 150
kcal/100 g) and their regular use is a healthy eating habit, because they provide
satiety and can contribute to weight loss (Bertechini and Mazzuco, 2013; Miranda
et al., 2015).
The role of eggs, as high-value food stuff, in maintaining good health is
indicated by a large number of researches. Eggs are one of the best sources of
lutein, a pigment that enables better vision, and is especially important for slowing
down some degenerative processes that can affect the eyes, i.e. reduce the risk of
cataracts and macular degeneration (Goodrow et al., 2006). In terms of vision, eggs
are also rich in vitamin A, which, according to the World Health Organization
(WHO), is a public health problem, especially in developing countries, where it is
the most common cause of blindness in children (Mendonça Jr et al., 2002; WHO,
2009). Also, egg is an excellent source of choline, one egg contains more than 100
mg of this very important nutrient used to build cell membranes and plays a role in
the production of signalling molecules in the brain (Penry and Manore, 2008;
Caudill, 2010). Eggs contain LDL or "bad" cholesterol, but also HDL or "good"
cholesterol, which provides strong protection against LDL cholesterol in the
arteries, i.e. from oxidative damage induced by free radicals (Kosmas et al., 2018).
According to one study, consuming 2 eggs a day for 6 weeks resulted in a 10%
increase in HDL levels (Scänohr et al., 1994). Although recent research indicates
the unfounded fear of cholesterol, and opinion that eggs can be a key element of a
healthy diet, a number of consumers still view eggs with suspicion (Tolimir et al.
2016; Ahnen and Slavin, 2019). It is crucial to inform consumers that according to
research, dietary cholesterol and blood cholesterol are only weakly related
(McNamara, 2000) and that based on these studies, recommendations are given by
official health organizations to remove restrictions on egg consumption in healthy
people, except in people with diabetes (Carson et al., 2020; Qureshi et al., 2007;
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Guo et al., 2018). According to Lopez-Sobaler and Gonzalez-Rodriguez (2015),
omitting eggs in the diet would be unnecessary and undesirable.
So called „enriched eggs“, which belong to functional foods, can have
particularly positive impact on human health, and even in the treatment of some
diseases, (Perić et al., 2011), and which, in addition to their basic nutritional
function, have some additional substance or some substances that are normally
contained in the egg are increased to levels that can have a positive effect on
health. The goal of increasing the levels of omega 3 fatty acids in eggs is to meet
the daily human requirements for this ingredient by eating one egg (Grashorn,
2005). Studies indicate that the consumption of omega - 3 eggs can lead to
improved lipid status, i.e. lowering levels of triglycerides, total and LDL
cholesterol, and increasing HDL cholesterol levels in the blood, and thus to
protection against atherosclerosis and lower blood pressure (Yannakopoulos et al.,
2005; Bovet et al., 2007; Shakoor et al., 2020). Selenium-enriched eggs, which
also belong to functional foods, are also important in the diet (Perić et al., 2009,
Tolimir et al., 2012), especially bearing in mind that there is a selenium deficiency
in the soil. The addition of selenium must be carefully dosed, because this element
in higher concentrations is harmful to human health (Surai, 2002), and when
enriching eggs, it is recommended to use organic forms of selenium, which are
better absorbed (Tolimir et al., 2012). It is recommended that eggs enriched with
selenium contain no more than half of the recommended human daily needs, i.e. 35
μg Se (Yaroshenko et al., 2004), which according to Fisinin et al. (2008) can be
achieved by introducing 0.3 to 0.5 ppm of organically bound selenium into feed for
layer hens.

Situation in the production of table eggs and expected
changes
According to FAO data, egg production, worldwide, is growing steadily
and in 2019 amounted to over 83 million tons of eggs (FAOSTAT, 2019). In recent
decades, the egg production sector has faced a number of challenges, among which
changes in legislation related to poultry welfare, food safety and the environment
protection have a major impact, to which the growing demands of consumers can
be added. In the European Union, the implementation of legislation, i.e. EU
Directive 1999/74/EC which has banned the rearing of laying hens in classic
conventional cages in all EU countries since 2012, has varied in individual
countries, under the direct influence or consequence of interaction between
producers, retailers, consumers, lawmakers, the media, and public pressure in
general (Appleby, 2003; Frewer et al., 2005). By looking into the structure of
production, and depending on the rearing system, it can be stated that out of the
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total 365 million laying hens in the European Union in 2019, the largest share of
poultry is still in the cage system, i.e. in "enriched" cages about 49.50%, approx.
32.5% in the floor system, 11.8% in the so-called "Free range" or free keeping
system and the least is in the organic production system, about 6.20% (European
Commission, 2020), with a tendency to increase the percentage of individuals from
"non-caged" systems (Committee for the Common Organization of the Agricultural
Markets, 2017). Enriched cages are still dominant in EU Member States from
Eastern, Central and Southern Europe, while they are very underrepresented in
Northern and Western European countries (Kollenda et al., 2020).
The abolition of cage systems proceeded with different dynamics in the EU
countries. Some countries, such as Belgium, which had a deadline of 2012, have
been slow to adopt alternative chicken farming systems (Tuyttens et al., 2011),
while some members have decided to go beyond EU standards by introducing
stricter national or regional laws (Van Horne and Bondt, 2017). Strategies for
waiting and producer requests for extensions, in some countries, have proven to be
a poorer choice in relation to acceptance and quicker adaptation to new conditions,
and Rodić et al. (2014) indicate that it is not realistic that the rules for Serbia could
be different, if we take into account how the process took place in EU countries
and considering the persistence of decision makers.
In Serbia, adaptation to European standards (Directive 1999/74/EC) is
related to the Law on Animal Welfare (Official Gazette of the Republic of Serbia
No. 41/2009) and the Rulebook on rearing conditions (Official Gazette of the
Republic of Serbia No. 6/10; Official Gazette of the Republic Of Serbia No.
57/2014-27). The process of abandoning the conventional battery system and
switching to permitted systems is slow, with extensions of deadlines on several
occasions, and given that the changes are major, with high costs, they can be
considered a danger to the egg production sector in Serbia. In the last two decades,
it can be stated that the number of laying hens has decreased, which according to
the data from 2019 is lower by 11.11% compared to the 2008-2017 average. The
negative trend can also be related to the inability of producers to meet the new high
requirements of regulations in Serbia, harmonized with EU regulations (Krnjaić,
2019). According to the results of Tolimir et al. (2020), until the fall of 2020, when
the previous deadline for abandoning of production in conventional cages was,
only 16.3% of producers switched to permitted systems, of which 2% in full and
14.3% in part. Similar results are part of a study conducted in 2019, according to
which it is estimated that only about 15% of conventional cage equipment has been
replaced in Serbia (Krnjaić, 2019). This situation resulted in a new extension of the
deadline for abandoning of the conventional cage system, until the end of 2023, at
the request of the producer, i.e. the Group for the production of poultry meat and
eggs.
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In the coming years, major changes are expected in the egg production
sector in Serbia, with a far-reaching impact on the primary production of table
eggs, which will be reflected in the market. The threat to the self-sufficiency of
production, i.e. the danger of a deficit of table eggs in Serbia may be, on the one
hand due to the reduction in the number of hens, caused by the transition to
systems complying with poultry welfare, and on the other hand due to producers
forced to leave production, mainly due to high initial cost for the procurement of
equipment, which according to the research of Tolimir et al. (2020) accounts for
about 20%. Knowledge of the attitudes of manufacturers is important for
monitoring and directing the entire process of implementing regulations. According
to the research in 2020 (Tolimir et al., 2020), all surveyed producers in Serbia
(100%) have enriched cages as a choice when switching from conventional cages,
with 65.11% of them believing that switching to enriched cages will not affect the
welfare of layer hens. The same authors, during the survey, got the impression that
producers would not switch from the classic cage system, if they were not forced
due to legal regulations, which was also established by Stadig et al. (2016), who
state that only 8.2% of the surveyed egg producers would switch from a battery
system to one of the alternative systems of laying laying hens if it was not required
by law. Tuyttens (2011) indicates that the problem of non-acceptance was more
pronounced in older farmers. In Serbia, the age structure of surveyed producers,
based on surveys in 2020, is as follows: 50% are aged 56 to 65, 26.09% are 46 to
55, 15.22% are 36 to 45 and 8.7% of the youngest category, with about 50% of
producers stating that they have a successor in their business (Tolimir et al., 2020).
One of the key issues in the implementation of regulations, i.e. for further
production of table eggs in Serbia, is decision of the producer on the rearing
system, from the group of permitted systems - enriched cages, alternative systems,
free range and organic production. The choice of producers in Serbia may also be
influenced by the outcome of a civic initiative launched in Europe, called "End the
Cage Age", which calls for the abolition of cage systems for keeping laying hens,
for which over a million signatures have been collected, presented to the European
Parliament in 2019 and discussed in the European Parliament in 2021 (European
Parliament, 2021). According to the research of Tolimir et al. (2020), 61.7% of
producers in Serbia were aware of this initiative, while the awareness of producers
with smaller farm capacities was lower. Also, for the choice of rearing system, the
experience of producers who have already implemented legislation is important,
based on which it can be determined whether legally imposed changes in the
rearing environment really result in improving the welfare of laying hens in
practice (Tyttens et al., 2011).
It is important to consider the research results to make a decision on the
choice of rearing system, and according to the available literature, some scientists
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are not convinced that the welfare of laying hens is better in alternative systems
compared to battery/tier system (Duncan, 2001), but the fact is that both systems
have advantages and disadvantages. The results of the research indicate that laying
hens in non-cage systems have a greater possibility to show their natural behavior,
but also increased risk of injuries, parasites, diseases, predators in relation to cage
systems (Laing, 1988). Since the adoption of regulations in Serbia, scientists have
repeatedly (Pavlovski et al., 2011; Rakonjac, 2016) pointed out the importance and
need, for more efficient implementation of expected changes in the egg production
sector, to focus attention to scientific research and application of new, alternative
poultry farming systems, for laying hens and poultry welfare. Đokovic et al. (2018)
indicate that in Serbia, for the process of implementing legislation related to the
transition from conventional cages to permitted systems of hen rearing, a
synergistic action of the state through financial support programs would be
necessary, on the one hand and scientific institutions on the other hand, through
scientific -professional teams in several fields, including investment design,
development of solutions for the construction of new and reconstruction of existing
farms and monitoring of production performance indicators from several aspects.
In Serbia, the government, as one of the measures to support producers, for the
transition of production to permitted systems, has enabled the use of IPARD funds,
since 2020 (IPARD program, Serbia, 2021).

Consumer preferences and market conditions
Studies with consumers of table eggs are mainly surveys/questionnaires
and refer to consumer preferences regarding certain characteristics of egg quality,
as well as factors that influence consumer choice when buying (Kralik et al., 2014;
Mizrak et al., 2012; Tolimir et al., 2016; Zelić et al., 2016). The research results
indicate that consumers are more and more demanding, with specific requirements
in terms of production of eggs with special properties (functional food), welfare of
domestic animals, food safety, etc. Research on consumer preferences indicates
that in relation to the characteristics of egg quality, attention is primarily on egg
weight, shell colour and yolk colour, egg white quality and the absence of meat and
blood stains (Tolimir et al., 2016), contrary to producers who primarily focus on
egg mass and shell quality, as prerequisites for good prices and placement.
According to the study by Tolimir et al. (2017), freshness of eggs is very important
to consumers in Serbia (73.28%), they prefer to buy larger eggs (classes SS, S and
A are the choice for 69.82%) and prefer eggs of extremely yellow colour (62.76%).
In the previous period, consumers in Serbia preferred eggs of a more intense
yellow colour, i.e. (56.5%) prefer the yellow colour of the yolk (up to 9 Roche
units), and 27% prefer a dark yellow color (more than 9 Roche units) (Pavlovski
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and Mašić, 1994). Also, in most EU countries, a more intense (darker) yellow
colour is valued (Parrott et al., 2013; Hernandez et al., 2005). Consumer interest
in egg safety and quality is on the rise and the literature indicates that in a number
of European countries (France, Germany, Italy, UK, Spain, Poland and Greece),
consumer safety and egg freshness are the most important factors, and from the
point of sensory traits of egg quality, strong shell, egg white consistency and yolk
colour are characteristics that are especially appreciated by consumers (Hernandez
et al., 2005; Hernandez, 2006).
Examining consumer attitudes about the production system in obtaining
products of animal origin is of great importance because together with sensory
characteristics, impact on human health and ease of preparation, they are among
the four most relevant criteria in consumer choice for products (Grunert et al.,
2000). Stadig et al. (2016) points out the significant influence of consumers
attitudes when producers are deciding on rearing systems. Analysing the results of
consumer surveys on the welfare of laying hens (Bejaei, 2009; Vecchio and
Annunziata, 2011; Kehlbacher et al., 2012; Heng et al., 2013; Mulder and Zomer,
2017), differences between respondents can be found depending on gender,
education, regions in which they live, i.e. whether it is an urban and rural
environment, and other socio-demographic differences. According to the European
Commission (2005), there are differences between countries and in the north of
Europe greater importance is attached to welfare compared to the countries of the
south and the newly acceded EU member states, which may be due to differences
in levels of knowledge and willingness to allocate more resources to products
obtained according to welfare principles. In Serbia, there are, but few studies on the
attitudes of consumers of table eggs on the welfare of poultry/laying hens (Rodić et
al. 2010; Stojanović et al., 2014, Tolimir et al., 2019a). Comparing data with
research in earlier periods in Serbia (Pavlovski et al., 2011), there is a decrease in
the share of consumers for whom the cage system is acceptable in egg production,
from 70.6% to 35.6% in the period from 1981 to 2001, which is in favour of
changing consumer attitudes. The attitude of consumers of table eggs in Serbia
differed depending on the influence of gender, education, age and number of
children in the family (Stojanović et al., 2014; Tolimir et al., 2019a).
Welfare and rearing systems are closely related, and according to Tactacan
et al. (2009) one of the factors that led to the development of improved production
systems is the concern for welfare and the desire for laying hens to show their
natural behaviour. According to the research of Tolimir et al. (2019a), the same
group of respondents attach greater importance to the welfare of domestic animals
(50.77%) compared to the rearing system (39.49%), which raises the question of
whether consumers associate the rearing system with the welfare of laying hens
and understand their connection. Also, some authors who have examined consumer
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attitudes about welfare point to a lack of consumer knowledge about welfare
standards and its relationship to product quality (Nocella et al., 2010). Autio et al.
(2017) also point to the need for consumers to be better informed and educated
about the importance of welfare of domestic animals, which would also include
rearing systems. Also, Binnekamp and Ingenbleek (2006) point to the lack of
consumers' full understanding of the concept of animal welfare and the lack of
information on the quality of these products, and recognize this as market barriers
for products produced according to welfare standards.
One of the issues related to the production of food of animal origin in
accordance with welfare standards is the willingness of consumers to allocate more
funds for products obtained with respect to welfare. According to a large number of
studies, consumers have expressed this readiness (Nocella et al., 2010; Heng et al.,
2013; Stojanović et al. 2014), which is of great importance given that the
application of welfare standards results in increased production costs, also, as
stated by Rodić et al. (2010), eggs from non-caged systems can be competitive
only if there is a willingness of consumers to pay a higher price for eggs produced
in this way. The publication European Commission (2005) it is stated that 81% of
consumers in the EU express their readiness to allocate more funds for eggs
produced according to the principles of welfare, for a price higher than 5 to 10%.
According to the results of research in Serbia, Pavlovski et al. (2011) indicate that
the share of consumers who are willing to pay a higher price for eggs from nonbattery systems increased from 46 to 71.5%, and Rodić et al. (2010) state that the
willingness of consumers to pay more for eggs from non-cage systems exists, but it
is up to 20% more money. According to the research by Tolimir et al. (2019a), the
share of consumers in Serbia who expressed readiness to allocate more funds for
eggs produced with respect to welfare compared to eggs from conventional
production was 78.53%, and differed between regions, from 69.9% in Southern and
Eastern Serbia up to 86.76% in the region of Western Serbia and Šumadija. It is
also important to what extent the consumers are willing to pay more and according
to the research of Tolimir et al. (2019b) in Serbia, 71.2% expressed readiness to
allocate more funds for eggs from organic production, however 58.8% consumers
would pay up to 30% higher price, and only 12.4% of them price higher by more
than 30%. The European Commission (2009) states that although there is a
willingness of consumers to pay a higher price, they do not always implement it in
practice. In the research of Tolimir et al. (2019a), producers were surveyed about
the readiness of consumers to allocate more money for eggs from permitted
systems, who, when asked: "How much are consumers willing to pay a higher price
for eggs from non-battery systems“, expressed skepticism and stated that for
consumers in Serbia, the most important thing is the lowest possible price of eggs,
except for a very small number of consumers, mainly in the city of Belgrade. The
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authors of this study noted the differences between producers and consumers in
terms of consumer willingness to pay more for eggs from alternative systems and
concluded that in the coming period, attention should be paid to their better
communication and consumer education.
For the table egg production sector, it is important to know the consumer's
commitment to purchase, i.e. their choice of place of purchase, as well as the
choice of egg type depending on the producer and production system conventional production, alternative systems in accordance with animal welfare or
functional food programs. The supply of table eggs in Serbia, based on market
insights by the authors, is in line with current production, in terms of representation
of individual systems, i.e. mostly present are eggs from conventional cage systems,
and eggs from free systems, from free range systems, as well as organic, and eggs
from the functional food program, these are eggs enriched with omega acids and
selenium. Also, it can be noticed that the supply of the market is different, with the
supply from one to five producers, within one market, with eggs being sold in
special sections on markets and specialized shops with organic products. In
European countries, supermarket supply is given a lot of attention, and market
chains are considered factors that drive the product market, which results in the
effort provide for consumers a larger range of specific, targeted products, such as
organic products (Rader, 2018). The market for table eggs in Serbia is very
important, as indicated by the research of Tolimir et al. (2017), according to which
in the Belgrade market, the majority of respondents (39.62%) stated that they buy
eggs in supermarkets/hypermarkets, similar to neighbouring countries, where
supermarkets are locations of purchase of eggs for 38.78% of respondents (Kralik
et al., 2014). Markets should be observed through the impact on egg quality,
through the aspect of conditions in the facility and the time from supply to sale of
eggs, given that the initial quality of eggs, at the time of laying is the highest and
subsequently the internal quality of eggs begins to decline depending on further
manipulation (Jin et al., 2011). Examination of egg quality in retail establishments
is research subject of a number of authors, mainly with the aim of determining egg
quality characteristics, i.e. egg age, weight, egg white height, Haugh units, yolk
colour, number of cracked eggs (Bell et al., 2001; Burley and Johnson, 2013).
Studies also indicate the dependence of egg quality on producers (Škrbić et al.,
2006), and according to the results of market research in the City of Belgrade,
between supermarkets/hypermarkets there is a difference in supply and quality of
eggs (Tolimir et al., 2017), number brands/producers within the market varied from
1 to 5, and the analysis of eggs of all producers, aged up to 1 to 10 days, according
to the values of egg quality parameters, a satisfactory quality of eggs was recorded.
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Conclusion
A balanced diet is the key to good health, within which eggs as a highvalue biological food are of great importance for all age groups. If the eggs are
enriched, by adding certain nutrients, vitamins, antioxidants and omega 3 acids to
food for laying hens, which are converted into eggs, they are considered to be
functional foods, of special importance for maintaining health or treating certain
diseases.
The increase in egg consumption in Serbia should be paid attention to,
given that it is significantly lower compared to some developed countries, and in
that regard, educational and better information measures should be taken at the
level of the entire community, through a systematic approach. Special emphasis
should be placed on eliminating the unfounded fear of an increase in blood
cholesterol due to egg consumption, given that some consumers in Serbia still have
misconceptions on this issue.
The egg production sector in Serbia is under strong pressure aimed at
harmonizing production with international regulations, i.e. the implementation of
welfare laws, which will cause major changes in the coming years, often
considered as a potential threat to this sector. At the same time, consumers are
increasingly demanding in terms of welfare, rearing systems, egg quality, food
safety, but there is a need to better inform them, as well as increase their awareness
of the importance of welfare and the relationship between welfare and product
quality.
The willingness of more than three quarters of surveyed consumers in
Serbia to pay more money for eggs produced in systems that are based on the
principle of welfare of poultry, can be a guideline for producers who are obliged to
establish a system of rearing standards according to welfare standards, as well as
other actors in market chains in Serbia. However, the conflicting position of
producers in Serbia regarding the expressed readiness of consumers to actually do
so imposes the need to establish better communication between them.

Značaj jaja u ishrani, preference potrošača, stanje u
proizvodnji konzumnih jaja i na tržištu u Srbiji
Nataša Tolimir, Zdenka Škrbić, Marijana Maslovarić, Miloš Lukić, Dragan Milić
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Rezime
Ishrana je veoma važna za održavanje dobrog zdravlja ljudi u svim životnim
fazama i kao takva ne bi trebala da bude predmet interesovanja samo nutricionista,
već i svakog pojedinca. Na odabir namirnica u ishrani značajno utiču navike, a u
poslednjim decenijama zapaža se da potrošači sve više brinu i o načinu na koji je
hrana proizvedena, o njenoj bezbednosti i neškodljivosti. Iako se jaja, kao
namirnica, odlikuju odličnim nutritivnim sastavom decenijama su imala lošu
reputaciju zbog visokog sadržaja holesterola koji se smatrao lošim, zbog čega su ih
mnogi potrošači izbegavali ili su jeli samo belance. Rešavanju problema
holesterofobije doprineli su rezultati istraživanja koja ukazuju da holesterol u hrani
kao što su jaja ima beznačajan uticaj na holesterol u krvi, tako da su i zvanične
organizacije za ishranu, oko 2000. godine, dale preporuku za ukidanje ograničnja u
konzumiranju jaja. Potrošnja jaja i način pripreme u velikoj meri variraju među
različitim zemljama, što se može povezati sa tradicijom ishrane i preferencama
potrošača. Tokom poslednjih decenija, stavovi potrošača dobijaju na značaju i
proučavaju se u odnosu na osobine kvaliteta jaja, prema sistemima proizvodnje,
dobrobiti kokoši i dr. Celovito sagledavanje percepcije potrošača, njihovih navika i
shvatanja o ulozi jaja u ishrani zahteva sistemski pristup, na nivu celokupne
društvene zajednice, uključujući i edukaciju, posebno važnu za mlađe populacije.
Cilj ovog rada je da ukaže na značaj jaja u ishrani, da prikaže stanje u sektoru
proizvodnje konzumnih jaja u Srbiji, sa osvrtom na zemlje EU, uključujući i
očekivane promene uslovljene zakonskom regulativom, koje mogu imati
dalekosežne posledice po ovaj sektor, sa osvrtom na preference potrošača i situaciji
na tržištu.
Key words: ishrana, jaja, dobrobit, sistemi gajenja, preference potrošača
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Abstract: Well timed identification and ranking of boars is an
indispensable part of reproductive management. Fertility can be observed in vitro
(sperm quality) or in vivo (insemination success and litter size). There are different
approaches to assessing and opportunities to improve boar fertility. Some of the
techniques for assessing the fertilization ability of sperm that enable the ranking of
boars are based on individual characteristics (motility, morphological
characteristics or chromatin structure) or are a combination of several traits (sperm
binding ability or penetration). Sperm production is sensitive to various influences,
which can lead to an increase in the share of pathological forms in the ejaculate.
Many studies indicate great variability between boars in terms of farrowing rate
and litter size at birth. The qualitative properties of sperm affect in vivo fertility,
which obliges the evaluation of each boar ejaculate used for artificial insemination.
Results of recent research indicate seminal plasma proteins as possible indicators
of boar fertility, which could lead to the development of screening tests to assess
boar fertility before introduction into reproduction.
Key words: boar, fertility, sperm, farrowing rate, litter size, seminal
plasma proteins

Introduction
Productivity control and assessment of boar fertility is an indispensable
part of reproductive management. Monitoring reproductive efficiency and ranking
of boars implies timely identification of subfertile boars (Savić et al., 2017). It is
necessary to develop tests that will rank the relative fertility of boars and
procedures to check their reproductive abilities (Flowers, 2009). The most common
reasons for exclusion of boars from reproduction according to Robinson and Buhr
(2005) are: lower breeding value (20-45%), poor sperm quality (10-30%),
weakening of sex drive (1-21%), impaired health status (13-60%) and others (1020%).
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Fertility can be observed in vitro (sperm quality) or in vivo (insemination
success and litter size). Three key steps in assessing boar fertility are: sperm quality
assessment based on in vivo reproductive data, boar ranking based on estimated
relative fertility, and identification of subfertile ejaculates (Flowers, 2009).
According to this author, the first two are carried out immediately before or after
the introduction into reproduction, and the third during the entire productive life of
the boar. The introduction of an in vitro fertility index increases the ability to select
and rank boars used for artificial insemination, thus improving the control of boar
productivity (Jung et al., 2015). Recent studies of boar fertility show a correlation
between in vivo fertility with seminal plasma proteins, and the results of Novak et
al. (2010) indicate several seminal plasma proteins and their importance in future
research as markers of ejaculate quality and boar fertility.
Boar fertility is influenced by a large number of genetic and paragenetic
factors: breed, breeding method, season, intensity of use, diet, accommodation, etc.
Therefore, it is important to take into account the genetic structure of pig
populations, to conduct continuous productivity control, to respect breeding plans
and to use boars optimally. It is very important to opportunely identify and exclude
animals with fertility below or around average. Boar greatly affects the
productivity of the entire herd/population given the significantly higher number of
offspring per year compared to sows. Therefore, the aim of this paper is to present
different approaches in the assessment and possibilities of improving boar fertility.

Evaluation of growth and physical characteristics
In order for the testes to function properly, they must be maintained at
lower temperatures than the rest of the body, with the difference between scrotal
and rectal temperatures being about 3.2ºC (Kyriazakis and Whittemore, 2006). The
process of spermatogenesis in boars begins at the age of 120 to 180 days in most
breeds, with the exception of Chinese fertile breeds in which it begins earlier. The
first ejaculation in boars occurs from 5 to 8 months of age, with sperm count and
ejaculate volume continuously increasing during the first 18 months of life
(Kyriazakis and Whittemore, 2006).
After the completion of the performance test and before the introduction of
the young boar into reproduction, a preparatory period is required, since the
premature introduction has a negative effect on boars’ later sexual activity (Savić et
al., 2014). Boars of fertile, meat breeds complete the performance test at the age of
about 150-160 days. This is followed by a preparation period, which varies from 30
to 90 days, during which young boars get used to the phantom and collecting of
ejaculate (Flowers, 2009). After that, boars are introduced into reproduction and
their productive life begins. Boars aged 8 and 9 months at the time of entering
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reproduction have a higher number of functional spermatozoa than those aged 5, 6,
7 and 12 months in the moment of entering reproduction (Wang et al., 2017).
Selection towards improvement of carcass quality may result in reduced
boar fertility (Oh et al., 2006). In the research of Savić et al. (2014) and Savić et al.
(2020) a slight to weak correlation between traits from the performance test and
ejaculate traits were found, leading to conclusion that selection for carcass
characteristics improvement did not have a siginificant negative impact on later
reproductive performance of boars. The reason for the weak correlation between
fertility and production traits may lie in the different ages of animals at the moment
of measuring the phenotypic values of these traits (Savić et al., 2014). In fact,
phenotypic values of production traits were determined in boars of around 6
months of age, and fertility traits later, during reproductive life.

In vitro fertility
In vitro male fertility implies different characteristics: ejaculate volume,
sperm concentration, total number and number of functional spermatozoa, motility,
percentage of live/dead spermatozoa, percentage of pathological forms (head
and/or tail anomalies, presence of proximal or distal cytoplasmic droplets, etc.),
morphological characteristics, viability and others. There are various techniques for
assessing the fertilization ability of sperm, enabling the identification of relative
fertility and the determination of differences between boars (Flowers, 2009). Some
of these techniques are based on individual features such as motility,
morphological characteristics or chromatin structure, while others are a
combination of several properties (ability of sperm to bind or penetrate the egg
cell).
Fluorescent staining can categorize live and dead sperm in the ejaculate
and identify sperm with active mitochondria (Jung et al., 2015). Fertility of
extended boar semen declines within the first 72h of storage in vitro and standard
semen assessment (motility and membrane integrity) allows detection of lethal
damage of spermatozoa (Waberski et al., 2011).
The share of pathological forms should not exceed 20%. The ejaculate of
healthy boars always contains a certain percentage of morphologically abnormal
sperm (Jung et al., 2015). Immature sperm with proximal cytoplasmic droplets
originate from the testicles, and during their journey to the epididymis, the
cytoplasmic droplet moves towards the so-called Jensen's ring on the sperm (Savić
and Petrović, 2019). These authors further state that when sperm with distal
cytoplasmic droplets reaches the tail of the epididymis, it loses the cytoplasmic
droplet and gets the appearance of a mature sperm. Therefore, the presence of
certain share of different types of immature sperm in the ejaculate makes it
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possible to determine the extent to which the epididymal sperm has matured. Distal
drops give a better prognosis for the vitality and fertility of sperm than the
proximal type, because sperm with distal drops are "more mature". The origin of
abnormal forms, especially of the secondary type, and lack of sperm maturation,
may be due to a decrease in testosterone flow at the testicular level. This is often a
consequence of stressful situations or irrational use of boars.
Agglutination is the occurrence of sperm sticking, occuring as a
consequence of the change in the polarity of the cell membrane of sperm, when
instead of repelling each other, sperm are attracted to each other due to the opposite
charge (Savić and Petrović, 2019). The most common type of false agglutination is
when the sperm are dead, and it occurs as a consequence of the presence of toxic
agents. Also, there is an actual agglutination which is a consequence of
abnormalities in the composition of proteins and minerals of seminal plasma (due
to inflammatory and/or infectious processes in the glands) or a loss of certain
proteins that cover the surface of sperm. The cause of this type of agglutination can
also be the appearance of autoimmune diseases, when the body produces antibodies
against its own spermatozoa.
Sperm characteristics vary under the influence of various genetic and nongenetic factors. Various studies indicate the influence of: boar (Savić et al., 2013),
breed (Okere et al., 2005; Wolf and Smital, 2009), season (Kondracki et al., 2009;
Kunowska-Slósarz and Makowska, 2011), intensity of use (Frangež et al., 2005;
Wolf and Smital, 2009; Smital, 2010), age (Savić and Petrović, 2015), photoperiod
(Petrocelli et al., 2015). There are differences in testicular size, sperm count per
ejaculate, ejaculate volume, sperm concentration and motility between breeds
(Caisin and Snitco, 2016).
Sperm production is sensitive to various agents, so high body or ambient
temperature can lead to lower ejaculate quality, or complete absence of live sperm
in the ejaculate. Regarding high temperatures, the consequence of exposing pigs to
temperatures above 27 ºC for several days can cause thermal stress that leads to an
increase in abnormal forms of sperm, which can last for one month (Savić and
Petrović, 2019). Seasonal differences in the qualitative properties of sperm may be
associated with changes in the photoperiod and heat stress during the summer
(Lopez Rodriguez et al., 2017). Season is a factor that affects viability, the share of
total and primary pathological forms, sperm volume and concentration (Petrocelli
et al., 2015), with the autumn period and the declining photoperiod having a
negative impact on most sperm characteristics (except volume). The results of the
research by Tereszkiewicz and Pokrywka (2020) indicate that seasonal changes in
the quality of produced ejaculates of boars of meat breeds are similar to those that
occur in wild boars, and the changes relate primarily to ejaculate volume, total
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sperm count and sperm concentration. Seasonal differences in sperm quality
negatively affect the reproductive performance of sows (Petrocelli et al., 2015).
Diet can improve male sperm quality. Boars fed dietary flaxseed for 8
weeks displayed improved sperm morphology, increased membrane fluidity and
better motility and viability during 5-7 day storage (Radomil et al., 2011).

In vivo fertility
Reproductive efficiency depends on a number of factors: boar, mating
season, mating combination, weaning-estrus interval, insemination methods, sperm
capacity and others (Steverink, 1999; Luković et al., 2004; Savić, 2014). It can be
evaluated on the basis of the return and farrowing rate. In vivo fertility assessment
is most often performed based on the farrowing rate and the number of live piglets
at birth (Flowers, 2013).
According to research by Ruiz-Sánchez et al. (2006) there was a variation
in the percentage of conception (73-98%) between boars, the farrowing rate (7198%) and the litter size at birth (8.8-12.0 piglets). Identification of boars that have
larger litters at birth is necessary for improving pig production. In the study of
Broekhuijse (2012), a ranking and division into two groups (high and low fertile
individuals) was performed, with the maximum difference between the groups 0.8
and the minimum 0.4 piglets. Kovač and Malovrh (2005) state that the difference
in insemination success and litter size between the best and the worst boar can be
up to 20%, i.e. 2.5 live-born piglets. If these values are applied to a large
population of animals, the unquestionable influence of boar on reproductive
parameters could be clearly seen. The study by Broekhuijse et al. (2012a) showed
that only 5.9% of the total variations in the farrowing rate were caused by boar,
while the variability of sperm traits was explained with 21% by genetic lineage,
11% by laboratory technique, and 7% by center for artificial insemination.
The study of Young et al. (2010) showed that there are differences between
30 analyzed herds in the farrowing rate (54.7-92.4%), and the cause of such a wide
range lies in different procedures and technological operations performed in herd.
In a study by Savić et al. (2015) boars were ranked according to the farrowing rate
during reproductive exploitation, and the interval of variation between boars was
from 59.31 to 85.37%. Although the differences in the farrowing rate between
boars in aforementioned study were not statistically significant, the necessity to
rank and timely identify boars with farrowing rate below the average remains
undoubtful. Similar intervals of variation in the farrowing rate were found in other
studies: 71-98% (Ruiz-Sánchez et al., 2006), 38.9-82.7% (Didion et al., 2009),
63.8-91.6% (Park, 2013).
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Effect of in vitro on in vivo fertility
Early assessment of the correlation between different qualitative
characteristics of sperm and reproductive performance of boars is the key for
succesful production (Flowers, 2009). It is a common practice that ejaculates are
not used for insemination during the preparation period (after the end of the
performance test, and before introduction into reproduction). However, the
recommendation of Flowers (2009) is to use a certain number of ejaculates from
that period for the so-called mating test, with mandatory feedback on the mating
result (insemination success and litter size). This author further states that when in
vivo data for a boar become available, an assessment of the relative fertility of the
boar can be made. In the last step, when starting with intensive use of boars, it is
necessary to identify subfertile ejaculates that should not be used for insemination.
The direct effect of boar explains 5.3% of the total variability in the
farrowing rate (Broekhuijse et al., 2012b). The direct influence of boar comes
from: breed (22%), individual (29%), age of boars (0.3%), progressive sperm
motility (9%), while about 40% of variability is not determined. Evaluation of
standard sperm characteristics (sperm morphology, motility, concentration and
ejaculate volume) enables the identification of ejaculates that are potentially poorly
fertile, but the efficiency of predicting the fertility of boars based on these
characteristics is not high enough (Jung et al., 2015).
In a review paper, Flowers (2003) presented the results of several studies
that indicate differences in the farrowing rate (from 65.8 to 92.5%) depending on
the method of insemination, number of spermatozoa in the dose, dose volume and
number of doses per sow. Results of Tsakmakidis et al. (2010) showed that the
farrowing rate, in relation to differences in boar sperm, varied from 59.3 to 88.9%.
The basic assumption for each type of sperm trait assessment is that sperm
characteristics measured in vitro are also reflected in in vivo conditions (Flowers,
2009). However, it is necessary to take into account the interaction of sperm with
the female reproductive tract (fallopian tube).
The study of Jung et al. (2015) showed that boars with low fertility
performance (low farrowing rate) had a significantly lower percentage of normal
spermatozoa, a higher percentage of spermatozoa with cytoplasmic droplets and a
higher proportion of morphologically altered spermatozoa compared to highly
fertile boars. One of the possible explanations for the negative influence of the
increased proportion of sperm with cytoplasmic droplets on the fertility of boars
may stem from the correlation with the integrity of sperm DNA. Anomalies in the
head or tail can affect sperm motility and their fertilizing ability in the reproductive
tract of females. The study of McPherson et al. (2014) showed a correlation
between the share of pathological forms of spermatozoa and spermatozoa with
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distal cytoplasmic droplets with the litter size. In their review, Jung et al. (2015)
cite studies that found a negative correlation between the proportion of distal
cytoplasmic droplets in diluted sperm and in vivo fertility (conception rate and litter
size) when sperm doses were stored for two days, and the conception rate when
doses were stored for four days. Sperm with proximal cytoplasmic droplets was
negatively correlated with conception rate and litter size only when sperm doses
were stored for four days in this research.
Motility is one of the most important traits that affects the in vivo fertility
of boars (sperm penetration, farrowing rate and litter size). The average speed
(µm/s) of sperm movement was significantly lower in boars with good fertilization
performance, with boars with high non-return rate having a higher proportion of
sperm moving linearly (Hirai et al., 2001 - cited Jung et al., 2015). It is common
not to use ejaculates with less than 60% motility of sperm for insemination. Some
studies cited by Flowers (2009) have shown that if insemination doses of three and
more billion sperm are used, the correlation between motility and reproductive
performance of sows is asymptotic. The point at which fertility no longer increases
at noticeable rates with increasing motility is between 60 and 70%.

Challenges and possibilities of improvement
Fifty percent of infertility in pigs is associated with male individuals, and
molecular studies of sperm and sperm plasma may provide new insights into male
infertility (Ashrafzadeh et al., 2013). Causes of infertility or poor fertility of boars
can be different: morpho-anatomical abnormalities of the reproductive tract,
mechanical injuries, stress, neuro-endocrine disorders in sperm production,
increased percentage of pathological sperm, irrational use of boars or infections
caused by bacterial (brucellosis, leptospirosis), viral (PRRS) or fungal agents.
Some of these causes are the result of technological errors, failure to implement
appropriate preventive and biosecurity measures. Characteristics of the testicles
influence the sperm production. Early detection of boars no longer suitable for
sperm production could be possibly performed by testicular ultrasonography
(Lopez Rodriguez et al., 2017).
Continuous systematic analysis of the qualitative characteristics of
ejaculate with the help of various modern methods and periodic microbiological
analysis provides an objective insight into the quality of boar sperm (Milovanović
et al., 2013). If ejaculate collecting is not carried out in compliance with hygienic
measures, bacterial contamination of ejaculate can occur, which can have a
negative impact on sperm quality, and has been found to lead to antimicrobial
resistance in isolates obtained from diluted semen (Lopez Rodriguez et al., 2017).
Therefore, it is recommended to use two pairs of hygienic gloves on hands when
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collecting sperm (so-called double glove technique), and to remove the first pair of
gloves that are contaminated with the contents of the prepuce after emptying its’
contents, and further use the clean gloves to fix the glans of the penis in order to
reduce the risk of contamination (Savić and Petrović, 2019).
There has been increasing interest in proteins that are related with the
sperm and their role in fertility (Dyck et al., 2011). Recent research indicate
seminal plasma proteins as possible indicators of boar fertility, and according to
Novak et al. (2008) identification of seminal plasma fertility markers could lead to
the development of screening tests to assess boar fertility before introduction into
reproduction. There are several seminal plasma proteins (20 kDA, pl 6.0; 25-29
kDA, pl 5.9-6.2; 55 kDA, pl 4.5-5.1; 60 klDA, pl 5.9) that are strongly correlated
with boar fertility and have the potential to develop tests which can be used to
assess the fertility of boars (Flowers, 2009). Cryopreservation and sex-sorting have
a detrimental impact on sperm quality, causing a destabilization of sperm
membrane (Leahy and Gadella, 2011). Barranco et al. (2015) showed that there is
variability in the total antioxidant capacity of seminal plasma (SP-TAC) between
and to a lesser extent within boars. Although boar sperm is not suitable for deep
freezing, the results of this research have shown that SP-TAC contributes to the
ability of sperm to survive cryopreservation. Authors also indicate that this trait of
seminal plasma can be considered a potential biomarker of fertility, since boars
with higher levels of SP-TAC had better fertility results. Study of Barranco et al.
(2020) showed that the concentration of SP-AMH (Anti-Mullerian hormone - a
glycoprotein secreted by Sertoli cells), which is present in seminal plasma, varied
between boar ejaculates, without differences between the examined breeds.
Moreover, SP-AMH concentration proved to be a good predictive biomarker for
sperm concentration, but poor biomarker for other sperm quality traits,
functionality, and in vivo fertility parameters of diluted doses. When sperm plasma
protein data were combined with other sperm quality assessments, the accuracy of
prediction of boar and sperm fertility was significantly improved (Flowers, 2009).
Proteomic and genomic assessments of male fertility is limited by the
avalilabity of appropriate numbers of boars with complete relative fertility data
(Dyck et al., 2011). Authors also indicate that through working within existing
populations of boars and accurate evaluation of their reproductive performances, it
will be possible to identify, validate and practically apply reliable biomarkers of
fertility in boars. Traits that are taken into account in the genomic selection of pigs
range from traditionally selected traits, i. e. production or fertility traits, to new
traits, such as boar taint, longevity оr health traits (Samorè and Fontanesi, 2016).
They cite research that indicates that male-based selection, as it is possible with
genetic tools by exploiting the genomic selection traits wich are sex-limited,
genetic gain resulted in an additional value of 20.5% compared to those on
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females. Effective predictors of fertility-related traits are essential to increase the
efficiency of artificial insemination in pig production (Tremoen et al., 2019). They
found few SNPs wich are significantly associated with the total number of piglets
born, and these detected SNPs explained between 0.27% and 1.18% of the genetic
variance. They point that these effects are too low for being used directly for
selection, but can be of interest in SNP-panels used for genomic selection.
Standard laboratory practice includes measuring the motility and
morphological characteristics of sperm, but flow cytometry is also used to assess
sperm quality today (Jung et al., 2015). The use of flow cytometry can determine
the integrity of the sperm membrane, damage to the acrosome and the percentage
of sperm with damaged chromatin. Jung et al. (2015) state that sperm metabolism
and function primarily depend on the integrity of the plasma membrane, whereby
various techniques for determining this integrity exist, such as the eosin-nigrosine
staining technique and the use of different fluorescent stainings. For the last 20
years, complex CASA (Computer-Assisted Semen Analysis) systems have been in
use, which enable an objective assessment of multiple sperm kinetic parameters.
This computerized system assesses sperm motility, concentration, morphology, and
vitality in an objective, standardized, precise and much more complex procedure.
When used properly, the CASA system should be able to assess sperm quality with
high repeatability, which depends on the number of spermatozoa analyzed, and the
results of the analysis become more reliable with the increase of the number of
spermatozoa that are counted (Feitsma et al., 2011).

Procena plodnosti nerasta – različiti pristupi
Radomir Savić, Vesna Davidović, Ivana Božičković

Rezime
Pravovremena identifikacija i rangiranje nerasta nezaobilazni su deo
reproduktivnog menadžmenta. Plodnost se može posmatrati in vitro (kvalitet
sperme) ili in vivo (uspešnost osemenjavanja i veličina legla). Postoje različiti
pristupi u oceni i mogućnosti unapređenja plodnosti nerasta. Neke od tehnika za
ocenu fertilizacione sposobnosti spermatozoida koje omogućavaju rangiranje
nerasta, bazirane su na pojedinačnim osobinama (pokretljivost, morfološke
karakteristike ili hromatinska struktura) ili su kombinacija više osobina
(sposobnost vezivanja spermatozoida ili penetracije). Produkcija sperme je
osetljiva na različite uticaje, što može dovesti do povećanja udela patoloških formi
u ejakulatu. Mnoga istraživanja ukazuju na veliku varijabilnost između nerasta u
pogledu procenta prašenja i veličine legla pri rođenju. Kvalitativna svojstva sperme
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utiču na in vivo plodnost, što obavezuje ocenu svakog ejakulata nerasta koji se
koristi za veštačko osemenjavanje. Novija istraživanja ukazuju na proteine
seminalne plazme kao moguće indikatore plodnosti nerasta, što bi moglo da dovede
do razvoja skrining testova procene plodnosti nerasta pre uvođenja u reprodukciju.
Ključne reči: nerast, plodnost, sperma, procenat prašenja, veličina legla, proteini
seminalne plazme

Acknowledgements
The results of the research presented in this paper were financed by the Ministry of
Education, Science and Technological Development of the Republic of Serbia, on
the basis of the Agreement on the realization and financing of scientific research
work of SRO in 2021 no. 451-03-9/2021-14/200116.

References
ASHRAFZADEH A., KARSANI S. A., NATHAN S. (2013): Mammalian Sperm
Fertility Related Proteins. International Journal of Medical Sciences, 10, 2, 16491657.
BARRANCO I., TVARIJONAVICIUTE A., PEREZ-PATIÑO C., PARRILLA I.,
CERON J.J., MARTINEZ E.A., RODRIGUEZ-MARTINEZ H., ROCA J. (2015):
High total antioxidant capacity of the porcine seminal plasma (SP-TAC) relates to
sperm survival and fertility. Scientific Reports, 5, 18538.
BARRANCO I., FERNANDEZ-FUERTES B., PADILLA L., DELGADOBERMÚDEZ A., TVARIJONAVICIUTE A., YESTE M. (2020): Seminal Plasma
Anti-Müllerian Hormone: A Potential AI-Boar Fertility Biomarker? Biology, 9, 4,
78.
BROEKHUIJSE M.L.W.J. (2012): Prediction of porcine male fertility. PhD thesis,
Dissertation Faculty of Veterinary Medicine, Utrecht University, the Netherlands.
(Chapter 6. BROEKHUIJSE M.L.W.J., ŠOŠTARIĆ E., SCHOEVERS E.J.,
FEITSMA H., GADELLA B.M.: In vitro fertilisation competence of semen from
AI boars has no predictive value for its fertilising capacity under commercial
insemination conditions).
BROEKHUIJSE M.L.W.J., ŠOŠTARIĆ E., FEITSMA H., GADELLA B.M.
(2012a): The value of microscopic semen motility assessment at collection for a
commercial artificial insemination center, a retrospective study on factors
explaining variation in pig fertility. Theriogenology, 77, 1466-1479.

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

159

BROEKHUIJSE M.L.W.J., ŠOŠTARIĆ E., FEITSMA H., GADELLA B.M.
(2012b): Application of computer assisted semen analysis to explain variations in
pig fertility. Journal of Animal Science, 90, 3, 779-789.
CAISIN L., SNITCO T. (2016): The influence of the seasonality on boars sperm
production - breeder of different species. Bulgarian Journal of Agricultural
Science, 22, Suppl. 1, 118–122.
DIDION B., KASPERSON M.K., WIXON L.R., EVENSON P.D. (2009): Boar
Fertility and Sperm Chromatin Structure Status: A Retrospective Report. Journal of
Andrology, 30, 6, pp. 7.
DYCK M.K., FOXCROFT G.R., NOVAK S., RUIZ-SANCHEZ A., PATTERSON
J., DIXON W.T. (2011): Biological markers of boar fertility. Reproduction in
Domestic Animals, 46, Suppl. 2, 55-58.
FEITSMA H., BROEKHUIJSE M.L., GADELLA B.M. (2011): Do CASA systems
satisfy consumers demands? A critical analysis. Reproduction in Domestic
Animals, 46, Suppl. 2, 49-51.
FLOWERS W.L. (2003): Future reproductive technologies- Applied results of
trans cervical insemination and other studies related to artuficila insemination.
Forty-seventh annual North Carolina Pork Conference, February 19 and 20, 2003,
Greenville Convention Center, Greenville, NC State University.
FLOWERS W.L. (2009): Selection for boar fertility and semen quality--the way
ahead. Society of Reproduction and Fertility Supplement, 66, 67-78.
FLOWERS W.L. (2013): Triennial Reproduction Symposium: Sperm
characteristics that limit success of fertilization. Journal of Animal Science, 91,
3022-3029.
FRANGEŽ R., GIDER T., KOSEC M. (2005): Frequency of boar ejaculate
collection and its influence on semen quality, pregnancy rate and litter size. Acta
Veterinaria Brno, 74, 265-273.
JUNG M., RÜDIGER K., SCHULZE M. (2015): In Vitro Measures for Assessing
Boar Semen Fertility. Reproduction in Domestic Animals, 50, Suppl 2, 20-24.
KONDRACKI S., WYSOKIŃSKA A., KOWALEWSKI D., MUCZYŃSKA E.,
ADAMIAK A. (2009): Season’s influence on the properties of male domestic pig
semen. Rozprawy naukowePope John Paul II State School of Higher Vocational
Education in Biała Podlaska, Vol. III, 177-187.
KOVAČ M., MALOVRH Š. (2005): Prednosti in slabosti osemenjevanja.
Spremljanje proizvodnosti prašičev, IV. del. Urednici: Kovač M., Malovrh Š.
Izdavač: Domžale, Univerza v Ljubljani, Biotehniška fakulteta, Enota za
prašičerejo, biometrijo in selekcijo, 5-18.
KUNOWSKA-SLÓSARZ M., MAKOWSKA A. (2011): Effect of breed and
season on the boar’s semen characteristics. Annals of Warsaw University of life
sciences- SGGW, Animal Science, 49, 77-86.

160

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

KYRIAZAKIS I., WHITTEMORE T.C. (2006): Whittemore's science and practice
of pig production. Blackwel Publishing, third edition, 1-685.
LEAHY T., GADELLA B.M. (2011): Capacitation and capacitation-like sperm
surface changes induced by handling boar semen. Reproduction in Domestic
Animals, 46, Suppl. 2, 7-13.
LOPEZ RODRIGUEZ A., VAN SOOM A., ARSENAKIS I., MAES D. (2017):
Boar management and semen handling factors affect the quality of boar extended
semen. Porcine Health Management, 3, 1, 1-12.
LUKOVIĆ Z., VINČEK D., GORJANC G., MALOVRH Š., KOVAČ M. (2004):
Interval od odbića do koncepcije i veličina legla u svinja. XXXIX znanstveni skup
hrvatskih agronoma s međunarodnim sudjelovanjem: priopćenja. Zagreb,
Agronomski fakultet, 667-670.
MCPHERSON F.J., NIELSEN S.G., CHENOWETH P.J. (2014): Semen effects on
insemination outcomes in sows. Animal Reproduction Science, 151, 28–33.
MILOVANOVIĆ A., BARNA T., MILANOV D., LAZAREVIĆ M. (2013):
Model saradnje repro-centara i laboratorije za reprodukciju u kontroli kvaliteta
semena nerastova. Arhiv veterinarske medicine, 6, 1, 57-70.
NOVAK S., RUIZ-SÁNCHEZ A., DIXON T. W., FOXCROFT R.G., DYCK K.
M. (2010): Seminal Plasma Proteins as Potential Markers of Relative Fertility in
Boars. Journal of Andrology, 31, 2, 188-200.
NOVAK S.,ODONOGHUE R.O’, LEBOWA G., DIXON W., FOXCROFT G.,
DYCK M. (2008): Fertility Markers in Boar Semen. Advances in Pork Production,
Volume 19, Abstract #28.
OH S. H., SEE M. T., LONG T. E., GALVIN J. M. (2006): Estimates of Genetic
Correlations between Production and Semen Traits in Boar. Asian-Australian
Journal of Animal Science, 19, 2, 160-164.
OKERE C., JOSEPH A., EZEKWE M. (2005): Seasonal and genotype variations
in libido, semen production and quality in artificial insemination boars. Journal of
Animal and Veterinary Advances, 4, 10, 885-888.
PARK S. (2013): Effects of sow, boar and semen traits on sow reproduction.
University of Nebraska- Lincoln DigitalCommons@University of NebraskaLincoln, Animal Science Department, Theses and Dissertations in Animal Science,
pp. 67.
PETROCELLI H., BATISTA C., GOSÁLVEZ J. (2015): Seasonal variation in
sperm characteristics of boars in southern Uruguay. Revista Brasileira de
Zootecnia, 44, 1, 1–7.
RADOMIL L., PETTITT M.J., MERKIES K.M., HICKEY K.D., BUHR M.M.
(2011): Stress and dietary factors modify boar sperm for processing. Reproduction
in Domestic Animals, 46, Suppl. 2, 39-44.

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

161

ROBINSON J.A.B., BUHR M.M. (2005): Impact of genetic selection on
managment of boar replacement. Theriogenology 63, 668-678.
RUIZ-SÁNCHEZ A.L., OꞌDONOGHUE R., NOVAK S., DYCK M.K.,
COSGROVE J.R., DIXON W.T., FOXCROFT G.R. (2006): The predictive value
of routine semen evaluation and IVF technology for determining realtive boar
fertility. Theriogenology, 66, 736-748.
SAMORÈ A.B., FONTANESI L. (2016): Genomic selection in pigs: state of the
art and perspective. Italian Journal of Animal Science, 15, 2, 211-232.
SAVIĆ R. (2014): Fenotipska i genetska varijabilnost plodnosti nerasta. Doktorska
disertacija, Poljoprivredni fakultet, Univerzitet u Beogradu.
SAVIĆ R., PETROVIĆ M., RADOJKOVIĆ D., RADOVIĆ Č., PARUNOVIĆ N.
(2013): The effect of breed, boar and season on some properties of sperm.
Biotechnology in Animal Husbandry, 29, 2, 299-310.
SAVIĆ R., PETROVIĆ M., RADOJKOVIĆ D., RADOVIĆ Č., PARUNOVIĆ N.
(2014): Libido and ejaculate traits of performance tested boars. Journal of Animal
and Plant Sciences, 24, 6, 1649-1654.
SAVIĆ R., PETROVIĆ M., RADOJKOVIĆ D., RADOVIĆ Č., PARUNOVIĆ N.,
POPOVAC M. M., GOGIĆ M. (2015): Ejaculate properties and reproductive
efficiency of large white boars duringexploitation. Biotechnology in Animal
Husbandry, 31, 3, 397-405.
SAVIĆ R., PETROVIĆ M. (2015): Variability in ejaculation rate and libido of
boars during reproductive exploitation. South African Journal of Animal Science,
45, 4, 355-361.
SAVIĆ R., AUSEJO M.R., PETROVIĆ M., RADOJKOVIĆ D., RADOVIĆ Č.,
GOGIĆ M. (2017): Fertility of boars – what is important to know. Biotechnology
in Animal Husbandry, 33, 2, 135-149.
SAVIĆ R., PETROVIĆ M. (2019): Praktikum iz svinjarstva. Univerzitet u
Beogradu, Poljoprivredni fakultet, 1-182.
SAVIĆ R., RADOJKOVIĆ D., STOJILJKOVIĆ N., PARUNOVIĆ N., GOGIĆ
M., RADOVIĆ Č. (2020): Effect of breed of performance tested boars on ejaculate
traits. Biotechnology in Animal Husbandry, 36, 3, 309-316.
SMITAL J. (2010): Comparasion of environmental variations in boar semen
characteristics of six breeds and their crossbreds over an eight-year period.
Research in Pig Breeding, 4, 1, 26-32.
STEVERINK D.W.B. (1999): Optimising insemination strategies in pigs. Ph.D.
thesis, Department of Animal Sciences (Animal Health and Reproduction Group),
Wageningen Institute of Animal Sciences, Wageningen University, P.O. Box 338,
6700 AH Wageningen, The Netherlands.

162

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

TERESZKIEWICZ K., POKRYWKA K. (2020): Results of breeding use of
insemination boars of selected breeds in the seasons of the reproductive cycle of
the European wild boar (Sus scrofa L.). Acta Sci. Pol. Zootechnica, 19, 2, 37–46.
TREMOEN N.H., VAN SON M., ANDERSEN-RANBERG I., GRINDFLEK E.,
MYROMSLIEN F.D., GAUSTAD A.H, VÅGE D.I. (2019): Association between
single-nucleotide polymorphisms within candidate genes and fertility in Landrace
and Duroc pigs. Acta Veterinaria Scandinavica, 61, 58, 1-5.
TSAKMAKIDIS I.A., LYMBEROPOULOS A.G., KHALIFA T.A.A. (2010):
Relationship between sperm quality traits and field-fertility of porcine semen.
Journal of Veterinary Science, 11, 2, 151-154.
WABERSKI D., HENNING H., PETRUNKINA A.M. (2011): Assessment of
storage effects in liquid preserved boar semen. Reproduction in Domestic Animals,
46, Suppl. 2, 45-48.
WANG C., LI J.L., WEI H.K., ZHOU Y.F., TAN J.J., SUN H.Q., JIANG S.W.,
PENG J. (2017): Linear growth model analysis of factors affecting boar semen
characteristics in Southern China. Journal of Animal Science, 95, 12, 5339–5346.
WOLF J., SMITAL J. (2009): Effects in genetic evaluation for semen traits in
Czech Large White and Czech Landrace Boars. Czech Journal of Animal Science,
54, 8, 349-358.
YOUNG B., DEWEY E.C., FRIENDSHIP M.R. (2010): Management factors
associated with farrowing rate in commercial sow herds in Ontario. Canadian
Veterinary Journal, 51, 185–189.

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

EFFECT OF BIRTH WEIGHT ON SURVIVAL AND
GROWTH PERFORMANCE OF PIGLETS FROM LARGE
LITTERS
Zoran Luković¹, Danijel Karolyi¹, Sven Menčik², Dubravko Škorput¹
¹University of Zagreb, Faculty of Agriculture, Svetošimunska 25, 10000 Zagreb, Croatia
²University of Zagreb, Faculty of Veterinary Medicine, Heinzelova 55, 10000 Zagreb, Croatia
Corresponding author: Zoran Luković, lukovic@agr.hr
Invited paper

Abstract: The birth weight of piglets had a significant influence on preweaning mortality and subsequent growth performances. In birth weight class
below 1.000 kg, almost 44% of piglets died during the lactation period, mainly in
the first two weeks. The highest number of piglets belongs to the BW class
between 1.201 and 1.400 kg. The effect of birth weight on piglet survival is not so
obvious, because there is a tendency of decreasing of a number of stillborn piglets
with increasing birth weight, but these differences were not significant among birth
weight classes. Similar conclusions could be drawn for the number of piglets
weaned (P>0.05). Pearson correlation coefficients among body weight traits ranged
between 0.48 and 0.93. The lowest value of correlation coefficients was observed
between birth weight and weight of piglets at weaning. In all observed periods, a
significant effect of birth weight on daily gains was determined (P<0.05). Piglets
with larger birth weight had larger daily gains. The difference in average daily gain
between piglets with birth weight less than 1.000 kg and piglets with birth weight
more than 1.600 kg was around 110 grams.
Key words: birth weight, litter size, growth, hyperprolific sows, survival

Introduction
Selection for improved litter size has led to an increase in the number of
piglets born alive and the creation of highly productive sow lines (Wolf et al.,
2008; Luković and Škorput, 2015). However, the improvement at birth is not fully
realized due to higher postnatal mortality at weaning (Quiniou et al., 2002). The
number of weaned piglets per sow is a trait of great economic importance in pig
production (Lund et al., 2002). At least in part, mortality during lactation is related
to the decrease in average birth weight of piglets. Birth weight is the result of
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intrauterine growth of piglets and is considered one of the most important factors
affecting pig survival (Wolter et al., 2002; Deen and Bilkei, 2004). However, the
distribution of birth weight within the litter (mean birth weight and within-litter
variability) is also important for overall sow productivity (Bee, 2007; Wolf et al.,
2008). It is argued that litters with high birth weight variability have lower survival
rates because direct competition excludes lighter littermates from access to
functional and productive teats (Milligan et al., 2001). As birth weight decreases,
pigs are more likely to have higher mortality prior to weaning and during the
nursery phase (Fix et al., 2010). Not only survival rate, but also postnatal growth
performance can be affected by low birth weight (Bee, 2007; Vaclavkova et al.,
2012). The aim of this study was to determine the effect of birth weight on survival
and growth of piglets from a hyperprolific sow line in one of the leading
commercial pig farms in Croatia.

Materials and Methods
The experimental herd consisted of 50 Pen Ar Lan Naima sows. The
pregnant sows were brought to farrowing rooms one week before the expected
farrowing. The sows were treated with d-cloprostenol on day 112 of the gestation
(Jančo et al., 2016). Each pen was equipped with a commercial crate. An infrared
heat lamp was placed in each farrowing pen to provide additional heat to the
piglets. On average, piglets were weaned at 28 days of age. From day 5 after
farrowing until weaning, sows were fed ad libitum. Within the first 18 hours of life,
piglets were individually weighed, teeth clipped and tails docked, and individually
identified and sexed. On the third day after farrowing, piglets were injected with
iron. Litter size was equalized within two days after farrowing by transferring
piglets with lower birth weight to another sow. Male piglets were surgically
castrated on the third day of life. Creep feeding of piglets started at 7 to10 days of
age. During the study, 720 piglets (Naima sows x P76 Pen Ar Lan Hybrid boar)
from 50 litters were weighed five times: on the first day after farrowing (BW), on
the 14th day of life (W2), at weaning on the 28th day (W3), on the 30th day of the
rearing period (W4) and at the end of the rearing period when piglets were 83 days
old (W5). Normality of birth weight (BW) was tested using PROC UNIVARIATE
(SAS, 2013). Analysis of variance and main effects were performed using PROC
GLM (SAS, 2013). The statistical model included effects with levels: birth weight
(BW), litter size as number of piglets born alive (NBA), and sex of piglets. Birth
weight was divided into five classes: ≤1.000 kg, 1.001 – 1.200 kg, 1.201 – 1.400
kg, 1.401 – 1.600 kg and ≥1.601 kg. Number of piglets born alive (NBA) was
divided into three groups: <14 NBA, 14 - 16 NBA, >16 NBA.
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Results and Discussion
Piglets with a birth weight below 1.000 kg had the lowest survival rate
presented as number of piglets weaned (Table 1), just above 56 %. As the birth
weight increases, the survival rate also increases, so that piglets with a birth weight
over 1.000 kg have a survival rate of over 80% and piglets with a birth weight over
1.400 kg have a survival rate of over 92%. The largest number of piglets had a
birth weight between 1.201 and 1.400 kg.
Table 1. Number of piglets and piglets weaned (%) by birth weight class
Birth weight, kg
Number of piglets
Piglets weaned, %
≤1.000

114

56.1

1.001 – 1.200

118

81.4

1.201 – 1.400

192

84.4

1.401 – 1.600

158

92.4

≥1.601

138

92.7

The number of stillborn piglets did not differ between the defined classes
of birth weight (Table 2). Although no statistically significant difference was found
in the number of stillborn piglets between the observed groups according to the
birth weight of piglets, there is a decreasing trend in the number of stillborn piglets
with increasing birth weight, from 2.68 stillborn piglets in piglets with birth weight
less than 1.0 kg to 2.05 stillborn piglets in the category of piglets with birth weight
greater than 1.6 kg. The number of piglets died during lactation is highest in the
group of piglets with birth weight less than 1.0 kg, although no statistical
difference was found compared to the other birth weight categories (P>0.05). It is
therefore obvious that birth weight is not the only factor affects piglet mortality
during lactation.
Table 2. The effect of birth weight on number of stillborn piglets and number of piglets died in
lactation (LSMEAN ± SE)
Birth weight, kg
Survival trait
Number of stillborn piglets

Number of piglets died in lactation

<1.000

2.68 ± 0.35

3.21 ± 0.17

1.001 – 1.200

2.50 ± 0.35

2.82 ± 0.18

1.201 – 1.400

2.27 ± 0.27

3.00 ± 0.14

1.401 – 1.600

2.24 ± 0.29

2.96 ± 0.15

≥ 1.601

2.05 ± 0.31

2.95 ± 0.16

* The values in the column marked with a different letter are significantly different P<0.01
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Knol and Bergsma (2004) find that increasing birth weight does not reduce
piglet mortality. The conclusions of Knol and Bergsma (2004) are in agreement
with the results of this study where the effect of birth weight on the number of dead
piglets was not found, i.e. the number of dead piglets did not decrease significantly
with increasing birth weight, although a decreasing trend in the number of dead
piglets was observed. Selection for better piglet survival favours piglets that have a
better ability to emerge from the uterus to the outside world. In addition, maternal
ability plays an important role in piglet survival. There are differences between pig
genotypes, and they mainly relate to maternal behaviour towards piglets and the
transfer of nutrients from mother to piglets. Roehe (1999) notes that mortality
during lactation decreases rapidly with increasing birth weight, from 40% for
piglets with a birth weight below 1 kg to less than 7% for piglets with a birth
weight above 1.6 kg. Although our study shows a decreasing trend in the number
of piglets died during lactation, this decrease is not statistically significant
(P>0.05). To some extent, this suggests that there are also deaths of piglets with
average and above average birth weight, that require attention, as the causes of
these deaths are often more complex. Low birth weight of piglets results in higher
mortality of piglets in lactation and slower growth (Quiniou et al., 2002), and
especially small and avital piglets have a much lower chance of survival (Fix et al.,
2010). Marcatti (1986), in a study on the influence of litter balance on production
traits until weaning, gives a mortality of 60% for piglets born at less than 800
grams. Pardo et al. (2013) in their study conclude that low birth weight of piglets
is associated with higher mortality of piglets in the lactation and even three times
higher than piglets with average birth weight.
Table 3. Pearson correlation coefficients among body weights of piglets
W2
W3
W4

W5

BW
W2
W3
W4

0.60

0.48

0.57

0.62

0.93

0.77

0.75

0.78

0.73
0.91

* BW – birth weight; W2 – weight of piglets on day 14; W3 – weight of piglets at weaning on day 28;
W4 – weight of piglets on day 58; W5 – weight of piglets at the end of rearing stage on day 83

The values of Pearson correlation coefficients among body weight
measurements were moderate to very high (Table 3). The lowest value of
correlation was found between birth weight of piglets (BW) and weight of piglets
at weaning (W3) at the level of 0.48, indicating that birth weight is not the
exclusive and most important indicator of growth of piglets in lactation and
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consequently weight of piglets at the end of lactation. The highest values of
correlations above 0.90 were found between the body weight of piglets at 14 days
of age and the weight of piglets at weaning, and between the body weights of
piglets in the rearing phase (W4 and W5).
Table 4. Effect of birth weight on weaning weight and piglet weight at the end of rearing period
(LSMEAN ± SE)
Birth weight, kg
Piglet weight
Weaning weight, kg

Weight at the end of rearing stage, kg

<1.000

a

5.75 ± 0.24

21.92 ± 0.76a

1.001 – 1.200

6.48 ± 0.20b

24.73 ± 0.63b

1.201 – 1.400

c

7.16 ± 0.16

27.46 ± 0.48c

1.401 – 1.600

7.80 ± 0.16d

29.75 ± 0.50d

≥ 1.601

8.09 ± 0.17d

32.30 ± 0.53e

* The values in the column marked with a different letter are significantly different P<0. 05

The birth weight of piglets significantly affects the weight of piglets at
weaning, i.e. as birth weight increases, the weight of piglets at weaning also
increases (Table 4). Piglets with birth weight less than 1.0 kg have significantly
lower weight at weaning than piglets of all other classes of birth weight (P<0.01).
No differences were found in the weight of piglets at weaning for piglets with a
birth weight of 1.4 - 1.6 kg and piglets with a birth weight above 1.6 kg (P=0.21).
Piglets with birth weight less than 1.2 kg did not reach the target weight at weaning
of at least 7 kg. As the birth weight of piglets increases, the weight of piglets at the
end of rearing increases in addition to the weight at weaning. Significant
differences in final piglet weight were found between all birth weight categories.
Between piglets with a birth weight below 1.0 kg and piglets with a birth weight
greater than 1.6 kg, the difference in weight at the end of rearing is more than 10
kg.
Piglet birth weight affects the ability of piglets to grow in the later stages of
rearing. Piglets with low birth weight start life smaller, gain less growth at all
stages of rearing and are lighter at the end of the fattening phase (Vaclavkova et al.,
2012). These observations are consistent with the research we have conducted.
Schinckel et al. (2007) also find that low birth weight piglets have lower body
weights throughout the production period. Fix et al. (2010) list several important
prenatal and postnatal factors responsible for slower growth of piglets due to low
birth weight. First, the authors note that low birth weight piglets have a lower
number of muscle fibers compared to average birth weight piglets, which directly
affects slower growth in further rearing periods. Although the number of muscle
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fibers is determined prenatally, increasing their size affects the growth rate.
Colostrum intake is mentioned as another important factor in piglet growth (Fix et
al., 2010). Indeed, piglets with higher birth weight are more vital and occupy the
anterior teats, which contain more milk, and thus have higher daily gains during
lactation, but also in the later stages of rearing. Roehe (1999) finds that piglets with
higher birth weight (1.6 kg versus 1.0 kg) have a higher daily gain of 53 g during
the lactation period up to 21 days of age, or a higher daily gain during the period
from weaning up to a body weight of 25 kg. Schinckel et al. (2004), analysing pig
growth from birth to 60 days of age, found a correlation of 0.54 between birth
weight and weight of piglets at weaning, while the correlations between weight at
weaning and body weight in the period of piglet rearing (day 19 after weaning and
42nd day after weaning) are even higher, ranging from 0.81 to 0.74. Zotti et al.
(2017) found that piglet weight increased with higher birth weight in all
observation periods until 7, 21 and 59 days of age, respectively.
A significant effect of piglet birth weight on daily gain was found in all
observed periods of piglet growth (Table 5). Piglets with birth weights ≤ 1.000 kg
had the lowest daily gains in all periods. Piglets over 1.400 kg had the highest daily
gains during lactation. Further increase in birth weight of piglets above 1.600 kg
did not significantly increase daily gains during lactation. During the period from
farrowing to the second weighing of piglets at 14 days of age, piglets with birth
weights less than or equal to 1.000 kg had significantly lower daily gains compared
with piglets of other weight classes (P<0.05). No significant difference in daily
gain was found between piglets with a birth weight of 1.001 to 1.200 kg and piglets
with a birth weight of 1.201 to 1.400 kg, and between piglets with a birth weight of
1.401 to 1.600 kg and piglets with a birth weight greater than 1.600 kg (P>0.05). In
the period from the second weighing at 14 days of age to weaning of piglets at 28
days of age, piglets with a birth weight less than 1.200 kg had significantly lower
daily gains compared to piglets with a birth weight of 1.201 to 1.400 kg and piglets
with a birth weight above 1.400 kg (P<0.05). Similarly, in the period up to 14 days
and in the period from 14 to 28 days of lactation, no difference in daily gains was
found between piglets in the categories with a birth weight of 1.401 to 1.600 kg
and piglets with a birth weight above 1.600 kg (P>0.05). Comparing the
differences between the smallest and largest daily gains in the first two lactation
periods, it is found that piglets with the highest birth weight above 1.600 kg have
almost 70 g higher daily gains compared to piglets with the lowest birth weight
below 1.000 kg, while in the second period, from 14 to 28 days slightly less and is
50 g. After weaning the piglets in the rearing period, which lasted from 28 to 83
days, the intensive growth of piglets continued, with significant differences in the
values of daily gain between all categories of birth weight (P<0.01). The difference
in daily gains between piglets with birth weight below 1.000 kg and piglets with
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birth weight above 1.600 kg is slightly less than 150 g, indicating an intensification
of the growth rate of piglets until weaning, and when comparing the values of daily
growth in all observed periods, the highest daily gains are obtained until the end of
the piglet rearing period. From farrowing to the end of the nursery phase with a
duration of 83 days, significant differences were found in the level of daily gains
between piglets in the observed categories of birth weight (P<0.01). The difference
in the level of daily gains between piglets with birth weight below 1.000 kg and
piglets with birth weight above 1.600 kg is slightly less than 115 g.
Table 5. The effect of birth weight on daily gains in different periods from farrowing to the end
of rearing period (LSMEAN ± SE)
Birth weight, kg
Daily gain, kg
0 – 14 days

14 – 28 days

28 – 83 days

0 – 83 days

<1.000

0.131 ± 0.009a

0.175 ± 0.009a

0.293 ± 0.012a

0.254 ± 0.009a

1.001 – 1.200

0.161 ± 0.008b

0.191 ± 0.007a

0.332 ± 0.010b

0.284 ± 0.008b

1.201 – 1.400

0.179 ± 0.006b

0.209 ± 0.006b

0.369 ± 0.007c

0.315 ± 0.006c

1.401 – 1.600

0.202 ± 0.007c

0.224 ± 0.006c

0.399 ± 0.008d

0.340 ± 0.006d

c

c

e

0.368 ± 0.006 e

≥ 1.600

0.198 ± 0.007

0.225 ± 0.006

0.440 ± 0.008

* The values in the column marked with a different letter are significantly different P<0.05

Gondret et al. (2005) found that low birth weight piglets (from 0.8 to 1.1
kg) had 31% lower average daily gains during lactation and 26% lower average
daily gains after weaning compared to higher birth weight piglets (from 1.75 to
2.05 kg). The authors found that individual birth weight was positively correlated
with average daily gain during lactation (r=0.53) and in the post-weaning period
(r=0.76). Piglet weight at weaning was also positively correlated with average daily
gain during lactation (r=0.97, P<0.001) and during the post-weaning period
(r=0.42, P=0.05). It is interesting to note, according to the authors, that the effect of
birth weight on average daily gain decreases with time, i.e., as pigs grow,
differences in daily gain become smaller. Similar observations of the influence of
birth weight on daily gains were found by Zotti et al. (2017), who also confirmed
that over time the influence of birth weight on daily gains decreases. Lynch (2006)
compared piglets according to three categories of birth weight (light, medium and
heavy). They found a significant difference in daily gain between heavy and light
piglets up to 75 days of age, while no difference in daily gain was found from day
75 to slaughter. There was a difference between light and medium piglets up to 50
days of age ranging from 0.05 to 0.07, after which there was no difference in daily
gain. The smallest differences in daily gain were found between the medium and
heavy piglet groups.
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Conclusions
Piglet birth weight had a significant effect on preweaning mortality and
subsequent growth performance. In large litters produced by highly productive
sows, variability in piglet birth weight, along with increased numbers of lighter
piglets, becomes a new challenge for swine producers. Advantages in litter size
from highly productive sows can only be meaningful if piglet mortality is reduced
and adequate growth performance in piglets is ensured.

Uticaj težine na rođenju na preživljavanje i rast prasadi iz
velikih legala
Zoran Luković, Danijel Karolyi, Sven Menčik, Dubravko Škorput

Rezime
Težina prasadi na rođenju imala je značajan uticaj na mortalitet pre odbijanja i
naknadni rast. U težinskoj klasi ispod 1,000 kg, skoro 44% prasadi je umrlo tokom
perioda laktacije, uglavnom u prve dve nedelje. Najveći broj prasadi pripada klasi
TM između 1,201 i 1,400 kg. Uticaj težine na rođenju na preživljavanje prasadi
nije toliko očigledan, jer postoji tendencija smanjenja broja mrtvorođenih prasadi
sa povećanjem težine na rođenju, ali ove razlike nisu bile značajne među klasama
težine. Slični zaključci mogli bi se izvući i za broj odbijene prasadi (P>0,05).
Pearsonovi koeficijenti korelacije među osobinama telesne težine kretali su se
između 0,48 i 0,93. Najniža vrednost koeficijenata korelacije zabeležena je između
težine na rođenju i težine prasadi pri odbijanju. U svim posmatranim periodima
utvrđen je značajan uticaj težine na rođenju na dnevne priraste (P<0,05). Prasad sa
većom težinom na rođenju imali su veće dnevne priraste. Razlika u prosečnom
dnevnom prirastu između prasadi sa težinom na rođenju manjom od 1,000 kg i
prasadi čija je težina veća od 1,600 kg bila je oko 110 grama.
Ključne reči: težina na rođenju, veličina legla, rast, hiperplodne krmače,
preživljavanje
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Abstract: Immunocastration is an alternative to surgical castration of male
pigs to prevent boar taint in meat products. The procedure is feasible for
autochthonous breeds raised outdoors up to heavy weights to obtain high-quality
products, in which entire male production is not an option. Immunocastrated pigs
could benefit from a greater growth potential during the growing period in addition
to considerable improvements of animal welfare. Further research is needed to
design specific vaccination protocols for heavy pigs taking into account the
relevance of maintaining the highest quality standard in meat products.
Key words: animal welfare, growth
immunocastration, meat quality, protein retention
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Iberian pig production
Spain in one of the most relevant pig producers worldwide. The EU is the second
largest pork meat producer. After China, USA and Germany, Spain is the fourth
producing country, while, at European level, Spain is in second place regarding
production, with approximately 19% of total pig meat produced, and the first in
census, with nearly 21% of total pigs (more than 32 million animals, MAPA, 2021).
The pig industry represents a meaningful sector for the country accounting for
nearly 40% of the economic value derived from livestock production. In recent
years the pig sector has grown significantly, both in terms of production and
census, boosted by exports to foreign markets -esp. China and other Southeast
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Asian countries- and the competitiveness of the sector in the global market (MAPA,
2021). In a national context dominated by cosmopolitan breeds, there are also some
native pig breeds of which the Iberian breed is by far the most important -both in
numbers and economically. This autochthonous breed is derived from ancestral
domestic pig populations of the Iberian Peninsula widely spread for centuries all
over the territory (López-Bote, 1998). Nowadays it can be found in the Southwest
of the Peninsula where the Mediterranean-type forest (dehesa) still persists. The
breed has undergone a remarkable recovery during the last decades due to the
revalorization of its products, the increasing demand for traditional food products
of high organoleptic quality, and the social awareness for preservation of the
genetic heritage and the natural habitat associated with the breed (Nieto et al.
2019). Currently it represents 11% of the overall pig production in Spain, counting
purebred and crossbred animals (50% Iberian: purebred Iberian dam × purebred
Duroc sire; and 75% Iberian: purebred Iberian dam × (purebred Iberian dam ×
purebred Duroc sire). This proportion has been maintained or slightly increased
over the last years (MAPA, 2021). The Iberian pig has a long productive cycle and
a slow growing rate. It is characterized by a low capacity for protein deposition and
high adiposity, which is accentuated as animals go further in their productive cycle
(Barea et al., 2007; Conde-Aguilera et al., 2011; Nieto et al., 2012). Iberian meat
products are very appreciated due to their outstanding high-quality (Nieto et al.,
2019) and their consumption has increased more than 20 % in the lasts years
(MAPA, 2021). Animals are slaughtered at 160 kg BW or more (Serrano et al.,
2009) and surgical castration of males during the first days of life is a common
practice to prevent boar taint -an unpleasant odour and flavour- in fresh meat and
cured products.

Immunocastration, animal welfare and performance in the
Iberian pig
The traditional solution to avoid boar taint and aggressive behavior in male pigs
has been their surgical castration (Needham and Hoffman, 2015; Čandek-Potokar
et al., 2017). Boar taint can appear in meat from mature male pigs due to
accumulation of androstenone and skatole in adipose tissue. Androstenone, like
other testicular steroids, is produced in the Leydig cells, and its production is under
control of luteinizing hormone (LH). Synthesis and release of LH and follicle
stimulating hormone (FSH) are controlled by gonadotropin-releasing hormone
(GnRH). Skatole is produced by the microbial degradation of tryptophan in the
large intestine of pigs (Zamaratskaia et al. 2008). Surgical castration has been also
traditionally applied in females reared under extensive conditions to avoid
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unwanted mating and the risk of disease transmission through the contact with wild
boars (Martinez-Macipe et al. 2016). Surgical castration prevents the accumulation
of androstenone and skatole, however, it is associated with some productivity
disadvantages, as it stops the synthesis of testicular steroids including testosterone
and estrogens and thus adversely affects lean tissue growth (Bauer et al. 2009). In
addition, this practice is frequently applied without anesthesia or analgesia which
makes it an important animal welfare issue for many European citizens (Kress et
al. 2019).
Production of entire males and immunocastration are currently available
alternatives to surgical castration. Nevertheless, raising boars is not applicable to
production systems based on heavy pig production and focused on high-quality
products (Bonneau et al., 2018). Immunocastration was approved for the use in
males in the EU in 2009 and for females in Spain in 2014. The product commonly
used was developed in Australia and it is currently approved in more than 60
countries around the world (Zamaratskaia and Rasmussen, 2015). The compound
is a synthetic GnRF antigen that, together with a carrier protein, acquires the
necessary immunogenicity to act as a vaccine. Its administration stimulates
antibody production that neutralize GnRF, responsible for regulating testicular
function at the hypothalamus (Čandek-Potokar et al. 2017). Vaccination inhibits
sex hormones production by the testes in males (Dunshea et al., 2001; Brunius et
al., 2011; Batorek et al., 2012) and suppresses the ovarian cycle in females (Oliver
et al., 2003; Bohrer et al., 2014) without any intrinsic hormonal or chemical
activity (Dunshea et al., 2001). Some metabolic changes are induced leading to
alterations in behavior (reduced aggression, increased appetite and food
consumption) and growth rate (Čandek-Potokar et al., 2017).
The GnRH vaccination protocol involves the subcutaneous administration of two
doses at least 4 weeks apart, the last one usually 4 to 6 weeks prior to slaughter.
Immunocastrated (IC) male pigs show higher performance than surgically castrated
(SC) pigs before the second vaccination dose (Millet et al., 2011; Batorek et al.,
2012; Dunshea et al., 2013). In addition to clear animal welfare advantages, this
performance benefit could be relevant for Iberian and other autochthonous pig
breeds characterised by reduced capacity for lean growth (Nieto et al., 2012).
Data available on the effects of immunocastration on the performance of the
Iberian pigs are very scarce. Studies carried out in crossbred Iberian females
(Duroc × Iberian) showed that after two vaccinations, IC females had greater feed
intake and average daily gain compared to entire and SC females, but lower feed
efficiency than the latter group. The weight of prime cuts was higher in entire and
IC females, therefore, the authors considered SC the least interesting option
(Gómez-Fernandez et al., 2013). In a recent study (Palma-Granados et al. 2021)
we compared the performance in pure Iberian (Silvela strain) IC males and females
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with SC males, which are considered the standard for Iberian pig production. IC
pigs were vaccinated at 18 and 25 weeks of age and all pigs were slaughtered at
105 kg body weight, 5 weeks after the second vaccination. IC males grew at higher
rate and more efficiently than SC males before the second vaccination against
GnRH. Iberian IC females showed similar growth performance to SC males.
Although differences between sex groups disappeared after the second dose, daily
gain and feed efficiency were still higher in IC males compared with the rest of
groups considering the whole fattening period. Regarding carcass yield, it was
lower in IC v. SC due to higher viscera proportions in IC, including sexual organs.
Some lean carcass components as loin, sirloin and butt lean were greater in IC
compared with SC males and IC females, with no differences between the last two
groups. Kidney fat and backfat thickness at different locations decreased, and
carcass length increased, in IC males compared with SC males and IC females
(Palma-Granados et al. 2021). Martínez-Macipe et al. (2016) reported carcass
traits in Iberian (Valdesequera line) IC females, IC males and SC males
slaughtered at 150 kg BW. These authors found similar carcass traits of SC males
and IC females, both of them were different from IC males, in line with our
observations, despite differences in slaughter BW and vaccination protocols
between studies. The responses found in growth performance and carcass traits are,
in general, in agreement with the information available for conventional IC and SC
pigs (Millet et al., 2011; Batorek et al., 2012, Dunshea et al., 2013).

Immunocastration and metabolic changes in Iberian pigs
Besides the animal welfare benefits of immunocastration, the increased
performance observed between both vaccination doses could be an additional asset
for Iberian -and native pig breeds in general- which show decreased rates of
growth, particularly of lean tissue growth, compared with conventional pig breeds
(Nieto et al., 2012). Few studies focused on the dynamics of nitrogen retention in
IC pigs. Huber et al. (2014) found that protein deposition decreased in IC from
levels observed in entire males to approach those of SC from 2-3 weeks after the
second vaccination dose. Based on their metabolic characteristics, nutrition
programmes specifically designed for IC pigs of conventional genotypes have been
suggested (Elsbernd et al., 2015, 2017; Moore et al., 2016).
No information on the immunocastration influence on dynamics of nitrogen
retention is available for autochthonous breeds, apart from the mentioned paper in
Iberian pigs (Palma-Granados et al, 2021). In this study, performed with 54
Iberian males and gilts following identical nutritional and management protocols,
two nutrient digestibility and nitrogen balance assays were performed, one before
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and one after the second vaccination dose (at 60 and 95 kg BW, respectively).
Total tract apparent digestibility of nutrients and nitrogen retention were
determined to check the hypothesis of different potential for protein deposition
between IC and SC Iberian pigs. Pigs were reared in intensive conditions until
approximately 105 kg BW, resembling production conditions prior to outdoor
finishing (montanera). Increased nitrogen retention was observed in Iberian IC
males v. SC males before the second vaccination -when IC pigs are physiologically
similar to entire males- which was in line with the greater growth rate and feed
efficiency detected in IC males during this period (Palma-Granados et al., 2021).
Efficiency of nitrogen retention was the highest in IC males while no changes in
nitrogen digestibility were observed. Despite differences in protein deposition
capacity and efficiency between genotypes – being lower in the Iberian breedthese results are in agreement with observations in leaner breeds described by
Elsbernd et al. (2015) before the second vaccination dose, and Huber et al. (2014)
from day 1 to 7 after de second dose. Before the second dose of the vaccine, IC
males are metabolically similar to boars, with higher lean growth than SC due to
the anabolic potential of circulating androgenic steroids (Dubois et al., 2012).
Nevertheless, two weeks after the second vaccination, differences in protein
deposition (13% higher in Iberian IC males before the second vaccination) and in
efficiency of nitrogen retention between IC and SC males disappeared, in
agreement with nitrogen retention dynamics described for leaner breeds after the
second vaccination (Metz et al., 2002; Huber et al, 2014; Elsbernd et al., 2015).
Regarding Iberian IC females, both protein deposition and efficiency of nitrogen
retention were intermediate between IC and SC males before the second
vaccination, and differences between all sex groups disappeared two to three weeks
after (Palma-Granados et al. 2021). No information regarding protein deposition in
IC females have been found in the literature. Elsbernd et al. (2015) reported similar
protein retention and efficiency for protein retention in gilts and SC male pigs, that
were both lower than values from IC males before the second vaccination.
The analysis of some plasma metabolites and hormones at slaughter support in part
the increased performance and nitrogen retention capacity observed in IC male
Iberian pigs compared to SC males and IC females, which can be attributed to
increased anabolism in Iberian IC males (Fernández-Fígares et al. 2019, 2020).

Immunocastration and meat quality in Iberian pigs
Iberian pig meat and cured products are highly appreciated by consumers and
achieve elevated market prices (Mesias et al. 2009; García-Gudiño et al., 2021).
The amount and composition of intramuscular fat (IMF) and the concentration of
heme pigments have been highlighted among important factors influencing the
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quality of Iberian meat (Ventanas et al., 2006). The concentration and fatty acid
profile of IMF are considered major factors affecting meat organoleptic
characteristics (Wood et al., 2008), and positive relationships have been established
between acceptability or tenderness of pork and IMF content (Font-i-Furnols et al.,
2012).
Most of the information regarding the effects of immunocastration on meat quality
in conventional pig types indicates that meat quality attributes are essentially
similar in IC and SC pigs. In addition, compared with meat from entire males, meat
from IC presents better quality as, apart from no sexual odour, it has more IMF and
it is more tender (Batorek et al., 2012; Čandek-Potokar et al., 2017). Nevertheless,
some disadvantages have also been reported, such as greater drip loss in meat from
IC than in entire males and in SC in particular (Batorek et al., 2012).
Iberian pigs are slaughtered at higher weight and age than conventional fatteners
and it is essential that vaccination effects are maintained until slaughter. In
crossbred Iberian × Duroc females slaughtered 14.5 weeks after the second
vaccination, the quality of the fresh loin in terms of color, pH, drip loss and
composition, were similar in IC compared to entire and SC females (GameroNegrón et al., 2015a). The same authors did not find differences in the physicalchemical composition of cured shoulders from IC, SC and entire females (GameroNegrón et al., 2015b), although cured loins from IC and SC had greater IMF
compared to cured loins from entire females. Higher scores for sensory
characteristics (brightness, marbling, chewing and juiciness) were obtained in
cured loins from the IC group compared with SC and entire females (GameroNegrón et al., 2018).
In studies on heavy pigs of conventional breeds (Pinna et al., 2015) and on pure
Iberian pigs (Martinez-Macipe et al., 2016) a three-dose protocol was also used to
prevent the setback of the vaccination effects. In Martinez-Macipe et al. (2016),
carcass and meat quality traits in Iberian IC, SC and entire females and IC and SC
males (Valdesequera line), reared in free-ranging conditions, were compared. Pigs
were slaughtered at 16 months of age (156 kg BW) two months after the last
vaccination (at 11, 12 and 14 months). Carcass and meat quality traits were very
similar among all female groups, therefore, vaccination or surgical castration did
not influence quality traits in this category. In IC males, final pH and IMF content
were lower and shear force and rancidity higher than in SC males. IC males
presented some quality attributes clearly different from the rest of sex groups,
being SC males similar to female categories. These results agree with our
observations from the aforementioned study (Palma-Granados et al. 2021) in
which a two-dose protocol (at 4.5 and 6.3 months) was applied to younger pure
Iberian (Silvela line) pigs -IC males and females and SC pigs- slaughtered 5 weeks
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after the second dose (105 kg BW). Muscles from IC males were less red and had
lower IMF content than those from SC and IC females and IC loins presented the
highest drip losses. Muscles from IC males also showed the highest proportions of
polyunsaturated fatty acids (Seiquer et al. 2019). In a recent study, Font-i-Furnols
et al. (2021) evaluated carcass fatness, ham tissue composition and meat quality in
pure male Iberian pigs (Valdesequera line) either under early or late vaccination
protocols (at 4.5, 5.5 and 9, v. 11, 12 and 14 months of age, respectively),
slaughtered at 17 months of age. They concluded that although the effects of IC
protocol should be further confirmed, early vaccinated pigs had greater carcass
weight, fatter carcasses and a more marbled meat than late vaccinated pigs at the
same slaughter age; nevertheless, these differences did not affect meat quality and
acceptability by consumers.
Although more research is needed to further define vaccination protocols for heavy
pigs (time frame and dose number), the available data indicates that regarding
product quality, immunocastration is a good choice for females pigs raised in
outdoor conditions. For IC male pigs the product obtained seems to have somewhat
lower quality standards than in SC pigs.
In summary, for Iberian pigs -and autochthonous breeds in general- in addition to
the unquestionable advantages for animal welfare and the elimination of boar taint
in meat products, the practice of immunocastration opens the possibility of a
window of transient increased growth performance and potential for lean growth.
These traits are relevant for pig breeds with limited capacity to deposit protein.
Through nutritional manipulation it could be possible to increase the lean tissue
mass deposited during the growing phase in which feeding can be controlled,
before finishing outdoors. On the other hand, during the outdoor period feeding is
not controlled and growth is based mainly on lipid deposition. However, effects of
immunocastration on the quality of the meat from males need further research and
development of appropriate vaccination strategies, since high quality standards and
customer acceptance are key issues in Iberian pig production.

Uticaj imunokastracije iberijskih svinja na proizvodne
performanse, metabolizam i kvalitet mesa
Patricia Palma-Granados, Ignacio Fernández-Fígares, Isabel Seiquer, Manuel
Lachica, Luis Lara, Ana Haro, Rosa Nieto
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Rezime
Imunokastracija je alternativa hirurškoj kastraciji muških svinja radi sprečavanja
mirisa nerastova u mesnim proizvodima. Postupak je izvodljiv za autohtone rase
uzgajane na otvorenom do velikih težina radi dobijanja visokokvalitetnih
proizvoda, u kojima proizvodnja sa nekastriranim nerastovima nije opcija.
Imunokastrirane svinje bi mogle imati koristi od većeg potencijala rasta tokom
perioda porasta, pored značajnog poboljšanja dobrobiti životinja. Potrebna su dalja
istraživanja kako bi se osmislili posebni protokoli vakcinacije za teške svinje
uzimajući u obzir važnost očuvanja najvišeg standarda kvaliteta u mesnim
proizvodima.
Ključne reči: dobrobit životinja, performanse
imunokastracija, kvalitet mesa, zadržavanje proteina

rasta,

iberijska

svinja,
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Abstract: Castration of male piglets is performed in many European
countries to reduce boar taint. However, a more animal friendly alternatives are
available. The present work aims to characterize current alternatives to reduce boar
taint with special emphasis on nutrition factors. There have been numerous
attempts to find an alternative diets for entire male pigs, which would fulfil
nutritional requirements and reduce skatole and eventually androstenone levels
without compromising animal welfare. The level of boar taint can be reduced by
including non-digestible carbohydrates (to reduce skatole) and by including
adsorbent materials (to reduce androstenone) into the pig’s diet. Further research to
optimize diet and evaluate the effect of dietary supplements on pig’s health and
welfare are required.
Key words: swine, castration, nutrition, animal welfare, consumers

Introduction
Animal welfare aspects and the question of whether the male piglets
should be surgically castrated to eliminate boar taint have caused debate across
Europe. Surgical castration without anesthesia and analgesia are considered
unacceptable among many consumers (Fredriksen et al., 2011, Sødring et al.,
2020). Possible alternatives to surgical castration are widely discussed. The
alternatives to surgical castration of pigs includes raising entire (uncastrated) male
pigs or immunocastration, both being considered as the welfare-friendly
alternatives for the pigs. Immunocastration is a technique based on the use of a
vaccine, which is far less invasive than surgical castration and reduces the levels of
both main boar taint compounds, skatole and androstenone (Zamaratskaia et al.,
2008a, Zamaratskaia et al., 2008b). Many consumers are, however, doubtful about
immunocastration because of the fear of residuals in meat and unknown long-term
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effect of using the vaccine for the consumers (Aluwé et al., 2020, Fredriksen et al.,
2011). Moreover, production of entire male pigs can result in a positive effects on
the production and carcass composition (Lundström et al., 2009). However, to
expand the production of entire male pigs for meat industry, the methods to
minimize boar taint should be developed. These methods should be cost-efficient
and reliable, and should not negatively affect animal health and welfare. Some
progress has recently been made in development of the alternative methods to
minimize boar taint without need of surgical and immunocastration.
The aim of the present review is to summarize, compare and discuss the
methods to reduce the accumulation of boar taint compounds in pigs, address
possible limitations of these methods and suggest directions of further research.

Boar taint compounds
The compounds androstenone, skatole and indole are mainly responsible
for the risk of boar taint development in meat from some entire male pigs
(Zamaratskaia and Squires, 2009). Skatole and indole result from microbial
degradation of the amino acid tryptophan in the pig intestine (Wesoly and Weiler,
2012) whereas androstenone is synthesised in the testes in parallel with anabolic
hormones such as testosterone and oestrogens (Zamaratskaia and Squires, 2009).
Androstenone itself has no hormonal activity.
The ability to smell androstenone highly varies among consumers, ranging
from no sensation to a description of a very unpleasant urine-like smell. Generally,
women are more sensitive to androstenone than men, and androstenone perception
is genetically regulated (Lundström et al., 2009). Almost all consumers can detect
the smell of skatole and describe it as an unpleasant faecal-like smell. Research on
indole is currently limited, but the odour of indole is known to be weaker compared
to skatole. High levels of boar taint compounds in meat from entire male pigs leads
to lower acceptability ratings in meat, at least for sensitive consumers.
To satisfy the consumer’s needs, the levels of all boar taint compounds
should be reduced. Nutrition, hormonal status and genetic background are
important factors to determine the final concentrations of boar taint compounds.

Ability of different dietary supplements to reduce the levels
of boar taint in pigs
Given that skatole and indole originate from tryptophan in the large
intestine, it is not surprising that dietary composition is an important factor
affecting skatole and indole production. Non-digestible carbohydrates are known to
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reduce intestinal production of skatole (Øverland et al., 2011). These
carbohydrates escape digestion in the small intestine and serve as an energy
substrate for bacteria in the large intestine (Pieper et al., 2014). Thus, high levels
of non-digestible carbohydrates can lead to increased incorporation of skatole
precursor tryptophan into the bacteria (Wesoly and Weiler, 2012). Low levels of
non-digestible carbohydrates can lead to use of tryptophan as energy source for
proteolytic bacteria and skatole formation. Additionally, non-digestible
carbohydrates increase faecal weight and decrease intestinal transit time leading to
a reduction of the absorption rate of skatole from the gut. Importantly, those
carbohydrates have also potential implications for animal health with regard to
intestine conditions (Peled and Livney, 2021).
Dietary supplement of raw potato starch repeatable reduced skatole and
indole levels in porcine tissues in castrated and entire male pigs (Lösel and Claus,
2005, Zamaratskaia et al., 2005). This reduction is explained by the inhibition of
cell apoptosis in the colon and thus reduced tryptophan availability for skatole
production (Claus et al., 2003). Butyrate is formed in high quantities when the
supply of resistant starch is high and causes a reduction in apoptosis of epithelial
cells thus decreasing availability tryptophan for skatole and indole synthesis (Claus
et al., 2003). Feeding trials demonstrated that 20% for potato starch is needed to
achieve a measurable skatole reduction in the adipose tissue and blood
(Zamaratskaia et al., 2005).
Many studies successfully attempted to reduce boar taint levels by inulin or
fructooligosaccharides (Aluwé et al., 2017, Rasmussen et al., 2012, Salmon and
Edwards, 2015). For example, feeding pigs with Jerusalem artichoke (8.1 and
12.2%) as a source of inulin reduced the level of skatole in the adipose tissue
without affecting indole (Okrouhlá et al., 2020, Vhile et al., 2012). Addition of 1.0
and 1.5% fructooligosaccharides to the pig fecal slurries reduced the rate of
tryptophan degradation (Xu et al., 2002).
Another promising additive to reduce boar taint is hydrolysable tannins, the
group of astringent polyphenolic compounds widely distributed in plants.
Hydrolysable tannins were suggested to reduce skatole and indole production by an
inhibition of the total activity of caecal bacteria (Biagi et al., 2010). Several studies
demonstrated the potential of tannin supplementation to reduce boar taint although
the optimal dose is still to be established (Bahelka et al., 2021, Čandek-Potokar et
al., 2015, Tretola et al., 2019). Importantly, supplementing the diet of pigs with
tannins had no adverse effects on animal growth and performance at 1% or 2% of
feed, however higher dose of tannins might result in reduced feed intake (ČandekPotokar et al., 2015). This is not surprising because tannins have long been
considered as antinutritrients and were shown to reduce feed intake and feed
efficiency. Furthermore, supplementing the diet with tannins had no effect on
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amino acid composition and fatty acid composition in fat (Bahelka et al., 2021).
Hydrolysable tannins (1% chestnut-tannin extract) might also be a good candidate
for decreasing the risk of development of postweaning diarrhea (Girard et al.,
2018).
Dietary protein with a low precaecal digestibility increased availability of
tryptophan in the hindgut which leaded to high skatole formation (Claus and Raab,
1999).
Thus, majority of studies were focused on the reduction of skatole
intestinal production. Less is known about how the feed components can affect
skatole metabolism. It is known that the activity of cytochrome P450, enzymes
which mediate the metabolic transformation of skatole (Rasmussen and
Zamaratskaia, 2014), can be either inhibited or up-regulated by bioactive
compounds in feed. For example, increased hepatic CYP2E1 activity or protein
expression in pigs has been observed as a result of high-fat/high-cholesterol diets
(Puccinelli et al., 2013), dried chicory root (Rasmussen et al., 2011) and sugar beet
supplementation (Whittington et al., 2004). Furthermore, dietary supplement with
hydrolysable tannins induced activities of CYP2A19 and CYP2E1 in entire male
pigs (Čandek-Potokar et al., 2015). However, more studies are needed to find a
safe dietary supplement which can enhance skatole metabolism through induction
of the activities of cytochrome P450.
The use of adsorbent materials to increase faecal excretion of boar taint
compounds through the intestinal binding recently attracted research interest.
Feeding 5.0% activated carbon or 5.0% tween-60 for 28 days reduced the levels of
androstenone in both adipose tissue and plasma of the entire male pigs, whereas no
obvious effects on skatole levels were observed probably because of overall low
skatole levels in the investigated pigs (Jen and Squires, 2011a). The observed
reduction in androstenone levels was explain by the fact that androstenone can reenter the blood from the intestines via enterohepatic circulation. Androstenone is
removed through liver degradation, excreted into the bile and then can be
recirculated back through the enterohepatic circulation. Absorbent material binds
androstenone in the intestine and remove it with the faeces, thus preventing it to be
recirculated. The authors concluded that addition of activated carbon or Tween to
the diet can reduce androstenone levels of adipose tissue and plasma, but further
research is required to investigate the effects of these absorbent materials on
reducing skatole levels. Activated carbon were able to reduce skatole levels in
vitro, where the pH, temperature and transit time were chosen to simulate
physiological conditions (Jen and Squires, 2011b). The use of biochar, which is
more economical compared to activated carbon, as a dietary supplement did not
decrease either skatole or indole concentrations either in faeces or plasma
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(Schubert et al., 2021). In that study, skatole or indole concentrations were low
also in the control group.

Ability of different dietary supplements to reduce the levels
of skatole in other species
There is a number of species which do not produce traditional boar taint
but might have high skatole levels. It is of importance to investigate scientific
literature on the effects of diet on skatole levels in these species. This knowledge
might provide useful information and suggest further research regarding reduction
of boar taint.
Similar to pigs, skatole and indole are produced during the microbial
degradation in the large intestine of chickens with the highest skatole levels
observed in the cecum (Yang et al., 2019). Dietary composition is one of the major
factors responsible for skatole formation in chickens. Diet supplemented with
soybean oligosaccharides (2.0, 3.5 and 5.0 g/kg) reduced the excreta skatole and
indole concentrations in broilers (Liu et al., 2021). Similarly, dietary
supplementation with soybean oligosaccharide, stachyose, and raffinose reduced
skatole and indole concentrations in broiler cecal digesta (Zhu et al., 2020). Some
studies demonstrated that the administration of tannins reduced the levels of
skatole in chickens (Choi and Kim, 2020).
It was shown that consumption of probiotics decreased skatole and other
indolic compound concentrations in mice (Zhang et al., 2021).
A feeding trial using Sprague Dawley rats demonstrated a reduction in
caecal skatole and indole levels when including lablab bean husk or soya bean husk
in the diet (Myint et al., 2018), whereas animal protein source (the high-chickenprotein or high-pork-protein) diets increased skatole and indole levels in cecal and
colonic contents, feces, and adipose tissue of rats (Shi et al., 2020).

Conclusion
There have been numerous attempts to find an alternative diets for entire
male pigs, which would fulfil nutritional requirements and reduce skatole and
eventually androstenone levels without compromising animal welfare. The level of
boar taint can be minimized by including non-digestible carbohydrates (to reduce
skatole) and by including adsorbent materials (to reduce androstenone) into the
pig’s diet. Further research to optimize diet and evaluate the effect of dietary
supplements on pig’s health and welfare are required.
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Uzgoj muških svinja kao alternativa hirurškoj kastraciji
Galia Zamaratskaia, Andriy Getya

Rezime
Kastracija muške prasadi vrši se u mnogim evropskim zemljama kako bi se
smanjio miris nerasta. Međutim, dostupne su alternative prilagođenije životinjama.
Ovaj rad ima za cilj da opiše postojeće alternative za smanjenje mirisa svinja sa
posebnim naglaskom na faktore ishrane. Bilo je mnogo pokušaja da se pronađe
alternativna ishrana za nekastrirane nerastove, koja bi ispunila nutritivne potrebe i
smanjila nivo skatola i na kraju androstenona bez ugrožavanja dobrobiti životinja.
Nivo mirisa može se smanjiti uključivanjem nesvarljivih ugljenih hidrata (za
smanjenje skatola) i uključivanjem adsorbujućih materijala (za smanjenje
androstenona) u ishranu svinja. Potrebna su dalja istraživanja radi optimizacije
ishrane i procene uticaja dodataka ishrani na zdravlje i dobrobit svinja.
Ključne reči: svinje, kastracija, ishrana, dobrobit životinja, potrošači
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Abstract:“Silesian fattener” is a technology of pigs breeding (sows,
piglets, fatteners)is applied by the members of the “Opolskie Fermy Trzody” –
Kolnica (Opole Fatteners Farms – Kolnica) members. The exception and
innovation of the technology of breeding bases on application in swine’s fed of a
few additives which cooperating together give different results changing the meat
and fat composition and give to pork the positive physico-chemical, culinary and
pro-health characteristics in the changed fatty acids profile as favorable to humans.
Also such production is favorable for the environment. Beside the higher costs of
production the Society members obtain higher, at about 10%, price for reared them
pigs. The technology “Silesian Fattener” is an original idea for profitable,
environment friendly production of high quality fatteners.
Key words: pigs, Silesian fatteners, breeding technology, effective
microorganisms

Introduction
Animal production, especially production of pig fatteners should be recognized
as the part of contemporary bio-economy. It should supply the fatteners with a high
slaughter value with good quality meat characterized by a high consumption and
food production suitability. The high quality of pork is the most important
characteristics expected by consumers. The lowering of pigs fatness caused also
the decrease in intramuscular fat and, as a consequence, the worsening of meat
quality through flavor and tenderness diminishing. The meat without intramuscular
fat, after the heat treatment, is dry and tough. The vector of flavor is the fat which
forms so named “marbling” of meat. To obtain the high flavor traits the
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intramuscular fat has to be present. The opinions of dieticians concerning the
harmfulness of fat caused consumers to search for lean pork meat so the meat
industry forced the breeders to change fatteners standard and to increase their
meatiness. The meatiness of fatteners above 60% caused worsening of quality and
flavor traits of pork and pork meat products. Also the usage for crossbreeding of
high meat content breeds such as Pietrain and Belgium Landrace with the higher
stress susceptibility (the gene of stress susceptibility RYR1 causes fastening of
glycolytic transformations in the carcass directly after slaughter) caused
intensification of PSE meat presence with the high drip loss, pale colour and
disturbances in meat tendering processes and as a result the worsening of quality
(Przybylski et al., 2012). The lowering of intramuscular and muscular fats caused
worsening of meat quality through decrease in its flavor and tenderness. In pursuit
of high meatiness of fatteners the carrier of taste and odour has been forgotten and
the marbling of meat lost. The optimum level of meatiness which guaranties the
good pork quality is 57-58%. Such assumptions were taken into account by Polish
Pig Breeders and Producers Association „POLSUS” and „Polskie Mięso”(“Polish
Meat”) Association in the Pork Quality System (PQS), which at 11th of December
2009 was recognized by the Ministry of Agriculture and Development as the
country-wide system of food quality (Blicharski et al., 2010; Krzyżanowski, 2017).

Demands and regulations concerning pigs fattening
The pigs breeding should be economically profitable and friendly for the
environment. The concentrations of animals (large herds, large farms), especially
present in pigs breeding increases nuisance of such production against
environment, surrounding and the most of all is unpleasant for next to living
inhabitants. The odor nuisance is connected with emission of odors originating
from feces, urine of animals and their fed. The mixture of odor is formed from at
about 160 identified gaseous compounds (mainly: ammonia, hydrogen sulfide,
phenols, aromatic hydrocarbons etc.). It is estimated that the year emission of
ammonia, in Poland, is at about 260 thousand tons, where 2/3 originates from
animal production. The source of ammonia are animal feces where the
decomposition of nitrogen compounds takes place as a result of bacteria and
enzymes activity (Ministerstwo Klimatu - Climate Ministry, 2020) negative
influence of ammonia on the environment caused, in 2001, the issue of EU
Directive of national levels of pollutants (National Emissions reduction
Commitments (NEC) Directive) and its amendment from 31st December 2016
(Directive UE 2016/2284, 2016), according to which each of EU countries has an
obligation to diminish the emission of pollutants of established percentage as a
ratio obtained (calculated) in 2005 (for example the emission of nitrogen oxides, in
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Poland, has to be diminished of 30%). To obtain above aims there is proposed,
among others, replacement of fertilizers based on urea with fertilizers based on
ammonium nitrate and popularizing of replacement of mineral fertilizers with
organic fertilizers – for example with manure (Directive UE 2016/2284, 2016). The
animal production and the pigs breeding were imposed on with many regulations to
protect the natural environment: Directive 91/676/EEC (Council Directive
91/676/EEC, 1991) concerning protection of waters against pollution caused by
nitrates of agricultural origin; Directive of the European Parliament and of the
Council 2010/75/ UE (Directive 2010/75/EU, 2010) issued at 24th November 2010,
concerning the industrial emission – IED combined with UE Commission
executive decision 2017/302 issued at 15th February 2017 laying down the
conclusions concerning the best available techniques (BAT) in reference to
intensive breeding of poultry and/or pigs. (BAT) (Commission Implementing
Decision (EU) 2017/302, 2017). The Best Available Technique - BAT was defined
in art. 2 p. 11 of Council Directive 96/61/CE issued at 24th September 1996
concerning integrated preventing of pollution and of its control (Council Directive
96/61/EC, 1996). Best available techniques' shall mean the most effective and
advanced stage in the development of activities and their methods of operation
which indicate the practical suitability of particular techniques for providing in
principle the basis for emission limit values designed to prevent and, where that is
not practicable, generally to reduce emissions and the impact on the environment
as a whole.
The regulations concern all installations used in intensive breeding of
poultry and pigs where the amount of quarters is above 2000 for fatteners (above
30 kg of weight) or 750 for sows. Such buildings, in Polish conditions, have to
obtain the integrated permission for the activity and BAT imposes the necessity of
application of environmentally friendly breeding technology and also the fertilizing
plans and activities reducing emission of gases and odors. For monogastric animals
65-70% of nitrogen consumed with fed goes back to the environment with manure
and urea, so to diminish emission of odors the optimization of animals feeding is
undertaken (through diminishing the amount of protein in fed dose of 15-20%;
addition of synthetic amino acids; multiphase feeding), there are added to fed some
substances which modify the digestion processes (phytobiotic mixtures,
alluminosilicates, probiotic formulations); to the manure, slurry are added blends
restricting fermentation processes (acidification of slurry; technology of effective
microorganisms – EM) (Ministerstwo Rolnictwa i Rozwoju Wsi - Ministry of
Agriculture and Rural Development, 2019). The founder of EM technology is Mr
Teruo Higa from Japan (Higa, 1991; 1993; 2001). The effective microorganisms
(EM) is the composition of at about 80 bacteria cultures (lactic acid bacteria,
photosynthetic bacteria and yeasts) introduced to agro- or eco-system to fasten of
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its biological regeneration and forming of favorable microbiological environment.
The usage of EM helps in applying of the best methods of soil disposal such as
crops rotation, usage of organic adjuvants, conservation tillage, recycling of the
rest of crops and biocontrol of pests. Through proper application of EM
formulations the effects of above pro-ecological ways of soil treatment can be
strengthen and at the same time are growing the yield and quality of crops, the
fertility and productivity of soil and the usage of artificial fertilizers and pesticides
is lowered (Higa and Parr, 1994; Joshi et al., 2019).
The prohibition of application, in swine breeding, antibiotic growth
stimulators (from 1st January 2006) caused introduction of herbs and medicinal
plants or formulations obtained from above. The substances contained in these
plants have the bacteriostatic and germicidal properties, they stimulate digestion
and act as immunoregulators. The herbs have an stimulating influence on
immunomodulation functions of the body through, for example, rising of the
concentration of immunoglobulins in the blood stream. They have the antivirus,
anti-inflammatory, bettering of metabolism properties; rise the excretion of
digestion enzymes to the blood stream, have a diastolic effect on smooth muscles
of digestive system, neutralize some toxins of bacterial and/or fungi origin, and are
also natural antioxidants. The herbal aroma substances acting on taste receptors
cause the better imbibition of feds, which are rather not eagerly consumed by
animals (post-extraction rapeseed meal, legumes), cause the greater excretion of
digestive juices and better usage of fed components for the growth of body mass.
The substances contained in herbs and medicinal plants present in fed migrate to
sow’s milk what is important for the most critical period of piglets rearing – during
exchanging of mothers milk into the solid fed. The application of 2% additive to
the fed of fatteners influences favorably on some production characteristics and on
carcasses musculature and also on dietetic and taste characteristics of pork meat
causing the bettering of taste , aroma, tenderness and juiciness of meat. Thanks to
application of herbs the animals gain higher body daily weights what, in practice,
gives the shortening of breeding period and betters fed usage. The most frequently
applied herbs and medical plants are: garlic, oregano, peppermint, sage, lemon
balm, camomile, willow bark, nettle, St. John’s wort (Hypericum perforatum),
evening primrose, Plantago lanceolata, couch, milfoil, calendula, thyme (Wenk,
2003; Karwowska et al., 2007; Karwowska et al., 2008; Grela and KowalczukVasilev, 2010; Semeniuk and Grela, 2011; Radkowska, 2013).

Silesian pigs fatteners way of breeding
“Silesian fattener” is a technology of pigs breeding (sows, piglets,
fatteners)is applied by the members of the “Opolskie Fermy Trzody – Kolnica
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(Opole Fatteners Farms – Kolnica) members. The exception and innovation of the
technology of breeding bases on application in swine’s fed of a few additives
(extracts from herbs, cold pressed rape-seed oil, rape-seed oil obtained lecithin,
alive probiotic bacteria cultures, some, alive favorable fungi species, low protein
feeding based on components without GMO plants – mostly of home country
origin) which cooperating together give different results changing the meat and fat
composition and give to pork the positive physico-chemical, culinary and prohealth characteristics in the changed fatty acids profile as favorable to humans.
Also such production is favorable for the environment. All listed functional
additives are introduced to the animal organism with full dose fed mixture with
balanced composition during the whole period of fattening or rearing. The
parameters of full dose mixture are not a standard – they meaningfully differ from
levels proposed by Polish Norms of Feeding of Reared Animals. The innovation
lies in creation of mixture which has the very low level of total protein but the
proportions and levels of essential amino-acids are very high. The amount of the
most important amino-acid – lysine is calculated based on energy level in fed
expressed in MJ. The feeding in this technology is based on leading to the superata
of energy in animals breeding through application of energy from fat – the cold
pressed rape-seed oil in amounts from 0.5 to 4.0% of mixture (Table 1and 2).
The applied herbal mixture contains the dry extracts from origano, sage, garlic,
rosemary, chili, thyme and imbir.
Table 1.The additives applied in full dose feed mixtures for pigs in individual periods of
breeding and fattening

Silesian fatteners

Rapeseed cold Lecithin
pressed oil
kg\1 ton of
kg\1 ton of fed
fed

Herbal mixture Living cultures of
extracts
probiotic bacteria
40 :1
and yeasts
kg\1 ton of fed kg\1 ton of fed

Period of
feeding

Piglets
body weight 7-15 kg

10

1

0,5

3

from 10 kg
per month

Weaner
body weight16-50 kg

15

2

1

5

whole

Fatteners
from 51kg till end of
breeding

20

3

1,3

7

whole
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Table 2. The nutritional value of concentrated compound feed for individual swine groups

Energy MJ

MJ : Lis Total protein

Lysine

Methionine
Threonine Tryptophan
+ Cysteine

Piglets
body weight 7-15 kg

15

1:1,1

160 g

16,5 g

10,4 g

11,05 g

3,8 g

Weaner
body weight16-50 kg

14,5

1:0,97

150 g

14 g

8,82 g

9,38 g

0,22 g

Fatteners
from 51kg till end of
breeding

14

1:0,9

140 g

12,6 g

7,94 g

8,44 g

2,9 g

The role of individual functional fed components:
- the mixture with low total protein level – the application of low protein
feeding causes lower emission of sulphur hydrogen and ammonium; the
health of animals is raised up –less of diarrhea with piglets (E.coli
elimination); less antibiotics used for healing of gastrointestinal problems
-

the addition of cold pressed rape-seed oil – causes the surplus of energy in
fed and in animal organism what results in formation of intramuscular fat
at the planned level 3-4%; the fat is a carrier of odor and taste and the
herbal aroma is cumulated in it – during the thermal treatment the aroma
compounds present in meat (originating from herbal fed extracts) are
developed and give the desirable aroma to meat

-

lecithin cumulates in meat and fat and serves as a natural supplement to the
human diet

-

the herbal mixture applied as extracts beside the aroma transmission to
meat and fat also stabilizes the pork; the proper proportions of intently
applied herbal composition the meat and fat aroma can be influenced on
starting from very early stages of animal rearing; usage of herbs with
germicidal properties, for example of garlic, chili pepper, the pork meat
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keeps its freshness without preservatives addition;
-

the application of the alive bacteria and fungi cultures bettered the
digestion process of animals: strengthened the health, lowered emission of
sulphur hydrogen and ammonium, raised up piglets health through
diminishing diarrhea problems

The addition of plant extracts improves pig growth performance, and
carcass weight by reducing the negative effects of heat stress, without markedly
modifying blood constituents, meat quality, and sensory attributes of the pork
(Dávila-Ramírez et al., 2020). On the other hand, the research by Janz et al. (2007)
and Simitzis et al. (2010) indicate that the addition of plant extracts to the diet of
pigs does not modify the sensory characteristics of the meat.
All above factors interacting together give as the effect the functional pork
–“Silesian Fattener”. After the initial research it was stated that the fatty acids
profile of that pork has been changed. The result of modification is the growth of
polyunsaturated fatty acids (PUFA) – especially of PUFA n-3 with pro-health
activity, in the advantage of saturated fatty acids (SFA) (Table 3). It bettered the
pro-health value of pork meat, especially broadened the ratio of PUFA from Ω 6 (n6) family to PUFA from Ω 3 (n-3) family to at about 12. In the meat of “Silesian
fattener” the trace amounts of conjugated linoleic acid (CLA) was present. The
modification of fatty acids profile did not influenced on lowering its oxidative
stability. Lei et al. (2018) showed that natural or fermented herbs improved growth
performance and nutrient digestibility in growing-finishing pigs. Additionally,
fermented herbs supplementation positively changed fatty acid profiles in
Longissimus dorsi muscle. Cao et al. (2012) and Ahmed et al. (2016) suggest that
dietary phenolic compounds can positively modify the fatty acid composition via
preventing the oxidation of unsaturated fatty acids.

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

202

Table 3. The profile of fatty acids of loin of Silesian Fatteners and of industrial fatteners
(own research data)
Pork - loin
Fatty acids

Silesian fattener

Industrial fattener

C-10:0
0.07
0.06
C-12:0
0.08
0.09
C-14:0
1.06
1.56
C-14:1
0.02
0.08
C-15:0
0.04
0.05
C-16:0
2051
26.75
C-16:1n9
0.23
0.75
C-16:1n7
3.41
2.88
C-17:0
0.14
0.18
C-17:1
0.19
0.10
C-18:0
10.60
13.64
C-18:1n-9
46.89
42.88
C-18:1n-7
4.79
4.85
C-18:2n-6
7.79
4.60
C-18:3n-6
0.08
0.04
C-18:3n-3
0.43
0.10
CLA
0.09
0.06
C-20:0
0.14
0.25
C-20:1
0.73
0.69
C-20:2
0.30
0.04
C-20:3n-6
0.21
0.09
C-20:4n-6
1.24
0.08
C-20:4n-3
0.01
C-20:5n-3
0.05
0.02
C-22:4n-6
0.26
0.03
C-22:5n-3
0.26
0.02
C-22:5n-6
0.03
C-22:6n-3
0.01
0.02
SFA
32.64
42.58
PUFA
10.72
5.14
PUFA n-3
0.75
0.18
PUFA n-6
9.58
4.87
PUFA n6/n3
12.77
27.06
PUFA/SFA
0.328
0.12
SFA—sum of saturated fatty acids: PUFA—sum of polyunsaturated fatty acids
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The members of Society “Opolskie Fermy Trzody – Kolnica” perform the
breeding and rearing of swines both in closed and open systems (produce own
piglets and also buy for fattening). They kept animals in different bedding systems:
thin bedding, self-cleaning floors, deep bedding, rearing on grate floors. After a
series of training concerning the application of pro-health EM systems they
decided to widen the range of mixtures fed with the product of Greenland
Technology EM, which is the admixture supplying the basic fed, containing the
Effective Microorganisms (EM) Carbon Bokashi. Effective Microorganisms® are
the composition of advantageous microorganisms with probiotic and regeneration
abilities made by Terugo Hira (Higa, 1991; 1993; 2001). The producers group
applied similar probiotics and yeasts, in a liquid state, to manure, slurry pipes,
slurry and liquid manure tanks etc. EM Carbon Bokashi additionally contains prefermented wooden carbon with the against diarrhea, absorbing bacteria- and mycotoxins and metabolism gases. Also the product contains calcium carbonate, nettle
and linen flax. EM Carbon Bokashi is applied in amounts:
• sows: 5 kg-10 kg /1 ton of fed
•

piglets: 5 kg-15 kg /1 ton of fed

•

fatteners: 3 kg-5 kg /1 ton of fed.

This mixture is a symbiotic preparation because it contains both prebiotics and
probiotics.
The prebiotic modulates activity of probiotic bacteria and can have a
significant influence on end results of supplementation. After application of L.
paracasei with the prebiotic additional growth of bacteria of Lactobacillus sp. and
Bifidobacterium and in manure of weaned piglets obtaining L. paracasei the lower
amounts of Clostridium sp. and Enterobacteriaceae sp. were detected (Nemcová et
al., 1999). Effective Microorganisms (EM) positively influences the morphological
characteristics of the porcine jejunum and increases the expression of genes related
to the metabolism and functioning of the gastrointestinal tract (Reszka et al.,
2020b; Laskowska et al., 2017). Meat from pigs fed the effective microorganism
additive was much harder and was characterized by less thermal drip loss (Reszka et
al., 2020a).

Conclusion
The members of the Society produce a few thousands of fatteners yearly,
which according to initial deal are bought by the meat factories specialized in
production of traditional meat products. Beside the higher costs of production the
Society members obtain higher, at about 10%, price for reared them pigs. The

204

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

technology “Silesian Fattener” is an original idea for profitable, environment
friendly production of high quality fatteners.

„Šlezijski tovljenik“ - koncept
visokokvalitetnog svinjskog mesa

zdrave

svinje

i

Władysław Migdał, Rafał Duś, Maria Walczycka, Łukasz Migdał

Rezime
„Šlezijski tovljenik“ je tehnologija uzgoja svinja (krmače, odojci, tovljenici) koju
primenjuju članovi „Opolskie Fermi Trzody“ - Kolnica (Opole farma tovljenika Kolnica). Izuzetak i inovacija tehnologije uzgoja se zasniva na primeni u ishrani
svinja nekoliko aditiva koji zajedno daju različite rezultate menjajući sastav mesa i
masti i daju svinjetini pozitivne fizičko-hemijske, kulinarske i pro-zdravstvene
karakteristike u promenjenom profilu masnih kiselina koji je povoljan za ljude.
Takođe, takva proizvodnja je povoljna za životnu sredinu. Osim većih troškova
proizvodnje, članovi Društva dobijaju i veću cenu od oko 10% za uzgojene svinje.
Tehnologija „Šlezijski tovljenik“ originalna je ideja za profitabilnu, ekološki
prihvatljivu proizvodnju visokokvalitetnih tovljenika.
Ključne reči:
mikroorganizmi

svinje,

šlezijski

tovljenici,

tehnologija

uzgoja,

efikasni
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Abstract: Indigenous breeds of pigs, in addition to representing genetic
heritage, have great scientific, cultural and economic significance for every
country. The Serbian indigenous breeds of pigs Mangalitsa, Moravka and Resavka
are endangered breeds with little research interest, which resulted in insufficient
data on their production results. The aim of this study was to determine the
differences in the life daily gain (LDG) of male heads of Swallow Belly Mangalitsa
breed of different body weights (20 kg - I group, 45 kg - II group and 100 kg - III
group), as well as between males of Swallow Belly Mangalitsa, Moravka and
Resavka in seven consecutive measurements, once a month, during the experiment.
Within the Swallow Belly Mangalitsa breed, the third group (280 g/day) had a
statistically significantly higher LDG compared to the first (110 g/day) and the
second (200 g/day). In all measurements, Moravka had the highest LDG, and
Mangalitsa the lowest, but the differences were not significant. It was to be
expected that the Mangalitsa would have the lowest LDG because it is a fatty
breed, unlike Moravka and Resavka, which are breeds of combined production
abilities (meat and fat). By researching the production performance of indigenous
pig breeds, it is possible to predict and improve production possibilities by
selection measures while preserving the desired genetic structure.
Key words: life daily gain, indigenous breeds, Mangalitsa, Moravka,
Resavka

Introduction
Pig farming in the Republic of Serbia has long been of great importance
and represents a very important branch of agricultural production (Radović et al.,
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2019a). Pig farming is a significant branch of animal husbandry that is mainly
based on the breeding of highly productive breeds of pigs. This has led to a
decrease in the size of the population of indigenous breeds of pigs that today
belong to endangered species. Currently, three autochthonous pig breeds
(Mangalitsa, Moravka and Resavka) are bred in the Republic of Serbia, while
within the Mangalitsa breed, the Swallow Belly strain is the most represented,
compared to the red and white strains. In the last few years, there has been a
growing interest in the farming of autochthonous breeds of pigs, both for the
preservation of genes and for the production of cured meat products produced in
the traditional way (Petrović et al., 2010). Autochthonous breeds of pigs in Serbia
can be divided into fatty breeds, such as Mangalitsa and breeds of combined
production abilities (Moravka and Resavka), Petrović et al. (2007). Life daily gain
is one of the key traits in pig breeding because it contributes to its efficiency
(Nielsen et al., 2018). Otkrivanje i uklanjanje ograničavajućih faktora u svinjarskoj
proizvodnji predstavlja važan segment za efikasno iskorišćavanje resursa,
promovisanje održivog pristupa uzgoja svinja i poboljšanja dobiti farmera (Carter
et al., 2013). The profitability and economy of pig production is largely
conditioned by the growth traits. The profitability and economy of pig production
is largely conditioned by the growth traits. Growth is an important property of all
living organisms (Lawrence and Fowler, 1997), and represents an increase in cell
number and body size over a period of time (Schulze et al., 2001). Potential growth
is also defined as the highest level at which an animal can grow in non-restrictive
conditions (Emmans and Kyriazakis, 1999; 2000). It is conditioned by genetic
parameters and the current state of the individual animal. Non-restrictive
conditions are following: 1. the diet must be ad libitum, 2. the nutrient content must
at least provide the required energy level, 3. food consumption must not be limited
due to inaccessibility of food or the presence of toxins, and 4. environmental
factors (temperature and diseases) must not restrict food consumption. The growth
rate is therefore influenced by various genetic and non-genetic factors. The
increase can be expressed in absolute or average daily gain over a period of time.
The average daily gain is a value that shows how much the body weight of the
animal has increased daily, i.e. the ratio between the increase in body weight in a
certain period and the duration of the period (Marin et al., 2013). It has long been
known that the difference between individuals in the conversion of ingested food
into body weight is an important determinant of profit in pork production (MacNeil
and Kemp, 2014) and is also an indicator of how well an individual uses ingested
food into the body. The increase depends on two factors: food intake and food
efficiency (Patience et al., 2001).
The aim of this study was to determine variation in the average life daily
gain of Swallow Belly Mangalitsa males, within the breed under the effect of body
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weight of animals, and between and between three indigenous breeds in seven
consecutive measurements, until slaughter.

Materials and Methods
The trial was conducted on the experimental pig farm of the Institute of
Animal Husbandry, Belgrade-Zemun, where the conditions on the farm enabled a
semi-intensive system of farming. The animals used in the experiment come from
the herd of several breeders, and after weaning they were brought to the said farm.
Only male heads that fully phenotypically corresponded to their breed were used in
the experiment. The adaptation of the animals to the new breeding conditions
lasted until they reached about 20-25 kg of body weight, when the experimental
period began. Males gradually were accustomed to complete feed mixtures used on
the farm in accordance with the age category. During the entire examination, all
animals were kept in the same conditions of accommodation, nutrition and care.
The animals were kept in groups, in a semi-intensive system, with each box having
a range (each box had an open and a covered part). The total area of the boxes with
the range was 150 m2. The trial lasted 28 weeks.
The first part of the experiment included male heads of the Swallow Belly
Mangalitsa breed. The animals were divided into three groups: I group - 11 animals
aged 24 weeks, average body weight of 20 kg; II group - 9 heads, aged 33 weeks
and weighing 45 kg; III group of animals - 13 animals, about one year old and
weighing an average of 100 kg. The second part of the experiment included male
heads of all three indigenous breeds of pigs - 9 boars of Mangalitsa, 8 Moravka
males and 7 heads of Resavka breed. Statistical data processing was performed
using the software package SAS Institute Inc (2002-2010). Basic descriptive
statistical parameters are presented: average value and standard deviation. The
assessment of the effect of body weight and breed was performed using the GLM
procedure (General Linear Model) in the mentioned software package.
Determination of the statistical significance of the differences between the obtained
mean values (Mean) was carried out using the t-test, at the level of significance of
P<0.05.
The following models were used to assess the influence of body weight (1)
and breed (2):
yij= μ + Ti + εij (1);
yij= μ + Ri + b(xij - x ) + εij (2),
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where: yij - investigated trait, μ- general population average, Ti – the effect of body
weight groups (i=1,2,3), Ri – the effect of breed (i=1,2,3), b(xij - x ) – linear
regression effect of body weight and εij – random error.

Results and Discussion
The average values and standard deviation of daily life gain in different
phases of postnatal life of Swallow Belly Mangalitsa pigs, as well as differences
between groups of animals are shown in Table 1.
The differences in growth rate from birth to reaching the slaughter weight
of 100 kg, were established during different production phases of indigenous pig
breeds. These differences depended on the anatomical-histological-physiological
principles of postnatal development of pigs. Mangalitsa piglets were born with a
body weight of about 1 kg and during the first 5-6 months (24 weeks) piglets
showed the lowest average life gain (110 g) with a larger relative deviation from
the average (CV = 18%). In group II there is a statistically significant increase in
LDG compared to group I, but also in group III compared to group I. Also, a
statistically highly significant difference (P <0.001) in LDG was found between the
second and third groups. During phases II and III, the uniformity of animals is
greater, with a relative deviation of 5% or less. The reason for that is a more stable
defence system of animals older than 24 weeks, so that they show better resistance
to various environmental agents, with good potential for food use.
Table 1. Average life daily gain (g) at different phases of postnatal life
t - test
Phases N
SD SE
I-II
I-III
I

11

110

20

10

II

9

200

10

0

III

13

280

10

0

P<0.001

P<0.001

II-III
P<0.001

Phases: I - = 20 kg (age 24 weeks), II - = 45 kg (age 33 weeks), III - = 100 kg (age 52 weeks);
- average value, N – number of animals, SD – standard deviation, SE – standard error, P – statistical
significance.

Graph 1 shows the daily life gain (g/day) of three indigenous breeds of pigs in 7
phases of measurement at different body weights (kg).
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Graph 1. Trend of life daily gain in 7 consecutive measurements

The highest absolute gain between the two measurements was shown by
the heads of the Moravka breed for all measurements, except for the third and
second measurements, where the heads of the Resavka breed achieved the highest
absolute gain, because they also had the highest average daily gain between the two
measurements (323 g/day).
In the first measurement, Moravka pigs were the youngest (144 days), and
Resavka pigs were the oldest (174 days). At the end of the experimental period, the
heads of the Mangalitsa breed were the oldest (351 days), and the heads of the
Moravka breed were the youngest (314 days). By comparing breeds, it was
determined that there are differences for the LDG trait, but these differences were
not statistically significant. Observing all examined traits in the experiment (animal
age, absolute gain as well as average daily gain between two consecutive
measurements and average life daily gain), there was only a statistically significant
difference (P <0.01) at the end of the experiment between Mangalitsa and
Moravka. The average life gain of Moravka was 347 g/day, Resavka 298 g/day and
Mangalitsa 281 g/day. The obtained results were also expected, considering that
Moravka and Resavka are breeds of combined production abilities, while
Mangalitsa is a fatty breed. Also, with the increase in the age of the animals, there
was a decrease in the life daily gain.
Contrary to our research related to monitoring the average life gain in
different phases of postnatal life, Radović et al. (2019b) report a better increaee of
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LDG in Swallow Belly Mangalitsa. The authors report an LDG of 136 g/day in the
early phase of growth, corresponding to the suckling period, 434 g/day for the
whole phase of fattening (430 in the early phase of fattening, 519 g in the mid
phase and 405 g/day in the final phase of fattening), with animals gaining on
average 307 per day in the period from birth to slaughter. In the early phase of
growth, the daily gain was 310 g/day. A partial similarity exists with the research
of Savić et al. (2019) who divides the growth levels for the breed as the growth
phase (from weaning to 30 kg body weight) and the phases of early, mid and final
fattening with body weights of between 30 and 60 kg, 60 and 100 kg and above
100 kg body weight, respectively. The authors show that the daily gain in the
growth phase is extremely low (192 g/day), which corresponds to the second phase
of postnatal development from our experiment, and increases to 477, 521 and 478
g/day in the early, mid and final phase of fattening, respectively, while the average
daily gain for the phase of total fattening is 508 g/day, and only 285 g/day for the
period from birth to slaughter. LDG in our study was much lower than in the
research of Pietrol et al. (2006) who report LDG of 467 g/day in the Italian
indigenous Casertana breed grown in the open system of a body weight of 35 to 60
kg, 491 g/day in animals of body weight of 60 to 100 kg and 361 g/day for heads
with a body weight above 100 kg, until the moment of slaughter. All these
differences in growth are a consequence of different breeds, different systems of
farming and conditions, but also experimental design. Also, in our study LDG is
lower than in research by Brunius (2011) who established LDG 854 g/day.
Differences in LDG between studies can be explained in differences in breeds,
housing systems, and conditions, as well as in experimental design. In all
measurements during the experiment, the heads of the Moravka breed had higher
LDG in relation to the heads of the Mangalitsa breed, similarly to Radović et al.
(2017a; 2017b). However, as noted, the differences were not statistically
significant, similarly to Petrović et al. (2011).

Conclusion
The results of the research show that there are highly significant (P<0.001)
differences in LDG between different weight groups of boars of the Swallow Belly
Mangalitsa, which is primarily conditioned by the anatomical-histologicalphysiological lprinciples of postnatal development of pigs. The heads of the
Moravka breed had the highest absolute gain between the two measurements,
except between the third and second measurements, where the heads of the
Resavka breed had the highest absolute gain. The highest values for LDG in the
measurement phases were observed in the heads of the Moravka breed.
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This research should be expanded and improved in order to increase LDG
and other production traits of indigenous breeds, all in the function of encouraging
their breeding and preservation. It is necessary to carry out selection measures in
order to prevent their extinction, such as the forever lost breeds of pigs of Šiška and
Šumadinka.

Životni dnevni prirast autohtonih rasa svinja u Srbiji
Marija Gogić, Nenad Katanić, Vladimir Živković, Nenad Stojiljković, Violeta
Mandić, Maja Petričević, Radomir Savić

Rezime
Autohtone rase svinja, osim što predstavljaju genetičko nasleđe, imaju veliki
naučni, kulturni i ekonomski značaj za svaku državu. Srpske autohtone rase svinja
mangulica, moravka i resavka su rizično ugrožene rase sa malim istraživačkim
interesom, što je rezultiralo nedovojnim podacima o njihovim proizvodnim
rezultatima. Cilj ovog rada bio je da se utvrde razlike u životnom dnevnom prirastu
(ŽDP) muških grla rase lasaste mangulice različitih telesnih masa (20 kg – I grupa,
45 kg – II grupa i 100 kg – III grupa), kao i između muških grla lasaste mangulice,
moravke i resavke u sedam uzastopnih merenja, jednom mesečno, tokom trajanja
ogleda. Unutar rase lasasta manuglica, statistički značajno veći ŽDP imala je treća
grupa (280 g/day) u poređenju sa prvom (110 g/day) i drugom (200 g/day). U svim
merenjima moravka je imala najveći ŽDP, a mangulica najmanji, ali razlike nisu
bile značajne. Bilo je za očekivati da će mangulica imati najmanji ŽDP jer je
masna rasa, za razliku od moravke i resavke koje su rase kombinovanih
proizvodnih sposobnosti (meso i mast). Istraživanjem proizvodnih osobina
autohtonih rasa svinja moguće je predvideti i unaprediti proizvodne mogućnosti
selekcijskim merama uz očuvanje poželjne genetičke strukture.
Ključne reči: životni dnevni prirast, autohtone rase, mangulica, moravka, resavka
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Abstract: In this study, the average Ct values in 4 groups of piglets in a
three - week time interval were examined. The groups consisted of 16 male piglets
each. All four groups of piglets received a complete feed mixture that fully met the
needs for a given category of animals (NRC, 2012). In addition to the mentioned
mixture, one group was given the additive Patente Herba® (PH), the second group
was given the food additive Patente Herba® Plus (PHP), the third group received
the antibiotic thiamulin (Tiamulin - P - 10%) and presented a positive control (TK
+), while the fourth group received only complete feed and represented a negative
control (K-). The lowest average Ct value (i.e. the highest amount of DNA of the
bacterium B. hyodysenteriae) in all four observed periods (first, second and third
week of the experiment and in the entire, three-week experimental period) was
recorded in the K-group. The highest mean Ct value (i.e. the lowest amount of B.
hyodysenteriae DNA) on days 0 and 7 was in the PHP group, and on days 14 and
21 in the TK + group. The results of the analysis of variance indicated that the
average Ct values between the groups did not differ statistically significantly on
day 0 (F=2.48; p=0.070) or on day 7 (F=1.88; p=0.143), day14 (F=0.92; p=0.439)
and 21 (F=0.64; p=0.593). Since for the 14th and 21st day the values of F statistics
were less than 1, it means that the data in the groups differed more than between
the groups, and in the groups themselves the variability was not manifested
(cv≤30%).
Key words: adittives, infection rate, piglets, B. hyodysenteriae, nutrition

Introduction
Swine dysentery is a disease characterized by muco-hemorrhagic inflammation of
the mucous membrane of the large intestine, with the formation of fibrin-necrotic
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pseudomembranes. The cause of this disease is the bacterium Brachyspira
hyodysenteriae, an anaerobic spirochete belonging to the family Brachyspiracae of
the order Spirohaetales within the class Spirohaetaes.
Six species of Brachyspira can be found in the large intestine of pigs. Two species
are pathogenic, B. hyodysenteriae, the causative agent of swine dysentery, and B.
pilisocoli, the causative agent of swine spirochetal colitis. B. suanatina, some
strains of B. murdochii and B. intermedia can sporadically cause colitis, while B.
innocens is considered an apathogenic species.
Brachyspira species that can colonize the mucosa of the large intestine of pigs are
5–11 μm long, 0.2–0.4 μm in diameter. Like other spirochetes, they have two sets
of periplasmic flagella located on the opposite poles. Each set of flagella is
wrapped along the body of the bacterium, and is located under the outer bacterial
sheath, the free ends of which overlap in half of the cell. Flagella have the ability of
spiral motility, which enables the motility of bacteria and their penetration through
the dense viscous content of mucus on the surface of the epithelium of the colon
(Hampson, 2012).
The metabolic activity of B. hyodysenteriae and other intestinal Brachyspira has
been described by Stanton et al. (2006). The metabolic characteristics of the three
completely sequenced species are fully determined with only small differences
found to separate the species (Bellgard et al., 2009; Wanchanthuek et al., 2010).
Properties that can be used to differentiate species include the size and intensity of
the hemolysis zone, the indole production ability, and the enzyme profile contained
in commercial API-ZYM kits (bioMérieux, Marcy l’Etoile, France; Fellström et
al., 1997).
Analysis of the population of B. hyodysenteriae using MLEE proved a significant
genetic diversity of this bacterium, which includes a large number of genetically
different strains (Lee et al., 1993). Also, the species has been found to encompass a
highly recombinant population of B. hyodysenteriae strains, but still has clonal
epidemic potential (Trott et al., 1997b). Also, recent research using MLST (La et
al., 2009b; Råsbäck et al., 2007, Savic et al., 2017) and MLVA (Hidalgo et al.,
2010a) have established significant genetic diversity of the species, however based
on the established index genetic differences of the population (index of association)
it has been determined that B. hyodysenteriae is nevertheless a non-recombinant or
clonal species.
Brachyspira hyodysenteriae possesses numerous genes responsible for bacterial
motility and chemotaxis (Bellgard et al., 2009). It demonstrates chemotoxic and
viscotoxic activity against mucin (Milner and Sellwood 1994; Naresh and
Hampson, 2010). This activity allows B. hyodysenteriae to adhere to the colonic
mucosa (Kennedy et al., 1988). Inactivation or damage to flagellar genes (flaA and
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flaB) results in reduced bacterial motility and mucosal colonization ability
(Kennedy et al., 1997; Rosey et al., 1996).
B. hyodysenteriae possesses pronounced hemolytic activity (Bellgard et al., 2009).
A significant factor in the virulence of B. hyodisenteriae is its pronounced motility
in the contents and mucus of the colon (Kennedy et al., 1997), as well as the
presence of a gene for the synthesis of the enzyme NADH oxidase that ensures its
survival in microaerophilic conditions (Stanton et al., 1999). The activity of the
enzyme NADH oxidase can facilitate the colonization of the intestinal mucosa by
B. hyodysenteriae, by protecting it from the toxic activity of oxygen. In this regard,
strains of B. hyodysenteriae with an inactivated NADH oxidase (nox) gene show a
far lower ability to colonize the colonic mucosa and cause disease (Stanton et al.,
1999).
Brachyspira hyodysenteriae grows in an anaerobic environment at temperatures of
37–42°C on tryptose strain (TS) agar or similar agar containing 5-10% defibrinated
blood. After 3-5 days of incubation on nutrient media, low, flat foggy growth of
bacteria with an intense zone of beta-hemolysis without the formation of colonies
is observed, and its growth is facilitated by agar digestion during seeding. The
concentration of bacteria from 108 to 109 per milliliter is reached after 2-3 days of
anaerobic incubation in TS liquid media or brain heart infusion (BHA) media with
the addition of 10 (v/v) calf serum. The addition of 1% O2 to the atmosphere
significantly facilitates the growth of B. hyodysenteriae (Hampson, 2012).

Material and Method
The experiment included examining the effects of two commercially available
phytogenic additives, Patente Herba® and Patente Herba® Plus (Patent Co. DOO,
Mišićevo, Serbia), on the degree of infection with B. hyodysenteriae in piglets.
Phytogenic additive Patente Herba® consists of plant extracts (Castanea sativa chestnut, Rosmarinus officinalis - rosemary, Thymus vulgaris - thyme, Origanum
vulgare - oregano, Allium sativum - garlic, Eucalyptus globules - eucalyptus),
essential oils (thymol, carvacrol, eucalyptol, para-cimen, menthol and eugenol) and
clinoptilolite, while the phytogenic additive Patente Herba® Plus has all the
ingredients as Patente Herba® with the addition of lysozyme and nicotinamide.
Both phytogen additives were added to animal feed in accordance with the
manufacturer's recommendations, i.e. Patente Herba® in the amount of 2 kg/t of
complete feed, and Patente Herba® Plus in the amount of 1 kg/t of complete feed
daily during the three-week experiment, that is, starting from the 1st (day after day
0) to the 21st day of treatment. The antibiotic thiamulin (Tiamulin - P - 10%,
Vetmedic d.o.o., Vršac, Serbia), which was used in the treatment and control of
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swine dysentery, was selected for the treatment of a group of piglets in a positive
control. The antibiotic was administered per/os via food, in doses recommended by
the manufacturer.
In the period between 2016 and 2018, on the pig farm of the Institute of Animal
Husbandry Belgrade - Zemun, an experiment was conducted on clinically healthy
weaned piglets aged seven weeks. The research included the formation of four
groups of animals on the first day of the experiment (which is marked as day 0,
because it is the day before the start of administration of the phytogenic additives).
Each group consisted of 16 male piglets, so that the total number of piglets in the
experiment was 64. The piglets were taken from 16 litters and after marking and
measuring, they were assigned to four experimental groups, respecting the
principle that one piglet from each litter is assigned to each group. In this way, four
groups of 16 piglets were formed, each group consisting of piglets of 16 sows.
The experimental groups of piglets were housed in boxes that were physically
separated so that there was one empty between each of the two experimental boxes.
All four groups of piglets received a complete feed mixture that fully met the needs
for a given category of animals (NRC, 2012). In addition to the mentioned mixture,
one group was given the food additive Patente Herba® (PH), the other was given
the food additive Patente Herba® Plus (PHP), the third group received the
antibiotic thiamulin (Tiamulin - P - 10%) and presented a positive control. (TK +),
while the fourth group received only complete feed mixture and represented a
negative control (K-).
Molecular genetic identification of B. hyodysenteriae
Isolation of B. hyodysenteriae DNA from the feces of experimental animals was
performed using a commercial kit "QIAamp® DNA Stool Mini Kit" (Cat. No.
51504, QIAGEN, Germany) according to a specific protocol.
Real-time PCR (qPCR) was used to quantify the DNA of this bacterium in order to
analyze the possibility of using this method in assessing the degree of infection
(Ct) with B. hyodysenteriae, for which a commercial set of chemicals "KAPA
SYBR® FAST Master Mix (2X) Universal" was used (KAPA Biosystems, MA,
USA). Amplification reactions were performed on a “Rotor-Gene Q 5plex
apparatus” (QIAGEN, Germany). For PCR identification of B. hyodysenteriae, a
pair of oligo-nucleotide primers were used that allow amplification of a specific
segment of the mcpA gene of B. hyodysenteriae (Davis et al., 2005):
• RT1 (5’-GCAGAAATTTTATGGAACTTAGACCAG-3’) and
• RT2 (5’-TCCTGTAGCTGCCGATTCTTTAA-3’)
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Statistical analysis of the results was performed using the software STATISTICA
v6.0 (StatSoft, Inc., Tulsa, USA) and GraphPad Prism version 6.0 (GraphPad, San
Diego, CA, USA).

Results and Discussion
Analysis of the presence of B. hyodysenteriae in fecal samples was performed by
isolation of the pathogen (microbiological method) and identification by molecular
genetic method by real-time PCR. By using the real-time PCR method, quantitative
data were obtained that indicate the amount of DNA of the monitored pathogen in
the sample, i.e. Ct values (Ct value is inversely proportional to the initial amount of
target DNA). The lowest average Ct value (i.e. the highest amount of DNA of the
bacterium B. hyodysenteriae) in all four observed periods (first, second and third
week of the experiment and in the entire, three-week experimental period) was
recorded in the K-group.
Table 1 shows that in the first week of the study the highest degree of infection or
the lowest average Ct value (i.e. the highest amount of DNA of the bacterium B.
hyodysenteriae) was recorded in piglets of the K-group (30.50) which was a
negative control group, while the piglets from the PHP group had the highest
average Ct value (i.e. the lowest amount of DNA of the bacterium B.
hyodysenteriae) (32.90). Piglets from the TK + group had an average Ct value of
31.51, while the PH group of piglets had slightly lower value, 30.99.
In the second week, piglets from the K-group had the lowest average Ct value
(30.55), followed by heads from the PH group (32.30). Piglets from the TK +
group had an average Ct value of 33.66, while piglets from the PHP group had the
highest Ct value (33.93).
Slightly different results were obtained in the third week of the trial.
Piglets of TK + group had the highest average Ct value 34.35, and piglets from Kgroup had the lowest 31.41. Piglets fed diet supplemented with Patente Herba®
(PH) and Patente Herba® Plus (PHP) additives showed 32.97 and 33.59 mean Ct
values in the third week of the experiment, respectively.
If we observe the entire three-week experimental period, we see that the lowest
average Ct value (i.e. the highest amount of DNA of the bacterium B.
hyodysenteriae) was in the K-group of piglets 33.25, followed by the PH group of
piglets (34.11), then the group of piglets fed diet to which the Patente Herba® Plus
(PHP) additive was added (34.47), while the highest average Ct value was in the
group of piglets that received the antibiotic thiamulin (Tiamulin - P - 10%) where
the Ct was 35.85.
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Table 1. Basic statistical indicators of Ct values by observed periods and groups
Observed period
(days)

Group

First week (1-7)

KTK+
PH
PHP

0 day
Second week (2-14)

KTK+
PH
PHP

7 days
Third week (15-21)

KTK+
PH
PHP

14 days
Complete, threeweek experimental
period (1-21)
21 days

KTK+
PH
PHP

Arithmetic
mean
30.50
31.51
30.99
32.90
F=2.48
30.55
33.66
32.30
33.93
F=1.88
31.41
34.35
32.97
33.59
F=0.92
33.25
35.85
34.11
34.47
F=0.64

Minimum

Maximum

26.44
26.78
27.44
28.98

34.61
38.99
34.51
38.11
p=0.07
44.21
43.49
43.01
44.34
p=0.143
42.22
44.66
44.06
44.51
p=0.439
43.76
42.91
43.84
44.91
p=0.593

22.01
27.21
26.99
28.54
25.22
28.12
28.09
27.07
25.55
27.85
27.96
25.93

Coefficient of
variation (%)
7.52
9.81
7.28
8.49
15.27
13.11
12.75
14.29
15.47
16.89
15.45
15.09
15.56
15.61
15.07
16.51

Comparing the obtained results of the average degree of infection and its influence
on the growth of piglets obtained by Delić et al. (2018), a positive effect of
phytogenic additives on the degree of infection with the bacterium B.
hyodysenteriae and thus a direct effect on the growth of piglets can be observed.
Based on the coefficient of variation in all four observed periods (i.e. in the first,
second and third weeks of the experiment separately, as well as in the entire, threeweek experimental period), it can be concluded that all groups were homogeneous
(Table 1 and Graph 1).
Methodological limitations and inconsistency in the existing susceptibility testing
procedures are the reason why the current diagnostic methods cannot reliably
examine the effect of drugs in the treatment of swine dysentery. Our results of the
analysis of variance on the absence of statistically significant differences in the
average Ct value between the groups on day 0 (p=0.070) and on day 7 (p=0.143),
day 14 (p=0.439) and day 21 (p=0.593), and findings F<1 for days 14 and 21,
indicated that real-time PCR is not adequate for quantitative evaluation of the
efficacy of the preparation in the control of swine dysentery, which means that
based on the obtained Ct values the amount of DNA B. hyodysenteriae in the
sample cannot be validly estimated, and therefore that real-time PCR is not an
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adequate method for assessing the efficacy of the preparation against B.
hyodysenteriae.

Graph 1. The trend of Ct values by measurement time and groups
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Conclusion
Based on the obtained Ct values, it can be concluded that the highest
amounts of DNA of B. hyodysenteriae were in negative control, and the lowest
amounts in the groups treated with Patente-Herba® Plus on days 0 and 7, but also
in the tiamulin-treated group on days 14 and 21. Real-time PCR can be used to
quantify the DNA of B. hyodysenteriae, however, to assess the effectiveness of the
preparation in controlling swine dysentery in relation to the quantification of the
total number of B. hyodysenteriae, it is necessary to optimize the method.

Uticaj fitogenih aditiva na stepen infekcije bakterijom B.
hyodysenteriae kod zalučene prasadi
Nikola Delić, Dragan Nikšić, Maja Petričević, Aleksandar Stanojković, Vladimir
Živković, Marina Lazarević, Nevena Maksimović

Rezime
U ovom radu ispitivane su prosečne Ct vrednosti kod 4 grupe prasadi u
tronedeljnom vremenskom intervalu. Grupe su imale po 16 prasadi muškog pola.
Sve četiri grupe prasadi dobijale su potpunu krmnu smešu koja je u potpunosti
zadovoljavala potrebe za datu kategoriju životinja (NRC, 2012). Pored pomenute
smeše, jednoj grupi u hranu je dodat aditiv Patente Herba® (PH), drugoj je
davan hranom aditiv Patente Herba® Plus (PHP), treća grupa je hranom
dobijala antibiotik tiamulin (Tiamulin - P - 10%) i predstavljala je pozitivnu
kontrolu (TK+), dok je četvrta grupa dobijala samo potpunu krmnu smešu i
predstavljala je negativnu kontrolu (K-). Najmanja prosečna Ct vrednost (odnosno
najveća količina DNK bakterije B. hyodysenteriae) u sva četiri posmatrana
perioda (prvoj, drugoj i trećoj nedelji eksperimenta i u celokupnom,
tronedeljnom eksperimentalnom periodu) zabeležena je u K- grupi. Najveća
prosečna Ct vrednost (odnosno najmanja količina DNK bakterije B.
hyodysenteriae) 0. i 7. dana je bila u PHP grupi, a 14. i 21. dana u TK+ grupi.
Rezultati analize varijanse ukazuju da se prosečne Ct vrednosti između grupa nisu
razlikovale statistički značajno kako 0. dana (F=2,48; p=0,070), tako ni 7.
dana (F=1,88; p=0,143), 14. dana (F=0,92; p=0,439) i 21. dana (F=0,64; p=0,593).
S obzirom da su za 14. i 21. dan vrednosti F statistike manje od 1, znači da su se
podaci u grupama više razlikovali nego između grupa, a i u samim grupama
varijabilitet nije bio ispoljen (cv≤30%).
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Ključne reči: aditivi, stepen infekcije, prasad, B. hyodysenteriae, ishrana
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Abstract: Gut microbiota plays a fundamental role in maintaining host
health and metabolism and is considered a potential target of novel therapeutics.
Microalgae represent an interesting source of bioactive compounds such as protein,
fatty acids, fibre, and minerals for nutritional supplementation in humans and
animals. Nevertheless, there is a lack of information on the effect of microalgae on
canine gut microbiota. The aim of the study was to evaluate in a in vitro canine gut
model the effects of four microalgae Arthrospira platensis (AP), Haematococcus
pluvialis (HP), Phaeodactylum tricornutum (PT), Chlorella vulgaris (CV), on some
faecal microbial populations and metabolites. Following the in vitro fermentation,
chemical and microbiological analysis displayed significant differences between
the control and microalgae groups. In particular, after 6h of incubation, microalgae
increased propionate (+36% for CV; p=0.001) and butyrate (+24% for CV
p=0,013), and decreased total BCFA (-47% for both PT and CV; p=0.006),
isobutyrate (-52% for CV; p=0.022) and isovalerate (-43% for AP, CV, PT;
p=0.009) and C. hiranonis (-0.46 log10 copies/75 ng DNA for CV; p=0.052); after
24h microphytes increased propionate (+21% for CV; p=0.001) and isovalerate
(+10% for CV; p=0.041), and decreased the abundance of Turicibacter spp. (7.18
vs. 6.69 and 6.56 log10 copies/75 ng DNA for CTRL vs HP and CV, respectively;
p=0.018), C. leptum (-1.12 log10 copies/75 ng DNA for PT; p=0.008) and
Enterococcus spp. (-0.37 log10 copies/75 ng DNA for PT; p=0.044). These
findings suggest a potential modulatory effect of microalgae on metabolism of
canine faecal microbiota.
Key words: dog intestinal microbiota, microalgae, canine nutrition, in
vitro fermentation
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Introduction
The gastrointestinal tract of mammals harbours numerous bacterial species
known to be, along with fungi, protozoa and viruses, one of the largest and most
complex ecosystems known. Recently, there has been a growing understanding that
the intestinal microbiota plays a crucial role in supporting host health (Tuddenham
and Sears, 2015). In this vein, modulation of intestinal microbiota should be taken
into account as a potential novel therapeutic (Ercolini and Fogliano, 2018). Among
the bacterial metabolites straight short-chain fatty acids (SCFA) acetate,
propionate, and butyrate and branched chain fatty acids (BCFA) isobutyrate and
isovalerate (Mondo et al., 2019) play a very different but important role in the host
body (Rowland et al., 2018).
The diet plays a fundamental role in shaping the composition of gut
microbiota and its relation with the host (Ercolini and Fogliano, 2018). In last
decades, scientific research has widely investigated different nutritional strategies
aimed to positively influence the microbial ecosystem of human gastrointestinal
tract (Conlon and Bird, 2014). Among the several dietary components investigated
in this context, edible microalgae, also called microphytes, represent an interesting
source of bioactive compounds including protein, polyunsaturated fatty acids,
polysaccharides, pigments, vitamins, minerals, phenolic compounds, volatile
compounds, and sterols, hence offering several possible health benefits (Camacho
et al., 2019). Microalgae are ancestral living organisms belonging to a
phylogenetically diverse group, encompassing a number of different phyla and
classes of organisms; in some cases, cyanobacteria are also included (Kay and
Barton, 1991). For their characteristic, microphytes have been proposed as
encouraging sustainable alternatives to conventional animal feed resources and for
their possible application as health-promoting ingredients both in human diet
(Guerin et al., 2003; Vaz et al., 2016) and animal feeds (de Medeiros et al., 2021),
particularly, in the aquaculture sector (Charoonnart et al., 2018). However,
successful inclusion of microalgae and microalgae-based products in feed requires
a clear understanding of their effects on the intestinal microbiota and bacterial
metabolome of the host (Sagaram et al., 2021).
Over the last years, studies have identified many positive benefits of
microalgae, including immunomodulatory (Manzo et al., 2017; Satyaraj et al.,
2021), antioxidant (Guzmán-Gómez et al., 2018), anti-inflammatory (MonteroLobato et al., 2018; Rodríguez-Luna et al., 2018), and anti-bacterial effects
(Martínez et al., 2019). In addition, some microalgae are also known to have
prebiotic properties (Patel et al., 2021), thus modulating the gastrointestinal
microbiota. For example, colonic microbiota composition of rats changed after diet
supplementation with some edible blue-green algae (cyanobacteria) including
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Spirulina (Rasmussen et al., 2009). Recently, Jin et al. (2020) have demonstrated
that supplementation with microalgae, including Chlorella vulgaris, increased
propionate-producing bacteria in an in vitro human gut fermentation model (Jin et
al., 2020). However, there is a paucity of studies investigating the effects of
microphytes on canine gut microbiota and intestinal concentrations of metabolites
deriving from the bacterial metabolism such as SCFA, BCFA, ammonia and
biogenic amines, which are known to be of crucial relevance in host–microbial
interactions (Mccarville et al., 2020). Moreover, some of aforementioned
metabolites (SCFA in particular) represent important indices of gut health
(Alexander et al., 2019).
The aim of the present study was to evaluate in an in vitro canine gut
model the effects of four microalgae Arthrospira platensis (AP), Haematococcus
pluvialis (HP), Phaeodactylum tricornutum (PT), and Chlorella vulgaris (CV) on
some fecal microbial populations and metabolites. We supposed that composition
and metabolism of canine faecal microbiota would have been positively influenced
by microalgae supplementation.

Materials and Methods
The present study was conducted at the Laboratory of Animal Production
of the Department of Veterinary Medical Sciences, University of Bologna, Italy.
Experimental Set Up
In order to simulate the digestion processes that take place in the stomach
and small intestine of dogs, the microalgae were preliminarily subjected to in vitro
digestion, according to the method proposed by Biagi et al. (2016). The undigested
fraction was subjected to analysis (Table 1) and subsequently tested as a
fermentation substrate.
Table 1. Proximate analysis of the undigested fraction of four microalgae.
Crude
Crude
protein% fat, %

Crude
ash, %

Arthrospira platensis

55.7

5.81

4.04

Haematococcus pluvialis

10.2

16.6

1.53

Phaeodactylum tricornutum

18.0

10.7

10.7

Chlorella vulgaris

18.6

3.28

27.0
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Five healthy adult dogs (mixed breed; average body weight of 21 kg; age
3.6 years), house hold, were fed the same commercial dry diet for adult dogs
(Stuzzy New Zealand & Australia Dry Line with venison, Agras Delic Spa, Italy)
for 4 weeks. The diet contained the following ingredients: corn, barley, dehydrated
venison, potato protein, purified pork fat, dried beet pulp, sunflower oil, brewer’s
yeast, dried chicory pulp, FOS, cod liver oil, dicalcium phosphate, potassium
chloride, sodium chloride, herbs (dog rose, bearberry, blackcurrant, taraxacum, and
thistle), and Yucca schidigera. The macronutrient composition of the diet (per kg
on dry matter basis) was the following: crude protein (CP) 236 g, ether extract (EE)
125 g, crude ash (ash) 57.1 g, starch 389 g, and crude fibre (CF) 20.8 g.
The same dry food that was fed to the dogs used as faecal donors was
subjected to in vitro digestion using the two-step procedure proposed by Biagi et
al. (2016). After in vitro digestion, the undigested fraction was dried at 65°C until a
constant dry weight was obtained (18.5 g of undigested residue were obtained from
100 g of food dry matter [DM]) and its chemical composition per kg was the
following: CP 173 g, EE 24.3 g, starch 38.7 g, ash 146 g, and CF 99.4 g.
After the 4-week feeding period, a sample of fresh faeces was collected
from each dog immediately after excretion; faeces were pooled and suspended at
10 g/L in prereduced Wilkins Chalgren anaerobe broth. The faecal suspension was
used to inoculate (100 mL/L) a previously warmed (39°C) and prereduced medium
prepared according to (Sunvold et al., 1995). Five 30 mL bottles (each bottle
containing 21 mL of faecal culture) were set up per treatment.
Five treatments were carried out: (1) control diet with no addition of
experimental substrates and control diet with (2) Arthrospira platensis (AP), (3)
Haematococcus pluvialis (HP), (4) Phaeodactylum tricornutum (PT), or (5)
Chlorella vulgaris (CV). All bottles contained the undigested residue of the
commercial dry food for dogs at 10 g/L. The amount of microalgae that was added
to the inocula is reported in table 2. Amounts were calculated based on the
different in vitro digestibility coefficients of microalgae (Table 2). The dose that
was used should reflect the amount of microalgae that reach the hindgut when they
are included in a commercial extruded food for dogs (with a digestibility of
approximately 90%) at a concentration of 40 g/kg.
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Table 2. Amount of undigested fraction of the commercial dry food and microalgae that were
added to bottles and digestibility coefficients of microalgae subjected to in vitro digestion.
Commercial dry food,
Algae, total
Algae, undigested
undigested fraction
Treatment
digestibility (%)
fraction (mg)
(mg)
CTRL

210

-

-

AP

210

86.2

11.6

HP

210

7.87

77.4

PT

210

67.5

27.3

CV
210
55.3
37.5
CTRL, control; AP, Arthrospira platensis; HP, Haematococcus pluvialis; PT, Phaeodactylum
tricornutum; CV, Chlorella vulgaris.

The pH of faecal cultures was adjusted to 6.7; bottles were sealed and
incubated for 24 h at 39°C in an anaerobic cabinet (Anaerobic System; Forma
Scientific Co., Marietta, OH; under an 85% N2, 10% CO2 and 5% H2
atmosphere). Samples of fermentation fluid were collected from each bottle at 6
and 24 h for the determination of pH, ammonia, biogenic amines, SCFA, and for
microbial analysis.
Chemical Analyses
The commercial dry food and its undigested residue were analysed
according to the AOAC International standard methods (method 950.46 for water,
method 954.01 for CP, method 920.39 for EE, method 920.40 for starch, method
942.05 for ash and method 962.09 for CF). Ammonia was measured using a
commercial kit (Urea/BUN—Color; BioSystems S.A., Spain). The SCFA and
BCFA were separated on a 2-m glass column (inner diameter, 3 mm) of 10% SP1000 + 1% H 3 PO 4 on 100/120 Chromosorb W AW with nitrogen as the carrier.
The chromatograph was a Fisons HRGC MEGA 2 series 8560 with a flame
ionization detector. The temperatures of the injector and detector were 200 °C, and
the oven temperature was 155 °C. 2-ethylbutyric acid was used as the internal
standard. For the determination of biogenic amines, samples were diluted 1:5 with
perchloric acid (0.3 M); biogenic amines were later separated by HPLC and
quantified through fluorimetry (Stefanelli et al., 1986).
Microbial Analysis
At each sampling time, a 1 mL portion of fermentation fluid was collected
from each vessel and centrifuged at 4°C for 5 min, at 18,000 X g. The supernatant
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was removed and immediately frozen at -80°C for further analysis. Bacterial
genomic DNA was extracted from remaining pellet using the Stool DNA isolation
kit (Norgen Biotek Corp., Thorold, ON, Canada). Isolated DNA concentration
(ng/µL) and purity were measured using a DeNovix DS-11 spectrophotometer
(DeNovix Inc., Wilmington, DE, USA). Template DNA was diluted to 50 ng/µL
and stored at -20°C until further analysis. Turicibacter, Ruminococcaceae, Blautia,
Escherichia coli, Bifidobacterium spp., Lactobacillus spp., Enterococcus spp.,
Clostridium cluster XIV, Clostridium coccoides, Clostridium leptum e Clostridium
hiranonis were quantified via quantitative polymerase chain reaction (qPCR) using
specific primers. The qPCR assay was performed using a CFX96 Touch thermal
cycler (Bio-Rad, Hercules, CA, USA). Amplification was performed in duplicate
for each bacterial group within each sample, while standard curves were run in
triplicate.
Briefly, the PCR reaction contained 7.5 µL 2XSensiFAST No-ROX PCR
MasterMix (Meridian Bioscience Inc, Cincinnati, OH, USA), 4.8 µL of nucleasefree water, 0.6 µL of each 10 pmol primer and 1.5 µL of template DNA for a final
reaction volume of 15 µL. The amplification cycle was as follows: initial
denaturation at 95°C for 2 min, 95°C for 5 s, primer annealing at 56-64°C for 10 s
and 72°C for 8 s. The cycle was repeated 40 times. A negative control (without the
DNA template) was also run for each primer pair. Standard curves were
constructed from eight tenfold dilutions for each target. Cycle threshold values
were plotted against standard curves for the quantification of the target bacterial
DNA from faecal inoculum. Melting curves were checked after amplification to
ensure the single product amplification of a consistent melting temperature.

Statistical Analyses
Kruskal-Wallis One-ANOVA with Dunn's multiple comparisons were
performed for data with unequal variances, while normally distributed data were
compared using one-way ANOVA with Dunnett's multiple comparison test.
Differences between groups were considered significant for p<0.05. Each vial
represented a single experimental unit. Significance and tendency for statistical
tests were set at p<0.05 and 0.05<p<0.1, respectively. Statistical analyses were
performed using Statistica 10.0 software (Stat Soft Italia, Padua, Italy).
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Results
The chemical parameters evaluated on samples of fermentation fluid
collected after 6 and 24 h of incubation are shown in Tables 3 and 4, respectively.
After 6 h of incubation, pH was decreased by HP, PT and CV compared to CTRL
(6.58, 6.56, 6.63 vs. 6.71 respectively; p=0.005). Conversely, after 24 h of
incubation, the pH was not statistically different between CTRL and microphyte
groups (p>0.05). Moreover, the concentration of ammonia did not change after 6
and 24 h of incubation. Total concentrations of SCFA were not influenced by
treatments after 6 and 24 h. On the contrary total BCFA were decreased in flasks
containing PT and CV (-46% for both; p=0.006) at 6 h, however, this effect was no
longer present after 24 h. At 6 h, flasks with CV contained higher concentration of
propionate (+36%; p=0.001) and butyrate (+24%; p=0.013). Moreover, after 6 h of
incubation, isobutyrate was reduced by CV (-52%, p=0.022) and isovalerate was
decreased by all treatments, except HP (-43% for AP, CV, PT; p=0.009). At 24 h,
propionate was still higher in vessels containing CV (+21%; p = 0.001) while
BCFA were not affected by microalgae with the exception of isovalerate
concentration that was higher in CV (+10%; p=0.041). In addition, no significant
effects were observed in regard to biogenic amines both at 6 and 24 h, as reported
in Table 5.
Table 3. pH values, ammonia and short-chain fatty acids concentrations after 6 h of an in vitro
incubation of canine faecal inoculum supplemented with microalgae.1
pooled
anova
Item
CTRL
AP
HP
PT
CV
SEM
p-value
pH
6.71
6.63
6.58* 6.56* 6.63*
0.03
0.005
Ammonia, mmol/L
30.2
32.2
31.4
31.9
29.6
1.62
0.586
Straight-chain SCFA, mmol/L
Acetate
8.62
8.66
8.97
8.57
8.85
0.42
0.954
Propionate
4.54
4.92
5.13
5.14
6.19*
0.23
0.001
Butyrate
2.55
2.58
2.62
2.69
3.16*
0.12
0.013
Total SCFA
15.7
15.7
16.7
16.4
18.2
0.78
0.232
BCFA, mmol/L
Isobutyrate
0.27
0.15
0.15
0.13
0.13*
0.03
0.022
Isovalerate
0.46
0.26*
0.30
0.26* 0.26*
0.03
0.009
Total BCFA
0.73
0.41
0.45
0.39* 0.39*
0.08
0.006
1
Values are the means of five bottles per treatment.
* Significantly different from CTRL, p<0.05
CTRL, control; AP, Arthrospira platensis; HP, Haematococcus pluvialis; PT, Phaeodactylum
tricornutum; CV, Chlorella vulgaris; SCFA, short chain fatty acid; BCFA, branched chain fatty acid.
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Table 4. pH values, ammonia and short-chain fatty acids concentrations 24 h of an in vitro
incubation of canine faecal inoculum with a control diet supplemented with microalgae.1
Item

5.95

pooled
SEM
0.01

anova
p-value
0.004

35.7

38.0

1.29

0.065

16.6

16.5

16.5

0.48

0.960

10.3

10.7

11.7*

0.28

0.001

CTRL

AP

HP

PT

CV

pH

5.84

5.84

5.81

5.81

Ammonia, mmol/L

39.6

39.9

36.0

Acetate

16.7

16.9

Propionate

9.68

10.5

Straight-chain SCFA, mmol/L

Butyrate

5.43

5.73

5.31

5.61

5.65

0.14

0.271

Total SCFA

31.81

33.13

32.21

32.81

33.85

0.89

0.536

Isobutyrate

0.60

0.64

0.60

0.62

0.64

0.02

0.289

Isovalerate

0.92

0.95

0.90

0.94

1.01*

0.02

0.041

BCFA, mmol/L

Total BCFA
1.52
1.59
1.50
1.56
1.65
0.04
0.086
Values are the means of five bottles per treatment.
* Significantly different from CTRL, p<0.05
CTRL, control; AP, Arthrospira platensis; HP, Haematococcus pluvialis; PT, Phaeodactylum
tricornutum; CV, Chlorella vulgaris; SCFA, short chain fatty acid; BCFA, branched chain fatty acid.
1

Table 5. Biogenic amines concentrations (nmol/mL) 6 h and 24 h of an in vitro incubation of
canine faecal inoculum with a control diet supplemented with microalgae.1
CTRL

AP

HP

PT

CV

pooled
SEM

anova
p-value

Putrescine

177.4

186.6

175.6

179.0

169.2

4.87

0.241

Cadaverine

101.0

124.6

132.4

96.4

87.4

15.1

0.371

Spermidine

24.4

68.8

36.4

23.6

21.6

9.55

0.043

Spermine

3.80

3.70

5.02

1.28

0.98

6.85

0.041

Putrescine

166.4

174.0

111.4

107.8

140.4

10.2

0.007

Cadaverine

129.8

154.4

72.4

113.8

97.4

25.6

0.223

Spermidine

22.0

21.8

18.2

24.6

22.6

3.00

0.669

Item
6h

24 h

Spermine
1.32
1.16
1.04
2.12
0.58
0.53
0.414
Values are the means of five bottles per treatment.
CTRL, control; AP, Arthrospira platensis; HP, Haematococcus pluvialis; PT, Phaeodactylum
tricornutum; CV, Chlorella vulgari.
1
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The data relating to the composition of the faecal microbiota evaluated at 6
and 24 h of incubation are presented in Table 6 and 7, respectively. After 6 h,
treatments containing CV tended to decrease the abundance of C. hiranonis (6.88
vs. 7.34 log10 copies /75 ng DNA; p=0.052). Microphyte treatments decreased the
presence of some bacterial population after 24 h. In particular, the abundance of
Turicibacter spp. was reduced by HP and CV (6.69 and 6.56 vs.7.18 log10 copies
/75 ng DNA, respectively; p=0.018). Finally, C. leptum (8.26 vs. 9.38 log10 copies
/75 ng DNA p=0.008) and Enterococcus spp. (6.99 vs. 7.36 log10 copies/75 ng
DNA p=0.044) were less abundant in flasks containing PT.
Table 6. Microbial analysis after 6 h of an in vitro incubation of canine faecal inoculum with a
control diet supplemented with microalgae.1
pooled
anova
Target
CTRL
AP
HP
PT
CV
SEM
p-value
Bifidobacterium spp.
7.10
7.21
6.91
7.11
6.63
0.23
0.415
Blautia

6.51

6.60

6.42

6.37

6.16

0.19

0.571

Clostridium cluster XIV

8.14

8.21

7.87

8.07

7.97

0.19

0.639

Clostridium coccoides

7.51

7.50

7.26

7.43

7.31

0.25

0.929

Clostridium hiranonis

7.34

7.16

7.20

6.96

6.88*

0.11

0.052

Clostridium leptum

7.42

7.34

7.35

7.20

6.99

0.13

0.183

Escherichia coli

7.01

7.30

7.23

6.93

7.00

0.12

0.346

Enterococcus spp.

7.16

7.27

6.70

7.19

7.32

0.24

0.409

Lactobacillus spp.

5.84

5.77

5.52

5.62

4.87

0.32

0.283

Ruminococcaceae

8.49

8.50

8.32

8.34

8.11

0.19

0.595

Turicibacter spp.
6.30
6.36
6.13
6.10
6.07
0.16
0.631
Values are the means of five bottles per treatment.
The qPCR data was expressed as log10 copies of DNA for each particular bacterial target per 75 ng of
isolated total DNA.
* Significantly different from CTRL, p<0.05
CTRL, control; AP, Arthrospira platensis; HP, Haematococcus pluvialis; PT, Phaeodactylum
tricornutum; CV, Chlorella vulgaris
1
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Table 7. Microbial analysis after 24 h of an in vitro incubation of canine faecal inoculum with a
control diet supplemented with microalgae.1
pooled
anova
Target
CTRL
AP
HP
PT
CV
SEM
p-value
Bifidobacterium spp.
8.23
7.92
8.11
8.32
7.91
0.11
0.066
Blautia
7.63
7.38
7.60
7.46
7.46
0.09
0.313
Clostridium cluster
XIV
Clostridium coccoides

8.33

8.07

8.38

8.26

8.31

0.08

0.134

9.38

8.97

8.88

8.26*

9.09

0.19

0.008

Clostridium hiranonis

8.14

8.06

8.03

8.07

7.95

0.10

0.754

Clostridium leptum

8.41

8.37

8.31

8.15

8.27

0.09

0.310

Escherichia coli

8.45

8.41

8.37

8.16

8.54

0.11

0.206

Enterococcus spp.

7.36

7.19

7.30

6.99*

7.40

0.10

0.044

Lactobacillus spp.

7.29

7.41

7.16

7.19

6.80

0.19

0.256

Ruminococcaceae

9.65

9.47

9.60

9.42

9.48

0.08

0.276

Turicibacter spp.

7.18
6.92
6.69*
6.74
6.56*
0.12
0.018
Values are the means of five bottles per treatment.
The qPCR data was expressed as log10 copies of DNA for each particular bacterial target per 75 ng of
isolated total DNA.
* Significantly different from CTRL, p<0.05
CTRL, control; AP, Arthrospira platensis; HP, Haematococcus pluvialis; PT, Phaeodactylum
tricornutum; CV, Chlorella vulgaris
1

Discussion
The purpose of this investigation was to evaluate the in vitro effects of four
microalgae on some canine faecal microbial populations and metabolites. It must
be emphasized that very few studies have investigated the use of microphytes in
dogs and they were mainly focused on anti-inflammatory and immunomodulating
activities of microalgae (Satyaraj et al., 2021). In this study, supplementation with
microalgae partially affected the gut ecology.
Particularly, pH was decreased after 6 h in three of the four microalgae
groups (HP, CV, PT). The reduction of intestinal pH could be a desirable effect, as
the acidification of the environment has a broad-spectrum inhibitory activity
against Gram-positive and Gram-negative bacteria. It is known how the colonic pH
is influenced by fermentation processes of bacterial populations, in particular in the
proximal colon, where the pH is lower due to the production of SCFA that mainly
derive from the fermentation of carbohydrates (Hamer et al., 2012). However, in
the present investigation, total concentration of SCFA was not affected by
treatments.
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After 6 h of incubation, the concentration of propionate and butyrate was
increased by CV. A previous study conducted in an in vitro human gut model
demonstrated that supplementation with microphytes, including CV, could affect
both intestinal microbiota composition and metabolites. Particularly, Jin et al.
(2020) investigated the effects of three edible microalgae (Chlorella vulgaris,
Chlorella protothecoides, and Schizochytrium sp.) on gut microbiota showing that
microalgae supplementation increased the proportion of propionate in the colonic
culture together with the relative abundance of some bacterial populations involved
in propionate metabolism (genera Bacteroides spp. and Dialister spp.). Moreover,
total SCFA were significantly increased by C. vulgaris. Similar effects were
observed in the present study regarding the higher concentration of propionate in
CV group, both after 6 and 24 h. Intestinal SCFA are linked with some healthpromoting effects, such as anti-inflammatory, anticarcinogenic, and immuneregulatory functions (O’Keefe, 2016). Specifically, propionate is metabolized in the
liver and plays a role in reducing the concentration of blood sugar and serum
cholesterol, while butyrate is an important source of energy for colonocytes
(Guarner and Malagelada, 2003). In addition, butyrate is known to be effective in
preventing colon cancer (McNabney and Henagan, 2017).
Nevertheless, in the present trial higher concentration of SCFA did not
reflect a change in microbial populations known as SCFA producers. Moreover,
after 24 h of fermentation, lower presence of genera Enterococcus spp. (PT),
Turicibacter spp. (CV and HP) and C. coccoides subgroup (PT) were detected in
three of the groups to which microalgae were added. These last outcomes are in
contrast with the results recently obtained by Wan et al. (2019) who studied the
effect of a bioactive polysaccharide from microalga Chlorella pyrenoidosa (CPP)
at the dosage of 150 and 300 mg/kg, on gut microbiota of mice fed a high-fat diet.
The authors pointed out that the growth of some bacterial genera, including
Turicibacter, and the concentrations of acetate, propionate, and butyrate were
drastically increased in both CPP treatments. Turicibacter spp., belonging to the
Firmicutes phylum, was considered an important producer of SCFA (Sivaprakasam
et al., 2016), suggesting an important role of Turicibacter spp. in promoting gut
health.
For what concerns the decrease of C. coccoides that was observed in the
present study, existing literature appears to report controversial findings regarding
the abundance of this bacterial group in host physiology. C. coccoides, belongs to
the Firmicutes phylum, one of the most predominant groups in the human gut, and
many species in this class, such as Eubacterium spp., Roseburia spp.,
Subdoligranulum variabile, and Faecalibacterium prausnitzii directly produce
butyrate from dietary polysaccharides and other substrates (Jamar et al., 2018);
moreover, its presence is also correlated with an increased capacity to harvest

238

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

energy from diet (Turnbaugh et al., 2006). Microbial analysis showed that, at 24 h,
PT treatment decreased enterococci and C. leptum subgroup. The last is known as a
butyrate-producing bacterium previously reported to be less abundant in faecal
samples of human patients suffering from gastrointestinal disorders like
inflammatory bowel disease (Wang et al., 2014).
After 6 h of incubation, CV resulted in decreased abundance of C.
hiranonis. C. hiranonis is a bacterial species of interest, as it shows bile acid 7
alpha-dehydroxylating activity, and a decrease in C. hiranonis may suggest bile
acid dysmetabolism (AlShawaqfeh et al., 2017). These findings are apparently in
contrast with previously mentioned studies (Jin et al.,2020; Wan et al., 2019), in
which microphytes seemed to improve intestinal health by promoting the growth of
positive bacterial population, such as SCFA-producing bacteria. Certainly, it must
be underlined that, in the present study, only few of the main populations of canine
microbiota have been evaluated. This fact represents a limitation as we cannot
exclude that changes regarding other bacteria could not have been detected.
One of the main reasons for considering microalgae as an interesting
source of food is their high protein content (e.g., 55% -70% for S. platensis and
42%-55% for C. vulgaris on a dry matter basis; Matos, 2019). In this study,
microalgae were preliminarily subjected to in vitro digestion and the undigested
fraction was used as the fermentation substrate. Proteins were highly represented in
the undigested fraction of AP (55.7%), CV (18.6%), PT (18.0%). Interestingly, the
presence of microalgae, despite the increased presence of protein, decreased BCFA
after 6 h and did not result in higher concentrations of ammonia and biogenic
amines, all metabolites deriving from bacterial proteolysis (Blachier et al., 2006;
Mccarville et al., 2020). In particular, CV seemed to have the greatest effect on
BCFA by decreasing both the concentration of isobutyrate and isovalerate. The
biological significance of BCFA and biogenic amines is still poorly understood.
The former originate from branched chain amino acids in the colon and it has been
hypothesized that BCFA may have a role in the regulation of ionic exchanges in
colonic mucosa (Musch et al., 2001) and that isobutyrate may act as a potential
source of energy for colonocytes after exhaustion of butyrate (Jaskiewicz et al.,
1996). Similarly, biogenic amines seem to have a beneficial influence on the
intestinal mucosa (Heby, 1981) but, on the other hand, they could act as precursors
in the formation of nitrosamines, known as carcinogens in humans (Smith and
Macfarlane, 1996). The decrease of BCFA that we observed could indicate a
reduction of proteolytic activities operated by some bacterial populations.
However, other parameters, including concentration of ammonia and biogenic
amines, did not reflect this trend. In this regard, the effects of microalgae
supplementation on metabolites deriving from bacterial proteolysis are still poorly
investigated, hence it could represent an interesting aspect to be explored.
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Conclusion
During the present in vitro study microalgae partially affected canine
faecal microbiota. Among the four microphytes, CV showed the major effect on
microbial metabolites after 6 h of incubation by increasing propionate, butyrate and
decreasing BCFA. These outcomes suggest that microalgae, especially CV, could
have a potential modulatory effect on the metabolic activities of canine faecal
microorganisms. However, CV led to a reduction of C. hiranonis at 6 h, while after
24 h HP, PT and CV resulted in a decrease of some beneficial bacterial populations
belonging to Firmicutes, known to be butyrate-producing bacteria.
The present study regarding the influence of microalgae on the intestinal
microbiota of dogs has led to controversial results and should be considered as a
preliminary study for future investigations.
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Abstract: In this study, the effects of different pre-slaughter resting
periods on the carcass and meat quality of slaughtered beef cattle by Digital Image
Analysis (DIA) and traditional methods (colorimeter) were determined. There were
4 resting periods, for those slaughtered without resting (RP0); 3 hours resting
(RP3), 6 hours (RP6) and 12 hours (RP12) and formed as four different groups of
animals and 375 samples in total from 10 animal carcasses from each group were
collected. The measurements values of pH for the meat in each group, L*, a* and
b* values and the RGB values obtained by the image analysis were subjected to
ANOVA analysis by using GLM (General Linear Model) procedure and Tukey test
was applied for pairwise mean comparisons. The samples of 2.5 cm thick
Longissimus dorsi muscle area (LMA) between the 12th and 13th ribs were taken
and pH measurements were obtained from the lumbar region. LMAs were
measured using a planimeter and colour values with a colorimeter (L*, a* and b*)
were determined. Digital images of the LMA samples taken from the carcass were
subjected to image analysis. Both LMA and the colour distribution of red, green
and blue (RGB) values and their density were determined by DIA. A-10 cm
reference card was placed next to each object to eliminate the effects of shooting
distance between the object and a digital camera. There were no statistically
significant differences in LMAs of any group of animals obtained by of either
method used in this study. All RGB colour values of the meat of the animals
slaughtered without resting period (RP0) were significantly higher than those
obtained in other resting periods. Similarly, L*, a* and b* values of the meat of the
animals slaughtered without resting period (RP0) were significantly higher
(P=0.01) than those in other resting periods. It was also found that there were no
statistical differences in the colour values of the meats of the animals subjected to
resting time 6 and 12 hours in both methods. Therefore, these results suggested that
it would be appropriate for the animals to be rested for at least 6 hours before
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slaughter. It can also be concluded that DIA may open up new dimensions to
determine some other meat quality parameters (texture, visual appearance,
marbling, lean to fat ratio, lipid/protein oxidation levels etc.).
Keywords: carcass, beef cattle, digital image analysis, meat quality

Introductıon
Rapidly developing computer technology has enabled new dimensions in
the agriculture sector as well as speeding up the flow of agricultural information
and facilitating the rapid transfer of information. The priority aim in the
development in the agriculture sector in the developing countries is to increase
productivity as well as to use the existing production potential effectively.
Digital image analysis can be used to obtain accurate descriptive values
(Sapirstein, 1995), to be quick and objective (Lefebvre et al., 1993; Gerrard et al.,
1996; Liu et al., 1997; Ni et al., 1997), to save people from tedious and time
consuming operations (Gunasekaran, 2001), the ability to store data in such a way
that objects are often able to analyse without corrupting the structures (Trenkle and
Limas, 1999), is stable, effective and low cost (Lu et al., 2000), automating many
processes requiring high technological skills (Tarbell and Reid, 1991).
Traditional methods are currently used in determining carcass and meat
quality, and besides this method, advanced technology such as Digital Image
Analysis, which can be used easily in practice, has been developed and the studies
on the development of new systems that will increase productivity by determining
values such as carcass fat thickness, Longissimus dorsi muscle area and marbling
have accelerated in meat quality research areas (Tylutki et al., 1994).
In a study on the use of Digital Image Analysis, it was stated that
significant relationships were obtained between the percentage of marbling and R,
G, B (red, green, blue) colour values in the evaluation of meat quality
characteristics of some cattle breeds (Dasiewicz et al., 2003). It was also
emphasized that RGB and L*a*b* values can be measured on a given area of jpeg
images (OSullivan et al., 2003).
It was reported by Gregory (2008) that animals taken to slaughterhouses
become dizzy due to the accumulation of carbon dioxide due to fatigue during
transportation and oxidative deterioration caused by Escherichia coli bacteria that
occurs after slaughter. Therefore, animals are required to have a resting period
before slaughter.
Traditional carcass and meat quality determination methods require
knowing the pH value, meat colour and texture of meat as well as carcass yield. In
recent years, computer-aided software programs have been developed and these
programs have begun to be used in animal production. As a result of the studies,
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the Digital Image Analysis method has been widely used both in the private sector
and in scientific studies (Bozkurt et al., 2009, 2017). Therefore, in this study, the
determination of the effects of resting periods on meat quality was assessed by the
colour densities of the meat acquired by Digital Image Analysis.

Materials and Methods
This study was conducted in the Lake District, Isparta and Burdur provinces
of Turkey in the private sector and municipal slaughterhouses. The slaughtered
Holstein, Brown Swiss and their crosses were recorded for the study purposes.
Regardless of transportation distance of the slaughtered male animals was studied.
Additionally, all the animals fasted in all resting periods before the slaughter.
Animals were weighed before slaughtering by an electronic Tru-Test weighing
scale (Haptner-Germany), the dressing percentage of the same animal carcasses
was determined after slaughter.
Traditional method: Eye muscle area (Longissimus dorsi) samples split
into 2.5 cm thick were taken from 10 carcasses each group, between the 12th and
13th ribs and pH measurements, were made at lumbar regions of the post-mortem
in the first 45 minutes and 24th hours after slaughter by Crison pH meter. Eye
muscle area was then determined by grid (Figure 1) and planimeter using and
colour values with minolta colourimeter (L*, a* and b* values).

Figure 1. The eye muscles area measured by acetate grid

Digital image analysis method: A 10 cm reference card (Figure 2) was put
next to each side of the carcass to eliminate the effects of the captured photo
shooting distance. The sizes of parameters in images were transformed from the
pixel unit to the metric units (cm), (spatial calibration). After slaughtering
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carcasses and Longissimus dorsi images were taken by using a digital camera then
these images were subjected to the DIA method using Image-Pro Plus 6.0 and IQstudio software programs (Figure 3). For the eye muscle area, the distribution of
the colours red, green and blue (RGB) and the density was determined.

Figure 2. Some reference cards

Figure 3. Digital methods of determining the colour intensity

Statistical Analysis
The observations obtained in the experiment were analysed by one-way
analysis of variance technique (MİNİTAB V. 16). The values determined by DIA
and the values determined by the metric measurements were associated with each
other by correlation. pH measurements of each group, and differences between the
colour values (L*, a* and b*) and the RGB values obtained by the image analysis
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were subjected to one-way ANOVA. Statistical analysis differences between mean
values of characteristics are determined by the difference with Tukey test.

Results and Discussion
In this study, in total 375 cattle were used regardless of breed differences
and were exposed to 4 different resting periods and 162 animals without resting
(RP0), 66 animals 3-hour resting (RP3), 45 animals 6-hour resting (RP6) and 102
animals 12-hour resting (RP12). There were no statistically significant differences
in the eye muscle areas of any group of animals obtained by the methods used in
this study. Therefore, the results related to eye muscle area measurements were not
presented.
The average colour values in meat samples according to different resting
times are presented in Table 1.
Table 1. The average colour values in the meat samples according to resting time by DIA
RED(R)
GREEN(G)
BLUE(B)
N
Mean*
S.E
N
Mean*
S.E
N
Mean*
S.E
RP0
162
157.5a
2.8
162
88 a
2.2
162
90.9a
2.1
RP3
66
76.0b
2.9
66
44.5b
1.5
66
46.7b
1.8
RP6
45
71.9b
3.9
45
46.4b
1.9
45
47.3b
2.4
RP12
102
64.3b
2.4
102
43.4b
1.2
102
44.7b
1.5
N: The number of animals in each group, S.E.: Standard error, RP0: No resting, RP3: 3-hour resting,
RP6: 6-hour resting, RP12: 12-hour resting.
*The means with the same superscripts within the same columns are not statistically significant (P
>0.05).

The red, green and blue colour values of the meat samples of the animals
that were not resting (RP0) were found to be statistically significant (P <0.05) and
higher than the colour values of the meat samples obtained from other resting time
animals (Table 1). In the evaluation of meat quality characteristics of some cattle
breeds, with the help of the numerical image analysis method, there are important
relationships between marbling percentage and R, G, B (red, green, blue) colour
values. It is stated that it can be used as a method (Dasiewicz et al., 2003).
Table 2. The average colour intensity in meat samples according to their resting time
L*
a*
b*
N
Mean
S.E
N
Mean
S.E
N
Mean
RP0
162
45.7a
0.9
162
28.7a
0.4
162
10.9a
b
b
RP3
66
22.2
0.8
66
13.9
1.0
66
4.4b
RP6
45
21.8b
1.1
45
11.4bc
1.2
45
3.4bc
RP12
102
20.1b
0.7
102
8.9c
0.7
102
2.2c
L* Brightness, a*: Red, b*: Yellow.

S.E
0.3
0.4
0.3
0.2
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The means with the same superscripts within the same columns are not statistically significant (P
>0.05).

The most colour intensity of the colour values L* brightness was detected
in meat samples of animals slaughtered without resting with 45.7. In no-resting
groups (RP0), the mean values of all L* colour intensities were statistically
different (P <0.05) and greater than those values at other resting periods. The
results are in agreement with other studies (Nanni et al., 2002) where the meat
from the animals with a higher ante mortem stress before the slaughter process had
a lower pH, a pale colour with high L* values.
In the case the red hue (a*), colour values the RP0 group were different (P
<0.05) than the groups subjected to other resting periods. It was observed that this
value was higher in the meat samples of the animals slaughtered in the same colour
without resting in the yellow colour (b*), and these differences were found to be
statistically significant (P<0.05). Similarly, yellow colour (b*) values the RP0
group were more than others, and these differences were statistically significant (P
<0.05). However, there were no statistically significant differences in all colour
values between RP3 and RP6; and also between RP6 and RP12. Similarly, Sima et
al., (2015) reported that directly slaughtered animals had higher meat colour values
(L*, a* and b*) than those animals rested at least for 3 hours.
As it was suggested by Viljoen et al. (2002) that exposing animals to
chronic or long time stress such as long hours of transportation, food and water
deprivation and overcrowding of animals in the lairage can cause Dark, Firm and
Dry (DFD) carcasses. Pale Soft Exudative (PSE) and DFD meats are unattractive
and more likely to face discrimination by consumers. PSE meat looks pale and
lean, has soft texture and low water holding capacity and poor functional attributes.
DFD meat looks dark, has variations in tenderness, poor functional attributes and is
prone to spoilage. Moreover, the results found in this study were in line with those
reported by Marenčić et al. (2012) that bulls rested in lairage had significantly
higher pH24 and significantly lower L*, b* and a* value compared with unrested
bulls on the contrary the rested heifers had significantly lower pH24 and
significantly higher L* and a* value, compared with unrested heifers.

Conclusion
The results obtained from this study showed that both L*, a*, b* and RGB
values were high in the animals slaughtered without resting, and as an expression
the dark-cutting carcass, it was determined that the optimum resting time should be
at least 6 hours. In addition, the results of this study can be advised to apply in
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slaughterhouses and will provide new dimensions for determining the shelf life of
meat and processed meat products marketed in markets and on shelves.
Studies are showing that the values used in the determination of meat
colour, as in many areas of DIA. To carcass and meat quality evaluation, the colour
values to be determined by DIA are increasing research trends in this field. Digital
image analysis methods used in this study, contributed to determining the effects of
the pre-slaughtering periods on the carcass and meat quality of the animals and also
determining the optimum resting period to decrease dark cutting cases.
This study has shown that it will provide more reliable and accurate results
in studies to be conducted in more controlled conditions. Furthermore, care must be
taken to ensure that the resolution of the cameras used for image acquisition is
good and that the ambient light has the effect of eliminating the effects on the
image. It is considered that the image quality measurement techniques can be
useful to consider breed differences in the quality estimations to be performed by
the digital image method.

Uticaj perioda odmora pre klanja na kvalitet trupova i mesa
utvrđeni analizom digitalne slike
Yalcin Bozkurt, Serkan Ozkaya, Sukran Kuleasan

Rezime
U ovom istraživanju utvrđeni su efekti različitih perioda odmora pred klanje na
kvalitet trupova i mesa goveda pomoću digitalne analize slike (DIA) i
tradicionalnih metoda (kolorimetar). Istraživanje je obuhvatilo 4 perioda odmora,
grla zaklana bez odmora (RP0); 3 sata (RP3), 6 sati (RP6) i 12 sati odmora (RP12)
i formirane su četiri različite grupe životinja i ukupno 375 uzoraka od 10 trupova
životinja iz svake grupe. Merenja pH vrednosti mesa u svakoj grupi, L*, a* i b* i
RGB vrednosti dobijene analizom slike podvrgnute su ANOVA analizi primenom
GLM (General Linear Model) procedure, a Tukey test je primenjen za poređenja
srednjih vrednosti. Uzeti su uzorci mišića Longissmus dorsi debljine 2,5 cm (LMA)
između 12. i 13. rebra i dobijena su merenja pH iz lumbalne regije. LMA su mereni
pomoću planimetra i određene su vrednosti boje sa kolorimetrom (L*, a* i b*).
Digitalne slike LMA uzoraka uzetih sa trupa podvrgnute su analizi slike. DIA je
odredila i LMA i distribuciju boja crvenih, zelenih i plavih (RGB) vrednosti i
njihovu gustinu. Referentna kartica A-10 cm postavljena je pored svakog objekta
kako bi se eliminisali efekti udaljenosti snimanja između objekta i digitalnog
fotoaparata. Nije bilo statistički značajnih razlika u LMA između grupa životinja
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dobijenih metodama korišćenih u ovoj studiji. Sve vrednosti boje RGB mesa
životinja zaklanih bez perioda odmora (RP0) bile su značajno veće od onih
dobijenih u drugim periodima mirovanja. Slično tome, vrednosti L*, a* i b* mesa
životinja zaklanih bez perioda odmora (RP0) bile su značajno veće (P=0,01) od
onih u drugim periodima mirovanja. Takođe je utvrđeno da nema statističkih
razlika u vrednostima boje mesa životinja koje su odmarale 6 i 12 sati primenom
obe metode. Stoga su ovi rezultati sugerisali da bi bilo poželjno da se životinje
odmore najmanje 6 sati pre klanja. Takođe se može zaključiti da DIA metoda može
da otvori nove dimenzije u smislu određivanja nekih drugih parametara kvaliteta
mesa.
Ključne reči: trup, govedina, digitalna analiza slike, kvalitet mesa
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Abstract: Fibers are naturally occurring compounds present in a variety of
vegetables, fruits and cereals. They are used as additives in the food processing
industry for not only their nutritional value, but for their versatility as a functional
ingredient. This study was carried out to investigate the techno-functional
characteristics of three dietary fibers namely, potato, wheat and oat, and their effect
on the yield and texture of meat burgers. The findings revealed interesting
functional properties for potato fiber. This fiber displayed significantly higher
water (9,5 g/g) and oil (5,9 g/g) holding capacity compared to wheat and oat fibers
(p<0,05), probably due to higher starch content and a bigger porosity of the fiber
structure. Better emulsion stability of potato fiber, after cooking and frying,
suggests their possible usage in comminuted meat products to enhance texture and
improve cooking yield. The application of potato and oat fibers significantly
improved the firmness (N) of meat burgers after frying. Overall, the findings
demonstrate the potential functional and economic utility of potato fiber, as a
promising source of dietary fiber.
Key words: potato fiber, wheat fiber, oat fiber, techno-functional
properties, meat burgers

Introduction
Traditional sources of fibers in the diet are cereals, such as wheat, oats and
barley, however nowadays nutritional fibers are obtained from all sorts of grains,
vegetables and fruits (Sze et al., 2017). Vegetable-based fibers are mixtures of βglucans, amylopectin and celluloses (Warner et al., 2001; Brewer, 2012). Dietary
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fibers have many nutraceutical benefits, that range from a digestive aid to their
ability to improve colonic health and to prevent cancer (the latter is more relevant
to cereal and potato fibers, as they have a larger insoluble fraction) and the lack of
fibers in the diet is often associated with gastrointestinal diseases, colon cancer,
increased risks of cardiovascular and metabolic diseases, including obesity and
diabetes (Schneeman, 1999; Jimenez-Colmenero et al., 2001; Fuller et al., 2016).
In the modern food industry, fibers are of interest to food processors for
not only their nutritional value, but for their versatility as a functional ingredient
(Leão, et al., 2013; Yangilar, 2013; McGill et al., 2015). Fibers offer many desired
functions, such as improving texture, appearance, moisture control and shelf life in
a wide range of products like beverages, meat and dairy products, pasta, cereals
and baked goods (Mansour and Khalil, 1997; Abdul-Hamid and Luan, 2000;
Paraskevopoulou et al., 2005; Montesinos-Herrero et al., 2006).
Dietary fibers isolated from various plants have diverse functional
properties namely solubility, viscosity, gel forming ability, water-binding and oil
adsorption capacity, which affect final product quality and characteristics. These
functional properties of fibers depend on the plant source, their structure and
chemical composition (Chau and Huang, 2003). Much of the functionality of the
various fibers comes from their ability to absorb and in some cases to bind water at
two to ten times their weight. Water can serve as an economical and noncaloric
addition to many products, and in its bound form may increase product shelf life.
Additionally, in formulating comminuted or emulsified products, the addition of
fibers can enhance the emulsion stability by retaining the fat/oil present in the
formula (Tungland and Meyer, 2002).
The most important technological effects of fibers in the meat processing
industry include: moisture and fat/oil retaining capacity, improving the stability of
emulsions, substitution or reduction of fat content, increasing the yield, improving
the texture and retaining the shape of the product after heat treatment, increasing
storage stability and shelf-life (Grigelmo- Miguel et al., 1999; Kim and Paik, 2012;
Zinina et al., 2019). Cereal based fibers (e.g. oat and wheat) and potato fibers are
widely used in the meat processing industry. With a bland taste and a light colour,
these fibers have good water retention and emulsification capacity, which make
them very suitable for a wide range of meat products.
This study was carried out to investigate the techno-functional properties
of potato, wheat and oat fibers in an effort to improve the understanding of the
difference that these fibers have on functional properties important to meat
processors. Effects on water and oil holding capacity, emulsification and texture
properties were studied. Finally, the functionality of the three dietary fibers was
compared in a meat burger application.
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Material and Methods
Potato fibers (product name: Paselli FP) for this study were obtained from
AVEBE U.A. (The Netherlands). Wheat fibers (product name: Vitacel WF200)
were obtained from Rettenmaier & Sohne (Germany) and oat fibers (product name:
Canadian Harvest) from Barentz International B.V. (The Netherlands). Vegetable
oil used in this trial was sunflower oil (Reddy, The Netherlands), with a
composition of 58% monounsaturated, 35% polyunsaturated and 7% saturated fat
(according to labelled product information). Pork back-fat was obtained from the
local butcher.
The basic composition of each fiber (according to product specification on the
package) is given in Table 1.
Table 1. Fiber properties1
Composition (%)
Dietary fiber
Starch
Protein
1 Supplier product information

Potato fiber
70 - 75
< 25
5

Wheat fiber
97
0.8
0.4

Oat fiber
94
0.4
-

For the measurement of the water holding capacity of fibers, a simple
filtration method was used. A filter paper was placed into a plastic funnel and
weighed (F1). 2 g of the fiber was weighed into 100 ml tap water. After stirring for
2 min, the sample was poured into the funnel and filtered into a cylinder until there
was no further drip loss. The funnel, containing the filter paper and wet filtrate was
then weighed (F2). All samples were measured in triplicate. The water holding
capacity (WHC) was calculated as: WHC (g water/g fiber) = (F2 –F1)/2.
To compare the oil holding capacity (OHC) of three different fiber
products a centrifuge method was used. 5 g of fiber and 45 g of sunflower oil were
mixed in a centrifuge tube. The samples were stirred and left to rest for 5 min.
They were then put into a centrifuge (Centaur 1, Beun de Ronde b.v.). After 30 min
centrifugation at a speed of 2000 rpm, the supernatant was poured out and the
remaining in the tube weighed (S). All samples were measured in triplicate. The
amount of bounded oil was calculated as: OHC (g oil/g fiber) = S/5.
In order to compare the emulsion stability of fibers, emulsions were made
under a 1:7:7 ratio (1 part fiber to 7 parts pork back fat to 7 parts water). Using a
Stephan mixer (UM5, The Netherlands), the fat is first very roughly chopped under
vacuum with approximately one-eighth of the water at a medium speed (1500 rpm)
for 1 min. The fiber was then added and gradually the remaining water is added
and further mixed at high speed (3000 rpm) for 2 min. The emulsion was poured
into the 200 ml cans and pasteurized in a water bath at 75°C for 40 min, until
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reaching 72°C in the center of the can. The cans are then cooled with tap water
before being refrigerated overnight. The cooked emulsion stability of fibers was
assessed after opening the cans and described sensorially using a 5-point grading
system (from 5 = no fat loss, to 1 = much fat loss). After that, each emulsion was
fried in sunflower oil at ~180°C for 1 min and a similar sensorial test was
conducted to describe emulsion stability after frying, using a scale from 5 = stable
structure, to 1 = loss of structure. All samples were scored in triplicate.
The effect of adding different fiber on the burger yield and texture was
investigated. Burgers were prepared according to the recipe given in Table 2. All
the ingredients were obtained from the local store and are widely available on the
market. The ingredients were mixed together and burgers of approx. 90 g were
formed and pan-fried. Three different groups of burgers were made, depending on
the fiber source.
Table 2. Burger formulation
Ingredient
Beef (15% fat)
Pork (20% fat)
Water
Salt (NaCl)
Spices and flavors
Polyphosphate (STPP)
Fiber1
TOTAL
1 Three groups were made: potato, wheat, oat

%
60.5
15.2
17.8
1.2
4.0
0.3
1.0
100.0

Process loss was calculated by measuring the difference in weight before
and after frying the burgers, and expressed as a percentage of the initial weight.
Texture measurements were performed on fried burgers using a Shimadzu EZ-SX
texture analyzer (Shimadzu Corp, Japan) equipped with a 5 kg load cell and a
cylindrical probe with a diameter of 36 mm. The firmness was measured as the
maximum force (N) required to compress a burger sample by 50% at a speed of 1
mm/s. Nine replicate samples were tested from each group.
The results were analyzed statistically using one-way analysis of variance
with the ANOVA procedure from SPSS 20.0 software (IBM SPSS Statistics,
Version 20, IBM Corp, USA). Statistically significant differences between samples
were defined as p<0.05. All the data in are expressed as means ± standard
deviation.
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Results and Discussion
Significant differences (p<0.05) were observed between the WHC and
OHC of the three fibers and these results are represented in Graph 1.

A

B

Graph 1. Water (A) and oil (B) holding capacity of three different fibers (different letters (a-c)
denote a significant difference between means at p<0.05)
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Potato fiber had a significantly higher water and oil holding capacity
compared to wheat and oat fibers (p<0.05). Higher water holding capacity can be
correlated with a higher starch content of potato fibers (Table 1). On the other
hand, oil binding is in part related to fiber chemical composition, but is more
largely a function of the porosity of the fiber structure (Biswas et al., 2011). The
composition differences between the three fibers could be mainly attributed to their
different origins and to the different extraction procedures (Ktari et al., 2014).
Wheat fibers had a better water holding capacity compared to oat fibers (p<0.05).
There was no significant difference in oil holding capacity between wheat and oat
fibers. Somewhat lower water and oil holding capacity of potato fibers (6 g/g and
2g/g, respectively) was reported by Ktari et al. (2014), although the authors
investigated the potato fibers from a different producer (Vitacel KF500), which can
explain the differences with current research.
The superior fat emulsification capacity of potato fibers is presented in
Picture 1 and the sensory scores for cooked and fried emulsions are given in Table
3. Potato fibers had significantly higher scores for both attributes tested, compared
to wheat and oat fibers (p<0.05). There were no significant differences between
wheat and oat fibers in emulsion characteristics (Picture 1, Table 3). Oat fibers are
often used in the production of emulsion-type products such as sausages and pâtés,
as they reportedly enhance the flavor and texture (Chang and Carpenter, 1997;
García et al., 2002; Desmond and Troy, 2003; Serdaroglu, 2006; Talukder and
Sharma, 2010). Based on the better emulsion stability of potato fibers presented in
this trial, we can conclude that they can be used in higher extended emulsion-type
products, compared to oat and wheat fibers.

A

B

C

Picture 1. Potato (A), wheat (B) and oat (C) fiber emulsions (1:7:7, fiber:fat:water) after
cooking
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Table 3. Cooked and fried emulsion ratings (mean ± standard deviation) 1
Fiber
Cooked emulsion2
Fried emulsion3
a
Potato
4.9 ± 0.2
4.7 ± 0.3a
b
Wheat
3.2 ± 0.0
2.2 ± 0.1b
b
Oat
2.0 ± 0.1
1.4 ± 0.1b
1 Different letters (a-b) within the column denote a significant difference between means at p<0.05
2 Scale from 5 = no fat loss, to 1 = much fat loss
3 Scale from 5 = stable structure, to 1 = structure loss

Considerable variations in literature data can be found on different fibers
effects on the cooking yield and texture of various meat products. The presence of
different fibers was previously reported to induce effects ranging from no effect on
cooking yield in low-fat beef burgers (Desmond et al., 1998) to significant
improvements in cooking yield in low-fat bologna (Claus and Hunt, 1991).
Thebaudin et al. (1997) reported that the addition of fiber seems to favor water
binding and fat absorption of meat products, but the effect was depended on the
fiber source. It has previously been shown that adding oat fiber to low-fat sausages
can improve the cooking yield (Hughes et al., 1997; Aleson-Carbonell et al.,
2005). A decrease in frying loss as a result of adding oat or barley fiber to low-fat
meat patties has also previously been shown (Kumar and Sharma, 2004; Pinero et
al., 2008). Besbes et al. (2008) reported that the use of wheat dietary fibers
increased cooking yield, decreased the shrinkage during frying and minimized the
production costs without degradation of sensory properties of beef patties.
Desmond et al. (1998) reported that adding oat fiber had limited effects on the
yield and water holding capacity of low-fat beef burgers.
In the present trial, the process losses of the burgers made with the addition
of potato fibers were significantly lower compared to wheat and oat fibers (Table
4). This can be correlated to a higher water and oil binding capacity of potato fibers
(Graph 1).
Table 4. Process loss and firmness of fried burgers (mean ± standard deviation)1
Burger group
Process loss (%)
Firmness (N)
Potato
4.93 ± 0.74b
12.71 ± 2.10a
Wheat
8.72 ± 1.15a
7.12 ± 1.08b
Oat
10.69 ± 1.61a
11.08 ± 1.54a
1 Different letters (a-b) within the column denote a significant difference between means at p<0.05

The difference in burger firmness (N) when the different fibers were added
is presented in Table 4. When adding potato and oat fibers, the firmness of the
burgers was significantly higher compared to the wheat fiber group (p<0.05), with
no significant difference between these two. Interestingly, the higher starch content
of potato compared to oat and wheat fibers (Table 1) didn’t had a significant effect
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on lowering the firmness of the final product. Similar findings were also reported
by Petersson et al. (2014).

Conclusion
The values recorded for the water and oil binding capacity of the three
dietary fibers could be related to their origins and their processing procedures that
could have significantly affected their compositions, physical structures, porosities,
and particle sizes. The ability of fibers to assist in the stabilization of fat and water
during the production process provides enhanced tolerances that are very important
in the modern meat processing industry. The high water and oil holding capacity of
the potato fibers suggest that they could be used as a functional ingredient in meat
formulations to modify texture and viscosity, increase yield and improve the
texture of the final product. The increased insoluble fiber content also offers a
nutritional benefit for the consumer.

Tehno-funkcionalne karakteristike tri dijetalna vlakna
korišćena kao aditivi u industriji mesa
Nikola Stanišić, Milo Mujović, Slaviša Stajić, Maja Petričević, Čedomir Radović,
Marija Gogić, Aleksandar Stanojković

Rezime
Vlakna su prirodno prisutna u raznim vrstama povrća, voća i žitarica. Koriste se
kao aditivi u prehrambenoj industriji ne samo zbog svoje nutritivne vrednosti, već i
zbog svojih raznovrsnih funkcionalnih svojstava. Ovo istraživanje je sprovedeno
kako bi se istražile tehno-funkcionalne karakteristike tri dijetalna vlakna, preciznije
krompira, pšenice i zobi, i njihov uticaj na prinos i teksturu hamburgera. Dobijeni
podaci ukazuju na zanimljiva funkcionalna svojstva vlakana krompira. Ovo vlakno
je pokazalo značajno veći kapacitet vezivanja vode (9,5 g/g) i ulja (5,9 g/g) u
poređenju sa vlaknima pšenice i zobi (p <0,05), verovatno zbog većeg sadržaja
skroba i veća poroznosti u strukturi samih vlakana. Bolja stabilnost emulzije
vlakana krompira, nakon kuvanja i prženja, sugeriše njihovu moguću upotrebu u
emulgovanim mesnim proizvodima radi poboljšanja teksture i poboljšanja prinosa
tokom termičke obrade. U poređenju sa pšeničnim vlaknima, primena vlakana
krompira i zobi poboljšala je čvrstinu (N) hamburgera nakon prženja. Rezultati
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istraživanja pokazuju potencijalnu funkcionalnu upotrebljivost vlakana krompira u
industriji mesa, kao obećavajućeg izvora dijetetskih vlakana.
Ključne reči: vlakna krompira, pšenična vlakna, vlakna zobi, tehno-funkcionalna
svojstva, hamburger
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Abstract: Ćevapi and pljeskavica are Serbian traditional minced meat
products. Fatty tissue and salt are very important ingredients in the formulation of
these products due to their significant influence on sensory properties. However,
high intake of salt and fat increases the risk of cardiovascular disease. The aim of
this paper was to examine the technological and sensory properties of ćevapi
prepared with reduced sodium content and with a partial substitution of backfat
with encapsulated pumpkin seed oil (EPSO). Two groups of ćevapi were prepared:
first with NaCl (Na treatments), and second the salt mixture containing 30% of KCl
(K treatments). Within both groups, three treatments were prepared with different
amounts (0%, 15% and 30%) of backfat replaced with EPSO. Cooking loss (CL),
length reduction (dL), instrumental texture and sensory properties were examined.
Salt mixture and backfat replacement with EPSO did not have a significant
influence on CL while opposite was observed in dL. All K treatments had
significantly higher dL values compared to Na0, while fat replacement with EPSO
led to higher length reduction only within Na treatments. Hardness and chewiness
were significantly influenced by salt mixture and backfat replacement – lower
values were measured in K treatments and in treatments with EPSO. Regarding
sensory evaluation, all treatments were graded with similar and relatively high
grades in all observed properties: appearance, colour, odour, taste, and overall
acceptability. Healthier products could be produced by using a salt mixture with
lower sodium content and encapsulated pumpkinseed oil without affecting
production yield and sensory quality.
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Introduction
Minced meat products (such as burgers and patties), which are intended for
heat treatment (e.g. grill, barbecue) before consumption are worldwide popular
food nowadays. The burger and the patty are probably the most popular products
within this group, and a hallmark of the fast-food industry.
As for Serbia, according to Serbian Regulation 50/2019, these types of
meat products are classified under semi-finished meat products, namely, meat
products intended for heat treatment (e.g. grill, barbecue) before consumption.
Within this category, the most popular are pljeskavica (pronounced [pʎɛ̂skaʋitsa])
– a patty type minced meat product made of different meats, and ćevapi
(pronounced [tɕeʋǎːpi]), a minced meat product made of different meats and
formed into cylindrical shapes usually about 2 cm in diameter and 6–8 cm in
length, and mostly served in batches of five and ten. Both pljeskavica and ćevapi
are served either on a plate as a meat dish or as a fast-food variant – placed into a
special type of bread (called lepinja and somun) with chopped fresh onions and
different salads. These minced meat products are also very popular in all Balkan
countries, with several local variants which are often considered local and national
dishes. Several annual manifestations are organized in the region to showcase these
meat products. Among them, probably the most popular is the Leskovac Grill
Festival that has been held since 1965 in the town of Leskovac with several
thousand visitors each year (up to 600,000 in 2013).
Burgers, patties and in general this type of meat products are highly
appreciated because of their attractive sensory characteristics, as well as because
they are a source of proteins of high biological value and other nutrients (energy,
minerals). Fatty tissue and salt are very important ingredients in the formulation of
minced meat products (and meat products in general) due to their significant
influence on sensory properties.
Salt affects taste, shelf-life and safety, and especially texture properties by
promoting protein solubilisation and extraction, improving water-holding capacity
(WHC), therefore increasing processing yield and juiciness (Petit et al., 2019).
Sodium cation (Na+) mainly contributes to the salty taste, while Cl- promotes
protein solubilisation and increases WHC (Petit et al., 2019). In Europe 16.3% of
the salt dietary intake comes from meat products, while in USA the figure is 21.0%
(Desmond, 2006; Petit et al., 2019). High sodium intake increases the risk of
cardiovascular disease and kidney diseases (Yotsuyanagi et al., 2016). Therefore,
over the past several decades, recommendations and strategies of sodium
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reductions were introduced. A simple reduction of the salt level had limitations
because of the significance on Na+ and Cl- ions on technological and sensory
properties of meat products. Further reduction of sodium content can be achieved
by replacing the NaCl with other chloride salts (Ruusunen and Puolanne, 2005).
Several research studies show that replacing 30% of NaCl with KCl should not
have an adverse influence on technological and sensory properties of meat
products.
In general, fat contributes to the colour, flavour and texture of meat
products. Meat products may contain up to 50% (or even more) of total fat, like
some traditional dry-fermented sausages (Salgado et al., 2005), while patty-type
products usually contain up to 30% (Heck et al., 2017). However, high intakes of
meat lipids, due to the high content of saturated fatty acids (SFA), are associated
with the increase in the risk of cardiovascular disease (Gogus and Smith, 2010).
Improvement of the fatty acid profile of meat products can be achieved by partial
animal fat substitution with oils high in polyunsaturated and monounsaturated fatty
acid contests such as olive, fish, flaxseed, grape seed, canola, etc. (Stajić et al.,
2020a; Stajić et al., 2020b). The use of pumpkin seed oil is rare, though this type
of oil is rich in oleic and linoleic acids, and other bioactive compounds (Montesano
et al., 2018). The inclusion of oils into the meat product formulation is limited due
to its physico-chemical characteristics, therefore in order to obtain stable products,
oils were added as an emulsion system, gelled emulsion system or encapsulated
(Stajić et al., 2020a).
There are numerous research studies about the improvement of the fatty
acid profile of patty-type meat products. However, as far as the authors are aware,
no research was conducted on traditional Serbian minced meat products such are
pljeskavica and ćevapi. Hence, the aim of this study was to examine the
technological and sensory properties of traditional Serbian minced meat product
ćevapi, prepared with a reduced sodium content and with a partial substitution of
backfat with encapsulated pumpkin seed oil.

Materials and Methods
Preparation of ćevapi
Two groups were prepared, each containing three different treatments. The
first group was prepared with the addition of NaCl (Na treatments), while the
second with the addition of the NaCl+KCl mixture containing 70% NaCl and 30%
KCl (K treatments). Within both groups, three treatments were prepared with
different amounts (0%, 15% and 30%) of backfat replaced with encapsulated
pumpkin seed oil (EPSO): 0, 15 and 30 treatments (Table 1). All treatments were
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prepared in the same manner and, except salt and fat type, with the same amount of
other ingredients (Table 1).
Beef (shoulder muscles) and backfat were bought at a local store and kept
in the refrigerator for 24 h. Before usage, the visible fat and connective tissue were
trimmed off the meat, and backfat and meat were cut into small pieces. Then, meat
and backfat were weighed, mixed by hand with other ingredients (except EPSO
and onion), ground through an 8 mm plate (KENWOOD PRO 1600, ZEMLJA),
covered with foil, and kept refrigerated for 24 h. Afterwards, onion and
encapsulated pumpkin seed oil (previously weighted) were added to all treatments,
mixed by hand and ground again through a 4.5 mm plate. The mixtures were
formed into cylindrical shapes about 2 cm in diameter and 6–8 cm in length. After
shaping, ćevapi were baked on an electric grill (Tefal OptiGrill™ Plus) at 230–
235°C until an internal temperature of 80°C was reached, cooled at room
temperature, covered with foil, and kept refrigerated for 24 h before analysis. The
experiment was conducted in two replicates.
Table 1. Formulation of experimental batches
Salt 1
Salt 2
Fat 1
Fat 2
Fat 3
Fat 1
Fat 2
Fat 3
Na0
Na15
Na30
K0
K15
K30
beef meat
67
67
67
67
67
67
backfat
20
17
14
20
17
14
water
5.5
5.5
5.5
5.5
5.5
5.5
EPSO
/
3
6
/
3
6
Ingredients
onion
5
5
5
5
5
5
salt*
1.5
1.5
1.5
1.5
1.5
1.5
dextrose
0.5
0.5
0.5
0.5
0.5
0.5
Na-bicarbonate
0.5
0.5
0.5
0.5
0.5
0.5
*Na treatments with NaCl; K treatments with mixture: 70%NaCl+30%KCl;
0 – treatments with all backfat; 15 – treatments with replaced of 15% backfat with EPSO; 30 –
treatments with replaced of 30% backfat with EPSO; EPSO – encapsulated pumpkinseed oil

The encapsulation of PSO in the calcium alginate matrix was realized as
was describe by Stajić et al. (2014) with some modifications. Firstly, a shell
solution was prepared by dissolving sodium alginate (Sigma-Aldrich, St. Louis,
MO, USA) in distilled water (0.02 g/mL), followed by the preparation on
alfinate/oli emulsion (20%, w/w) using Ultra-Turrax T25 (T25 digital ULTRATURRAX ®, IKA, Germany) at a speed of 10,000 rpm for 5 min. The prepared
alginate/oil emulsion was extruded through blunt stainless still needle (22 gauge)
using a syringe pump under a constant flow rate of 50 mL/h. Electrostatic potential
(5.0 kV) was formed by a high voltage DC unit (Model 30R, Bertan Associates,
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Inc., New York). Calcium chloride (0.02 g/mL, Analytika, Czech Republic) was
the collecting solution, while the distance between the needle tip and the collecting
solution was 2.5 cm. After extrusion, the beads were left in the collecting solution
for 30 min and after the gelling period, microbeads were rinsed with distilled
water.

Methods
Cooking loss (CL) was determined by measuring 10 individual ćevapi
before heat treatment and after cooling, and this represents the mass difference (as
%) between these measurements.
Length reduction (dL) represents the difference in length (as %) before heat
treatment and after cooling. The measurements of length were carried out with a
digital nonius.
Texture profile analysis was performed using the universal texture analyzer
(TA.XT Plus; Stable Micro System, Ltd., Godalming, UK) in the same manner as
described by Stajić et al. (2018a). Six ćevapi from each treatment were held for
equilibration to room temperature, samples 10 mm in height and 12 mm in radius
were taken from the center of each individual ćevapi and compressed twice to 50%
of their original height, with a compression aluminum platen of 25mm (P/25) and a
50 kg load cell. Pretest speed was 60 mm/min, test speed was 60 mm/min, and
posttest speed was 300 mm/min. Hardness, adhesiveness, springiness,
cohesiveness, and chewiness were evaluated and obtained using the available
computer software.
Sensory analysis was performed by 25 untrained students from the
Department of Animal Source Food Technology, Faculty of Agriculture,
University of Belgrade. The assessors evaluated the appearance, colour, odour,
taste, and overall acceptability using a nine-point hedonic scale (1 – extremely
unacceptable, 5 – neither like nor dislike, 9 – extremely acceptable). Prior to
evaluation, samples were heated in a microwave (for 20s at 650W, about 50 °C in
the centre of the sample), coded with a randomly selected three-digit number and
served to the assessors in broad daylight, randomly. Assessors were instructed to
cleanse their palates between samples with water.
The results were subjected to two-way ANOVA to evaluate the effect of
the salt mixture, fat replacement and its interaction. Statistical analyses were
performed using software Statistica 12.5 (StatSoft, Inc., Tulsa, OK, USA) and the
results were presented as mean±standard deviation (SD). Differences between
means were determined using Tukey’s HSD test at the significance level p < 0.05.
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Results and Discussion
Technological properties
Salt mixture and backfat replacement with EPSO did not have a significant
influence on CL (Figure 1). Na0 treatment, which can be considered as the control
treatment (100% NaCl and backfat only), differed significantly only relative to K0
and Na15 treatments which had lower CL values. By replacing 50% of backfat
with encapsulated chia and flaxseed oil, Heck et al. (2017) obtained lower CL,
while (Carvalho et al., 2020) found significantly lower CL values when beef fat
was completely replaced with tiger nut oil emulsion.
Regarding length reduction (Figure 2), salt mixture and backfat
replacement had a significant influence. All K treatments had significantly higher
dL values compared to Na0, while fat replacement with EPSO led to higher length
reduction only within Na treatments. Contrary to this, Heck et al. (2017) did not
find any differences in diameter reduction in burgers with encapsulated chia and
flaxseed oil, which could be attributed to the different shape of burgers compared
to ćevapi, despite belonging to the same type of meat products.

Figure 1. Cooking loss (CL) results of examined treatments; different letters indicate significant
differences (p<0.05)
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Figure 2. Length reduction (dL) of examined treatments; different letters indicate significant
differences (p<0.05)

Regarding TPA results (Table 2), salt mixture had no significant influence
on adhesiveness, springiness and cohesiveness, while backfat replacement with
EPSO had no significant influence on adhesiveness and springiness. Hardness and
chewiness were significantly influenced by salt mixture and backfat replacement
with EPSO (and their interaction as well). All treatments with salt mixture
containing KCl had lower hardness and chewiness values compared to the
corresponding Na treatments. However, significantly only compared to Na0
treatment which can be considered as control. Backfat replacement with EPSO led
to lower hardness and chewiness values compared to the treatments with all
backfat. However, an effect of the fat reduction level was not observed. The results
indicate that the products with the salt mixture containing KCl and with EPSO
were softer and easy to chew, which should be examined by sensory evaluation to
determine whether this could be perceived negatively. Heck et al. (2017) did not
find a significant influence of backfat replacement in the amount of 50% with
encapsulated chia and flaxseed oil on hardness, springiness and chewiness. Similar
to this, Carvalho et al. (2020) did not find a significant influence on hardness,
cohesiveness, gumminess and chewiness even when beef fat was completely
replaced with tiger nut oil emulsion in beef burgers. On the other hand, (Martins et
al., 2019) reported lower hardness and chewiness values when replacing 75% of
backfat with oleogel containing flaxseed oil.
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Sensory analysis
The results of the sensory analysis (Table 2) indicated that the use of salt
mixture with 30% of KCl and backfat replacement with EPSO in the amount of up
to 30% had no significant influence on the observed sensory properties. Although
the results of the length reduction indicated that treatments containing salt mixture
(NaCl+KCl) and EPSO had higher deformation level compared to Na0 treatment
(which can be considered as control treatment – 100% NaCl and backfat only), the
assessors did not perceive it negatively, and gave similar and relatively high grades
regarding appearance (7.48–7.68) to all treatments. Similar to this, all treatments
were graded with similar and relatively high grades regarding colour and odour. On
the other hand, Na15 received the lowest grade in terms of taste, which was more
than 1 grade lower than Na0, although not significantly.
Literature data indicates that the replacement of 25–40% of NaCl with KCl
in salt mixtures will not impair flavour in meat products (Desmond, 2006), which is
confirmed by the results of this study. Regarding the use of oils as fat substitutes in
meat products, research studies indicate that it depends on oil type, oil amount and
oil pre-treatment (Stajić et al., 2018b; Stajić et al., 2020b; Stajić and Živković,
2021). In that sense, (Heck et al., 2017) found no significant differences (compared
to control) in any of the observed sensory properties of burgers when 50% of
backfat was replaced with encapsulated flaxseed oil, as was the case in this study,
while burgers with the same level of encapsulated chia oil had significantly lower
grades, compared to control, in all observed sensory properties (except texture).
Moreover, Carvalho et al. (2020) reported that the complete replacemenet of beef
fat with tiger nut oil emulsion in beef burgers did not significantly alter the sensory
quality of burgers.
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Table 2. Results of texture profile analysis (TPA) and sensory evaluation
Salt 1

Salt 2

Fat 1

Fat 2

Fat 3

Fat 1

Fat 2

Fat 3

Na0

Na15

Na30

K0

K15

K30

Significance
salt

fat

s*f

Hardness (N) 14.08±075c9.87±1.34ab 11.53±1.31b 11.44±1.18b 9.79±0.50ab 9.31±0.57a *** ***
Adhesiveness
-0.78±0.81 -0.18±0.17 -0.72±0.80 -0.46±0.46 -0.28±0.39 -0.78±0.80 NS NS
(N*s)
Springiness 0.87±0.01 0.88±0.03 0.86±0.04 0.86±0.01 0.89±0.04 0.86±0.04 NS NS

**

TPA

0.72±0.03b 0.66±0.10ab0.67±0.042ab

0.72±0.04b

0.72±0.04b

0.57±0.08a

Cohesiveness
NS ***
Chewiness
8.87±0.69c 5.70±0.84ab 6.60±1.16b 7.10±0.78b 6.23±0.48b 4.57±0.98a *** ***
(N)
Sensory evaluation

NS
NS
*
**

Appearance

7.68±1.03 7.48±0.92 7.48±1.16

7.48±0.92 7.56±1.16 7.60±1.00 NS

NS

NS

Colour

7.76±0.83 7.12±1.51 7.60±1.22

7.32±1.31 7.72±1.21 7.72±1.14 NS

NS

NS

Odour

7.40±1.04 7.28±1.24 7.32±1.31

7.44±1.08 7.64±1.25 7.92±1.12 NS

NS

NS

Taste
7.80±0.87 6.76±1.98 7.36±1.50 7.40±1.38 7.24±1.81 7.52±1.36 NS NS NS
Overall
7.84±0.55 7.20±1.38 7.56±1.33 7.52±0.96 7.52±1.42 7.72±1.21 NS NS NS
acceptance
Na treatments – with NaCl; K treatments – with mixture: 70%NaCl+30%KCl; 0 – treatments with all
backfat; 15 – treatments with replaced of 15% backfat with EPSO; 30 – treatments with replaced of
30% backfat with EPSO; EPSO – encapsulated pumpkinseed oil;
NS – not significant; * – p < 0.05; ** – p < 0.01; *** – p < 0.001
a–c Values (mean±SD) in the same row with different superscripts are significantly different (p<0.05).

Conclusions
Ćevapi, a traditional Serbian minced meat product, are very popular and
gladly consumed either as a meat dish or as a fast-food variant, which is why it
could be
The results of this study indicate that the use of salt mixture with 30% of
KCl and a simultaneous replacement of back fat with encapsulated pumpkinseed
oil did not affect cooking loss. On the other hand, length reduction, instrumental
hardness and chewiness were affected by these two factors, indicating more
deformed products and products which could be softer and easier to chew
compared to control. However, the results of the sensory evaluation showed no
significant differences between all evaluated products.
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All in all, healthier products could be produced by using a salt mixture
with lower sodium content and encapsulated pumpkinseed oil without affecting
production yield and sensory quality. Further studies could focus on the use of
other oils (and their mixture) and formulation improvement of other similar
products, such as pljeskavica.

Tehnološka i senzorska svojstva ćevapa sa poboljšanim
nutrtivnim svjstvima
Slaviša Stajić, Ana Kalušević

Rezime
Ćevapi i pljeskavice su tradicionalni poluproizvodi od mesa u Srbiji. Masno tkivo i
so su veoma bitni sastojci u pripremi ovih proizvoda zbog značajnog uticaja na
njihova senzorska svojstva. Međutim, prekomerni unos soli i masti povećava rizik
od pojave kardiovaskularnih bolesti. Cilj ovog rada jeste da ispita tehnološka i
senzorska svojstva ćevapa sa smanjenim sadržajem natrijuma i delimično
zamenjenim masnim tkivom inkapsuliranim tikvinim uljem (ITU). Napravljeno je
dve grupe ćevapa: prva sa NaCl (Na ćevapi) i druga sa smešom soli koja sadrži
30% KCl (K ćevapi). U okviru svake grupe napravljeno je po tri varijante sa
različitim udelom zamenjenog masnog tkiva ITU – 0%, 15% i 30%. Ispitivana su:
kalo toplotne obrade (KTO), promena dužine nakon toplotne obrade (dL),
instrumentalno određena tekstura i senzorska svojstva napravljenih ćevapa. So i
zamena masnog tkiva ITU nisu imali značajan uticaj na KTO, ali je značajan uticaj
ovih faktora utvrđen na dL – sve K varijante su imale veće vrednosti dL u odnosu
na Na0 ćevape, dok je veći udeo zamene masnog tkiva ITU uticao na veće
vrednosti dL samo kod ćevapa sa NaCl. Značajan uticaj posmatranih faktora uočen
je na instrumentalno određenu tvrdoću i žvakljivost – manje vrednosti su izmerene
kod K varijanti i kod varijanti sa ITU. Sve ispitivane varijante ćevapa su ocenjene
sličnim i relativno visokim ocenama u pogledu svih ispitivanih senzorskih
svojstava. Upotrebom soli sa smanjenim sadržajem natrijuma i zamenom masnog
tkiva inkapsuliranim tikvinim uljem mogu se dobiti proizvoda sa poboljšanim
nutritivnim svojstvima a bez značajnih promena tehnoloških i senzorskih svojstava.
Ključne reči: poluproizvodi od mesa, ćevapi, smanjenje sadržaja natrijuma,
tikvino ulje, senzorski kvalitet
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Abstract: The experiment was set up with the objective of examining the
effect of adding flax seeds to the cattle diet on the quality of meat, in the final
phase of fattening. Thirty Simmental young bulls of uniform initial body weight
were selected for the experiment and divided into 2 groups (CON (control) and LS
(experimental)). The control group did not consume flaxseed as a dietary
supplement. Flaxseed was added to the experimental group in the amount of 3.75%
(300 g per day) of the concentrated part of the meal in the final 90 days of
fattening. The research included the examination of certain traits of beef meat
quality. The results of the study show that the addition of flaxseed in the diet did
not have a statistically significant effect on pH, water binding capacity (WBC),
weight loss during cooking and meat tenderness. The chemical composition of the
selected muscles, as well as the content of total pigments did not change
significantly in the experimental animals compared to the control group. It was
found that the addition of flax seeds to the diet during the final phase of fattening
had an effect on the colour change of the meat reflected in the brightness L* of the
muscles of M. longissimus dorsi and M. semitendinosus.
Key words: meat quality, meat colour, water binding capacity, flax seed

Introduction
Meat consumption is related to standard of living, eating habits and
livestock production. Compared to other products, meat is characterized by high
production costs and high product prices. Higher demand for meat in the diet is
associated with changes in food consumption that favours increased protein intake
deriving from animal products. Beef consumption is the third most common type
of meat consumption with 15.1 kg per capita, after consumption of poultry and
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pork, 6.3, 11.8 and, respectively (OECD, 2021). The demand for beef grows
proportionally with the increase of the population, as well as with the increase in
household income. Beef consumption is estimated to be 8% higher in developed
countries and 21% higher in developing countries by 2027 (Mwangi et al., 2019).
Beef is rich in macro- and micro-nutrients - 100 g of beef provides more than 25%
of the recommended dietary intake of protein, vitamin B6, vitamin B12, zinc and
selenium and more than 10% of phosphorus, iron and riboflavin (Troy et al., 2016),
and also has certain antioxidant properties (Asp et al., 2012).
Meat quality is defined by various technological and physical-chemical
properties, such as pH value, water binding capacity, colour intensity, firmness and
uniformity of meat structure and reflects the potential of this food for different
processing operations. Postmortem changes take place in muscle, connective and
adipose tissue and significantly affect the quality of meat (tenderness, structure,
ability to bind water, sensory properties and digestibility). In the first stage of meat
ripening, the pH value of the meat decreases (Mancini and Hunt, 2005;Dalmau et
al., 2009). The final pH value is reached in 18 to 40 hours after slaughter.
Immediately after slaughter, the pH value of meat ranges from 7.2 to 7.3, and with
the transition of glycogen to lactic acid, the pH gradually decreases to 5.6 to 5.7.
The pH value affects various meat quality parameters, including WBC. As the pH
drops to values close to 5.2, WBC decreases and the amount of released meat juice
increases. A decrease in pH leads to stabilization in muscle colour (Aalhus et al.,
2001).
Muscle tissue contains about 75% water. The characteristic of meat to
retain its own water, as well as water added under certain conditions, to a greater or
lesser extent, and when an external force, such as pressure or heating, is applied, is
referred to as water binding capacity (WBC) (Rede and Petrović, 1997). WBC is
an important characteristic of meat quality. Loss of water from fresh meat is one of
the most common quality problems of this food stuff, which results in numerous
economic losses - from weight loss before sales and lower sales of meat, to reduced
nutritional value of meat due to loss of valuable water-soluble proteins and
vitamins (Dalmau et al., 2009).
Sensory quality of meat (colour, tenderness) has a great influence on the
attractiveness of these products and consumer satisfaction with them (Dransfield et
al., 2003). In order to be able to assess the quality of meat, a good knowledge of
these characteristics is required. Meat quality is affected by the characteristics of
the animal's muscles and the post-mortem biochemical reaction (Ouali, 1990;
Dransfield et al., 2003). Colour intensity depends on: species, age and diet; the
method of rearing and the function that the muscle has in a living organism
(Coleman et al., 2016), as well as on the gender (Muir et al., 2000). Fresh beef is
usually dark red in colour. The extremely dark (purple) red colour of beef is an
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undesirable sign and is most often a consequence of the action of premortal factors,
among which stress is of great importance. The more desirable meat colour can be
achieved by resting the animal before slaughter and better preparation for
slaughter.

Materials and Methods
The research was performed in the experimental cattle farm and
experimental slaughterhouse of the Institute of Animal Husbandry in Zemun
(Serbia). Male animals of the domestic Simmental breed were used in the
experiment. 30 Simmental cattle of uniform body weight were selected for the
experiment. At the age of 390 days, two groups of 15 cattle were formed: control
group (CON) in which the cattle did not consume heat-treated flaxseed and
experimental group (LS) in which part of the concentrate was replaced by heattreated flaxseed, so that each animal consumed 300 g of flax seeds per day. The
final pre-slaughter weight was about 570 kg. Slaughter and primary processing
were performed in the experimental slaughterhouse of the Institute of Animal
Husbandry.
The pH of meat (M. longissimus dorsi) was determined in a muscle sample
45 minutes and 24 hours post mortem, with a pH meter with a combined prick
electrode Hanna HI 83141 (Hanna Instruments, USA). The pH meter was precalibrated using standard buffer solutions, pH 4.0 and 7.0.
The water-binding capacity (WBC) of meat (M. longissimus dorsi, M.
triceps brachii and M. semimebranosus) was determined by two methods:
according to Grau and Hamm (1953) where the WBC value is expressed in cm2 of
wetted area and according to Rede and Rahelić (1969), where the WBC value is
expressed in ml of released fluid.
Weight loss during cooking of meat (M. longissimus dorsi, M. triceps
brachii and M. semimebranosus) was determined based on the difference in weight
of a piece of meat size: 3 x 4 x 1.5 cm before and after cooking in a closed glass jar
at 100°C for 10 minutes in distilled water (meat to water ratio 1: 2). It is expressed
as a percentage in relation to the weight of the sample before cooking (Official
Gazette of the SFRY, No. 2/85, 12/85 and 24/86).
The meat tenderness (M. longissimus dorsi, M. triceps brachii and M.
semimebranosus), expressed by cutting force (kg), was determined after cooking at
100°C for 10 minutes and cutting the meat into pieces of 0.5 x 1 x 2 cm in the
direction of extending muscle fibres using the consistometer by Volodkevich
(1938).
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The water content (M. longissimus dorsi, M. triceps brachii and M.
semimebranosus) was determined by drying the sample to constant weight at
102°C ± 2°C (SRPS ISO 1442, 1998) and expressed as a percentage of the weight.
The fat content (M. longissimus dorsi, M. triceps brachii and M. semimebranosus)
was determined by the Soxhlet extraction method with petroleum ether as solvent
(SRPS ISO 1444, 1998) on a Soxtherm multistat apparatus (Gerhardt, Germany).
The fat content is expressed as a percentage of the weight. The protein content (M.
longissimus dorsi, M. triceps brachii and M. semimebranosus) was determined by
the Kjeldahl method (SRPS ISO 937, 1992) on the Kjeltec system 1026 (Foss
Tecator, Denmark) and expressed as a percentage of the weight. The ash content
(M. longissimus dorsi, M. triceps brachii and M. semimebranosus) was determined
by burning the sample to a constant weight at 550°C ± 25 ° C (SRPS ISO 936,
1999) and is expressed as a percentage of the weight.
The content of total pigments (M. longissimus dorsi, M. triceps brachii and
M. semimebranosus) was determined by the Hornsey method (Bunning and Hamm,
1970) and expressed in mg/kg (ppm).
Instrumental measurements of meat colour (M. longissimus dorsi, M.
triceps brachii and M. semimebranosus) were performed on fresh meat samples (24
hours post mortem). Meat samples were cut and left for 30 minutes to stabilize the
colour (the samples were in contact with air during that time). The test was
performed with the device Chroma Meter CR-400 (Minolta, Japan), which was
previously calibrated in relation to the standard white surface (illumination D65,
observer angle 20° and at aperture size 8 mm). The colour values are presented in
the system CIE L* a* b* (CIE, 1976) where the measure L* indicates the lightness
of the flesh, a* the relative share of red and b* the relative share of yellow. Three
readings were performed on each meat sample and their mean value was used for
statistical data processing. The hue angle (H° - “real red”) was calculated as:
arctangent arctangent (b*/a*) * 180/3,142. The chroma value (C* - “colour
intensity”) was calculated as (a*2 + b*2)0,5.
The obtained data were processed by analysis of variance in one-way
ANOVA program SPSS Statistics 20, and all results are displayed as the mean
value ± standard deviation. The statistical significance of the difference between
mean values was determined by t-test.

Results and Discussion
The effect of the addition of flax seeds to the cattle diet on individual meat
quality traits is shown in Table 1. The use of flax seeds in the final stage of cattle
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fattening did not statistically significantly affect the pH value (pH 45 and pH 24 ) in
the analysed muscle M. longissimus dorsi.
Hernàndez-Calva et al. (2011) reports values of pH 45 6.89 and pH 24 5.68
in cattle that consumed flaxseed as a dietary supplement. Uchockis et al. (2014) did
not find significant effects of feeding flaxseed meal to cattle on pH 24 value (5.92),
as did Suksombat et al., (2016) who did not determine the effect of flaxseed oil
addition on the pH of M. longissimus dorsi. Ragni et al. (2014) believe that the
consumption of flax seeds by cattle does not cause differences in the values of
pH 45 (6.08) and pH 24 (5.48). Similar values for pH 24 (5.54) are given by Petričević
et al. (2015) for Simmental cattle. A mean pH of 5.50 reflects a low pre-slaughter
stress level and thus ensures good meat quality (De Smet et al., 2004).
Table 1. The effect of the addition of flax seeds in the cattle diet on certain meat quality traits
K

O-1
M. longissimus dorsi
6.50 ± 0.10
6.64 ± 0.41
pH 45min
5.57 ± 0.30
5.63 ± 0.12
pH 24h
11.04±0.92
10.92±0.53
WBC (cm2)
8.06±0.15
8.03±0.12
WBC (ml)
41.83 ± 1.52
41.66 ± 0.91
WL cooking (%)
10.61 ± 3.08
10.28 ± 1.14
Tenderness (kg)
M. triceps brachii
11.98±0.80
12.33±0.51
WBC (cm2)
8.25±0.17
8.43±0.21
WBC (ml)
44.20 ± 2.27
45.20 ± 2.14
cooking (%)
8.00 ± 2.19
7.95 ± 0.53
Tenderness (kg)
M. semitendinosus
11.20±0.38
11.68±0.03
WBC (cm2)
8.12±0.10
8.23±0.06
WBC (ml)
44.25 ± 5.27
42.63 ± 0.31
WL cooking (%)
8.57 ± 0.63
8.18 ± 0.26
Tenderness (kg)
1
WBC-Water binding capacity; 2 WL – weight loss

p
ns (0.403)
ns (0.732)
ns (0.735)
ns (0.778)
ns (0.633)
ns (0.722)
ns (0.075)
ns (0.052)
ns (0.699)
ns (0.917)
ns (0.270)
ns (0.070)
ns (0.822)
ns (0.124)

The cattle diet with the addition of flaxseed did not statistically
significantly affect WBC, WL cooking and meat tenderness in all three muscles
(M. longissimus dorsi, M. triseps brachii and M. semitendinosus) (Table 1). The
water WBC in M. longissimus dorsi was approximately the same between the
groups, while in case of M. triseps brachii and M. semitendinosus it was more
favourable in the control group. WBC changes under the influence of post mortem
factors (Aalhus et al., 2001). Higher final temperatures after slaughter can cause a
decrease in protein solubility which accompanies reductions in water binding
capacity (Hernàndez-Calva et al., 2011).
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The WL cooking values in the selected muscles were approximately the
same between the groups. Uchockis et al. (2014) reports no significant differences
for the value of meat WL cooking, although cattle from the group that consumed
flaxseed meal had a higher value of WL cooking (44.46%) compared to the control
group (40.84%). Similar results are reported by Hernàndez-Calva et al. (2011) and
Corazzin et al. (2012) who state that the WL of cooking is higher in cattle that
consumed flaxseed in the diet than those that did not, but that the established
difference is not significant. Piasentier et al. (2009) state the value of WL cooking
of 33.50%.
The meat was more tender in the samples of the experimental group in all
three muscles. The established differences for meat tenderness between the
examined groups were not statistically significant. Suksombat et al. (2016) in their
study find no statistically significant differences in tenderness for M. longissimus
dorsi and M. semitendinosus, but state that meat tenderness was better in cattle that
consumed flaxseed as a dietary supplement, which is confirmed by the results of
our study.
The results of the chemical composition of meat are shown in Table 2. The
chemical composition of the selected muscles did not change significantly under
the influence of the cattle diet with the addition of flaxseed. It should be noted that
the treatment had a slight effect on increasing the content of intramuscular fat and
protein. The differences in water and protein content were not statistically
significant, but the cattle of the experimental group had lower water content and
higher protein content in all three muscles.
Table 2. The effect of the addition of flax seeds in the cattle diet on the chemical composition of
meat
%

K

Water
Fat
Ash
Protein

74.97 ± 0.73
1.56 ± 0.52
1.14 ± 0.04
22.31 ± 0.27

Water
Fat
Ash
Protein

76.48 ± 0.58
1.42 ± 0.35
1.04 ± 0.06
21.01 ± 0.68

Water
Fat
Ash
Protein

75.16 ± 0.60
1.12 ± 0.46
1.17 ± 0.03
22.52 ± 0.25

O-1
M. longissimus dorsi
74.66 ± 1.53
1.55 ± 1.08
1.11 ± 0.04
22.66 ± 0.63
M. triceps brachii
75.60 ± 0.95
1.43 ± 0.65
1.19 ± 0.10
21.73 ± 1.06
M. semitendinosus
74.91 ± 0.53
1.15 ± 0.57
1.16 ± 0.04
22.75 ± 0.32

p
ns (0.769)
ns (0.957)
ns (0.335)
ns (0.091)
ns (0.154)
ns (0.997)
ns (0.081)
ns (0.202)
ns (0.778)
ns (0.996)
ns (0.656)
ns (0.202)
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Uchockis et al. (2014) state that the use of flaxseed cake in the diet of
cattle did not have a statistically significant effect on the chemical composition of
M. longissimus dorsi, where the water content was 76.37%, fat 1.25%, ash 1.05%
and protein 21.17%. Maurić et al. (2016) report that the water content in M.
longissimus dorsi ranges from 74.78–76.22%, the intramuscular fat content from
1.92–4.49%, the ash content from 1.08–1.17% and protein content of 19.66–
21.25% in Simmental cattle weighing 526–588 kg. In most studies, the chemical
composition of meat did not change under the influence of a flaxseed diet. Similar
results are reported by Juárez et al. (2012). Bures et al. (2006) report a lower water
and fat content and a higher protein content in M. longissimus dorsi for cattle
weighing 550 kg compared to 630 kg cattle. In contrast, Corazzin et al. (2012)
show a higher water content in M. longissimus dorsi in the control group than in
the group of cattle fed with the addition of flaxseed.
The effect of the addition of flax seeds to the diet of cattle on the content of
total pigments and meat colour is shown in Table 3. The addition of flax seeds to
the cattle diet affected the production of lighter coloured meat. No significant
effect of flax seed consumption on the content of total pigments in the analysed
muscles was found. Higher content of total pigments in M. longissimus dorsi, M.
triceps brachii and M. semitendinosus was determined in the control group.
Table 3. The effect of the addition of flax seeds in the cattle diet on the content of total pigments
and meat colour
K
O-1
p
M. longissimus dorsi
138.58 ±35.53
136.00 ± 31.87
ns (0.929)
TP (mg/kg) 1
34.99± 2.71
36.15 ± 2.55
* (0.087)
L*
18.91 ± 2.67
18.52 ± 2.42
ns (0.535)
a*
7.16 ± 1.48
7.17 ± 1.50
ns (0.898)
b*
20.57 ± 2.07
20.97 ± 1.99
ns (0.661)
H0 2
20.23 ± 2.97
20.04 ± 3.02
ns (0.630)
C* 3
M. triceps brachii
213.69 ±30.18
179.97 ± 30.18
ns (0.320)
TP ( mg/kg ) 1
39.30 ± 2.25
40.99 ± 2.99
ns (0.054)
L*
23.75 ± 2.31
23.69 ± 2.44
ns (0.984)
a*
9.91 ± 1.87
9.90 ± 2.03
ns (0.313)
b*
22.61 ± 3.50
22.32 ± 2.44
ns (0.113)
H0 2
25.78 ± 2.53
25.73 ± 3.00
ns (0.954)
C* 3
M. semitendinosus
128.01 ±33.32
82.96 ± 17.78
ns (0.104)
TP ( mg/kg ) 1
38.82± 3.94
43.05 ± 3.66
** (0.002)
L*
20.49 ± 4.57
17.28± 2.89
* (0.042)
a*
8.66 ± 2.86
8.55 ± 1.42
ns (0.844)
b*
22.47 ± 3.87
26.53 ± 4.69
* (0.014)
H0 2
22.29 ± 5.19
19.34 ± 2.86
ns (0.109)
C* 3
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1

UP – Total pigments;
b*2)0,5].

2

Ho (Hue) = [arctangent (b*/a*) × 180/3,142];

3

C* (Chroma) = [(a*2 +

The use of flax seeds in the cattle diet affected a significant change in
colour, namely the light L* value in M. longissimus dorsi and M. semitendinosus.
Cattle in the experimental group had a statistically significantly (p˂0.05) higher L*
value in M. longissimus dorsi than cattle from the control group. In M. triceps
brachii, the L* value did not differ between the examined groups, but the higher L*
value was recorded in the experimental group. The experimental group had
significantly (p˂0.01) higher L* values in M. semitendinosus. The proportion of
red (a*) was statistically significantly (p˂0.05) different only in M. Semitendinosus
and was higher in the control group. The use of flax seeds in the diet of cattle in the
final phase of fattening caused a statistically significant (p˂0.05) change in the Hue
(H0) value of M. semitendinosus.
Hernàndez-Calva et al. (2011) report no statistically significant differences
for Chroma and Hue values which were higher in cattle fed silage and flax seed
compared to cattle that consumed hay instead of silage. According to the authors
Merera et al. (2010) differences in Chroma and Hue values may be related to the
presence of adipose and connective tissue on the surface of meat. In their study,
Corazzin et al. (2012) report no statistically significant differences for the meat
colour of M. longissimus dorsi. According to them, the L* values of M.
longissimus dorsi are higher in the control group, while the proportions of red (a*)
and yellow (b*) are lower compared to the group fed flaxseed. These results are
consistent with the results of Mach et al. (2006). Drouillard et al. (2004) report
better meat colour results when using vitamin E with flaxseed.

Conclusion
The addition of flaxseed in the diet did not have a statistically significant
effect on pH, water binding capacity (WBC), weight loss during cooking and meat
tenderness. Also, the chemical composition of selected muscles and the content of
total pigments did not change significantly under the influence of flaxseed. It was
found that the addition of flax seed to the diet during the final phase of fattening
had only an effect on the colour change of the meat reflected in the light L* in the
muscles of M. longissimus dorsi and M. semitendinosus Semitendinosus. The share
of red (a*) colour was higher in the control group, while the change in Hue (H0)
value was higher in the experimental group. The share of red (a*) colour and the
Hue value (H0) were statistically significant (p˂0.05) distinguished in M.
Semitendinosus.
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Ispitivanje pojedinih karakteristike kvaliteta mesa junadi
pod uticajem ishrane sa semenom lana
Maja Petričević, Tamara Stamenić, Dragan Nikšić, Ljiljana Samolovac, Veselin
Petričević, Marija Gogić, Violeta Mandić

Rezime
Eksperiment je postavljen sa ciljem da se ispita efekat dodavanja semena lana u
ishranu junadi na kvalitet mesa, u završnoj fazi tova. Za ogled je odabrano 30
muških junadi simentalske rase ujednačenih početnih telesnih masa, koja su
podeljena u 2 grupe (CON (kontrolna) i LS (ogledna)). Kontrolna grupa nije
konsumirala seme lana kao dodatak ishrani. Junadima ogledne grupe je dodavano
seme lana u količini od 3,75% (300 g dnevno) koncentrovanog dela obroka u
poslednjih 90 dana tova. Istraživanje je obuhvatilo ispitivanje pojedinih
karakteristika kvaliteta mesa junadi. Rezultati istraživanja su pokazali da dodatak
semena lana u ishrani nije imao statistički značajan uticaj na pH vrednost,
sposobnost vezivanja vode, gubitak mase tokom kuvanja i pečenja i mekoću mesa.
Hemijski sastav odabranih mišića, kao i sadržaj ukupnih pigmenata nisu se
značajno menjali kod oglednih grla u poređenju sa kontrolnom grupom. Utvrđeno
je da dodatak semena lana u ishranu tokom završne faze tova imao uticaj na
promenu boje mesa koja se ogledala u svetloći L* u mišićima M. longissimus dorsi
i M. semitendinosus.
Key words: kvalitet mesa, boja mesa, sposobnost vezivanja vode, lan
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Abstract: Malnutrition is a global problem, hitting both, people and
animals. Due to the many factors, such as climate change, soil depletion,
anthropogenic impact, including irresponsible soil management, high fertilization
rates with macro-nutrients, crops lack in essential nutrients, particularly minerals,
Mg, Fe, Zn, etc., as well as important vitamins, like carotenoids, vitamins from B
group. Also, some arable soils have naturally low fertility. All of that negatively
affect production of domestic animal, including animal health and quality of
livestock products. To mitigate malnutrition, a bio-fortification strategy was
developed. It is based on increase in the concentration of essential nutrients in food
and feed, and also to promote further bio-availability from digestive organs. Biofortification implies various practices. Two main types of bio-fortification were
developed: genetic bio-fortification, and agronomic bio-fortification. The first one
uses standard breeding techniques, marker assistant selection, transgenic
approaches, genome editing, etc., to develop highly-efficient genotypes, that are
able to absorb and accumulate higher concentrations of essential nutrients in
biomass and grains. Agronomic bio-fortification uses different practices, such is
special fertilizers, enriched with essential minerals, foliar fertilizers, bio-fertilizers,
growth hormones and enhancers, and some lesser known sustainable practices, like
inter-cropping, cover cropping, in order to increase crop yields, as well as the
concentration of essential nutrients. The bio-fortification approach, based on the
development and commercialisation of highly efficient genotypes, as well as
agricultural practices that enable and support better absorption and accumulation of
essential nutrients option that is safer for both, people and domestic animals.
Mutual increase in concentration of essential minerals, vitamins, and other
promoting substances is of a particular importance for bio-fortification programs,
increasing efficiency and success of applied practices, thus positively reflecting on
animal health and wellbeing.
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Key words: breeding, cropping practices, mineral nutrients, antinutrients,
promoters.

Introduction
Humans and animals require variety of mineral elements, but in relatively
small amounts, 1-2500 mg day-1. They present important body constituents. For
example, Ca is an important part of bones, nerves, and muscle structures; P is a part
of ATP and nucleic acids molecules, as well as bones and is important for
maintaining of pH balance; K, Na, and Cl maintain osmotic balance at the cellular
and inter-cellular level; Fe is an important part of haemoglobin and cytochrome
molecules involved in cell respiration; Mg, Fe, Zn, Cu, Mn, Se, and Mo are
important co-factors of various enzymes, and they are also involved in numerous
biochemical pathways; Se and Zn are important for the proper immune system
function; I is an important part of thyroid hormones; vitamin A is important for
optimal vision, function of the immune and reproductive system; vitamins from B
group are important for metabolism, cell reproduction, blood, skin, and health of
many other organs in human and animal bodies, etc. Excessive intake, as well as
deficiency of essential minerals and vitamins disrupts homeostasis of mineral
balance, metabolism, and hormone balance in humans and animals, causing as a
consequence various diseases in humans and animals.
An inadequacy in the intake of minerals and vitamins is referred as
malnutrition. The malnutrition is a worldwide problem, affecting not just people,
but also animals. Nowadays, when sufficient food/feed amount is mainly enabled,
malnutrition is predominantly connected to the lack of particular components, such
as protein, minerals, and vitamins, thereby affecting human and animal health and
welfare. Welch (2008) and Keding et al. (2013) pointed that the goal of the farming
systems is the maximization of the production, with minimal costs, rather than
maximization of nutrient output to produce food/feed for nutrient dense and
balanced diet. The industrialization of an agricultural sector, particularly a crop
production is based on a yield increase, including breeding of high yield genotypes,
applying of agricultural practices that support high yields of biomass and grain,
based on high inputs of agro-chemicals, such as pesticides and mineral fertilizers
(mainly N and NPK fertilizers). All mentioned contributed to the sufficient
production of food and feed, reflected through increased amounts of carbohydrates,
i.e. calories. The “Green revolution” paradigm changed face of the agriculture,
with multiply higher crop and livestock production, CO2 emission, as well as an
increased share of processed foods in nutrition (Gomez et al., 2013; Zeng et al.,
2014). Fardet and Rock (2020) indicated that the livestock production occupy
globally 26% of areas aimed for rangelands and 33% of the agricultural areas
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aimed for fodder production, whereas the intensive livestock and the production of
other animal species use less land, higher inputs, and high concentration of
animals, thus contributing to nutrient pollution, increased greenhouse gas emission
(GHGE), habitat destruction and diversity reduction. It was accentuated that among
6300 domestic animal breeds, about 1350 are close to extinction or already
disappeared over against breeds that have high growth rate and altered body
structure and composition (Hocquette, 2010; Hayes et al., 2013).
As a consequence of all mentioned, an environmental depletion and
pollution rose, withaltered soil pH (to low or high values), mineral imbalance,
erosion, increased greenhouse gasses emission, etc. Even more, climate change,
recognized through meteorological extremes additionally worse the situation. In
such conditions, agricultural plants are unable to provide basic elements for growth
and development, whereas deficit of essential elements and vitamins, particularly
Fe, Mg, Zn, Se, I, carotenoids and other vitamins in food and feed is present
worldwide (Welch, 2005; Clemens, 2014). One of the most important aspects of
food security, irrespective that food and/or feed are considered is to provide
optimal amounts/concentration of the essential elements in edible parts of plants.
Insufficient concentrations of essential elements and vitamins could be reduced by
an introduction of a food diversity (for humans), as well as supplementation and/or
increased concentration of highly available nutrients in food and feed, by
application of various bio-fortification practices. In regard to supplementation,
advantage of bio-fortification is reflecting through improved concentration of
mineral and other nutrients, with reduced possibility of overdose or toxicity, due to
the fact that nutrients in plant tissues are mainly in highly available forms, what in
combination to the other important plant constituents, such as carotenoids, vitamin
C, some amino acids, soluble fibre, etc. additionally enhance their bio-availability
during digestion.
It is also important to underline that concentration of mineral nutrients in
animal tissues does not follow increased concentration of mineral elements in
biomass and/or grains used for feed, since bio-availability depends on feed
composition, where so called anti-nutrients, such as phytic acid, certain fiber
(cellulose, hemicelluloses, lignin, suberin etc.), lignans and other polyphenolics,
hemagglutinins, goitrogens, heavy metals restrain bio-availability and absorption of
mineral nutrients. Though, so called promoters: organic acids (e.g. ascorbate,
fumarate, malate, citrate), hemoglobin, certain amino acids (methionine, cysteine,
histidine, lysine), long-chain fatty acids, fats and lipids, Se, Fe, Zn, β-carotene,
inulin and other non-digestible carbohydrates increase the absorption of nutrients,
diminishing negative effects of anti-nutrients (Welch and Graham, 2005). Antinutrients and promoters are normal plant metabolites, thus variation in their
concentrations could seriously affect bioavailability of mineral nutrients for
humans and non-ruminants. Nevertheless, ruminants, due to the presence of
specific microorganisms in their guts are able to digest most of the mentioned anti-
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nutrients, having better conversion of mineral elements from feed into their bodies.
Some strategies, like addition of enzyme preparations into feed (either they are
active prior or after feed consumption) could also contribute to increased nutrient
bio-availability (Pariza and Cook, 2010).
As an answer to a globally rising problem of the malnutrition in people and
animals, bio-fortification, as a sustainable practice was developed. It combines
various techniques and practices, aimed to increase concentration of important
nutrients, as well as their further bio-availability, in regard that absorption and
accumulation of mineral nutrients in plants, particularly in grains is under the
control of various physiological processes. Several important strategies as a parts
of bio-fortification programs were developed. Some of them use diverse genetic
resources and breeding of genotypes with improved absorption and accumulation
of mineral elements, as well as factors that contribute their further bio-availability
from digestive system. Other strategies combine various cropping practices,
particularly fertilizers with desirable composition, also the bioactive stimulants that
enhance absorption and accumulation of mineral elements. Many practices,
commonly used in sustainable and organic agriculture, which improve soil fertility,
diversity and quality, at the same time contribute to the better absorption and
accumulation of mineral nutrients, thus enhancing the nutritional quality of feed
crops.

Abiotic and Biotic Factors Affecting Utilization of Mineral
Nutrients for Feed Production
An agricultural production is highly dependable on the environment, particularly
variations in meteorological conditions. Extreme fluctuations of meteorological
conditions are able not just to reduce, but also to destroy crop yields. Besides that,
climate change affects socio-economic aspects of agricultural production, livestock
production, transport, demography, altering production and food security (Tirado et
al., 2010). Climate change is closely tied to the increased atmospheric
concentration of CO2 and other GHGE-s, thus increasing C portion in plant tissues,
which is not in parallel, followed by the increased absorption from the soil and
accumulation of mineral elements (Loladze, 2002), thus reducing minerals:C ratio.
Increased CO2 reduces transpiration intensity, accelerate plant growth, affect
flowering and grain filling and reduce absorption and accumulation of Ca and Si,
contributing to the decreased resistance to pathogens attack, as well as lower
concentrations of protein and lipids in grains (Fernando et al., 2012). Fabaceous
and gramineous are C3 plants, which are mainly used for forage production,
accumulate lesser Zn and Fe concentrations, lesser water usage and increased
accumulation of carbohydrates in green parts, when they were grown in
atmosphere with high CO2 concentration, while C4 plants were mainly unaffected
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(Myers et al., 2014). According to Bornman et al. (2019) changes in climate caused
by ozone depletion and thus increased exposure to UV radiation is connected to
increases and reductions in the growth, survival and reproduction of plants and
animals. What is more, the fluctuations in meteorological conditions, like drought,
could also affect nutrient uptake, distribution, and accumulation in plants, thus
altering its chemical composition and nutritional quality (Hart et al., 1998;
Rouphael et al., 2012).
The primary source of mineral nutrients for plants is the soil. Beside the
amount of mineral nutrients in the soil, its characteristics and condition are mainly
responsible for availability, absorption, and accumulation of mineral nutrients in
plants. Mineral nutrients are present in the form of free ions, salts, adsorbed by
various minerals and organic components, parts of soil solution, as well as parts of
soil living and decomposing organisms (microbiota, worms and other living
systems) (White and Broadley, 2009). An optimal mineral nutrition, provided by
fertilizer inputs enables normal plant growth and development, particularly when
they are grown on poorer soils with low fertility. Accordingly, connection between
the Zn deficiency in humans and animals and low Zn concentration in soil is well
known (Cakmak and Kutman, 2018; Dhaliwal et al., 2020). Chemical reactions in
a soil, such as redox reactions, could affect an availability of mineral nutrients.
Besides, Fe- and Mn-oxides, organic matter, including humic substances, various
microorganisms, and products of their decompositions presents active sorbents of
various mineral elements, influencing their availability to plant roots (Violante et
al., 2010; Lin et al., 2019; Hacquardet al., 2015). Physical characteristic, such as
high soil hardness, low penetration or high drainage degree, high or low pH, high
salinity, toxicity of some ions and heavy metals (like Na, Cl, Al, Fe, Mn, Cd, Pb
etc.) affect not just availability of important mineral elements, but also could
induce abiotic stress to plants grown on these soils. Mineral elements with similar
characteristics, including association to group in Periodic System of Elements,
atom mass, charge ant other, could compete each to other during absorption by
roots. Thus, Ca and Cd could compete with Zn, contributing additionally to
oxidative stress increase (Rose et al., 2013; Slamet-Loedin et al., 2015). It is
important to underline that deficiency symptoms will be observable on older
leaves, if plants are grown on soils with poor availability of particular mineral
elements that have better mobility, and vice versa, (Soetan et al., 2010).
The important factor that contributes to imbalance in mineral nutrients in a
soil, through degradation, erosion, desertification, acidification, increasing
salinization, high irrigation rates, and inadequate fertilization is an anthropogenic
factor. From this viewpoint, high P fertilization rates conducts to the low Zn
availability. Some, commonly used amelioration practices, such as increased
fertilization rates with macro-elements (N, P, K, S, Ca, and Mg), including
practices that affect soil fertility and pH balance, incorporation of Ca–carbonate
and –oxide, gypsum, high amount of organic fertilizers could negatively affect the
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availability of some mineral elements, particularly, micro-elements. When plants
were grown on soils where long-term mineral fertilization is present, stoichiometric
balance between N and P in plant leaves that is closely tied to the yield losses is
actually consequence of unbalanced N and P inputs through fertilization (McKenzie
and Williams, 2015). On the other hand, the positive influence of the anthropogenic
factor is reflected through inputs of organic matter, bio-fertilizers (containing
mycorhizzal fungi, N-fixing bacteria, microorganisms that accelerate crop residues
decomposition) which could positively affect, absorption of mineral elements
(particularly of P, Fe, Mn, Zn, and Cu), thus contributing to the enhanced stress
tolerance, photosynthesis and increased crop yield (El–Sirafy et al., 2006;
Bhardwaj et al., 2014; Lehmann and Rillig, 2015).
Other than soil characteristics, there are genotypes that have high
efficiency in nutrient elements absorption from soil, even from soils with low level
or deficient in a particular nutrient(s), such as soils with poor fertility, acid, saline
or similar soils. According to Eckhard et al. (2012), high efficient genotypes are
able to achieve high yields on soils deficient in one or several mineral nutrients,
due to the genes that could synthetize transporters with high affinity to particular
mineral elements, even in conditions of deficiency or poor availability. For
instance, some rice genotypes, with high efficiency for Zn absorption have genes
that encode Zn absorption and translocation from older to physiologically more
active, younger leaves (Impa et al., 2013; Tiong et al., 2015), even more these
plants easier translocate metabolites from older leaves to the grains.

Breeding and Genetic Engineering as an Integral Part of the
Bio-fortification
Modern genotypes must be able to produce high yields of biomass and
grains, and to be able to grow in conditions with low inputs of water, fertilizers,
and other agro-chemicals. What is more important, their nutritional status has to
meet requirements of animals for all necessary elements. Nevertheless,
nutritionally quality and yield potential are reversely correlated. Thus, new wheat
genotypes with high yield potential are also low in Zn, Fe, and Se in regard to older
genotypes (Garvin et al., 2006). The necessity for crops that are able to have high
yields, with improved efficiency to use resources is an important objective of
modern agricultural production (Raboy, 2013).
Highly-efficient genotypes could achieve by different methods, such as
standard breeding techniques, marker assistant selection (MAS), transgenic
approaches, genome editing, etc. Environmental impacts are important obstacle for
breeding. Genotype × environment interaction direct Fe and Zn accumulation in
maize grain two-fold more than each factor individually (Oikeh et al., 2004a).
Accordingly, conventional breeding is a long-term strategy, due to the variable
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agro-ecological factors, primary soiland climate, while MAS is better solution,
when low heritability traits are considered, due to the fact that genotypes without
desirable traits were excluded from further tests at the early stages. For MAS
application, high variability of desirable traits (efficiency of mineral nutrient
absorption) must be present, and an important part of this method is results
proofing in a field conditions. Both mentioned strategies are important for selection
and development of genotypes which possess high variability in efficiency to
utilize and accumulate mineral elements, as well as factors that restrain or promote
bio-availability of absorbed minerals. From this viewpoint, maize, as one of the
most important crops used for feed production, either biomass, or grain are used,
has high variability in concentration of carotenoids, phenolics, phytic acid, Fe, Mn,
Zn, and other minerals (Dragičević et al., 2013; Gupta et al., 2015), what is
particularly referred to the genotypes with relative low phytic acid concentration in
grain (Mladenović Drinić et al., 2009; Dragičević et al., 2010; Dragičević et al.,
2013; Dragičević et al., 2016). This was supported by results present in Table 1,
done on 78 maize lines, where Mn and Zn concentration in the grain correlated
significantly on the phytate concentration, from which Zn correlated negatively,
thus indicating its better accumulation in grain of genotypes lover in phytic acid, as
well potentially enhanced further bio-availability. Based on conventional breeding
techniques, it was established that heterotic background presents an important
source of highly-efficient genotypes, when concentration of mineral nutrients and
promoters was considered. Hence, based on results obtained on 51 maize lines
(Figure 1), it was established that in grain of genotypes from Lancaster heterotic
group relative low concentration of phytic acid was present, together with
enhanced Zn concentration while in lines from Independent source variations in
Mg, Fe, and Mn concentration were independent on phytic acid status, indicating
that they could serve as an advantageous source for increased Mg, Fe, and Mn
concentration and improved bio-availability (Dragičević et al., 2016). In parallel,
combination of conventional breeding and MAS could be successfully used for
mapping and selection of maize lines with desirable traits, such as genotypes high
in mineral elements and low phytic acid (Šimić et al., 2012).
Table 1. Correlation between examined traits: phytic (Pphy), inorganic (Pi) and total (Ptot)
phosphorus, and β-carotene, Fe, Mn and Zn in grain of 78 maize lines (Dragičević et al. 2013).
Pphy
Pi
Ptot
β-carotene
Fe
Mn
Pi
0.05
Ptot
0.43*
0.31*
β-carotene
0.12
-0.11
-0.01
Fe
0.01
0.23
0.15
0.06
Mn
0.36*
0.17
0.30*
0.21
0.20
Zn
-0.25*
0.17
0.06
0.05
0.34*
-0.04
*The significant values at the level of significance of 0.05.
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Figure 1. Interdependence between phytic P (Pphy) and mineral elements in grain of maize lines
belong to (A) BSSS heterotic group, (B) Lancaster heterotic group, and (C) Independent source
(Dragicevic et al., 2016).
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The application of transgenic techniques depends, not only on an
identification and introduction of genes responsible for the improved absorption
and accumulation of mineral nutrients into crop biomass and/or grain, but also on
acceptance of transformed genotypes by the market, including consumers (for
human nutrition) as well as farmers engaged to the livestock production. Criterion
for the commercialisation of bio-fortified genotypes lies in their ability to achieve
same or even higher yield, reached concentration of nutrients must be stable in
various environments, including positive effects on human or animal health, by the
definition (Welch and Graham, 2005). Bio-availability and absorption into animal
organisms must be tested in practice, prior to releasing of modified genotypes to
the market.
There are many examples of bio-fortified transgenic crops, where strategic
role play chelators that enhance mobility and accumulation of mineral elements,
including nicotinamine, of which three genes that encode nicotinaminesynthetase
and genes that encode regulatory proteins involved into Fe accumulation were
successfully used for rice transformation with six-fold higher Fe concentration
(Clemens, 2014). Even more, the combination of genes for nicotinamine synthetase
and ferritin increased 1.5-fold Zn concentration. From the viewpoint of increased
Fe accumulation, soybean ferritin genes in combination with genes that encode
mugineic acid synthesis resulted in four-fold higher Fe concentrations in the grain
of polished rice that was grown in conditions of the Fe deficiency (Masuda et al.,
2013). One of the important strategies, when transgenic approach is considered, is
isolation of genes from hyper-accumulators involved into metabolism and
accumulation of particular mineral elements, such as ZIP-transporters from Thlaspi
caerulescens and Arabidopsis genome involved into Zn transport, as well as genes
from Astragalus species, known as a Se accumulators (Guerinot and Salt, 2001).
Transformations of crops in bio-fortification programs are not based only on
improvements in accumulation of mineral elements, but also on the increased
accumulation of promoters, such as carotenoids, vitamin C, and folate. There are
many genes involved in synthesis of various carotenoids that have been used in
improvements of genome of different plant species (Suwarno et al., 2015).
Introduction of some of these genes resulted in maize grain with 169-folds higher
β-carotene concentration + 6-folds higher vitamin C level + 2-folds higher folate
concentration (Naqvi et al., 2009). Due to the fact that P is mainly present in the
plant tissues in the form of phytic acid, its utilization efficiency in the livestock
production is below 40%. Kebreab et al. (2012) summarized that usage of low
phytate transgenic plants and transgenic animals increased P availability by 14%
and 52–99%, respectively, whereas combination of phase feeding and enzymes that
decompose phytic acid increased P availability from 42 to 95%, having the greatest
importance in practice.
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Irrespective that breeding and genetic method are promising biofortification tools, their combination with other techniques could give better results
in enrichment of forage crops with mineral elements and vitamins, particularly
when it was taken into consideration that even highly efficient genotypes are
unable to absorb elements that lack in soil.

The Agronomic Bio-fortification – Cropping Practices for
Enhanced Feed Quality
The most important factor that supports high availability, confident and
stable absorption, and accumulation of mineral elements in crops is the soil
fertility. The application of various fertilizers could contribute to the maintaining,
increase, or depletion of the soil fertility. The usage of various supplements as feed
additives with intention to enable optimal and balanced livestock nutrition have
potential risks, reflected through overdosing and increased potential toxicity, as
well as increased excretion, what is environmentally unacceptable (Anderson et al.,
2012; Titcomb and Tanumihardjo, 2019). The same authors pointed that the
introduction of bio-fortified crops as feed is safer for animals and environmentally
rational, since nutrients are mostly in the highly available forms, what with
promoters from feed enable enhanced absorption and usage on the cellular level.
When the bio-fortification was considered in general, it is important to
underline that the agronomic bio-fortification and genetic bio-fortification should
be jointly used, to provide high efficiency in nutrient usage and delivery to the
human and animal organisms. For instance, Zn enriched NPK fertilizers could
present complementary amendment of breeding programs (Cakmak, 2008). It is
well known that macro-elements from fertilizers affect availability and further
absorption of micro-elements, such as N, which positively affect the absorption of
micro-elements by rice plants (Hao et al., 2007). Also, an optimization of Znenriched urea for the agricultural production was developed as a part of the biofortification (Shivay and Prasad, 2012; Cakmak and Kutman, 2018). Some of the
bio-fortification techniques include utilization of plants originating from locations
under fitoremediation programs, such as soils with extreme high Se or Zn content,
as a green manure, as well as part of feed mixtures (Wu et al., 2015; Schiavonand
Pilon-Smits, 2017; Wang et al., 2021).
One of the most efficient agronomic bio-fortification practices is an
application of foliar fertilizers, since unfavourable soil conditions that could affect
availability and absorption of mineral nutrients were avoided and metabolizing of
mineral nutrients by plants was assured. Therefore, the method for increase in Zn,
Se, and Fe concentration in rice by the foliar fertilization was developed (Fang et
al., 2008). Many other agro-chemicals, such as bio-stimulants, plant, and algae
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extracts, phytohormone preparations, herbicides, etc. could be successfully used to
alleviate status of mineral elements and factors that positive or negative affect their
further bio-avilability, such asphytate, phenolics carotenoids, glutathione, and some
other vitamins in the plant tissue (Dragičević et al., 2015a; Dragičević et al.,
2016b; Mesarović et al., 2019; Đurović et al., 2019; Brankov et al., 2020). It is
important to underline that efficiency of foliar fertilizers is highly dependable on
agro-meteorological factors, particularly when crops were grown in dry farming
conditions (Dragičević et al., 2016b), where low precipitation level and
particularly drought could severely decrease grain yield, but in parallel, it could
positively affect accumulation of essential mineral elements in barley grain (Figure
2), what additionally, in combination with reduced concentration of phytic acid,
could be positively reflected on further bio-availability during digestion.

Figure 2.The effect of different foliar fertilizers on Ca, Mg Si, Fe, Zn and Mn concentration in
barley grain (C – control, EE – Epin Extra, Zir. – Zircon, Chit. – Chitosan, BAP –
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Benzyladenine, Silip. – Siliplant, PZR – Propikonazole); Mean ± SD (standard deviation)
(Dragicevic et al., 2016b).

Some other practices, included in sustainable agricultural systems could
play an important role in the availability and absorption of mineral elements into
crop biomass and grains, due to the fact that sustainable systems basically tend to
maintain or even increase soil fertility, increase biodiversity, including crop yields
and their quality. From this standpoint bio-fertilizers are very important: N fixing
bacteria, symbiotic bacteria, fungi, and other microorganisms have pivotal role in
metal homeostasis in soils (González-Guerrero et al., 2014; Lehmann and Rillig,
2015), what could present a great potential for bio-fortification programs. Biofertilizers are able to stimulate crop growth, productivity, stress tolerance
mechanisms, synthesis of antioxidants and photosynthetic pigments, to enhance of
absorption and accumulation of P, Fe, Mn, Zn and Cu (El–Sirafy et al., 2006;
Bhardwaj et al., 2014). Bio-fertilizers are also able to increase a protein level,
parallel with reduction of phytic acid concentration in soybean grains (Zarei et al.,
2012; Hussain et al., 2020). It is interesting that microbiota that are present in plant
roots and animal gut, and are highly responsible for acquisition of mineral elements
and some vitamins, evolved in different directions, possible due to the differences
in environments, such as oxygen levels, temperature, pH, and organic carbon
availability, but there are some similar taxa - overlapping, present in both
kingdoms (Hacquardet al., 2015), emphasizing importance of further research in
microbiota role for plants and animals/humans.
Furthermore, growing of inter- and cover- crops presents unavoidable part
of sustainable agricultural systems. By combining of different crops on the same
field at the same time, support of different crop species in acquisition of mineral
elements was enabled. Phytosiderophores, excreted by maize root help other crops
that were grown in combination, like peanut or soybean to absorb and accumulate
greater amounts of Mg, Fe, and Zn in grains (Xiong et al., 2013; Dragicevic et al.,
2015b). In parallel, crop combining could positive reflect on increased synthesis
and accumulation of promoters, such as β-carotene (Dragicevic et al., 2015b). In
experiment with soybean and proso millet, grown in different intercrop
combinations it was shown that combinations, particularly with two rows of
soybean and four rows of millet (SS-MMMM combination, Figure 3) was
responsible for greater Fe accumulation in biomass of both crops, while Zn was
greater in soybean biomass (one row of soybean and one row of millet, S-M
combination), what was not the case for proso millet, with lower accumulation
ability present in all combinations. This refers of potential competitivity between
crops, what is an important part, when intercropping design is establishing.
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Figure 3.The effect of different soybean and proso millet intercrop combinations on P, S, Fe and
Zn accumulation in biomass (C - sole crop, control; T1 - S-M combination, T2 - SS-MM
combination and T3 - SS-MMMM combination); S - soybean, M - proso millet: Results present
mean ± SD (standard deviation)

Cover crops, that are commonly used as sustainable practice for protection
from erosion, leaching of mineral nutrients into soil depth, weed suppression, could
be also successfully used for soil enrichment with N (particularly leguminous
covers), as well as improved absorption and accumulation of mineral elements and
other bioactive compounds, which could serve as promoters (Baligar et al. 2006;
Janošević et al., 2017; Dragicevic et al., 2021)

Conclusion
Past and still on-going changes and fluctuations in the world, including
climate, soil devastation, biodiversity reduction, etc., affected severely agricultural
sector, including livestock. From this standpoint, malnutrition is recurring problem,
which does not affect human health, but also health and wellbeing of domestic
animals. When essential elements, including minerals and vitamins lack from
animal diets, i.e. feed, they suffer from various diseases, production is reduced and
further livestock products have low quality, and are also unable to meet human
requirements for vital nutrients, that could be provided only by animal products.
This problem is especially important for domestic animals, since their diets are
specific, in regard to humans. Supplementation is not always the best solution, due
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to the poor bio-availability or even toxicity, since overdosing of ingested amount of
some nutrients is hard to control.
Thus, it is important to increase concentration of essential nutrients in
crops used for feed, in which nutrients are in highly available forms, in
combination with lot of other important nutrients, which could support or suppress
bio-availability from animal intestines. The bio-fortification approach, based on
development and commercialisation of highly efficient genotypes, as well as
agricultural practices that enable and support better absorption and accumulation of
essential nutrients is safer option. Mutual increase in concentration of essential
minerals, vitamins, and other promoters is of the particular importance for biofortification programs, increasing efficiency and success of applied practices, thus
positively reflecting on animal health and wellbeing.

Biofortifikacija, kao način proizvodnje nutritivno bogate
hrane za domaće životinje
Vesna Dragičević, Milena Simić, Milan Brankov, Milena Šenk, Vesna Krnjaja,
Violeta Mandić, BrankaKresović

Rezime
Neishranjenost predstavlja globalni problem, pogađajući i ljude i domaće životinje,
paralelno. Zahvaljujući broujnim faktorima, kao što su promena klime,
ispošćavanje zemljišta, uticaj antropogenog faktora preko neodgovornog
upravljanja zemljištem, visokih unosa mineralnih đubriva baziranih na makroelementima, u usevima se javlja se nedostatak esencijalnih hraniva, kao što su Mg,
Fe, Zn, itd., kao i važnih vitamina, kao što su karotenoidi i vitamini iz B grupe.
Takođe, neke obradive površine imaju prirodno nisku plodnost. Sve navedeno se
negativno odražava na proizvodnju domaćih životinja, uključujući zdravlje
životinja, kao i kvalitet životinjskih proizvoda. Kao odgovor u borbi protiv
neishranjenosti, razvijena je strategija bio-fortifikacije, koja se bazira na povećanju
koncentracije esencijalnih hraniva u hrani i hranivima, kao i većoj pristupačnosti iz
organa za varenje. Bio-fortifikacija koristi različite mere. Dva osnovna tipa biofortifikacije su razvijena: genetička i agronomska bio-fortifikacija. Prva koristi
stndardne tehnike selekcije, marker asastiranu selekciju, transgene pristupe,
editovanje genoma, i dr. u dobijanju vioko-efikasnih genotipova koji su sposobni
da apsorbuju i akumuliraju esencijana hraniva u većim koncentracijama u biomasi i
zrnu. Agrnonomska bio-fortifikacija koristi različite tehnike, kao što je primena
specijalnih đubriva obogaćenih sa esencijalnim mineralima, folijarnih đubriva,
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hormona i poboljšivača rasta, kao i nekih manje poznatih mera koje se koriste u
održivoj poljoprivredi, kao što su kombinovani i pokrovni usevi, koji su
prvenstveno namenjeni povećanju prinosa, kao i koncentracije esencijalnih hraniva.
Strategija bio-fortifikacije, bazirana na razvijanju i komercijalizaciji visoko
efikasnih genotipova, kao i agronomskih tehnika, koje omogućavaju i podržavaju
bolje usvajanje i akumulaciju esencijanih hraniva je bezbednija opcija i za ljude i
za domaće životinje. Paralelno povećanje koncentracije esentijalnih minerala,
vitamina i drugih supstanci koje pomažu usvajanje je od posebnog značaja za
programe bio-fortifikacije, povećavajući efikasnost i uspešnost primenjenih mera, i
odražavajući se pozitivnona zdravlje i blagostanje domaćih životinja.
Ključne reči: uzgoj, prakse u ratarstvu, mineralni nutrijenti, antinutrijenti,
promoteri
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Abstract: High level of milk protein, increased dietary costs, as well as
care for the environment have made nitrogen utilization a central component in
balancing ruminant meals. Excess crude protein in meals can lead to unnecessary
dietary costs, without resulting in increased milk and milk protein production. In
addition, most of the excess nitrogen is excreted in the urine and is an ecologically
labile form. On the other hand, poor amino acids balance will limit milk protein
yield, making production more expensive than overeating. Balancing protein
according to metabolic needs, with an adequate ratio of rumen undegradable
protein and rumen degradable protein, and without overeating will have positive
effects not only on meal price and profitability, but also on the environment. More
efficient utilization of nutrients requires knowledge of how different fractions of
nutrients pass through the digestive tract. Grass and legumes contain the largest
and most variable part of non-protein nitrogen compounds. Although, a number of
non-protein nitrogen compounds and true protein together represent crude protein,
it is clear that the nutritional value of crude protein in ruminant feeds is better
explained based on their rate and extent of rumen degradation. There are a number
of factors that affect the amount of crude protein that will be degraded in the
rumen. Legumes are high quality forages rich in protein, but these proteins are
intensively degraded in the rumen. Red clover proteins are more slowly degraded
than alfalfa protein.
Key words: alfalfa, red clover, protein degradability

Introduction
Alfalfa and red clover are the main source of protein (Marković et al.,
2010; 2011; 2012a; 2012b), and are the main constituents of ruminant meals. They
occupy this place due to the ability of biological fixation of nitrogen and due to
their high nutritional value. These legumes are important because they significantly
reduce production costs – less use of nitrogen mineral fertilizers and a smaller
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ratios of concentrated nutrients in ruminant meals. These benefits and the
possibility of feeding farm animals based on diets on forage crops have attracted
the attention of numerous researchers (Buxton et al., 1985; Broderick and Buxton,
1991; Broderick, 1995; Rochon et al., 2004; Peyraud et al., 2009 ).
In ruminant nutrition, regulating the degradation of structural and nonstructural carbohydrates and protein reduces unnecessary losses, primarily protein,
which is very important in a sustainable production system. The place of digestion
and the ratio in which volatile fatty acids and lactic acid are formed largely
determine the rate of degradability and the characteristics of fermentation in the
rumen. Both of these characteristics are important because they directly affect the
type of nutrients that will be available to the animals. In the modern nutrition
system, detailed information on the rate of degradation and the nature and type of
fermentation processes of all nutrient components are becoming increasingly
important (Yu et al., 2004). Numerous studies have shown that the yield and
nutritional value of forages depend on the stage of development, the forage species
(Jung and Allen, 1995; Ayres et al., 1998; Elizalde et al., 1999; Ferdinandez and
coulman, 2001; Lyon et al., 2001) or varieties (Tremblay et al., 2000; 2002; 2003),
soil type (Aumont and Salas, 1996) and climatic conditions (Mathison et al., 1996).
In addition to the fact that legumes are characterized by high nutritional
value, their proteins are subject to rapid and intensive degradation in the rumen.
Consequently, the rate of protein degradation in the rumen directly affects the
efficiency of nitrogen utilization by animals (Broderick, 1995). Some authors
indicate that both rumen microorganisms and proteases in plant material cause
inefficient utilization of nitrogen in animals (Kingston-Smith et al., 2003).
Generally speaking, non-utilization of nitrogen is the result of an imbalance
between protein and carbohydrates in ruminant meals, which increases the risk of
inadequate nitrogen utilization and its excretion into the environment (Tamminga,
2006). To avoid these losses and contamination of the environment, meals must be
formulated to satisfy, but not exceed the amounts of nitrogen necessary for
microorganisms growth, as well as a sufficient amount of amino acids necessary
for the normal functions of the animal body (Schwab et al., 2005). Modern
nutrition systems, in order to minimize nitrogen losses, include knowledge of the
amount and ratio of degradable and non-degradable protein in the rumen, as well as
the necessary amounts of nitrogen for sufficient development of rumen
microorganisms (Lanzas et al., 2007; 2008).
Crude protein fractionation was performed according to CNCPS (Cornell
Net Carbohydrates and Protein System) (Lanzas et al., 2007). According to this
system of analysis, crude protein can be divided into 3 fractions: fraction A
represents non-protein nitrogen (NPN x 6.25), fraction B represents a true protein
and fraction C is unavailable protein. Fraction B is further divided into 3
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subfractions (B 1 , B 2 and B 3 ) which are assumed to have different rates of
degradation in the rumen. Fraction A and B 1 dissolve in the borate-phosphate
buffer and degrade very rapidly in the rumen. Fraction B 2 is insoluble in the buffer,
but is soluble in the neutral detergent solution with medium rate of degradation in
the rumen. The B 3 fraction is insoluble in buffer and neutral detergent solution, but
is soluble in acid detergent solution. This protein fraction degraded very slowly in
the rumen because it is associated with the plant cell wall. Fraction C consists of
proteins that do not dissolve in acid detergent solution. This fraction contains
proteins that are associated with lignin, tannins and the products of Millards
reactions that are highly resistant to the action of microbiological enzymes. All of
these protein fractions are present in the feeds and have an impact on animal
performance (Alzueta et al., 2001).

Alfalfa proteins in ruminant nutrition
Alfalfa is an important source of protein for ruminants, but these proteins
are often poorly utilized due to intensive degradation during ruminal fermentation.
Protein degradation is a limiting factor for high quality legumes, such as alfalfa.
The protein quality of alfalfa can be improved by increasing the proportion of
rumen undegradable protein – RUP (Tremblay et al., 2002).
Rapid and intensive protein degradation leads to inefficient utilization of
protein from meals. These processes may be the main limiting factors when
legumes are used in the diet (Broderick, 1995). The most favorable situation for
animals is when the proteins go directly to the small intestine where they are
broken down into amino acids and assimilated. Broderick and Buxton (1991) found
variations in protein degradability between 19 cultivars of Medicago sativa L. and
3 cultivars of Medicago falcata L. Griffin et al. (1994) also found a difference
between alfalfa varieties, but they were contradictory during harvesting and years
of investigations. Tremblay et al. (2000) examined differences between 27 alfalfa
cultivars in rumen undegradable protein (RUP) content, degradation rate and dry
matter yield and found small genetic variations between cultivars, but concluded
that it was possible to combine high dry matter yields and low protein degradation
rates.
In the Table 1 are presented the results obtained in the investigations
conducted by Marković et al (2014). The results indicate that the alfalfa cut at midbloom stage in the third cut had the highest rapidly degradable PA fraction of CP.
On the other hand, the highest content of undegradable PC fraction, associated with
the lignin and cell wall was observed at full bloom stage in the fourth cut.
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Table 1. Content of crude protein fractions in alfalfa, cv K 28 by CNCPS, g kg-1 CP (Marković et
al., 2014)
Cut
PA
PB
PB 1
PB 2
PB 3
PC
I
346.3c
597.7a
0.0b
549.5a
48.1a
55.9d
II
323.8c
585.7a
19.3a
536.1a
29.9b
90.7b
III
503.1a
426.3c
0.0b
419.4b
7.0c
70.4c
b
b
b
b
a
IV
370.8
494.3
0.0
434.5
59.9
134.7a
PA – non-protein nitrogen; PB 1 – rapidly degraded crude protein; PB 2 – intermediately degraded
crude protein; PB 3 – slowly degraded crude protein; PC – bound, unavailable crude protein Different
letters denote significantly different means (P< 0.01)

In the investigation conducted by Hoffman et al. (1993) the content of
these protein fractions were examined at the late vegetative stage, late budding and
mid-flowering stages of growth in alfalfa and red clover. Alfalfa was found to
contain 28.5, 41.1 and 30.8% of PB fraction, respectively, whereas red clover
contained 42.2, 49.7 and 53.8% of PB fraction, respectively. Yari et al. (2012)
reported that during the day PA fraction had a tendency to decrease, and PB
fraction tends to increase. These authors concluded that during the day alfalfa
leaves use photosynthetic products to convert PA components into true protein.
In the investigation conducted by Michaud et al. (2001) the PB 2 fraction in
the whole alfalfa plant was 49.4% CP, in leaves 62.5% CP and in the stem 40.5%
CP. It can be concluded that the proportion of leaves in DM of alfalfa can
significantly affect the content of PB 2 fraction of crude protein. It indicates that
with the growth and development of leguminous plants the degradability of protein
decreases with a decrease in CP content and probably other quality parameters.
Hoffman et al. (1993) found that alfalfa protein degraded more rapidly
than red clover protein. A negative correlation was found between the degradability
of alfalfa dry matter and the proportion of rumen undegradable protein. On the
other hand, Yari et al. (2012) reported that PB 2 fraction had lower values at the
beginning of alfalfa flowering compared to the budding stage of plant
development. The same authors indicated that the PB 2 was the largest protein
fraction in alfalfa, whereas Yu et al. (2003) found out that the largest alfalfa protein
fraction was PB 3 . Tremblay et al. (2002) found the proportion of this fraction in the
first alfalfa cut was 494.0 g kg-1 CP.

Red clover proteins in ruminant nutrition
There is an increased interest in studying those leguminous species that
reduce proteolytic processes during ensiling and reduce protein degradation in the
rumen. It is important to mention that leguminous species may contain compounds
that can reduce protein degradability. Leguminous species that contain protein and
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tannin complexes, such as birdsfoot trefoil, have the property that their proteins are
less degradable, compared to species that do not contain tannins, such as alfalfa
(Julier et al., 2003). In contrast to alfalfa, red clover has a very low level of
condensed tannins (Jackson et al., 1996; Grabber, 2009), but the proportion of
degradable protein is lower than in alfalfa.
This property of red clover can be explained by the presence and activity
of polyphenol oxidase in red clover (Broderick et al., 2001; 2004). Polyphenol
oxidases are enzymes that catalyze the hydroxylation of monophenol to orthodiphenol and the oxidation of ortho-diphenol to ortho-quinone (Matheis and
Whitaker, 1984). The quinones are strong oxidants and very strong electrophiles,
which, passing through various biochemical reactions, give numerous secondary
products. Orthoquinones can react with each other or with proteins and amino acids
(Bittner, 2006; Parveen et al., 2010). These ortho-quinone reactions with proteins
are thought to lead to reduced proteolytic processes in red clover silage (Sullivan
and Hatfield, 2006). In contrast, the effects of more efficient nitrogen utilization,
such as higher milk protein content and lower nitrogen excretion have not been
reported in recent studies in cows fed fresh red clover with varying degrees of
polyphenol oxidase activity (Lee et al., 2009).
Table 2 illustrates the quantitative effect of a variety of alfalfa and red
clover taken at mid-bloom stage in the first cut on the protein fractions by CNCPS
(Marković et al., 2015a). Although high variability between alfalfa and red clover
cultivars, mean values indicated that the slowly degradable PB 3 fraction associated
with the plant cell wall and the intermediately degradable PB 2 fraction were higher
in red clover than in alfalfa, whereas mean values for PA fraction was higher in
alfalfa than in red clover.
Table 2. Content of CP fraction in alfalfa and red clover by CNCPS, g kg-1 CP (Marković et al.,
2015a)
Cultivars
PA
PB 1
PB 2
PB 3
PC
K – 28
429.2a
68.7a
271.0b
137.2a
93.6b
G + 13R + CZ
421.6b
33.5b
410.6a
26.6b
107.6a
Mean
425.4
51.1
340.8
81.9
100.6
K - 32
365.7ns
25.3a
447.3a
72.4b
89.7b
ns
b
b
a
K – 39
359.7
0.0
399.4
199.2
115.4a
Mean
362.7
12.7
423.4
135.8
102.6
K 28 – alfalfa, Serbian cv, G + 13R + CZ – alfalfa, American cv; K 32 – tetraploid red clover; K 39 –
diploid red clover; PA – non-protein nitrogen; PB 1 – rapidly degraded crude protein; PB 2 –
intermediately degraded crude protein; PB 3 – slowly degraded crude protein; PC – bound,
unavailable crude protein; Different letters denote significantly different means (P< 0.05)

Krawutschke et al. (2013) in three-year trials of alfalfa and red clover
found that the rate of PA fraction increased during the spring growing season in all
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examined years. In these years, during the spring season, the rate of this fraction
ranged from 144.0 to 602.0 g kg-1 CP. In contrast, in the summer-autumn period,
the PA fraction decreased with growth and development. The decrease in the rate
of PA fraction from the beginning of flowering and during development is
probably a consequence of the fact that this type of compound is less assimilated,
and on the other hand, most of the assimilated has already undergone metabolic
changes. When the plants begin to bloom, the processes of remobilization of the
accepted nitrogen into the generative parts of plants are activated, and as a
consequence of such processes the rate of PA protein fraction decreases, and after
the beginning of flowering, the PA fraction starts to decrease.
Marković et al. (2015b) investigated the content of crude protein and
protein fractions of tetraploid and diploid red clover harvested at mid-bloom stage
of growth in the first, second and third cut. These authors found out that tetraploid
cultivar of red clover was higher in the content of soluble protein and non-protein
nitrogen, but lower in the content of neutral detergent insoluble crude protein and
true protein, indicating large and potential differences in rumen CP degradation
characteristics between tetraploid and diploid red clover cultivars. From this point
of view, the most important considerations of feed CP chemistry are the
concentration of NPN and the true protein, and the physical and chemical
characteristics of proteins that comprise the true protein fraction of the feedstuffs.
Krawutschke et al. (2012) pointed out that red clover is less susceptible to
proteolysis than alfalfa, which is associated with polyphenol oxidase activity in red
clover. These authors established values for this fraction of crude protein in a green
matter of red clover from 302.6 to 316.3 g kg-1 CP, while in dry matter these values
ranged from 321.5 to 335.4 g kg-1 CP. In red clover silage, these values ranged
from 258.0 to 263.0 g kg-1 CP harvested in the first cut, 240 to 247.0 g kg-1 CP
harvested in the second cut, and from 251.0 to 274.0 g kg-1 CP harvested in the
third cut.

Leaf and stem dry matter digestibility and ruminal protein
degradability
The optimal ratio of rumen degradable protein and rumen undegradable
protein in forages and increasing dry matter digestibility are the two most
important criteria for improving the quality of legumes. Broderick (1995) reported
that the proportion of rumen undegradable protein was higher in the leaves than in
the stems, and that the proportion of these protein fractions varies depending on the
species and genotypes. Because 2/3 of the protein is in the leaves, Broderick and
Buxton (1991) concluded that selection based on leaf protein can give much better
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results. In addition, genetic variability in leaf to stem ratio between genotypes may
also affect the proportion of rumen undegradable protein throughout the plants.
The nutritional value of alfalfa can also be improved by increasing the
digestibility of dry matter. Digestibility decreases with advancing plant
development due to an increase in the proportion of cell walls in the stems, a
decreae in the digestibility of the stem, and the proportion of leaves.
Digestibility is one of the most important characteristics of forages. The
digestibility of the stem in the spring ranged from 547 to 579 g kg-1 DM, while in
the summer it was from 536 to 563 g kg-1 DM (Tremblay et al., 2002). The results
of those studies confirmed the observation that selection for better digestibility can
be achieved by selection for better digestibility of the stem, but the interaction
between dry matter yield and nutritional value can not be ignored, because yield is
a significant factor in the utilization of any nutrient. The ratio of the stem in the dry
matter yield and nutritive value of stem during the summer are generally negatively
correlated.
A truly comprehensive measure of forage quality should not only predict
the quantity of digestible energy and protein consumed, but should also measure
the synchrony between energy and protein fermentation in the rumen. Two major
voids exist in the literature: fermentation patterns of different forage carbohydrates,
and proteolytic degradation patterns of forage proteins. Our future goal should be
to optimize the nutritional value of forage-based diets for ruminants. To achieve
this goal, it is necessary to focus on maximizing microbial efficiency. Once
achieved, greater animal productivity should result through increases in forage
intake and digestion (Paterson et al., 1994).

Conclusions
Knowing the proportion and rate of degradable protein in the rumen is very
important when formulating meals for dairy cows. Protein degradability depends
on the type of forages, the stage of development, the method of preservation and
the season of investigation. The degradability of protein from forages in the rumen
depends primarily on the degradation of individual protein in the rumen, as well as
on the passage of all protein through the rumen. Both of these factors depend on
protein are linked to other nutrient components and peptide bonds are accessible to
enzymes.
Excess nitrogen in the diet can lead to soil and water pollution. To avoid
environmental contamination, animal meals must be formulated to satisfy, but not
exceed the amounts of nitrogen necessary for the growth of microorganisms, as
well as the sufficient amount of amino acids necessary for the normal functioning
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of the animal. Modern nutrition systems, in order to minimize nitrogen losses,
imply knowledge of the essential degradable and undegradable protein, as well as
the necessary amounts of nitrogen for sufficient development of microorganisms.
According to the original scheme, high degradability of the PB 2 fraction
and almost complete degradation of soluble PA and PB 1 fractions are predicted.
For many nutrients, fraction B 2 is the largest protein fraction. In addition, fraction
PB 1 makes up a very small fraction of completely soluble protein, and most of the
soluble protein belong to fraction A, which is thought to be immediately and
almost completely converted to ammonia.
Further improvements in protein degradation characteristics are required in
order to develop a higher quality alfalfa cultivar.
Selecting alfalfa plants based on protein structure or protein composition
might offer new ways to develop alfalfa with a reduced ruminal degradation rate.
Proanthocyanidins are also known to reduce the rate and extent of ruminal
protein degradation.
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Alfalfa and red clover as a protein source for ruminants
Jordan Marković, Jasmina Milenković, Snežana Anđelković

Rezime
Visok nivo proteina u mleku, povećani prehrambeni troškovi, kao i briga za
životnu sredinu učinili su upotrebu azota centralnom komponentom u
balansiranju obroka za preživare. Prekomerna količina sirovih proteina u
obrocima može dovesti do nepotrebnih prehrambenih troškova, a da ne
rezultira povećanom proizvodnjom mleka i mlečnih proteina. Pored toga,
većina viška azota se izlučuje urinom i predstavlja ekološki labilan oblik. S
druge strane, loša ravnoteža aminokiselina ograničiće prinos mlečnih
proteina, čineći proizvodnju skupljom od prekomernog konzumiranja hrane.
Uravnotežavanje proteina u skladu sa metaboličkim potrebama, sa
odgovarajućim odnosom proteina koji se ne može razgraditi u buragu i
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proteina koji se razgrađuje u buragu, i bez prekomernog konzumiranja hrane
imaće pozitivne efekte ne samo na cenu obroka i isplativost, već i na životnu
sredinu. Efikasnije korišćenje hranljivih sastojaka zahteva znanje o tome
kako različite frakcije hranljivih sastojaka prolaze kroz probavni trakt. Trave
i mahunarke sadrže visok udeo neproteinskih azotnih jedinjenja, čija
količina zavisi od brojnih faktora. Iako neproteinska azotna jedinjenja i
pravi proteini zajedno predstavljaju sirove proteine, jasno je da se hranljiva
vrednost sirovih proteina u hrani za hranu preživara bolje objašnjava na
osnovu njihove brzine i stepena razgradnje u buragu. Brojni su faktori koji
utiču na količinu sirovih proteina koji će se razgraditi u buragu. Mahunarke
su visokokvalitetna krma bogata proteinima, ali se ovi proteini intenzivno
razgrađuju u buragu. Proteini crvene deteline sporije se razgrađuju od
proteina lucerke.
Ključne reči: lucerka, crvena detelina, razgradivost proteina
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Abstract: Maize is а highly productive crop intended for human and
animal nutrition, and industrial processing. The standard agrotechnical measures
are used in its production. However, the utilization of bacterial inoculants is
becoming more popular due to their effect on increased soil quality, plant
performance, and yield while preserving and enhancing the agroecosystem. In
addition, bacterial inoculants can be applied together with pesticides used in seed
treatments. Our earlier results showed that the inoculation of maize seed with
plant-growth-promoting rhizobacteria (PGPR) increased the number of diazotrophs
bacteria in the rhizosphere, morphological and productive traits, and yield of
maize. Accordingly, seed inoculation may represent an important strategy to
improve commercial maize production and reduce the environmental impact of
maize production processes.
Key words: N-fixing bacteria, nitrogen, maize, seed inoculation, yield

Introduction
Maize (Zea mays L.) is the most important crop in Serbia. In 2019, it was
cultivated in a 962.000 ha area with a production of 7.3 million tons and with an
average yield of 7.6 t ha−1 (Statistical Yearbook of the Republic of Serbia, 2020).
The average maize yield in Serbia is considered still very low (for 27.6%)
compared to the USA average (10.5 t ha−1), the largest maize producer in the world
(FAO, 2021). The maize grain yield depends on the performance of the hybrid,
characteristics of soil, applied agrotechnical measures, and climatic factors
(Mandić et al., 2013; Mandić et al., 2020). Mostly the farmers in Serbia use
available superior maize genotypes of domestic and foreign selection in
combination with appropriate usual production technology. However, the use of
microbial seed inoculation in maize production is not common practice, as is the
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case with soybeans. In Serbia, seed inoculation of maize and other non-leguminous
crops is not as popular as in developed countries. On the other hand, many
countries, such as EU members, USA, China, India, and Japan are trying to
increase the use of microbiological inoculants through legislation and incentives
for agriculture. The use of biofertilisers can increase root microbiome, especially
free-living nitrogen (N)-fixing bacteria in the rhizosphere, soil fertility, yield, and
biomass of maize, and reduce the use of expensive artificial N fertilizers (Mandić,
2011). This is very important because artificial N fertilizers are known to adversely
affect biological balance, soil quality, plant productivity, and ecological balance
(Naher et al., 2016; Vejan et al., 2016). Thus, the inoculation of maize seed with
Azospirillum brasilense reduces the amount of artificial N fertilizers by 25%
(Fukami et al., 2016). The mismanagement of artificial N fertilizers contributes to
its loss from agroecosystems due to ammonia volatilization, nitrate leaching, and
denitrification (Cui et al., 2010). The increase in reactive nitrogen in the
atmosphere, soils, and water is expected to come in the near future (Sutton et al.,
2011). In general, the chemical N fertilizers do have hidden dangers and represent
health hazards to both humans and animals (Alori and Babalola, 2018).
Accordingly, the use of biofertilizers is one of the basic and best strategies to
reduce the use of synthetic N fertilizers and preserve the environment.
In the present study, we will consider only the effect of inoculation of seed
with an individual strain and in a consortium of PGPR. The effect of PGPR
mutants on maize growth will not be considered.

PGPR in maize and biological N fixation
The beneficial rhizobacteria are called plant growth-promoting bacteria
(PGPR). In addition to symbiotic N-fixing bacteria which are associated with
legumes, various PGPR are associated with non-leguminous plants, especially with
cereal grasses. The bacteria responsible for N fixation are called diazotrophs. These
bacteria reside at the surface or interior of the root of non-legume crops (de Bruijn,
2015).
PGPR such as Bacillus, Azospirillum, Azotobacter, Pseudomonas,
Streptomyces,
Enterobacter,
Rhizobium,
Agrobacterium,
Arthrobacter,
Achromobacter, Micrococcus, Pantoea, and Serratia are present in the rhizosphere
of different crops (Olanrewaju and Babalola, 2019; Verma et al., 2019). Their
strains are good for the improvement of the growth and productivity of crops in a
sustainable way.
The PGPR in biofertilizers improves plant growth primarily by
synthesizing phytohormones (indole-3-acetic acid, gibberellic acid, cytokinins, and
ethylene), fixing atmospheric N, and solubilising phosphates and other mineral
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nutrients (Kudoyarova et al., 2015). PGPR has a role in the biocontrol of
pathogenic microorganisms and the prevention of the development of plant
diseases because of produced bacteriocins and antibiotics (Beneduzi et al., 2012).
Example, Bacillus sp. strain B25 is a biocontrol agent of maize pathogen Fusarium
verticillioides (Douriet-Gámez et al., 2018). The riboflavin, thiamin, auxin, and
gibberellin of Azotobacter may accelerate seed germination and improve the
control of maize plant diseases (Baral et al., 2013).
Also, PGPR produce extracellular enzymes which decompose organic and
non-organic matter in the soil increasing its fertility (Alexander, 1977). Ahemad
and Kibret (2014) and Olanrewaju et al. (2019) emphasize that the PGPR help
maize production by nitrogen fixation, increasing the availability of phosphorus,
and control pests with different mechanisms. The root system uptake properties
improve when the PGPR colonize it allowing easier adsorption of ion nitrate,
solubilization of phosphate, and chelation of iron (Islam et al., 2009). Furthermore,
the inoculation of maize with a PGPR improves plant tolerance to water deficit
(Pereira et al., 2020), high salt concentration (Chen et al., 2016), and high
concentrations of heavy metals (Hassan et al., 2014).
Nitrogen input from the air (N2) through the process of biological N2fixation in agricultural soils is about 50-70 million tonnes of N per year (Matiru
and Dakora, 2004; Herridge et al., 2008). N2-fixing bacteria synthesize enzyme
nitrogenase which converts inert N2 into biologically useful NH3. These bacteria
isolated from root, stem, and leaf tissues of maize belong to different genera
Pantoea, Pseudomonas, Rhanella, Herbaspirillum, Azospirillum, Rhizobium
(Agrobacterium), and Brevundimonas, and may contribute to biological nitrogen
fixation which ranges from 12 to 33% (Montañez et al., 2009). The bacteria can fix
from 30 to 90 kg N ha–1, and even up to 150 kg N ha–1 (Milošević et al., 1994). Van
Deynze et al. (2018) point that the atmospheric N fixation contributes to 29–82% of
the N nutrition of maize. Kuan et al. (2016) report that the N2-fixing bacteria are
able to fix N from the air up to 304 mg N plant−1. Baral et al. (2013) concluded that
the Azotobacter fixes about 20 kg N ha-1 year-1.
Zahir et al. (2004) report that the fresh biomass and weight of the ear of
maize are significantly higher in treatment with inoculation of seed with
Azotobacter sp. compared to the control. Adjanohoun et al. (2011) show that the
Azospirillium lipoferum, Pseudomonas fluorescens, and Pseudomonas putida
isolated from the rhizosphere of maize significantly increase grain yield compared
to Pseudomonas aeruginosa, Bacillus coagulans, Bacillus thurengensis, Bacillus
pumilus, Bacillus poly, Bacillusfimosus. Therefore they can be used to produce
biofertilizers for maize. Similarly, Kang et al. (2010) demonstrate that the Bacillus
spp., Pseudomonas spp., and Azospirillum lipoferum improve plant growth and
maize yield. Nezarat and Gholami (2009) show that the inoculation of maize seed
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with strains of P. putida (R-168 and DSM291) and P. fluorescens (R-93 and DSM
50090) significantly increases germination and growth of maize compared to an
uninoculated seed. Also, Biari et al. (2008) find that the Azospirillum lipoferum
DSM 1691, Azospirillum brasilense DSM 1690, Azotobacter chroococcum DSM
2286 increase yield and growth parameters of maize. According to Olanrewaju and
Babalola (2019), the six indigenous isolates (A1 - Bacillus subtilis, A18 and A29 Pseudomonas sp., NWU4 - Streptomyces globisporus, NWU14 - Streptomyces
griseoflavus, and NWU198 - Streptomyces heliomycini) and their consortium of
two or three organisms, enhance maize growth, but the effect of the consortia was
greater. Azospirillum brasiliense increases the grain yield of maize (Lana et al,
2012; Oliveira, 2018). Arruda et al. (2013) have isolated 292 bacterial isolates
from five maize crop areas and concluded that the dominant genera were Klebsiella
and Burkholderia, but strains, identified as Achromobacter, Burkholderia, and
Arthrobacter, were effective as PGPR in two investigated maize cultivars. Akhtar
et al. (2018) report that the inoculation of maize seed with a consortium of
beneficial bacteria significantly increases root length and biomass and improves
root architecture. Therefore, the root absorbs N, P, and K better due to the
solubilization of nutrients (Ranjan et al., 2013). The inoculation with strains of
Azotobacter and Azospirillum significantly increased the dry matter accumulation
and grain yield of maize (Naserirad et al., 2011; Sharifi et al., 2011). The
inoculation treatment of seeds with consortia of six PGPR strains (Pseudomonas
putida strain R-168, P. fluorescens strain R-93, P. fluorescens DSM 50090, P.
putida DSM291, Azospirillum lipoferum DSM 1691, and A. brasilense DSM 1690)
increases nitrogen content in the rhizosphere, germination, plant height, 100-grain
weight, number of seed per ear, leaf area, grain yield and quality (Gholami et al.,
2009). Hungria et al. (2010) have found increases of up to 30 % in the grain yields
of maize, inoculated with A. brasilense due to improved N nutrition and increased
nutrient absorption. Inoculation of maize with strains A. brasilense Az39 increases
yield from 13 to 33% (Cassán and Diaz-Zorita, 2016).
It must be pointed out that the species and strains of PGPR colonize
differently the roots of maize hybrids and influence soil biogeny (Gałązka et al.,
2017; Walters et al., 2018). That primarily depends on root exudates of which are
under host-genetic control (Bulgarelli et al., 2013). For that reason, it is necessary
to select strains of PGPR according to the plant genotype.

The inoculation of maize with PGPR in Serbia
Previous researches on chernozem in the Srem District (Vojvodina
province, northern Serbia) shows the significant effect of the inoculation of
rhizobacteria on maize growth and yield. Mandić et al. (2016) report that the maize
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seed inoculated with consortia of Azotobacter chroococum, Azotobacter vinelandii,
Bacillus megaterium, and Bacillus licheniformis has significantly increased
nitrogen content, the total number of microorganisms, number of azotobacter and
aminoheterotrophs in the soil and grain yield of Serbian maize hybrid ZP 684
during 2006-2008. Also, maize seed inoculation with Azotobacter chroococum,
Azotobacter vinelandii, Bacillus megaterium, and Bacillus licheniformis has
increased the stem diameter, grain yield, and rain-use efficiency, and decreased the
stem lodging and percentage of barren plants in maize hybrid Dijamant 6 belong to
FAO 600 maturity group (Mandić et al., 2018a). Accordingly, the seed bacterial
inoculation reduces the risk of stem lodging due to the accumulation of soluble
solids in the stem (Fancelli and Dourado Neto, 2000). It is known that the lodging
of plants ranges from 5% to 20% annually worldwide (Flint-Garcia et al., 2003)
with losses of grain yield from 40% (Ransom, 2005) to 75% (Van Dyk, 2001).
Thus, bacterial inoculation of maize seed can reduce the risk of lodging, especially
at high plant densities, and contribute to high grain yields. Mandić et al. (2018b)
find that the higher nitrogen amount, total number of microorganisms, number of
azotobacters, number of aminoheterotrophs, number of oligotrophic and grain yield
of two maize hybrids NS 6010 and Dijamant 6 are obtained in the treatment with
inoculation of seed with Azotobacter chroococum, Azotobacter vinelandii, Bacillus
megaterium, and Bacillus licheniformis than in untreated treatment. Also, the
individual strains of Azotobacter chroococcum and Bacillus megaterium and their
combination increased nitrogen content in the rhizosphere of two maize hybrids
PKB-509 and Srećko-5 (Hajnal et al., 2001). The consortia of Azotobacter
vinelandii, Azospirillum lipoferum, Bacillus megaterium and Bacillus suptilis
(Govedarica et al., 2002), Azotobacter chroococcum, Azotobacter vinelandii,
Azospirillum lipoferum, Bacillus megatherium, and Bacillus subtilis (Cvijanović et
al., 2007) and Azotobacter chroococcum and Bacillus megaterium (Hajnal and
Govedarica, 2004) significantly increase microbial activity in the soil and maize
production in Vojvodina Province. Similarly, Jarak et al. (2011) find that the
Azotobacter chroococcum significantly increases microbiological activity, early
plant growth, and grain yield of maize. In essence, the higher number and biomass
of soil microorganisms increase microbial activity, mineralization of organic
matter, and concentration of mineral nutrients available for maize plants (Mandić,
2011; Mrkovački et al., 2012). In addition, according to Govedarica et al. (1999)
and Bjelić et al. (2010) the total number of microorganisms and the number of
azotobacters increases in the course of the growing season. Bjelić et al. (2010)
concluded that the Azotobacter chroococcum, Bacillus subtilis, and Pseudomonas
fluorescens applied individually and in mixture increased the number of
microorganisms in the rhizosphere and height and weight of maize plants. Jarak et
al. (2012) found that the individual strains Pseudomonas sp. Q4b, Bacillus sp. Q5a
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and Azotobacter chroococcum strain 8 and their combinations increased the
number of azotobacters, pseudomonads, and aerobic spore-forming bacteria, plant
height, dry weight, and yield of maize compared to control. These authors got the
highest yield in the treatment with a mixture of three strains. Govedarica et al.
(1992) find that the mixture of two strains of Beijerinckia derx increases the yield
of maize hybrid NSSC-606, while one strain of Azotobacter chroococcum
increases the yield of maize hybrid PKB-624.
In general, these results demonstrate that the PGPR can improve maize
production, microbial abundance in the rhizosphere, and soil fertility because they
increase the content of available nitrogen in the soil. However, it is necessary to
constantly expand knowledge about the mutual interactions of plants and
diazotrophic bacteria.

Commercialization of bacterial inoculants
The cited researches report that the use of PGPR bacteria in the cultivation
of maize can be beneficial to improve yield. All this has led to the development of
biofertilizers or bio-inoculants. Biofertilizers are eco-friendly organic agro-input
intended to improve the growth and yield of crops and soil health and thus are
considered as the best alternative to synthetic fertilizers. The form of the inoculant
depends on the carrier and can be solid or liquid. There is a wide range of
commercial preparations (monovalent, bivalent, and polyvalent) for the inoculation
of maize seeds. In Europe and South America, the most represented is the
monovalent inoculum containing Azospirillum sp. (Dobbelaere et al., 2001). The
genus Azospirillum is able to improve the grain yield of maize, wheat, and rice
(Steenhoudt and Vanderleyden, 2000). Santos et al. (2019) state that about 70
million doses of A. brasilense inoculants, for maize and wheat, are sold annually in
Brazil. Nowadays, global interest has increased for the development of new
microbiological inoculants, the identification of new strains, and new inoculation
methods. Scientists are constantly making great innovative efforts to find new
microbiological inoculants and this is an inexhaustible area for investing
knowledge, techniques, and skills to improve crop yields. China has registered 800
patents related to inoculation, while India has about 100 (Santos et al., 2019).
There is a tendency to discover new inoculants with a wide range of applications
consisting of a consortium of bacteria.
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Conclusions
In the near future, the development of agriculture must be based on the
application of crop cultivation technology and plant breeding that contribute to
better establishment of ecological balance and stability of natural resources in the
agroecosystem. In doing so, the method of growing crops must be based on an
economically effective basis. Biofertilization fits into this concept. The
components of microbiological fertilizers are various bacteria, mostly from the
group of N-fixing bacteria that deliver nitrogen to plants (Azotobacter,
Azospirillum, Bacillus, Pseudomonas, and others), but also translate inaccessible
phosphorus, potassium, iron, and sulfur into an accessible form for plants. In
addition, these bacteria synthesize plant hormones (auxin and gibberellins)
affecting plant growth and induce plant resistance and increase the free-living root
microbiome. Accordingly, the application of microbiological fertilizers containing
mixed populations of microorganisms can improve the growth and development of
plants through the supply of plants with essential nutrients while increasing yields
and preserving the environment, and producing safe food.

Inokulacija kukuruza sa PGPR
Violeta Mandić, Snežana Đorđević, Zorica Bijelić, Vesna Krnjaja, Aleksandar Simić,
Marija Gogić, Maja Petričević

Rezime
Kukuruz je visokoproduktivni usev namenjen za ishranu ljudi i životinja i
industrijsku preradu. U njegovoj proizvodnji koriste se standardne agrotehničke
mere. Međutim, upotreba bakterijskih inokulanata postaje sve popularnija zbog
povećanja kvaliteta zemljišta, performansi biljaka i prinosa. Pored toga, bakterijski
inokulanti se mogu primeniti zajedno sa pesticidima koji se koriste u tretiranju
semena. Naši raniji rezultati pokazali su da inokulacija semena kukuruza sa
rizobakterijama koje podstiču rast biljaka (PGPR) povećava brojnost diazotrofa u
rizosferi, morfološke i produktivne osobine i prinos kukuruza uz očuvanje i
unapređenje agroekosistema. Shodno tome, inokulacija semena može predstavljati
važnu strategiju za poboljšanje komercijalne proizvodnje kukuruza i smanjuje
uticaj procesa proizvodnje kukuruza na životnu sredinu.
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Abstract: In this research, the contamination with fusariotoxins and
aflatoxins in cereal grains from the 2019 harvest was presented. A total number of
84 representative grain samples of wheat (32), barley (30) and maize (22) collected
from different regions of Bulgaria wеre аnalyzed by Enzyme Linked
Immunisorbent Assay (ELISA) method. The highest detected concentration of
zearalenone was in maize grain samples (168 µg/kg), while in barley and wheat
grain samples it was 156.78 µg/kg and 143 µg/kg, respectively. Deoxynivalenol
was found in maize and barley grain samples with concentrations of 2860 µg/kg
and 2290 µg/kg, respectively, while it was not detected in wheat grain samples.
The highest concentration of fumonisins was in wheat samples 971 µg/kg followed
by barley (738 µg/kg) and maize samples (520 µg/kg). The highest concentration
of aflatoxins was 11.55 μg/kg in the barley grain sample, then 10.40 μg/kg in wheat
and 9.90 μg/kg in maize grain samples. The concentrations of detected mycotoxins
were bellow of maximum limits referenced by the European regulations.
Key words: mycotoxins, wheat, barley, maize, ELISA

Introduction
Mycotoxins are particularly dangerous contaminants that can be found
during the growth, vegetation, ripening, harvesting and storage of cereals. The
problem of the presence of mycotoxins in feed, despite being treated for years,
remains global. The mycotoxins are a serious environmental and health problem,
both for the whole world and for Europe.
In Bulgaria the cereal grains production has a leading share. The
agricultural sector is very important in the economy of the country. The major feed
crops are maize, wheat, barley and sunflower.
Maize is traditionally a feed grain and this continues to be an important
use. Barley is a common feed grain for poultry in most European countries and
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Canada; it supplies the major portion of energy and nutrients in poultry diets
(Rosentrater and Evers, 2018).
Gruber-Dorninger et al.(2019) investigated samples collected from 100 countries
from Europe, Asia and Africa. They have reported that 88% of the samples were
contaminated with at least one mycotoxin. Large fractions of samples from SubSaharan Africa, Southeast Asia, and South Asia were contaminated with AFB 1
concentrations exceeding the EU maximum limit for the most resistant species,
indicating a threat for animal and human health.
Mycotoxin occurrence showed distinct regional trends and climate was a
key determinant governing these trends. To prevent negative effects on animals and
consumers, many countries regulate mycotoxin concentrations in feed. Mycotoxins
contaminating animal feed can exert toxic effects in animals and be transferred into
animal products. Therefore mycotoxin concentrations in feed should be
continuously monitored to support risk assessment (Gruber-Dorninger et al.,
2019).
The most common mycotoxins are aflatoxins (e.g., aflatoxin B 1 ; AFB 1 ),
fumonisins, zearalenone, type B trichothecenes (e.g., deoxynivalenol), type A
trichothecenes (e.g., T-2 toxin; T-2), and ochratoxin A (OTA). The widespread
mycotoxins produced by Fusarium spp. are fumonisins, zearalenone (ZEA) and
trichothecenes (deoxynivalenol, nivalenol and T-2 toxin). Suitable substrates for
their accumulation are crops as maize, wheat, barley, rye, rice and oats (Goyarts et
al., 2007).
ZEA is a mycotoxin which is produced by Fusarium species and has the
ability to show strong estrogenic activity (Zinedine et al., 2007). It also leads to a
number of diseases in animals sometimes resulting in a high rate of mortality
(Valcheva and Valchev, 2007). This toxin was detected in feed and silage maize
and as well as in food products (Sirot et al., 2013; Bai et al., 2018). In view of the
difficulty in removing ZEA mycotoxins, monitoring of grains during the period
from planting to harvest is important for the control of exposure to these toxins
(Moreno et al., 2009).
Deoxinivalenol (DON) is known as vomitoxin because it causes vomiting
when the pigs consume contaminated feed. It can lead to adverse symptoms such as
feed refusal, reduced weight, diarrhea, vomiting (Moazami and Jinao, 2009), and
neurotoxic disturbs (Ndossi et al., 2012).
The most important mycotoxigenic fungus associated with maize and other
crops, which produces fumonisins is Fusarium verticillioides (Okoth and Kola,
2012; Nyinawabali, 2013). Fumonisins are found to be relatively heat stable
(Howard, 1998) and water-soluble. The occurrence of fumonisins in grains and
grain products has been a worldwide problem. Fusarium spp. has an impact on the
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economy by causing lower grain yields and economic losses (Scherm et al., 2013;
Teli et al., 2016).
Aflatoxins are produced by Aspergillus flavus and Aspergillus parasiticus.
They occur mainly after harvest during grain storage and are called ’’storage’’
mycotoxins. Rabbits, turkeys, chickens, pigs, cows and goats are susceptible to
aflatoxin contamination (Lizárraga-Paulín, 2012). Iqbal et al. (2014) in their study
demonstrated that contaminated poultry feed with aflatoxins has a high rate of
contamination in chicken and eggs in Pakistan. Aflatoxins are categorized by the
International Agency for Research on Cancer as highly toxic and primary
carcinogenic compounds.
Consequently, the aim of this study encompassed comparative
investigations of concentrations of aflatoxins and fusariotoxins in field crops
(cereals) commonly grown in Bulgaria.

Materials and Methods
A total number of 84 representative wheat, barley and maize samples
freshly harvested in 2019 collected from Northwestern, Northeastern, North
central, Southwestern, Southeastern and South central regions of Bulgaria were
analyzed. Wheat (32), barley (30) and maize (22) were grounded, thoroughly
mixed and processed using 70% methanol as solvent for extraction. The filtered
samples were screened for fusariotoxins and aflatoxins by Enzyme-Linked
Immunosorbent Assay (ELISA) method. For the investigations, the samples were
prepared according to the instructions of the kit manufacturer (R-Biopharm). All
reagents including standard solutions, conjugate solution, antibody,
substrate/chromogen and stop solution must be bring at room temperature before
use. Microtitre plate with 48 wells was used. Wells are coated with antibodies.
Using the optical densities (OD) of the standard, the calibration curve is plotted
against the concentrations of other standards, and the amount of mycotoxin in the
sample is extrapolated from standard curve. The measurement was made at 450
nm. The absorbance was inversely proportional to the mycotoxin concentration in
the sample.
The values calculated for the standards were entered
the Ridawin program,
Computer
Systems
(ELx800
Universal Microplate Reader, BIOTEK® Instruments, Inc., USA).
The results were obtained by calculation of average value (where the average
of a set of numbers was the sum of the numbers divided by the total number of
values in the set) and by using formula for standard deviation:
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where ∑ means "sum of", x is a value in the data set, μ is the mean of the data set,
and N is the number of data points.
The results (%) for all regions were calculated by dividing the number of
infected samples for each region by the total number of samples (all cereal grains)
from each region and multiply the value by 100.

Results and Discussion
In this research study mycotoxin contamination of cereal grain samples
from the 2019 harvest was established. The results of the quantitative analyses of
studied Fusarium mycotoxins (fusariotoxins) and aflatoxins are shown in Table 1.
Table 1. Mycotoxins contamination of wheat, barley, and maize grain samples from the 2019
harvest

Mycotoxin

Zearalenone
(µg/kg)

Deoxinivalenol
(µg/kg)

Fumonisins
(µg/kg)

Aflatoxins
(µg/kg)

Cereal

Number of
samples

wheat

Range

Average±SD

32

% of positive
samples
28

50.92-143

126.88±28

barley

30

20

76.18-156,78

135±29

maize

22

23

72-168

133±37

wheat
barley

32
30

0
10

544-2290

1560±910

maize

22

23

287-2860

2050±1020

wheat

32

28

285-971

789±120

barley

30

46

351-738

581±140

maize

22

41

380-520

448±50

wheat
barley
maize

32
30
22

22
23
23

8.29-10.40
2.18-11.55
7.94-9,90

9.4±0,82
9.2±3,3
8.52±0.81
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By mycotoxicological analyses, the presence of aflatoxins and
fusariotoxins (Fusarium toxins) in all of the studied samples, except DON in wheat
grain samples were established. ZEA was the most frequently in wheat samples
(28%), while it was 23% and 20% in maize and barley, respectively. The highest
concentration of ZEA in maize was 168 µg/kg, followed by barley (156.78 µg/kg)
and wheat (143 µg/kg). It could be noted that the average concentrations of ZEA
were not in correlation with the percentage of mycotoxin positive samples (Table
1). The obtained concentrations of Fusarium toxins did not exceeded the maximum
limits adopted by the European Commission, Regulation 2006/576/EC. Similar to
our results, in Turkey, Bilal et al. (2014) have reported varied ZEA concentrations
below the maximum limits in feedstuffs. Likewise, in Romania, Galbenu et al.
(2011) have also found low concentrations of ZEA in wheat, barley and maize. It
should be considered that mycotoxins contamination and concentrations in feeds
can be varying according to regional climate, harvesting, storage conditions etc.
Than with the neighboring countries our results were in accordance with
the previous ones obtained by Manova and Mladenova (2009) that on the incidence
of ZEA in wheat, barley, and maize in Bulgaria all obtained ZEA value were
bellow of those ones recommended in the valid EC Regulation 1881/2006
concerning foodstuffs. Nevertheless, the occurrence of ZEA for wheat and barley
in the both studies intended for feeding stuffs and for foodstuffs was below the
setting maximum limits as referred in EC legislations - EC Recommendation
576/2006 and EC Regulation 1881/2006. The frequency of ZEA contamination in
the evaluated samples was found mainly in the North part of Bulgaria, especially in
Northwestern and Northeastern regions. There the contamination was higher
compare to the South part because of the weather conditions. Mainly summer
rainfall, which promotes the formation of fusariotoxins (Fig. 1).
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Figure 1. Mycotoxin contamination of cereal grain samples in different regions in Bulgaria

ZEA is frequently found as a natural contaminant of cereals together with
DON (Valcheva, 2000). The high incidence of DON concentrations in the studied
maize samples might be explained by the hot and humid environmental conditions
during the summer season in Bulgaria. It should be noted that fusariotoxins are
considered as field mycotoxins, which are formed during growth, maturation and
harvesting of the grain.
The positive samples mostly originated from the South part of the country
(Fig. 1). The highest concentration of 2860 µg/kg had proven in maize samples
followed by barley samples of 2290 (µg/kg). The lowest value of contamination
287 µg/kg in maize samples was detected in the North part of the country. Martos
et al. (2010) from Canada, investigated 15 samples of maize for the occurrence of
DON, and found that 14 samples were positive, with a mean concentration of
1513.5 µg/kg (ranged from 574 to 4865 µg/kg). However, the spread of fungi and
the production of mycotoxins in cereals may be the result of both climatic and
improper storage conditions (Iqbal et al., 2010). The detected values concerning
DON contamination were below the EC permitted value.
It can be mentioned that for all studied representative samples of feed
materials the content of fumonisins was below 1000 µg/kg. The highest

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

341

concentration of 971µg/kg was detected in wheat samples, followed by barley 739
µg/kg and maize grain samples 520 µg/kg, (Table 1).
Similar percentages of fumonisins positive samples were determined for
maize (41%) and barley (46%). The lowest percentage of wheat samples was
contaminated with fumonisins (28%). However, it was not established the positive
correlation between the percentage of fumonisins positive samples and the
concentrations of fumonisins in all studied grain samples. The average fumonisin
concentration in maize samples was 448 µg/kg. The content was closed to the
concentrations of 550 µg/kg reported by Solovey et al. (1999). On the contrary,
Vrabcheva et al. (2002) have reported higher fumonisins concentration (up to 2100
µg/kg) in maize samples compared to our results.The presence of fumonisins in the
tested samples could be attributed to the warmer and raining weather during the
harvest in 2019, which favors their formation. The detected results confirm the
opinion that Fusarium contamination was high, especially in the Northern part of
the country, followed by Southeastern region (Figure 1).
Aflatoxins and fumonisins are the main contaminants of fodder crops,
including maize, wheat and barley (Woloshuk and Shim, 2013). This was the
reason why these cereals were tested for fumonisins and aflatoxins. Like
fumonisins, the presence of aflatoxins was also registered in all of the studied
cereal samples, with 22% positive wheat grain samples and 23% positive barley
and maize grain samples (Table 1).
The lowest detected concentration of 2.18 µg/kg and the highest one of
11.55 µg/kg was proven for barley samples followed by wheat 10.40 µg/kg and
maize 9.90 µg/kg. The average aflatoxin concentrations in investigated samples
were closely related. The average aflatoxins concentration in the analyzed maize
samples (8.52 µg/kg) was lower than the results reported by Peker et al. (1994)
(36.83 µg/kg) and closed to results of Oruc et al. (2006) (10.94 µg/kg) in Turkey,
and higher than the results reported by Warth et al. (2012) for maize with a mean
value of 2.4 µg/kg.
Aflatoxins contamination was detected mostly in samples originating from
the southern part of the country while in the northern part the contamination was
less. It could be attributed to the climatic and storage conditions. The maximum
concentration of aflatoxins found in this survey was below 20 µg/ kg as referred in
EC 2003/100 on undesirable substances in animal feed.

Conclusions
It was established the occurrence of fusariotoxins and aflatoxins in all of
the studied cereal grain samples while, DON was not found in wheat samples.
Maize grain samples originating from North part of the country were more
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contaminated with ZEA compare to DON. A high percentage of ZEA
contamination of cereals was observed in the northern part while, the presence of
DON was registered in the southern part of the country.
Maize samples from Northern Bulgaria were more contaminated with
fumonisins compared to Southern Bulgaria. The presence of fumonisins in the
studied samples was more than aflatoxins. Aflatoxins were recorded in all of the
representative samples originating from all collected regions especially in the
southwestern. The concentrations found in this survey indicate that the presence of
aflatoxins in the cereal grains was not hazard for animal health. The occurrence of
the studied Fusarium toxins and aflatoxins in the investigated lots of samples did
not exceed the maximum limits as referred in EC Recommendations.
However, continuous monitoring of grains is recommended to reduce
potential risks of mycotoxin contamination in cereal crops.

Kontaminacija mikotoksinima zrna žitarica u Bugarskoj
Maya M. Ignatova, Nadezhda M. Sertova

Rezime
U ovom istraživanju prikazana je kontaminacija fusariotoksinima i aflatoksinima u
zrnu žitarica iz žetve 2019. godine. Ukupan broj od 84 reprezentativna uzorka zrna
pšenice (32), ječma (30) i kukuruza (22) prikupljenih iz različitih regiona Bugarske
analiziran je metodom ELISA (Enzyme Linked Immunosorbent Assay) (ELISA).
Najveća detektovana koncentracija zearalenona bila je u uzorcima zrna kukuruza
(168 µg/kg), dok je u uzorcima zrna ječma bila 156,78 µg/kg i 143 µg/kg.
Deoksinivalenol je nađen u uzorcima zrna kukuruza i ječma sa koncentracijama od
2860 µg/kg i 2290 µg/kg, respektivno, dok u uzorcima zrna pšenice nije
detektovan. Najveća koncentracija fumonizina bila je u uzorcima pšenice 971
µg/kg, zatim ječma (738 µg/kg) i uzoraka kukuruza (520 µg/kg). Najveća
koncentracija aflatoksina bila je 11,55 mg/kg u uzorku zrna ječma, zatim 10,40
mg/kg u pšenici i 9,90 mg/kg u uzorcima zrna kukuruza. Koncentracije otkrivenih
mikotoksina bile su ispod maksimalnih granica navedenih u evropskim propisima.
Ključne reči: mikotoksini, pšenica, ječam, kukuruz, ELISA
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Abstract: The paper describes the effects of different rearing conditions as
possible stressors on health, reproduction, growth, milk yield and quality of meat
and milk. It was pointed out that numerous internal and external factors of cattle
affect the physiological processes, health, reproduction, growth, milk yield and
quality of milk and meat as very strong stressors. They are especially important
when acting immediately after parturition, i.e. in the puerperium in cows and
immediately after birth in calves. In intensive cattle production, the most important
complex stressors regardless of origin, and physiological conditions in which these
animals are more susceptible to distress are parturition, calf birth, puerperium,
intensive lactation, machine milking, oestrus, high pregnancy, dry period,
grouping of animals, disturbed social relations, dehorning, castration, hoof
trimming, transport, sudden changes in microclimatic conditions and feed quality,
etc. Excessive disturbances before slaughtering cattle also cause a strong stress
reaction. In modern housing systems, animal disturbance, immobilization of
animals, restriction of movement, significant reduction of living space, strong
painful stimuli, dystocia, pain during uterine prolapse, castration and acute
inflammatory processes in the udder and uterus are also strong stressors.
Unfavourable social relations between animals in the group are usually very strong
stressors that lead to disturbances of their behavioural patterns. As a consequence
of the action of numerous stressors, behavioural disorders, reduction of growth and
milk production, the occurrence of metabolic and reproductive disorders, the
occurrence of infectious diseases, reduction of meat and milk quality most often
occur.
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Introduction
Numerous internal and external factors of cattle affect the physiological processes,
health, reproduction, growth, milk yield and quality of meat and milk as stressors.
Many scientists have contributed to the clarification and deeper understanding of
the mentioned effects (Hristov and Bešlin, 1991; Broom and Fraser, 2015; Collier
et al., 2017; Williams, 2019). An integrative approach relating to the biology of
stress in farm animals was given by Wiepkema (1987). The basic principles and
implications for animal welfare in the biology of animal stress were considered in
details by Moberg and Mench (2000). In the meantime, a significant contribution to
the consideration of the stress reaction of domestic animals in our country was
given in the monograph by Hristov and Bešlin (1991). Earlier, Dantzer and
Mormède (1983) were discussed the need to reevaluate stress in farm animals. It
should always be borne in mind that the occurrence of stress reactions in cattle
depends primarily on the type, intensity and degree of stress-triggering factor
(Hristov and Bešlin, 1991; Hristov and Vučinić, 1991). According to the literature
data in cattle intensive production, the most significant complex stressors are
related to rearing and microclimatic conditions, nutrition, machine milking,
grouping of animals, transport and many procedures of breeders (Wiepkema, 1987;
Hristov and Bešlin, 1991; Kadzere et al., 2002; Grandin, 2006; Herbut et al.,
2018; Herbut et al., 2019; Williams, 2019, Benni et al., 2020). Physiological
conditions in which these species of animals are susceptible to stress reactions are
calving, calf birth, puerperium, intensive lactation, oestrus, high pregnancy, dry
period, etc. (Hristov and Bešlin, 1991; Broom and Fraser, 2015; Williams, 2019).
In addition, inappropriate handling of animals, painful surgery procedures,
restriction of movements, reduction of living space and health disorders, such as
dystocia, uterine prolapse and acute inflammatory processes in the udder and uterus
are also potential stressors (Bova et al., 2015). The aim of the paper is to consider
the most important literature data on influence of cattle rearing conditions on
health, reproduction, growth, milk yield and meat and milk quality.

Influence of stressors on health, reproduction, growth, milk
yield and quality of meat and milk
Dairy cattle face remarkable metabolic and physiological changes during the
transition from late gestation to early lactation in preparation for calving and milk
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production. The intense metabolic processes are accompanied by modification of
energetic metabolism and by an increase of oxygen consumption. This enhances
metabolism severely, resulting in a raised production of reactive oxygen species
and leading to the metabolic stress (Contreras and Sordillo, 2011; Wathes et al.,
2013). This metabolic stress leads to an increased risk of many health conditions,
including mastitis, metritis, ketosis, and displaced abomasum (Wisnieski et al.,
2019). The most commonly used biomarkers to monitor metabolic stress in cattle
are nutrient metabolism biomarkers, including non-esterified fatty acids, betahydroxybutyrate and body condition score. These biomarkers represent the balance
of mobilization of excess body fat tissue as a result of negative energy balance
(Sordillo and Mavangira, 2014).
It has been known for decades that stressors of different nature and intensity
participate in the development of bovine acetonaemia (Shaw, 1956; Radostits et
al., 2006). A meta-analysis and review of diseases, reproductive performance, and
changes in milk production associated with subclinical ketosis in dairy cow were
presented in the paper by Raboisson et al. (2014). Dairy cows, selected for high
production, often show subclinical symptoms of acetonaemia in different housing
conditions, most often in the period immediately after calving, i.e. in the
puerperium, when milk production gradually increases (Zhang et al., 2012; Zhang
and Ametaj, 2020). There are many risk factors for subclinical and clinical ketosis
and association with production parameters in dairy cows (Vanholder et al., 2015;
Tatone et al., 2017). This disease is common in susceptible dairy cows that are
subjected to sudden adverse stimuli from the environment. It has been established
that clinically manifested acetonaemia can occur in some cows if their organism is
exposed to prolonged stimulation and thus to the load on the adrenal cortex during
the period of maximum milk production (Vanholder et al., 2015; Kushwah et al.,
2020). From research on changes in the adrenal cortex and anterior pituitary gland
in highly productive dairy cows, in which clinical signs of acetonaemia were found
in response to known stressors, conducted in 1950, this disease of cows has been
used extensively in general studies of pituitary-adrenal function (Zhang and
Ametaj, 2020).
Common biological materials for the analysis of cortisol or its metabolites are
blood, saliva, urine, faeces and hair (Zhang et al., 2012; Meyer and Novak, 2012;
Heimbürge et al., 2019; Zhang and Ametaj, 2020). In these materials, except for
the hair, the measured cortisol levels represent only a retrospective timespan of a
few minutes up to one or two days. Accuracy in measuring cortisol is especially
important for cattle because their steroid concentration is lower compared to other
animal species (Zhang et al., 2012; Zhang and Ametaj, 2020). The hair cortisol
concentration is assumed to be a retrospective marker of integrated cortisol
secretion and stress over longer periods (Heimbürge et al., 2019).
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The change in cortisol concentration in the first month of life of calves was described
by Hristov (1990) and cortisol concentration in bovine blood serum by Hristov et al.
(1994). The concentration of cortisol in the blood plasma is high in calves’
immediately after birth and then gradually reduced over the first two weeks. After that,
it remains constant until the age of 15. The influence of some stressors on serum
cortisol and glucose of calves has been considered by Hristov et al. (1991). It was
found that the concentration of cortisol in calves increases immediately after dehorning
and moving from individual to group boxes. Gut health, stress and immunity in
neonatal dairy calves in terms of the host side of host-pathogen interactions were
discussed by Osorio (2020). It is highlighted that maternal stressors during late
pregnancy cannot only influence colostrogenesis but also compromise adequate
intestinal development in the foetus, thus, that further limits the new-born’s ability
to absorb nutrients, bioactive compounds, and immunity (i.e., immunoglobulins,
cytokines, and immune cells) from colostrum. In terms of animal production and
neuroendocrine stress response, higher cortisol levels have negative effects on
growth rate and feed efficiency and increase the fat lean ratio of carcasses. On the
contrary, cortisol has positive effects on functional traits and adaptation (Mormede
and Terenina, 2012).
Numerous studies have documented the response of the adrenal gland to the injection
of ACTH in cattle (Gwazdauskas et al., 1980; Alam et al., 1986; González-de-laVara et al., 2011). Regarding the rate of secretion, the researchers found a tenfold
increase in corticosteroid concentrations within 2 minutes after ACTH injection. Some
studies indicate that the application of corticosteroids to calves immediately after birth
reduces the absorption of essential immunoglobulins by half, and also delays the
endogenous production of certain types of immunoglobulins. The application of ACTH
causes a greater increase in the concentration of corticosteroids in the blood plasma
than the vein puncture in calves itself. These data that the puncture of the vein and the
application of ACTH cause an increase in corticosteroids in the blood plasma are in
line with the fact that the applied new stimuli cause a stress reaction in the body of
calves (Gwazdauskas et al., 1980; Hulbert and Moisá, 2016). The secretion of ACTH
and cortisol is pulsatile in most species, with a pulse frequency of about 90 min,
follows a diurnal cycle and is influenced by meals, physical activity, and
environmental conditions (Mormede and Terenina, 2012). However, accurate
measurement of the activity of the adrenocortical axis is challenging (Mormede et
al., 2007).
A review of the physiological and productivity effects of heat stress in cattle was
considered by Farooq et al. (2010) and Herbut et al. (2019), environmental
parameters to assessing heat stress in dairy cattle by Herbut et al. (2018) and
physiological and behavioural effects of heat stress in dairy cows by Becker et al.
(2020). Also, a review of heat stress on calves and heifers were presented in detail by
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Wang et al. (2020). The impact of heat stress on milk and meat production was
presented in detail in the paper by Summer et al. (2019). Furthermore, a review of
the impact of heat stress on the immune system in dairy cattle was presented by
Bagath et al. (2019). Earlier, Kadzere et al. (2002) was considered a review of the
literature on heat stress in lactating dairy cows. Also, the effect of heat stress on
milk production in dairy cows was discussed by Joksimović-Todorović et al.
(2011). Generally, a biphasic response of the bovine adrenal gland to acute thermal
stress has been established. At the beginning of the exposure, a response was
established in the form of a noticeable increase in the concentration of steroids in
the blood plasma. In the second phase of exposure, steroid levels dropped to below
normal. The too hot environment also contributes to the appearance of reduced food
intake, and thus reduced growth and milk production (Knah et al., 2011; Baumgard
and Rhoads, 2012). These consequences become noticeable only in a few days. The
studies further established a decrease in thyroxine secretion during long-term
exposure to heat in cattle. Short-term heat has been found to induce increased
secretion of adrenal cortex hormones, while prolonged exposure of the body to heat
for several days leads to a decrease in glucocorticosteroid secretion. Similar results
were observed after the action of the same stressor for growth hormone concentration.
Changes in the values of haematological parameters, as well as the number of somatic
cells in milk, in response to prolonged heat stress, were determined (Collier et al.,
2017; Polsky and von Keyserlingk, 2017; Herbut et al., 2018; Herbut et al., 2019). It
has been established that heat stress has a negative impact on the immune system via
cell mediated and humoral immune responses (Becker et al., 2020).
A review of effect of heat stress on reproductive performances of dairy cattle and
buffaloes was presented by Dash et al. (2016). A sudden increase in the
concentration of corticosteroids in the blood plasma that occurs during oestrus can be
a cause for the manifestation of excitement and an increase in the metabolic activity
of the organism of heifers and cows. This is possible because the endocrine changes
that accompany oestrus also lead to an increase in adrenocortical activity (Lyimo et
al., 2000). During the summer season, animals usually suffer from summer sterility
due to prevailing hot and humid conditions (De Rensis and Scaramuzzi, 2003). In
female animal’s age at puberty, oestrous signs, ovulation time, ova quality,
conception rate, embryonic development, embryo size, embryo weight and hormonal
balance are affected by exposure to heat stress (Sammad et al., 2020). The most
sensitive to heat stress are growing ovarian follicles. Heat stress-induced changes in
growing follicles can be expressed later as compromised maturation and
developmental capacity of the ovulating oocyte (Girma and Gebremariam, 2019). It
was concluded that this phenomenon occurs as a consequence of blockage of the
secretion of the anterior pituitary gland, which explains the occurrence of abnormal
estrus cycles and a high percentage of embryonic losses in cattle at high ambient
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temperatures (Diskin and Morris, 2008). Exposure of cows to strong heat stress
leads to an increase in the rate of embryonic mortality, especially in the period
immediately after mating (Hansen, 2007; Lockwood et al., 2017). In males, sex
hormone levels, spermatogenesis, temporary sterility, libido, ejaculate volume,
macroscopic as well as microscopic semen characteristics in an ejaculate are
affected, and sperm abnormalities and dead sperm increase by exposure to heat stress
(Fernandez – Novo et al., 2020; Para et al., 2020).
Bhatt et al. (2021) a detailed review of transportation stress in livestock and its
management techniques were presented. The effect of long distance transportation
stress on cattle was presented in a review paper by Damtew et al. (2018). A review of
the welfare of young calves transported by road was given by Roadknight et
al.(2021). Zavy et al. (1992) effect of initial restraint, weaning, and transport stress
on the baseline and ACTH-stimulated cortisol responses in beef calves of different
genotypes were described. The mortality rate of young calves may be particularly
high after exposure to long-term transport. If the transport conditions are very
unfavourable, the reaction of the adrenal gland to the present stressors occurs during
the transport itself. Under these conditions, there is an almost instantaneous change
in the concentration of corticosteroids, which is a reliable indicator of the stress state
of the organism. In addition, it was found that the effect of transport on the
concentration of mentioned corticosteroid in the blood plasma, and thus the stress
caused, persists, and only after a period of 3 to 4 weeks the level of corticosteroids in
the blood plasma returns to previous values. Also, it has been established that the
transport of calves for 1 to 4 hours is a stronger stressor (marked by an increase in
the concentration of corticosteroids in the blood plasma) than castration, dehorning
and 48-hour disabling of water intake. Because transport is a strong stressor that can
cause the extensive release of corticosteroids in the blood plasma, the ability of
young animals to respond successfully to other strong stressors in the environment,
usually bacterial and viral infections, is limited (Damtew et al., 2018; Kukharenko
and Fedorova, 2018).
Pain at the slaughterhouse in ruminants with a focus on the neurobiology of
sensitisation was described by Mota-Rojas et al. (2021) and pain evaluation in dairy
cattle by Gleerup et al. (2015). In these reviews a neurobiological approach is taken
to discuss the hypothesis in the light of basic science and extrapolations from
existing literature on the slaughter of ruminants. A review of effects of age and
method of castration on performance and stress response of beef male cattle was
presented by Bretschneider (2005). Data of average daily gain and peak plasma
cortisol concentration of calves castrated by surgical and rubber banding methods at
different ages were analysed.
Effects of stocking and transport conditions on physicochemical properties of meat
and acute-phase proteins in cattle were described by Abubakar et al. (2021). The
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results revealed that the colour, pH, shear force values, water holding capacity,
glycogen level, and malondilaldehyde assay concentrations in meat and acute-phase
proteins were affected by both distances and stocking densities. Certain transport,
including the loading density, environmental conditions, transport duration, and
human factors, have caused an increased stress response, as indicated by plasma
cortisol, adrenaline, glucose, or LDH levels, which have been associated with
deteriorated meat quality (Xing et al., 2019). Excessive disturbance of cattle before
slaughter leads to an increase in pH and progressive changes in meat colour in the
sense previously emphasized (Grandin, 2006). Studies of the frequency of meat
discolouration have shown that it occurs in 30% of young bulls and only 8% of ox
meat. Studies of emotional disorders in young bulls have shown that the appearance
of a change in the colour of the meat can be eliminated if the bulls designated for
slaughter are placed in a group not less than 48 hours before being sent to the
slaughterhouse. Insemination of females in the period immediately after transport
significantly reduces the rate of conception. Exposure to the new environment also
causes an increase in the concentration of adrenocortical metabolites in the urine,
which can be established up to 3 months. Practical experiences on long-distance
transport of animals emphasize the need to do everything to help animals during the
first and second day after transport because the most pronounced changes in their
behaviour occur during that period (Grandin, 2006; Weglarz, 2010; Damtew et al.,
2018; Roadknight et al. 2021).
Further research has shown that even non-painful stimuli can cause an increase in the
concentration of corticosteroids in the blood plasma of cows. For example, human
contact has effects of acute stress on cows at milking. Leaving the milking machine
on the udder, 15 minutes after the cessation of milk secretion, increases the
concentration of corticosteroids in the blood plasma above the concentration observed
in a normal machine milking. The increase in the concentration of corticosteroids in
the blood plasma of cows seems to be maintained as long as the artificial milking
stimulus lasts (Rushen et al., 2001; Hopster et al., 2002).
A personal perspective of pain and stress in cattle was given by Bomzon (2011)
and pain evaluation in dairy cattle by Gleerup et al. (2015). Strong painful stimuli
in cattle such as the use of an electric prodder, then dystocia, pain during uterine
prolapse, surgery and acute inflammatory processes in the udder and uterus lead to
a significant increase in the concentration of corticosteroids in the blood plasma.
These results support the theory that the activity of the adrenal cortex is a reliable
indicator of stress intensity from both the external and internal environment
(Hristov and Bešlin, 1991, Grandin, 2006; Mormède and Terenina, 2012; Herbut
et al., 2018).
The stress and welfare of farm animals was considered by Hristov et al. (2007).
The most important dilemmas regarding the welfare of farm animals were
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described by Hristov et al. (2019). General principles and good animal welfare
practices on dairy cattle farms were considered by Hristov et al. (2019). Many
factors contribute to the welfare of calves on the commercial dairy including
housing and environment, rearing conditions and birth season, nutritional and
health programs, handling and caretaker interactions, herd dynamics, and the
common management practices of transportation, euthanasia, dehorning, and teat
removal (Stull and Reynolds, 2008; Samolovac et al., 2019). The environment with
its physical and social factors in the stages of the early development of the body of
calves affects the ability of its body to react to stressors in later life. When calves
are kept in pens, they show the significantly less general activity of the organism in
comparison with freely kept calves, which are also enabled to suck the mother. If
calves are kept in isolation for the first 12 weeks of life, after that period there is a
decrease in their grouping activity compared to calves that were not kept in
isolation (Broom and Fraser, 2015; Jensen, 2018; Meagher et al., 2019).
When calves are exposed to uncomfortable housing conditions significantly reduce
their length and noticeably change their sleeping characteristics. Changes in other
behavioural patterns of calves also occur in uncomfortable housing conditions
(Broom and Fraser, 2015). Modern breeding systems are often associated with the
emergence of the establishment of artificial social relations between individuals that are
periodically disrupted by events such as the entry of a new dominant individual into the
group. Unfavourable social relations between animals in the group are usually very
strong stressors that lead to disorders of behavioural patterns. Effects of group housing
of dairy calves on behaviour, cognition, performance, and health was analysed by Costa
et al. (2016). Therefore, for example, ruminant lesions occur in calves as a result of
licking the skin of other calves or there is a weaker growth of subordinates compared to
the dominant calves in the group when kept on artificial teats (Hulbert and Moisá,
2016).
Acute effects of cow-calf separation on heart rate, plasma cortisol and behaviour in
multiparous dairy cows were analysed by Hopster et al. (1995). Adult cattle establish
stable social relations in the group in free intensive systems with adequate space and
manifest minimal conflict situations. Disorders in the social status of cattle when
introducing a new individual to the group can cause a decrease in the average milk
production of the herd by 5%. Insufficiently adapted cows in large herds often do not
maintain lactation for an average of 305 days and have a prolonged calving index
(Broom and Fraser, 2015). Current knowledge and future directions of social stress as a
cause of diseases in farm animals were described by Proudfoot and Habing (2015).
It is difficult to assess the significance of very pronounced changes in heart rate and
blood pressure in calves during suckling, although in suckling pronounced behavioural
and physiological effects stem from the rapid learning process contained in the
formation of the natural mother-foetus bond in cattle resulting from an increase in
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sympathetic efferent activity (Meagher et al., 2019). In cows kept together with
calves, corticosteroid levels in the blood plasma increase before suckling (Murray et
al., 2016). This increase occurs even if the licking is performed to a lesser extent by the
mother, with the levels of increase being lower concerning the group of cows where
machine milking and giving milk to calves was applied. These studies show that a
period of up to 48 hours after birth is critical for establishing a bond between a cow and
a calf. When staying with calves for 24 hours, the sleeping time of the cows after
weaning the calves does not change. However, if they spend 48 hours in the presence of
calves, the time of sleep and rumination is reduced after weaning the calves. When the
calves were separated from the cows after 26 days and placed in boxes near them for a
week so that the cows could see and hear them, the time of sleeping and rumination was
reduced during the first two days. After two days, the cows re-established normal sleep
and rumination behaviour (Hopster et al., 1995; Enríquez et al., 2011; Veissier et al.,
2013; Broom and Fraser, 2015).
It has been studied how modern breeding methods can induce a stress reaction and the
appearance of pathological conditions in dairy cows (Proudfoot and Habing, 2015).
The occurrence of foetal membrane retention has been shown to be almost twice as
high in dairy cows as in fattening cows in which calves suckle the mother. It was
concluded that the differences in this phenomenon occur due to "premature rupture of
the placental connection", i.e. due to the separation of the mother from the calves
immediately after birth. It occurs similarly in pregnant dairy cows that are kept free in
pens where other animals in the group can disturb them. The removal of calves
immediately after birth is another acute disturbance of the cow that can inhibit the
necessary uterine contractions for the normal ejection of foetal membranes (Broom
and Fraser, 2015; Peter, 2021).

Conclusion
Based on a detailed review of the literature data regarding the impact of cattle rearing
conditions as a stressor on reproduction, growth, milk yield and quality of meat and
milk, the following can be concluded:
• A large number of complex stressors can affect the occurrence of different phases
of the stress response of the organism of certain categories of cattle in intensive
cattle production;
• The occurrence of a stress reaction depends primarily on the type, intensity and
degree of novelty of stress stimuli;
• The most significant complex stressors are related to microclimatic conditions,
nutrition, machine milking, social relations, moving and regrouping of animals,
transport, zootechnical procedures (dehorning, hoof trimming, marking and fixing)
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and veterinary procedures (injection and oral treatment, castration and other
surgical procedures);
• Physiological conditions in which these species of animals are susceptible to stress
reactions are: parturition, calf birth, puerperium, intensive lactation, oestrus, high
pregnancy, dry period, etc.

Uticaj uslova gajenja goveda na zdravlje, reprodukciju,
prirast, mlečnost i kvalitet mesa i mleka
Slavča Hristov, Branislav Stanković, Dušica Ostojić Andrić, Ljiljana Samolovac,
Nevena Maksimović, Marko Cincović, Dimitar Nakov

Rezime
U radu su opisani uticaji različitih uslova gajenja kao mogućih stresora na zdravlje,
reprodukciju, prirast, mlečnost i kvalitet mesa i mleka goveda. Istaknuto je da
brojni faktori iz životne sredine goveda utiču na fizološke procese, zdravlje,
reprodukciju, prirast, mlečnost i kvalitet mesa i mleka kao vrlo snažni stresori. Oni
su od naročito velikog značaja kada deluju neposredno posle porođaja odnosno u
puerperijumu kod krava i neposredno posle rođenja kod teladi. U intenzivnoj
govedarskoj proizvodnji najznačajniji kompleksni stresori nezavisno od porekla, a i
fiziološka stanja u kojima su ove životinje podložnije pojavi distresa su: porođaj,
rođenje, puerperijum, intenzivna laktacija, mašinska muža, estrus, visoki graviditet,
zasušenje, premeštanje i grupisanje životinja, socijalni odnosi, obezrožavanje,
kastracija i drugi hirurški zahvati, obrezivanje papaka, obeležavanje i fiksiranje,
injekciono i peroralno tretiranje, transport, nagle promene mikroklimatskih uslova i
hrane, stresori antropogene prirode i dr. Suvišna uznemiravanja ili naprezanja pre
klanja goveda takođe izazivaju snažnu stresnu reakciju. U modernim sistemima
držanja i smeštaja od značaja su i uznemiravanje životinja, imobilizacija životinja,
ograničenje kretanja, znatno smanjenje životnog prostora u boksovima, snažni
bolni nadražaji, kao primena električnog goniča, zatim distokija, bolovi pri
prolapsusu uterusa, hirurški zahvati i akutni inflamatorni procesi u vimena i uterusu
kao snažni stresori. Nepovoljni socijalni odnosi između životinja u grupi su obično
veoma snažni stresori koji dovode do poremećaja bihejvioralnih obrazaca. Kao
posledica delovanja brojnih stresora najčešće dolazi do poremečaja u ponašanju,
smanjenja prirasta i proizvodnje mleka, pojave metaboličkih i reproduktivnih
premećaja, pojave zaraznih bolesti i smanjenja kvaliteta mesa i mleka.
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Abstract: The study about gastrointestinal helminthes of sheep at central
parts of Šumadija region - Pomoravski and Rasina district was started in March
2016 and finished in October 2018. During our research 937 fecal samples
originated from 62 sheep flocks were collected individual at monthly intervals. A
total of 57 animals we were analyzed by post-mortem examination. Determination
of parasites eggs we performed by keys given by Euzeby (1981). We occured next
parasite species: Haemonchus contortus, Teladorsagia (Ostertagia) circumcincta,
Ostertagia trifurcata, Ostertagia ostertagi, Ostertagia occidentalis, Marshallagia
marshalli, Trichostrongylus axei, Trichostrongylus colubriformis, Trichostrongylus
vitrinus, Nematodirus filicoliis, Nematodirus spathiger, Nematodirus abnormalis,
Cooperia curticei, Cooperia oncophora, Cooperia punctata, Cooperia zurnabada,
Skrjabinema ovis, Bunostomum trigonocephalum, Oesophagostomum venulosum
and Chabertia ovina. Most prevalence species of nematode are Ostertagia,
Trichostrongylus and Nematodirus,species. Although most of the gastro-intestinal
species appear to follow this general pattern of seasonal distribution, some
variations in intensively and duration of these characteristics with different worm
species occurred. Thus with Trichostrongylus and Ostertagia species infection at
mature goats the spring peak was more pronounced that the autumn infection.
Poliparasitismus and infection were established at all examined animals. The
intensity of infection and polyparasitsm was monitored in relation to the age of
sheep. It was found that in younger animals intensity of infection was lower than
that of older animals.
Key words: sheep, gastrointestinal helminths, Serbia
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Introduction
Sheep play an important role in providing animal protein for diet,
especially for those people who live in villages. Sheep are milked and they produce
the bulk milk supply, together with a large proportion of the meat that is consumed
(Petrović et al., 2021). The method of breeding, which has been established in
sheep breeding for centuries, is acquired through conditions that affect the
development and maintenance of a significant number of diseases, including
parasitic infections (Vlassoff, 1982; Rose and Jacobs, 1990; Cabaret et al., 2002,
Kenyon et al., 2009)The grazing diet allows sheep constant contact with
transitional hosts (oribatids, mollusks, etc.) and eggs and larval forms of parasites,
so that there is no sheep that is not infected with at least one parasitic species
(Ardelanu et al., 2007). The harmful effect of parasites is reflected in the reduction
of milk yield, reduction of body weight and the quality of wool, leading to large
losses in sheep production (Karanfilovski, 1991; Pavlović et al., 2009).
From these reasoni in mind, during aplication of project BT 31053 we
started with examination of parasitic fauna of goat and sheep at warious pats of
Serbia. In our paper we presented results of examination performed at Šumadija, a
geographical region in the central part of Serbia. It is administratively divided into
several districts - Šumadija, Pomoravski, Rasina, Podunavlje, Moravica, Kolubara
and Belgrade City district. In the past period research of parasites on small
ruminants are made in Podunavlje, Moravica, Kolubara and Belgrade City district
(Pavlovic et al., 2012b, 2017a, 2019).
In our paper we presented result of examination from central Šumadija
district which is well known for its rich horticulture and there is a large number of
pastures suitable for growing small and larger ruminants. We examined central part
of Šumadija, Pomoravski and Rasina district, areas where the largest number of
sheep are bred in the Šumadija region.

Material and Methods
The study about gastrointestinal helminthes of sheep at Pomoravski and
Rasina districts, part of Šumadija region, was started in March 2016 and finished in
October 2018.
Šumadija is a geographical region in the central part of Serbia. It is
administratively divided into Sumadija district, Pomoravski district, Rasina district,
Podunavlje district, Moravica district, Kolubara district, Belgrade City District.
The area used to be heavily covered with forests, hence the name (from šuma
'forest'). In the relief of Pomoravski and Rasina district a series of surfaces stands
out, above which rise low island mountains and wide valleys cut into the surface.
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The island mountains of the southern rim of the Pannonian Basin in Šumadija are
Gledićke planine, Kotlenik, Juhor, Rudnik, Crni vrh, Venčac, Bukulja, Kosmaj and
Avala.
Pomoravski and Rasina district has a distinct temperate continental
climate. Considering the size of this area and the height differences in it (100 to
1130 m), there are significant microclimatic differences in Šumadija. Temperature
fluctuations in Šumadija, as well as in the entire southern edge of the Pannonian
Basin, can be significant. it even happens that some winter day has a higher
average temperature than some summer day (Ognjenović, 2008). Geographical and
climatic conditions make this region rich in pastures suitable for breeding small
ruminants. They are usually kept in small herds by rural households and spend
most of the year grazing.
During our research 937 fecal samples originated from 62 sheep flocks
were collected individual at monthly intervals. Examination were performed using
standard coprological technique with saturated NaCl solution and sedimentation
(Euzeby, 1981; Pavlović and Rogožarski, 2017). Total of 57 animals we were
analyzed by post-mortem examination. Determination of parasites eggs we
performed by keys given by Euzeby (1981).

Results and Discussion
The faecal samples were obtained from a different source all together as
they were collected from flocks in the field, and the results support the other
findings. These counts were also of value in providing some information on the egg
rise. Post mortal examination gave us insight into the types of parasites that were
present in the infections.
During our examination parasites infection we occured in 65.31%
(612/937). Polyparasitsm we established at all examined animals. With
coprological examination we established the following genera of gastrointestinal
helminths: Ostertagia sp. (72.22%), Trichostrongylus sp. (68.92%), Nematodirus
sp. (66.45%), Haemonchus sp. (61.44%), Chabertia ovina (67.11%),
Oesophagostomum sp.(39.77%), Cooperia sp. (27.66%), Marshallagia sp.
(22.88%), Skrjabinema sp. (19.33%) and Bunostomum sp. (11,66%). The intensity
of infection and polyparasitsm was monitored in relation to the age of sheep. It was
found that in younger animals intensity of infection was lower than that of older
animals.
Species in the genus Ostertagia, Trichostrongylus and Nematodirus were
present after the first appearance of those present during the entire study period.
Haemonchus contortus is ordered in animals during the warmer and Marshallagia
marshali during the colder period of the year. Species in the genus Cooperia, and
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Oesophagostomum. Bunostomum were often present in lambs sacrificed during all
the monitoring period. Species in the genus Cooperia, and Oesophagostomum.
Bunostomum were often present in lambs sacrificed during the monitoring period
At the beginning of our research, conducted in March, the real extent of
gastrointestinal infections strongilidae was 72.22%, after which he soon reached a
level of 100% in the same way and moved to the end of follow-up period.
Extensity of infection established genera gastrointestinal strongilidae was different.
The distribution of the most prevalence genera species - Ostertagia,
Trichostrongylus and Nematodirus was reached during the monitoring period
almost the maximum level.
With post-mortem examination we found next parasite species:
Teladorsagia (Ostertagia) circumcincta, Ostertagia trifurcata, Ostertagia
ostertagi, Ostertagia occidentalis, Trichostrongylus axei, Trichostrongylus
colubriformis, Trichostrongylus vitrinus, Nematodirus filicoliis, Nematodirus
spathiger, Nematodirus abnormalis, Haemonchus contortus, Chabertia ovina,
Oesophagostomum venulosum, Cooperia curticei, Cooperia oncophora, Cooperia
punctata, Marshallagia marshalli, Skrjabinema ovis and Bunostomum
trigonocephalum.
Their localization was different. Haemonchus contortus, Ostertagia
trifurcata, O. ostertagi, Marshallagia marshalli and Trichostrongylus axei were
found only in abomasus. In the small intestine we occured only species of the
genus Cooperia, and in the large intestine Oesophagostomum venulosum and
Chabertia ovina. Other species of the genus Ostertagia were predominantly
localized in the abomasum, rarely in the small intestine, and Trichostrongylus
colubriformis, Trichostrongylus vitrinus, and species of the genus Nematodirus
predominantly in the small intestine. Bunostomum trigonocephalum were
predominantly localized in the small intestine, and a smaller number of parasites
were found in abomasus.
The interrelationship of the total number of males and females of the
established species of gastrointestinal strongylides varied greatly. In all species of
the genus Ostertagia was found a larger number of specimens of female parasites.
Haemonchus contortus and Marshallagia marshalli were also represented by a
larger number of female parasites. The same case was found in species of the genus
Trichostrongylus. In species from the genera Nematodirus, Cooperia,
Bunostomum, Oesophagostomum, Skrjabinema and Chabertia we no found
significant differences between males and females.
When we compared our results to the examiantion at hilly mountainous
area of Serbia like Stara Planina (Pavlović et al., 2015), Sjenicko-Pesterski
Highland, (Vujić et al., 1991) and at Prizren District and north Kosovo (Pavlović et
al., 1995; Milanović et al., 2018), we were concluded that dominant nematode
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species in such geographical conditions were Ostertagia, Nematodirus and
Trichostrongylus. Same parasitic species we obtained during examination of goats
and sheep at Vojvodina (Pavlović et al., 2017b), Belgrade area (Pavlović et al.,
2012a) and south-east Serbia (Pavlović et al., 2013), Timok District (Ilić et al.,
1991; Jovanović et al., 1991). In other Western Balkan countries like Montenegro,
Romania, Bulgaria, North Macedonia or Greek were also identified identical
species of GI helminths, with different intensities of infections and species ratio
(Denev and Kostov, 1984; Karanfilovski, 1991; Theodoropoulos et al., 2000;
Ardeleanu et al., 2007; Georgievski, 1991).

Conclusion
Results of our examination suggest that infections with helminths present
significant problem of sheep in central part of Šumadija region. The infective rate
of each of these parasites showed that the most of its followed the same general
pattern, having a peak in the spring and an other in the autumn, separate by a
trough during the hot dry summer period when the infection rate was low. At the
same time, parasitic infections, in addition to harmful effects of sheep, affect the
reduction of their production results - less milk yield, reduced growth and poor
quality of wool. For these reasons, regular parasitological control of sheep before,
during and after the grazing season must be taken into account. Sheep should also
be regularly treated for parasites.

Gastrointestinalni helminti ovaca gajenih na području
Pomoravskog i Rasinskog okruga (Srbija)
Ivan Pavlović, Violeta Caro-Petrović, Dragana Ružić Muslić, Jovan Bojkovski,
Nemanja Zdravković, Renata Relić, Vukašin Stefanović

Rezime
Studija o gastrointestinalnim helmintama ovaca u centralnim delovima
Šumadijskog regiona - Pomoravskog i Rasinskog okruga započeta je u martu 2016.
godine, a završena u oktobru 2018. Tokom našeg istraživanja prikupljeno je 937
uzoraka fecesa iz 62 stada ovaca pojedinačno u mesečnim intervalima.
Istovremeno je patoanatomskim pregledanom 57 zaklanih ili uginulih ovaca.
Determinaciju parazita izvršili smo morfometrijskim pregledom pomoću ključeva
koje je dao Euzebi (1981). Utvrdili smo sledeće vrste parazita: Haemonchus
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contortus, Teladorsagia (Ostertagia) circumcincta, Ostertagia trifurcata,
Ostertagia ostertagi, Ostertagia occidentalis, Marshallagia marshalli,
Trichostrongylus axei, Trichostrongylus colubriformis, Trichostrongylus vitrinus,
Nematodirus filicoliis, Nematodirus spathiger, Nematodirus abnormalis, Cooperia
curticei, Cooperia oncophora, Cooperia punctata, Cooperia zurnabada,
Skrjabinema ovis, Bunostomum trigonocephalum, Oesophagostomum venulosum i
Chabertia ovina. Najzastupljenije vrste nematoda su bile vrste iz rodova
Ostertagia, Trichostrongilus i Nematodirus. Iako je većina gastrointestinalnih vrsta
imala uobičajeni obrazac sezonske distribucije, pojavile su se neke varijacije u
intenzitetu i trajanju infekcija kod nekoliko vrsta parazita. Tako je kod infekcije
vrstama Trichostrongilus i Ostertagia kod odraslih ovaca prolećni vrhunac bio
izraženiji od jesenje infekcije. Poliparasitizam je utvrđen kod svih pregledanih
životinja. Intenzitet infekcije i poliparazizma praćen je u odnosu na starost ovaca.
Utvrđeno je da je kod mlađih životinja intenzitet infekcije bio niži od intenziteta
kod starijih životinja.
Ključne reči: ovce, gastrointestinalni helminti, Srbija
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Abstract: The aim of this review aricle was to present our previous
research related to production diseases (technopathies) on commercial pig farms.
The presence of production diseases is the result of unfavorable conditions in the
production itself. Growing and exploitation of boars on commercial farms aims to
produce seeds for the needs of the farm. The lifespan of boars, and therefore the
length of their exploitation, largely depends on their health condition. The health of
the sow is also of paramount importance. We followed two parameters of the
assessment of the body score condition of sows and the thin sow syndrome. The
assessment of the body condition of sows was exceeded within the optimal values
(3 at the time of farrowing and 2.5 during insemination). Thin sow syndrome is a
disease of complex etiology. Sows have been observed to lose weight during
lactation. Loss of body weight was diagnosed in most cases in sows in the second
lactation. We proof aflatoxin in sow milk. Breeding diseases of bacterial and viral
etiology were monitored in all categories. On the end of this article we give
biochemical parameters by sows. The results of biochemical analysis showed
economical validity and represent a significant contribution to monitoring of the
health status and production of pigs on commercial farms. The promotion of good
pig health includes the implementation of a system of prophylactic measures.
Important factors in production are good choice of breed, size of the herd on the
farm, ways of applying biotechnical measures in the production process and
constant education of employees on the farm.
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Introduction
Health care in organized intensive pig production is structured as a complex
epidemiological unit given the transmissibility patterns and the elevated risk of
infections spread at farm level. Certain pathogenic microorganisms lead to
production disease due to intensive rearing and breeding. Development programs
in pig breeding are aimed to creating an agglomeration in which the minimal
occurrence of certain less important breeding disease is tolerated. Such as
cultivations can be formed with help of health monitoring, which becomes an
integral part of the management and is based on continuous laboratory analysis.
The system of preventive antimicrobial use was banned for several years. The pig
health care program contains three connections: diagnostics, immunoprophylaxis
and metaphylaxis). An approach targeting production diseases is important.
Detection and control measures for this type of pathology are not a legal obligation
but an economic need. An organized health care program in an organized manner
should include regular parasitic control. Parasitic infections significantly affect the
health status of pigs on the farm. Parasitic diagnostics has been included in the
regular monitoring of the health status of pigs (Pavlović et al., 2019). Parasitic
infections are constant companions of pig production. In intensive pig breeding,
there are several valid parameters that can express the success or profitability of
production, such as: the number of live or decided piglets, daily gain, length of
fattening, and the number of unproductive days of sows (Petrujkić et al., 2011).
Only a healthy sow is able to consume a sufficient amount of food necessary for
high milk production, on which the favorable number of reared piglets in the litter
depends (Wittemore and Elsley, 1975; Djordjević et al., 2009). Today, it is
common to present pig production on commercial farms by the number of piglets
raised, i.e. delivered fatteners per sow during the calendar year (Bojkovski et al.,
2018). In order to be able to work on improving the production of pigs on the farm,
it is important that they provide. This review paper summarizes our many years of
research on production diseases (technopathies) of pigs on commercial farms.

Pigs on commercial farm
Production of pigs on commercial farms is largely burdened by diseases of piglets.
Pathology of piglets is a very dynamic discipline within the entire herd
epidemiology in which the large agglomerations of animals housed in confined
spaces can easily allow the horizontal and vertical transmission of infection
(Lončarevič et al., 1997; Ivetić et al., 2000). Great importance is consider to the
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variations of swine pathogens, not only regarding the elevated antimicrobial
resistance, but also the occurrence of genetic recombination, which affect the
clinical picture and course of the disease, all of which makes it difficult to diagnose
and apply therapy and prophylaxis (Blackburn, 1995; Bojkovski et al., 1997). In
our pig farms the most frequently encountered pathologies are as follows: Neonatal
colibacillosis, endemic disease, necrotic enteritis, circoviral infections, colitis
caused by spirochetes, enterohaemorrhagic syndrome, dysentery and respiratory
disease complex (Bojkovski et al., 2008b; Šamanc, 2009; Bojkovski et al., 2018). In
recent years, a mass occurrence of porcine respiratory disease complex (PRDC),
which is becoming a serious health problem in all technological stages of
production, was reported at global level and on our pig farms. This pathology
involves respiratory signs in pigs and it is characterized by simultaneous infection
of lung tissue with several respiratory pathogens. The isolated pathogens vary
between and within production herds (Honnold, 1999; Golinar et al., 2006;
Bojkovski et al., 2018).Control of respiratory disease complex is difficult and
complicated. The significance of respiratory diseases complex is based on the
interaction of respiratory pathogens. Knowledge of the interaction of respiratory
pathogens should be considered in order to implement effective control measures.
Respiratory disease of pigs occur if the causative agents are present in the same
habitat or if due to an unknown cause for us, the immune response mechanisms of
respiratory system weakens (Ivetić et al., 2006). Unlike classical spreading control
of infectious diseases of pigs that persist in our country whose fighting is a legal
obligation, a detection and suppression of technopathies are more an economic
need of the producers themselves. Porcine circovirus type2 (PCV 2 ) and hepatitis E
virus (HEV) are the most recently recognized causes of infectious hepatitis of pigs
and may or may not act independently in the development of the disease (Savić et
al., 2012). Recently it has been suggested that swine torque teno viruses (TTVs) in
co-infections with some viral pathogens, may potentiate the severity of disease. In
order to search for virus cofactors associated with infectious hepatitis in pigs, we
investigated the liver tissues, to determine the presence of TTVs, PCV2 and HEV
of naturally infected pigs and analyzed the prevalence of both genogroups of the
TTVs in the hepatitis lesions. Histopathological techniques, nested polymerase
chain reactions (nPCRs), polymerase chain reaction (PCR) and one-step reverse
transcriptase polymerase chain reaction (RT-PCR) were applied to detect hepatitis
lesions, TTVs genogroups 1 and 2, PCV2 and HEV infection. Of the livers
examined 58% (29/50) had mild to moderate hepatitis and 74% (37/50), 56%
(28/50) and 26% (13/50) samples were nPCR, PCR and RT-PCR positive for
TTVs PCV2 and HEV respectively. TTVs were detected in 84% (16/19) of the
samples which determined to be of mild severity while in almost all (90% or 9 of
10) samples identified as having moderate hepatitis lesions. Additionally, the livers
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of 12 out 21(57%) pigs without the hepatitis lesions were positive for TTVs. These
results demonstrate an association between TTVs and infections hepatitis of pigs in
concomitant infections with PCV 2 and/or HEV and indicated that TTVs may play a
role as a cofactor in the pathogenesis of disease (Savić et al., 2012). Increased
antimicrobial resistance among pathogenic bacteria of animal origin is a growing
concern in both veterinary and human medicine. In our country, antimicrobials
have a wide application at pig farms as therapeutic and prophylactic treatment.
However, their uncontrolled application may lead to the development of resistant
microbial strains in both domestic animals and humans. In this study we
investigated the antimicrobial resistance of Escherichia coli isolated from clinically
diseases pigs, derived from swine farms located in Vojvodina region. In the three
years period (2013-2015), a total of 53 organ samples were collected from diseased
piglets, with clinical signs of severe enteric infection. Applying bacteriological
examination (aerobic cultivation and the disk diffusion method) it was detected that
the isolates of E. coli are sensitive to the restricted number of chemotherapeutics
(Ceftriaxone, Enrofloxacin, Neomycin, Gentamicin, Flumequine). The high level
of resistance on Amoxicillin (88.37%) and Colistin (67.44%) was detected, which
are the most frequently used antibiotics in the therapeutic treatment of suckling and
weaned piglets on the swine farms. Analyzing the antimicrobial sensitivity results
obtained in previous period, it can be concluded that E. coli strains developed
resistance to most of widely used chemotherapeutics. The occurrence of strains
resistant to most frequently used antibiotics, as well as greater incidence and
severity of diarrhea in piglets, demands the use of alternative measures for diseases
control (Prodanov-Radulović et al., 2018).

Sow on commercial farm
Esophagogastric ulcer
One of the most present technopathies which is described as individual disease in
literature is esophago-gastric ulcer which is characterized by erosions and
ulcerations in esophagogastric and rarely glandular part of stomach.
Esophagogastric ulcer is the disease of multifactorial origin where as the major
causes stand: genetic predisposition, nutrition, presence of some pathogenic
microorganisms (Helicobacter pylori)(Bojkovski et al., 2008; 2010a,b,c; 2014). In
commercial farms (under monitoring) can see pigs with chronic ulcers. Those
animals are anemic because of occasional bleeding from ulcer(s), have reduced
food intake and they lose weight. In these animals when exposed to additional
stress in slaughterhouse depot, manipulation, insufficient dizziness before
slaughter, the occurrence of pale, soft and exudative (PSE) meat can be seen due to
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fast postmortal glycolisis. The PSE meat is too dry and more lose weight because
of water release during termical processes. It has unwanted sensory characteristics
and poor maintenance so it can not be sold as fresh meat but it is only used for
processing (Bojkovski et al., 2010a,b,c; 2013a). We present the results of frequence
of esophagogastric ulcer in pigs during several years of research. In slaughterhouse
„A“(under monitoring) the average age of pigs ranged from 6 to 7 months and they
weight from 100 to 110 kg. Total of 103 animals were examinated (53 castrated
males, 50 gilts mixbreed of landrace and yorkshirerase, pietrain and durroc). All
pigs originated from commercial farm“A“. In slaughterhouse „B“ (undr
monitoring) the average age of pigs ranged from 7 to 9 months and they weight
from 100 to 120 kg. Total of 107 animals were examinated (72 castrated males, 35
gilts mix breed of Landrace and Yorkshire, Pietrain and Duroc). Pigs originated
from different commercial farms and were held in different production
management. In slaughterhouse „A“ we established following results: enlargement
of esophageal surface in 37 samples, erosions of esophageal part in 29 samples,
ulcerations in 4 samples. In slaughterhouse „B“ we established following results:
enlargement of esophageal surface in 49 samples, erosions of esophageal part in
27 samples, ulcerations in 21 samples (Bojkovski et al., 2013c).
Body score condition of sows and the “thin sow” syndrome and Afla toxin
M1levels in sow milk
Nowadays, increasing attention is paid to assessment of body condition
score of pigs. Body condition score is the most reliably performed by measurement
of the thickness of adipose tissue in the back of sows using ultrasound machines,
but nevertheless it is often done only visually (Hutu and Onan, 2008; Petrujkić et
al., 2011; Bojkovski et al., 2014).Visual grading system of body condition can be
subjective and in large precentage measures may depend on the competence of
assessors. For example, in one Canadian study, sows with body condition score of
3 had adipose tissue in the back from 9 to 28 mm (Petrujkić et al., 2011).
Additional information on the mesurment of body fat on back and body condition
of sows on three farms in the state Minnesota (USA) indicate that between 18 and
40 percent of sows have back fat smaller than 13 mm. Also, it is measured that
sows with body condition score of 3 have from 9 to 24 mm of adipose tissue on the
back. American and Canadian authors recommend that less than 20% of sows on
the farm should have less than 15 mm of adipose tissue in the back. Based on this
data it is tend to develop nutritional method in sows during pregnancy which is
going to be based on the thickness of adipose tissue on the back (i.e. body
condition score). The goal is to minimize the variations in quantity of adipose
tissue on the back between pregnant sows so that at farrowing it is approximately
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19 mm (at last rib). American researchers measured adipose tissue on the back and
estimated body condition in total of 731 sows with goal to determinate „accuracy
of nutrition” of pregnant sows based on the body condition score. The body
condition score was in weak correlation (r2 = 0.19) with thickness of adipose tissue
on the back. For example, sows with body condition score of 3 had adipose tissue
thickness between 7.5 and 23 mm. This proves that it is necessary to find more
objective procedure for measurement of body condition (as ultrasound for
example) in order to adjust nutrition level and minimize variation in thickness of
adipose tissue of sows (Coffey and Parker, 1999; Petrujkić et al., 2011; Šamanc,
2009; Lipej, 2015; Simeunović et al., 2016). The “thin sow syndrome“ is a
condition characterized by anorexia and weight loss. Usually, it appears as a
consequence of errors in sows’ nutrition during parturition and lactating period, as
well as different failures in production technology on the farm. The condition may
results as a combination of parasitism (helminths or mange), low environmental
temperatures and inadequate feed intake, particularly during lactation. In West
Balkan (Serbia) climatic conditions, a more frequent occurrence of this syndrome
is observed during the winter months as a result of inadequate environmental
conditions (temperature less than 21°C and inappropriate ventilation level) in pig
barns. The syndrome may also occur during or after recovery period from some
infective diseases, such as influenza (Lipej, 2015). Some authors suggested that
some parasitic infections may also play role in pathogenesis of the thin sow
syndrome (Šamanc, 2009; Lipej, 2015). From the group of endoparasites, the most
frequent causes are gastric parasites Hyostrongylusrubidus, and from the group of
ectoparasites - causative agents may be itch mites (Šamanc, 2009). However, the
parasitism is less important when adequate prophylactic measures and therapy are
routinely carried out in the commercial swine production. “The thin sow
syndrome” is most often clinically observed after first and second farrowing or
lactation. This phenomenon is one of the main reasons for the exclusion of a large
number of sows from reproduction, after first and second farrowing. Clinical signs
of suboptimal condition include increased weaning to service intervals, small litters
and low weaning weights. Piglets of sows in suboptimal condition may be restless
and demand milk more frequently (Petrujkić et al., 2011). During lactation, the
nutritional needs are high, and inappropriate diet is one of the most frequent
reasons of significant decrease of sow’s body condition. If this phenomenon lasts
longer, and if the deficit of nutrients is more pronounced, a " thin sow syndrome”
occurs. Thin sows may be identified by observation and systematic condition
scoring of the herd. Pressure sores in sows at weaning also indicate poor condition.
Some production parameters can also be used to detect thin sows. The particular
susceptibility of young gilts is due, among other things, their unequivocal use of
large quantities of food during first lactation and small body reserves, which should
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be considered that they body is still developing. In extreme cases, the weight loss
can involve 30-90% of sows in one herd (Šamanc, 2009; Lipej, 2015; Bojkovski et
al., 2015). The “thin sow syndrome” is a significant welfare problem and some
data can be found in paper by Lončarević et al. (1997). In this paper, situation
concerning body and health condition of lactating sows at one commercial Serbian
farm is discussed. It is not easy to evaluate the body condition in an objective way
under practical circumstances. In many herds, body condition is evaluated by the
pig producer by visual scoring, on a scale ranging from 1 to 5. Although visual
scoring systems may work well in some herds, e.g. in outdoor systems, they have
several disadvantages. First, a sow that appears to be thin can still have a fairly
high amount of back fat (Cutler, 2013). Second, it is a subjective and inaccurate
method that largely depends upon the scoring skills of the person. Finally, when
visual scoring is performed by the pig producer in the same herd over time, it is
likely that less attention will be paid to deviations from the optimal condition due
to herd blindness. Determining the optimal body condition by visual scoring is
particularly difficult in herds with sows of 1 type of breed because of the inherent
variation in conformation existing between breeds (Whittemore and Schofield,
2000). In the experiment we had total of 47 sows in which parity ranged between 2
and 6. Applying ANOVA method there were no significant differences between
parities. The number of live born piglets ranged from 9 to 22 piglets and the
number of dead born piglets ranged from 0 to 6. It was found that the highest
percentage of piglets born alive existed in sows of parity 5. Body condition score at
the 90th day of gestation was 5 in 7 sows, estimated body condition 4 had 16 sows
and 24 sows had body condition score 3. In ourexperiment, we found that7 sows
had abody score condition 5. Sows farrowing to go with body score condition 5h
are health- reproduction disorders. For these reasons, we have to try to not go to the
farrowing sowswith the assessment of body score condition 5. With a score of body
condition 3 had 24 sows. Body score condition 3 is optimal. In our experiment, 16
sows had a body score condition 4. Body score condition 4 gives a chance to the
correction of the meal to farrowing, sows that such lack of health-reproduction
problems. Data from the farm records and current situation on the farm indicated
that zoohygenic, prophylactic and biosecurity measures were not carried out in an
adequate regime. Also, the regime of preparing the sows for farrowing and the
feeding is not regulated. Decreases of feed intake and weight loss in the lactation
period were noticed in animals after the 1st, 3rd, 4th and 5th farrowing. In the cases
when gilt condition and nutrition in the lactation period was inadequate, the second
litter was smaller than the first. Certainly that low number of newborn may reflect
overall sow condition at service. The extended weaning to service intervals and
low weaning weights were connected to the poor body condition. The litters of the
lean sows were smaller, and in the case of the pig’s rejection, it attained less body
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weight. In some cases, problems with conception or abortion in pregnant sows
were also noticed. On the sows’ body, some skin changes (wrinkles and different
types of lesions) and swellings were noticed, as well as clogged and dirty hair. The
lesions were formed dominantly at the point of bone compression. Most often, thin
sows were found in a position lying on the sternum and do not showed any interest
for the environment. In some cases, it was very difficult for these animals to take a
standing position in the box i.e. The detected post mortal lesions were grossly
classified as poor body condition, low fat thickness and as an increased incidence
and extent of skin lesions, especially over shoulders and hips where pressure sores
can develop (Bojkovski et al., 2014). Anorexia (loss of appetite) in sows develops
after farrowing as part of a “thin sow syndrome“, and as a result there is an intense
loss of body weight. The clinical signs of this syndrome, observed in the examined
cases, show an unusual similarity to the clinical signs of anorexic nerve (Anorexia
Nervosa). In addition to loosing appetite and body weight, sows limit the intake of
normal foods and consume large quantities of straw. Animals spend more time on
non-intrusive hyperactive behavior, constantly moving inside the box. The sows
affected by anorexic nervousness are easily recognized by the prominent backbone
of the spine and their rough and long hair (Treasure and Owen, 1997), which is
also in line with the observed changes in our experiment.
Many factors affect the appetite of sows in lactation, and the most important are:
consumption of the food during pregnancy, air temperature and ventilation in the
pig barn, energy level in the meal and the number of feeding per day (Whittemore
and Elsley, 1975; Djordjević et al., 2009; Bojkovski et al., 2018). The most
powerful effect on the level of consumption has the level of energy in the meal, so
if lactating sows are not allowed to eat „ad libitum” or close to it, than production
of milk, body weight and level of body reserves decreases. On the other hand, the
needs in nutrients during lactation vary and depend on the concentration of energy
in the meal and the previous feeding of the sow. In practical nutrition, the highest
efficiency of energy consumption from meals is achieved by controlled diet during
gravidity in order to minimize the mobilization of body depots of fat during
lactation (Djordjević, 2009). Cases of severe constipation can be avoided by
increasing the amount of dietary fiber during the last phase of suppression
(Tabeling et al., 2003). Ensuring optimum levels of dietary fiber improves the
functioning of the bowel and reduces the degree of constipation. It seems that the
use of high-fiber meals in the form of coarse humpy 128 nutrients is a useful
strategy for improving the health of pigs (Whittemore and Elsley, 1975). According
to our results, sows with parity 5 gave the best results. Our recommendation for
commercial farms is to introduce body condition score in daily routine. “Thin sow
syndrome” on commercial farms can be prevented by correction in the feeding
technology and feeding sows during the lactation period. It is recommended to

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

379

carry out energy and protein balanced diet during gravidity and lactation, and
restrictive diet, the first few days after partitution. In the critical period, at the
beginning of lactation, the health control of sows should be performed regularly on
a daily basis in order to spot and detect the earliest symptoms of the disease (long
sleeping periods, reduced appetite and constipation). Certainly that improved sow
nutrition at key stages in the breeding cycle will help improve the number, birth
weights and piglet vitality. This break through in sow nutrition can help the sow in
supporting larger litters, from birth to weaning. Our findings stress the need for
further studies in the etiology and prevention of this condition.
Aflatoxins (AFs) are one of the most known and investigated group of mycotoxins,
which can be found as contaminants in different types of food and feed. Animals
are exposed to AFs mainly through the consumption of contaminated feed,
particularly products of plant origin. Among AFs, aflatoxin M1 (AFM1) is the
monohydroxylated derivative of AFB1 formed in the liver and excreted into the
milk of lactating animals. This study encompassed the Vojvodina region of Serbia
and was aimed at determining the levels of AFM1 excretion in sows’ milk in the
first 3‒5 days of lactation, after consumption of naturally contaminated with AFB1
maize. A total of 110 sows’ milk samples from 11 swine farms in the specific
region were analyzed by Enzyme Linked Immunosorbent Assay (ELISA).
Different levels of AFM1 were detected in the majority (97%) of the examined
milk samples. The obtained results showed AFM1 levels ranging from 5 to 165.4
ng/L. The results of this study pose special health concern associated with aflatoxin
contamination of swine feed raw materials in this particular part of
Serbia. Moreover, such high incidence of AFM1 detection in sows’ milk may
suggest the occurrence of long-term low level aflatoxicosis clinical case
(Prodanov-Radulović et al., 2017).
Boar on commercial farm
Boars use on commercial farms aims for dwindle costs through producing sperm
doses for internal use, and in hand mating if needed. Health control measures for
pigs are partly regulated by legislative acts, which are mandatory, and other
measures are recommended and depend on farm health policy (Bojkovski et al.,
2017). Diseases that can be transmitted by sperm to inseminated sows and gilts
jeopardize their health and cause economic damage to the farm. In order to
minimize secondary expanses in pig production there are several worldwide
recommendations for disease prevention and control (where particular infective
agent threatens). Those are: vaccination against classical swine Fever, Erysipelas,
and Parvovirus (PPV) twice a year, serological surveillance tests annually for
Brucellosis, Leptspirsis, PRRS, Aujeszky's disease, Swine, Listeriosis, Atrophic
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Rhinitis, Inclusion Rhinitis and Parvoviroses. Introduced boars should be annually
tested for tuberculosis and Jhone‟s disease. On the other hand, the possible
presence of certain bacteria in seeds boars can not be ignored, the case of:
Staphylococcus spp, Corynebacterium spp, Pseudomonas spp, Streptococcus spp,
Escherichia spp, Proteus spp, Klebsiella spp, Serratia spp, Citrobacter spp,
Bacillus spp, Micrococcus spp, Enterobacter spp, Eubacterium spp, Aerobacter
spp, Bordetella spp, Mycoplasma spp, Brucellasuis, Actinobacillus, Pasteurella,
Salmonella spp, Campylobacter spp and the possible presence of the following
highly infective viruses and contaminating viruses that are transmitted by seed:
Pseudorabies, PRRS, Porcine Parvo Virus, African Swine Fever, Adenovirus,
Cytomegalovirus, Enterovirus, Foot and Mouth Disease, Hog Cholera, Japanese
Encephalitis, Reovirus, Swine Influenza, Swine Vesicular Disease, Transmissible
Genital Papilloma. (Petrujkić et al., 2011). The possibility of the spread of
infectious agents was significantly reduced by introducing technology of artificial
insemination, bacteriological examination of native sperm, prepuce swabs and
smears and environment in which boar resides (under the pen walls, feeders,
drinkers). Health control of breeding boars and contribute to the improvement of
reproductive parameters in commercial farms. Porcine circovirus type 2 (PCV-2) is
the major causative agent of post weaning multisystemic wasting syndrome
(PMWS) and is associated with different syndromes that affect the swine. The term
PCVAD (Porcine circovirus associated diseases) was introduced in 2006 to gather
many diseases. Porcine circovirus (PCV) is a DNA, non-enveloped, virus that
contains a singlestranded, circular genome and belongs to the family Circoviridae,
genus Circovirus. PCV was first identified in 1974 as a contaminant of the
continuous porcine kidney cell line PK-15 (Cavanagh, 1997) and later found to be
non-pathogenic based on experimental inoculation of pigs (Tischer et al., 1986). A
wasting disease in pigs known as post-weaning multisystemic wasting syndrome
(PMWS) was first observed in 1991 in western Canada and later associated with a
PCV found to be distinct from the nonpathogenic PCV according to nucleotide
sequencing (Allan et al., 1999a,b). To differentiate between the two PCV variants,
it was decided to use the terminology PCV 1 to indicate non-pathogenic isolates and
PCV 2 to indicate isolates associated with disease and PMWS (Ellis et al.,1998).
Later, PCV2 was also found to be associated with respiratory disease, enteritis,
reproductive failure, and porcine dermatitis and nephropathy syndrome (PDNS),
which are now collectively known as porcine circovirus associated disease
(PCVAD). Retrospectively, PCV 2 has been detected in archived tissues collected
as early as 1962 in Germany (Jacobsen et al., 2009) and is now found globally.
PCV 2 has proven to be ubiquitous in nature, causing disease in varying percentages
of animals within a group while the rest of the herd typically does not display
clinical signs (Balasch et al., 1999). PCV 2 can be further subdivided into subtypes
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2a through 2e) (Jantafong et al., 2011). The hallmark lesion associated with PCV 2
infection is lymphadenopathy, or enlargement of most lymph nodes, which
correlates with lymphoid depletion at the cellular level.
The exact mechanism of PCV2-associated lymphoid depletion is still unknown
and there have been contradicting results. In a conventional pig model, the authors
demonstrated the presence of PCV2 antigen within apoptotic lymphocytes using
PCV 2 specific immunohistochemistry (IHC) and terminal transferased UTP nick
end labeling. The hallmark lesion associated with PCV 2 infection is
lymphadenopathy, or enlargement of most lymph nodes, which correlates with
lymphoid depletion at the cellular level (Shibahara et al., 2000). Apoptosis is a
programmed mechanism which keeps a balance between cell proliferation and cell
death. Presence of PCV 2 DNA was demonstrated in hepatocytes of clinically
affected pigs (Rosell, 1999) and in a follow-up study, 88% of the livers from pigs
suffering of naturally occurring PMWS contained apoptotic hepatocytes with
apoptotic bodies (Rosell et al., 2000). However, contradicting results were
obtained by another research group in 2004 who investigated 21 pigs categorized in
three lesional severity stages and five healthy control pigs (Resendes et al.,
2004a,b). Apoptotic rates in lymphoid tissues were correlated inversely with viral
load in serum and with severity of lesions (Resendes et al., 2004). A study
conducted in gnotobiotic pigs was unable to associate PCV 2 with apoptosis in
hepatocytes and concluded that apoptosis was not the chief pathway for
hepatocytic cell loss (Krakowka et al., 2004). PCV2b was associated with
enhancement of PCVAD in field conditions.
There are two main methods to demonstrate apoptosis in tissues, the TUNEL
method and the cleaved caspase-3 (CCasp-3) IHC staining, when investigating the
role of apoptosis in lymphoid tissues (Resendes et al., 2004a,b) PCVAD is multifactorial and the presence of co-infections can increase and intensify clinical
PCVAD (Ellis et al., 2004). Porcine reproductive and respiratory syndrome virus
(PRRSV), just like PCV2, has also been associated with apoptosis in infected host
cells (Choi et al., 2002). Increased disease severity is commonly observed when
pigs are co-infected PCV2 and PRRSV (Wensvoort, 1992). PRRSV is an
enveloped RNA virus with single-stranded, positive-sense genome that belongs to
the family Arteriviridae, genus Arterivirus (Cavanagh, 1997). Two PRRSV types,
1 (European) and 2 (North American) exist based on genome sequence analysis
(Wensvoort et al.,1992). PRRSV infection renders the host unable to clear
concurrent infections resulting in increased severity of disease and it is associated
with enhanced PCV2 replication which results in increased amounts of PCV2 DNA
in coinfected pigs (Rovira et al., 2002). Both PCV2 virus have a tropism towards
pulmonary alveolar macrophages (PAMs) and capable of infecting PAMs (Deen et
al., 2010). The ability of PRRSV to replicate in PAMs (Bautista et al., 1993) and
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the inability of PAMs and dendritic cells to degrade PCV2 (27) might lead to
modification of macrophage function that could contribute to immune deregulation
(Sinha, 2011).
PCV2 subtypes a and b differ from each other genetically in a signature
motif located between nucleotides 1472 and 1476 of open reading frame 2 (ORF2)
(Cheung et al., 2006). Chimeric DNA clones have been constructed with swapped
signature motif regions that were used in in-vitro and in-vivo studies to determine
the significance of the signature motif in virulence and it was concluded that clones
containing the reciprocal signature motif had decreased virulence (Allemandou et
al., 2011). Hence, an additional goal of the second study was to determine the
importance of ORF2 and the PCV 2 signature motif located in ORF2 in PCV2PRRSV co-infection in vitro. As PRRSV enhances PCV 2 replication, there is a
potential of increased PCV 2 shedding of and increased PCV 2 viral load in PRRSVPCV 2 co-infected pigs that might lead to increased transmission rates of PCV2a or
PCV2b in certain pig populations. No differences in shedding of PCV2a versus
PCV2b were found in experimentally infected boars (Madson et al., 2008). PCV 2
vaccination is one of the most widely used vaccination strategies in growing pigs
to date and existing PRRSV infections at the time of PCV 2 vaccination is of
concern to swine producers and veterinarians. Informations on the efficacy of
PCV 2 vaccination in PRRSV viremic pigs are scares (Allan et al., 1999a,b; Sinha
et al., 2011). The aim of our research was to investigate the prevalence of
antibodies to PCV2 with boars from commercial farms in Serbia (Bojkovski et al.,
2017). There is no PCV type 2 seroprevalence investigated in boars on commercial
farms so far in Serbia so far which have intended use for in-house reproduction. On
industrial farms, we conducted blood sampling in a total of 28 boars of Landrace,
Domestic Yorkshire and Duroc breed. All boars were in exploitation and following
reproduction parameters: the number of inseminated gilts, the number of
inseminated sows, repeated heats, and the number of fertilized gilts, the number of
fertilized sows, number of abortions, number of piglets farrowed, and the number
of piglets born dead. Blood samples were taken from the jugular vein. After
spontaneous blood clotting at room temperature serum was separated by
centrifugation and the aliquots were stored at -20°C till analysis. Serum antiPCV 2 IgM and IgG antibodies were detected by commercially available ELISA
“INGEZIM circovirusIgG/IgM®” (Inmulogia y geneticaaplicada, s.a., Madrid,
Spain) according to the manufacturer instruction Statistical significance of 95%
(p>0.05) was observed. Statistical data processing was done using number of boars
for
observations.
Circovirus infection in our commercial farms caused significant losses due to
reduced performance in growth and reproduction, treatment costs and culling. Such
a situation makes production unprofitable. The term PCVAD (Porcine circovirus
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associated diseases) was introduced in 2006 to gather many diseases. Stankov et al.
(2013) states that on our commercial farms since 2002 losses in the pig production
on a monthly basis have reached to 9% and in fattening operation is increasing up
to three times, mostly reaching the value to 15%. The most vulnerable were pigs
weighing 40 to 60 kg. The clinical symptoms of the disease in weaned piglets was
demonstrated by the second or third week after weaning in the form of weight loss
and depression, skin pallor, increase in body temperature up to 41oC, rapid and
shallow breathing and pale yellow to golden-yellow aqueous diarrhea and jaundice
which was a constant finding. The clinical signs in fattening pigs is related to
clinical picture in piglets, with hightlight on the respiratory syndrome, bearing in
mind that these animals were the affected with other pathogens (mostly
Mycoplasma hyopneumoniae, and very rarely with Pasteurella multocida). The
growth rate of fattening pigs decreased by 6 to 12 kg per pig. Health check of
breeding boars should be a complex process within the implementation of health
care measures on commercial farms.We have established the prevalence of
antibodies to porcine circovirus type 2 PCV2 with boars from commercial farms in
operation
Use of metabolic profile on commercial farm
Physiological ranges of blood biochemistry parameters differ substantially for each
animal species. Assessment of biochemical parameters included in metabolic
profiling have multiple significances in swine health care and production.
Parameters of metabolic profile may be an indicator of shortage of food, and
sometimes can point out to a variety of subclinical and clinical diseases. In
clinically healthy animals (sows, boars), disorders in metabolic profile parameters
can also occur, despite the fact that there is no visible symptoms. The material for
the research included boars deriving from four commercial swine farms (farms
under monitoring A, B, C and D). In order to determine whether there has been a
deviation in the physiological ranges of certain biochemical parameters, we
analyzed biochemical parameters of 23 boars used in exploitation from a
commercial farm "A". The following parameters were examined: Phosphorus
(mmol/L), Calcium (mmol/L), Ca/P ratio, Bilirubin (µmol/L), Total proteins (g/L),
Glucose (mmol/L), Triglycerides (mmol/L), Albumins (g/L) and Urea (mmol/L). In
the examined group of boars, the most variable results were observed in urea and
calcium levels. In the blood of 28 boars from a commercial farm "B", 27 boars
from commercial farm “C” and 3 boars from commercial farm “D”, we analyzed
levels of Phosphorus, Total protein, creatinine and AST. The results of biochemical
analysis showed economical validity and represent a significant contribution to
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monitoring of the health status and production of pigs on commercial farms
(Bojkovski et al., 2013a).

Conclusion
The aim of intensive pig production on commercial farms is to produce an
optimal number of piglets or fatteners per sow per year. To achieve this aim,
adequate health control program should be designed and implemented. The health
status of the herd depends on a relatively large number of factors, such as farm
tailored technology of breeding, care, nutrition, farm employee regular base
training, as well as the systematic implementation of health care measures

Proizvodne bolesti (tehnopatije) svinja na komercijalnim
farmama u Srbiji
Jovan Bojkovski, Marina Spinu, Mihaela Niculae, Jasna Prodanov-Radulović,
Aleksandar Stanojković, Ivan Pavlović, Nemanja Zdravković, Radiša Prodanović

Rezime
Cilj ovog preglednog rada je bio da se predstave naša dosadašnja istraživanja
vezana za proizvodne bolesti (tehnopatije) na komercijalnim farmama svinja.
Prisustvo proizvodnih bolesti je rezultat nepovoljnih uslova u samoj proizvodnji.
Uzgoj i eksploatacija nerastova na komercijalnim farmama ima za cilj proizvodnju
semena za potrebe farme. Životni vek nerastova, pa samim tim i dužina njihove
eksploatacije u velikoj meri zavise od njihovog zdravstvenog stanja. Zdravstveno
stanje krmača je takodje od izuzetne važnosti. Pratili smo dva parametra: ocenu
telesne kondicije krmača i sindrom mršavih krmača. Ocena telesne kondicije
krmača praćena je unutar optimalnih vrednosti (3 u vreme prašenja i 2,5 tokom
osemenjavanja). Sindrom mršavih krmača je bolest složene etiologije. Uočeno je
da krmače gube telesnu masu tokom peroida laktacije. Gubitak telesne mase
dijagnostikovan je u većini slučajeva kod krmača u drugoj laktaciji. Ustanovili smo
vrednosti afla toksina u mleku krmače. Praćene su uzgojne bolesti bakterijske i
virusne etilogije kod svih kategorija. Na kraju smo dali prikaz biohemijskih
parametara kod krmača. Analiza biohemisjkih parametara može da se koristi u
slučajevima gde je potrebno da se pruže detaljnije analize u cilju postavljanja što
tačnije dijagnostike. Promocija dobrog zdravlja svinja uključuje sprovođenje
sistema profilaktičkih mera. Važni faktori u proizvodnji su dobar izbor rase,
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veličina stada na farmi, načini primene biotehničkih mera u proizvodnom procesu i
stalno edukovanje zaposlenih radnika na farmi.
Ključne reči: tehnopatije, prasad, nerastovi, krmače, komercijana farma
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Abstract: The aim of this work was to present two traditional Bulgarian
dry-cured products (dry-cured loin and dry-cured sausage called “Strandzhansko
dyado”) made of meat from East Balkan Pig. This is a Bulgarian indigenous breed
raised in the Eastern part of the country with unique meat, suitable for producing of
high-quality meat products. The chemical composition, fatty acid profile and lipid
nutritional indices in both dry- cured products were analysed. Cured loin had
substantially higher protein content than „Strandhansko dyado“(36.71% vs.
18.01%, P<0.0001) but lower fat content (7.97% vs. 29.16%, P<0.0001). Both
products showed similar content of saturated fatty acids (38.28%-38.54%). The
percentage of monounsaturated fatty acids (MUFA) was higher (P=0.0016) and
that of polyunsaturated fatty acids (PUFA) was lower (P<0.0001) in the cured loin.
The products had high n-6/n-3 ratio but relatively low atherogenic index.
Keywords: dry-cured products, East Balkan Pig, chemical composition,
fatty acids

Introduction
The growing demands of the consumers for healthy diet call for
searching of ways to improve food quality. More meat producers are
oriented towards the application of alternative ways of raising farm animals,
which will allow the production of high quality meat with good nutritional
composition and healthy value. More often, the animals are reared under
extensive systems, allowing free access to pasture and these systems are
applied not only for the ruminant animals but also for pigs (Blumetto
Velazco et al., 2013; Park et al., 2017). Rearing under extensive production
systems has beneficial effect on the fatty acid composition of meat and also
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allows accumulation of natural antioxidants that are important for healthy
nutrition (Nilzén et al., 2001; Parunovic et al., 2012). The East Balkan Pig
is an indigenous Bulgarian breed similar to the wild boar (Figure 1).
According to Marchev et al. (2018) until the middle of the last century the
East Balkan pigs have been widely spread all over Bulgaria. However,
nowadays the breed is reared only in Varna, Shumen and Burgas districts, in
the Eastern part of Bulgaria. The animals have excellent adaptability to
extensive rearing conditions. Usually they are reared in herds, outdoors with
pasture access and additional feed. The meat of the East Balkan pigs has
dark red colour and unique flavour. It is suitable for manufacturing of high
quality meat products. So far, to our knowledge, traditional meat products
made of East Balkan pigs have not been investigated. Hence, our study aims
to present the chemical composition and fatty acid profile of two meat
products, dry-cured loin and dry-cured sausage “Strandzhansko dyado”,
made of East Balkan pigs.

Figure 1. East Balkan Pigs (Photo: T. Popova)
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Material and Methods
Animals and meat
The meat for manufacturing of the products was derived from castrated
male and female East Balkan pigs. The animals were reared in the farm of the
Scientific Center of Agriculture-Sredets, Bulgaria. They were reared under
traditional technology with daily access to pasture in Strandzha mountain. The
pasture had high content of cereal components: wiregrass (Cynodon dactylon),
bluestem (Dichanthium ischaemum), bulbous bluegrass (Poa bulbosa), perennial
ryegrass (Lolium perenne), cock’s foot (Dactylis glomerata), lower participation of
legumes: clover (Trifolium), alfalfa (Medicago sativa), bird’s foot trefoil (Lotus
corniculatus), bush vetch (Vicia sepium) and other various species: plantains
(Plantago), denseflower mullein (Verbascum densiflorum Bertol.), dandelion
(Taraxacum officinale). During autumn, acorns were naturally present in the diet of
the pigs. According to their category, the pigs received additionally organic feed
(50 % barley and 50% wheat) prepared in the feed unit of the Center. Water was
provided ad libitum. The animals were slaughter in a certified abattoir at an
average live weight 102.9±6.19 kg for the castrated males and 103.25±5.37 kg for
the females.
Manufacturing of the products
Two traditional Bulgarian dry-cured products were manufactured
according to the traditional technology in a meat processing plant as presented
below:
“Strandzhansko Dyado” (Figure 2). The product was made of lean meat
and meat from the belly of the carcass. The meat was previously cooled and
subjected to deboning and sorting. The de boned and sorted meat with removed
tendons was cut into pieces (200 g) and placed into refrigerator at -5°C for 24h and
further cut into bowel cutter until the meat particles reach 18-20 mm. The meat was
seasoned with a commercial mixture containing salt, dextrose and nitrate/nitrite,
additionally black pepper, paprika and savoury were used as spices. The stuffing
was dense into casings. No air was allowed into the stuffed casings. The sausages
were hung and placed into a room for draining and drying at 10-12°C, relative
humidity 80-85 % for 24h. The drying was done in drying rooms at 10-12°C,
relative humidity 75%. During the drying, the product was pressed 3-4 times.
Drying continued 28 -30 days.
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Figure 2. Strandzhansko dyado (Photo: T. Popova)

Dry-cured loin (Figure 3). The product was made from m. longissimus
dorsi. The muscles were removed from the carcasses, the fat was partially removed
and then cut into pieces approximately 25-30 cm long. The pieces were covered
with sea salt for 5 days. Then the pieces were washed under cold running water and
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left to drain for 4 h. They were further hung to dry in drying rooms at 10-12°C,
relative humidity 75% or 28-30 days.
Two batches of the products were made and three replicates of each batch
were taken for analysis.

Figure 3. Dry cured loin (Photo: T. Popova)
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Chemical composition analysis
Samples of both dry-cured products were ground in a meat grinder until
homogenous. Moisture, intramuscular fat, protein and ashes contents were
determined according to ISO 1442 (1997); AOCS (2005); ISO 937 (1978) and ISO
936 (1998), respectively. Determinations were made in triplicate per meat sample.
Analysis of the fatty acid profile
The fatty acid composition was determined according the method of
Bligh and Dyer (1959) with slight modifications as described by VargasRamella (2020). For fat extraction, 10 g of the muscle sample were homogenized
with 10 mL of chloroform and 20 mL of methanol for 30 s. After, 10 mL
of chloroform and 10 mL of NaCl (1% in distilled water) were added to the
mixture and homogenized for 30 s. The chloroform layer (with the fatty acids) was
then separated from the residues and aqueous layer by centrifugation (4000 rpm for
10 min) and finally the chloroform was evaporated. The fatty acids were
transesterified according to the procedure previously described by Domínguez et al.
(2005), with some modifications: for the fatty acids transesterification, 20 mg of
extracted fat dissolved in 1 mL of toluene were mixed with 2 mL of a sodium
methoxide (0.5 N) solution, vortexed for 10 s and allowed to stand for 15 min at
room temperature. Then, 4 mL of a H 2 SO 4 solution (10% of H 2 SO 4 in methanol)
was added, vortexed for 10 s and left for 5 min before adding 2 mL of saturated
sodium bicarbonate solution. For the extraction of fatty acid methyl esters, 1 mL of
hexane was added to the samples, vortexed for 10 s and the organic phase was then
transferred to an appropriate GC vials. Separation and quantification of FAMEs
were carried out using gas chromatograph CSi 200 (Cambridge Scientific
Instruments Ltd., UK) equipped with a capillary column (DM-2330:30 m×0.25
mm×0.20 μm, Dikma Technologies Inc., China) and hydrogen as a carrier gas. The
oven temperature was first set to 160 °C for 0.2 min, then raised until 220 °C at a
rate of 5 °C/min and then held or 5 min. The temperatures of the detector and
injector were 230 °C. Methyl esters were identified through comparison to the
retention times of the standards. Fatty acids are presented as percentages of the
total amount of the methyl esters (FAME) identified (Christie, 1973).
The amount of each fatty acid was used to calculate the atherogenic (AI)
and thrombogenic (TI) indices as proposed by Ulbricht and Southgate (1991):
AI = (4×C14:0+C16:0)/[MUFA+Σ(n-6)+Σ(n-3)]
TI = (C14:0+C16:0+C18:0)/[0.5×MUFA+0.5×(n-6)+3×(n-3)+(n-3)/(n-6)].
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Statistical analysis
Data was statistically evaluated through t-test using JMP .7 statistical
package. The results were presented as Mean ± SD.

Results and Discussion
Chemical composition of the dry cured products
Table 1. Chemical composition of dry cured loin and “Strandzhansko dyado”
Product
Protein, %
Cured loin
36.71±1.49
Strandzansko dyado
18.01±0.21
P
<0.0001
Data presented as Mean ± SD (n=3)

Fat, %
7.97±0.90
20.16±0.56
<0.0001

Moisture, %
44.26±1.64
35.65±0.86
0.0006

Ash, %
10.15±0.07
4.96±0.07
<0.0001

The chemical composition analysis showed significant difference between
both products. As can be seen from Table 1, the cured loin had high protein content
(36.7%) and a fat content of 7.97%. Similar values of these components were
reported for dry cured loin from Chato Murciano native breed (respectively 37%
protein and 8.53 % fat) (Salazar et al., 2013). In their study the authors compared
cured loins of native and modern pig breeds and found that the fat content of the
cured loin of the modern breed was considerably lower (1.68 %) than in the native
breed. Lower fat content in dry cured fillet available in the market (1.94% - 3.60%)
was reported by Nikolov (2019). In Celta pigs, fed with chestnuts, Gomez et al.
(2018) reported 13.97 % fat content in dry cured loin. Fat content is an important
quality trait of meat and meat products since it is closely associated with sensory
traits such as tenderness, juiciness and flavor (Thompson, 2004). Also, despite the
health concerns, many consumers prefer fattier meat (Frank et al., 2016). In this
regard, the fat content of “Strandzansko dyado” was much higher (29.16%,
P<0.0001) than in the cured loin while the protein content is considerably lower
(18.01%, P<0.0001). This is not surprising, since both products are completely
different and meat from very different anatomical locations is used for each type of
the product. The fat content of “Strandzansko dyado” might be comparable to that
of other dry-fermented sausages made of minced pork (Kovacevic et al., 2010;
Parunovic et al., 2017; 2019). Alves et al. (2015), however reported higher content
of fat in Portuguese and Serbian dry-fermented sausages ranging from 35.3%40.7%. The higher fat content could be attributed to the specifics of the technology.
In our product we used only meat and no additional solid fat or backfat. As seen
from Table 1. the dry-cured loin had significantly higher moisture (P=0.0006) and

398

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

ash content (P<0.0001) in comparison to ”Strandzhansko dyado”. The moisture and
ash content of both products are within the range of the values reported by other
scientist for traditional dry cured sausages (Parunovic et al., 2013) and dry cured
loin (Pateiro et al., 2014).
Fatty acid composition of the dry-cured products

A total of 17 fatty acids were identified in the two products. The
major fatty acids were palmitic (C16:0) and oleic acid (C18:1n-9) as
presented in Table 2. The content of C16:0 was slightly lower in
“Strandzhansko dyado” compared to the dry cured loin (23.39 % vs.
26.06%, P=0.0030), while the percentage of C18:1n-9 was very similar
(50.06%-50.37%), and did not differ between both products. The other
saturated fatty acids with significant content were stearic (C18:0) followed
by myristic fatty acid (C14:0). It could be noticed that while the cured loin
had significantly lower content of C18:0 than “Strandzhansko dyado”
(9.89% vs. 13.20%, P=0.0002), the latter showed lower levels of C14:0
(1.53% vs. 2.07%, P=0.0133). Furthermore, both products displayed high
content of C18:1n-9, and this is beneficial for the human health. Numerous
studies have shown that C18:1n-9 presents modulatory effects in a wide
physiological functions, and also suggest a beneficial effect on cancer,
autoimmune and inflammatory diseases (Sales-Campos et al., 2013). This
compensates for the significant content of C16:0 and C14:0 that are
considered hypercholesterolemic (Mensink et al., 2005). The content of
C18:1n-9 in the two dry cured products was very similar to the content
determined in a previous study in m. LD in East Balkan pigs (Popova et al.,
2015). The cured loin had lower proportion of the essential fatty acids
C18:2n-6 (3.90% vs. 6.05%, P<0.0001) and C18:3n-3 (0.29% vs. 0.68%,
P=0.0116), however it had higher content of C20:4n-6 (0.52% vs. 0.37%,)
than the dry cued sausage. The content of these three fatty acids in the dry
cured products was much lower than their proportion reported in meat
(Popova et al., 2015) which indicates well the changes that have become
during the process and drying of the products. The same could be observed
in regard to the long chain polyunsaturated fatty acids (LC-PUFA).
While C20:5n-3 was not detected in the cured loin, tendencies
towards lower percentage of C22:5n-3 and higher of C22:6 n-3 were
observed in this product, when compared to the Strandzhansko dyado.
Parunovic et al. (2017) reported similar fatty acid proportions in regard to
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C14:0; C16:0; C18:0 in dry cured pork sausages made of indigenous breeds
Mangalitsa and Moravka. However, the authors found lower C18:1n-9 and
considerably higher content of C18:2n-6 when compared to “Strandzhansko
dyado”. In dry cured loins made of meat derived from Large White and
Great York crossed pigs, Hoz et al. (2007) reported lower content of C14:0
and C18:1n-9, but higher proportion of C18:2n-6, C18:3n-3 and the LCPUFA. Overall, the fatty acid profile may vary considerably and is difficult
to compare with other studies since it can be very strongly affected by
factors such as the animal nutrition, but also breed. Usually the meet of the
modern pig breeds have thinner backfat and low intramuscular fat content
which is associated with lower content of C18:1n-9 and higher of C18:2n-6
(Wood et al., 2008). In regard to the total contents of the fatty acids dry
cured loin and “Strandzhansko dyado” had the same percentage of saturated
fatty acids (38.28%-38.54%), however, the content of monounsaturated
fatty acids (MUFA) was higher (56.43% vs. 53.66%, P=0.0016) and that of
PUFA was lower (5.29%-7.80%, P<0.0001) in the dry cured loin.
Table 2. Fatty acid composition of dry cured loin and “Strandzhansko dyado” (% FAME)
Fatty acids

Dry cured loin

Strandzansko
P
dyado
C14:0
2.07±0.31
1.53±0.02
0.0133
C15:0
0.08±0.01
0.08±0.00
0.9561
C16:0
26.06±0.91
23.39±0.32
0.0030
C16:1
6.04±0.16
2.86±0.04
<0.0001
C17:0
0.18±0.01
0.34±0.02
<0.0001
C17:1
0.33±0.03
0.43±0.03
0.0062
C18:0
9.89±0.51
13.20±0.25
0.0002
C18:1n-9
50.06±0.79
50.37±0.39
0.4849
C18:2n-6
3.90±0.01
6.05±0.12
<0.0001
C18:3n-6
0.18±0.02
0.03±0.02
0.0049
C18:3n-3
0.29±0.16
0.68±0.09
0.0116
C20:2n-6
0.16±0.02
0.34±0.02
0.0008
C20:3n-6
0.06+0.03
0.09±0.01
0.0596
C20:4n-6
0.52±0.17
0.37±0.05
0.1059
C20:5n-3
ND
0.08±0.00
C22:5n-3
0.09±0.01
0.12±0.02
0.1254
C22:6n-3
0.09±0.01
0.05±0.01
0.1495
SFA
38.28±0.71
38.54±0.49
0.5691
MUFA
56.43±0.66
53.66±0.42
0.0016
PUFA
5.29±0.05
7.80±0.08
<0.0001
SFA –saturated fatty acids, MUFA- monounsaturated fatty acids, PUFA, polyunsaturated fatty acids,
Data presented as Mean ± SD (n=3); ND- not detected
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The lipid nutritional indices (Table 3) showed that the ratio n-6/n-3 is
higher than the recommended valued of 4.0 (Enser et al., 2001),10.25 vs. 7.39,
respectively for the dry-cured loin and “Strandzhansko dyado”. On the other hand
in both products the ratio of polyunsaturated to saturated fatty acids (PUFA/SFA)
was lower that 0.4 that was recommended as the minimum value (Wood et al.
2003). In dry fermented sausages, Parunovic et al. (2013) reported n-6/n-3 ratio
within the range of 17.6-23, while the PUFA/SFA ratio varied within 0.32-0.37. In
dry cured loin from Korean native pigs, Seong et al. (2015) observed ratio
PUFA/SFA decreasing from 0.25 to 0.17 during the ripening time of 90 days.
Atherogenic (AI) and thrombogenic (TI) indices are lipid quality indicators
depending on the changes of particular groups of fatty acids. They show the
potential effects of the lipids on the risk of development of cardiovascular diseases.
The AI and TI for both products in this study showed lower values than the
observed by Parunovic et al. ( 2017). The athrogenic and thromobogenic indices
were within the range of the reported from Kasprizyk et al. (2015) in local
Pulаwska breed and Polish Landrace.The low values of AI and TI in both drycured products in our study are due to the high content of MUFA and PUFA and
may indicate certain advantage in regard to the healthy value of this kind of
products.
Table 3. Lipid nutritional indices
Product
n-6/n-3
PUFA/SFA
AI
TI
Dry-cured loin
10.25±0.49
0.13±0.004
0.55±0.04
1.18±0.02
Strandzansko dyado
7.39±0.39
0.20±0.004
0.48±0.008
1.15±0.02
P
0.1302
<0.0001
0.0119
0.0704
PUFA/SFA- ratio between polyunsaturated and saturated fatty acids, AI-atherogenic index, TIthrombogenic index, Data presented as Mean ± SD (n=3)

Conclusions
The study characterized the chemical composition and the fatty acid profile
of dry-cured loin and sausage “Strandzhansko dyado”, showing considerable
differences in the analysed traits between them. Both dry-cured products displayed
high protein and fat content, however the dry-cured loin showed some advantage in
regard to the significantly higher protein but lower fat in comparison to the drycured sausage. Fatty acid profile showed higher percentage of MUFA in the drycured loin, however, “Strandzhansko dyado” had favourably higher PUFA
proportion Both products had high n-6/n-3 ratio and relatively low atherogenic
indices.
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Hemijski sastav i profil masnih kiselina dva tradicionalna
bugarska suhomesnata proizvoda od istočnobalkanske svinje
Teodora Popova, Nadezhda Palova, Jivko Nakev, Maya Ignatova

Rezime
Cilj ovog rada bio je da se predstave dva tradicionalna bugarska suhomesnata
proizvoda (suhomesnata pečenica i suvo sušena kobasica pod nazivom
„Strandzhansko dyado“) od mesa istočnobalkanske svinje. Ovo je bugarska
autohtona rasa uzgajana u istočnom delu zemlje sa jedinstvenim mesom, pogodna
za proizvodnju visokokvalitetnih mesnih prerađevina. Analiziran je hemijski
sastav, profil masnih kiselina i nutritivni indeksi lipida u oba sušena proizvoda.
Suva pečenica ima znatno veći sadržaj proteina od proizvoda „Strandhansko
dyado“ (36,71% vs. 18,01%, P <0,0001), ali niži sadržaj masti (7,97% vs. 29,16%,
P <0,0001). Oba proizvoda su pokazala sličan sadržaj zasićenih masnih kiselina
(38,28%-38,54%). Procenat mononezasićenih masnih kiselina (MUFA) bio je veći
(P = 0,0016), a procenat polinezasićenih masnih kiselina (PUFA) je bio niži (P
<0,0001) u suvoj pečenici. Proizvodi su imali visok odnos n-6/n-3, ali relativno
nizak aterogeni indeks.
Ključne reči: suhomesnati proizvodi, istočnobalkanska svinja, hemijski sastav,
masne kiseline
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Abstract: The welfare of dairy cattle is a complex phenomenon, which
requires multilevel, multidimensional and planned approach. Precision livestock
farming (PLF) enables farm animal welfare focusing from the group level to
monitoring and managing individual animals of different categories, which is
enabled by use of new advanced technologies.
The basic principle of precision agriculture is the use of sensor
technologies in order to improve the efficiency of given narrow thresholds resource
use. A range of precision livestock monitoring and control technologies have been
developed, primarily to improve livestock production efficiency, but more precise
and delicate use may be very applicable in early detection of certain conditions, for
example initial lameness in dairy cows, real-time surveillance when calving, or
distant body temperature variations measuring of individual animals, when early
and more efficient therapeutic measures could be undertaken. Environmental
monitoring and control in barns can improve animal comfort, and automatic
milking systems facilitate animal choice and improve human-animal interactions.
According literature data, previous and future investigations are
encouraging possibility of PLF mechanisms use into automated barn surveillance
systems in order to assess, control and improve dairy cattle welfare in entire
production process through prompt reaction.
Key words: cattle, improvement, precision livestock farming, sensors,
surveillance, welfare
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Introduction
The welfare of dairy cattle is a complex phenomenon, which requires
multilevel, multidimensional and planned approach. For instance, Five Domains
describe a highly structured approach to assessing animal welfare and is centred on
the four internal domains of nutrition, environment, health, and behaviour, with the
aggregation of these affects into the fifth domain, mental state (Mellor, 2017).
These Five Domains are defined by the set of 118 contributing factors,
approximately 10 times more than the Welfare Quality framework (Van Erp-van
der Kooij and Rutter, 2020).
The measures which determinate the animal welfare quality when animal
exhausted short−term or long term problems may be physiological, behavioural, or
concerned with individual production or disease. Individuals vary in the coping
methods which they use, so any one measure may indicate poor welfare and
absence of evidence using one measure does not mean that there is no welfare
problem (Broom, 1988).
During the time, animal welfare not only started to use, but developed
multiple methodologies, where empiricism, engagement and ethics join to know
what ‘matters’ for the animal and to ensure, as far as is possible, that what matters
is met. In both, animal welfare science has been remarkably successful in providing
the evidence and the procedures for defining, identifying, and precise assessing
animal welfare, leading to significant legislative and regulatory change (Amon et
al., 2001; Milman et al., 2004; Blokhuis et al., 2008; Melfi, 2009).
To be more accurate, some precision livestock farming funds (PLF)
originate many years before term itself became in use, described in domestic
literature, such as certain aspects of animal rearing and health protection (Hristov
et al., 1996; Đuričić et al., 1997; Stanković, 1998; Ostojić Andrić et al., 2011),
genetic and reproduction (Šahinović et al., 1997; Stanković et al., 2005), nutrition
(Grubić et al., 2009) and welfare (Hristov et al., 2014). This paper aims to present
certain aspects of PLF services in contemporary cattle welfare protection.

Precision livestock farming sensors and different aspects of
animal welfare
Most reviews of welfare now start with listing the needs of the animal,
including needs to show certain behaviours. This approach has used sophisticated
studies of what is important to animals and has replaced the earlier general
guidelines described as freedoms. Many measures of welfare are now used and
indicate how good or how poor the welfare is (Broom, 2011). Therefore, PLF
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enables farm animal welfare focusing from the group level to monitoring and
managing individual animals of different categories, which is enabled by use of
new advanced technologies (Van Erp-van der Kooij and Rutter, 2020). PLF uses
advanced technologies for automatic, real-time monitoring of animal behaviour and
health, and their influence on environment and production (Beckermans, 2017), in
order to detect variableness at an early stage and improve current state of animal
health, welfare and efficiency, expecting to improve production sustainability
(Beckermans, 2014). PLF relies on four elements (Wathes, 2010):
1. The continuous sensing of the process responses at an appropriate
frequency and scale with a continuous exchange of information with the
process controller;
2. A compact, mathematical model, which predicts the dynamic responses
of each process output to variation of the inputs and can be and is best
estimated online in real time;
3. A target value and/or trajectory for each process output, e.g. a
behavioural pattern, pollutant emission or growth rate;
4. Actuators and a model-based predictive controller for the process inputs.
According to Buller et al. (2018), protecting the welfare of farmed animals
has entered the public policy mainstream in many countries. The development of
animal welfare policy and science faces new challenges, particularly in the context
of the increasingly in food security, climate change, and human nutrition, opening
numerous practical and ethical questions. These issues have potential impact on the
welfare science and policy development and therefore need to be discussed,
especially two of them; the first is the growing incorporation of animal welfare into
contemporary understandings of sustainability (IFC, 2014), now formally endorsed
in the United Nations Committee on World Food Security Draft Recommendation,
and the second is intertwining of animal and human health, increasingly
represented by the ‘One Health’ and ‘One Welfare’ agendas (Gibbs, 2014; Pinillos
et al., 2016).
Hotzel (2014) considers that animal welfare science should be
revolutionizing production systems since no system can be considered as
‘sustainable’ if it does not ensure high quality animal welfare (Wathes et al., 2013;
IFC, 2014). This is already happening through a growing attention being paid to
‘reflexive interactive design’ and its application, notably to the development of
sustainable dairy systems (Bos, 2008; Bos et al., 2009) and the technological
innovations and improved welfare possibilities associated with precision farming
(Berckmans, 2006; Dawkins, 2014). It is happening with the expanding
incorporation of welfare criteria in environmental certification and assurance
schemes, but these are often limited to relatively high-end food supply chains, as
well as legislative changes reactions (Buller and Roe, 2008; Buller, 2018).
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In the very informing study of Van Erp-van der Kooij and Rutter (2020),
different types of PLF sensors in use or expected in future to be in use were
presented (Table 1).
Table 1. Examples of PLF sensors commercially for use on-farm
Sensor
Location
Measure
Leg-mounted
Activity
Neck-mounted
Accelerometer

Temperature sensor
pH sensor
Milk characteristic
Milk characteristic

Rumen bolus
Ear tag
Tail-mounted
Ear tag
Rumen bolus
Rumen bolus
Milking machine,
online or inline
Milking machine

Sound analysis

Neck tag

Vision

Camera

Vision

Camera
Beacons and neck
tags
Wireless sensor
network

Positioning

Weighing device

Dairy farm, feeder

Pressure sensor
Ultrasonic sensor
Vision
Heart rate sensor

Floor sensor
Foot bath sensor
Camera
Chest band

Activity

Reason
Oestrus, health
Oestrus, health,
rumination
Oestrus, health
Oestrus, health
Onset of calving
Health
Health
Health
Pregnancy, ketosis,
digestion, mastitis

Activity
Activity
Tail posture
Body temperature
Body temperature
Body temperature
Progesterone, BHB,
urea, LDH
Milk flow, colour,
Mastitis
conductivity
Rumination
Health, stress
Body Condition
Health, nutrition
Score
Face recognition
Identification
Locomotion,
Health, stress,
behaviour
reproduction
Locomotion,
Health, stress,
behaviour
reproduction
Weight and feed
Growth
intake
Leg pressure
Lameness
Claw shape
Lameness, claw health
Posture
Lameness
Heart rate
Health, stress
(from: Van Erp-van der Kooij and Rutter, 2020)

There are several levels of PLF, varying from collecting and analysing data
at the group level down to monitoring individual animals, utilising sensors that can
be static, moving or animal-mounted (Rutter, 2012). The automatic monitoring
systems may be based on sound, images and collection of environmental data
(Tullo et al., 2013), and the technology ranges from monitoring production and
fertility to health and behaviour; some systems monitor environmental factors to
control climate conditions and there are robotic systems that automate human
handling such as milking, feeding and cleaning (Van Erp-van der Kooij and Rutter,
2020). Many PLF systems are already commercially available, with further systems
in development and likely to be improved and commercialised in the future.
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Feeding and drinking sensors - data concerning feeding and water
consumption could be collected directly from automatic feeders (Rushen et al.,
2012) or waterholes (Meiszberg et al., 2009), or indirectly from sensors that
monitor behaviour, location or the animals. In dairy cows, feeding behaviour and
grazing can be monitored automatically using activity meters, location sensors or
sound sensors (Rutten et al., 2013; Vanrell et al., 2018; Werner et al., 2018).
Rumination can be monitored by sensors on a neck collar, based on accelerometer
data or sound (Ambriz-Vilchis et al., 2015; Bar and Soloman, 2010), and sound
may be also analysed to measure behaviour of lying and ruminating time in dairy
cows (Meen et al., 2015).
Animal health sensors - Several sensor systems can be used to detect
disturbed health condition in farm animals, using animal-mounted sensors or
sensors as a part of farm infrastructure. Body temperature can be measured directly
- with animal-mounted sensors, or indirectly - with thermographic cameras (Sellier
et al., 2014; Arican et al., 2018). Thermographic cameras can be used for mastitis
detection in dairy cows (Hovinen et al., 2008; Bortolami et al., 2015). Body
temperature can be monitored with rumen boluses in dairy cows, which can also
monitor rumen motility and pH, as an indicator for metabolic disease (Mottram,
2015; Nogami et al., 2017; Arai et al., 2019). Accelerometers measuring activity in
dairy cows not only detect oestrus but also behavioural changes signalling disease
(Rutter, 2012; Chanvallon et al., 2014; Roelofs and Van Erp-Van Der Kooij,
2015), such as lameness (Sadiq et al., 2017; Vázquez Diosdado et al., 2018; Barker
et al., 2018). Symptoms of disease can be detected with sound analysis, for
example coughing calves (Vandermeulen et al., 2016). Lameness in cows can be
detected with force plates or pressure mats (Maertens et al., 2011). In milk
samples, beta-hydroxybutyrate (BHB) and lactate dehydrogenase (LDH) can be
measured automatically as an indicator for metabolic disease or mastitis in dairy
cows (Asmussen and Foss, 2010).
Housing conditions and animal comfort sensors - This type of sensors are
used mostly for pig and poultry farms, since these farms are under no influence of
the outside environmental conditions (Van Erp-van der Kooij and Rutter, 2020).
These farms require automatic control systems, regulating the indoor climate,
temperature, relative humidity (RH), air speed and carbon dioxide (CO 2 ). In dairy
farms, commercial climate condition monitoring is in development (Antanaitis et
al., 2016).
Animal behaviour sensors - Behaviours of animals can be monitored using
location or activity data from animal-mounted sensors in dairy cows (Meunier et
al., 2018; Pastel et al., 2018). In dairy farms, activity sensors developed for heat
detection are also used for behaviour monitoring and for reporting deviations in
behaviour (Van Erp-Van der Kooij et al., 2016; ) [25, 76–79]. Lying, walking,
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eating and standing behaviour of dairy cows can be measured quite accurately with
activity meters on a leg, neck or ear tag (Van Erp-Van der Kooij et al., 2016) [25,
76, 80]. It is also possible to detect some abnormal and damaging behaviour, which
is mostly used in pig and poultry production (Van Erp-van der Kooij and Rutter,
2020). For instance, it has been reported that lame cows reveal changes to both
feeding and lying behaviour. They are slower to respond to food being made
available (Yunta et al., 2012) and feed faster, although for a reduced overall
duration per day (Norring et al., 2014). Changes in lying behaviour are also
described, although there are discrepancies between studies (Barker et al., 2018);
increased lying was described by Singh et al. (1993) and Blackie et al. (2011), no
difference by Ito et al. (2010) and Yunta et al. (2012), and decreased lying by Cook
et al. (2008). Therefore, automated individual cow behaviours monitoring could be
useful in the early detection of lameness.
Distress detecting sensors – According to Van Erp-van der Kooij and
Rutter (2020), different stress calls in cows can be recognised. The rise in heat
production during stress can be measured using a thermographic camera in cows
(Stewart et al., 2005; Stewart et al., 2017). Finally, automatic heart rate
measurements, corrected for activity, can be used to measure stress (Behmann et
al., 2016).
Measures used in on-farm welfare assessment systems are often classified
into resource-based measures: housing systems, space allowances, animal
management practises, and animal-based measures: low incidence of disease or
injury, normal behaviour (Main et al., 2003). Animal-based measures provide more
direct assessment of the state of the animals (Barnett and Hemsworth, 2009) and
nowadays PLF has an important role in the welfare assessment.

PLF implications on animal welfare
The creation of an automated assessment of animal welfare was attempted
through integration and combining of certain measures (Van Erp-van der Kooij and
Rutter, 2020), but still no system offers everything that could be achieved by using
a full combination of all systems operating together, and almost without exception,
the different technologies operate ‘stand-alone’ and will not communicate with
each other (Caja et al., 2016).
PLF has the potential to monitor, manage and control many aspects of
livestock production, simultaneously and automatically (Wathes et al., 2008).
Regarding calving prediction, recognition and early detection enable timely
assistance, which is necessary to ensure the survival of cows and their offspring
(Lopes et al., 2016). There are some calving detection sensors on the market, which
resort to the detection of different changes that occur around or during calving.
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According to Saint-Dizier and Chastand-Maillard (2015), these sensors should
point out variations of rectal and vaginal temperatures (0.4 to 0.6 ºC and 0.6-0.7 ºC
respectively lower on the day of calving than 48 hours before), for both beef and
dairy cattle. On the calving day, their behaviour changes, the animals tend to
isolate themselves from the rest of the herd, have increased activity and lie down
and stand up more often, increased movements by the tail close to parturition and
rising of the tail head as early as 5 days before parturition. There are decreases of
feeding, drinking and rumination activity which also should be noticed.
Bioacoustics has been used to evaluate conditions such as stress and
welfare through screams, calls and vocalizations, and to assess health by
monitoring coughs and sneezes (Ferrari et al., 2010). Furthermore it is a simple,
cheap and non-invasive technology. Respiratory diseases, such as bovine
respiratory disease (BRD), are one of the most prevailing pathologies in young
categories and early recognition of cough sounds is being used as a method of
diagnosing respiratory diseases. Cough sounds can only be assessed during a visit
to the farm and an automatic monitoring tool for animals’ coughs can contribute to
improved farm management through opportune treatments (Vandermeulen et al.,
2016).
Use of different types of imaging, such as infrared thermographic imaging
(IRT), magnetic resonance (MR), computer tomography (CT) are accurate and
saving time but expensive and in logistic aspect demanding methodology for
diagnostic of certain primarily health disorders. According to Arican et al. (2018),
thermographic examination may have potential as a detection tool for laminitis.
MR transversal images provided excellent depiction of anatomical structures and
many biometric researches in the bovine hoof can be easily investigated, especially
during the initial active phase of laminitis. However, the usefulness of IRT, MRI,
CT in evaluating laminitis in different situations remains still open. Diagnostic
imaging technique such as radiography and ultrasonography provide limited
information for evaluation of the bovine digits and claw. Radiography has limited
value to evaluation of soft tissue.
In order to to evaluate the potential application of thermographic imaging
compared to SCC and bacteriological culture for infection detection in cow
affected by subclinical mastitis, Bortolami et al. (2015) took thermographic images
from each functional udder quarter and nipple. Authors found that infrared
thermography was correlated to SCS (p<0.05) but was not able to discriminate
between positive and negative cows. The association found between SCS and
temperatures suggests the use of thermographic imaging as a screening tool helpful
in the evaluation of an inflammation status of the udder, but seems to have a poor
diagnostic value. Similar results regarding thermal imaging in assessing body
temperature of calves were published by Bell et al. (2019), suggesting that accurate
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measures of core body temperature using thermal imaging cannot be achieved
under commercial farm conditions and that further research is needed.
Another approach to animal status assessment traditionally includes
manual and visual scoring, but the large number of man-hours required for these
methods involves high costs, and use of a sensor attached to the animals can be
invasive and may alter the outcome (Cangar et al., 2008). For this reason, the use
of automatically collected images to analyse farming systems is becoming more
and more common (Tullo et al., 2013). Early detection of certain symptoms of
health disorders might be useful when immediate therapy is required, such as realtime rumen temperature monitoring by utilizing an ingestible biosensor (Kim et al.,
2019). It proved to be right and that mastitis is accompanied with a high rise in
body temperature.
PLF can combine audio and video information into on-line automated tools
that can be used to control, monitor and model the behaviour of animals and their
biological response (Tullo et al., 2013). The PLF approach can easily be applied to
different aspects of management, with a focus on the animals and/or the
environment, and at different scales, from the individual to the entire flock/herd
(Wathes, 2010).
The human-animal relationship is important for animal welfare and could
be measured automatically. An integrated approach to animal welfare assessment
should be possible, but this approach needs to be further defined and validated
(Van Erp-van der Kooij and Rutter, 2020).
The greatest uptake of PLF technologies to date has been in intensive
animal production systems, but Van Erp-van der Kooij and Rutter (2020) deem
that there is a risk for the technological intensification of production may be
neglected animal welfare enhancement by promoting positive experiences
(Stevenson, 2017) and decreased contact between farmer and animals, therefore
disturbing the human-animal relationship and decrease the opportunities to directly
observe the health and well-being of the animals (Hostiou et al., 2017). Overrelining on PLF might cause missing of other diseases signs (Wathes et al., 2008).
Farmers often do not understand PLF systems and need to be maintained and
calibrated (Hartung et al., 2017). Therefore, automated detection system must
work on any farm in any conditions, and data standardisation is strongly dependent
on manual labelling, which is necessary for data analysis and model development.
Key indicators and standards must be clear and precise (Tullo et al., 2013).
PLF systems should improve welfare by optimising feeding and
systematically monitoring growth and/or weight measurements (Wathes et al.,
2008), by early detection of disease, such as lameness or mastitis, as well as by
improving housing conditions with devices such as robot scrapers and automated
climate control systems (Blokhuis, 2010). Webster (2016) is right claiming that
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giving animals the ability to make choices that promote their own quality of life
could help improve welfare, which could be managed through individual feeding,
robotic milking or voluntary showering facilities. PLF systems may increase
welfare if the farmer responds adequately to the PLF system alerts; however, good
tools do not automatically guarantee good utilisation by a stockperson (Van Erpvan der Kooij and Rutter, 2020).

Conclusion
The welfare of dairy cattle is a complex phenomenon, which requires
multilevel, multidimensional and planned approach. Precision livestock farming
(PLF) enables farm animal welfare focusing from the group level to monitoring
and managing individual animals of different categories, which is enabled by use
of new advanced technologies. A number of developed PLF sensors increase as
investigations advance, although welfare assessment systems are not efficient
enough yet and further research is needed. PLF is a useful tool for the farmer to
monitor and improve animal welfare, upgrading living conditions for the cows and
to detect early symptoms of health disorders. According literature data, previous
and future investigations are encouraging possibility of PLF mechanisms use into
automated barn surveillance systems in order to assess, control and improve dairy
cattle welfare in entire production process through early reaction.

Precizna poljoprivredna
dobrobiti mlečnih goveda

proizvodnja

za

poboljšanje

Branislav Stanković, Slavča Hristov, Dušica Ostojić Andrić, Ivana MiloševićStanković, Dimitar Nakov, Mirjana Rašović Bojanić

Rezime
Dobrobit mlečnih goveda je složen fenomen koji zahteva višestepeni,
višedimenzionalni i planski pristup. Precizno uzgajanje stoke (PLF) omogućava
fokusiranje dobrobiti domaćih životinja sa grupnog nivoa na praćenje i upravljanje
pojedinim životinjama različitih kategorija, što je moguće upotrebom novih
naprednih tehnologija.
Osnovni princip precizne poljoprivrede je upotreba senzorskih tehnologija u cilju
poboljšanja efikasnosti korišćenja resursa u okviru zadatih uskih graničnih
vrednosti parametara. Razvijen je niz preciznih tehnologija za nadzor i kontrolu
životinja, prvenstveno radi poboljšanja efikasnosti stočarske proizvodnje, ali se one
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mogu upotrebiti preciznije i delikatnije u ranom otkrivanju određenih stanja, na
primer početne hromosti kod muznih krava, nadzor u realnom vremenu u vreme
teljenja ili za daljinsko merenje telesne temperature za pojedinačna grla, u cilju
ranog i efikasnijeg preduzimanja terapijskih mera. Monitoring i kontrola
parametara životne sredine u štalama mogu poboljšati udobnost životinja, a sistemi
za automatsku mužu olakšavaju odabir grla i poboljšavaju interakcije ljudi i
životinja.
Prema literaturnim podacima, sprovedena i buduća istraživanja ohrabruju
mogućnost upotrebe PLF mehanizama u automatizovanim sistemima za nadzor
štala u cilju procene, kontrole i poboljšanja dobrobiti mlečnih goveda u celom
proizvodnom procesu mogućnošću brzog reagovanja.
Ključne reči: goveda, poboljšanje, precizno stočarstvo, senzori, nadzor, dobrobit
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Abstract: Since the problem of lameness is very common on dairy farms,
it is necessary to apply newer technologies that can contribute to reducing the
frequency of lameness. Information Computer Technologies (ICT) is becoming
increasingly widespread to monitor the levels of the production, functional, welfare
and health traits. With automated lameness detection methods a large amount of
data can be collected in short period of time, which can improve lameness
prediction accuracy. The application of ICT technology in the detection and
prevention of lameness in cows in milk production is possible and has a future.
Currently, ICT are strongly represented at the level of scientific approach with a
tendency to be applied in practice on a daily basis. Significant effort and
cooperation of several different groups of people (scientists, IT specialists, and
farmers) are needed in order for ICT to be successfully implemented in continuous
practical application.
Key words: information computer technologies, lameness, cattle, detection

Introduction
Precision Livestock Farming (PLF) and the use of Information
Computer Technologies (ICT) is becoming increasingly widespread to monitor the
levels of the production, functional, welfare and health traits (Andonovic et al.,
2018; Azarpajouh et al., 2020). Precision Dairy Farming is the use of technologies
to improve management strategies and farm performance (Bewley, 2010). ICT with
software techniques and engineering techniques have been applied to collects and
analyses (with reasonable accuracy) various behaviour and production
measurements (rumination, eating, standing, lying, walking rhythm and speed, etc.)
which can be the foundation for identifying key animal conditions such as the onset
of illness.
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Lameness is large and frequent problem on the dairy farms which
directly affecting production, economic losses and animal welfare (Green et al.,
2010; Viazzi et al., 2014). In addition to being extremely painful to the animal, the
appearance of lameness leads to large economic losses due to the milk production
decrease, treatment and early culling (Ózsvári, 2017). Detection of lameness early
in cows is important from the animal welfare point of view and for reducing
economic losses (Lokesh Babu et al., 2018). With larger numbers of cows per farm,
farmers no longer have the same time traditionally had to care for their animals.
Norton and Berckmans (2017) emphasized that the application of technology is
becoming more important for EU dairy farmers than ever before.
Visual scoring is the most common method to evaluate lameness, which
requires a lot of time and labor. Therefore, Azarpajouh et al. (2020) considered that
with automated lameness detection methods (that do not rely on the human eyes
and are not subjective) a large amount of data can be collected in short period of
time, which can improve lameness prediction accuracy.
The aim of this paper is to present some of the ICT methods for
lameness detection in cattle on dairy farms.

Automatic lameness detection
Different scientific approaches have been used in order to develop a
fully automated and continuous lameness detection system based on kinematic
analysis, behavioral change detection using sensors, and data and image analysis.
According to Alsaaod et al. (2019) the automatic methods of lameness detection
consist in three categories or combinations thereof:
1.
Kinematic gait analysis (changes in the position of specific body
segments over time using image-processing techniques or accelerometers),
2.
Kinetic gait analysis (force applied to the body using 1- or 3dimensional (D) ground reaction force systems or pressure-sensitive
walkways)
3.
Indirect methods (analysis of variables not involving any gait
characteristics using thermographic imaging, social behaviour production
and health parameters).
Flower et al. (2005) state that kinematic analysis measures the
movement geometry, without considering the causing forces and calculates
different gait aspects such as stride length, and stance and swing duration.
Furthermore, according to previous researches (Chapinal et al., 2009; Kramer et
al., 2009; Pastell et al., 2010; Poursaberi et al., 2010, 2011) parameters such as:
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uneven weight distribution among the legs, increased lying times and bouts,
reduced walking speed, changes in feeding behavior and activity, back posture, can
be used as lameness indicators.

Pressure Sensitive Walkway
Maertens et al. (2011) and Van Nuffel et al. (2013) were used pressure
sensitive walkway and they indicated that variables of asymmetry and speed seem
most promising for further research on cattle lameness detection. Same authors also
emphasized that measurements with the pressure sensitive walkway were highly
repeatable and suited for gait characterization. Pastell et al. (2008) introduced a
special pressure mat made of electromechanical film, which automatically detect
dynamic forces and cow’s leg problems. This tool can be setup in any corridor
along which the cows walk, and it has potentials to separate lame cows from
healthy cows by different force-time behavior.

Accelerometer
The accelerometer is an electronic device containing one or several
sensors that measures, records and transmits acceleration data (regarding to various
locomotor behaviours) in one or all three dimensions. Alsaaod et al. (2012)
demonstrated that pedometer measurements such as activity and lying behavior in
combination with machine learning tools have the potential to detect cattle
lameness.
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Figure1. A schematic diagram of how lameness classification could be implemented using
accelerometers (O’Leary et al., 2020)

Pastell et al. (2009) reported that lame cows have a higher asymmetry of
variance during acceleration compared to healthy cows. Similar to that, Chapinal et
al. (2011) reported that lame cows with high gait scores had a greater asymmetry
of variance during acceleration in both front and rear legs. According to O’Leary et
al. (2020) lameness detection systems using accelerometer (one per cow; resolution
< 100 Hz) with gait measurement functions are suggested to balance cost and data
requirements. The same authors presented a schematic diagram about lameness
classification using accelerometers (Figure 1), and they point out that high priority
should be given to the development of novel gait measures and testing their ability
to differentiate lame from nonlame cows.

Camera and Image Analysis
In resent time more studies was done with camera and picture analyses
for lameness detection, for example, Norton and Berckmans (2017) used image
analysis for collecting real-time field data aiming to monitor lameness of cows.
Authors emphasized that there is no need for physical contact with animals, no
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need to recover sensors from living animals, and costs are reduced since one
camera can monitor a very large group of animals, as each of them will pass under
the camera every day. Norton and Berckmans (2017) used data from real-time
image analysis of the camera in combination with data collected from
accelerometers as basis for developing a real-time PLF algorithm for lameness
detection (Figure 2).

Figure 2. Measurements, labeling, and gold standard to develop algorithms (Norton and
Berckmans, 2017)

In study of the Piette et al. (2020) camera were used for tracking of back
posture of the individual Holstein cows, and authors were used algorithm and the
quantity of the historical data for lameness detection. Piette et al. (2020) were
established a high-performing lameness detection system and demonstrates the
importance of the historical window length for healthy reference calculation in
order to ensure the use of meaningful historical data in deviation detection
algorithms.
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Figure 3. Schematic plan for the dairy cow lameness
monitor in the farm (Piette et al., 2020)

Infrared Thermography
Infrared thermography (IRT) is non-invasive diagnostic tool able to detect
lesions of hooves associated with lameness by measuring the changes in skin
surface temperature (Nikkhah et al., 2005; Alsaood and Büscher, 2012;
Poikalainen et al., 2012; Bobić et al., 2018). In dairy herds, hoof surface
temperature could be monitored regularly to assess hoof health status, and with
IRT can be detected foot lesions well before the appearance of clinical signs (Bobić
et al., 2017).
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Figure 4. Digital and infrared picture of the cows hoof (Bobić et al., 2020)

The application of IRT in practice is possible, useful and desirable, but it is
not simple (special conditions and preparation of the animal are required, presented
by Lokesh Babu et al. 2018 in Figure 5). Various factors that affect changes in
body temperature and can lead to erroneous conclusions should be taken into
account, such as: wind, ambient temperature, sunlight exposure, hoof humidity,
physiological condition of the animal, etc.
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Figure 5. A schematic diagram of standard operating procedure for performing thermography
(Lokesh Babu et al., 2018)

Conclusion
The application of ICT technology in the detection and prevention of
lameness in cows in milk production is possible and has a future. Currently, ICT is
strongly represented at the level of scientific approach with a tendency to be
applied in practice on a daily basis. Significant effort and cooperation of several
different groups of people (scientists, IT specialists, farmers) is needed in order for
ICT to be successfully implemented in continuous practical application.
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Rezime
Budući da je problem hromosti vrlo čest na farmama za proizvodnju mleka,
potrebno je primeniti novije tehnologije koje mogu doprineti smanjenju učestalosti
hromosti. Informacione računarske tehnologije (ICT) postaju sve raširenije za
praćenje nivoa proizvodnje, funkcionalnosti, dobrobiti i zdravstvenih osobina.
Automatskim metodama otkrivanja hromosti velika količina podataka može se
prikupiti u kratkom vremenskom periodu, što može poboljšati tačnost predviđanja
hromosti. Primena ICT tehnologije u otkrivanju i sprečavanju hromosti kod krava u
proizvodnji mleka je moguća i ima budućnost. Trenutno su ICT snažno zastupljene
na nivou naučnog pristupa sa tendencijom svakodnevne primene u praksi. Da bi se
ICT tehnologija uspešno primenjivala u kontinuiranoj praktičnoj primeni potrebni
su značajni napori i saradnja nekoliko različitih grupa ljudi (naučnika, IT
stručnjaka i farmera).
Ključne reči: informacione računarske tehnologije, hromost, goveda, detekcija
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Detekcija hromosti kod krava primenom ICT tehnologije
Tina Bobić, Andrea Bejteš, Pero Mijić, Vesna Gantner, Maja Gregić
Rezime: S obzirom da je problem hromosti veoma čest na mlečnim farmama,
neophodno je primeniti novije tehnologije koje mogu doprineti smanjenju
učestalosti hromosti. Informacione računarske tehnologije (ICT) postaju sve
raširenije za praćenje nivoa proizvodnje, funkcionalnih, socijalnih i zdravstvenih
karakteristika. Automatske metode otkrivanja hromosti mogu da prikupe veliku
količinu podataka u kratkom vremenskom periodu, što može poboljšati tačnost
predviđanja hromosti. Primena ICT tehnologije u otkrivanju i sprečavanju hromosti
krava u proizvodnji mleka je moguća i ima budućnost. Trenutno je ICT snažno
zastupljena na nivou naučnog pristupa sa tendencijom svakodnevne primene u
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praksi. Potrebni su značajni napori i saradnja nekoliko različitih grupa ljudi
(naučnika, informatičara, farmera) kako bi se ICT uspešno primenjivala u
kontinuiranoj praktičnoj primeni.
Ključne riječi: informacione računarske tehnologije, hromost, goveda, detekcija
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Abstract: The objective of this research was to determine the differences
in nitrogen related compounds (daily urea content in milk, milk urea nitrogen and
ammonia emission) in milk samples of Holstein first parity cows reared in Eastern
Croatia depending on season of milk recording. Test-day records of first parity
Holstein cows reared in Eastern Croatia were used for the statistical analysis. The
results of analyses of variance of daily urea content in milk, milk urea nitrogen and
ammonia emission of Holstein first parity cows regarding the season (spring,
summer, autumn and winter) are presented in the paper. All analysed traits differed
statistically highly significant (p < 0.001) regarding the seasons. The highest
content of daily milk urea was recorded in summer (27.195 mg/dl), also, milk
produced in summer had the highest MUN (mg/dl) as well as the highest ammonia
emission (g/cow daily). The lowest content of daily milk urea (20.647 mg/dl) was
determined in winter, along with the lowest milk urea nitrogen (9.498 mg/dl) and
ammonia emission (72.773 g/cow daily). The research results indicate that the
variability of daily milk urea content, milk urea nitrogen and consequently
ammonia emission in Holstein first parity cows depends of daily milk production,
stage of lactation, age at first calving, and season of milk recording. Therefore,
those effects should be taken into account in the statistical model for estimation of
the ammonia emission from dairy cattle farms based on milk recording data.
Key words: ammonia emission, first parity Holsteins, milk recording

Introduction
In indoor dairy farming, there is an evident correlation between the
concentration of urea nitrogen in milk and the concentration of urea nitrogen in
urine (Jonker et al. 1998; Kauffman & St-Pierre 2001; Spek et al. 2013). A tool
used in present dairy farming to control the effectiveness of protein utilization is
milk urea nitrogen (MUN) (Guliński et al., 2015). Urea (70%), allantoin (8%),

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

435

hippuric acid (6%), creatinine (4%), creatine (3%) and ammonia (3%) are the main
components of bovine urine. Furthermore, nearly 2.5-3.0% of the entire amount of
urea in the body, dairy cows remove with milk (Spek, 2013; Guliński et al., 2015).
Milk recording data provide an evaluation of the influence of a dairy farm on
environmental pollution. Accordingly, Bijgaart (2003) pointed out that farms in the
Netherlands are regulated based on urea content in milk that allows the
ascertainment of possible contamination and fresh information of farmers
concerning the important measures. The milk recording process starts with the
gathering of animal identification, a calving date of milking cows, the quantity of
milk given, and the date with time or time frame of a day (ICAR, 2017). During the
milk recording, milk production characteristics are recorded which represent
meaningful data for control and breeding of dairy herds. This is also an ideal way
for farmers to track their best and worst animals. Therefore, farmers can make
management decisions and do the selection (ICBF, 2019). The objective of this
research was to determine the differences in nitrogen related compounds (daily
urea content in milk, milk urea nitrogen and ammonia emission) in milk samples of
Holstein first parity cows reared in Eastern Croatia depending due to season of
milk recording.

Materials and Methods
Test-day records of first parity Holstein cows reared in Eastern Croatia
were used for the statistical analysis. The records were collected in period from
January/2008 to December/2012 within the regular milk recording that is
performed accordingly to the alternative milk recording method (AT4 / BT4).
Sampled milk was analysed in the laboratory in accordance with accredited
laboratory methods; infrared spectrophotometry using MilkoScan FT 6000.
After logical control dataset consisted of 175,162 test day records from
23,368 animals reared on 1,132 farms in Eastern Croatia. The milk urea nitrogen
(MUN) content was calculated using milk urea content (UREA) accordingly to the
following equation:
MUN (mg/dl) = UREA * 0.46 (Spiekers & Obermaier, 2012)
The ammonia emission (AMMONIA) was calculated using milk urea
nitrogen (MUN) accordingly to the following equation:
AMMONIA (g/cow daily) = 25.0 + 5.03 * MUN (Burgos et al., 2010)
Basic statistical parameters of analysed traits are shown in Table 1.
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Table 1. Basic statistical parameters of analysed traits
Variable
DMY
UREA
MUN
AMMONIA

N

Mean

SD

CV

Minimum

Maximum

170660
169291
169291
169291

22.009
23.495
10.808
79.362

7.874
8.801
4.049
20.364

35.775
37.461
37.461
25.660

3.000
0.500
0.230
26.157

85.200
60.000
27.600
163.828

*DMY – daily milk yield (kg); UREA – daily urea content in milk sample (mg/dl); MUN – milk urea
nitrogen (mg/dl); AMMONIA – ammonia emission (g/cow daily)

For the evaluation of the effect of season on the variability of daily milk
urea content, milk urea nitrogen and ammonia emission following statistical model
was used:

yijklmn = µ + b1 (di / 305) + b2 (di / 305) + b3 ln(305 / di ) + b4 ln 2 (305 / di ) + b5m j + Ak + P + M ml + eijklmn
2

Where:
y ijklm = estimated trait (daily milk urea content, milk urea nitrogen and ammonia
emission);
μ = intercept;
b 1 , b 2 , b 3 , b 4 , b 5 = regression coefficients;
d i = days in milk (i = 5 to 500 day);
m j = daily milk yield (j = 3.00 to 96.00 kg);
A k = fixed effect of age at first calving class k (k = 21 to 36 month);
S l = fixed effect of recording season l (l = Spring, …, Winter);
e ijklm = residual.
The significance of the differences between the season of milk recording
was tested by Scheffe’s method of multiple comparisons using the PROC GLM
procedure in SAS (SAS Institute Inc., 2019).

Results and Discussion
The results of analyses of variance of daily milk urea, milk urea nitrogen
and ammonia emissions in regard to the season of milk recording (spring, summer,
autumn, winter) are shown in continuation. Statistically highly significant effect (p
< 0.001) of all independent variables (days in milk; daily milk yield; age at first
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calving class; and season of milk recording) included in used statistical model on
analysed traits (daily urea content in milk, milk urea nitrogen and ammonia
emission) was determined (Table 2).
Table 2. Significance of the effects included in statistical model on analysed traits
Effects

UREA

Source DF

MS

F
Value

MUN
Pr > F

MS

F
Value Pr > F

AMMONIA
F
Value Pr > F

MS

DMY

1

80144.7429 1130.22 <.0001 16958.6276 1130.22 <.0001 429068.541 1130.22 <.0001

AFC

1

3336.3271

47.05

sch1

1

19314.1322

272.37 <.0001 4086.8704 272.37 <.0001 103401.499 272.37 <.0001

sch2

1

12840.6448

181.08 <.0001 2717.0804 181.08 <.0001 68744.581 181.08 <.0001

sch3

1

22303.5190

314.53 <.0001 4719.4246 314.53 <.0001 119405.690 314.53 <.0001

sch4

1

19074.4864

268.99 <.0001 4036.1613 268.99 <.0001 102118.514 268.99 <.0001

season 3

<.0001 705.9668

47.05 <.0001 17861.596

47.05 <.0001

301200.6482 4247.61 <.0001 63734.0572 4247.61 <.0001 1612529.007 4247.61 <.0001

*DMY – daily milk yield (kg); AFC – age at first calving; sch1 – sch4; regression coefficients of
lactation curve (effect of days in milk); UREA – daily urea content in milk sample (mg/dl); MUN –
milk urea nitrogen (mg/dl); AMMONIA – ammonia emission (g/cow daily)

The differences in analysed traits (daily urea content in milk, milk urea
nitrogen and ammonia emission) regarding the season class are shown in the Table
3.
Table 3. LSMs of analysed traits regarding the season of milk recording
SEASON

UREA

MUN

AMMONIA

Spring
22.994A
10.577A
78.204A
B
B
Summer
27.195
12.5099
87.924B
A
A
Autumn
22.958
10.561
78.121A
Winter
20.647C
9.498C
72.773C
*UREA – daily urea content in milk sample (mg/dl); MUN – milk urea nitrogen (mg/dl); AMMONIA
– ammonia emission (g/cow daily); LSMeans marked with different letters (A, B, C) differ
statistically highly significant (p < 0.001)

The results of analyses of variance of daily urea content in milk, milk urea
nitrogen and ammonia emission of Holstein first parity cows regarding the season
(spring, summer, autumn and winter) are presented in Table 3. All analysed traits
differed statistically highly significant (p < 0.001) regarding the seasons. The
highest content of daily milk urea was recorded in summer (27.195 mg/dl), also,
milk produced in summer had the highest MUN (mg/dl) as well as the highest
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ammonia emission (g/cow daily). The lowest content of daily milk urea (20.647
mg/dl) was determined in winter, along with the lowest milk urea nitrogen (9.498
mg/dl) and ammonia emission (72.773 g/cow daily).
A significantly higher urea content in milk produced during the summer
period was also determined by Ruska et al. (2017). Urea content in milk is an
indicator of suitable or appropriate protein and energy balancing in fodder for cows
with various productivity features. In accordance to Ruska et al. (2017), urea
content in milk produced in a farm where tie-stall housing system is, cows are not
classified and are grazed in summer was significantly higher. In accordance to
Spohr and Wiesner (1991) and Spann (1993), a complication related to providing
highly productive dairy cows with fodder dosage having sufficient amounts of
energy and protein was revealed by increased urea in milk. Accordingly, Kohn et
al. (2002) and Bucholtz et al. (2007) pointed out that numerous researches
conducted in Europe have used urea content in milk; at the same time, researches
carrying out in the USA are normally using diverse parameters – milk urea
nitrogen (MUN) content. Acceptable MUN content should have 8.0–12.0 mg/dl
and it is used for effectiveness control. In case the MUN threshold is surpassed,
subsequently, farms have to keep an eye out for the use of proteins in fodder and
their balancing with energy in a particular feed dose. In accordance to Aguilar et al.
(2012), data gathered in the USA relating to fodder protein and MUN content point
that for going up to the MUN limit of 12 mg/dl, it is required to reduce protein
amount in food to 12.8% in dry matter. Accordingly, Godden et al. (2001) and
Haig et al. (2002), noticed that for estimating and creating the farming model is
recommended using the urea content parameter from the view of experts from
countries evaluating nitrogen usage and effectiveness. For identifying metabolism
processes in the animal body, such as predicting possible diseases (ketosis,
acidosis) timely and maintaining farming performance, it is determined that milk
content features can be applied for that and not just for assessing animal
productivity. Also, there is a significant association between milk urea content and
nitrogen content in animal urine and manure (Burgos et al., 2010; Eckersall & Bell,
2010; Klein et al., 2011; Spek et al., 2013).

Conclusion
The research results indicate that the variability of daily milk urea content,
milk urea nitrogen and consequently ammonia emission in Holstein first parity
cows depends of daily milk production, stage of lactation, age at first calving, and
season of milk recording. Therefore, those effects should be taken into account in
the statistical model for estimation of the ammonia emission from dairy cattle
farms based on milk recording data.
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Uticaj sezone na procenjenu emisiju amonijaka prvotelki
holštajn rase
Mirna Gavran, Dragan Soli, Danko Šinka, Vesna Gantner

Rezime
Cilj ovog istraživanja bio je da se utvrde razlike u jedinjenjima povezanim sa
azotom (dnevni sadržaj uree u mleku, azot uree mleka i emisija amonijaka) u
uzorcima mleka prvotelki holštajn rase uzgojenih u istočnoj Hrvatskoj, u zavisnosti
od sezone kontrole mlečnosti. Za statističku analizu korišćena je evidencija o test
danima prvotelki holštajn rase uzgojenih u istočnoj Hrvatskoj. Rezultati analiza
varijanse dnevnog sadržaja uree u mleku, emisije azota uree u mleku i amonijaka
holštajn prvotelki prema sezoni (proleće, leto, jesen i zima) prikazani su u radu.
Sve analizirane osobine razlikovale su se statistički visoko značajno (p<0,001) u
odnosu na godišnja doba. Najveći sadržaj dnevne mlečne uree zabeležen je leti
(27,195 mg/dl), takođe, mleko proizvedeno leti imalo je najveću vrednost MUN
(mg/dl), kao i najveću emisiju amonijaka (g/krava dnevno). Najniži sadržaj dnevne
mlečne uree (20.647 mg/dl) utvrđen je zimi, zajedno sa najnižim azotom uree u
mleku (9.498 mg/dl) i emisijom amonijaka (72.773 g/kravi dnevno). Rezultati
istraživanja pokazuju da varijabilnost dnevnog sadržaja uree u mleku, azota uree u
mleku i posledično emisije amonijaka kod prvotelki holštajn rase zavisi od dnevne
proizvodnje mleka, faze laktacije, starosti pri prvom teljenju i sezone kontrole
mlečnosti. Stoga, te efekte treba uzeti u obzir u statističkom modelu za procenu
emisije amonijaka sa farmi mlečnih goveda na osnovu podataka o kontroli
mlečnosti.
Ključne reči: emisija amonijaka, prvotelke holštajn rase, kontrola mlečnosti
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Abstract: The purpose of this research was to determine the prevalence
risk of subclinical disorders of Simmental first parity cows regarding the recording
season. Test-day records of Simmentals collected during the five years
(January/2008 – December/2012) given by the Croatian Agricultural Agency were
used for the statistical analysis. During the regular milk recording performed
monthly following the alternative milk recording method (AT4 / BT4) on dairy
cattle farms in Croatia, test-day records were gathered. The highest daily fat
content (4.31%) and the highest daily protein content (3.54%) was ascertained in
winter. The lowest values of daily fat (3.83%) and protein content (3.33%) were
determined in summer period. Additionally, the lowest value of fat to protein ratio
(F/P) was observed in summer in amount of 1.16. Higher value of F/P (1.22) was
observed in winter period. Further, the study showed that daily fat and protein
content, together with F/P ratio significantly, differ due to recording month with
the higher values of F/P ratio in winter period indicating higher ketosis prevalence
risk, and lower values of F/P ratio in summer period indicating higher acidosis
prevalence risk. Mentioned factors should be taken into consideration when
predicting the ketosis/acidosis prevalence in dairy cows based on milk recording
data because they influence the variability of daily fat and protein content, and
therefore the fat to protein ratio along with the prevalence risk of metabolic
disorders.
Key words: metabolic disorders, ketosis, acidosis, test-day records,
Simmental cows
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Introduction
In terms of physiology, postpartum period is one of the most critical
periods for dairy cows. In the first 10 days after calving, postpartum disorders
usually occur (Ingvartsen et al. 2003; LeBlanc, 2010; Antanaitis et al. 2015). In
accordance to Mulligan and Doherty (2008), the cause of stress might be
environmental circumstances, for example, reorganization, while Broucek et al.
(2007), pointed out inappropriate (micro)climatic conditions. In lactating dairy
cows, the most frequent disorders are ketosis and acidosis. Ketosis is a disorder
that can appear both in clinical and subclinical forms. According to Gillund et al.
(2001), clinical ketosis frequently occurs in high-producing cows at the start of
lactation (2nd-7th weeks) as a consequence of an unbalanced diet and management
of the farm. Ketosis preponderance could vary because of breed, parity, season, and
herd-connected circumstances (Dohoo and Martin, 1984; Rajala-Schultz et al.,
1999). Further, clinical ketosis causes economic losses for farmers for the sake of
reduced milk production, decreased reproduction, treatment costs, and ultimately
increased animal elimination rates (Rajala-Schultz and Gröhn, 1998; Suthar et al.,
2013). A developing problem in high-productive dairy cows is also subacute
ruminal acidosis (SARA), because of that, prevention and animal surveillance are
extremely significant. The greatest prevalence of SARA was determined in animals
at maximum dry matter intake and in peak of lactation (Dirksen et al., 1985;
Bramley et al., 2005; Oetzel, 2005; O’Grady et al., 2008). Given that both
metabolic disorders (ketosis / acidosis) cause high costs on dairy farms, it is
extremely important to detect a possible disorder in a timely manner and prevent
the occurrence of the clinical form. For this purpose, the results of milk recording,
i.e. the ratio of milk fat and protein, can be used as an excellent indicator of the
prevalence risk. Since many factors affect the variability of the daily milk content
and consequently the fat to protein ratio (F/P), this study aimed to determine the
variability in daily milk fat and protein content, the F/P ratio as well as in
prevalence risk of subclinical disorders of Simmental first parity cows, depending
on the recording season.

Materials and Methods
Test-day records of first parity Simmental cows reared in Eastern Croatia
were used for the statistical analysis. The records were collected in period from
January/2008 to December/2012 within the regular milk recording that is
performed accordingly to the alternative milk recording method (AT4 / BT4).
Sampled milk was analysed in the laboratory in accordance with accredited
laboratory methods; infrared spectrophotometry using MilkoScan FT 6000. The
test-day records with missing information regarding parity, breed, and missing or
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nonsense daily milk traits accordingly to standards of ICAR (ICAR standards,
2017) were excluded from the dataset. After logical control dataset consisted of
59,150 test day records from 11,258 first parity Simmental cows reared on 1,591
farms in Eastern Croatia. Further, in relation to the date of recording, the test day
records were categorized into four seasons: spring (March, April and May),
summer (June, July and August), autumn (September, October and November), and
winter (December, January and February). Basic statistical parameters of analysed
traits (daily milk yield, daily fat and protein content, as well as fat to protein ratio)
are shown in Table 1.
Table 1. Basic statistical parameters of analysed traits
Variable

N

Mean

SD

CV

Minimum

Maximum

DMY
FAT
PROTEIN
F/P

58893
56606
57286
56598

15.773
4.093
3.457
1.193

5.195
0.900
0.458
0.269

32.938
21.988
13.240
22.513

3.000
1.500
1.440
0.347

82.400
9.000
6.900
4.194

*DMY – daily milk yield (kg); FAT – daily fat content (%); PROTEIN – daily protein content (%);
F/P – fat to protein ratio

For the evaluation of the effect of recording season on the variability of
analysed traits (daily fat and protein content, together with fat to protein ratio) in
Simmental first parity cows, following statistical model was used:

yijklmn = µ + b1 (di / 305) + b2 (di / 305) + b3 ln(305 / di ) + b4 ln 2 (305 / di ) + b5m j + Ak + P + M ml + eijklmn
2

Where:
yi jklmn = estimated trait (daily fat and protein content, as well as fat to protein
ration);
μ = intercept;
b 1 , b 2 , b 3 , b 4 , b 5 = regression coefficients;
d i = days in milk (i = 5 to 500 day) as the polynomial regressions by Ali and
Schaeffer (1987);
m j = daily milk yield (j = 3.00 to 96.00 kg);
A j = fixed effect of age at first calving class j (j = 21 to 36 month);
P l = fixed effect of parity l (l = I., II., III., and IV.);
M j = fixed effect of recording month m (m = January to December);
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e ijklmn = residual.
The significance of the differences between recording season classes was
tested by Scheffe’s method of multiple comparisons (using the PROC GLM
procedure in SAS (SAS Institute Inc., 2019)).

Results and Discussion
The results of analyses of daily fat content, daily protein content, and fat to
protein ratio associated with the season of milk recording (spring, summer, autumn,
winter) are presented in continuance. Statistically highly significant effect (p <
0.001) of all independent variables (days in milk – lactation stage; daily milk yield;
age at first calving class; and season of milk recording) involved in the used
statistical model on analysed traits (daily fat content, daily protein content, and fat
to protein ratio) was ascertained (Table 2).
Table 2. Significance of the effects included in statistical model on analysed traits
Effects

FAT

Source DF

PROTEIN

F/P

MS

F Value

Pr > F

MS

F Value Pr > F

MS

F Value Pr > F

DMY

1

705.812

969.60

<.0001

52.668

363.14 <.0001

29.641

82.66 <.0001

AFC

1

8.905

12.23

0.0005

5.246

36.17

<.0001

0.013

0.03

sch1

1

66.665

91.58

<.0001

1.232

8.50

0.0036

5.410

980.35 <.0001

sch2

1

88.703

121.86

<.0001

11.879

81.91

<.0001

3.031

356.28 <.0001

sch3

1

19.525

26.82

<.0001

14.380

99.15

<.0001

9.252

11.74 0.0006

sch4

1

2.730

3.75

0.0528

33.642

231.96 <.0001

8.660

121.67 <.0001

<.0001

138.407 954.28 <.0001

11.154

160.47 <.0001

season 3

1597.157 731.36

0.8708

*DMY – daily milk yield (kg); AFC – age at first calving; sch1 – 4; regression coefficients of
lactation curve (effect of days in milk); *FAT – daily fat content (%); PROTEIN – daily protein
content (%); F/P – fat to protein ratio

The LSmeans of analysed traits (daily fat content, daily protein content and
fat to protein ratio) regarding the recording season class (spring, summer, autumn
and winter) are shown in the Table 3.
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Table 3. LSmeans of daily fat, daily protein content, as well as fat to protein ratio regarding the
recording season
SEASON

FAT
A

PROTEIN

F/P

A

Spring
4.07
3.41
1.20A
Summer
3.83B
3.33B
1.16B
C
C
Autumn
4.14
3.52
1.18C
D
C
Winter
4.31
3.54
1.22D
*FAT – daily fat content (%); PROTEIN – daily protein content (%); F/P – fat to protein ratio;
LSMeans marked with different letters (A, B, C, D) differ statistically highly significant (p < 0.001)

All analysed traits differed statistically highly significant (p < 0.001)
regarding the seasons. Furthermore, the highest daily fat content was determined in
winter (4.31%), while the highest daily protein content (3.54%) was also
ascertained in winter. The lowest values of daily fat (3.83%) and protein content
(3.33%) were determined in summer period. Additionally, the lowest value of fat to
protein ratio (F/P) was observed in summer in amount of 1.16. Higher value of F/P
(1.22) was observed in winter period. Determined results prove that daily fat and
protein content together with F/P ratio particularly vary as a consequence of
recording season. Higher LSMs values of F/P ratio in the winter period imply
higher ketosis prevalence risk, on the other hand, lower LSMs values of F/P ratio
signify higher acidosis prevalence risk throughout the summer period.
Accordingly, Palmquist et al. (1993), Doreau et al. (1999), stated that elements
that can cause a decrease in the percentage of milk fat are increased milk
production, reduced feed particle size, feeding with too much starch (> 28% of the
total meal), a diet with the addition of polyunsaturated fatty acids (linoleic and
linolenic) as free oils and heat stress. If high levels of milk fat occur in cows after
calving, it is a sign of digestive diseases and is correlated with ketosis, fast weight
loss, reduced milk yield, lasting liver damage, rennet dislocation, mastitis, and
many different infections. On the other hand, at the end of lactation, high values of
milk fat are normal given the reduction in milk yield, that signifies they are not a
sign of digestive disorders. Numerous factors such as breed, order and stage of
lactation, season (of calving, of milk recording), milking frequency, udder health,
nutrition (energy supply and the proportion of voluminous feed in the meal), and
individual characteristics of the animal are regulating the fat content of milk
(Hargrove and Gilbert, 1984; Arsov, 1986; Keowen et al., 1986; Erdman and
Varner, 1995; Klei et al., 1997; Ouweltjes, 1998; Weiß et al., 2002). In accordance
to Palmquist et al. (1993), Doreau et al. (1999), the increased proportion of
voluminous feeds, more frequent feeding, feeding with acclaimed oilseed levels (<
2.5 kg), feeding with a bigger proportion of saturated fats such as palmitic (c
16:00) and stearin (c 18:00), reduced fitness and weight loss are components that
can improve milk fat content. Moreover, factors like nutrition (amount of digestible

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

447

protein in the meal), season (lower content is typical for summer season), breed,
order and stage of lactation, udder health, and specific characteristics of each cow,
cause variation in protein content in milk (Hargrove and Gilbert, 1984; Arsov,
1986; Keowen et al., 1986; Murphy and O'Mara, 1993; Erdman and Varner, 1995;
Klei et al., 1997; Ouweltjes, 1998; Eicher et al., 1999; Weiß et al., 2002). The
values of 3.2% - 3.8% is the most desirable for protein content in milk.
Furthermore, low protein content signifies lack of energy and digestible protein,
while too high protein content means the general overnutrition of the animal. The
values of 1.1 - 1.5 are the ideal values of fat to protein ratio (F/P). The variation in
the value of the ratio is slight in healthy animals in good condition. Differences in
the F/P ratio can be caused by lacking feed, unsuitable environmental conditions of
occurrence of animal disorder/disease (Duffield, 2004; Eicher, 2004). This study
shows that daily production level, stage of lactation, parity, age at first calving, and
milk recording season statistically highly significant (p < 0.001) influenced the
variability of daily fat and protein content as well as the F/P ratio. Furthermore, the
results of the study show that the prevalence risk of metabolic diseases
significantly differ throughout the year with registered higher ketosis prevalence
risk in the winter period, along with higher acidosis prevalence risk during the
summer period.

Conclusion
The purpose of this research was to determine the prevalence risk of
subclinical disorders of Simmental first parity cows regarding the milk recording
season. The carried analysis determined an important effect of daily milk
production, stage of lactation, parity, age at first calving, milk recording, and
recording season on the variability of daily fat and protein content as well as F/P
ratio. Further, the study showed that daily fat and protein content, together with F/P
ratio significantly, differ due to recording season with the higher values of F/P ratio
in winter period indicating higher ketosis prevalence risk, and lower values of F/P
ratio in summer period indicating higher acidosis prevalence risk. Mentioned
factors should be taken into consideration when predicting the ketosis/acidosis
prevalence in dairy cows based on milk recording data because they influence the
variability of daily fat and protein content, and therefore the fat to protein ratio
along with the prevalence risk of metabolic disorders.

Varijabilnost
u
procenjenom
riziku
prevalencije
metaboličkih poremećaja (ketoza/acidoza) kod simentalskih
prvotelki pod uticajem sezone kontrole mlečnosti
Franjo Poljak, Marija Špehar, Zvonimir Steiner, Mirna Gavran, Vesna Gantner
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Rezime
Svrha ovog istraživanja bila je da se utvrdi rizik od prevalencije subkliničkih
poremećaja kod simentalskih prvotelki u odnosu na sezonu kontrole mlečnosti. Za
statističku analizu korišćeni su podaci kontrole mlečnosti prikupljeni tokom pet
godina (januar/2008. - decembar/2012.), Hrvatske poljoprivredne agencije. Tokom
redovne kontrole mlečnosti mesečno prema alternativnoj metodi kontrole mlečnosti
(AT4 / BT4) na farmama mlečnih goveda u Hrvatskoj, prikupljeni su podaci za test
dane. Najveći dnevni sadržaj masti (4,31%) i najveći dnevni sadržaj proteina
(3,54%) utvrđeni su zimi. Najniže dnevne vrednosti za mast (3,83%) i protein
(3,33%) utvrđene su u letnjem periodu. Pored toga, najniža vrednost odnosa masti i
proteina (F/P) zabeležena je leti u iznosu od 1,16. Veća vrednost F/P (1,22)
primećena je u zimskom periodu. Dalje, studija je pokazala da se dnevni sadržaj
masti i proteina, zajedno sa odnosom F/P značajno razlikuju pod uticajem meseca
kontrole mlečnosti, sa većim vrednostima odnosa F/P u zimskom periodu što
ukazuje na veći rizik od prevalencije ketoze i niže vrednosti F/P odnosa u letnjem
periodu koji ukazuje na veći rizik od prevalencije acidoze. Navedene faktore treba
uzeti u obzir pri predviđanju prevalencije ketoze/acidoze kod muznih krava na
osnovu podataka iz kontrole mlečnosti, jer oni utiču na varijabilnost dnevnog
sadržaja masti i proteina, a samim tim i odnos masti i proteina zajedno sa rizikom
prevalencije metaboličkih poremećaja.
Ključne reči: metabolički poremećaji, ketoza, acidoza, podaci iz test dana,
simentalske krave

References
ALI T.E., SCHAEFFER L.R. (1987): Accounting for covariances among test day
milk yields in dairy cows. Can. J. Anim. Sci. 67, 637-644.
ANTANAITIS R., ŽILAITIS V., KUČINSKAS A., JUOZAITIENĖ V.,
LEONAUSKAITĖ K. (2015): Changes in cow activity, milk yield, and milk
conductivity before clinical diagnosis of ketosis, and acidosis. Veterinarija ir
Zootechnika 70(92):3–9.
ARSOV A., GOLC S., KASTELIC D. (1986): Higiensko pridobivanje mleka.
Knjižica za pospeševanje kmetijstva. Ljubljana, ČZP Kmečki glas, p.125.
BRAMLEY E., LEAN I.J., COSTA N.D., FULKERSON W.J. (2005): Acidosis in
pasture fed dairy cows: risk factors and outcomes. J Dairy Sci, 88, 95.
BROUCEK J., RYBA S., MIHINA S., UHRINCAT M., KISAC P. (2007): Impact
of thermal-humidity index on milk yield under conditions of different dairy
management. J Anim Feed Sci, 16, 329–344.

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

449

DIRKSEN G., LIEBICH H., MAYER H. (1985): Adaptive changes of the ruminal
mucosa and functional and clinical significance. Bovine Practice, 20, 116–120.
DOHOO I.R., MARTIN S.W. (1984): Subclinical ketosis: prevalence and
associations with production and disease. Can J Comp Med, 48, 1–5.
DOREAU M., CHILLIARD Y., RULQUIN H., DEMEYER D.I. (1999):
Manipulation of milk fat in dairy cows. Rec Adv Anim Nutr. 81–109.
DUFFIELD T.F. (2004): Monitoring strategies for metabolic disease in transition
dairy cows. 23rd World Buiatrics Congress, Quebec City, Canada.
DUFFIELD T.F., KELTON D.F., LESLIE K.E., LISSEMORE K., LUMSDEN
J.H. (1997): Use of test day milk fat and milk protein to predict subclinical ketosis
in Ontario dairy cattle. Can Vet J, 38, 713 – 718.
EICHER R., BOUCHARD E., BIGRAS-POULIN M. (1999): Factors affecting
milk urea nitrogen and protein concentrations in Quebec dairy cows. Prev. Vet.
Med. 39: 53 – 63.
EICHER R. (2004): Evaluation of the metabolic and nutritional situation in dairy
herds: Diagnostic use of milk components. Proceedings of World Buiatrics
Congress, Québec, Canada, July 11-16, 2004.
ERDMAN R.A., VARNER M. (1995): Fixed Yield Responses Increased Milking
Frequency. J. Dairy Sci., 78: 1199 – 1203.
GILLUND P., REKSEN O., GRÖHN Y.T., KARLBERG K. (2001): Body
condition related to ketosis and reproductive performance in Norwegian dairy
cows. J Dairy Sci, 84, 1390-1396.
HARGROVE G.L., GILBERT G.R. (1984): Differences in Morning and Evening
Sample Milkings and Adjustment to Daily Weights and Percents. J Dairy Sci, 67,
194-200.
INGVARTSEN K. L., DEWHURST R. J., FRIGGENS N. C. (2003): On the
relationship between lactational performance and health: is it yield or metabolic
imbalance that causes production diseases in dairy cattle? A position paper.
Livestock Production Science 83, 277–308.
INTERNATIONAL COMMITTEE FOR ANIMAL RECORDING, ICAR (2017):
Section 2 - Guidelines for Dairy Cattle Milk Recording.
KEOWN J. F., EVERETT R. W., EMPET N. B., WADELL L. H. (1986):
Lactation curves. J. Dairy Sci., 69: 769.
KLEI L.R., LYNCH J.M., BARBANO D.M., OLTENACU P.A., LEDNOR A.J.,
BANDLER D.K. (1997): Influence of Milking Three Times on Milk Quality. J
Dairy Sci, 80, 427-436.
LEBLANC S. (2010): Assessing the association of the level of milk production
with reproductive performance in dairy cattle. J Reprod Develop, 56, S1 – S7.

450

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

MULLIGAN F.J., DOHERTY M.L. (2008): Production diseases of the transition
cow.
The
Veterinary
Journal,
176,
1,
3-9.
https://doi.org/10.1016/j.tvjl.2007.12.018.
MURPHY J.J., O'MARA F. (1993): Nutritional manipulation of milk protein
concentration and its impact on the dairy industry. Livestock Production Science.
35(1–2): 117 – 134.
O’GRADY L., DOHERTY M.L., MULLIGAN F.J. (2008): Subacute ruminal
acidosis (SARA) in grazing dairy cows. Vet J, 176 (1), 44–49.
OETZEL G.R. (2005): Applied aspects of ruminal acidosis induction and
prevention, J Dairy Sci, 88, 643.
OUWELTJES W. (1998): The relationship between milk yield and milk interval in
dairy cows. Livest Prod Sci, 56(3), 193 – 201.
PALMQUIST D.L., BEAULIEU A.D., BARBANO D.M. (1993): Feed and animal
factors influencing milk fat composition. J Dairy Sci, 76, 1753 – 1771.
RAJALA P.J., GROHN Y.T. (1998): Effects of dystocia, retained placenta, and
metritis on milk yield in dairy cows. J Dairy Sci, 81, 3172–3181.
RAJALA-SCHULTZ P.J., GROHN Y.T., MCCULLOCH C.E. (1999): Effects of
milk fever, ketosis, and lameness on milk yield in dairy cows. J Dairy Sci, 82, 288–
294.
SAS USER'S GUIDE (2019): Version 9.4 Edition. SAS Institute Inc. Cary, NC.
SUTHAR V.S., CANELAS-RAPOSO J., DENIZ A., HEUWIESER W. (2013):
Prevalence of subclinical ketosis and relationships with postpartum diseases in
European dairy cows. J Dairy Sci, 96, 2925–2938.
WEISS D., HILGER M., MEYER H.H.D., BRUCKMAIER R.M. (2002): Variable
milking intervals and milk composition. Milchwissenschaft, 57(5), 246 – 249.

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

THE EFFECT OF RECORDING SEASON ON THE
ESTIMATED PREVALENCE RISK OF MASTITIS IN
FIRST PARITY SIMMENTAL COWS
Ivana Jožef1, Dragan Solić2, Zvonimir Steiner3, Vesna Gantner3
Faculty of Agriculture, University in Novi Sad, Trg Dositeja Obradovića 8, Novi Sad, Serbia
Croatian Agency for Agriculture and Food, Vinkovačka cesta 63c, Osijek, Croatia
3
Faculty of Agrobiotechnical Sciences Osijek, Josip Juraj Strossmayer University of Osijek, Vladimira
Preloga 1, Osijek, Croatia
Corresponding author: Ivana Jožef, ivana.jozef@stocarstvo.edu.rs
1
2

Abstract: The aim of this study was to determine the variability of daily
lactose content and somatic cell count (SCC), as an indicator of mastitis risk,
depending on the season and based on milk recording data. The statistical analysis
used data on test-day records of the first parity Simmental cows, collected during
the five-year period, during regular milk recording. All independent variables (days
in milk - DIM; daily milk yield - DMY; age at the first calving - AC and milk
recording season - MRS) included in the statistical model statistically highly
significant effect (p <0.001) affected the analysed traits (daily lactose content and
logarithmic SCC (logSCC)). The highest daily lactose content was recorded during
the spring season (4.590%), and the lowest (4.513%) in the autumn months. In
contrast, the log values of somatic cell count were the lowest in spring (16,017),
and highest in autumn (16,180). The research results indicate that the variability of
daily lactose content and SCC, as well as prevalence risk of mastitis in Simmental
first parity cows depends of daily milk production, stage of lactation, age at first
calving, and season of milk recording. Therefore, those effects should be taken into
account in the statistical model for the estimation of the mastitis prevalence risk in
dairy cows based on milk recording data.
Key words: mastitis, lactose, milk recording, seasons, indirect

estimation

Introduction
Mastitis (inflammation of the udder), which occurs in clinical, subclinical,
acute and chronic forms, has been identified as the most common (Seegers et al.,
2003; Petrovski et al., 2006) and most expensive disease in dairy cattle (Gráff and
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Mikó, 2015; Ibrahim, 2017). The prevalence of mastitis ranges from 20% (Hasan
et al., 2018) to 71.9% (Sayeed et al., 2020) in herds around the world and causes
significant business losses due to reduced milk production, treatment costs, reduced
udder functionality and shortens the productive life of dairy cows. Precision dairy
cattle technologies maximize the potential of animals at the individual level and
minimize the use of drugs by applying preventive health measures (Bewley, 2010).
Milk record data, already used by dairy producers as part of precision dairy
farming, can also be used as an excellent tool for early detection of mastitis in
individual animals, enabling cost reduction and adequate optimization of dairy
farm management. Mastitis damages the udder tissue and reduces the synthetic
capacity of secretory cellular enzyme systems, thus reducing lactose biosynthesis
(Kitchen, 1981). Damage of the cells of the alveolar epithelium causes a decrease
in the lactose content, because there is a leakage of lactose from the milk through
the paracellular pathways that multiply during mastitis (Alhussien and Dang,
2018). Elevated SCC in milk is an indicator of inflammation of the mammary
glands of lactating cows (Botton et al., 2019), and in a case of indirect measure of
subclinical mastitis, some authors believe that the most promising parameter for
monitoring of subclinical mastitis is lactose content (Pyorala, 2003). Furthermore,
climatic factors have an impact on the composition and quality of milk, primarily
as a result of the impact of heat stress on cows (Gantner et al., 2017).
The aim of this study was to determine the variability of daily lactose
content and SCC, as an indicator of mastitis, depending on the season and based on
milk recording data.

Materials and Methods
The data were collected on test days (TD) of the first parity Simmental
cows between January 2008 and December 2012. Data were collected during
regular milk recording in Eastern Croatia, performed in accordance with an
alternative milk recording method (AT4 / BT4), which includes measuring and
sampling milk during evening or morning milking every four weeks. The recording
was performed by field officers of the Croatian Agency for Agriculture and Food,
while milk samples were analysed in the Central Laboratory for Milk Quality
Control in accordance with accredited laboratory methods; infrared
spectrophotometry for determining lactose content and fluoro-optoelectronic
method for somatic cell counting. Milcoscan FT6000 was used to determine milk
composition, while Fossomatic FC5000 was used for SCC. The following limits
were set for the TD record, during the logical data control: lactation phase for (> 5
days and <500 d), age at first calving (> 21 and <36 mo) and all records of test
days with missing information regarding parity, breed and missing or meaningless
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characteristics of daily milk production in accordance with ICAR standards were
deleted from the data set (ICAR, 2017). After logical control dataset consisted of
59,150 TD records from 11,258 first parity Simmental cows reared on 1,591 farms
in Eastern Croatia. Furthermore, basic variability of analysed traits is shown in
Table 1.
Table 1. Basic statistical parameters of analysed traits
Variable
DMY
LACT
SSC
logSSC

N

Mean

SD

CV

Minimum

Maximum

58893
57221
58864
58864

15.773
4.553
205.929
16.095

5.195
0.205
457.300
2.017

32.938
4.507
222.067
12.533

3.000
3.000
5.000
12.288

82.400
5.310
4999.00
22.253

*DMY – daily milk yield (kg); LACT – daily lactose content in milk sample (%); SCC – somatic cell
count; logSCC – logarithmic value of SCC

Following statistical model was used, for the evaluation of the effect of
recording season on the variability of daily lactose content, and log value of
somatic cell count in Simmental first parity cows:

y ijklm = µ + b1 (d i / 305) + b2 (d i / 305) + b3 ln(305 / d i ) + b4 ln 2 (305 / d i ) + b5 m j + Ak + S l + eijklm
2

Where:
y ijklm = estimated trait (daily lactose content, and log value of somatic cell count);
μ = intercept;
b 1 , b 2 , b 3 , b 4 , b 5 = regression coefficients;
d i = days in milk (i = 5 to 500 day);
m j = daily milk yield (j = 3.00 to 96.00 kg);
A k = fixed effect of age at first calving class k (k = 21 to 36 month);
S l = fixed effect of recording season l (l = Spring, …, Winter);
e ijklm = residual.
To obtain the significance of the differences between the seasons of milk
recording, Scheffe's method of multiple comparison was used (by the PROC GLM
procedure in SAS (SAS Institute Inc., 2019)).
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Results and Discussion
All independent variables (DIM, DMY, AC and MRS) included in the used
statistical model showed a statistically highly significant effect (p <0.001) on the
analysed traits (daily lactose content and logSCC). Significance of the effects
included in statistical model on analysed traits are presented in the Table 2.
Table 2. Significance of the effects included in statistical model on analysed traits

Effects

LACTOSE

Source

DF

DMY

logSCC

MS

F Value

Pr > F

MS

F Value

Pr > F

1

33.067

848.43

<.0001

2019.487

509.29

<.0001

AFC

1

7.296

187.19

<.0001

201.961

50.93

<.0001

sch1

1

1.202

30.84

<.0001

0.338

0.09

0.7702

sch2

1

0.611

15.69

<.0001

0.663

0.17

0.6826

sch3

1

2.825

72.49

<.0001

4.018

1.01

0.3141

sch4

1

4.717

121.03

<.0001

16.617

4.19

0.0407

season

3

15.795

405.27

<.0001

87.600

22.09

<.0001

*DMY – daily milk yield (kg); AFC – age at first calving; sch1 – sch4; regression coefficients of
lactation curve (effect of days in milk); LACTOSE – daily lactose content in milk sample (%);
logSCC –logarithmic value of SCC

The least square means (LSMs) values of analysed traits (daily lactose
content in milk and log value of somatic cell count) regarding the recording season
class are shown in the Table 3.
Table 3. LSMs of analysed traits regarding the season of milk recording
SEASON

LACTOSE

logSCC

A

Spring
4.590
16.017A
B
Summer
4.546
16.048B
Autumn
4.513C
16.180B
D
Winter
4.566
16.141A
*LACTOSE – daily lactose content in milk sample (%); logSCC – logarithmic value of SCC;
LSMeans marked with different letters (A, B, C) differ statistically highly significant (p < 0.001)

The LSmeans values of daily lactose content in milk of Simmental first
parity cows differed statistically highly significant (p < 0.001) regarding the
recording seasons (spring, summer, autumn and winter). The daily lactose content
fluctuates during the seasons, so the highest value was recorded during the spring
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(4.590%), and the lowest (4.513%) in the autumn months. For the second analysed
trait, the log value of the number of somatic cells, the lowest LSmean values were
determined in the spring season (16.017), as opposed to the autumn season when
the highest values were recorded (16.180).
This results showed the influence of the recording season on mastitis
indicators (daily lactose content and SCC), also determined by Nobrega and
Langoni (2011). They found that the incidence of cows with intramammary
infections (IMI) was higher in the rainy season than in the dry season, and the same
cows had higher lactose rates in the dry season than in the rainy season (Nóbrega
and Langoni, 2011). Mastitis reduces the synthetic ability of udder cells, so the
lactose content in milk from infected glands is usually low and as such is a good
indicator of mastitis. Furthermore, there is an inverse relationship between the
severity of mastitis (as shown by the SCC) and the lactose content of milk (Sharif
et al., 2014). Changes in milk composition, SCC and mastitis frequencies are
associated with heat stress mainly expressed during the summer season (Gantner et
al., 2011). Lactose synthesis largely depends on the energy status of the cows,
which in turn is directly related to food intake, and the lactose content is also
related to the seasons: the heat stress that usually affects lactating cows during the
summer and autumn (Haygert-Velho et al., 2018). When clinical or subclinical
udder inflammation is present, accompanied by an increase in SCC, the lactose
content tends to decrease (Costa et al., 2019). Additionally, Weber et al. (2020)
determined the influence of the season on the quality and composition of milk,
because they are of better quality in winter and spring, while in the hotter months
of summer and autumn the quality is reduced (Weber et al., 2020).

Conclusion
The research results indicate that the variability of daily lactose content
and log value of somatic cell count, as well as prevalence risk of mastitis in
Simmental first parity cows depends of daily milk production, stage of lactation,
age at first calving, and season of milk recording. Therefore, these effects should
be taken into account in the statistical model for estimation of the mastitis
prevalence risk in dairy cows based on milk recording data.

Uticaj godišnjeg doba kontrole na procenjenu prevalenciju
rizika od mastitisa kod prvotelki simentalske rase
Ivana Jožef, Dragan Solić, Zvonimir Steiner, Vesna Gantner
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Rezime
Cilj ove studije bio je da se utvrdi varijabilnost dnevnog sadržaja laktoze i broja
somatskih ćelija, kao pokazatelja rizika od mastitisa, u zavisnosti od godišnjeg
doba i na osnovu podataka o kontroli mlečnosti. Statistička analiza koristila je
podatke dobijene u kontroli mlečnosti prvotelki simentalske rase, prikupljene
tokom petogodišnjeg perioda, tokom redovne kontrole mlečnosati. Sve nezavisne
varijable (dani laktacije; dnevni prinos mleka; starost pri prvom teljenju i sezona
kontrole mlečnosti) uključene u statistički model statistički visoko značajan efekat
(p<0,001) uticale su na analizirane osobine (dnevni sadržaj laktoze i log vrednost
somatske ćelije broj, logSCC). Najveći dnevni sadržaj laktoze zabeležen je u
prolećnoj sezoni (4,590%), a najmanji (4,513%) u jesenjim mesecima. Nasuprot
tome, log vrednosti somatskih ćelija bile su najniže u proleće (16,017), a najviše u
jesen (16,180). Rezultati istraživanja ukazuju na to da varijabilnost dnevnog
sadržaja laktoze i broja somatskih ćelija, kao i rizik od prevalencije mastitisa kod
prvotelki simentalske rase zavise od dnevne proizvodnje mleka, stadijuma
laktacije, starosti pri prvom teljenju i sezone kontrole mlečnosti. Zbog toga bi te
efekte trebalo uzeti u obzir u statističkom modelu za procenu rizika prevalencije
mastitisa kod muznih krava na osnovu podataka o kontroli mlečnosti.
Ključne reči: mastitis, laktoza, snimanje mleka, godišnja doba, indirektna procena
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Abstract:This study was carried out to investigate the effects of retained
placenta (RP) in dairy cows on haemato-biochemical indicators. Experiments were
conducted at the Experimental Farm of the Research and Development Institute for
Bovine Balotesti using 40 multiparous Romanian Black and Spotted dairy cows,
which were divided into two groups, cows with retained placenta (experimental,
n=16) and the control group (n=24), between 2019 and 2020. Each group was fed
with the same diet and had free access to water and mineral blocks. Results were
expressed as mean±standard deviation (SD) and minimum-maximum range values.
The independent means t-test was applied for comparisons between the control (C)
group and the retained placenta (RP) group. Pearson’s coefficients were utilized to
test the correlations between the main blood indicators. Cows with retained
placentas showed a significant decrease in RBC (p=0.0451), HGB (p=0.0000),
MCH (p=0.0000), MCHC (p=0.0012) and WBC (p=0.0001), compared with the
control group. Whereas the LY (p=0.0551), MO (p=0.0000) and NE (p=0.0273)
concentrations of cows with retained placentas were significantly higher than those
of healthy cows. The AST and ALT serum concentrations of cows with retained
placenta were significantly higher than those of cows from the control group
(p=0.0000). Regarding urine analysis, no significant changes were found between
the two groups studied. In conclusion, the obtained preliminary results suggest that
blood indicators could be useful for risk prediction of retained placenta in dairy
cows, while further research is needed on correlations between blood constituents
and retained placenta.
Key words: dairy cow, haematology, retained placenta, transaminase.
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Introduction
Retained placenta (RP) is one of the main reproductive disorders
affecting dairy cows. RP usually is defined as failure to expel the fetal membranes
within 24 h after parturition (Sheldon, 2009). RP in cows causes considerable
economic losses (Haile, 2014), especially when the incidence exceeds 5-10% in the
herd (Maldonado and Shreif, 2010). There are important relationships between
metabolic disorders, immune function and retained placenta, with further
consequences on the overall reproductive efficiency (Trevisi et al., 2008; Dubuc et
al., 2010), such as reduction in pregnancy rates, increased number of services per
conception (Sheldon et al., 2006; Wathers, 2010; LeBlanc, 2012). The common
risk factors that predispose for retention placenta, are the following: age, parity,
cow’s body weight, repeatability (past RTs), stillbirth, calves’ birth weight,
abortion, twin birth, dystocia, cesarean section, nutritional deficiencies, metabolic
disorders, bovine viral diarrhea, brucellosis, leptospirosis, vibriosis, listeriosis, etc.
(Han and Kim, 2005; Le Blanc, 2010). The main cause of retained placenta is due
to a failure of the timely (more than 24 hours) breakdown of the carunclecotyledon attachments after calving, induced by infectious and/or noninfectious
factors (Martin, 2006; Le Blanc, 2008; Moizur et al., 2013). Cows that had once
retained placenta are at an increased risk of recurrence in future parturitions, with a
significant negative effect on milk yield for several weeks after calving (Rajala and
Grohn, 1998), and increased risk of developing fatty liver syndrome and ketosis
(Shiferaw et al., 2005). Metabolic, immunologic and endocrine changes (correlated
or independently), are potential predictors for retained placenta (Beagley et al.,
2010). The aim of this study was to investigate the effects of retained placenta (RP)
in dairy cows on haemato-biochemical indicators.

Materials and Methods
Forty multiparous Romanian Black and Spotted dairy cows were
investigated for haemato-biochemical and urine parameters, during the first 2
weeks post-partum in relation to retained placentas. The cows were divided into
two groups: retained placenta (RP: n=16 heads/group), when fetal membranes not
being released within the first 24 h post-partum, and the control (C: n=24
heads/group), which consisted out of clinically healthy cows, without any postpartum uterine disorders. The study was carried out at the Experimental Farm of
the Research and Development Institute for Bovine Balotesti, Romania
(44°36′46″N 26°4′43″E),
The age of studied cows ranged between 5 and 8 years. The cows
were housed under tied stanchion barn conditions. All cows were fed twice daily,
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the diets being formulated to meet nutrient requirements at the stage of their
lactation (the diet/head/day consisting of 7 kg alfalfa hay, 25-28 kg corn silage, 6
kg concentrates, 80-100 g Saccharomyces cerevisiae, mineral blocks and water ad
libitum).
Blood samples were taken from the jugular vein of each cow, in
the first 2 weeks post partum in the morning, being collected in vacutainer tubes
with EDTA/K 3 for hemoleukogram (1-2 ml/tube, and chilled to +4 °C), and
vacutainer tubes (6 ml/tube, centrifuged at 3000 rpm for 15 minutes and stored at –
20 °C till further testing) for biochemical examination. Urine samples were
collected in 50 ml sterilized vials, as free catch during micturition. Red blood cells
count, hemoglobin concentration, hematocrit percentage, mean platelets volume,
mean corpuscular volume, mean corpuscular hemoglobin, mean corpuscular
hemoglobin concentration, the total white blood cells count, lymphocytes
percentage, monocytes percentage, neutrophil percentage were performed using an
automated hematology analyzer (Abacus Junior Vet 5). Aspartate transaminase and
alanine aminotransferase were determined using a semiautomated biochemical
analyzer (StarDust MC 15), and DiaSys reagents in dedicated kits. Urine
examination (bilirubin, urobilinogen, ketones, ascorbic acid, glucose, protein,
blood, pH, nitrites, leukocytes, specific gravity) was determined with the
DocUReader urine analyzer.
Statistical analyses were carried out using Microsoft Excel
Statistical Software. The data were expressed as mean±standard deviation (SD),
minimum (min.) and maximum (max.) range values, and the independent means ttest was applied for comparisons between the control group and the retained
placenta group. Pearson’s coefficients were utilized to reveal the correlations
between neutrophiles and the transaminase indicators. Differences were considered
statistically significant at p<0.05.
All experimental procedures were performed in accordance with
the practices and standards approved by the Romanian Law no. 43/2014 and the
Council Directive 2010/63/EU.

Results and Discussion
The effects of retained placenta on blood parameters in dairy cows are
being presented in Table 1. Statistical evaluations revealed significant differences
in red blood cells-RBC (6.18±0.59 106/µl, ranges 5.32-6.94 106/µl in RP group vs.
6.65±0.58 ranges 5.86-8.27 in C group; p<0.05), hemoglobin-HGB (8.97±0.47
g/dl, ranges 8.8-10.3 in RP group vs. 10.11±0.78 g/dl, ranges 8.6-11.9 in the C
group; p<0.001), mean corpuscular hemoglobin-MCH (13.83±0.59 pg, ranges 1314.9 in RP group vs. 15.23±1.02 pg, ranges 13.7-17.4 in the C group; p<0.001),
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and mean corpuscular hemoglobin-MCHC (31.43±2.33 g/dl, ranges 30.3-37.4 in
the RP group vs. 35.57±1.44 g/dl, ranges 32.6-40.4 in the C group; p<0.01). There
were no significant differences (p>0.05) for hematocrit (HTC) and mean platelets
volum (MPV) concentrations. For HTC, the obtained results were below the
reference limits (by 30-32%) for both groups studied, a decrease of the HTC
possible indicating anemia and impaired ability to carry oxygen from red blood
cells. In the case of MCH and MCHC, significant differences (p<0.001) between
the retained placenta group and the control group were observed, while for MCV
no significant differences (p>0.05) were found.
A lower level of total white blood cells (WBC) was found in the retained
placenta group (7.68±1.07 103/µl, ranges 6.25-9.63) compared with the control
group (9.51±1.71 103/µl, ranges 6.55-12.35). The leukogram showed leucocytosis
accompanied by lymphopenia and monocytosis. The condition may be attributed to
inflammation and increase of monocytes for scavenging of cell debris. For
neutrophil (NE), dairy cows with retained placentas showed significant differences
compared to the control group (p<0.05), however, with minimum and maximum
ranges being in physiological reference limits.
Table 1. Haematological parameters in cows with retained placenta (RP), compared with the
control group (C)
Parameters

RP

C

pvalue
RBC, 106/µl
6.18±0.59
5.32
6.94
6.65±0.58
5.86
8.27
0.0451
HGB, g/dl
8.97±0.47
8.8
10.3
10.11±0.78
8.6
11.9
0.0000
HTC, %
28.89±1.08
27.44 30.85
28.47±2.52
23.71 34.66 0.2616
MCV, fl
43±2.06
40
46
42.94±3.50
34
53
0.4754
MCH, pg
13.83±0.59
13
14.9
15.23±1.02
13.7
17.4
0.0000
MCHC, g/dl
31.43±2.33
30.3
37.4
35.57±1.44
32.6
40.4
0.0012
MPV, fl
6.47±0.56
5.9
7.5
6.72±0.49
6.1
7.6
0.0634
WBC, 103/µl
7.68±1.07
6.25
9.63
9.51±1.71
6.55
12.35 0.0001
LY, %
68.40±11.13
43.2
89.6
63.45±7.68
51.2
76.5
0.0551
MO, %
7.80±2.33
1
10.8
1.31±0.35
0.8
1.9
0.0000
NE, %
29.81±7.82
16.6
39.6
24.91±8.37
16.1
46.8
0.0273
RBC=red blood cells count, HGB=hemoglobin concentration, HCT=hematocrit percentage,
MCV=mean corpuscular volume, MCH=mean corpuscular hemoglobin, MCHC=mean corpuscular
hemoglobin concentration, MPV=mean platelets volum, WBC=total white blood cells count,
LY=lymphocytes percentage, MO=monocytes percentage, NE=neutrophil percentage.
X±SD

min

max

X±SD

min

max

Changes in liver enzymes, such as asparagine aminotransferase (AST) and
alanine aminotransferase (ALT) during post-partum periods in cows with retained
placenta and the controls (C) are shown in Figure 1. The concentration of these
enzymes was statistical significantly higher (p<0.001) in the retained placenta
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group, compared to the control group. In this study, the mean activity of AST was
76.31±9.27 U/L (interval values 58-91) in the retained placenta group vs
39.12±4.39 U/L (interval values 32-47) in the control group. For ALT, the obtained
results were 51.93±12.70 U/L (interval values 77-35) in the retained placenta group
vs 26.97±4.02 U/L (interval values 20-37) in the control group. The obtained
values revealed higher enzyme concentration in the retained placenta group
comparative with the control group. Increases in AST and ALT activities in dairy
cows with retained placenta were found also by Djokovic et al. (2019) and
Sahinduran et al. (2010). Hassan et al. (2020) obtained average values of 81.1
IU/L (RP) vs. 72.17 IU/L (C) for AST and values of 43.97 IU/L (RP) vs. 34.84
IU/L (C) for ALT. Semcan and Sevinc (2005) showed values of 120.6±19 (RP) and
78.5±9 0.045 (C) for AST.
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Figure 1 a.b. Mean±SD of serum AST (a) and ALT (b) levels (U/I) in dairy cows with retained
placenta (RP) compared to the control (C)

The ALT is the most sensitive targeted diagnosis for acute liver damage,
whereas AST is more sensitive in reflecting the degree of damage (Kew, 2000).
Winnicka (2011) showed that ranges between 68-100 mmol/l for serum AST may
be helpful during potential biochemical blood metabolic monitoring in dairy cows,
in terms of retained placenta. Retained placenta is mediated by impaired migration
of neutrophils to the placental interface in the pre-partum period. The impaired
neutrophil function extends into the post-partum period and probably mediates the
recognized complications of risk retained placenta. Cai (2002) and Moretti et al.
(2015) suggested that a relationship between neutrophil functions and pre-partum
disorders in cows exists, while neutropenia and increased aspartate transaminase
(AST) activity representing important co-factors connected with the pathogenesis
of retained placenta in cows. In this study, there was a non-statistical positive
correlation between the blood NE concentrations and AST concentrations
(r=0.0505; r2=0.0026; p=0.8526), with the same pattern for the blood
concentrations of NE and ALT (r=0.2046; r2=0.0419; p=0.4471).
However, except for WBC and NE, haematological parameters should be
used in correlations with other biochemical indices such as the mineral, vitamins,
and other biochemical indicators, as well as gamma-glutamyltransferase (GGT)
serum enzyme.
Urine parameters in cows with retained placenta and control group are
presented in Table 2. Urine examination showed no significant changes (p>0.05)
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between the two groups studied. However, fluctuations for urine proteins (30-100
mg/dl) for the retained placenta group were found.
Table 2. Urine parameters in the retained placenta group (RP), compared with the control
group (C)
Parameters
RP
C
Bilirubin, mg/dl
Negative
Negative
Urobilinogen, mg/dl
Normally
Normally
Ketones, mg/dl
Negative
Negative
Glucose, mg/dl
Negative
Negative
Protein, mg/dl
30-100
30
Blood, ery/µl
Negative
Negative
pH
6-8
5-6
Nitrite
Negative
Negative
Leukocytes, leu/µl
Negative
Negative
Specific gravity
1.010-1.035
1.015-1.025

Conclusions
The obtained values were significantly higher for lymphocytes
(LY), monocytes (MO), neutrophil (NE), and significantly lower for red blood cells
(RBC), hemoglobin (HGB), mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC), and total white blood cells (WBC)
concentrations in cows with retained placenta, compared with the control group.
The asparagine aminotransferase (AST) and alanine aminotransferase (ALT) serum
concentrations of cows with retained placenta were significantly higher than the
control cows, which indicated that retained placenta might be associated with fatty
liver disease.
This study shows that haematological indicators could be used as
parameters for risk prediction of retained placenta.
Further research on a higher number of animals in order to
establish connections between blood indicators and retained placenta is required.
Early detection and diagnosis of cows at increased risk of developing retained
placenta immediately after calving could improve treatments efficiency, milk yield
and reproductive performances.

Istraživanja o hemato-biohemijskim pokazateljima kod
rumunskih crnih i šarenih krava sa zadržanom placentom preliminarni rezultati
Marinela Enculescu
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Rezime
Ovo istraživanje je sprovedeno radi ispitivanja uticaja zadržane placente (RP) kod
muznih krava na hemato-biohemijske pokazatelje. Eksperimenti su sprovedeni na
Eksperimentalnoj farmi Instituta za istraživanje i razvoj u govedarstvu, Balotešti,
koristeći 40 rumunskih crnih i šarenih muznih krava, koje su podeljene u dve
grupe, krave sa zadržanom placentom (eksperimentalno, n = 16) i kontrolnu grupu
(n = 24), između 2019. i 2020. godine. Svaka grupa je hranjena istim obrokom i
imala je slobodan pristup vodi i mineralnim blokovima. Rezultati su izraženi kao
srednja ± standardna devijacija (SD) i minimalno-maksimalne vrednosti opsega. Za
poređenje između kontrolne (C) grupe i eksperimentalne (RP) primenjen je
nezavisni t-test. Pearsonovi koeficijenti su korišćeni za testiranje korelacije između
glavnih pokazatelja krvi. Krave sa zadržanom placentom pokazale su značajno
smanjenje RBC (p=0,0451), HGB (p=0,0000), MCH (p=0,0000), MCHC
(p=0,0012) i WBC (p=0,0001), u poređenju sa kontrolnom grupom. Dok su u grupi
krava sa zadržanom posteljicom koncentracije LY (p=0.0551), MO (p=0.0000) i
NE (p=0.0273) bile značajno veće od koncentracija zabeleženih u grupi zdravih
krava. Koncentracije AST i ALT u serumu krava sa zadržanom placentom bile su
značajno više od koncentracije krava iz kontrolne grupe (p=0,0000). Što se tiče
analize urina, nisu pronađene značajne promene između dve ispitivane grupe. U
zaključku, dobijeni preliminarni rezultati ukazuju na to da bi krvni pokazatelji
mogli biti korisni za predviđanje rizika zadržavanja posteljice kod krava muzara,
dok su potrebna dalja istraživanja o korelacijama između sastojaka krvi i zadržane
posteljice.
Ključne reči: mlečne krave, hematologija, zadržana placenta, transaminaza.
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Abstract: The aim of the study was to assess the breeds risk status based
on their geographic distribution. Four local Bulgarian breeds were included Rhodope Shorthorn Cattle, Rhodope Tsigai sheep, Central Rhodope sheep, and
Bulgarian screw-horned longhaired goat. For each breed, the identification of the
farm, its location, and the number of animals were collected, and the geographic
distribution was analyzed by GIS methods. The location of each farm was
geocoded using two approaches - by the village coordinates, and by the
municipality center coordinates. The percentage of the population within 25 and 50
km distance from the weighted mean center of the farms, and the radius of the
circle enclosing 75% and 100% of the population were calculated. In all the breeds,
except the goats, more than 75% of the population was concentrated in less than 50
km from the weighted mean center, thus their status is “vulnerable”, and they
should be closely monitored. The Bulgarian screw-horned longhaired goat was
distributed in three distant regions, there additional study has to be conducted on
sub-population level. Farms located far away from the original area of the breed
were observed in all breeds. The results when using the municipality coordinates
were similar to those produced using village coordinates. For practical purposes, as
a simplification, the total number of animals per municipality can be used.
Key words: livestock biodiversity, local breeds, GIS, risk status.

Introduction
The effective management and conservation of the livestock biodiversity is
one of the key elements for ensuring food security. The local breeds, well adapted
to the climate conditions in the country, are important part of this biodiversity. The
importance of their biodiversity is recognized in the United Nations Sustainable
Development Goals, more precisely in the Target 2.5 of Goal 2 – “By 2020,
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maintain the genetic diversity of seeds, cultivated plants and farmed and
domesticated animals and their related wild species, including through soundly
managed and diversified seed and plant banks at the national, regional and
international levels, and promote access to and fair and equitable sharing of
benefits arising from the utilization of genetic resources and associated traditional
knowledge, as internationally agreed” (United Nations General Assembly, 2015).
Indicator 2.5.2 to this Target is “Proportion of local breeds classified as being at
risk, not-at-risk or at unknown level of risk of extinction”, which again stresses the
importance of regular assessment of the risk status.
Many systems for assessment the risk status of a breed were developed at
national and international level during the years, e.g. (Loftus and Sherf, 1993;
Simon and Buchenauer, 1993; Reist-Marti et al., 2003; Gandini et al.,2004;
Duchev et al., 2006; Alderson, 2009; Verrier et at., 2015), most of which were
based mainly on population data. The geographical distribution of the breeds as a
component of the breed risk status was included in some of these systems (ReistMarti et al., 2003; Alderson, 2009) and included by the Food and Agriculture
Organization of the United Nations in their “In vivo conservation of Animal
Genetic Resources guidelines” (FAO, 2013). The concentration of the population in
a restricted area, presents a threat to significant reduction in the size of the breed,
or even its extinction, by catastrophic events like disease outbreaks. Following the
proposal of Alderson (2009) the breed is assigned to category “critical” if 75% of
the population is concentrated within a circle with radius 12.5 km and to category
“endangered” if 75% of the population is within a circle with 25 km radius.
Alderson, proposes also “vulnerable” category if the 75% of the population is
within a circle with 50 km radius.
In a study funded by the European Regional Focal Point for Animal
Genetic Resources, Sturaro et al. (2013) analyzed, using GIS methods, the
geographic distribution of 8 local breeds from UK, Greece, Slovenia and Italy,
assessing the concentration of the 75% of the population. They noted that there are
some non-trivial cases, like breeds with large herds, geographically wide
distributed, but in a small number of farms, or breeds geographically concentrated
in more than one region.
The aim of this study is to assess the risk status of four Bulgarian local
breeds based on their geographic concentration.

Materials and Methods
Four local breeds were included in the study, one cattle - Rhodope
Shorthorn Cattle (RKG) (the population kept by the Association for breeding of
local cattle breeds), two sheep - Rhodope Tsigai (RTs), Central Rhodope sheep
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(SR), and one goat - Bulgarian screw-horned longhaired goat (BVDK). For each
breed the identification of the farm, its location (village, municipality and
province), and the number of animals were collected in year 2020 from the
respective breeding societies looking after these breeds.
The location of each farm was then geocoded by the village coordinates,
using the Nominatim Geocoder service provided by the OpenStreetMap project.
The data was loaded and analyzed in the free and open source software QGIS
(QGIS.org, 2021).
For each breed, the location (latitude and longitude) of its weighted mean
center (WMC) was calculated, using the number of animals in each farm as
weights. The radiuses of the circles with this center and enclosing 75% and 100%
of the population were calculated. The percentage of the population within 25 and
50 km distance from the weighted mean center were also calculated.
To assess whether simplification can be used for the routine estimation of
the risk status, all farms on the territory of the same municipality were merged in
one ‘virtual’ farm located in the center of the municipality. The same calculations
as in previous paragraph were performed and the results compared.

Results and Discussion
The four breeds (Table 1.) represent various cases found in Bulgaria. The
Bulgarian screw-horned longhaired goat is the smallest in number of animals from
the four, located in only 20 farms in 19 villages. The two sheep breeds are similar
in number of farms and animals, each breed distributed in only 4 provinces. The
Rhodope Shorthorn Cattle is a typical mountainous breed, with large number of
small farms.
Table 1. Number of animals and farms by breed
Breed
RKG
RTs
SR
BVDK

Farms
No.
136
45
44
20

Provinces
No.
9
4
4
6

Municipalities
No.
21
13
12
11

Villages
No.
86
42
35
19

Animals
No.
5243
5850
8164
3107

The WMC of RKG farms is located in the typical area for this breed – the East
Rhodope Mountains (Figure 1.), where are also most of the farms. There are single
herds outside this area, however, the largest farm rearing RKG is among them.
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Figure 1. Location of RKG farms, members of the Association for breeding of local cattle
breeds. The farms are depicted by circles proportional to the number of animals. The weighted
mean center of the farms is depicted by a diamond. In the brackets are the number of farms
within the respective size.

The RTs breed is also located mainly in the Rhodope Mountains, with
single farms outside the region (Figure 2.). A cluster of farms was observed in the
southeast part, where 3328 animals (57% of the population) are within a circle with
18 km radius. In this case additional study is needed, in order to estimate the
potential genetic loss, if all the animals within the cluster get extinct due to an
epidemiological outbreak.
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Figure 2. Location of RTs farms. The farms are depicted by circles proportional to the number
of animals. The weighted mean center of the farms is depicted by a diamond. In the brackets
are the number of farms within the respective size.

The situation with SR breed (Figure 3.) is similar to RTs, and even the
WMCs of the two breeds are less than 20 km apart. Only one SR farm is outside
the Rhodope region.

Figure 3. Location of SR farms. The farms are depicted by circles proportional to the number
of animals. The weighted mean center of the farms is depicted by a diamond. In the brackets
are the number of farms within the respective size.

The WMC of the BVDK farms (Figure 4.) is outside the typical area of the
breed and visually, there are no farms in near distance to the center. This breed is
distributed in three, distant from each other, regions of the country.
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Figure 4. Location of BVDK farms. The farms are depicted by circles proportional to the
number of animals. The weighted mean center of the farms is depicted by a diamond. In the
brackets are the number of farms within the respective size.

The largest part of the population (62%) is located in the South-West part
of the Bulgaria, another 30% are kept around the region of Vratsa, North from the
Balkan, and the rest 8% of the population is kept in two farms in South, in the
Rhodope and Sakar mountains.
As shown in Table 2., in all four breeds less than 31% of the population is
concentrated within 25 km of the WMC of the farms, which is well under the 75%
threshold. Thus, not any of these breeds should be considered endangered because
of concentrated population. For RKG, RTs and SR breeds more than 75% of
population is located in a circle with radius 50 km, which implies increased risk
due to geographic concentration and a need for more detailed monitoring.
Table 2. Breed concentration (actual farms)

Breed

Percentage
population
distance of
25 km

of the
within
50 km

Radius of the
circle enclosing
of
the
75%
population (km)

Radius of the
circle
enclosing
of
the
100%
population (km)

RKG

30.94

84.49

46

254

RTs

14.96

75.01

50

149

SR

29.45

92.71

47

176

BVDK

0.00

13.68

122

223
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In all these breeds, the large distances to the furthest farm (the radius of the
circle enclosing 100% of the population) are also indication that there are farms
outside the typical area of the breed, something observed by the maps in Figures 1,
2, and 3.
As noted before, one extreme case is the Bulgarian screw-horned
longhaired goat. There are no farms within 25 km from the MWC, and less than
14% of the population is within 50 km distance. The radius of the circle enclosing
75% of the population is 122 km, which implies that the breed is not at risk due to
its geographic concentration. However, additional research is needed to clarify if
the sub-populations in these regions possess unique genetic features. If this is the
case, the concentration in one of the regions presents also a threat to the
biodiversity of the whole breed.
Table 3. Breed concentration (virtual farms by municipalities)

Breed

Percentage
population
distance of
25 km

of the
within
50 km

Radius of the
circle enclosing
75% of the
population (km)

Radius of the
circle
enclosing
of
the
100%
population (km)

RKG

38.91

83.62

41

250

RTs

8.70

84.09

50

166

SR

37.40

94.05

48

185

BVDK

0.00

22.95

130

224

When using the centers of the municipalities, instead of the villages, the
results are similar (Table 3.). Some of the numbers had slightly increased, others
decreased, depending on the position of the farms villages within the
municipalities. Nevertheless, the proportion of the population, concentrated within
25 km of the WMC of the farms, is still well under the 75% in all breeds. For
RKG, RTs and SR more than 75% of population is concentrated again within a
circle with radius 50 km, corresponding to status “vulnerable”. This observation is
in line with the conclusions of Sturaro et al., 2013 that the simplest option seems to
be the use of total number of individuals per municipality.

Conclusion
RKG (the population kept by the Association for breeding of local cattle
breeds), RTs and SR breeds are vulnerable to risk of extinction with 75% of the
population within 50 km distance from the weighted mean center.
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The BVDK breeds should be studied at subpopulation level in the different
regions.
The results obtained when using geocoding by village and geocoding by
municipality are very similar in relation to the concentration thresholds.
For practical purposes, total number of animals per municipality can be
used, placing all the animals in a virtual farm in the municipality center.

Procena statusa rizika četiri lokalne Bugarske rase na osnovu
njihove geografske rasprostranjenosti
Zhivko I. Duchev

Rezime
Cilj studije je bio da se proceni status rizika rasa na osnovu njihove geografske
rasprostranjenosti. Uključene su četiri lokalne bugarske rase - rodopska kratkoroga
goveda, ovce rase rodopska cigaja, centralno rodopske ovce i bugarska dugodlaka
koza. Za svaku rasu prikupljena je identifikacija farme, njena lokacija i broj
životinja, a geografska rasprostranjenost je analizirana GIS metodama. Lokacija
svake farme geokodirana je pomoću dva pristupa - prema koordinatama sela i
koordinatama centra opštine. Izračunat je procenat stanovništva na 25 i 50 km
udaljenosti od ponderisanog srednjeg središta farmi i radijus kruga koji obuhvata
75% i 100% populacije. U svim rasama, osim kod koza, više od 75% populacije
bilo je koncentrisano na manje od 50 km od ponderisanog srednjeg centra, pa je
njihov status „ranjiv“, pa ih treba pažljivo pratiti. Bugarska dugodlaka koza bila je
rasprostranjena u tri udaljena regiona, gde se moraju sprovesti dodatna istraživanja
na nivou subpopulacije. Farme koje se nalaze daleko od izvornog područja rase
primećene su kod svih rasa. Rezultati pri korišćenju opštinskih koordinata bili su
slični onima dobijenim korišćenjem koordinata sela. U praktične svrhe, kao
pojednostavljenje, može se koristiti ukupan broj životinja po opštini.
Ključne reči: biodiverzitet domaćih farmskih životinja, lokalne rase, GIS, status
rizika
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Abstract: Currently the livestock production sector causes the production
of huge amounts of manure, which is a source of ammonia. Ammonia is dangerous
to human, animal and environmental health. According to some studies, livestock
is responsible for 76% of global nitrogen emissions, with cattle production
accounting for 36% of ammonia emissions in Europe. An important challenge
during the increase and strengthening of the livestock production sector is the
impact of livestock on the environment - especially on the climate and ecosystems.
Reducing greenhouse gas emissions and ammonia emissions from dairy farms is
one of the main goals in achieving environmentally sustainable milk production. A
prerequisite for the reduction is a quick, simple and accurate assessment based on
already available data, which in the case of dairy farms means the use of milk
control data (control day data). By feeding lactating cows balanced meals in terms
of protein and energy content, the urea content in milk (MUN) ranges from 15 to
30 mg/dl, which is a general recommendation. When the urea content in milk
increases by 20 and 30 mg/dl, the ammonia emission increases by 2.5%, ie. 3.5%.
The urea content in milk is highly correlated with daily milk yield, the increase in
production also increases the urea content in milk. The low content of urea in milk
indicates a lack of ammonia in the rumen, ie. to the insufficient amount of proteins
degradable and unfavorable conditions for the growth of microorganisms in the
rumen. High values of MUN content are an indicator of excessive formation of
ammonia in rumen, as a consequence of high content of proteins degradable in
rumen and small amounts of carbohydrates. The high concentration of ammonia in
the rumen burdens the liver, which synthesizes urea. The amount of ammonia in
the barn increases, which negatively affects the welfare of animals and humans.
Many researchers have proven that the properties of milk content can be used not
only to assess animal productivity, but also to characterize metabolic processes in
the animal body, and thus to predict possible diseases in time (ketosis, acidosis)
and control production efficiency. Determination of urea content in milk using IR
spectrophotometry in milk analysis during regular monthly control of milk yield of

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

478

cows provided new opportunities in monitoring milk quality, through which it is
possible to assess the quality of nutrition on dairy farms, especially in terms of feed
balance in terms of crude protein content and energy in the meal. This indicates the
possibility of applying the urea content in milk in practice, in order to determine
the efficiency of protein utilization from meals. A precise system of protein
nutrition in lactating cows must provide a meal in accordance with the level of milk
production, but also avoid consuming too much protein, which results in their
inefficient use, adverse effects on energy balance of animals, and increased
nitrogen excretion into the environment, but also unnecessary increases meal price.
Key words: milk urea nitrogen (MUN), ammonia emission, dairy farming

Introduction
FAO indicate that the world's population will increase from the current 7.2
billion to 9.6 billion by 2050. The combination of population growth, income
growth and urbanization poses challenges to agricultural production and the food
industry. The question arises as to how to ensure a healthy diet globally, with
protein foods playing a key role. By 2050, the demand for milk and meat is
projected to increase by about 58%. At the same time, consumers prefer that they
be produced in the most sustainable way, with growing demand. Even with calls
for more balanced consumption of animal proteins and replacement with plant
alternatives, the demand for animal proteins will continue to grow. A significant
problem at the time of intensification and consolidation of livestock production is
its impact on the environment, especially on the climate and ecosystems. Livestock
production will continue to be the most dynamic agricultural subsector as global
milk production is projected to increase from 580 to 1,043 million tonnes in 2050.
Such a significant increase in production must be accompanied by appropriate
environmental protection measures. Many studies emphasize well-balanced
agricultural production, looking for a way to achieve optimal animal productivity
with minimal environmental pollution. At the same time, livestock, and especially
cattle production, are mostly responsible for the emission of ammonia into the
atmosphere. In European countries, 15 to 75% of the total ammonia released into
the atmosphere goes to cattle production (Rösemann et al., 2019). Ammonia poses
a possible danger from the aspect of human, animal and environmental health.
Reducing greenhouse gas emissions, especially ammonia emissions from dairy
farms, is one of the main goals in achieving environmentally sustainable milk
production. For the dairy cows, the source of ammonia is urea from urine, which is
hydrolyzed to ammonia and CO 2 , by the activity of microbiological urease present
in the feces (Jonker et al., 2002). This leads to the need to reduce the negative

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

479

impact on the environment, which can be achieved through adequate nutrition and
improving the efficiency of food consumption. Urea, formed in the liver by
detoxification of ammonia, is a molecule of small molecular weight soluble in
water and diffuses through the bloodstream through cell membranes and enters
body fluids, including milk. There is a high positive correlation between the
content of urea in the blood, urine and milk of cows. The content of urea in blood
and milk is considered to be a useful indicator of protein metabolism and
nutritional status of lactating cows. Milk sampling is a far more affordable method
compared to the complex and invasive method of blood sampling. A number of
researchers (Duinkerken et al. 2011; Spek et al. 2013) suggest determining the urea
content in milk samples, as a routine method for monitoring the efficiency of
protein feeding in cows because they believe that it is possible to predict urea
excretion into the atmosphere based on MUN content, because it is a useful
indicator of NH 3 emissions from the barn. The Netherlands is already conducting
long-term monitoring and assessment of environmental threats (Bijgaart, 2003)
based on the parameters of the MUN content. The obtained results by (Ruska et al.,
2017) show how easily the urea content in milk enables the assessment of the
efficiency of the use of protein in each feed dose and the identification of potential
threats to environmental pollution. After evaluating the results of the research and
their connections, the use of MUN content parameters together with traditional
parameters such as fat and crude protein content is proposed for successful herd
management. Monitoring change is necessary to help establish a design for
practical action to achieve specific goals in an economically and environmentally
sustainable way. At the same time, precision agriculture can increase safety and
reduce the impact of agriculture and agricultural practices on the environment, thus
contributing to the sustainability of agricultural production (European Commission,
2020). The application of precise technologies in dairy cattle breeding enables the
collection of a large amount of individual information about each animal,
supplementing the daily observation of the herd. By properly processing this data
in combination with decision support systems, the application of these technologies
improves animal surveillance and decision making.

Significant correlation between blood urea nitrogen (BUN),
MUN and urinary N
Urea in milk is a very reliable indicator of urea concentration in blood and
urine (Kohn et al., 2004). Since there is a significant correlation between urea
content in milk and nitrogen content in urine and manure of animals (Burgos et al.,
2010; Eckersall and Bell, 2010; Spek et al., 2013) in optimizing dairy farm
management, urea in milk should be used as a good indicator of nutrition
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efficiency, also for assessing the impact of the farm on the environment (Godden et
al., 2001; Haig et al., 2002). Urea is a naturally occurring ingredient in milk as part
of non-protein nitrogen. During the decomposition of crude proteins from food in
the digestive system, ammonia is released, which the microorganisms of the rumen
use for the synthesis of their proteins. Excess ammonia is translated in the liver into
urea, which is released into body fluids (blood, milk, urine). The concentration of
ammonia in the rumen and the pH of the rumen are the two main factors that affect
the level of ammonia. Excess amino acids and peptides are released in the liver and
nitrogen is converted to urea. Ammonia is toxic to animals and is rapidly converted
to urea in the liver (Swenson and Reece, 1993). The optimal urea content in milk is
10-30 mg/ml (2.5 - 5.0 mmol/l) of milk. The urea content in milk mostly depends
on the ammonia content in the rumen and as such is a good indicator of meal
quality (Eicher, 2004). MUN concentration increases by 0.06 or 0.03 mg / 100 ml,
for every 1 kg increase in daily milk yield of cows of 5-29 kg and 30-59 kg,
respectively (Wattiaux et al., 2005). Low urea content in milk causes low ammonia
content in rumen juice. Too low ammonia level is the cause of inadequate
conditions for the growth of rumen microorganisms, prolonged degradation of
nutrients in the rumen and reduced synthesis of microbial proteins in the rumen.
The lower supply of animals with energy and microbial proteins is a consequence
of the above, and for cows with a particularly low urea content, this results in a
reduction of milk yield and the content of milk fat, protein and lactose in milk. The
high content of urea in milk is an indicator of the high content of ammonia in the
rumen. Cows with too high level of urea in milk must use a large amount of energy
to excrete nitrogen from the body, or to synthesize urea from ammonia. Also, the
conversion of ammonia into urea puts a lot of strain on the liver. Elevated levels of
nitrogen in the urine cause elevated levels of ammonia in the air and thus the
microclimate of the facility becomes inadequate for human and animal health. Urea
consists of small neutral molecules, which are transferred to body fluids by
diffusion and across the cell membrane. Because a very large amount of blood
passes through the mammary gland, urea diffuses into. In this way, a balance is
established with the concentration of urea in the blood. This is precisely the reason
why the amount of nitrogen in milk is proportional to the blood urea concentration
(Roseler et al., 1993) and can be used as an economic and non-invasive process for
monitoring protein in the herd (Ropstad and Refsdal, 1987). Significant correlation
between blood urea nitrogen (BUN), MUN and urinary N is evident, and the
possibility for its application, not only as performance indicator, but also in the
possible reduction environment N emissions in dairy farms.
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MUN as a useful indicator for prediction of ammonium
emission from dairy cattle
Issue on food supply becomes increasingly more topical as earth
population number is growing. Many researches emphasizes well-balanced
agricultural production, seeking for a way to achieve optimum animal productivity
with minimum environmental pollution. Interest towards environmental pollution
has been growing. Accordingly, in Europe several regulatory enactments are
controlling possible environmental pollution that may arise when performing
agricultural activities. In some countries, farms are controlled on the basis of urea
content in milk. This makes it possible to define potential sources of pollution and
inform farms about precautionary measures (Bijgaart, 2003). Hristov et al. (2011)
state that an important part of the nitrogen of cattle manure, especially from urinary
urea, is converted into ammonium and finally lost in the atmosphere as ammonia.
The different nature of the factors that control ammonia evaporation, such as
manure management, ambient temperature, wind speed, and manure composition
and pH, complicate the definition of ammonia emissions from cattle (Ross et al.,
2002). Data from the National Research Council show that the amount of nitrogen
in the diet of dairy cows is exceeded by close to 6.6%, consequently, the nitrogen
content in urine increases by 16%, and in manure by 2.7%. The urea content in
milk is used to calculate the amount of nitrogen used, because it is easy to
determine, and the collection and testing of special samples (urine or feces) is not
necessary (Broderick and Huhtanen 2013; Jonker et al., 2002). Studies show that
urea in milk identifies the content of urea in the blood and urine. Furthermore, the
urea content in milk can be used to assess environmental contamination and
digestive efficiency because it shows a lack of crude protein for dairy cows,
especially an excess in the digestive tract (Broderick and Clayton 1997; Hof et al.
1997; Burgos et al., 2010).
Netherlands already monitoring and evaluating environmental threats
basing on urea content parameter acquired from cow milk monitoring data.
Measures taken since 1998, covering monitoring of legislation and farmer control
over and correction of fodder protein and energy amount, have produced good
result. Many researchers emphasize that use of urea content is not unambiguous,
and it may not be used separately without considering factors influencing changes
thereof – not only physiological, but also time, when milk samples were taken, and
testing method, as well as laboratory in which testing was performed. Therefore
scientists and feeding specialists suggest basing regular herd control on average
results calculated that were obtained from individual animals instead of urea
parameter found for total milk produced (Bijgaart, 2003; Ingvarsten, 2006). Each
farmer has to evaluate advantages and disadvantages, andmby using all available
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milk productivity and quality traits, has to make a decision on the most efficient
and environmentally friendly farming method.
Possible ammonium pollution could be evaluated with the help of
calculations based on model developed in University of California. With data
which determine the variability of daily milk production, daily urea and urea
nitrogen content in milk, it is possible to estimate the daily ammonia emission of
dairy cows through dairy control data. The ammonia emission (AM-EMISS) can be
calculated using milk urea nitrogen (MUN) accordingly to the following equation:
AM-EMISS (g/cow daily) = 25.0 + 5.03 * MUN (Burgos et al., 2010).
All agricultural holdings of milk producing should control urea content in
milk yielded from each individual cow on regular basis, while farms engaged in
milk monitoring should find out milk urea content for all cows within monthly
control. MUN allows farmers to make sure that fodder that fodder doses are
efficient and ensures that possible problems are discovered and solved in time.

Conclusion
Precise system of protein nutrition of lactating cows must provide a meal
in accordance with the specific level of milk production, but also avoiding the
consumption of excess protein, which affects their inefficient use, adversely affects
the energy balance of animal production, leads to increased nitrogen excretion and
unnecessarily increases meal. There is a pronounced need to monitor the adequacy
of the protein diet of lactating cows. By determining the nitrogen content of urea in
milk, it is possible to adjust the meal in terms of protein content, protein-energy
ratio, efficient use of consumed protein and energy, meal economy, optimal
reproductive performance of dairy cows, more profitable overall production, and
what is especially significant is the reduction of nitrogen emissions into the
environment. Based on the assumed, a model of optimization of feed composition
for dairy cows can be developed, which can influence the reduction of ammonia
emissions from dairy farms, the application of which can be realized ecologically
and economically more sustainable management of dairy farms.

Predviđanje emisije amonijaka od mlečnih goveda na bazi
uree u mleku korišćenjem metoda preciznog stočarstva
Tamara Papović, Denis Kučević, Miroslav Plavšić, Snežana Trivunović, Ksenija
Čobanović
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Rezime
Kao prateći proizvod stočarske proizvodnje, pojavljuju se velike količine stajskog
đubriva koje su izvor amonijaka. Amonijak je opasan kako za zdravlje ljudi i
životinja tako i za kontaminaciju životne sredine. U skladu sa pojedinim
istraživanjima, stočarstvo je odgovorno za 76% globalnih emisija azota, pri čemu
govedarska proizvodnja čini 36% emisija amonijaka u Evropi. Važan izazov tokom
povećanja i jačanja sektora stočarske proizvodnje je uticaj stočarstva na životnu
sredinu - posebno na klimu i ekosisteme. Smanjenje emisije gasova staklene bašte,
te emisije amonijaka s farmi mlečnih krava predstavlja jedan od glavnih ciljeva u
postizanju ekološki održive proizvodnje mleka. Preduslov za smanjenje je brza,
jednostavna i tačna procena na osnovu već dostupnih podataka, što u slučaju farmi
mlečnih krava znači upotrebu podataka o kontroli mlečnosti (podaci o kontrolnim
danima). Ishranom krava u laktaciji izbalansiranim obrocima u pogledu sadržaja
proteina i energije, sadržaj uree u mleku se kreće od 15 do 30 mg/dl, što je i opšta
preporuka. Pri povećanju sadržaja uree u mleku od 20 i 30 mg/dl, emisija
amonijaka se povećava za 2,5% tj. 3,5%. Sadržaj uree u mleku visoko je koreliran s
dnevnom mlečnošću, odnosno povećanjem proizvodnje povećava se i sadržaj uree
u mleku. Nizak sadržaj uree u mleku ukazuje na nedostatak amonijaka u rumenu,
tj. na nedovoljnu količinu proteina razgradivih u rumenu i nepovoljne uslove za
rast mikroorganizama u rumenu. Visoke vrednosti sadržaja MUN pokazatelj su
prekomernog formiranja amonijaka u rumenu, kao posledica visokog sadržaja
proteina razgradivih u rumenu i male količine ugljenih hidrata. Visoka
koncentracija amonijaka u rumenu opterećuje jetru, koja sintetiše ureu. U štali se
povećava količina amonijaka što negativno utiče na dobrobit životinja i ljudi.
Mnogi istraživači su dokazali da se osobine sadržaja mleka mogu koristiti ne samo
za procenu produktivnosti životinja, već i za karakterizaciju metaboličkih procesa u
životinjskom telu, a time i za predviđanje mogućih bolesti na vreme (ketoza,
acidoza) i kontrolu efikasnosti proizvodnje. Određivanje sadržaja uree u mleku
primenom IR spektrofotometrije u analizi mleka prilikom redovne mesečne
kontrole mlečnosti krava pružilo je nove mogućnosti u praćenju kvaliteta mleka,
preko kojeg je moguće sagledavanje kvaliteta ishrane na farmama mlečnih krava, a
pre svega po pitanju izbalansiranosti obroka u pogledu sadržaja sirovih proteina i
energije u obroku. Navedeno ukazuje na mogućnost primene sadržaja uree u mleku
u praksi, sa ciljem utvrđivanja efikasnosti iskorišćavanja proteina iz obroka.
Precizan sistem proteinske ishrane krava u laktaciji mora obezbediti obrok u skladu
sa nivoom proizvodnje mleka, ali i izbegavanje konzumiranja prevelike količine
proteina, što za posledicu ima njihovo neefikasno iskorišćavanje, nepovoljno
dejstvo na energetski bilans životinja, i povećano izlučivanje azota u okolinu, ali i
nepotrebno poskupljenje obroka.
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Abstract: Pirot breed is a highly endangered autochthonous population of
sheep in Serbia, from which several important national brands originate: Pirot
lamb, Pirot carpet and Pirot hard cheese. In the available literature, there are no
data on hematological and biochemical parameters of the blood of this population.
The aim of this paper, which represents the beginning of the research, is to
determine the above indicators in the blood of Pirot Pramenka, which will
contribute to the preservation of this population. Since the breed affects the value
of blood parameters, the obtained results will be used to define reference intervals
for this population and compare with others. The study included 30 clinically
healthy sheep, 2-3 years old, from the area of Stara Planina. Blood samples were
taken by puncture to c. jugularis from which, after coagulation and centrifugation,
blood serum was extracted. Haematological analyzes were performed in the next
24 hours on a Siemens Advia 120 analyzer. The following parameters were
determined: total number of leukocytes, erythrocytes, platelets, hemoglobin
content, hematocrit value, MCV, MCH, PLT and MPV. Biochemical blood tests
were performed using Olympus AU 400 analyzers.The following parameters were
determined: total protein, albumin, globulin, urea, creatinine, glucose, total
bilirubin, cholesterol. Also, the following minerals were determined - calcium,
phosphate and magnesium, and following enzymes: AST, GGT and CK.
Descriptive statistical analysis was performed using the statistical package
STATISTICA (Version 8). Hematological indicators of Pirot pramenka are in
reference intervals for sheep, which indicates good animal health status.
Biochemical parameters of Pirot pramenka blood were within defined
physiological limits, except for creatinine and phosphorus levels, which were
below the lower limit, which is a consequence of dehydration and reduced
alimentary intake. In accordance with the obtained results, it is necessary to correct
the diet.
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Introduction
Pramenka (Zapfel) belongs to the autochthonous (locally adapted) breeds
of sheep that represent a unique genetic heritage created thousands of years ago.
They are an important element of the regional agro-biodiversity, tradition and
cultural heritage of Serbia. Different climatic and nutritional conditions, together
with animal migrations, have influenced the formation of different strains of
Pramenka, which differ in morphological and production characteristics: Sjenica,
Svrljig, Liplje, Krivovir, Karakačan, Pirot, Vlach Vitoroga and Bardoka. They
possess sets of genes responsible for good adaptability, disease resistance,
longevity, and pronounced maternal instinct. However, the more productive, more
intense breeds whose primary goal is profit, win. Therefore, the biological survival
of autochthonous populations is endangered, which caused some strains of
pramenka to acquire the status of "critical" and "endangered" population. (RužićMuslić et al.,2015).
Pirotska pramenka is the most endangered population of sheep in Serbia.
According to the Domestic Animal Diversity Information System (DAD-IS), for
2021, 207 females and 25 males are bred in Serbia. Most of this population is
grown in the area of the Stara Planina National Park and southeastern Serbia. The
effective population size is 89, which is highly endangered and at risk of
extinction. On the other hand, with good management, locally adapted genotypes
could serve as a promoter of sustainable development, to reduce the pressure on
regional agro-biodiversity and costs of production since these are genotypes of
combined production traits, and represent a potential source of meat, wool, milk,
manure and hides (Gorkhali et al., 2015; Cekić et al., 2018). Pirot Pramenka has
spawned several important national brands: Pirot lamb, Pirot carpet and Pirot hard
cheese, which indicates that its preservation is imperative. Its survival should be
sought in increasing the economic attractiveness of breeding, which will encourage
the affirmation of this sheep. Therefore, it is necessary to explore the possibility of
maximum production, while monitoring the metabolism of nutrients in the body
and maintaining health. The key indicators of nutritional status and animal health
are the metabolic profile and hematological picture of sheep (Klinkon and Zadnik,
1997; Herdt et al., 2000; Van Saun, 2000; Antunović et al., 2002; Antunović et al.
2007; Antunović et al., 2014). Determining and monitoring the values of metabolic
profile parameters show whether homeostatic mechanisms maintain blood
composition within physiological limits, depending on different rearing conditions
(Prodanović et al., 2012).
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In the available literature, there are no data on hematological and
biochemical parameters of Pirot Pramenka. Given that breed has an impact on the
value of blood parameters (Dias et al., 2010; Addass, 2011; Vojta et al., 2011),
defining the reference range of these parameters for Pirot Pramenka will have
significant implications for determining similarities and differences between
different breeds, strains as well as healthy and diseased individuals.
The aim of this work, initial research, is to determine the hematological
and metabolic profile in the blood of Pirot pramenka, which will contribute to the
preservation of this highly endangered sheep.

Material and Method
The research was conducted on 30 sheep of Pirot Pramenka, reared in the
area of Stara Planina, with an average age of 2-3 years, during the winter season.
The sheep were healthy, in the last third of pregnancy. The animal diet per
individual animal consisted of meadow hay (ad libitum) and 0.3 kg of maize, per
head/day. Water and mineral blocks were constantly available. Sheep blood
sampling was performed in the morning. Blood was taken by puncture to c.
jugularis in 5 ml glass tubes, with a gray colour stopper (with anticoagulant EDTA,
for glucose), yellow colour (for biochemical analysis) and purple colour, for
complete blood picture. After labeling, the samples were stored at 4°C in the
refrigerator, and subsequently transferred to the laboratory. Haematological
analyses were performed in the next 24 hours on a Siemens Advia 120 analyzer,
which is equipped with software. The following parameters were determined: total
number of leukocytes (WBC), erythrocytes (RBC), platelets (PLT), hemoglobin
content, hematocrit value, MCV average volume erythrocytes in a liter of blood,
MCH-average amount of hemoglobin in erythrocyte, MCHC-average concentration
of hemoglobin in a liter of blood, PLT-number of platelets, MPV-average volume
of platelets. Since the total number of leukocytes represents the sum of
neutrophilic, eosinophilic and basophilic ganulocytes, lymphocytes and monocytes,
differentiation of white blood cells was performed and shown as a percentage.
Biochemical analyzes of the blood were performed using an Olympus AU 400
analyzer. The blood was centrifuged for 7 minutes at 3600 rpm, during which the
serum was separated, used in the analyses. The following parameters were
determined: total protein, albumin, globulin, urea, creatinine, glucose, total
bilirubin, cholesterol. Also, following mineral substances were determined:
calcium, phosphate, magnesium, as well as following enzymes: AST (aspartate
aminotransferase), GGT (glutamyl transferase) and CK (creatine kinase).
Reference values of the examined biochemical parameters were taken from
Baumgartner and Wittek (2017). Descriptive statistical analysis was performed
using the statistical package STATISTICA (Version 8).
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Results and Discussion
Hemogram (total number of leukocytes, erythrocytes and
thrombocytes/platels) in the blood of Pirot Pramenka is presented in Table 1. In
addition to the above parameters, the relative share of individual fractions of
leukocytes (neutrophils, lymphocytes, monocytes, eosinophils, basophils),
hemoglobin content, hematocrit value and erythrocyte constants: MCV (Mean
Corpuscular Volume), MCH (Mean Corpuscular Hemoglobin - average amount of
hemoglobin in a single erythrocyte) and MCHC (Mean Corpuscular Hemoglobin
Concentration: concentration of hemoglobin in one liter of blood). Sheep
erythrocytes are among the smallest of all mammals (Kramer, 2000).
Thrombocytes or platelets are discoidal cells that form in the bone marrow of
mammals from the cytoplasm of megakaryocytes, do not contain a nucleus and
cannot multiply (Guyton and Hall, 2006).
Table 1. Hematological parameters of blood in Pirot Pramenka sheep population
Hematological
parameters

Units

Mean value ±
SD
6.93±1.30
2.13±0.99
4.05±0.94
0.16±0.07
0.40±0.18
0.09±0.02
30.0±10.77
59.25±11.38
2.45±1.16
5.74±1.96
1.42±0.21
9.84±0.88
103.11±10.99
30.37±3.20
34.4±2.35
11.68±0.81
339.0±17.58
15.96±0.61
382.72±18.94

Minimum

Maximum

Reference
value*
4.0-12.0
2.0-4.0
3.5-6.9
0.0-0.4
0.0-0.6
0.0-0.2
10.0-50.0
40.0-75.0
0.0-6.0
0.0-10.0
0.0-3.0
9.0-15.0
90.0-150.0
27.0-45.0
28.0-40.0
8.0-12.0
310.0-340.0
12.0-27.0
250.0-750.0

109/L
4.24
8.45
WBC leukocytes
109/L
0.76
4.27
NE-neutrophils
109/L
2.56
5.46
LY-lymphocytes
109/L
0.07
0.27
MO-monocytes
109/L
0.18
0.74
EO- eosinophils
109/L
0.07
0.15
BA-basophils
%
18.00
54.10
NE- neutrophils
%
32.40
69.80
LY- lymphocytes
%
1.10
3.80
MO- monocytes
%
2.80
9.40
EO- eosinophils
%
1.10
1.70
BA-basophils
1012/L
7.41
10.14
Erytrocytes-RBC
g/L
86.00
125.00
Hemoglobin
%
26.00
35.20
Hematocrit
fL
29.60
37.20
MCV
pg
10.30
13.20
MCH
g/L
302.00
361.00
MCHC
%
15.10
16.70
RDW
109/L
340.50
390.54
Platelet countPLT
WBC - leukocytes, MCV - average volume of erythrocytes in a liter of blood, MCH - average amount
of hemoglobin in a erythrocyte, MCHC - average concentration of hemoglobin in one liter of blood,
RDW - width of red cell distribution, PLT - platelet count * W.Baumgatner and Wittek., (2017)
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A complete blood count or hemogram is a basic laboratory blood test and
an important diagnostic "tool" used to monitor general animal health, nutritional
status, hematopoietic disorders, viral and bacterial diseases and to define a
reference interval for hematological parameters in different sheep breeds, in
different rearing conditions, which is especially important for the preservation of
indigenous breeds. Analyzing the obtained hematological indicators of Pirot
Pramenka, it is noticeable that there were no major deviations from the established
reference values for sheep. Our results indicate good health status, in agreement
with the results of authors who have studied other strains of Pramenka (Šimpraga
et al., 2013; Antunović et al, 2011; Shek Vugrovečki et al., 2017).
Table 2. Mean value and intervals of variation of hematological parameters of different strains
of Pramenka from the relevant literature
Dubrovnik
Zeta Žuja2
Lika
Pramenka1
Pramenka3
(mean)
(mean)
109/L
8.11
8.05
5.6-17.0
Leukocytes
1012/L
9.53
8.97
6.6-9.9
Eritrocytes
109/L
195.70
404.10
75-807
Platelet
g/L
107.40
100.30
74.55-104.7
Hemoglobin
%
0.43
0.38
0.22-0.31
Hematocrit
fL
45.72
42.15
28.80-35.80
MCV
Pg/L
11.32
11.19
9.9-11-9
MCH
g/L
248.00
266.30
320-353
MCHC
1,2
Antunović et al. (2014); 3 Shek Vugrovečki et al. (2017); 4 Šimpraga et al. (2013)
Hematological
parameters

Units

Dalmatian
Pramenka4
3.02-15.64
7.81-12.77
0-731
78.1-134.7
0.24-0.41
28.60-34.80
9.54-11.00
284-362

Variations in the number of leukocytes and platelets, between individual
strains of Pramenka, can be associated with pregnancy. It is known that the number
of leukocytes decreases in pregnancy, which is related to the involution of the
uterus (Antunović et al., 2011). Also, the same group of authors report a lower
platelet count in highly pregnant sheep compared to non-pregnant and lactating
sheep. The analysis of the differential blood picture, in terms of the relative share
of lymphocytes (59.25%), shows similarity with the results of Antunović et al.
(2011) in Dubrovnik ruda sheep (57.40%), which is an indicator of the
immunomodulatory response of the organism, initiated by pregnancy, considering
that Pirot pramenka and Dubrovnik sheep were in the second half of pregnancy.
Eosinophils are an important indicator of parasite infestation, which correlates their
high value with increased resistance to endoparasites (Pfeffer et al., 1998; Balic et
al., 2000). Erythrocytes or red blood cells (RBCs) are responsible for oxygen
transport, carbon dioxide and hydrogen ion buffering. They have a diameter of 3.25μm and a lifespan of 70-150 days (Bórnez et al., 2009; Šimpraga et al., 2013), do
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not aggregate and deform as easily as erythrocytes of others species. Erythrocyte
indices (MCV, MCH, MCHC) provide information on average cell size,
hemoglobin content and concentration (Polizopoulou, 2010). The values for MCH
and MCHC in our studies are relatively high. Higher values for MCH may indicate
the presence of reticulocytes or hemolysis. MCHC is considered to be the most
accurate erythrocyte constant and can be increased in the case of hemolysis
(Polizopoulou, 2010). Table 3 shows the biochemical parameters of Pirot
Pramenka blood. In general, biochemical analyzes are an important part of
laboratory diagnostics that assess the work of internal organs, measure electrolyte
levels and identify enzyme concentrations (Čepelak and Strauss, 2009), and above
all reflect the nutritional status of the individual animal. In order to monitor the
health and nutritional status of sheep, it is necessary to establish reference
physiological values, which is of particular importance in the case of endangered
breeds. Knowing the quality of some biochemical parameters could improve our
knowledge about the specifics of sheep metabolism, but at the same time the
production abilities of this endangered population. Blood biochemical parameters
are the most important indicators used to determine the energy, protein, enzyme,
hormone and mineral profile, as well as to assess nutritional status, milk production
and animal health (Antunović et al., 2011; Milošević-Stanković, 2020).
Table 3. Biochemical parameters of blood in the population of Pirot pramenka
Biochemical
parameters
Total protein
Albumin
Globulin
Urea
Creatinine
Glucose
Total bilirubin
AST
GGT
CK
Cholesterol
Calcium
Phosphate
Magnesium

Unit

Mean ± SD

Minimum

Maximum

g/L
g/L
g/L
mmol/L
µmol/L
mmol/L
µmol/L
IU/L
IU/L
IU/L
mmol/L
mmol/L
mmol/L
mmol/L

72.09±2.86
31.64±1.60
40.45±2.22
4.57±0.70
59.18±8.59
3.05±0.59
2.46±1.50
117.67±9.76
41.19±10.01
46.16±7.03
1.99±0.36
2.49±0.11
1.28±0.22
0.86±0.06

68.40
29.10
37.40
3.40
47.50
2.40
1.30
101.10
20.50
16.3
1.50
2.40
1.00
0.80

77.40
34.50
43.00
5.70
73.90
4.00
6.20
130.50
53.90
67.50
2.60
2.70
1.60
1.00

Reference
value
59.0-78.0
27.0-37.0
32.0-50.0
3.70-9.30
75.8-174.3
2.40-4.50
0.70-8.60
49.0-123.3
19.60-44.10
7.70-101.0
1.10-2.30
2.30-2.90
1.30-2.40
0.8-1.10
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For the analysis of sheep's protein supply, a combination of different
indicators in the blood is used, which includes determining the concentration of
total proteins, albumin, urea, creatinine and the activity of creatine kinase enzymes.
All of these parameters, except creatinine, ranged in the physiological range.
Creatinine is an indicator of kidney function. The literature states that creatinine
excretion in sheep averages about 10.7 mg, with variations of 5.0-13.6 mg
creatinine/kg body weight/day (Liu and McMeniman, 2006), depending on the type
of diet and energy : protein ratio. At the optimal E : P ratio, lower creatinine values
are most often the result of dehydration of the animal, due to reduced water intake.
The established content of total proteins of 72.08 g/L is within the reference values.
In the sheep's body, proteins are constantly synthesized and broken down. In
healthy animals, a balance is established between the intake and synthesis of amino
acids, on the one hand, and the breakdown and excretion of excess nitrogenous
substances, in the form of urea, on the other hand. The obtained average urea
concentrations of 4.57 mmol/L do not deviate from the given physiological values,
but are lower compared to the values stated by Shek Vugrovečki et al., (2017) in the
research on Lika Pramenka (6.7-10.9 mmol), which are conducted in the summer
period. Of the total plasma proteins, 52-62% are albumins and represent a reserve
of proteins in the body. Since albumins have the ability to reversibly bind many
organic compounds, they represent an important transport system in blood plasma
(Jovanović, 1983; Milošević-Stanković, 2020). Total albuminemia ranged from
29.10-34.50 g/L, which is in the reference range, but is slightly higher than the
results of Kramer (2000) and Kaneko et al. (2008), who report values of 24-30g/L.
The decrease in albumin concentration in the metabolic profile should always be
observed together with the urea concentration. If the urea concentration is normal
or elevated in hypoalbuminemia, then it is probably liver disease, while if
hypoalbuminemia is associated with low blood urea concentration, then it is a
protein deficiency in the diet (Kaneko et al., 2008). The concentration of glucose in
the serum of Pirot Pramenka ranged from 2.4-4.0 mmol/L, which does not deviate
from the given reference values, but is somewhat higher in relation to the results of
research by Antunović et al. (2009) and Shek Vugrovečki et al. (2017). The
"mirror" of liver function are the enzymes: AST (aspartate amino transferase),
GGT (gamma glutathione transferase). CK (creatine kinase) also plays an
important role. Analysis of enzymes determined in the serum of the examined
sheep shows that their values range within physiological values: 117.67, 41.19,
46.16 IU/L, respectively. Normal values for these enzymes, in the relevant
literature, are higher compared to our results, which may be due to the chemical
composition and nutritional value of nutrients from different areas. The variability
of nutrient composition is related to climate, nutrient type, soil type and climatic
conditions defined by different altitudes (Hrković et al., 2009). The established
cholesterol content of 1.99 mmol/l is in accordance with our and reference values
stated by other authors, in other strains of pramenka (Dubrovnik, Lika). Cholesterol
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concentration is a direct reflection of the physiological status of animals, so in the
late phase of pregnancy, its content may be higher compared to the lactation stage
(Antunović et al., 2002). Cholesterol is a precursor of vitamin D, steroid hormones
and bile acids, and is an integral part of cell membranes. It enters the body through
food or is synthesized in the body itself, mainly in the liver. Cholesterol
metabolism is physiologically in a state of equilibrium. Depending on whether the
body receives a higher or lower amount of cholesterol (exogenous) through food,
more or less endogenous cholesterol will be synthesized in the liver. Synthesis in
the liver is stimulated by its reduced level in the blood and insulin, and is inhibited
by elevated plasma cholesterol, glucagon and glucocorticoids (Bruss, 1997). The
concentration of calcium in sheep serum averaged 2.49 mmol/L and was within the
reference values, while phosphorus levels (1.28 mmol/L) were below the
physiological range. Hypophosphatemia in the serum of Pirot Pramenka is most
likely the result of reduced alimentary intake, which is in accordance with the
results of Stefanović et al. (2015) who conducted research on Karakačan Pramenka.
Similar results are stated by Antunović et al. (2009) who in research on Dubrovnik
pramenka, record the concentration of inorganic phosphorus in the blood from
1.05-1.75 mmol/L, which can be linked to phosphorus deficiency of pastures. Also,
the reduced level of mineral elements in the blood may be a consequence of the
inability of animals to fully utilize the mineral substances from the diet, which
results in a milder form of deficiency, which is not manifested as a major metabolic
disorder (Hrković et al., 2009). The concentration of magnesium in the blood
plasma ranged from 0.80 to 1.10 mmol/l, and the obtained values in the serum of
the examined sheep were from 0.80-1.0 mmol/l.
Table 4. Intervals of variations of biochemical parameters of different strains of Pramenka as
reported in the relevant literature
Hematological
Dubrovnik
Lika
Dalmatian
Karakačan2
Textbooks5
Units
pramenka1
pramenka3
pramenka4
parameters
g/L
72.70-86.70
49.00-76.00
66.7-91.0
66.8-87.4
60-79
Total protein
g/L
31.70-32.80
26.50-47.30
35.4-47.5
28.5-44.7
24-30
Albumin
mmol/L
4.30-5.60
6.70-10.9
3.50-7.80
2.86-7.14
Urea
µmol/L
86.0-97.0
74.5-103.2
98-144
106-168
Creatinine
mmol/L
2.60-3.30
1.40-3.70
2.90-4.30
2.78-4.44
Glucosa
µmol/L
0.01-4.00
5.00-11.00
1.71-8.55
Total bilirubin
IU/L
65.00-172.00
110.7-241
66.2-129.3
60-280
AST
IU/L
9.00-69.00
25.60-86.90
14.3-80.0
31.7-71.7
20-52
GGT
mmol/L
1.90-2.70
0.74-2.47
1.35-1.97
Cholesterol
mmol/L
2.92-3.14
2.15-3.22
2.15-2.76
Calcium
mmol/L
1.05-1.75
0.89-2.18
1.31-2.39
Phosphate
1
Antunović et al. (2009);22Stevanović et al. (2015); 3Shek Vugrovečki et al. (2017); 4Šimpraga et al.
(2013); 5Kramer (2000) and Kaneko et al. (2008)
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Deviations of some parameters in relation to the reference values, from the
relevant literature, are most likely a consequence of the feeding conditions of the
animals. Therefore, we believe that in order to better understand the characteristics
of the metabolic profile of Pramenka, it is necessary to expand the research to the
examination of the floristic composition of the soil at the places of cultivation of
individual strains.

Conclusion
Pramenka (Zapfel) belongs to the autochthonous (locally adapted) breeds
of sheep that represent a unique genetic heritage created thousands of years ago
and an important element of the regional agro-biodiversity, tradition and cultural
heritage of Serbia. Pirot Pramenka is the most endangered population of sheep in
Serbia. It has produced several important national brands: Pirot lamb, Pirot carpet
and Pirot hard cheese, which indicates that its preservation is imperative.
Therefore, it is necessary to explore the possibility of maximum production, while
monitoring the metabolism of nutrients in the body and maintaining health. The
key indicators of the nutritional status as well as the health condition of the
individual animal are the metabolic profile and the hematological picture of the
sheep. In the available literature, there are no data on hematological and
biochemical parameters of Pirot pramenka. Hematological indicators of Pirot
Pramenka are in reference intervals for sheep, which indicates good animal health
status. Biochemical parameters of Pirot pramenka blood were within defined
physiological limits, except for creatinine and phosphorus levels, which were
below the lower limit, which is a consequence of dehydration and reduced
alimentary intake.

Hematološki i biohemijski parametri krvi pirotske pramenke
- ugrožene populacije ovaca
Dragana Ružić-Muslić, Bogdan Cekić, Ivan Ćosić, Ivan Pavlović, Nevena
Maksimović, Violeta Caro Petrović, Zorica Bijelić

Rezime
Pirotska ovca je visoko ugrožena autohtona populacija ovaca u Srbiji, od koje
potiče nekoliko važnih nacionalnih brendova: pirotsko jagnje, pirotski ćilim i
pirotski kačkavalj.U dostupnoj literaturi, nema podataka o hematološkim i
biohemijskim parametrima krvi ove populacije.
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Cilj ovog rada, koji predstavlja početak istraživanja, je utvrđivanje navedenih
pokazatelja u krvi pirotske pramenke, što će doprineti očuvanju ove populacije.
Obzirom da rasa utiče na vrednost parametara krvi, dobijeni rezultati će poslužiti
za definisanje referentnih intervala za ovu populaciju i upoređivanje sa
drugim.Ispitivanjem je obuhvaćeno 30 klinički zdravih ovaca,starosti 2-3 godine,
sa područja Stare planine. Uzorci krvi uzimani su punkcijom v. jugularis iz kojih
je, nakon koagulacije i centrifugovanja, izdvojen krvni serum. Hematološke analize
su izvršene u naredna 24 sata na analizatoru Siemens Advia 120.Određeni su
sledeći parametric:ukupan broj leukocita, eritrocita, trombocita, sadržaj
hemoglobin,vrednost hematokrita, MCV,MCH,PLT i MPV.Biohemijske analize
krvi su izvršene korišćenjem Olympus AU 400 analizatora.Utvrđeni su sledeći
parametri:ukupan protein,albumin, globulin, urea, kreatinin, glukoza, ukupan
bilirubin, holesterol. Od mineralnih materija su određeni: kalcijum,fosfat i
magnezijum, a od enzima:AST,GGT i CK.Deskriptivna statistička analiza je
urađena korišćenjem statističkog paketa STATISTICA(Version 8). Hematološki
pokazatelji pirotske pramenke su u referentnim intervalima za ovce što ukazuje na
dobar zdravstveni status grla.Biohemijski parametri krvi pirotske pramenke su se
kretali u definisanim fiziološkim granicama, osim nivoa kreatinina i fosfora, koji su
bili ispod donje granice, što je posledica dehidratacije i smanjenog alimentarnog
unosa. U skladu sa dobijenim rezultatima, neophodno je izvršiti korekciju obroka.
Ključne reči: pirotska pramenka, hematološki parametri, biohemijski pokazatelji
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Abstract: Due to the political, demographic and economic situation,
agriculture in Serbia changed, including also the structure in sheep breeds.
Traditional sheep breeding centers with large pasture areas and large number of
local breeds and strains are deserted, and, consequently, sheep production focused
on meat production, in intensive systems, but in expensive and inadequate ways.
This led to decreasing number in local breeds (pramenka) with its strains. In this
research, two most numerous pramenka strains were observed, Sjenica and Svrljig
strains, concerning their number, productive and reproductive parameters.
Population of registered and active heads in 2020. was 139,319 for Sjenica and
19585 for Svrljig strain. Weight on birth for Sjenica and Svrljig lambs were 3.20
and 3.15, while weight after 30 days and on weaning was 11.06, 11.42 and 27.02
and 24.97, respectively. Lambing index was 1.27 for Sjenica and 1.29 for Svrljig
strain. Svrljig strain had longer lactation (104 vs. 88 days), with higher milk
production (64.05 kg vs. 55.01 kg), but protein content was higher in Sjenica
sheep’s milk (5.08% vs. 4.19%). Besides their importance on agro-biodiversity and
genetic pool, these strains are best adapted for breeding conditions that are in hilly
and mountainous parts of Serbia. As triple production strains, their milk, meat and
wool could be used in processing to traditional, high-quality products with
additional value, so can provide extra income for the farmers which leads to
survival and sustainable development of rural areas.
Key words: Indigenous
development, milk, wool

breeds,

genetic

resources,

sustainable

Introduction
The changes in the political and economic situation that have affected
Serbia in the last few decades have led to a series of adjustments in the agricultural
sector, including the breeding of small ruminants. Due to the pronounced trend of
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deagrarization and demographic depopulation of the villages, there was a decrease
in the number of sheep (Petrović et al., 2011; Petrovic et al., 2013). Traditional
sheep breeding centers in the hilly mountainous area have been deserted, and small
ruminants have moved to lower areas. Under the influence of western European
trends, sheep are raised in certain lowland areas, primarily for meat production, but
in an expensive and inadequate way. Large financial resources are given for the
import of different breeds of sheep. This neglects the fact that this production
would be more profitable, and the products are of incomparably better quality in
ecologically preserved areas of hills and mountains by growing indigenous
populations (Caro Petrovic, 2014). Indigenous breeds are less demanding, sturdier
than imported genotypes, and with lower production inputs (Cekic et al., 2018).
Also, local sheep breeds are very important as genetic resources. Variability of the
breed guarantees the sustainability of production in times of possible climate
change, the emergence of new diseases and other reasons why commercial the race
will not be able to achieve the expected production (Stojanović, 2019).
The objective of this study was to determine current state, number and
level of productivity of two very important local populations from the Pramenka
breed group. These are the Sjenica and Svrljig strains, which are also the most
numerous local sheep in Serbia. Sjenica strain is named after town of Sjenica, in
western part of Serbia, which is characterized with plateau at more then 1000 m
above sea level. Population of this strain is widespread mainly on western and
south-western part of Serbia. The color of wool is white, but there are specific
black patches of hair around eyes, mouth, and half of the ears. Ewes are polled,
rams have large and strong horns. The tail is long, often reaching the ground.
Svrljig strain is named after village in south-eastern part of Serbia,
characterized with hilly-mountainous landscape. Majority of population is spread
in eastern part of Serbia. The color of wool is white, but the hair color can be white
with dark and black dots, with black mouth. Most recognizable characteristic for
this strain is white tuft of wool above forehead. Ewes are polled, rams can be with
or without horns. Tail is also long, reaching the ground.
Both strains are entering reproduction cycle quite late, with more than 1218 months of age, depending on the breeding conditions. They are finishing growth
after 3 years, and they are triple production strains, used for milk, wool and meat.

Material and Methods
Research included active ewes and rams, both Sjenica and Svrljig strains.
Number of heads represents the number of animals registered in the main book
(Herdbook), which are active and productive in the last five years Number of
animals is taken from the Annual Report of the Institute for Animal Husbandry
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“Activities report and results of the control of realization of breeding programs in
2020” for sheep in Central Serbia.
All measurements and record keeping were performed in period from
01.10.2018. to 30.09.2019. The live weight of mature animals was measured at the
beginning of the mating season, while the live weight of lambs were measured at
birth, after 30 days of life and on weaning, which was around 90 days in the case of
this genotypes.
The index of lambing is calculated as the index of the total number of
descendants based on the total number of animals that gave birth. In addition to
these parameters, yield of raw wool were measured, which was done right after the
shearing.
Examined milk parameters were: lactation duration, milk yield for lactation
after the weaning of lambs, average daily milk production, and average protein
content and average milk fat content. Milk control was carried out by a modified
absolute (AT) method, carried out at intervals of 28-34 days, alternating in the
morning and evening (ICAR, 2018). The first measurement was done after the
weaning of lambs, and the milk components (proteins and milk fat) were
determined by Ekomilk and Milkoscan apparatus.
The collected data were processed using the statistical package Statistica
for Windows (Stat. Soft Inc. 7), and the basic parameters of descriptive statistics
(arithmetic mean, minimum and maximum values, standard error of the mean and
variation coefficient) were calculated.

Results and Discussion
In table 1 number of active heads of both strains in last five years is shown.
Sjenica population is expanding more quickly than Svrljig population. One of the
major reason for population growth are stimulative measures of the government in
terms of subsidies. Although number of animals under control of productive
parameters is increasing, it is still insufficient for stable and constant production.
These strains are reared in extensive and semi-extensive systems, where large part
of nutrition system in spring-autumn represents grazing on non-cultivated pastures
and hay-based nutrition in winter months. Also, the size of flock is still in intervals
10-50 heads per household or farms, which is not enough for demands of the
market. The structure of the farms and the current number of heads do not allow a
stable distribution of products on the market.
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Table 1. Number of active and controlled heads of Sjenica and Svrljig sheep in last five years
Year
Genotype
2016

2017

2018

2019

2020

Sjenica strain

32,751

38,313

74,587

105,573

139,319

Svrljig strain

9,314

12,981

14,781

18,166

19,585

Productive parameters of two strains are showed in table 2. Live weight of
Sjenica lambs on birth, after 30 days and on weaning were 3.20, 11.06 and 27.02,
respectively. Petrović et al. (2011) reported similar weights at birth and after 30
days (3.09 and 11.82 kg, respectively), while weaning weight was lower (21.16
kg).
Live weight of Svrljig lambs were 3.15, 11.42 and 24.97, respectively.
Although birth weight and weight after one month of age are similar to Sjenica
strain, Svrljig lambs were lighter on weaning than Sjenica lambs. Lambing weight
was slightly lower than in 3.38 and 3.27 reported in previous researches (Petrović
et al. 2011; Cekic et al., 2018, respectively), while weight after first month of life
was slightly higher than previously reported (10.99 and 10.56, respectively). In
research reported by Caro Petrović et al. (2012), slightly heavier lambs on birth
was reported with 3.89, but live weight after month was 10.29. Weight on weaning
was accordant to 24.65 reported in Cekic et al. (2018) but lower than 26.66,
reported in Petrović et al. (2011). As milk in the first month is the major feed in
lambs nutrition, their weight is highly correlated with milk production of their
mothers. Both Sjenica and Svrljig lambs are weaned at the roughly age of three
months.
Weight of the adult animals is highly correlated with quality of feed and
current condition of the animals at the moment of measurement, so this parameter
varies the most (Cekic et al., 2019). Weight of adult Sjenica ewes was 58.23 kg,
which was higher than 52 kg reported in Mekić et al. (2007), and similar to 57.98,
reported in Petrović et al. (2011). Weight of adult Svrljig ewes was 56.31 kg,
slightly higher than 54.53 reported in Petrović et al. (2011), and 55.84, reported in
Cekic et al. (2019).
Yield of raw wool for Sjenica and Svrljig strain was 2.29 and 2.84,
respectively. Those results are similar to the previous research, which reported 2.32
and 2.79 (Cekic et al. 2018; Petrović et al., 2011).
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Table 2. Productive parameters of Sjenica and Svrljig sheep
Genotype

Sjenica
strain

Svrljig
strain

No. of
controlled
heads

55,794

14,157

Statistical
parameter

Lambing
index

Weight
on
birth
(kg)

Weight
on 30
days
(kg)

Weight
at
weaning
(kg)

Weight
of
adults
(kg)

Wool
yield
(kg)

Mean

1.27

3.20

11.06

27.02

58.23

2.29

Min

1.00

2.38

7.23

19.95

42.53

1.41

Max

1.78

4.04

15.43

32.13

69.00

3.29

Se

0.02

0.05

0.22

0.35

1.18

0.07

CV (%)

11.77

11.38

14.80

9.71

14.99

22.84

Mean

1.29

3.15

11.42

24.97

56.31

2.84

Min

1.09

2.47

8.10

47.64

35.44

1.21

Max

1.64

3.91

15.42

29.65

66.79

4.45

Se

0.03

0.07

0.31

0.58

1.10

0.11

CV (%)

11.62
11.59
14.43
12.45
10.34
21.18
*Mean – arithmetic mean; Min – smallest value; Max – largest value; Se – standard error of the mean;
CV – variation coefficient

Lambing index of autochthonous genotypes is on average 1 - 1.3 (Cekic et
al., 2018), and values for Sjenica and Svrljig strains were 1.27 and 1.29,
respectively, and in line with this values.
Milk production control was performed on a total of 3,825 Sjenica and
3,810 Svrljig ewes, and results are shown in table 3. Lactation lasted on average 88
and 104 days, respectively, and ewes gave an average of 55.01 and 64.05 kg of
milk without the amount lambs consumed, and daily production was 0.63 kg and
0.62 kg. Protein and fat content was 5.08% and 6.75% for Sjenica sheep, and
4.20% and 6.71% for Svrljig sheep, respectively.
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Table 3. Control of milk production of Sjenica and Svrljig sheep

Genotype

Sjenica strain

Svrljig strain

Number
of heads

3,825

3,810

Statistical
parameter

Lactation
period
(days)

Total
milk
yield
(kg)

Daily milk
production
(kg)

Average
milk fat
content
(%)

Average
protein
content
(%)

Mean

88

55.01

0.63

6.75

5.08

Min

65

38.32

0.44

5.71

3.08

Max

136

86.50

0.85

8.20

5.85

Se

4.34

2.88

0.03

0.21

0.15

CV (%)

18.77

19.74

17.28

12.47

11.88

Mean

104

64.05

0.62

6.71

4.19

Min

64

34.64

0.48

3.09

2.44

Max

144

115.27

1.19

8.39

5.64

Se

3.33

3.53

0.03

0.23

0.15

CV (%)

16.61
24.47
22.53
16.67
17.76
*Mean – arithmetic mean; Min – smallest value; Max – largest value; Se – standard error of the mean;
CV – variation coefficient

Results for Svrljig strain differ from previous research, where higher
parameters were reported (Mekić et al., 2005). Lactation lasted for 165 days, with a
yield of 128.2 kg milk consisted from 6.54% milk fat content. Amount of milk
production is acceptable, but not sufficient for autochthonous breeds. From the
results, it is evident that Svrljig strain had longer lactation than Sjenica strain, but
daily production was similar. Sjenica strain showed higher protein content than
Svrljig, but fat content was similar. Among the various components of the milk,
proteins and fat are of fundamental importance, due to their contribution to the
yield, flavour and sensory features of dairy products (Scintu et al., 2007).
Variability in milk traits can be exploited in positive direction throughout planed
selection and better rearing (Maksimović et al., 2019), and further work is needed
to improve those traits.
By processing milk, highly valuable, famous products such as white
Sjenica cheese, or Svrljig belmuz could be obtained. On the other hand, Sjenica
and Svrljig lamb are famous delicacies. Currently, the wool market is not
satisfactory, and the price of wool is very low, it often cannot even cover the cost
of shearing. However, wool of local breeds is suitable for the production of
traditional products (socks, vests) or souvenirs, which can contribute to added
value. All of these traditional, high quality products, provide additional value and
extra profit for breeders and contribute to the sustainability of sheep production.
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These breeds have triple production (meat, milk and wool).

Conclusion
Population of Sjenica sheep is larger then Svrljig, but their productive
parameters are similar, except for the weight of lambs after weaning, which was
higher for Sjenica strain. Although there is increasing trend in number of Sjenica
and Svrljig sheep, number is still insufficient. Concerning milk production, Svrljig
strain was more productive, but average protein content was lower then in Sjenica
strain. In comparison to imported, more productive and specialized genotypes,
production of these strains is lower, but, given the fact that they are productive in
extensive systems, with harsh environmental factors, their production is
satisfactory. These strains are best adapted to the conditions in which they are
reared, and with very modest inputs, they give high-value products. By processing
them, the high-quality, traditional products with additional value are obtained.
These strains, as two largest representatives of localy-adapted, autochtonous
strains, have a huge importance on the agro-diversity of the Republic of Serbia, but
also for the whole Balkan peninsula, and even Europe.
With modest production and insufficient number of animals, productive
and processing potential is still low. Work on the popularization of these genotypes
and their traditional products is imperative, because they are very important for the
survival and sustainable development of rural areas.

Značaj, produktivnost i potencijali autohtonih rasa ovaca u
Srbiji
Bogdan Cekić, Dragana Ružić Muslić, Nevena Maksimović, Violeta Caro Petrović,
Ivan Ćosić, Tamara Stamenić, Madlena Andreeva

Rezime
Usled političke, demografske i ekonomske situacije, poljoprivreda u Srbiji se
promenila, uključujući i rasni sastav ovaca. Tradicionalni ovčarski centri sa velikim
pašnim prostranstvima i velikim brojem autohtonih rasa i sojeva su napušteni, i
posledično je fokus ovčarske proizvodnje prebačen na intenzivne sisteme
proizvodnje mesa, koji su skupi i neodgovarajući. Ovo je dovelo do smanjenja
broja pramenki sa svojim sojevima. U ovom istraživanju, praćena su dva soja
pramenke: sjenički i svrljiški, uključujući njihov broj, produktivne i reproduktivne
parametre. Kontrolisana populacija ovih životinja u 2020. godini je bila 139319
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sjeničke i 19585 svrljiške pramenke. Prosečna telesna masa na rođenju jagnjadi
sjeničke pramenke je iznosila 3,20, a svrljiške 3,15, dok je telesna masa nakon
trideset dana i na odlučenju iznosila 11,06 i 11,42, odnosno 27,02 i 24,97, redom.
Indeks jagnjenja je bio 1,27 za sjeničku pramenku i 1,29 za svrljišku pramenku.
Svrljiška pramenka je imala dužu laktaciju od sjeničke (104 i 88 dana), veću
proizvodnju mleka (64,05 kg i 55,01 kg), ali je sadržaj proteina bio veći kod
sjeničke pramenke (5,08% i 4,19%). Pored značaja koji imaju na agro-biodiverzitet
i genetički pul, autohtone rase i sojevi su adaptirani na uslove gajenja koji
preovladavaju u brdsko-planinskim delovima Srbije. Kao predstavnici trojnog
smera proizvodnje, njihovo mleko, meso i vuna mogu da se koriste za dobijanje
tradicionalnih, kvalitetnih proizvoda dodate vrednosti, te mogu da obezbede
dodatni prihod odgajivačima, što doprinosi opstanku i održivom razvoju ruralnih
područja.
Ključne reči: Autohtone rase, genetički resursi, održivi razvoj, mleko, vuna
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Abstract:The aim of the study is to show some of the main sperm
parameters in ejaculates obtained in and out of the reproductive period change. The
experiment was conducted with 11 clinically healthy rams of Northeast Bulgarian
fine-fleece breed. The collection of ejaculates took place during the natural
breeding season (June-July) and out of the natural breeding season (OctoberNovember). A total of 22 ejaculates were examined for the experiment. Each
ejaculate was tested for indicators - motility, concentration and velocity. A higher
percentage of total motility and progressively motile sperm is observed in
ejaculates obtained during the breeding season. In ejaculates obtained during the
breeding season, the percentage of rapid-moving sperm was higher, while in those
from the non-breeding period, a high percentage of slow-moving and mediummoving sperm was observed.
Keywords: ram, spermatozoa, motility, velocity parameters

Introduction
The sheep are seasonal breeders, the beginning of sheep reproduction is
regulated by reducing the photoperiod, transformed to a physiological signal by
pineal neurological hormone (Malpaux et al., 1996; Heiliwell and Williams,
1992). In rams, fluctuations in reproductive capacity are assessed during the
different seasons of the year (Boland et al., 1985). Sexual activity in rams changes
with seasonality, influenced by changes in light periods, age, and social hierarchy
(Mickelsen et al., 1982). It has been proven in them that sexual behavior and sperm
quality vary with age and breed (Aisen, 2004; Pelayo, 2019). The libido of the ram
may be affected more by season than by age (Aisen and Venturino, 2004), given
the reduced sperm production in weeks and even months outside the reproductive
season. Although the ram retains some fertility in the non-breeding season, this
period is characterized by a decrease in libido, testicular size, quality and quantity
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of sperm, which subsequently leads to a period of reduced productivity (Langford
et al., 1987; Lincoln et al., 1990). On the other hand, sperm quality is also affected
by sexual activity or the frequency of the semen collection. The seasonality of
reproduction in the ram remains an obstacle in sheep farming systems, as it limits
the reproductive potential and thereby the production.
The aim of the study is to show some of the main sperm parameters in
ejaculates obtained in and out of the reproductive period change.

Materials and Methods
Animals
The experiment was conducted with 11 clinically healthy rams of
Northeast Bulgarian fine-fleece breed. The rams were bred in the Scientific center
for agriculture (SCA) -Targovishte. The animals were aged 2-5 years, placed under
the same conditions of rearing, feeding and breeding, in accordance with the
regulatory requirements. The collection of ejaculates took place during the natural
breeding season- of the breed (June-July) and out of the breeding season (OctoberNovember). From each ram by the artificial vagina method were obtained two
consecutive ejaculates. A total of 44 ejaculates were examined for the experiment.
Each ejaculate was tested for indicators - motility, concentration and velocity. All
ejaculates were diluted with extender 6A which consist sodium citrate, sucrose and
lactose, prepared at the Institute of Biology and Immunology of Reproduction
"Acad. Kiril Bratanov" - BAS.
Sperm Analysis
The analysis of sperm was performed in a specialized laboratory of the
Institute of Biology and Immunology of Reproduction, Sofia, Bulgaria. The
evaluation of sperm quality parameters - concentration, motility and various
kinematic parameters of sperm was performed with the CASA system (Sperm
Class Analyzer [SCA] 5.0. Microptic, Barcelona, Spain). Sperm concentration was
adjusted to SCA assays by dilution, loaded into a Leja 20 chamber (Leja Products
B.V., Nieuw-Vennep, The Netherlands) and examined using a warm-stage
microscope 37°С (Nikon, Tokyo, Japan). Velocity parameters that the SCA
software measured are:
- Rapid, % - Rapid motility spermatozoa;
- Medium, % - Medium motility spermatozoa;
- Slow, % - Slow motility spermatozoa;
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-

VCL, μm/s - The curvilinear velocity (The average path velocity of the
sperm head along its actual trajectory);

-

VSL, μm/s - The straight-line velocity (the average path velocity of the
sperm head along a straight line from its first to its last position);

-

VAP, μm/s - The average path velocity (the average velocity of the sperm
head along its average trajectory);
LIN,% - The percentage of linearity (the ratio between VSL and VCL);

-

STR,% - The percentage of straightness (the ratio between VSL and VAP).

-

WOB,% - The percentage of the wobble (which reflects the measure of
oscillation of the actual path about the average path);

Statistical analysis
The analysis of all results was performed with a specialized statistical
analysis package IBM SPSS Statistics, 23 (SPSSInc., Chicago, USA). The
comparison of sperm characteristics was performed by statistical tests of ANOVA.
Significance of group differences was assessed with One Sample T-Test. Results
were presented as average value ± standard error (Mean ±SE).

Results and Discussion
Figure 1 shows the data on sperm motility in ejaculates obtained in both the
reproductive and non-reproductive periods. As with total motility, a high
percentage of motile sperm is observed in ejaculates obtained during the breeding
season. As with total motility, a high percentage of motile sperm was observed in
ejaculates obtained during the reproductive period. As well as in terms of the
indicator - progressively motile sperm, and here we have a high degree of
reliability (p ≤0.001). Whereas in non-progressively motile and static sperm the
percentage is higher in ejaculates obtained in the non-breeding season.
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***p
≤0.001
**
p≤0.01

*p≤0.05

Figure 1. Sperm motility in ejaculates obtained during the reproductive and non-reproductive
period

Table 1 presents the values for sperm velocity parameters in ejaculates
obtained in and out of the reproductive period. Here, highly reliable differences (p
≤0.001) were observed between the percentage of rapidly moving sperm, and this
percentage is significantly higher in ejaculates obtained in the breeding season. In
terms of the percentage of medium and slow-moving sperm, higher values
observed in ejaculates obtained out of the reproductive period. In all other sperm
parameters, no significant differences were observed between the breeding and
non-breeding periods.
Table 1. Velocity parameters of sperm in ejaculates obtained during the reproductive and nonreproductive period (Mean±SE)
Parameters
In breeding season
Out of breeding season
Rapid, %
Medium, %
Slow, %
VSL, µm/s
VCL, µm/s
VAP, µm/s
STR, %
LIN, %
WOB, %
***p ≤0.001 ** p≤0.01

78.96±5.89***
16.15±3.62**
4.79±2.56*
27.82±1.10***
102.44±5.15***
59.20±2.20**
51.68±0.43***
27.47±0.61*
53.07±0.79*
*p≤0.05

18.90±3.18***
49.56±2.97**
25.71±4.78*
31.26±1.19***
115.45±6.72***
60.39±2.79**
52.21±0.95***
27.63±1.05*
52.75±0.96*
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The obtained results confirm the connection established by us in previous
studies between sperm motility and the breeding season, namely that the age of
rams affects the motility of sperm in the ejaculate only in the non reproductive
period (Andreeva and Stefanov, 2020). Similar seasonal variations in sperm
motility have been found by other authors (Obrest et al., 2011) in ejaculates of
Lacaune breed.
Regarding the influence of the breeding season on the velocity parameters,
our conclusions from previous studies were also confirmed (Abadjieva et al.,
2014), namely, small differences were observed between the ejaculates obtained in
the reproductive and non-reproductive periods.

Conclusion
In ejaculates obtained in and out of the reproductive period, the following
differences were observed in some basic sperm parameters.
1. A higher percentage of total motility and progressively motile sperm were
observed in ejaculates obtained during the reproductive period.
2. In ejaculates obtained during the breeding season, the percentage of rapidmoving sperm is higher, while in those from the non-breeding period, a high
percentage of slow-moving and medium-moving sperm is observed.

Ispitivanje parametara sperme ejakulata ovnova dobijenih u
i izvan sezone parenja
Rossen Stefanov, Madlena Andreeva

Rezime
Cilj ispitivanja je bio da pokaže kako se menjaju neki od glavnih parametara
spermatozoida u ejakulatu dobijenih u reproduktivnom periodu i van njega.
Eksperiment je izveden sa 11 klinički zdravih mužjaka rase severoistočna bugarska
ovca. Sakupljanje ejakulata odvijalo se tokom kampanje osemenjavanja (jun-jul) i
van kampanje osemenjavanja (oktobar-novembar). U okviru studije su ispitana
ukupno 22 ejakulata. Svaki ejakulat je testiran na sledeće indikatore - pokretljivost,
koncentraciju i brzinu. Veći procenat ukupne pokretljivosti i progresivno
pokretljive sperme primećen je u ejakulatima dobijenim tokom kampanje
osemenjavanja. Kod ejakulata dobijenih tokom sezone parenja, procenat brzo
pokretnih spermatozoida je veći, dok se kod onih van sezone parenja primećuje
visok procenat sporo pokretnih i srednje pokretnih spermatozoida.
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Abstract: This study compared weight and percent yields of primal
carcass cuts of commercial fast-growing broiler - Cobb 500 and medium-growing
broiler genotype - Master Gris. Three hundred Cobb 500 chickens and three
hundred Master Gris chickens were used for the experiment. Feed and water were
provided ad-libitum. Treatments were: T1 - corn-soybean meal based control diet;
T2: T1 − 4.0% crude protein than in the control diet + 0.2% protease and T3: T1 −
6.0% crude protein than in the control diet + 0.3% protease. Chickens were
slaughtered at 49 days of age. Medium-growing hybrid Master Gris had a lower
weight of all primal carcass cuts and breast yield (as a percentage of ready-to-grill
carcass weight), as well as higher thighs, drumsticks, wings and pelvis yields in
comparison with the Cobb 500 broilers (P<0.05), except back yield (P>0.05). Also,
the addition of protease to broiler feed had no significant effect on the weight and
percent yields of primal carcass cuts (P>0.05).
Keywords: hybrids, broilers, protease enzyme, primal carcass cuts

Introduction
In the production of chicken meat in recent decades, increasing attention is
paid to minimizing the cost of broiler fattening and reducing the environmental
pollution. Several factors such as genotype, diet composition, digestible nutrient
content, energy to protein ratio, feed form, feed processing, environment, and
disease could affect the cost of production and poultry product quality through
influencing feed intake, body weight gain and feed conversion ratio (Ahiwe et al.,
2018).
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Today, technologies supplemented by exogenous enzymes (xilanase,
phytase, glucanase, protease, amylase,…) in the corn-soybean based diet are most
commonly used to achieve these goals. Aiming to increase the efficiency of rations,
the usage of exogenous enzymes in the feeding of broilers is gaining more space
and has become a great alternative, since it enhances food digestibility, minimizing
the anti-nutritional effects and promoting the productivity indexes (Hooge et al.,
2010). These enzymes can be included in the diet of livestock to improve
digestibility, reduce nitrogen and phosphorus pollution, reduce diet cost, and
improve the uniformity of animal growth (Cowieson et al., 2019).
Proteases may have an 'extra-proteinaceous' advantage for broilers reared
under high-temperature conditions by improving gut health (Cowieson et al.,
2016). Single exogenous protease, when added to the diet, effectively increased the
apparent amino acid and protein digestibility in the broiler chicken's diet, even in a
low protein diet (Romero et al., 2014; Law et al., 2015; Bertechini et al., 2020; Da
Silva et al., 2021,…). Some researchers (Sabino et al., 2004; Kamran et al.,
2008;…) have examined the effects of reducing the levels of crude protein in the
diet with exogenous enzyme supplementation on carcass yields and cuts of
chickens.
The objective of this study was to compare the carcass characteristics and
meat quality of a medium-growing broiler - Master Gris with a fast-growing
commercial Cobb 500 broiler, both grown in identical housing conditions and fed
the same diet (a diet based on maize and soybean meal, with or without protease
enzymes).

Materials and Methods
A total of 300 Cobb 500 broiler chickens (1 day old, 44.73 g weight) and
300 Master Gris chickens (1 day old, 43.03 g weight) were used in the experiment.
Diets were provided in phases: starter (day 1-21), grower (day 22-35) and finisher
(day 35-49). Respective diets (mash feed) and water were provided ad libitum from
day 1 to 49.
Diet treatments were T1: control diet (based on maize and soybean meal,
starter phase 22% crude protein, grower phase 19% crude protein, finisher phase
17% crude protein), T2: T1 − 4.0% crude protein than in the control diet + 0.2%
protease and T3: T1 − 6.0% crude protein than in the control diet + 0.3% protease.
The enzyme preparation used in this study was a commercial product (Ronozyme
ProAct®, produced by DSM, The Netherlands) produced through submerged
fermentation of Bacillus licheniformis.
At the end of the experimental period (day 49), a total of 20 birds (10 male
and 10 female) were randomly selected from each treatment. Chickens were
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weighed and slaughtered and then the ready-to-grill carcass weight. After that, the
carcasses are cut into primal cuts - breast, drumsticks, thighs, wings, back, pelvis
and abdominal fat. Primal cuts is the measured weights and the proportions of
primal cuts in relation to the ready-to-grill carcass weight were calculated.
Statistical analysis data were subjected to two-way factorial ANOVA
(hybrids, diet treatments). The significance of differences between means was
determined by the LSD test and differences were considered significant at P<0.05.
Statistical analyses were performed using the Stat Soft Inc Statistica For Windows,
Version 7.0., 2006.

Results and Discussion
Table 1 presents weight of primal carcass cuts - breast, drumsticks, thighs,
wings, back and pelvis in broilers two hybrids.
Table 1. Effect of hybrids and diet on weights of primal carcass cuts across treatments, g
Hybrid

Diet
T1

Cobb
500

T2
T3
T1

Master
Gris

T2
T3

Sd
Sd
Sd
Sd
Sd

Breast
798.68a
80.28
791.36a
91.38
764.78a
88.92
524.51b
38.66
509.90b
48.88
515.70b
50.58

Drumsticks
326.45a
43.93
312.57a
34.71
307.96a
40.65
277.48b
28.44
264.66b
32.09
265.04b
31.26

Thighs
376.97a
43.89
372.29a
37.13
361.19a
39.29
303.78b
31.98
293.25b
26.78
297.08b
28.49

Wings
261.88a
27.22
252.15a
27.11
253.83a
30.17
221.74b
19.49
219.16b
20.41
219.18b
23.41

Back
283.53a
33.25
274.78a
51.96
279.95a
34.80
222.64b
27.09
209.10b
19.00
216.55b
24.80

Pelvis
246.21a
31.64
244.96a
30.86
252.22a
41.06
211.47b
16.44
200.89b
18.15
205.55b
22.06

Sd
p-value
Source of variation
Hybrid
0.000
0.000
0.000
0.000
0.000
0.000
Diet
0.394
0.113
0.347
0.491
0.332
0.552
Hybrid x Diet
0.554
0.921
0.633
0.799
0.950
0.608
X̄ -Average, Sd - Standard deviation
a-b Means followed by different superscript letters within columns differ significantly (P<0.05)

The results presented in Table 1 showed a significant effect of genotype, ie
hybrid on the weight of primal carcass cuts in chickens (P<0.05). Average weight of
primary cuts were higher in broilers Cobb 500, which was expected, according to a
higher body mass chickens of hybrids at the end of the experiment. Also, the results
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of the experiment show that lowering crude proteins levels, with the addition of
protease enzymes, did not have a negative effect on examined carcass
characteristics (P>0.05). The breast weight of fast-growing broilers (784.94 g) was
1.52 time higher compared to the breast weight (516.70 g) of medium-growth
hybrids. Aksoy et al. (2010) also reported fast-growing genotypes showed higher
breast, legs, wings, back and neck weight than medium growing birds (P<0.001).
Commercial fast-growing chickens had higher live weight, carcass, breast and
thigh-drumstick weights (P<0.05) compared to medium and slow-growing
chickens (Cömert et al., 2016).
Data on percent yields of primal carcass cuts (breast, drumsticks, thighs,
wings, back and pelvis) the factors analyzed (hybrids, dietary treatments) are given
in Table 2.
Table 2. Effect of hybrids and diet on percentage yield of primal carcass cuts of broilers, %
Hybrid

Diet
T1

Cobb
500

T2
T3
T1

Master
Gris

T2
T3

Sd
Sd
Sd
Sd
Sd

Breast
33.60a
1.59
33.93a
3.59
33.24a
2.29
28.62b
1.33
28.90b
1.20
28.78b
1.25

Drumsticks
13.69b
0.87
13.38b
0.90
13.34b
0.67
15.10a
0.56
14.97a
0.79
14.77a
0.848

Thighs
15.83b
0.68
15.96b
1.17
15.47b
1.19
16.53a
0.75
16.62a
0.45
16.58a
0.58

Wings
11.02b
0.53
10.79b
0.65
11.02b
0.62
12.08a
0.44
12.42a
0.41
12.22a
0.49

Back
11.92
0.80
11.68
1.46
12.15
0.66
12.11
0.88
11.86
0.60
12.08
0.81

Pelvis
10.34c
0.70
10.47bc
0.76
10.91b
0.96
11.54a
0.56
11.40a
0.68
11.47a
0.58

Sd
p-value
Source of variation
Hybrid
0.000
0.000
0.000
0.000
0.549
0.000
Diet
0.659
0.148
0.388
0.819
0.228
0.195
Hybrid x Diet
0.785
0.845
0.431
0.099
0.782
0.134
X̄ -Average, Sd - Standard deviation
a-b Means followed by different superscript letters within columns differ significantly (P<0.05)

The results presented in Table 1 showed that chickens of the fast-growing
hybrid had a higher percent yields of breasts, and a lower percent yields of
drumsticks, thighs, wings and pelvis compared to the medium-growing genotype
(P<0.05), with a similar percent yields of backs (P>0.05). Nutritive applied
treatments did not affect the percentage yield of the primary carcass cuts, in
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addition to the percent yield of the pelvis in the genotype Cobb 500 (significant
differences were observed between the groups T1 and T3, P<0.05).
Relative weights of parts to cold carcass weight fast-growing genotypes
showed a higher average for breast only whereas medium-growing genotypes had
higher values for other parts (Aksoy et al., 2010). A similar difference in carcass
traits between fast- and medium-growing genotypes was also found Santos et al.
(2004), Fanatico et al. (2008) and Dal Bosco et al. (2014). Higher relative breast
weight in fast-growing broiler in comparison with slow-growing broiler were also
cited by Nielsen et al. (2003), Fanatico et al. (2005) and Jaspal et al. (2020).
Cömert et al. (2016) published that the effect of the genotype was important for the
breast and thigh-drumstick yields (P<0.05), fast-growing hybrids had higher breast
yield, whereas medium slow-growing chickens had higher thigh-drumstick yield
(P<0.05).

Conclusion
Based on the findings of the present study, it may be concluded that the
differences in weight and percent yields of primal carcass cuts between the two
hybrids of different intensity of growth were significant, except for the share of the
back. Namely, the weights of all primal carcass cuts and breast yield were greater
in fast-growth broilers, while the percent yield of drumsticks, thighs, wings and
pelvis were greater in medium growth broilers. Also, present results showed that it
was possible to reduce crude protein level without any negative effect on the
weight and percent yields of primal carcass cuts of commercial fast-growing
broiler (Cobb 500) and medium-growing broiler genotype (Master Gris) by adding
protease to the diet of broiler chickens.

Uticaj genotipa i dodatka enzima proteaze na karakteristike
trupa pilića
Vladimir Dosković, Snežana Bogosavljević-Bošković, Božidar Milošević, Zdenka
Škrbić, Miloš Lukić, Simeon Rakonjac, Veselin Petričević

Rezime
U radu je upoređena masa i udeo osnovnih delova trupa komercijalnog
brzorastućeg hibrida pilića - Cobb 500 i srednje rastućeg linijskog hibrida - Master
Gris. U ogledu je bilo tri stotine pilića Cobb 500 i tri stotine pilića Master Gris.
Ishrana i napajanje su bili po volji. Tretmani ishrane su bili: T1 - kontrolni obrok
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na bazi kukuruza i sojine sačme; T2: T1 − 4,0% sirovih proteina u odnosu na
kontrolni obrok + 0,2% proteaze i T3: T1 − 6,0% sirovih proteina u odnosu na
kontrolni obrok + 0,3% proteaze. Klanje pilića obavljeno je u uzrastu od 49 dana.
Medium-growing hibrid Master Gris je imao manju masu svih osnovnih delova
trupa i udeo grudi (u odnosu na masu trupa “spremno za roštilj”), kao i veći udeo
bataka, karabataka, krila i karlice u poređenju sa pilićima Cobb 500 (P<0.05),
izuzev udela leđa (P>0.05). Takođe, dodatak proteaze u hranu za piliće nije imao
značajan uticaj na masu i udeo osnovnih delova trupa (P>0.05).
Ključne reči: hibridi, brojleri, enzim proteaza, osnovni delovi trupa.
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Abstract: The trial aimed to evaluate different inorganic phosphorus
sources (P) in broilers feed, and its impact on growth, production performances and
bone mineralization. 300 one-day-old broilers were randomly divided into the three
groups, by one hundred birds in each. During the 42 experimental days birds were
fed complete feed mixtures, formulated to meet or exceed the requirements of
broilers, for all nutrients except for phosphorus. One group of broilers was fed a
diet without the addition of inorganic P (basal diet), and the other two had a two
different monocalcium phosphates as a source of inorganic P (MCP 1, MCP 2).
Production results were monitored during the trial. At the end of the experiment by
12 birds from each group were slaughtered, tibia and tibiotarsus were collected,
and linear bone parameters and bone density (radiodensity) were measured. Both
experimental groups that was fed with the addition of inorganic source of P
achieved significantly higher production results compared to the group of broilers
fed with basal diet (P<0.001). Furthermore, production results, as well as bone
tissue density differed significantly between MCP 1 and MCP 2 group (P<0.05). In
the same group of broilers (MCP 2) bone length, cross sectional area and cortex
thickness were higher, but without statistical significance (P>0.05). As opposed to,
bone mass was higher in MCP 1 (P>0.05). The results of the experiment point out
the significance of kind of MCP as inorganic P source in feed, and its impact on the
ossification of bone tissue.
Key words: broilers, monocalcium phosphate, phosphorus, bone
mineralization

Introduction
Phosphorus (P) is mineral involved in many metabolic functions and
deposited in bone tissue. About 80% of total P in organism is present in bones, and
along with calcium (Ca) has a significant role in bone mineralization (Hemme et
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al., 2005; Scholey et al., 2018). High growth rate and body weight gain achieved in
short fattening time in poultry emphasize the impact of P from diet on proper body
development (Williams et al., 2000). Phosphorus in diet is present as phytin P from
plants, which is poorly digestible (50-60%) and inorganic P i.e. phosphate P from
mineral sources (Hyun An et al., 2020). Most phosphate is derived from rock,
which is a non-renewable resource, and current global reserves may be depleted in
50-100 years (Cordell et al., 2009). It is considered as the third most expensive
nutrient after energy and protein (Shastak and Rodehutscord, 2013). Inorganic P
sources contribute to adequate P supply, because they are highly digestible.
The aim of this study is to evaluate the impact of monocalcium phosphate
(MCP), as a source of inorganic phosphorus in broilers diet, on production
performances and bone mineralization.

Material and Methods
All the experimental procedures and animal handlings used in this study
were in accordance with guidelines of the European Community
(Directive86/609/EEC) and guidelines of the Ethics Committee of the Faculty of
Veterinary Medicine, University of Belgrade, Serbia.
The trial included 300 one-day-old broilers (Cobb 500), both sexes that
were randomly divided into the three groups, by one hundred birds in each. During
the 42 experimental days birds were fed complete feed mixtures that were
formulated to meet or exceed the requirements of broilers set by NRC (1994), for
all nutrients except for phosphorus (Table 1). One group of broilers was fed a diet
without the addition of inorganic P i.e. basal diet (BD), and the other two had two
different, commercially available monocalcium phosphates as a source of inorganic
P. The MCP was added to diet by replacing the part of corn, at the rate of 14.3 g/kg
of feed in starter, and 13.0 g/kg of feed for grower and finisher feed mixtures.
Table 1. Composition of experimental diets
Ingredient [g/kg]
Starter
Corn
541.20
Soybean meal
230.0
Soy grits
180.0
MCP
14.30
Salt
3.50
Limestone
16.00
Mineral-vitamin premix*
15.00
* Mineral-vitamin premix does not contain phytase

Grower
604.5
160.00
190.00
13.00
3.50
14.00
15.00

Finisher
625.5
100.0
230.00
13.00
3.50
13.00
15.00
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Production results - average body weight, average body weight gain, feed
intake and feed to gain ratio, were monitored during the trial. At the end of the
experiment by 12 birds from each group male and female equally, were
slaughtered, in order to collect bone samples. On the tibia and tibiotarsus were
measured: bone mass, bone length, inner and outer radii of the cross-section at half
of the diaphysis length. From obtained values for inner and outer radii, cross
sectional area of medullar cavity and cortex thickness were calculated. Bone
density was measured by computerized tomography (CT), on the mono-laser
scanner for computerized tomography Somatom AR Star (used protocol: 110kV,
105 mA, slice thickness 5 mm) and the tissue density (radiodensity) was expressed
in Hounsfield units [HU].
Data were analyzed by using Graph Pad Prism 6.0. Software (Graph Pad
Software Inc., San Diego, CA, USA). Individual bird served as experimental unit.
All values are expressed as means and standard deviation of means. One-way
ANOVA with Tukey’s post test were performed to assess the significance of
differences among experimental groups. Levels of P < 0.05 were considered as
significant.

Results and Discussion
Production results are presented in Table 2. Initial body weight did not
differ among groups. At the end of the trial, both experimental groups that received
MCP as inorganic P source achieved higher body weight and body weight gain
compared to the group fed with basal diet. Furthermore, in the group of broiler that
was fed a diet with addition of MCP 2, was recorded higher body weight and body
weight gain compared to the group fed with MCP 1 (P < 0.05). Feed consumption
was the highest in the group MCP 1, and feed conversion was the lowest in the
same group of broilers.
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Table 2. Production results of broilers (n=100)

BW
[g]
BWG
[g]
DFC
[g]
FCR

Experimental
period
1. day
21. day
42. day
1-21. day
21-42. day
1-42. day
1-21. day
21-42. day
1-42. day
1-21. day
21-42. day
1-42. day

BD
47±2.6
505±131.9
1741±454.5
458±131.1
1236±452.8
1694±454.4
57±2.8
110.19±3.5a
79±3.5
2.32±0.71
1.87±0.61
1.97±0.46a

MCP 1
48±3.0
854±96.8a
2443±273.5a
806±96.8
1585±302.3
2396±273.2a
74±3.4
149.6±6.2b
104±4.5
1.60±0.19
1.98±0.24
1.82±0.2b

MCP 2
48±3.6
824±77.2b
2519±249.1b
777±77.3
1695±260
2471±249.1b
76±3.7
153±6.5b
105±4.7
1.54±0.23
1.89±0.23
1.78±0.18

P value
(ANOVA)
0.682
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.05
<0.0001
<0.0001
<0.0001
<0.0001

*Values are expressed as means ± SD
Means with different superscript within the row differ significantly a,b...P˂0.05
BW-Body weight, BWG-Body weight gain, DFC-Daily feed consumption per bird, FCR-Feed
conversion

Body weight, along with feed conversion has been used as a criterion to
assess the relative bioavailability of phosphate sources. These parameters represent
the indicators of growth rate, which is affected by adequate mineral supply
(Shastak and Rodehutscord, 2013). Regarding that bioassays based on growth rate
can provide the significant information about level of available P, thus can be used
as a criterion for evaluation of P sources. Furthermore, broilers are often more
sensitive in their performance to differences in mineral supply than other animals
because they have low body reserves of minerals and relatively high growth rates
(Jongbloed and Kemme, 2002). Obtained results point that P sources, as well as its
production process and technology can influence the availability of P, which is in
line with findings of some other authors (De Bruyne and Von Felde, 2000;
Pavlović et al., 2018). However, the rate of growth is affected by several different
factors, and controlled by several biological or biochemical events, thus growth
data only cannot provide adequate information (Adeola and Cowieson, 2011). Bone
criteria is considered to be the suitable test in evaluation of P availability, because
about 80% of total P retention is in the skeleton in growing birds (Scholey et al.,
2018). The level of biologically available minerals, especially Ca and P in diet,
affects the ossification of bone tissue.
Bone length is presented in Table 3. There was significant differences
between control group of broilers compared to other two experimental groups for
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tibia. In tibiotarsus length measured values was significantly higher for MCP 2
experimental group compared to BD group.
Table 3. Bone length and mass of bones (n=12)
Tibia lenght [cm]

Tibiotarsus leght [cm]

Tibia mass [g]

BD

9.253 ± 0.850

6.067 ± 0.360

6.85± 1.19a

Tibiotarsus
mass [g]
3.48±1.30a

MCP 1

10.650 ± 0.457

6.738 ± 0.558

9.32±1.76b

4.51±1.08

MCP 2

11.190 ± 0.661

6.990 ± 0.427

9.00 ± 1.66

5.09±0.75b

*Values are expressed as means ± SD
Means with different superscript within the column differ significantly a,b...P˂0.05

Tibia mass was higher in MCP 1 group of broiler, and statistically higher
compared to BD (P<0.05). As opposed to, tibiotarsus mass was higher, in the MCP
2 group of broiler (P<0.05) (Table 3). Mass of bones depends of individually
factors such as growth rate and body weight. Furthermore, mass of bones can be
expressed as mass of raw bones or mass of dried and defatted bone. The percent of
fats in bone tissue can affect the accuracy of results (Shim et al., 2012). From
measured linear bone parameters, cross-sectional areas were calculated (Table 4).
Obtained values for cortex thickness show the similar trends as production results.
The highest cortex thickness was in MCP 2, compared to other two groups, but
without statistical significance.
Table 4. Cross sectional areas and bone density at half of diaphysis length (n=12)
Group

BD

48.76 ± 14.88

Cross sectional
area of medullar
cavity of
tibia[mm2]
16.42 ± 6.35

MCP 1

52.55 ± 10.30

19.59 ± 4.75

MCP 2

Total cross
sectional area of
tibia[mm2]

54.58 ± 10.14

19.02 ± 4.97

Cortex
thickness
[mm2]

Tibia density
[HU]

Tibiotarsus
density [HU]

32.35± 15.72

833.4 ± 166a

474±81.01a

32.96 ± 7.34

864.4±81.31b

533±52.2

35.56±10.13

c

1019±180.9

662.5±149.5b

*Values are expressed as means ± SD
Means with same superscript within the column differ significantly a,b,c...P˂0.05

Mineral density (i.e. radiodensity) of bone tissue was measured at the half
of diaphysis length. Measured values showed similar trends compared with
production results and linear bone parameters. Radiodensity of tibia was the
highest for group of broilers fed with the addition of MCP 2 and significantly
higher compared with the other two groups (P<0.05). Observed differences for
tarsus were statistically significant between MCP 2 and BD group (P<0.05) (Table
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4). CT allows three-dimensional visualization of a bone structure, consequently
allows the volumetric bone density measurement (Boivin and Meunier, 2002;
Korver et al., 2004). Thus, based on the CT expressed density, the impact of
inorganic source on bone mineralization can be estimated. Significant differences
of bone tissue radiodensity between BD and MCP groups of broilers, confirm that
statement. Furthermore, from here presented results can be concluded that
inorganic source of phosphorus has a crucial impact on level of digestibility of P,
thus on ossification of bone tissue. MCP used in MCP 1 group of broilers shows
the higher rate of phosphorus bioavailability that is expressed through production
results and level of bone mineralization.

Conclusion
Type of phosphorus in feed, not only its chemical form, but also kind of
inorganic source of phosphorus, has a significant impact on the level of its
bioavailability to organism. Availability of phosphorus can affect growth rate, thus
production results are considered one of the indicators of phosphorus digestibility.
Being deposit in bone tissue phosphorus has a crucial role on bone mineralization,
and bone parameters can be used in evaluation of mineral phosphorus sources.
These results have applicability to farmers and producers, and can be used for
formulating diets.

Uticaj neorganskog izvora fosfora u ishrani brojlera na
mineralizaciju koštanog tkiva
Marija Pavlović, Ksenija Nešić, Aleksandra Tasić, Nikola Čobanović, Mihajlo
Vićentijević, Ivan Pavlović

Rezime

U ogledu su ispitani različiti neorganski izvori fosfora (P) u hrani za brojlere i
njihov uticaj na rast, proizvodne performanse brojlera i stepen mineralizacije
koštanog tkiva. U ogled je uključeno 300 jednodnevne brojlerske piladi, nasumično
podeljene u tri grupe, od po sto jedinki. Tokom 42 dana ogleda pilad je hranjena
kompletnim smešama formulisanim prema potrebama brojlera, koje postavlja NRC
(1994) za sve nutrijente, izuzev za fosfor. Jedna grupa brojlera nije dobila
neorganski izvor P (kontrolna grupa), a druge dve su dobijale dva različita
monokalcijum fosfata kao izvor neorganskog P (MCP 1, MCP 2). Tokom 42 dana
trajnja ogleda praćeni su proizvodni rezultati, a 42-og oglednog dana žrtvovano je
po 12 jedinki iz svake grupe. Uzorci tibije i tibiotarsus su uzeti, a u cilju merenja
linearnih parametara kosti, kao i gustine koštanog tkiva (radio-gustina). Obe

530

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

ogledne grupe koje su dobijale neorganski izvor P kroz obrok postigle su značajno
veće proizvodne rezultate u poređenju sa kontrolnom grupom brojlera (P <0,001).
Dodatno, proizvodni rezultati, kao i gustina koštanog tkiva, značajno su se
razlikovali između grupa MCP 1 i MCP 2 (P <0,05). U istoj grupi brojlera (MCP 2)
dužina kostiju, površina poprečnog preseka i debljina korteksa bile su veće, ali bez
statističke značajnosti (P> 0,05). Nasuprot tome, masa kostiju je bila veća kod
MCP 1 (P> 0,05). Rezultati ogleda ukazuju na značaj vrste MCP kao neorganskog
izvora P u hrani, i njen uticaj na stepen mineralizacije koštanog tkiva.
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Abstract: The suggested control program approach in extensive poultry
production is based on establishing technological order and introducing simple
mechanical control of D. gallinae. Relevant part of the environment is separated
from irrelevant and problematic parts by using physical positioning and barriers.
Inert oil with long and efficient physical action is used for the barriers. Perches and
nests are designed as movable objects, and they exclude overlapping spots and
crevices. Separated from the environment, perches and nests provide protection
from D. gallinae during egg-laying and sleeping. When the poultry does contract
D. gallinae, the infestation is easily eliminated by mechanical means from the
perches and nests, and then the barriers are refreshed in order to stop reinfestation.
If necessary, the procedure is repeated. The suggested approach is an opportunity
to control D. gallinae in extensive poultry production and provides the well-being
of poultry, farmers and egg consumers in a simple, long-term and efficient way.
Key words: free range poultry breeding, nest, Dermanyssus gallinae, stres

Introduction
The external parasite red poultry mite, Dermanyssus gallinae (De Geer,
1778), poses significant health and economic impact on the poultry industry
(Flochlay et al., 2017; Van Emous, 2017). Although the D. gallinae has infested
most of farms now days (Sparagano et al., 2014), it has had been known in
extensive poultry production for ages. About a century old papers about red poultry
mite offered better understanding of biology (Wood, 1917) advised actions against
(Davidson, 1924) and considered zoonotic transmission (Wagner, 1873). On
average, it parasitizes on the host every 3-4 days, in order to feed on its blood. The
rest of the time it stays in the environment where it reproduces. Frequent egglaying and short reproductive cycle give it significant reproductive power. The
infestation grows fast so there can be dozens or hundreds of mites per single hen
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(Van Emous, 2005). The mite upsets the poultry, causes stress, hinders the
development of immunity, aggravates the existing health problems, transmits
infectious diseases, and decreases the production results. D. gallinae can starve for
longer than a year (Pavlićević et al., 2007a), but it can also find alternative sources
of food. So far, it has been confirmed to parasitize on 30 species of birds and 20
mammals (Nordenfors, 2000). In people, in addition to unpleasant sensation, it also
causes localized changes on the skin where it stings, in the form of pruritus,
erythematous papulae (Pavlovic, 2004; Cafiero et al., 2017). D. gallinae develops
resistance to acaricides and insecticides (Abbas et al., 2014), and it poses a great
challenge for all control methods used so far (figure 1).

Figure 1. Dermanyssus gallinae (Source: Pavlićević Aleksandar)

In extensive poultry production, an especially problematic part of the
control is the size (per hen) and complexity of the environment, as well as its
hygienic circumstances. These circumstances increase the difficulty of control,
they demand great effort, and result in low efficacy of control. In such situations,
where veterinary medicine does not offer an adequate solution, in addition to
regular health damage and economic loss, alternative control measures are
emerging from research devoted to D. gallinae and its management (Sparagano et
al., 2014).

Aim
To suggest a possibility of rational control program of the red poultry mite
D. gallinae in extensive poultry production.
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Situation analysis
Extensive, free range and organic poultry production is significantly
different from the intensive one. Key differences are the number of housed poultry
(flock size) and the method of housing. Directive 1999/74/EC prohibited use of
traditional cages on egg production for poultry birds since 2012 (Pavličević et al.,
2019). In extensive poultry production, a small number of poultry is allowed to
move freely. Poultry sleeps and lays eggs in the poultry house or improvised
places. The poultry house is a specially designed or improvised facility where each
hen has a large part of the environment, which is complex and hygienically
favourable for D. gallinae (Sparagano et al., 2009). Red poultry mite control in
this environment is difficult, since there is lack of sufficient contact of D. gallinae
with opposing products and methods. Furthermore, there is plausibility of contact
with wild birds, domestic poultry and other animals, which significantly increases
the likeliness of reinfestation compared to intensive poultry farming (figure 2).

Figure 2. Complexity and hygienic conditions in the environment of extensive production make
this problem troublesome, perhaps even impossible to solve by D. gallinae control. Therefore, in
the control program we start with establishing technological order in the environment (Source:
Pavlićević Aleksandar)
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Suggested solution
In order to solve this seemingly insolvable situation, we will divide the
environment into the relevant part which we can control and the other, which is
irrelevant and cannot be controlled. Really relevant part of the environment in D.
gallinae parasitism on layers are the perches where hens can sleep, and nests where
they can lay eggs without disruption (figure 3).

Figure 3. Separating perches and nests from the rest of the environment prevents the mites as
much as possible from feeding, reproducing growing, and continuing the infestation and
adverse effect on the environment. This enables layers to sleep and lay eggs without disruption
(Source: Pavlićević Aleksandar)

Perches and nests can be separated from the rest of the environment by
efficient barriers and by physical separation. We suggest two types of barriers,
which can be easily made, even improvised. Support for bearing constructions for
perches and bearing constructions for nests are put in deeper dishes, the inner walls
and bottoms of which are covered with an inert oil based preparations (suggested
product Pulcap® Pulsil, Serbia) or a similar substance with long-term and efficient
physical effect. Another, somewhat less practical, possibility is for a bell-shaped
barrier to be built into the legs of the bearing construction for perches and nests. Its
inner side is also covered with an inert oil or a similar substance with long-term
and efficient physical effect (figure 4).
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Figure 4. Barriers in the form of dishes or constructions in the shape of bells, with inert oil. In addition to this,
spots and crevices need to be closed or avoided during construction (Source: Pavlićević Aleksandar)

Heretofore there have been thought of consonantly barriers before (Stang
and Wirth, 1928; Thorsten 2011; Pritchard et al., 2016). However, it was
important to offer a practical, feasible, and functional solution.
We believe that installing and maintaining bell-shaped barriers would be
useful in intensive poultry production as well. For this purpose, already existing
washers on bearing construction would have to be modified.
In addition to the barriers, their physical separation is also important. It
means perches and nests not leaning against the wall or other objects, as well as the
poultry on the perches and nests not touching the walls or other objects. If this
condition was not fulfilled, the red poultry mite could go around the barriers and
the separation of perches and nests from the rest of the environment would not be
successful.
The third requirement is the elimination of overlapping spots and crevices
on perches and nests. This can be done during the assembly or subsequently by
closing.
The size of perches and nests should enable their occasional removing
from poultry houses, in order for them to be washed, cleaned and for the straw in
the nests to be changed.
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Maintenance
Further procedure of maintenance, or red poultry mite control, in a
technologically ordered environment of extensive poultry production is simple. It
comes down to occasional mechanical cleaning and washing of perches and nests.
In time, the flock will transmit the mites on the perches and nests. When farmers
notice smaller clots, or that the mites are disrupting them or the poultry, the perches
are washed by boiling water and barriers are refilled with said oil based
preparations. The procedure is the same with nests. The straw is removed, they are
thoroughly washed, dried, new straw is put, barriers are refreshed and everything is
put back in place. In time, the existing red mite infestation will subside in a wider
environment and the time span between two control procedures will get longer. If
the suggested measures are carefully implemented, we expect the procedure of
mechanical D. gallinae control to come down to 1-2 times a year (Pavličević et al.,
2007b).
In case of great intensity and extensity of infestation in the poultry house
(+++, ++++), we recommend (just for the beginning) a detailed hygienic
preparation of the entire inner environment of the poultry house and systematic
application of the chosen inert substances. In this way further pressure on the flock
will be decreased, and mechanical control can be continued without disruption.
The very procedure of this approach to red poultry mite control is
compatible with other products and methods of D. gallinae control, and therefore,
if necessary, they can be combined.

Conclusion
In the above described way, by the program approach, we establish
technological order in extensive egg production, which provides simple and
durable mechanical control of D. gallinae. Farmers are able to efficiently control
the most significant poultry ectoparasite without substantial expenses. Thanks to
this adequate solution, consumers can consume eggs produced in optimal
conditions, without the safety risk of residue created by uncritical D. gallinae
control.
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Predlog pristupa kontroli crvene kokošije
dermanyssus gallinae u ekstenzivnom živinarstvu

grinje

Aleksandar Pavlićević, Ivan Pavlović, Nemanja Zdravković , Luis Francisco Angeli
Alves

Rezime
Predlog pristupa programske kontrole u ekstenzivnom živinarstvu zasniva se na
uvođenju tehnološkog reda i uspostavljanju jednostavne mehaničke kontrole
D.gallinae. Fizičkim položajem i barijerama, razdvaja se važan deo ambijenta od
nevažnog i problematičnog dela ambijenta. Za barijere se koristi inernto ulje, sa
dugotrajnim i efikasnim fizičkim dejstvom. Sedala i gnezda se izrađuju kao
pomični predmeti, na kojima su isključena preklopljena mesta i pukotine.
Izdvojena od ambijenta, sedala i gnezda omogućuju zaštitu od D. gallinae za vreme
leženja jaja i spavanja. Kada živina ipak prenese D. gallinae, infestacija se lako
elimiše mehaničkim putem sa sedala i gnezda, a zatim se osveže barijere kako bi
sprečavale reinfestaciju. Po potrebi, postupak se ponavlja. Predlog pristupa je šansa
da se jednostavno, trajno i efikasno kontroliše D. gallinae u ekstenzivnom
živinarstvu, i ostvari dobrobit živine, farmera i potrošača jaja.
Ključne reči: ekstenzivno živinarstvo, gnezda, Dermanyssus gallinae, stres
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Abstract: The jumping sport represents a significant part of the equestrian
industry that is largely focused on the realization of economic gain. In order to
realise desired competition results, horses need to be adequately trained. Generally,
training can be defined as ‘a complex process of different activities with a planned
and oriented goal of making progress in achieving fitness and oriented movements
during work'. Through training, horses need to improve or maintain maximum
performance, preparing the horse for competition, delay onset of fatigue, improve
skills or work capacity, minimize the incidence of injuries or metabolic disorders,
and maintain willingness and enthusiasm for exercise. Furthermore, warming-up
represents the unavoidable preparatory step of each training session aiming to
prepare the body for the training by increasing the heart rate, enhancing blood
supply to tissues, and increasing the flexibility of joints, ligaments, and tendons.
Also, horses' trainers and handlers should nurture natural curiosity enabling horses
to suppress potential fear of new stimuli and lift the performances in training and
breeding. Finally, an adequately trained and bred horse is the one with good results
in equestrian sports
Key words: horse, jumping training, warm-up

Introduction
Jumping represents one of the most popular equestrian disciplines. Show
jumping is one of three Olympic equestrian sports and represents the most popular
equestrian discipline, with the highest number of registered equine and human
competitors and competitions within the Fédération Equestre Internationale
(Fédération Equestre Internationale, 2021a). Ricard and Fournet-Hanocq (1997)
in their analysis of the factors influencing the sporting life of a show horse
conclude that poor training will increase the likelihood of a faster termination of a
horse’s sporting career by 1.6 times. Furthermore, the goal of horse training is to
achieve concentration and fitness for a particular equestrian sport, while preserving
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health, mental and physical condition and longevity in equestrian sports and further
exploitation, for example in breeding. Furthermore, Dyson and Pollard (2021)
determined that the performance and welfare may be improved by recognition and
appropriate treatment of underlying problems. Based on research the Ridden Horse
Pain Ethogram (RHPE) comprising 24 behaviours was developed in order to
facilitate the identification of musculoskeletal discomfort, with scores ≥ of 8/24
indicating the presence of pain. Furthermore, the median RHPE score for 147
competitors at World Cup Grand Prix events from the year 2018 to the year 2020
was 3 (interquartile range 1–4; range 0–7). Horse training generally involves
different combinations of physical effort and specific training requirements that
depend on the future use of the horse. In jumping equestrian sport, the
requirements for the horse are the best possible mastering of the given parkour in
the jumping competition. Accordingly, the show horse requires constant
concentration, fitness and motivation in training and competition. Still, the
selection of individuals and training strategies for the equine jumping athlete are
largely based on traditional methods. The aim of this paper was to present in detail
the challenges of training a jumping horse.

Development of motoric abilities of the jumping horse
The use of the horse for athletic competition requires conditioning and
training for specific varieties of performance. The motility of the jumping horse
begins to develop at the earliest age of the foal. At this stage of the horse's life, it is
necessary to ensure as many free motoric movements of the developing horse as
possible (Voswinkel, 2009). Training of the jumping horse begins at the age of
three years, i.e. when the horse is fully physically developed. At the age of three, a
horse starts jumping its parkour in a free jump for the first time. In free jump, the
horse is without equipment and riders, so it shows its exterior and interior in
jumping, i.e. physical and mental predisposition for jumping equestrian sport.
Furthermore, the use of the horse for athletic competition involves conditioning
and training for specific types of performance. With proper training, the motility of
the jumping horse gradually develops until the age of eight and then keeps that
constant until the age of fifteen. According to Trailović (2008), there is a drastic
difference between gallop and trotting races to long-distance riding when training
with a jumping horse. The specificity lies in the fact that a horse in show jumping
must be highly motivated, concentrated and precise. The strong jump strength of a
horse alone is not enough. In any equestrian sport, the goal of training is always the
same; the horse needs to develop and show its full form with all its genetic
potential and show it off in competition. In addition, he must maintain good health
and a desire to work without fears and anxiety. The specificity of show jumping
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lies in the fact that a horse needs many years of adequate training without injuries
in order to fully develop its motoric skills and jump precision. Show jumping
requires great physical endeavours of the equine athlete, since, at the highest levels,
horses jump 10 to 13 obstacles up to 1.70 m high and 2.00 m wide and sometimes
racing against the clock (Fédération Equestre Internationale, 2021b).

Figure 1. Motoric development of the jumping horse with adequate training, and use in
competitions and breeding (according to Pollmann-Schweckhorst, 2002)

The above Figure 1 shows the training of horses over the years and makes it a
logical sequence of the development of a sport jumping horse through adequate
training. In order for a horse to develop accordingly, it is necessary to be consistent
in the goals set in training. They are set as short-term and long-term and largely
depend on the longevity of horses in sport and breeding. Therefore, several years of
technical training and physiological conditioning are needed for a jumping horse to
reach its full potential, which relates to significant expenditures of money,
resources and time (Santamaría et al., 2005)
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Development of sport condition of horses
Most of the conditioning programs used now are based on practical
knowledge. For instance, different methods of strength training can be used when
training horses depending on the set objective (Castejon-Riber et al., 2017). In
general, training can be defined as ‘a complex process of different activities
(actions) with a planned and oriented goal of making progress in achieving fitness
and oriented movements during work’ (Carl, 1989). Hick and Hick (2000) defined
training as the constant repetition of physical and mental actions with the aim of
encouraging the development of adaptations to these actions that would lead to an
increase in their effectiveness. Furthermore, Hohmann (2003) describes the
training as the realization of systematic and planned measures (i.e. the
implementation of training content through training methods) for the realization of
the led goal of training with a particular sport. Training is also described as goaloriented, with systematically set tasks and daily organized work to achieve
"perfection", i.e. increase physical and motor performance in order to encourage
and develop a mechanism of adaptation to higher body loads (Schnabel et al.,
2003). Castejon-Riber et al. (2017) stated that generally training is organised in
order to improve or maintain maximum performance, prepare the horse for
competition, delay onset of tiredness, improve skills or work capability, minimize
the occurrence of injuries or metabolic disorders and maintain readiness and
enthusiasm for exercise. Furthermore, the goal of training is to achieve the best
possible adaptation of the body to effort and at the same time improve motor skills.
Training leads to the adaptation of the body to strength, speed, endurance and
agility (mobility), which will lead to improved fitness and ability to work. In any
form of training with a horse, a balance should be found between work and rest so
that the health of the sport horse does not deteriorate (Hintz et al., 2001). Horse
tiredness increases the possibility of mistakes in horse motor skills, which in
parkour most often leads to breaking down an obstacle. Furthermore, CastejonRiber et al. (2017) generated principles of training based on scientific literature and
their own experience, aiming to avoid or minimize the occurrence of injuries,
overcompensation, periodization, and progressive loading. Predictive indicators of
future performance are especially important for the equine business, as early
selection and/or training methods of jumping horses may facilitate improved
competitive performance, career longevity and welfare, as well as decreases in time
and economic expenses needed to produce prosperous athletes (Santamaría et al.,
2004). Training pressure means a gradual increase in motor actions to the capacity
of the horse in his sport. The success of a training program depends on the
individual horse itself. Its outcomes are unpredictable at the beginning of entering
training. Most of all, the success of a horse’s training depends on the horse’s
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adaptation to the training requirements in a physical and mental sense. Physical
endeavour leads to significant deviations in the function of many organs and organ
systems: cardiovascular, blood, bone, muscle, tendon, ligament, and
thermoregulatory mechanism. Thanks to the specific adaptation of the organism
during training, the organism gradually adapts to the efforts and the dynamics of
training becomes more effective, which would gradually reduce the deviation of
the individual from the equestrian discipline (Trailović, 2008). Most of the
scientific papers are related to human training, which is divided into several
components. Training of the equestrian horse represents the development of
physical and mental genetic potential for achieving a sports result in the equestrian
sport. Training improves the movements of horses, develops muscles, achieves
better coordination of movements and desirable fitness. With the development of
technology, the possibility of monitoring progress in intensive horse training is
increasingly being achieved. By training, the horse develops the endurance of the
organism for physical effort and its adaptation, which is the basis for the formation
of any other physical ability (Lindner, 1997). Training, through aerobic exercise,
aims to: increase certain motor movements over time without the horse developing
fatigue; increase the horse's ability to maintain motor precision and concentration
despite signs of fatigue at work; develop and improve the biomechanical qualities
of horses; develop and maintain horse motivation in work; optimize the
physiological potential of the horse; reduce the risk of injury; stabilize heart
function due to exertion (Rose and Evans, 1990; Clayton, 1991; Brings et al.,
1998; Röthing and Prohl, 2003; Voswinkel, 2009).
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Figure 2. Example of the curve of sports form development in obstacle riding (jumping) in the
annual training cycle (according to Perinović and Milanović, 2013)

When working with show horses, the daily, weekly and monthly rhythm of
training differs according to the competitions in which the horse will participate. In
the Republic of Croatia, the competition calendar is created by the Croatian
Equestrian Federation (HKS, 2021; Gregić et al., 2020). During the year, horses in
show jumping go through three periods: preparatory, competitive and final
(Perinović and Milanović, 2013). Each period requires different fitness training.
Horses are subjected to different training intensities to maintain fitness or raise it to
the required level. The specificity of jumping requires a specific training plan and
program. The preparation period should start in December, in January at the latest
and last until the end of March. Equestrian competitions begin in early April and
the competition period begins. It is necessary to conduct the first control
competitions that serve to get to know more about the physical and mental
readiness of horses for competition. The majority of competitions in equestrian
jumping sport take place in June and July when the horse is expected to be at
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maximum fitness (Perinović and Milanović, 2013). Activity that adult horses
handle seems to affect behavioural and physiological replies to different stimuli,
thus influencing equine welfare (Mendonça et al., 2019).

Warming-up of horses
A warm-up is a fundamental element of each training session. It aims to
prepare the body for the training by increasing the heart rate, enhancing blood
supply to tissues, and increasing the flexibility of joints, ligaments, and tendons
(Young, 2007). Warm-up is recognised as an unavoidable preparatory step of each
training session. A warm-up improves body performance and also prevents injuries
due to enhanced elasticity of the tendon tissues (Soligard et al., 2008). Forelimbs
carry about 60% of the horse’s body weight and their load increases during
cantering and jumps (Thorpe et al., 2010). Injuries of hind limb tendons are
reported less frequently, but their treatment and rehabilitation are as challenging as
with the forelimbs (Polly, 2019). currently, there is very little published data on
standards on how to warm-up the athletic horses (Tranquille et al., 2021).
Janczarek et al. (2021) concluded that the warming-up effect is achieved earlier
and lasts longer in heavily trained horses than in non-performance horses.

Curiosity in jumping horse training
Horses are naturally curious. Curiosity could be defined as s gift in helping
a horse develop self-confidence. Curiosity creates confidence in a case when a
horse learns and experiences new things, and he will gain more confidence in
himself and life in general. Curiosity starts when they are young and discovering
the world and continues with them the rest of their life. When any of their senses
are stimulated, whether it is the sound of a ruffle in the bush or the sight of an
object running towards them, it creates curiosity (Dines, 2014). Along with
curiosity comes fear. The more you stretch a horse’s comfort zone in a structured
and controlled way, the more they will overcome their initial flight instincts.
Natural curiosity can be suppressed by the way you handle and train your horse,
and this can lead to stress and frustration, and also a horse that is unconfident or
uninterested and unmotivated. It can even make a horse feel depressed. Horses
trainers and handlers should be aware of this natural curiosity and nurture that
curiosity instead of suppressing it. The inadequate training and environmental
conditions may result in a high level of stress hormones because prolonged high
levels of glucocorticoids can negatively affect neurons within the hippocampus.
Furthermore, there is a balance between fear and curiosity. Fear is what drives the
horse away from something and curiosity draws them back. The introduction of
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varied objects and obstacles in a structured and controlled way will stretch a
horse’s comfort zone so they will learn to overcome their initial fear instinct and
become curious. Finally, natural curiosity should be nurtured in jumping horses’
life and horses training.

Conclusion
The challenges of the jumping horse are extremely huge through training
and competition. Jumping represents the most popular equestrian discipline.
Through training, the horse needs to improve or maintain maximum performance,
preparing the horse for competition, delay onset of fatigue, improve skills or work
capacity, minimize the incidence of injuries or metabolic disorders, and maintain
willingness and enthusiasm for exercise. The motor abilities of horses are realized
through planned and consistent training from the earliest age of horses. The
dynamics and complexity of training should be organised in accordance to the
competition season and the horse’s age. In highly trained horses, warming up is
achieved earlier and lasts longer and also injuries are less frequent, than in
inadequately trained horses. Finally, jumping sport is accompanied by an
equestrian industry that requires economic gain which are higher in sport horses
with longer lifespan.

Izazovi treninga preponskih konja
Maja Gregić, Mirjana Baban, Pero Mijić, Vesna Gantner, Tina Bobić

Rezime
Preponski sport predstavlja značajan deo konjičke industrije koji je u velikoj meri
fokusiran na ostvarivanje ekonomske dobiti. Da bi se postigli željeni takmičarski
rezultati, konji moraju biti adekvatno obučeni. Generalno, trening se može
definisati kao „složen proces različitih aktivnosti sa planiranim i orijentisanim
ciljem postizanja napretka u postizanju kondicije i orijentisanih pokreta tokom
rada“. Obukom, konji moraju poboljšati ili održati maksimalne performanse,
pripremajući konja za takmičenje, odgoditi početak umora, poboljšati veštine ili
radnu sposobnost, smanjiti učestalost povreda ili metaboličkih poremećaja i
zadržati volju i entuzijazam za vežbanje. Dalje, zagrevanje predstavlja neizbežni
pripremni korak svakog treninga koji ima za cilj da pripremi telo za trening
povećanjem otkucaja srca, poboljšanjem snabdevanja tkiva krvlju i povećanom
fleksibilnošću zglobova, ligamenata i tetiva. Takođe, treneri i vodiči konja treba da
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neguju prirodnu radoznalost koja omogućava konjima da suzbiju potencijalni strah
od novih stimulusa i podignu performanse u obuci i uzgoju. Konačno, adekvatno
obučen i uzgojen konj je onaj sa dobrim rezultatima u konjičkom sportu.
Ključne reči: konj, preponski sport, zagrevanje
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Abstract: Antimicrobial therapy is important tool in fighting infectious
diseases. The significance of the role of antimicrobials in nature remains vastly
uninvestigated. Plants produce secondary metabolites for, among other functions,
natural protection against microbial infection. The aim of this research was to
investigate antimicrobial effects of 5 different essential oils and 5 main constituents
of plant essential oils toward some of the common veterinary microbial pathogens.
Plant etheric oils (EO) of oregano (Origanum vulgare L.), black caraway (Nigella
sativa L.), sandalwood (Santalum album L.), peppermint (Mentha balsamea Wild.)
and eucalyptus (Eucalyptus obliqua L'Hér.) and active components of etheric oils:
D-limonene, D-α pinene, thymol, carvacrol and cynamaldehyde were tested for
antimicriobial activity against referent strains of: Staphylococcus aureus,
Methicilin resistant S. aureus (MRSA), Escherichia coli; as well as against clinical
isolates of: Staphylococcus pseudintermedius, E. coli, Pseudomonas aeruginosa
and yeast Candida sp. For each etheric oil and active compound minimal inhibitory
concentrations (MIC) are observed by method of broth microdilution. Results of
these investigations have shown that active components of the EO have stronger
antimicrobial effect than complete formulation of essential oils used in the study.
Among tested EOs the most potent was the peppermint etheric oil, while carvacrol
showed the strongest antimicrobial effect among active components of EO.
Interesting finding is that there was almost no difference among MICs between
referent S. aureus and MRSA.
Key words: carvacrol, MIC, pathogens, peppermint, Staphylococcus aureus
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Introduction
A major problem in antimicrobial chemotherapy is the increasing
occurrence of resistance to antibiotics, which leads to the insufficiency of
antimicrobial treatment. A microorganism is defined as clinically resistant when
the degree of resistance shown is associated with a high likelihood of therapeutic
failure (EFSA and ECDC, 2015). The wide use of anti-infective agents has resulted
in the development of bacterial resistance to particular antibiotics (Howard et al.,
2014; Huber, 1970; Krnjaic et al., 2005). Penicillin was first applied in clinical
therapy in 1941 in the United Kingdom against Staphylococcus aureus. The first
penicillin resistance was recorded at S. aureus in 1947, only four years after the
start of industrial production of this antibiotic. In order to overcome the problem of
resistance to penicillin, in 1959, meticillin, a synthetic penicillin resistant to
penicillinase activity, was registered. In the 1960s, there was a report of resistance
to methicillin (Patricia, 1961). In veterinary medicine, the first isolation of this
Methicilin Resistant S. aureus (MRSA) was 1972 in Belgium from cow mastitis
(Devriese et al., 1972). Antibiotic resistance is one of the most pressing health
problems worldwide due to the continuous appearance of antibiotic-resistant
bacterial strains. Antibiotics decrease or attack bacterial pathogens by altering the
functions of the bacterial cell wall, proteins, nucleic acids and metabolic pathways
(Lagha et al., 2019). The elaboration of new antibiotics is expensive and timeconsuming (Garcia-Salinas et al., 2018). In particular, it is necessary to identify
new drugs that can serve as an alternative treatment of infections caused by
microorganisms that are resistant to traditional therapies.
One approach is the study of local medicinal plants with possible
antimicrobial properties (Monzote et al., 2017). Essential oils, are natural products
obtained from plants wich contain volatile organic compounds that can be obtained
from various plant organs, such as fruits, seeds, flowers, stems or roots (Bakkali et
al., 2008). These oils as well as their respective constituencies have demonstrated
various antimicrobial activities (Monzote et al., 2017; Das et al., 2016; Yap et al.,
2014), as well as antiparastic properties (Trailovic et al., 2015; Marjanović et al.,
2018). Interest in essential oils as potential therapeutics to eradicate antibiotic
resistance has been increasing as well as the the rising concern whether the
bacterial tolerance to the essential oil components would be induced. The extent of
bacteria in acquiring resistance to essential oil components has yet to be
systematically and extensively investigated. Limited studies have been carried out
while much focus has been placed on identifying the novel compound expanding
the phytopharmaceutical library (Yap et al., 2014).
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Organic farming is the large potential consumer of plant-based
antimicrobials. Organic farming in Serbia is regulated by Law on Organic
production ( Official Gazette of the Republic of Serbia no 30/10) and Order on
Certification in the organic production ( Official Gazette of the Republic of Serbia
no 48/11) which are closely related to the European Union legislative in particular
field. In the USA where the United States Department of Agriculture defines the
standards for organic production in the United States, organic dairy farmers must
follow strict healthcare guidelines: organic animals may not receive synthetic
antibiotics or anti- inflammatory drugs unless the animal is very sick, in which case
the farmer must not withhold conventional treatment to preserve the cow’s organic
status (Mullen, 2013).

Materials and Methods
Susceptibility of bacteria to active components and control antibiotics were
tersted by the microdilution test prescribed by the M26-A standard (NCCLS,
1999). Essential oils of oregano (Origanum vulgare L.), black caraway (Nigella
sativa L.), sandalwood (Santalum album L.), peppermint (Mentha balsamea Wild.)
and eucalyptus (Eucalyptus obliqua L'Hér.) along with active components of
etheric oils: D-limonene, D-α pinene, thymol, carvacrol and cynamaldehyde
(Essentico, Kula, Serbia, active ingredient content 98.9%, density 1,098g / ml)
were prepared by dissolving in DMSO (Serva, Heidelberg, Germany) and then in
Cation Adjustem Mueller Hinton Broth (Becton, Dickinson and Company, Sparks,
USA) to a concentration of 2560 μg/ml. Bacterial inoculum was obtained
according to the standard M7-A7 (CLSI, 2006) in final concentration of 4-5 x 105
cfu/ml, i.e. 4-5 x 104 cfu/well. Exepction were made for Candida sp. as it were
done in Sabouraud broth by the method for the determination of broth dilution
minimum inhibitory concentrations of antifungal agents for yeasts (EUCAST,
2017) Microtitration plates without active components and plates without bacterial
inoculum were placed as controls, while streptomycin (Sigma, Germany ) at initial
concentration of 256 μg/ml were used as control antibiotics. The plates were
incubated for 24 hours at a temperature of 37°C under aerobic conditions in the
thermostat (Sutjeska, Belgrade, Serbia).
Bacterial strains of: S. aureus ATCC 25923, Methicillin resistant S. aureus
(MRSA) ATCC 43300, Escherichia coli ATCC 25922 were used as well as clinical
isolates of: Staphylococcus pseudintermedius, E. coli, Pseudomonas aeruginosa
and yeast Candida sp. which were obtained from rutine microbiology diagnostics
procedures in Scientific Veterinary Institute of Serbia, Belgrade.
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Minimal inhibitory concentration is observed as the lowest concertation of
active matter under which there are no observed growth by unaided eye (CLSI,
2006).

Results and Discussion

D α pinene

Thymol

Carvacrol

Origano oil

Cynamaldehyde

Sandal wood oil

black caraway oil

Eucalyptus oil

Peppermint

MR S. aureus
ATCC 43300
S. aureus
ATCC 25923
E. coli
ATCC 25922
S. pseudintermedius
clinical isolate
E. coli
clinical isolate
P. aeruginosa
clinical isolate
Candida sp.
clinical isolate

D limonen

Table 1. Results of Minimal inhibitory concentration (MIC)
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160
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2560

>2560

1280

>2560

>2560

320
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2560
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2560

2560

2560

2560
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160

80

80

80

20

160

1280

2560

2560

The plant essential oils of generally exhibited high MIC values (>
1280µg/ml) toweard the tested bacteria, although oregano oil is showed a stronger
antimicrobial effect (Table 1.). Among the active components of essential oils,
carvacrol and cinnamaldehyde exhibited the most potent antimicrobial effect.
Clinical isolate of Candida sp. Showed the highest sensitivity to the tested
substances, while the least sensitive is the P. aeruginosa isolate. Essential oils
exhibited a fairly uniform MIC according to pairs of sensitive and resistant bacteria
such as MRSA ATCC 43300 and S. aureus ATCC 25923 or clinical isolate and
referent E. coli strain. This study confirms that selected essential oils have
antibacterial and antifungal activity and as such may be used in the treatment of
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infections with pathogenic bacteria (Thormar et al., 2011). This proven quality
might be used in the treatment of infections. In the future, the authors see extension
in citotoxicity investigations and adequate regime of aplication. Preparations and
adjuvans are not the same regarding of addmission strategies. Essential oils
curative effect has been known since antiquity. It is based on a variety of
pharmacological properties which are specific for each plant species. Results from
in vitro studies in this work showed that the essential oils inhibited bacterial and
fungal growth but their effectiveness varied (Rusenova and Parvanov, 2009). We
have confirmed that certain essential oils have noticable antimicrobial activity.
Also, we have verified that active components have grater antimicrobial potencial
than the whole essential oil with the same principal active component (Dal Pozzo
et al., 2011; Bakkali et al., 2008). Antibacterial activity of several plant-derived
molecules, including carvacrol, thymol, eugenol, and cynamaldehyde have been
demonstrated against both gram-positive and gram-negative pathogens (Burt,
2004; Bakkali et al., 2008). Our result imply better than Dal Pozzo et al. (2011)
whom reported effect against S. aureus from the oregano oil MIC a range from 800
μg / ml to 3200 μg / ml with a mean value of 1600 μg / ml with an estimated MIC50
of 1600 μg / ml. In that same report carvacrol and thymol had values in the range
form 200 to 1600 μg / ml. In the study of Choi et al. (2012) the reference strains of
S. aureus from the ATCC collection showed a sensitivity to origano oil that could
be considered as close to the our results: from 100 μg / ml to 500 μg / ml but milk
isolates of the same bacteria showed a higher MIC of 1000 μg / ml to 4000 μg / ml,
which is above cobtained in our study. The same authors showed a concentration
range for antibacterial effect of the timol goes from 100 μg / ml up to 4000 μg / ml
(Choi et al., 2012). In our study, carvacrol exhibited strong antimicrobial properties
on E. coli, in concordance with literature description that the essential oils of
Origanum vulgare and Thymus vulgaris, as well as their components, carvacrol and
thymol are the most promising (Soković et al., 2010). Simililar results can be cited
with other tested active components.

Conclusion
Experiments on essential oils are not yet fully standardized; therefore
literature finding has variety of methods and approach strategies. There are
numerous reports on these substances antimicrobial effect, but while some
investigate essential oils, other focus on active components of essential oils. As a
natural product essential oils may have significant variations in active components
content, but still they can be standardized for veterinary use by dominant
compound activity following current standards where some natural antibiotics are
standardized to international units (such as penicillin and bacitracin). Different
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approach could be seen in works witch focus on synthetically derived active oils’
components. Methods of research vary as well. Disc diffusion, agar diffusion and
broth diffusion methods are usually reported, but these methods are only remotely
interchangeable between themselves (CLSI, 2006, EUCAST, 2017). For the future
investigations, this research group will work on the refinement on this topic
heading to formulate adequate preparation for the specific pathogens.

Aktivnost nekih biljnih eteričnih ulja protiv čestih izolata u
veterinarskoj bakteriologiji - pilot studija
Nemanja Zdravković, Oliver Radanović, Milan Ninković, Radoslava SavićRadovanović, Nataša Rajić Savić, Jovan Bojkovski

REZIME
Antimikrobna terapija je važno sredstvo u borbi protiv zaraznih bolesti. Značaj
uloge antimikrobnih sredstava u prirodi ostaje neistražen zbog prilagođavanja
patogena različitim oblicima rezistencije. Biljke proizvode sekundarne metabolite,
između ostalog i za prirodnu zaštitu od mikrobne infekcije. Cilj ovog istraživanja
bio je istražiti antimikrobne efekte 5 različitih esencijalnih ulja i 5 glavnih
sastojaka biljnih etarskih ulja na neke od uobičajenih veterinarskih mikrobnih
patogena. Biljna eterična ulja (EO) origana (Origanum vulgare L.), crnog kima
(Nigella sativa L.), sandalovine (Santalum album L.), nane (Mentha balsamea
Wild.) i eukaliptusa (Eucalyptus obliqua L'Hér.) kao i aktivnih komponenti: Dlimonen, D-α pinen, timol, karvakrol i cinamaldehid testirani su na antimikrobnu
aktivnost protiv referentnih sojeva: Staphylococcus aureus, S. aureus rezistentne na
meticilin (MRSA), Escherichia coli kao i protiv kliničkih izolata: Staphylococcus
pseudintermedius, E. coli, Pseudomonas aeruginosa i kvasca Candida sp. Za svako
eterično ulje i aktivno jedinjenje dobijene su minimalne inhibitorne koncentracije
(MIK) mikrodilucionom metodom u bujonu. Rezultati su pokazali da aktivne
komponente EO imaju jači antimikrobni efekat od EO sa istom odgovarajućom
dominantnom komponentom. Među testiranim EO najmoćnije je bilo eterično ulje
nane, dok je karvakrol pokazao najjači antimikrobni efekat među aktivnim
komponentama EO. Zanimljiv nalaz je da gotovo nije bilo razlike među MIK
između referentne S. aureus i MRSA.
Ključne reči: karvakrol, MIK, nana, Staphyloccocus aureus
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Abstract: The study investigated the incidence of the mutation on the
RYR1 gene and its influence on meat quality in the only Slovenian local pig breed Krškopolje. Samples of 201 fattening pigs from 25 farms were collected for
genotyping and meat quality analysis. The frequency of the mutant allele was
19.9% (3, 74 and 174 pigs with n/n, N/n and N/N genotype, respectively). Pigs of
the N/n genotype had lower daily gain and carcass fatness than N/N pigs. The rate
of pH decline in the longissimus lumborum muscle (LL) was faster in heterozygous
pigs, as evidenced by lower pH 45 min post-mortem, but no effect on ultimate pH
was observed. Consistent with post-mortem pH decline, a higher drip loss of LL
muscle was observed for N/n pigs. The fatty acid composition of backfat was also
influenced by the RYR1 genotype. Consistent with the relationship between fatness
and fatty acid composition, higher levels of saturated and monounsaturated fatty
acids and lower levels of polyunsaturated fatty acids were observed in fattier N/N
pigs.
Key words: Krškopolje pig; RYR1 gene; meat quality

Introduction
Krškopolje pig is the only Slovenian local (autochthonous) pig breed. As it
has not been subjected to genetic selection, it is characterised by lower
performance and higher fatness compared with modern breeds, but recognised for
having better meat quality (Batorek et al., 2019). To ensure their sustainability,
they are, similar like other European local breeds, particularly suitable for the
production of value-added dry-cured products. Only meat of the highest quality is
suitable for the production of high quality products, however, studies conducted in
recent years have shown that the frequency of the recessive allele on the RYR1
gene, which is responsible for the malignant hyperthermia and stress susceptibility
and known to cause pale, soft and exudative meat, is quite high in Krškopolje pigs.

562

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

For example, Muñoz et al. (2018) reported that the frequency of the recessive allele
in Krškopolje pigs was 0.21, which was the highest among the twenty studied
European local breeds. The reason for that can be searched in many years of
exclusion from the breeding programme, loss of interest for the breed and no
professional work resulting in uncontrolled introgression of genes from the modern
breeds (Kastelic and Čandek-Potokar, 2013). However, as the breed is reputed for
excellent meat quality, it is important to show the breeders how RYR1 gene affects
the quality of meat and why it is important to eliminate the presence of damaging
allele. In order to investigate the relationship between the presence of mutated
allele and meat quality in the local pig breed, a large number of pigs from different
farms from all over Slovenia were included in the study to screen the whole
population and to investigate the possibility of including the result of the genomic
analysis in the breeding programme.

Materials and Methods
The samples of Krškopolje pigs (n=201) originating from 25 Slovenian
farms were collected for DNA extraction and meat quality analysis. Samples of
ears for the purpose of DNA extraction were taken at slaughter line and the pigs
were identified by their individual ear numbers. The carcasses were weighed and
measurements of fat and muscle thickness were taken for the estimation of lean
meat content according to the method approved for Slovenia (OJ EU L56/28,
2008). Back fat thickness at the level of last rib and at withers was additionally
measured. When possible, measurement of pH was taken in longissimus lumborum
muscle (LL) at the level of last rib 45 minutes (pH45) post mortem using MP120
Mettler Toledo pH meter (Mettler-Toledo, GmbH, Schwarzenbach, Switzerland).
A day after slaughter the carcasses were cut at the level of last rib and samples of
longissimus lumborum (LL) muscles with corresponding fat and skin were taken
for further analysis. On LL muscle, marbling (on scale from 1 to 7) and subjective
colour (on scale from 1 to 6) were visually assessed, and surfaces of muscle and
corresponding fat area were measured. Measurement of ultimate pH (pH24) was
also taken. Objective colour (CIE L*, a*, and b* colour parameters) was measured
with Minolta Chroma Meter CR-300 (Minolta Co. Ltd, Osaka, Japan) on freshly
cut surface of the muscle. In addition, chroma (C* = (a*2 + b*2)1/2) and hue angle
(h°= tan-1(b*/a*)) were calculated. Protein, water and intramuscular fat (IMF)
content was determined in minced samples by near-infrared spectral analysis (NIR
Systems 6500, Foss NIR System, Silver Spring, MD, USA) using internal
calibrations with the predictive ability based on R2 (0.82, 0.97, 0.81, for moisture,
IMF and protein content, respectively) and Sy.x (0.65%, 0.30%, 0.73%, for
moisture, IMF and protein content, respectively).
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Water holding capacity was determined by means of drip loss (after 24
hours of storage) according to the EZ method (Christensen, 2003), thawing and
cooking losses. For thawing loss, a chop of LL (8×5×4 cm) was weighed, vacuum
packed and frozen at -20°C. After thawing (overnight at 4°C), the samples were
gently drained with a paper towel and reweighed. The same sample was used for
determination of cooking loss and shear force. For cooking loss, the samples were
cooked in a thermostatic water bath (ONE 7-45, Memmert GmbH, Schwabach,
Germany) until the internal temperature reached 72°C, cooled and reweighed.
Three to four 1.27-cm-diameter cores were excised from the cooked muscle
parallel to the muscle fibres and shear force was measured perpendicular to muscle
fibres using a TA Plus texture analyser (Ametek Lloyd Instruments Ltd., Fareham,
UK) equipped with a 60° V-shaped rectangular-edged blade and a crosshead speed
set at 3.3 mm/s. Fatty acid composition was estimated in subcutaneous fat tissue by
near-infrared spectral analysis (NIR Systems 6500, Foss NIR System, Silver
Spring, MD, USA). The percentages of fatty acid groups (saturated fatty acids –
SFA, monounsaturated fatty acids – MUFA, polyunsaturated fatty acids – PUFA,
n-3 PUFA and n-6 PUFA) were predicted using internal calibrations with the
predictive ability based on R2 (0.83, 0.91, 0.89, 0.83, 0.89 for SFA, MUFA, PUFA,
n-3 PUFA and n-6 PUFA, respectively) and Sy.x (0.79 %, 0.70%, 0.57%, 0.06%,
and 0.51 % for SFA, MUFA, PUFA, n-3 PUFA and n-6 PUFA, respectively).
Genomic DNA was extracted from pig ear tissue using QIAamp DNA
Mini kit (Qiagen, Germantown, MD, USA), according to the manufacturer's
instructions. Polymerase chain reaction (PCR) was performed to screen for C/T
SNP (C1843T) in the amplified 134 bp fragment of RYR1 gene, using the forward:
5'-GTGCTGGATGTCCTGTGTTCCCT-3’
and
reverse:
5’CTGGTGACATAGTTGATGAGGTTTG-3’ primer pairs as described by Brenig
& Brem (1992). Thermocycler programme was set as follows: 3 min at 95 °C, 30
cycles at 95 °C for 30 s, at 59 °C for 40 s, and at 72 °C for 60s, followed by final
elongation step at 72 °C for 5 minutes. The reaction consisted of 5 µl of 2x
DreamTaq buffer, 1 µM primers, 3.3 µl dH 2 O and 1 µl of DNA isolate. The
fragment was digested with restriction endonuclease HhaI (ER1851, Thermo Fisher
Scientific) to obtain fragments of 50 and 84 bp in case of the wild type allele. The
restriction reaction consisted of 10 µl PCR product, 1.5 µl TANGA buffer, 4.2 µl
H 2 O and 0.3 µl (3U) of restriction enzyme. The samples were incubated overnight
at 37 °C. Fragments after restriction were separated by electrophoresis under 100 V
for 2 h on 2 % agarose gel stained with ethidium bromide. The GeneGenius gel
imaging system (Syngene, Cambridge, UK) was used to observe the results.
The analysis of variance was performed using the General Linear Models
(GLM) procedure of the SAS/STAT module (SAS 8e, 2000; SAS Inc., Cary, NC,
USA). The model included the fixed effect of RYR1 genotype, however, due to low
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number of pigs with the n/n genotype, they were excluded from the analysis. In
case of carcass traits, final live weight was included as a covariate in the model.
Differences between genotypes were considered significant if P<0.05. The results
are presented as least square means (LS-means) with root-mean-square errors
(RMSE). Effect size, presented as Hedges’ g (difference between means of N/N
and N/n divided by pooled SD), was also calculated. Effect sizes of 0.20, 0.50, and
0.80 are considered small, medium, and large, respectively.

Results and Discussion
All three genotypes of the RYR1 gene were detected in the investigated
Krškopolje pigs; there were 3, 74 and 174 pigs with n/n, N/n and N/N genotype,
respectively. Indicative frequency of the recessive “n” allele in Krškopolje pig
population is thus 19.9% which is similar as reported in recent years (Tomažin et
al., 2017; Muñoz et al., 2018).
In the investigated Krškopolje pigs, the age at slaughter and their final
body weight were 366 ± 138 days and 159 ± 41 kg, respectively. There was no
difference in final weight between N/N and N/n genotypes (Table 1); however,
average daily gain (from birth to slaughter) was higher in N/N pigs, indicating an
effect of RYR1 gene on growth rate. Better growth rate of N/N pigs confirms the
results obtained in our recent study on Krškopolje pig (Tomažin et al., 2017).
Contrary to our results on local pig breed, most of the studies performed on modern
pig breeds reported no significant differences in growth performance between N/N
and N/n genotypes (Sather et al., 1991; Leach et al., 1996; Larzul et al., 1997; Tor
et al., 2001) except the study of McPhee et al. (1992) which also reported lower
daily gains for pigs of N/n genotype and lower feed intake (which was not
measured in our study).
As expected, carcass traits (indicating body composition) were
significantly influenced by RYR1 genotype. The heterozygous (N/n) pigs had
thicker muscle and thinner fat measured above the gluteus medius muscle which
led to their higher meat percentage (Table 1). Meat percentage of both genotypes
was very low, as known for local pig breeds (Čandek-Potokar et al., 2019) not
subjected to selective breeding for improved meatiness. Meta-analysis performed
on modern pig breeds (Salmi et al., 2010) showed similar results i.e. higher lean
percentage in N/n compared to N/N pigs. Consistent with their higher lean meat
percentage, N/n pigs exhibited bigger loin muscle thickness and area (Table 1).
Similar results were also observed in our previous study (Tomažin et al., 2017). In
modern pig breeds, only one study (Fisher et al., 2000) reported larger longissimus
dorsi muscle thickness and area in N/n than N/N pigs, while other studies reported
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no significant differences in muscle size between the two genotypes (De Smet et
al., 1996; Leach et al., 1996; Hamilton et al., 2000).
Table 1. Effect of RYR1 genotype on productive performance and carcass
pigs
N/N (n=124) N/n (n=74) RMSE
353
390
137.0
Age at slaughter, days
160.1
157.3
41.5
Final body weight, kg
473
433
91.4
Average daily gain, g/day
69.2
73.4
8.19
Muscle thickness, mm
44.3
40.3
8.08
Fat thickness over gluteus medius, mm
45.3
43.2
7.49
Fat thickness at last rib, mm
67.2
64.7
10.47
Fat thickness at withers, mm
36.7
40.3
6.00
Meat percentage, %
41.2
46.9
13.03
Loin eye area, cm2
43.8
44.9
15.67
Loin eye fat area, cm2
1
Hedge's g value
RMSE – root-mean-square error

traits of Krškopolje
P value
0.0699
0.6548
0.0039
0.0010
0.0014
0.0542
0.1126
0.0001
0.0047
0.6446

Effect size1
-0.27
0.07
0.45
-0.43
0.41
0.27
0.20
-0.56
-0.37
-0.07

In agreement with literature reports (De Smet et al., 1996; Larzul et al.,
1997; Monin et al., 1999; Fisher et al., 2000; Jankowiak et al., 2010; Tomažin et
al., 2017; Ólivan et al., 2018) regarding the effect of RYR1 on muscle pH decline,
pH value at 45 min post-mortem was higher in N/N than N/n pigs, while no
differences were observed for pH 24 h post-mortem (Table 2). There were no
differences between N/N and N/n pigs in CIE colour parameters which agrees with
the results of our previous study on Krškopolje pigs (Tomažin et al., 2017), while
on the contrary, in modern pig breeds, meta-analysis of Salmi et al. (2010) reported
the differences between N/N and N/n pigs in colour parameters lightness (L*) and
yellowness (b*). Even though the differences in CIE colour parameters were
insignificant in the present study, a trend towards more intense colour of N/N than
N/n pigs was noted (P=0.096 and 0.117, Hedge's g=0.25 and -0.23, for subjective
colour and L*, respectively). It is known that recessive allele of RYR1 gene
influences the dynamics of post-mortem glycolysis by favouring calcium release in
muscle cells thus accelerating the pH decline (Monin, 2004) which results in
reduced water retention capability. In accordance with lower pH 45 min postmortem, higher drip loss of LL muscle was observed in N/n than N/N pigs which
corroborates with numerous studies (see meta-analysis of Salmi et al., 2010).
Contrary to our previous study on Krškopolje pigs (Tomažin et al., 2017), no
differences in thawing and cooking losses were observed in the present one. In
modern pig breeds, many studies also failed to observe the difference in thawing or
cooking losses between N/N and N/n pigs (Boles et al., 1991; Leach et al., 1996;
Monin et al., 1999; Fisher et al., 2000; Hamilton et al., 2000; Van der
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Maagdenberg et al., 2008). Contrary to most of the literature reports on modern pig
breeds showing lower tenderness or higher shear force in N/n than N/N genotype
(Boles et al., 1991; McPhee and Trout, 1995; Van der Maagdenberg et al., 2008),
shear force value did not differ between the two genotypes in the present study,
which is inconsistent also with our previous study on Krškopolje pig (Tomažin et
al., 2017). A comparison with our results on modern pig breeds slaughtered at
similar weight and assessed with the same methodology in the same laboratory
(unpublished results), Krškopolje pigs do not seem to differ from pigs of modern
breeds (54.7 N vs. 54.6 N for Krškopolje and modern breeds, respectively; Hedge’s
g=0.01).
With regard to chemical composition of LL muscle, no differences
between N/N and N/n pigs were determined (Table 2), which corroborates with the
results reported for local breeds Zlotnicka Spotted breed (Jankowiak et al., 2010)
and Krškopolje pig (Tomažin et al., 2017) or modern pig breeds (Leach et al.,
1996; Hamilton et al., 2000; Álvarez-Rodríguez et al., 2017).
Table 2. Effect of RYR1 genotype on meat quality (longissimus lumborum muscle)
N/N (n=124) N/n (n=74)
RMSE
P value
Effect size1
6.55
6.37
0.220
0.0120
1.02
pH45
5.52
5.52
0.228
0.8334
0.03
pH24
3.5
3.2
1.08
0.0959
0.25
Subjective colour (1-6)
2.78
2.66
1.27
0.5325
0.09
Marbling (1-7)
Objective colour parameters:
52.1
53.3
5.30
0.1168
-0.23
CIE L*
9.92
10.37
2.40
0.2063
-0.19
CIE a*
4.46
3.96
3.05
0.2612
0.17
CIE b*
11.2
11.4
2.85
0.5351
-0.09
C*
22.4
20.2
13.66
0.2737
0.16
h°
Chemical analysis:
3.9
3.7
1.46
0.4057
0.12
Intramuscular fat, %
23.5
23.3
0.98
0.3339
0.14
Protein, %
71.9
72.1
1.22
0.2912
-0.16
Water, %
Water holding capacity:
4.3
5.8
2.30
<0.0001
-0.64
Drip loss after 24 h, %
12.2
13.1
3.83
0.1373
-0.26
Thawing loss, %
26.8
27.0
4.37
0.7474
-0.06
Cooking loss, %
53.6
56.0
11.97
0.2233
-0.21
Hardness, WBSF, N
1
Hedge's g value; RMSE – root-mean-square error, C* - chroma, h° - Hue angle, WBSF – WarnerBratzler shear force.

Fatty acids composition of backfat tissue differed between the two
genotypes (Table 3). The percentages of SFA and MUFA were higher and the
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percentages of n-3, n-6 and total PUFA were lower in N/N than N/n pigs. There are
few available studies that compared RYR1 genotypes with respect to fatty acid
composition and no major differences between N/N and N/n genotypes were
reported (García-Macías et al., 1996; Biedermann et al., 2000; Álvarez-Rodríguez
et al., 2017). In addition to the diet, which we were unable to control in the present
study, fatty acid composition depends largely on the fat content of the pigs. The
SFA and MUFA content increases, while the PUFA content decreases with
increasing backfat thickness (Wood et al., 2008). Therefore, we can hypothesise
that the difference between the two genotypes can be explained by the difference in
body fatness, however, further research is needed in this regard.
Table 3. Effect of RYR1 genotype on fatty acid composition (wt % of all fatty acids) of
subcutaneous back fat tissue
N/N (n=124) N/n (n=74)
RMSE
P value
Effect size1
SFA

41.2

40.3

1.98

0.0193

0.54

MUFA

47.7

46.4

2.86

0.0182

0.54

PUFA

11.7

13.8

2.70

<0.0001

-0.95

n-3 PUFA

1.11

1.42

0.412

<0.0001

-0.91

n-6 PUFA

10.6

12.4

2.42

<0.0001

-0.92

10.1
9.4
2.62
0.1558
0.32
n-6 PUFA / n-3 PUFA
Hedge's g value; RMSE – root-mean-square error, MUFA – monousaturated fatty acids, PUFA –
polyunsaturated fatty acids, SFA – saturated fatty acids.

1

Conclusion
The incidence of the mutant RYR1 allele in the population of Krškopolje
pigs is relatively high so it was of interest to evaluate its effect on productive
performance and meat quality and to compare with what is known for modern
breeds. Results confirm a significant difference between N/n and N/N genotypes on
performance and meat quality also in local breed Krškopolje pig, however, the
effects are not always equivalent to what has been reported for modern pig breeds
and this might be due to different (less intensive) production systems (diet, higher
age and weight, outdoor access).
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Uticaj mutacije RYR1 gena na kvalitet mesa autohtone
„krškopoljske“ rase svinja
Urška Tomažin, Klavdija Poklukar, Martin Škrlep, Nina Batorek Lukač, Marjeta
Čandek-Potokar

Rezime
Studija je istraživala učestalost mutacije na genu RYR1 i njen uticaj na kvalitet
mesa jedine slovenačke lokalne/autohtone rase svinja – krškopoljska svinja. Uzorci
201 tovljenika sa 25 farmi prikupljeni su za genotipizaciju i analizu kvaliteta mesa.
Učestalost mutiranog alela bila je 19,9% (3, 74 i 174 svinje sa n/n, N/n i N/N
genotipom, respektivno). Svinje n/n genotipa imale su manji dnevni prirast i
sadržaj masti u trupu od n/n svinja. Stopa pada pH u mišiću longissimus lumborum
(LL) bila je brža kod heterozigotnih svinja, o čemu svedoči niži pH 45 minuta post
mortem, ali nije primećen nikakav efekat na krajnji pH. U skladu sa post-mortem
padom pH, primećen je veći kalo mišića LL kod N/n svinja. Na sastav masnih
kiselina leđnog masnog tkiva takođe je uticao genotip RYR1. U skladu sa odnosom
između masnog tkiva i sastava masnih kiselina, viši nivoi zasićenih i
mononezasićenih masnih kiselina i niži nivoi polinezasićenih masnih kiselina
zabeleženi su kod masnijih N/N svinja.
Ključne reči: krškopoljska svinja; gen RYR1; kvalitet mesa
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Abstract: The present study aimed to provide an in-depth histomorphological characterization of subcutaneous adipose tissue as affected by
conventional (i.e. surgical castration, performed early in life) or immunological
castration (i.e. immunocastration, performed in the later fattening stages) as
compared to uncastrated (entire) male pigs. A total of 36 male pigs were allocated
to three groups of equal size, entire males (EM), surgically castrated (SC) or
immunocastrated i.e. vaccinated against GnRH (IC) at 12 and 21 weeks. After
slaughter at 26 weeks of age, the samples of subcutaneous fat (superficial and deep
layer together with dermis) were collected, fixed, stained with haematoxylin and
eosin and subjected to histo-morphometric analysis. A thinner dermis (p<0.05) was
observed in SC than in EM. In the superficial backfat layer, both IC and SC had
larger (p<0.05) adipocytes and greater surface area of fat fascicles than EM. In the
deep backfat layer, both sexually neutered categories had greater (p<0.05) fascicle
area along with greater (P<0.05) number of adipocytes per fascicle in IC and a
trend (P<0.10) for greater adipocyte surface in SC compared to EM. Overall our
results demonstrate the increase in adiposity at cellular level, regardless of
castration method. In addition, it is shown that IC, despite being neutred later in
life, rapidly adapt their adipogenic potential , achieving similar histomorphological
characteristics to SC as early as five weeks after effective immunization.
Key words: immunocastration, surgical castration, adipose tissue,
histology, pigs
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Introduction
Surgical castration of male piglets in the first days of life is a common
procedure in pig husbandry. The procedure prevents boar taint development and
male-specific aggressive behaviour and is advantageous for the quality of meat and
fat (Bonneau and Weiler, 2019), and consequently meat products (Škrlep et al.,
2020a). On the other hand, castration leads to increased deposition of carcass fat,
which reduces economic benefits (de Roest et al., 2009). Recently, the practice of
surgical castration as practiced today (without pain relief) causes public concern
(Prunier et al., 2006; Bonneau and Weiler, 2019). Many actors in pig production
sector are thus considering other alternatives to replace surgical castrates (SC), like
raising entire males (EM) or immunocastration. The alternatives have their pros
and cons, but from meat quality perspective raising EM is critical, whereas
immmunocastration faces acceptability challenge (Čandek-Potokar et al., 2015).
Compared to classically performed surgical castration, immunocastration induces
androgen deprivation later in life. The procedure consists of two vaccinations, the
effect (i.e. immunisation against endogenous gonadotropin-releasing hormone)
takes place after the second dose, which is usually applied 4-6 weeks before
slaughter, at least when standard vaccination protocol is adopted. Thereafter, IC
pigs rapidly shift their metabolism from EM-like to castrate-like, the change being
mainly evident in enhanced fat deposition, triggered by the sudden drop of steroid
hormones and increase in feed intake (Claus et al., 2007; Batorek-Lukač et al,
2016). There are numerous studies that characterize differences between the
mentioned alternatives in fat deposition and composition (Škrlep et al., 2020a). On
the other hand, the aetiology of the changes and detailed insights into the
associated physiological processes are still generally lacking (Škrlep et al., 2018).
To explore this issue further, the present study aimed to perform a detailed histomorphological examination of the adipose tissue (including two subcutaneous
tissue layers and the dermis) of the two sexually neutered categories (SC and IC) in
comparison with EM.

Materials and Methods
For the present study, 36 male pigs, commercial crosses of Landrace and
Pietrain were used. Early after birth, animals were assigned to three treatment
groups of 12 pigs, being either left entire (i.e. uncastrated), surgically castrated
within the first seven days of life, or immunocastrated (EM, SC, IC, respectively).
The procedure of immunocastration was performed by applying two doses of antiGnRH vaccine (Improvac, Zoetis Deutschland GmbH, Berlin, Germany) when pigs
reached the age of 82 and 150 days. Animals were reared in equal living
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conditions, fed the same diet ad libitum (for details see Kress and Verhaagh, 2020).
At the average age of 184 days all pigs were slaughtered in one slaughter batch
according to abattoir routine procedure (CO 2 stunning, exsanguination, vapour
scalding and dehairing). After evisceration and veterinary inspection, the carcasses
were split apart, weighed and graded according to SEUROP. For histomorphological analysis, small pieces of subcutaneous dorsal fat tissue (from upper
and lower layers determined as lying above and below the connective tissue layer
between the both) and the attached dermis were cut from the carcasses at the level
of withers. The samples were stored in 10% buffered formalin solution to assure
proper fixation, after which they were dehydrated and embedded in paraffin. After
being cut into 5 μm thick histological sections, the samples were stained with
haematoxylin and eosin. Examination was carried out on the digital images
acquired with a light microscope (Nikon Ni/U, Nikon Instruments Europe B.V.,
Badhoevedrop, The Netherlands) equipped with a high resolution digital camera
(DS-Fi1, Nikon Instruments Europe B.V.). The images were analysed by imaging
software (NIS-Elements Basic Research, Nikon Instruments Europe B.V.); the
analysis consisted of measurements taken for each of the layers, within three
selected regions. Within each region, five random adipocyte cell fascicles were
chosen and their surface measured, number of adipocytes per fascicle counted and
their area measured. Additionally, dermis thickness was measured. Statistical
analysis was carried out with R statistical software (version 3.6.1) using one-way
analysis of variance, testing the effect of sex category. Significant differences
(p<0.05) between the means were assessed using Tukey-Kramer test.

Results and Discussion
In the upper backfat layer (Figure 1), no significant differences (P>0.10)
were observed for the number of adipocytes per fascicle, although it is worth
mentioning that IC and SC had somewhat higher number than EM (28 and 15 %
more adipocytes, respectively). Regarding the adipocyte surface area, both
castrated categories (i.e. IC and SC) showed very similar values, being 20 and 23%
higher (P<0.05) than in EM pigs. Similar was the situation for fascicle surface area,
with almost identical values measured for IC and SC, both exhibiting nearly 40%
higher (P<0.05) values than EM.
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Figure 1. Histo-morphological traits of the upper backfat layer according to male sex category.
EM = entire males; IC = immunocastrates, SC = surgical castrates

Higher number of adipocytes per fascicle in IC than EM was also observed
at the lower backfat layer (Figure 2), although this time, the differences were
statistically significant (P<0.05), and with IC having 36% more adipocytes per
fascicle than EM. The SC exhibited intermediate values, not differing (P>0.10)
from either EM or SC. Adipocyte surface area, tended to be greater in SC than EM
(the difference being 32%; P<0.10). On the other hand, a significant effect
(P<0.01) of the sex category was noted in the case of fascicle surface area, with
both SC and IC exhibiting higher values than EM, the differences being relatively
high, from 49% (SC vs. EM) to 58% (IC vs. EM).

Figure 2. Histo-morphological traits of the lower backfat layer according to male sex category.
EM = entire males; IC = immunocastrates, SC = surgical castrates

It is a well established fact that castration increases fat deposition in pigs,
castrates being notably fatter than EM (Kouba and Sellier, 2011) while muscularity
traits not being markedly affected (Škrlep et al., 2020b). Regarding the quantity
and composition of fat depots, the majority of literature and meta-analytical studies
(Škrlep et al., 2020a; Batorek et al., 2012a) positions IC intermediate between SC
(the fattest) and the EM (the leanest). This is the case at least when a standard
immunocastration protocol is applied, with two subsequent vaccinations and
slaughter at 4 to 6 weeks after the second vaccination. Only the prolongation of the
period between the second vaccination and slaughter to 8 or more weeks
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diminishes the differences between IC and SC in either quantity or composition of
fat depots (Tavárez et al., 2014; Harris et al., 2018). The results of the present
research are indicating a much faster response at histo-morphological level. As
expected, the SC exhibited higher level of lipid cell hypertrophy than EM (either at
the level of individual cells or entire adipocyte fascicles), confirming previous
histological comparisons between EM and SC (Mersman, 1984). The IC (here
vaccinated 5 weeks prior to slaughter) already reached the same level of cell
hipertrophy as SC. Even more interesting is the case of the number of adipocytes
per fascicle, a measure indicating cell hypertrophy. The number of adipocytes in IC
not only exceeded that of EM, but was also greater than in SC (though not
significantly). Rapid change in the adipose tissue histomorphological adaptation is
most probably influenced by a fast drop in testosterone production (reaching
minimal levels as fast as one week after second immunization (Brunius et al.,
2011). This intensive hormonal change enables subsequent adipocyte proliferation
and differentiation followed by increased deposition of the adipose tissue (O’Reilly
et al., 2014). Additionally, reduced levels of testicular steroids are associated with
a decreased level of insulin like growth factor (IGF1), which (among other
functions) stimulates cell proliferation (Hausmann et al., 2001) and may be also
related to increased adipocyte numbers in IC. Due to its substantially long half-life,
the IGF1 has been reported to decrease only gradually after effective
immunocastration (Claus et al., 2007; Brunius et al., 2011). Along with relatively
low leptin levels, it positively affects growth and an increase in appetite (Batorek et
al., 2012b), surpassing thus not only EM but also SC, which corroborates well also
with the present results on histo-morphology.

Figure 3. Dermis thickness according to male sex category. EM = entire males; IC =
immunocastrates, SC = surgical castrates

In addition to subcutaneous fat, attached dermis was also examined. As
presented in Figure 3, SC exhibited 27% lower (p<0.05) dermis thickness
compared to EM, whereas IC took intermediate position, not differing from either
of the two. These results corroborate with the reports of Vold and Moen (1972)
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indicating thinner dermis in castrated pigs compared to EM and also lower
synthesis of collagen (presenting the main structural component of the skin). This
may mainly be a consequence of changed hormonal regulation, caused by the
absence of hormones like testosterone (Petersen et al., 1997), oestrogen and IGF1,
exerting anti-catabolic or proliferative features (Claus et al., 2007). Reduction of
collagen, as a response to castration, has also been shown in other tissues, like
longissimus dorsi muscle (Škrlep et al., 2019) or backfat (Wood et al., 1989). As to
the differences in backfat connective tissue, it should be noted here that similar
influences of castration was observed also in the present study (results not shown),
although these were not numerically quantified.

Conclusion
The study elucidated histo-morphological changes of pig adipose tissue as
related to early (surgical) or late (immunological) castration. Both ways of
castration lead to adipocyte hypertrophy, but the IC, even though effectively
castrated only few weeks before slaughter are characterized by fast adoption of
castrate-like features either in terms of increase in adipocyte proliferation and size,
which denotes a rapid turnover of IC metabolism.

Uticaj androgene deprivacije na histomorfološka svojstva
masnog tkiva muških svinja
Klavdija Poklukar, Marjeta Čandek-Potokar, Milka Vrecl Fazarinc, Nina Batorek
Lukač, Gregor Fazarinc, Kevin Kress, Volker Stefanski, Martin Škrlep

Rezime
Cilj ovog istraživanja je bio da pruži dubinsku histomorfološku karakterizaciju
potkožnog masnog tkiva na koje utiče konvencionalna (tj. hirurška kastracija,
izvedena u ranoj mladosti) ili imunološka kastracija (tj. Imunokastracija, izvedena
u kasnijim fazama tova) u poređenju sa nekastriranim mužjacima. Ukupno 36
nerastova raspoređeno je u tri grupe jednake veličine, nekastririani (EM), hirurški
kastrirani (SC) ili imunokastrirani nerastovi, odnosno vakcinisane protiv GnRH
(IC) u 12 i 21 nedelji. Nakon klanja u dobi od 26 nedelja, uzorci potkožne masti
(površinski i duboki sloj zajedno sa dermisom) su prikupljeni, fiksirani, obojeni
hematoksilinom i eozinom i podvrgnuti histomorfološkoj analizi. U SC grupi je
primećen tanji dermis (p<0,05) od EM. U površinskom sloju pozadinske masti, i IC
i SC su imali veće (p<0,05) adipocite i veću površinu masnih naslaga. U dubokom
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sloju leđne slanine, obe polno kastrirane kategorije imale su veću (p <0,05)
površinu snopa zajedno sa većim (P<0,05) brojem adipocita po snopu mišića u IC
grupi, i trend ( <0,10) za veću površinu adipocita u SC u poređenju sa EM. Sve u
svemu, naši rezultati pokazuju porast masnoće na ćelijskom nivou, bez obzira na
metod kastracije. Osim toga, pokazano je da IC, uprkos tome što je neutraliziran
kasnije u životu, brzo prilagođava svoj adipogeni potencijal, postižući slične
histomorfološke karakteristike sa SC već pet nedelja nakon efikasne imunizacije.
Ključne reči: imunokastracija, hirurška kastracija, masno tkivo, histologija, svinje
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Abstract: A primary objective of this study was to determine the effect of
breed, frequency of utilisation, boar age and season on following sperm
characteristics: volume of ejaculate (ml), sperm concentration (x106
spermatozoa/ml), total count and count of functional spermatozoa in ejaculate
(x109 spermatozoa), motility of spermatozoa in native ejaculate and after dilution
(%), number of produced doses, percent of dead and viable spermatozoa. Research
included 4 boars of Landrace breed (n=40 ejaculates) and 13 boars of Large White
pig (n=89 ejaculates). Ejaculates were analyzed during two seasons (summer and
autumn), a dividing line being a calender start of autumn. Interval between two
mounts was observed on two levels: ≤7 and ≥ 8 days. The assessment of the effect
was done by means of a General Linear Model procedure. Breed and frequency of
utilisation did not affect an average expression and variability of sperm
characteristics. By increasing boar age by one day the volume of ejaculate
increases by 0.142 ml. In ejaculates taken during autumn season a higher
concentration of sperm per ml of ejaculate by 53.38x106 spermatozoa (p=0.033)
was determined. Higher motility (p<0.001) of native i.e. diluted semen of 5.7, i.e.
8.2% was determined in ejaculates taken during summer season. A higher percent
(+13.47%; p<0.001) of dead spermatozoa was determined in ejaculates in autumn
season.
Key words: boar, breed, sperm, frequency of utilisation, age, season

Introduction
An artificial insemination is a primary method of reproduction in an
intensive pig production (Lopez Rodruguez et al., 2017). Boar fertility exerts a
considerably greater impact on reproductive efficiency of breeding stock in
comparison with the fertility in sows (Stančić, 2014). In selection of breeding
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animals a great attention was payed to the traits of growth and food conversion.
Thus, Robinson and Buhr (2005) suggest that major aims of selection of male
animals are in the first place the traits that can have greater economic importance,
primarily traits of growth.
The characteristics of sperm may vary under the impact of different genetic
and non-genetic factors: breed, age, season, intensity of utilisation and other factors
(Kondracki et al., 2009; Smital, 2010; Kunowska-Slósarz and Makowska, 2011;
Wilczyńska et al., 2013).
There are differences between breeds regarding the size of testes, number
of spermatozoa per ejaculate, volume of ejaculate, concentration and motility of
sperm (Caisin and Snitco, 2016). Wolf and Smital (2009) determined in their
research that there exists a difference in volume of ejaculates between boar breeds.
Boar breed and season of collecting sperm have a significant effect on the volume
of ejaculate, as well as on the share of motile spermatozoa (Okere et al., 2005).
Frequency of sperm collecting is an important factor in boar reproduction.
It happens that some boars are more often used because of their easier
manipulation or shorter preparation time for mount, while the intensity of using is
ignored and the pauses between mounts are too short what leads to excessive
exhaustion of boar and to obtaining ejaculates of poor fertile quality (Savić, 2014).
High summer temperatures have a direct negative impact on the process of
spermatogenesis in testes. In their research Savić et al. (2013) determined that
ejaculate quality parameters are significantly higher during a cooler season of the
year in relation to a warm season. Argenti et al. (2018) state that although there are
differences in microclimatic parameters between seasons which are manifested
primarily through higher temperature-humidity index during summer in relation to
other periods of the year, the impact of season on sperm characteristics is low.
Volume of ejaculate increases up to the age of about two years and remains
more or less constant (Wolf and Smital, 2009). From a biological aspect one of the
reasons of increase in the production of sperm with boar age can be explained by
the increase in the number of Sertoli cells in testes (Kanokwan, 2011). The highest
values of volume of ejaculates, total number and number of functional spermatozoa
were determined in the age of 2.5-3 years (Wang et al., 2017).
The aim of this research was to study the effect of the most important
factors (breed, interval between two mounts, season and age of boar) on average
manifestation and variability of sperm characteristics.

Materials and Methods
The research was conducted on a pig farm with its own reproductive and
commercial breeding stock in the period from August to October. Boars were
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placed in a separate pen, in boxes of dimensions 2x4 m, with partially latticed and
concrete flooring. Housing microclimatic conditions were manually regulated by a
vertical and horizontal ventilation. Nutrition was based on balanced feed mixtures
while fresh water was available ad libitum.
The trial included 4 boars of the Landrace breed (n=40 ejaculates) and 13
boars of Large White breed (n=89 ejaculates). In order to be included in the
analysis a boar was to realize a minimum of three successful mounts during a trial
period. The ejaculates were analysed in the course of the two seasons (summer and
autumn), and the dividing line was a calendar beginning of autumn. The interval
between two mounts was observed on two levels: ≤7 and ≥ 8 days.
The research included: volume of ejaculate (VOL, ml), concentration of
sperm (CON, x106 spermatozoa/ml), total count of spermatozoa in ejaculate (NT,
x109 spermatozoa), total count of functional spermatozoa (NF, x109 spermatozoa),
percentage of motility of native semen (MOTN, %), percentage of motility of
semen after dilution (MOTD, %), number of produced doses (NPD), percentage of
dead (PM, %) and percentage of viable spermatozoa (PZ, %).
Boar sperm collection was done by a standard manual method, by bringing
the boar into the box with phantom. Volume of ejaculate was expressed in
millilitres with an accuracy of ±2 ml, and it was measured by a graduated cylinder.
By means of a photo colorimeter concentration of native sperm was estimated.
Total number of spermatozoa in ejaculate was obtained by multiplying VOL by
CON. Number of functional spermatozoa was calculated by multiplying NT by
MOTN. The estimation of motility of the mass of spermatozoa in native ejaculate
and after dilution was carried out by a subjective assessment, by a microscopic
examination. A percentage of dead and viable spermatozoa in sperm was
determined on a permanent Eosin-Nigrosin stain preparation where living
spermatozoa appear on a dark background non-stained while the dead ones are
parly or completely stained (Savić and Petrović, 2019). Doses for insemination
were standardized at the volume of 100 ml.
The estimation of the effect of factors on variation of the sperm
characteristics was performed by means of a General Linear Model in SAS 9.1.3
statistical package (SAS Inst. Inc., 2002-2003), by a following statistical model:
y ijkl = μ + B i + I j + S k + BI ij + BS ik + IS jk + BIS ijk + b(x ijkl - ) + e ijkl ,
where: y ijk l – is an analysed characteristic of ejaculate; μ – general population
average; B i – effect of boar breed (i= 1,2); Ij – effect of interval between two
consecutive mounts (j= 1,2); S k – effect of season (k= 1,2); BI ij , BS ik , IS jk , BIS ijk –
interactions; b(x ijkl - ) - linear regression effect of boar age and e ijkl – random error.
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Comparing the Least Square Means (LSMeans) values of sperm characteristics
was done by t-test.

Results and Discussion
The effect of studied factors on variability of sperm characteristics is
shown in Table 1. The season of sperm collecting had an effect on qualitative traits
of ejaculates (CON, MOTN, MOTD, PM, PZ). The low values of determination
coefficients (<30%) obtained by the model applied suggest that studied effects can
to a small degree explain variability of studied sperm characteristics. The age of
boar during collecting the ejaculate only had an effect on volume, while
determined value of regression coefficient shows that with increasing the age of
boar by one day the volume of ejaculate increases by 0.142 ml.
The research conducted is parly consistent with the results of the research
of Smital (2010) and Wierzbicki et al. (2010) who determined the effect of
different genetic and non-genetic effects on mean expression and variability of
sperm characteristics. Petrocelli et al. (2015) determined a significant effect of
season on the vitality, total and primary abnormalities, volume and concentration
of sperm. The research of Tereszkiewicz and Pokrywka (2020) showed a seasonal
differences in physical characteristics of semen of studied boar breeds.
Table 1. Effect of factors included in the model on variability of sperm traits
Traits
B
I
S
b±SE
R2
**
VOL (ml)
ns
ns
ns
0.142±0.046
0.140
CON (x106/ml)
ns
ns
*
-0.071 ±0.058 ns
0.134
NT (x109)
ns
ns
ns
0.021±0.025 ns
0.096
NF (x109)
ns
ns
ns
0.015±0.021 ns
0.128
MOTN (%)
ns
ns
***
-0.003±0.004 ns
0.231
MOTD (%)
ns
ns
***
0.002±0.005 ns
0.232
NPD
ns
ns
ns
0.002±0.002 ns
0.058
PM (%)
ns
ns
***
0.005±0.007 ns
0.294
PZ (%)
ns
ns
***
-0.005±0.007 ns
0.294
VOL – volume of ejaculate, CON – concentration of sperm, NT – total number of spermatozoa, NF –
number of functional spermatozoa, MOTN – motility of native semen, MOTD – motility of semen
after dilution, NPD – number of produced doses, PM – percentage of dead spermatozoa, PZ –
percentage of viable spermatozoa, B – effect of breed, I – interval between two consecutive jumps, S
– season; b – coefficient of regression (age of boar), R2 – coeficient of determination; Statistical
significance (p): ns=p>0.05; *=p<0.05; **=p<0.01; ***=p<0.001; ¶Model also included interactions
of factors that were not statistically significant.
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Sperm concentration varied under the effect of season (Table 2). In the
ejaculates collected during autumn season a higher concentration (p=0.033) of
sperm per ml of ejaculate by 53.38x106 spermatozoa was determined. Lower
concentration of sperm during summer period can be a consequence of a negative
effect of high summer temperatures. Savić et al. (2015) likewise determined that
season had an effect on concentration of spermatozoa, the highest concentration
(242.16x106 spermatozoa/ml) being recorded during autumn months. The effect of
season on concentration of sperm was determined also in the research of
Chinchilla-Vargas et al. (2018) where ejaculates taken during summer had higher
concentration compared to the ejaculates collected during other seasons in the year.
In our research higher concentrations of sperm were recorded in the ejaculates
collected during autumn season what is in contrast to the research mentioned. In
spite of decrease in concentration of sperm in spring and summer, majority of
semen parameters was constant over an entire year (Argenti et al., 2018). These
differences between the studies may be a consequence of different experimental
designs but also of genetic structures of studied populations.
Contrary to our research, Apić et al. (2015) state that the season affected
variability of total count of spermatozoa in ejaculate, a higher value being
determined during a cold season. Different to our research, Smital (2010)
determined that number of functional spermatozoa varied under the effect of
season, the highest number being observed in winter period while in summer
period the lowest number was detected.
A higher motility (p<0.001) of native, i.e. diluted semen of 5.70, i.e. 8.52%
was determined in the ejaculates taken during summer season (Table 2). Our
results are in contrast with the conclusions of Savić et al. (2020) whose research
showed that motility of native semen did not vary under the effect of season.
Table 2. Effect of season on variability of sperm traits
LSMeans±SE
Traits
p
Summer
Autumn
VOL (ml)
311.13±12.93
303.04±11.90
0.646
CON (x106/ml)
329.86±18.59
383.24±16.05
0.033
NT (x109)
106.36±8.08
117.67±6.97
0.292
NF (x109)
101.11±5.89
85.34±6.83
0.085
MOTN (%)
85.81±0.98
80.11±1.08
<0.001
MOTD (%)
80.94±1.35
72.42±1.76
<0.001
NPD
15.61±0.61
15.51±0.77
0.922
PM (%)
18.61±1.80
32.08±2.27
<0.001
PZ (%)
81.38±1.80
67.92±2.27
<0.001
VOL – volume of ejaculate, CON – concentration of sperm, NT – total count of spermatozoa, NF –
number of functional spermatozoa, MOTN – motility of native semen, MOTD – motility of semen
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after dilution, NPD – number of produced doses, PM – percent of dead spermatozoa, PZ – percent of
living spermatozoa; p - statistical significance.

Contrary to the results of our research, Savić et al. (2015) determined that
the number of doses produced varied under the impact of the interval between the
two mounts and the season further stating that the highest number of doses was
produced over autumn months. Also, Chinchilla-Vargas et al. (2018) determined
that number of doses obtained per ejaculate was lower in the ejaculates collected
during spring and winter in comparison with the ejaculates from summer period.
Percentage of dead and viable spermatozoa varied under the effect of
season (Table 1). Higher percentage (p<0.001) of dead spermatozoa by 13.47%
was determined in sperm taken in the autumn season (Table 2). Knecht et al.
(2014) determined the highest percentage of viable spermatozoa in winter period.
A higher count of dead and lower count of viable spermatozoa during the autumn
season determined in this research could be a consequence of the occurrence of
chronic thermal stress during the summer months. High day temperatures occur in
our climatic region all up to early autumn and boars were in longer time period
exposed to this stress effect. A period of resuming a physiological optimum was
too short what might have affected the results of research.

Conclusion
Sperm characteristics did not vary under the effect of boar breed and
frequency of utilization. The age of boar had an effect on the variability of the
ejaculates volume. The season of collecting ejaculates affected sperm qualitative
characteristics. Low values of determination coefficients indicate that studied
effects can to a small degree explain variability of examined sperm characteristics.
Taking into account that research period included the end of summer and beginning
of autumn period the boars were in a longer time period exposed to the effect of
high summer temperatures therefore a longer time was needed in order that
production of sperm should resume its physiological optimum what probably
affected the results obtained.

In vitro plodnost nerasta tokom letnje i jesenje sezone
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Rezime
Osnovni cilj ovog istraživanja bio je da se utvrdi uticaj rase, frekvence korišćenja,
starosti nerasta i sezone na osobine sperme: volumen ejakulata (ml), koncentracija
sperme (x106 spermatozoida/ml), ukupan broj i broj funkcionalnih spermatozoida u
ejakulatu (x109 spermatozoida), pokretljivost spermatozoida u nativnom ejakulatu i
nakon razređenja (%), broj proizvedenih doza, procenat mrtvih i živih
spermatozoida. U istraživanje su bila uključena 4 nerasta rase landras (n=40
ejakulata) i 13 nerasta velikog jorkšira (n=89 ejakulata). Ejakulati su analizirani
tokom dve sezone (letnje i jesenje), a granica razdvajanja bila je kalendarski
početak jeseni. Interval između dva skoka posmatran je na dva nivoa: ≤7 i ≥ 8
dana. Procena uticaja izvršena je primenom procedure opšteg linearnog modela.
Rasa i frekvenca korišćenja nisu uticale na prosečnu ispoljenost i varijabilnost
osobina sperme. Povećanjem starosti nerasta za jedan dan, volumen ejakulata se
povećava za 0,142 ml. U ejakulatima uzetim tokom jesenje sezone utvrđena je
veća koncentracija sperme po ml ejakulata za 53,38x106 spermatozoida (p=0,033).
Veća pokretljivost (p<0,001) nativnog, odnosno razređenog semena od 5,7
odnosno 8,2% je utvrđena u ejakulatima uzetim tokom letnje sezone. Veći procenat
(+13,47%; p<0,001) mrtvih spermatozoida utvrđen je kod ejakulata u jesenjoj
sezoni.
Ključne reči: nerast, rasa, sperma, frekvenca korišćenja, starost, sezona
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Abstract: The aim of this study was to determine the influence of sow
genotype, year of farrowing and parity on the number of live-born piglets. Fertility
traits of sows were tested during fourteen years (from 2007 to 2020) in one pig
herd/population. The study included 10159 sows, 4 genotypes: Landrace, large
White, Landrace x large White and large White Yorkshire x Landrace. The sow
fertility data set contained data on 36189 parities. Based on the obtained results, it
was determined that the genotype of sows, year of farrowing and parity had a
statistically highly significant (P <0.01) influence on the number of live - born
piglets.
Key words: fertility, sows, genotype, parity, year.

Introduction
The achieved production results in pig breeding directly depend on a large
number of economically important groups of traits. Two important traits, which
affect the economic efficiency of pig production, are the reproductive and
productive capacity of sows (Wähner and Brüssow, 2009; Škorput et al. 2020). The
annual productivity of sows is determined by the size of the litter and the number
of parities per sow per year. Increasing one parameter affects the increase in sow
productivity (Kosovac et al., 2005; Radojković et al., 2005; Popovac et al., 2012;
Živković et al., 2018).
The size of a sow litter can be described as the number of live-born,
stillborn, total-born and weaned piglets. The number of weaned piglets is even
more commercially important than the size of the litter at birth. However, due to
the widespread technological procedure of uniforming-equalization of litters of
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different sows that were farrowed at approximately the same time, this trait is
second in importance, right after the number of live-born piglets. (Luković, 2006;
Radojković, 2007).
The number of live-born piglets is influenced by numerous external and
genetic factors, as well as their interactions. There are reported data on farms on
many effects that can be included in the models. Data on pig fertility, which are
recorded on modern industrial farms, give a satisfactory description of the effects
on the number of live-born piglets. The effects that can be included in the models
are: parity, year of farrowing, mating or farrowing season, genotype, sire of the
litter or sire breed, age at farrowing and different reproductive cycle intervals that
affect the number of live piglets, and therefore the overall efficiency of pig
production. Research in the direction of analysis of variability of fertility traits of
sows was performed by: Luković (2006); Luković et al. (2006, 2007); Radojković
(2007); Radojković et al. (2005, 2014, 2018); Popovac et al. (2012); Luković and
Radojković (2013); Škorput et al. (2016); Živković et al. (2018); Freyer (2018).
Given the above, the aim of this study was to determine the influence of
sow genotype, age and parity on the variation of fertility traits.

Material and Methods
Fertility traits of sows were tested during fourteen years (from 2007 to
2020) in one pig herd/population. The study included 10159 sows, 4 genotypes of
Landrace, Large White and F1 crossbreeds of these breeds. The data set contained
36189 records on sow fertility and the following variables: animal identification
number, genotype of the litter sire and dam, date of mating, date of farrowing,
parity, and number of live-born piglets.
The values of statistical indicators for phenotypic expression and
variability of the tested trait were calculated by the method of least squares using
the GLM procedure of the software package SAS (SAS Inst., Inc., Cary, NC), using
the following model:
Model:
Y ijkl =μ+S i +P k +G l +e ijkl
where:
Y ijkl - observation vector for litter size,
S i - fixed influence of the year of farrowing,
P k - fixed influence of parity,
G l - fixed influence of litter genotype,
e ijkl - random error.
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The choice of systemic influences in the model is based on the significance
of the influences, the coefficient of determination and the degrees of freedom. The
results are presented as mean values obtained by the method of least squares
(LSMEAN) or as deviations of LSMEAN values from the population average in
the form of a graph.

Results and Discussion
Based on the obtained research results (Table 1), a high number of liveborn piglets is observed, which indicates a high average fertility of sows in the
analysed population. The high coefficient of variation for the analysed trait is a
consequence of large differences in litter size of different sows. The presented
result of the average value of the number of live-born piglets (16.16) is higher
compared to the results presented by Luković (2006) and Radojković (2007).
Table 1. Descriptive statistics of the number of liveborn piglets in the analysed population
N

x̄

SD

Min

Max

CV

36189

16.16

3.59

0.00

31.00

22.20

N- Number of litters, x̄- mean value, SD-standard deviation, Min- minimum, Max-maximum, CVcoefficient of variation

The influence of genotype on the number of live-born piglets was highly
statistically significant (Graph 2 and Table 2). Also, the parity and the year of
farrowing had a highly statistically significant (P<0.01) influence on the size of the
sow litter.
Table 2. Analysis of the significance of the influence in the model for the number of liveborn
piglets in the analysed population
Source of variation
d.f.
MS
F
Pr>F
Genotype
3
778.23
79.89
<0.0001
Year
13
4905.91
503.60
<0.0001
Parity
7
3945.29
404.99
<0.0001

The highest number of live-born piglets in sow litters is observed in the
third and fourth parity, after which a slight decline is observed (Graph 1). This is in
accordance with reports by number of authors (Kosovac et al., 2005; Luković and
Radojković, 2013; Popovac et al., 2012; Škorput et al., 2016; Freyer, 2018) who
state that the highest numbers live-born piglets are achieved in the interval between
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the third and sixth farrowing, and after reaching maximum fertility in subsequent
parities the value of this parameter slowly decreases. Such a result is based on the
influence of sow age on litter size. Females grow until the end of the second year,
when they reach their final size, and the size of their reproductive organs increases
in that period, which leads to an increase in fertility.

Graph 1. Influence of parity on the number of live-born piglets

In the examined litter, the average number of live - born piglets varied
between sow genotypes from 14.77 to 16.63 (Table 3). Differences in the average
number of live-born piglets were highly statistically significant between all
genotypes included in the analysis. The number of live-born piglets in a sow's litter
can also be affected by whether the sows are purebred or are the result of
crossbreeding (Radojković, 2007). When crossing different breeds, a heterosis
effect can be manifested in a larger number of live-born piglets, which is confirmed
in this analysis. Purebred sows had a lower number of live-born piglets compared
to crossbreeds (Graph 2).
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Graph 2. Influence of genotype on the number of live born piglets
for the number of liveborn
11-Large White, 22-Landrace, 12- Large White x Landrace,
21- Large White x Landrace

Breed

Live born

Pr > |t|

11

14.77±0.14

<0.0001

12

16.35±0.04

<0.0001

21

16.63±0.05

<0.0001

22

15.53±0.10

<0.0001

Table 3. LSM ± S.E.value
piglets

The influence of the year on the number of live-born piglets of sows and
gilts is shown in Graph 2. Great variability in the number of live-born piglets
between years was observed, which is contrary to Savić et al. (2011). The
mentioned authors have not determined a statistically significant influence of the
year of farrowing on the number of liveborn piglets. The influence of the year of
farming usually explains the effect of environmental factors that prevailed in
certain years, such as nutrition and various technological procedures during the
rearing of females (Radojković, 2007; Popovac, 2016). Also, this influence can
include the effects of selection in successive overlapping generations, producing at
the same time. This usually happens when the study is conducted for many years.
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Graph 3. Influence of the year on the number of liveborn
piglets

Conclusion
Based on the results obtained in this study, we can conclude that the
genotype of sows, age and parity have a statistically highly significant (P<0.01)
influence on the number of live-born piglets.
In the analysed population, the number of live-born piglets of large White
sows was 14.77, Landrace 15.53, Landrace x Large White 16.63 and Large White x
Landrace 16.35. Purebred sows had a smaller number of live-born piglets
compared to crossbreeds. The highest number of live-born piglets in sow litters is
observed in the third and fourth parity, after which a slight decline is observed. The
variability in the number of live-born piglets between years is a consequence of the
action of external factors and partly of the selection effect that is carried out over
many years.
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Varijabilnost broja živorođene prasadi pod uticajem genotpa
plotkinja, godine prašenja i pariteta
Nenad Stojiljković, Dragan Radojković, Čedomir Radović, Marija Gogić, Vladimir
Živković, Zoran Luković, Dubravko Škorput

Rezime
Cilj ovog istraživanja je bio da se utvrdi uticaj genotipa krmače, godine
prašenja i pariteta - rednog broja prašenja na broj živorođene prasadi.
Osobine plodnosti krmača ispitivane su tokom četrnaest godina (od 2007. do
2020. godine) u jednom zapatu svinja. Istraživanjem je obuhvaćeno 10159
krmača, 4 genotipa: Landras, Veliki Jorkšir, Landras x Veliki Jorkšir i
Veliki Jorkšir x Landras. Set podataka o plodnosti krmača sadržao je
podatke o 36189 prašenja. Na osnovu dobijenih rezultata utvrđeno je da
genotip krmača, godina prašenja i paritet statistički visoko značajno
(P<0,01) utiču na broj živorođene prasadi.
Ključne reči: plodnost , krmače, genotip, paritet, godina.
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Abstract: Creating preconditions for economic development nowadays is
unthinkable without investments. From the economic aspect, investments affect the
turnover of capital, which creates material and technical preconditions for local
development. It is noticeable that in practice, investments are given importance
only in the theoretical sense, in other words, they are talked about a lot and
speculated in the media. Therefore, it is necessary to improve business in terms of
modernization of tangible assets, all to create new values, as a necessary
prerequisite for further survival. The paper is thematically focused on the
importance of investments and their direction in the improvement of the production
process, particularly the introduction of innovations and the importance of
modernization of production. The increase in the amount of investment on the one
hand is determined by the increase in capital equipment, but on the other hand it
must be accompanied by investment spending. That is why the paper aims to show
the economic importance of investing in technologies that modernize the
production process, which in the long run contributes to a stronger competitive
position.
Key words: investments, crop production, capital intensive production,
tangible assets, production volume

Introduction
The production process is the basis of any industrial production and
includes all activities and actions that result in the conversion of input materials
(raw materials, semi-finished products) into a finished product. It also includes all
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assets and personnel on which and with which activities are performed from the
warehouse of input material to the warehouse of finished products. It consists of:
technological process, transport process, organization process, and information
process, so it is an indivisible whole of technology, technology, organization, and
economy (Mikac and Blažević, 2007). The concept of capital-intensive agricultural
production implies the elaboration of the following elements (Selaković, 1994):
• Production is a spatially and temporally determined process of conscious action
of several factors, the result of which is the creation of material goods and services.
• The production process is the basis of any production and implies the process of
converting input materials (raw materials, semi-finished products) into a finished
product.
• Production goals imply the realization of the planned quantities of products from
the production program.
• Technological process refers to the change of appearance, shape, dimensions, and
properties of materials, change of physical and chemical properties.
• Production system is defined as an organizational form that integrates a group of
different functions as subsystems necessary for the realization of the production
process.
• The business system includes all the resources and activities necessary to achieve
a particular business goal. Business success is reflected in the ratio of income and
expenses.
• Information is a unit of measure of an organization, it represents everything that
acts as an entrance to an organizational node, subsystem, or system, and its
manifestations are always related to the material or energy that are its carriers, but
not its content.
• The information system aims to collect and process information that is put into
the function of production.
• Production organization is any connection and harmonization of an activity and
solving the problems that arise from it, with the purpose of achieving common
goals, for example raising performance. Organization implies both the process of
organization and the formal structure that results from that process. The task of the
organization of production is the temporal and spatial harmonization of the
elements of production: human labour, available resources and means of labour.
Thus, the process of capital-intensive agricultural production does not
consist only of simple physical activities, but also involves the application of
teamwork and modern systems (Bell and Senge, 1980). Capital-intensive
production is inconceivable without investment. Investments have an important
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place in the application of this concept. The importance of investment is reflected
primarily in the following (Jones, 2007):
• ensure the continuity of production, and thus economic growth,
• provide extended reproduction,
• create material and technical conditions for the improvement of living standards,
• contribute to maintaining economic stability at the local level.
Investment management includes a set of all activities undertaken to
effectively bring the investment process to a final conclusion. Investing as a
process contains two very important and interrelated dimensions. These are time
and uncertainty (Hirt and Block, 2005). The time period that elapses from the
appearance of the idea of need for investment to the realization of the investment,
such as putting the investment into operation is usually very long. The time period
of investment and uncertainty are directly correlated (Pike, 2009). Longer
investment times cause more uncertainty. Given its complexity, investing is a
process that can cause negative effects due to wrong decisions (Litterman, 2003).
Therefore, investing cannot and must not be a spontaneous process, because it
necessarily produces a situation in which wrong decisions are completely certain
(Sisek, 2005). The damage that can occur due to a spontaneous investment process
or even mismanagement of investments is not limited to the company that leads the
investment process, but can be extended to partners and the wider community.
In capital-intensive crop production, there is no need to plan to increase the
area and intensity of resource use. On the contrary, we should insist on
development in terms of increasing sustainability, productivity, and quality to
optimally use and protect available resources (Vukadinović and Jović, 2012). In the
continuation of the research, the volume of investments into tangible assets will be
considered. Investments into tangible assets can include, among other things,
investments in the regulation of irrigation and land reclamation systems of
agricultural land as an important factor in crop production. In addition to irrigation
itself, it is necessary to take into account agro-technical measures which
significantly increase the amount of humus in depleted soils, and thus the
absorption capacity of the soil. Furthermore, energy efficiency and long-term
competitiveness of agricultural producers can significantly support the
diversification of energy sources, i.e. the use of biodiesel from their production
capacities. And finally, investing in fixed assets, facilities, work equipment, and
sophisticated equipment is very important because in this way a better production
performance is achieved. All listed investments are statistically determined as
tangible assets.
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The aim of the paper was to show the economic importance of investing in
technologies that modernize the production process, which in the long run
contributes to higher production with a tendency to reduce total costs, while
creating the preconditions for more competitive production.

Materials and Methods
The following table 1 shows the values of total production and investment
into tangible assets. The data refer to the Republic of Croatia and the European
Union (EU) and are expressed in millions of euros.
Table 1. Volume of production and investments into tangible assets in the Republic of Croatia
and the EU (Prepared by the author based on data from the Central Bureau of Statistics of the
Republic of Croatia; DZS, 2020, Eurostat, 2020)
Year

Republic of Croatia

European Union

Production volume

Investments

Production volume

Investments

2016

2.165.997.833

371.343.521

55.448.697.787

10.189.096.313

2017

2.311.802.514

299.566.871

57.862.355.002

11.996.353.245

2018

2.356.531.661

314.387.844

58.402.996.404

12.105.347.012

2019

2.278.756.551

347.554.226

59.640.428.902

12.401.994.338

2020

2.543.046.357

336.887.417

59.814.695.714

12.922.600.004

The data from the table above show the realized volume of field (plant)
production in the Republic of Croatia and the EU, and investments directed to field
production. In the Republic of Croatia, on average, 14.32% of the realized
production volume is invested in new fixed assets (working stands), construction
facilities, irrigation systems, agro-technical measures and renewable energy
sources, while the value of investments for this purpose in the EU is 20, 87%.

Results and Discussion
The values expressed in Table 1 show that in the EU the volume of crop
production and investments have a continuous growth, i.e. a higher volume of
production for each subsequent year, is encouraged by a larger volume of
investments, while in the Republic of Croatia the situation is diverse. On average,
EU farmers invest 6.15% more of their earnings in new capital values compared to
agricultural producers from the Republic of Croatia, which results in an increase in
the total mass produced. Based on the correlation coefficient, it is possible to
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express the strength of the connection between the production concept in the
Republic of Croatia and the EU. The ratio of production and investment in the
Republic of Croatia is negative, i.e. the correlation is -0.39, which indicates a weak
and negative relationship. In the Republic of Croatia, the concept of labourintensive production is more represented, i.e. the labour force is significantly
represented in the process of field production. The situation is quite the opposite in
the EU, the data from Table 1 show a moderate positive relationship of 0.97, which
indicates the conclusion that new capital is continuously invested, which creates
new production values in the following cycles of reproduction. For large economic
organizations in which capital-intensive production dominates, cost reimbursement
is of great importance due to the structure of their total costs, because in such
companies fixed costs have a significant share in total costs. "Fixed costs increase
with increasing depreciation, i.e. increasing the capital intensity of the company,
while variable costs decrease. Hence the division into labour-intensive companies
and capital-intensive companies.” (Belak, 1995). The dependence of investments
on the volume of production is calculated by the linear trend equation:

Figure 1. Linear trend of investment dependence on production volume in the Republic of
Croatia (developed by the author based on the data from Table 1)

Based on the Figure 1 it could be observed that if the volume of production
increased by 1, we can expect a decrease in investment by - 2,092,485.30. Also,
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10% of the relationship between production volume and investment is explained by
projected linear model.

Figure 2. Linear trend of investment dependence on the volume of production in the EU
(developed by the author based on the data from Table 1)

Based on the trend presented at the Figure 2 it could be observed that if the
production volume increased by 1, we can expect an increase in investment by
587,264,847.50. Also, 81% of the relationship between production volume and
investment is explained by used linear model.
Graphic results show that agricultural producers in the EU, unlike
agricultural producers in the Republic of Croatia, maintain a positive proportion
according to the current concept of the ratio of the volume of field production and
investment in tangible assets. Any additional increase in production volume will
result in an increase in investment. The trend of the ratio of the volume of field
production and investment in tangible assets in the Republic of Croatia shows a
discrepancy, because although the volume of production increases, the volume of
investment decreases. The reasons can be multiple, but in general such a situation
can be attributed to a large fiscal burden in relation to disposable income.
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Conclusion
Investments are a generator of economic growth. However, if there is no
favourable market climate, ie if monetary and fiscal policies are not implemented
in the function of creating stimulating investment conditions, investments do not
have sufficient strength to cause positive market shifts. In the conducted research,
this is shown by the results in the Republic of Croatia. Capital-intensive production
requires the engagement of machines, equipment and sophisticated technological
production systems in the production process, on a larger scale than simple work.
Capital-intensive production requires a higher level of investment, a higher amount
of funds and financial resources. The capital-intensive production process is mostly
automated and as such is able to generate a continuous increase in production
volume. Since capital-intensive production relies mainly on machinery and
equipment, such a concept requires long-term investments that pay off over the
years. This statement is also supported by the results of the research, which is
visible for the EU.

Efekti ulaganja u proizvodnju kapitalnih useva - uporedna
analiza Republike Hrvatske i Evropske Unije
Dragan Dokić, Maja Gregić, Mirna Gavran, Vesna Gantner

Rezime
Stvaranje preduslova za ekonomski razvoj danas je nezamislivo bez ulaganja. Sa
ekonomskog aspekta, investicije utiču na promet kapitala, što stvara materijalnotehničke preduslove za lokalni razvoj. Uočljivo je da se u praksi ulaganjima daje
značaj samo u teorijskom smislu, drugim rečima, o njima se mnogo priča i
spekuliše u medijima. Zbog toga je potrebno unaprediti poslovanje u smislu
modernizacije materijalne imovine, a sve radi stvaranja novih vrednosti, kao
neophodnog preduslova za dalji opstanak. Rad je tematski fokusiran na značaj
ulaganja i njihov smer u poboljšanju proizvodnog procesa, posebno na uvođenje
inovacija i značaj modernizacije proizvodnje. Povećanje iznosa ulaganja, s jedne
strane, određeno je povećanjem kapitalne opreme, ali s druge strane mora biti
popraćeno investicionom potrošnjom. Zato rad ima za cilj da prikaže ekonomski
značaj ulaganja u tehnologije koje modernizuju proizvodni proces, što dugoročno
doprinosi jačanju konkurentske pozicije.
Ključne reči: investicije, ratarska proizvodnja, kapitalno intenzivna proizvodnja,
materijalna sredstva, obim proizvodnje
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Abstract: Alfalfa (Medicago sativa L.) and red clover (Trifolium pratense
L.) belong to the family Fabaceae (Papilionaceae). Alfalfa and red clover have a
special place in the crop rotation. After plowing the areas under alfalfa and red
clover, large amounts of nitrogen and organic matter remain in the soil, whose
decomposition and mineralization improve the physical, chemical and
microbiological properties of the soil. So far, there have been no more detailed
researches of the mycoflora of alfalfa hay and red clover in Serbia. In this paper,
we present the results of preliminary research on the mycopopulation of 200
samples of alfalfa and red clover hay. A total of 4 genera of fungi were isolated
from alfalfa and red clover hay, namely: Fusarium, Phoma, Rhizoctonia and
Verticilium.
Key words: alfalfa, red clover, mycopopulation

Introduction
Alfalfa (Medicago sativa L.) and red clover (Trifolium pratense L.) belong
to the order Fabales (Leguminosae), the family Fabaceae (Papilionaceae) and the
genus Medicago and Trifolium, respectively (Kojić, 1984; Yli-Mattila et al., 2010).
Considering field crops used as livestock feed, alfalfa has the most
important role so it is refered as the "queen of fodder plants". As one of the oldest
and the most important perennial fodder plants, alfalfa gives a high yield of fodder
of excellent quality.
Alfalfa and red clover have a special place in the crop rotation. After
plowing of areas under alfalfa and red clover, large amounts of nitrogen and
organic matter remain in the soil. The decomposition and mineralization of this
organic matter improve the physical, chemical and microbiological properties of
the soil (Tapia et al., 2005; Yli-Mattila et al., 2010).
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Alfalfa and red clover are usually grown independently, although they can
also be used as components of grass-legume mixtures. Alfalfa and red clover hays
are rich in proteins, with excellent amino acid composition and high digestibility
(Tapia et al., 2005; Yli-Mattila et al., 2010). Alfalfa hay proteins are the cheapest
source of protein in animal feed (Ocokoljić et al., 1983). In Serbia, alfalfa is the
most important fodder perennial legume and is grown on about 190,000 ha. In the
years of full exploitation, alfalfa can achieve high yields of green mass (70-90 tha1
) and about 20 t ha-1 of dry matter in four to five cuts per year (Lugić and Dinić,
2010). Important regions for its cultivation in our country are: Vojvodina,
especially Banat (Vršac, Kikinda, Zrenjanin), Bačka (Bečaj, Subotica, Sombor,
Senta, Kula, Odžaci) and Srem (Sremska Mitrovica, Šid, Ruma, Stara Pazova). In
central Serbia, the most significant alfalfa production areas are in Posavina: Mačva,
Pomoravlje, Stig, Šumadija and Timočka Krajina (Lukić, 2000).
Red clover (Trifolium pratense L.) is a very important fodder crop. It is
especially grown where the soil is not suitable for growing alfalfa. Red clover is
considered a short-term fodder crop due to it lasting 2 to 4 years. It tolerates moist
and acidic soils better than alfalfa. It is also important to note that red clover has
less resistance to various diseases compared to other forage crops (Yli-Mattila et
al., 2010).
Alfalfa and red clover are very important and productive fodder crops in
agriculture, but like all crops, they are susceptible to infectious diseases that can
limit their production. Disease control of these crops is very important in order to
achieve higher economical production of protein-rich livestock feed.
Alfalfa and red clover diseases can reduce yields and quality. Also,
diseases can reduce lifespan of composition of these crops. Sometimes, due to the
disease, there can be a sudden deterioration of alfalfa and clover, which causes
irreparable damage in productions to farmers.
Relatively low yields of alfalfa and red clover in Serbia are certainly a
consequence of the impact of inadequate agricultural techniques and, sometimes,
utilization of inadequate soil, but also of the occurrence of pests and plant
pathogens (Mijušković, 1993; Yli-Mattila et al., 2010). Many diseases are
characterized by plant death, which reduces the yield and quality of these crops.
Disease pathogens attack individual parts or the whole plant in various
developmental phenophases (Vučković, 1999; Yli-Mattila et al., 2010). For many
years, the reduced longevity of alfalfa and red clover crops has been one of the
main problems in the production of these fodder crops around the world. Frost
damage, root mycosis, and bacterial wilt are all common factors that cause this
problem (O’Rourke and Millear, 1966; Yli-Mattila et al., 2010).
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The aim of this research was to determine phytopathogenic fungi on alfalfa
and red clover hay, with the task to clarify causes of reduced quality and yield of
these forage crops, as well as premature decay of their composition.

Material and Methods
Alfalfa and red clover hay was sampled on the territory of the Republic of
Serbia in Rasina district (Globoder, Gaglovo, Selo Varvarin, Kobilje, Veliki
Šiljegovac) and Pomoravlje district (Bobovo, Gložane, Tropanje) in the period of
2017 and 2018. Samples were taken by cutting off parts of alfalfa hay and red
clover. The samples obtained in that way were carefully washed under running
water. After rinsing, stems were carefully cut into 0.5 to 1 cm long pieces. The
prepared stem sections were disinfected with 96% ethanol solution for 10 seconds
and with 1% sodium hypochlorite (NaOCl) for 1 min and then washed three times
in sterile distilled water. They were then dried on sterile filter paper and placed on
potato dextrose agar (PDA) with streptomycin. Five pieces of the plant parts (roots
and stems) were placed in individual Petri dishes in four replications. They were
kept in a thermostat at 25 °C in 12 h light / 12 h night regime. The observations
were performed every 3 days, and the majority of mycelium samples were
developed up to 14 days. Developed mycelia were screened to a new PDA
substrate and, after an initial growth, the peak part of the mycelium was reseeded
on PDA again.
Microscopic examination was performed using microscope Olympus
CX31. Morphological identification of fungi to the genus was carried out using a
standard key. The frequency of isolation in % was calculated according to the
formula by Vrandečić et. al. (2011):

(%) Isolation
frequency =

Number of segments containing the
fungal species
Total number of segments used in the
isolation

x 100
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Results
In this study, mycopolation on alfalfa and red clover hay was monitored in
the period from 2017 to 2018. On the territory of the Republic of Serbia, a total of
200 samples of alfalfa and red clover hay were collected in two districts: Rasina
district (Globoder, Gaglovo, Selo Varvarin, Kobilje, Veliki Šiljegovac) and
Pomoravlje district (Bobovo, Gložane, Tropanje). Out of a total of 200 samples,
160 samples of alfalfa and red clover hay developed a fungal colony, while 40
samples did not develop any fungal colonies (Table 1). A total of 120 alfalfa
samples were tested, of which 92 samples developed fungal colonies and 28 alfalfa
hay samples did not. Out of 80 tested samples of red clover hay, 68 samples
developed fungal colonies and 12 samples did not.
Fungi from the genera Fusarium, Phoma, Rhizoctonia and Verticilium
were isolated from alfalfa and red clover hay (Table 1).
Table 1. Frequency of fungal isolation on alfalfa and red clover on the hay

Year of sampling

Number of
samples
Plant part - stem

2017

20

2017

20

Red clover – Selo
Varvarin

2018

20

Red clover –
Kobilje

2018

20

2017

20

2017

20

2017

20

2018

20

2018
2018

District
Red clover –
Globoder
Red clover –
Gaglovo

Alfalfa - Gložane
Alfalfa - Kobilje
Alfalfa Globoder
Alfalfa - Bobovo
Alfalfa - Veliki
Šiljegovac
Alfalfa Tropanje

Fungal species stem
Fusarium sp.
Phoma sp.
Fusarium sp.
Rhizoctonia sp.
Phoma sp
Fusarium sp.
Verticillium sp.
Phoma sp.
Fusarium sp.
Verticillium sp.
Phoma sp.
Fusarium sp.
Rhizoctonia sp.
Fusarium sp.
Phoma sp.
Fusarium sp.
Phoma sp.
Verticillium sp.
Rhizoctonia sp.

(%) Isolation
frequency
60
35
15
40
20
20
60
15
15
40
20
65
20
55
20
45
40
45
40

20

Fusarium sp.

60

20

Fusarium sp.

70
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A difference in the frequency of isolations of individual genera of fungi
was noticed in these researches, depending on the site from which alfalfa and red
clover hay originates.
Table 1 clearly shows that fungi from the genus Fusarium were present in
all examined site, except in the site Bobovo - Pomoravlje district. Namely,
representatives of the genus Fusarium were not isolated on alfalfa hay from this
site, but only isolates belonging to the genera Verticilium. and Rhizoctonia were
found. It can be concluded that the representatives of the genus Fusarium are most
often isolated from alfalfa and red clover hay in almost all examined sites on the
territory of the two districts of Rasina and Pomoravlje (Table 1). Fungi of the
genus Rhizoctonia were isolated from the hay of red clover from the site Gaglovo Rasina district, as well as from the hay of alfalfa at the location Gložane and
Bobovo - both belong to the Pomoravlje district. Out of 10 examined sites, fungi of
the genus Phoma were isolated from alfalfa and red clover hay samples at 6
localities (Table 1).

Discussion
Genera Fusarium, Rhizoctonia, Phoma are dominant in annual and
perennial legumes worldwide (Tivoli et al., 2006; Villegas-Fernández and
Rubiales, 2011; Salam et al., 2011; Sillero and Rubiales, 2014, Vasić et al., 2015,
Vasić et al., 2017). Al-Jaradi et al. (2018) in Oman detected Fusarium equiseti on
Phaseolus vulgaris.
Lukezić (1973), in his research, did not isolate Colletotrichum trifolii from
alfalfa stem 90 days after harvest, most likely due to high humidity which favors
the development of other pathogens. He isolated a large number of Fusaurium sp.
from the same alfalfa hay samples, which is in accordance with the results of these
studies.
Krnjaja et al. (2004) in their research divided the mycopopulation on seeds
of 3 varieties of red clover K9, K17 and NS Kolubara, and two seed treatments rinsing and surface disinfection (T1) and surface disinfection of seeds (T2). They
found that the frequency of species of the genus Fusarium sp. varied from 0 to
13%, considering the presence of Fusarium sp. on the seeds of any of the tested
varieties. Using T2 treatment, the incidence of Fusarium species varied from 1 to
13%, depending on the variety.
Vasić et al. (2011) studied mycopopulation on alfalfa seed. In the
pathogenicity test, treated P. vulgaris showed yellowing symptoms with presence
of lesions and root rot on the taproot. F. equiseti is one of the causal agents of foot
and root rot disease which infects Phaseolus vulgaris, Pisum sativum and other
crops.
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Miličević et al. (2013), in Croatia, determined two Fusarium species, F.
verticillioides and F. proliferatum on bean seeds. So, for these reasons, it is
recommended to utilize crop rotation of four years, when it comes to the sowing of
faba bean and pea (Salam et al., 2011). Salam et al. (2011) also cited Phoma
medicaginis var. pinodella as significant pathogen in pea. Rhizoctonia solani Kühn
is soil parasite that can cause serious problems in many legumes, especially on faba
bean (Assunção et al., 2011). In Canada, 304 faba bean genotypes were tested on
the resistance to R. solani and only five of them were identified with high
resistance (Rashid and Bernier, 1993). Al-Jaradi et al. (2018) also isolated
Rhizoctonia solani from Vigna unguiculata in Oman.
Ligoxigakis et al. (2002) determined V. dahliae in Greece as a parasite on
beans and other legumes.
Rhizoctonia solani Kühn is a soil parasite that can cause serious problems
on many legumes especially on beans (Assunçăo, 2011). In Canada, 304 bean
genotypes were tested for resistance to R. solani and only five were identified with
high resistance (Rashid and Bernier, 1993). Ligoxigakis et al. (2002) determined V.
dahliae in Greece as a parasite on beans and other legumes.
According to Tegegn, (2017) taproot, chocolate spot reduces yield by up to
61%, with the presence of the probability of complete crop failure due to the
disease. Tegegn, (2017) reported that rust can incur a maximum yield loss of up to
21%. So far, the control of these diseases had been attempted through the use of
improved varieties, cultural practices, chemical fungicides and integration of two
or more of the above options in Integrated Disease Management (IDM) scheme.
In these researches, a difference in the frequency of isolation of individual
genera of fungi was noticed, depending on the locality from which alfalfa and red
clover hay originates.

Conclusion
This paper presents the preliminary results considering mycopopulations
on alfalfa and red clover hay, originating from two districts in Serbia - Rasina and
Pomoravlje. Alfalfa and red clover are very important fodder crops for the
production of hay and silage for livestock feed in our country. These researches are
just the beginning of the research of phytopathogenic fungi on alfalfa and red
clover hay.
Alfalfa and red clover are important forage crops and their importance as a
livestock feed is growing within our country. This research is the beginning of a
more comprehensive study of phytopathogenic fungi on alfalfa and red clover hay.
So far, there were no significant researches in this direction in Serbia, so the future
researches related to the hay of alfalfa and red clover will go in the direction of
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selection of genotypes with increased tolerance to fungal diseases.

Mikopopulacija na senu lucerke i crvene deteline u Srbiji
Sanja Živković, Tanja Vasić

Rezime
Lucerka (Medicago sativa L.) i crvena detelina (Trifolium pratense L.) pripadaju
familiji Fabaceae (Papilionaceae). Lucerka i crvena detelina imaju posebno mesto
u plodoredu. Nakon razoravanja površina pod lucerkom i crvenom detelinom u
zemljištu ostaju velike količine azota i organskih materija, čijim se razlaganjem i
mineralizacijom popravljaju fizičke, hemijske i mikrobiološke osobine zemljišta.
Detaljnijih istraživanja mikoflore sena lucerke i crvene deteline u Srbiji do sada
nije bilo. U ovome radu iznosimo rezultate preliminarnih istraživanja
mikopopulacije 200 uzoraka sena lucerke i crvene deteline. Iz sena lucerke i crvene
deteline ukupno je izolovano 4 roda gljiva, i to: Fusarium, Phoma, Rhizoctonia i
Verticilium.
Ključne reči: lucerka, crvena detelina, mikopopulacija
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Abstract:Mycotoxins are secondary metabolites of various fungi,
primarily of Aspergillus, Penicillium and Fusarium genera. Fungal species
commonly enter the food chain through contaminated food and feed, mainly
cereals, which get infested prior to and at the harvest, or during (improper) storage.
Although there are over 300 mycotoxins that have been isolated and chemically
characterized, worldwide research has focused on those which significantly impact
humans and animals. This paper presents test results of 340 samples of
feedingstuffs and complete feed mixtures for different species and categories of
farm animals randomly analyzed during 2019 and 2020 (120 and 220 respectively)
for the presence of aflatoxin B 1 , deoxynivalenol, zearalenone, ochratoxin and T2/HT-2 toxin. Deoxynivalenol was the most frequently detected, while 8.82% of
results in 2019 and 7.46% in 2020 were above the permitted levels. Pigs, as the
most sensitive species of animals, are particularly affected by this. One sample of
mixture for piglets, which contained deoxynivalenol 1.76 mg/kg, was the most
contaminated, while the overall maximal value was determined in barley (4.73
mg/kg). The aim of this paper was to give a brief insight into the recent
mycotoxicological situation with animal feed on the Serbian market. The results
indicate the need for regular and comprehensive monitoring of fungal contaminants
and their detrimental impacts on animal and human health, as well as the
implementation of predicting models in the prevention strategies.
Key words: aflatoxin B 1 , deoxynivalenol, zearalenone, ochratoxin, T2/HT-2 toxin, feed
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Introduction
Mycotoxins are produced by various fungal species, belonging primarily to
genera Aspergillus, Penicillium and Fusarium, as their secondary metabolites.
There are also other fungal genera, including Alternaria, Cladosporium,
Chaetomium, Claviceps, Diplodia, Myrothecium, Phoma, Phomopsis, Pithomyces
and Stachybotrys, that contain mycotoxigenic fungi. Under favorable
environmental conditions, when temperature and moisture are suitable, fungi
proliferate and may produce these toxic substances. The functions of mycotoxins
have not been clearly established, but they are believed to play a role in eliminating
other microorganisms competing in the same environment. They are also believed
to help parasitic fungi invade host tissues. Toxigenic fungi (molds) are known to
produce one or more secondary metabolites, but not all fungal species are toxigenic
and not all secondary metabolites are toxic (Brase et al., 2009). Fungi commonly
enter the food chain through contaminated food and feed, mainly cereals, which get
infested prior to and during harvest, or during (improper) storage (Nesic et al.,
2021). Although there are over 300 mycotoxins that have been isolated and
chemically characterized, worldwide research has focused on those types causing
significant harm to humans and animals (Nesic et al., 2014).
Even though there are geographic and climatic differences in the production
and occurrence of mycotoxins, exposure to these substances is worldwide (Eskola et
al., 2020). The accumulation of mycotoxins is known to reflect weather conditions.
The two most important factors that affect the life cycle of all microorganisms,
including mycotoxigenic fungi, are water availability and temperature. Given such a
strong influence of meteorological situation, it is clear that climate change is very
much reflected on mycotoxins (Battilani et al., 2016; Nesic, 2018; Perrone et al.,
2020). Rising temperatures, changes in precipitation, rising sea levels, floods and
droughts are widely present. As a result of the increase in temperature, more insects
will appear on the crops, which are an important factor in the contamination with
toxigenic fungi. The number of birds consuming these insects can also increase,
which also contribute to crop damage and greater synthesis of mycotoxins. Changes
in crop phenology are also predicted. Therefore, climate change is expected to
strongly affect the geographical distribution of crops, as well as their mycoflora. So,
predictive modeling is a very promising approach, with necessity to consider as many
combinations of mycotoxins and crops at one locality as possible (Van der FelsKlerx, 2016).
The aim of this paper was to evaluate the mycotoxicological situation of
feed samples on the Serbian market collected during 2019 and 2020, as well as to
point out the need to implement preventive measures and predictive models against
the presence of toxigenic fungi and their metabolites in the food chain.

Proceedings of the 13th International Symposium
Modern Trends in Livestock Production
October 6 – 8, 2021, Belgrade, Serbia

617

Materials and Methods
Analysis of 340 samples of feedingstuffs and complete feed for different
species and categories of farm animals were carried out in the Institute of
Veterinary Medicine of Serbia during 2019 and 2020. Quantification of aflatoxin
B 1 , deoxynivalenol, zearalenone, ochratoxin and T-2/HT-2 toxin was done using
commercial ELISA (enzyme-linked immunosorbent assay) kit according to the
manufacturer's instructions (Neogen Veratox), with the detection range 1-8 μg/kg ,
0,25-2 mg/kg, 25-500 μg/kg, 2-25 μg/kg and 25-250 μg/kg, respectively. The
absorbance was determined at a wavelength of 650 nm on an ELISA plate reader
(Tecan Sunrise, Switzerland). Results were interpreted in relation to the levels
permitted by the Serbian Regulation on the quality of animal feed.

Results and Discussion
Results of mycotoxicological examination of 340 feed samples for
different species and categories of farm animals during 2019 and 2020 showed the
presence of mycotoxins, as presented in Table 1. The most frequent presence and
the highest concentrations were determined for deoxynivalenol. In 2019 8.82% of
results and in 2020 7.46% were above the permitted levels. This is especially
important for raising pigs, which are the most susceptible species. Therefore, the
highest level of contamination, which was determined in the mixture for piglets,
and was 1.76 mg/kg, poses a serious threat. The overall maximal value of
deoxynivalenol was determined in barley (4.73 mg/kg).
Table 1. Mycotoxin content (mg/kg) in feed analyzed in 2019 and 2020
2019
Mycotoxin
Maximum
Mean
Maximum
Aflatoxin B1
0.089
0.012
0.013
Zearalenone
0.239
0.063
0.081
Ochratoxin
0.008
0.007
0.050
T-2/HT-2 toxin
0.078
0.042
0.093
Deoxynivalenol
3.6 (wheat)
1.255
4.73 (barley)

2020
mean
0.002
0.073
0.037
0.057
0.748

Deoxynivalenol (vomitoxin) is produced by F. graminearum, F. culmorum,
F. crookwellense, F. sporotrichioides, F. poae, F. tricinctum, and F. acuminatum
(Nesic et al., 2014). Intoxication with this metabolite is manifested by a decrease in
food intake or its refusal, vomiting, and digestive disorders with subsequent losses
of weight gain. From a practical viewpoint deoxynivalenol is of outstanding
importance among the B type trichothecenes because of its frequent occurrence at
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levels high enough to cause adverse effects, especially in pigs (EFSA, 2013). Other
animals are regarded to be less sensitive, but they still suffer from negative
consequences, primarily in terms of performance (Santos et al., 2021).
Considering results for aflatoxin presence the situation was different from
that in 2013 when most of the samples, about 75%, were highly contaminated and
as many as 35% of them exceeded the maximum permitted levels, so did not
correspond to the Serbian regulation at that moment (Nesic and Pavlovic, 2013). It
also differed from the results of Krnjaja et al. (2019) obtained for aflatoxin B 1 in
poultry feed in 2016 when 14.29% were above the regulation limits. Tests
performed in 2019, and especially in 2020, for aflatoxin B 1 detection revealed low
and mostly undetectable concentrations. For other mycotoxins, as shown in Table
1, average content was slightly above limit of detection (LOD) for the applied
methods (LOD: 0.002 mg/kg for ochratoxin, 0.025 mg/kg for T-2/HT-2 and
zearalenone), while most of the values were below the LOD of the used ELISA
protocols.
Zearalenone was the second most frequently detected mycotoxin, after
deoxynivalenol. In practice, the co-occurrence of deoxynivalenol and zearalenone,
or even additional mycotoxins in contaminated cereals exacerbates the
management of affected animals (Döll and Dänicke 2011). A group of Italian
researchers (Palumbo et al., 2020) collected and published data on the content of
mycotoxins in cereals in Europe in the period from 2010 to 2018. They concluded
that mycotoxins fumonisin, deoxynivalenol, aflatoxins and zearalenone were
mainly found in wheat and maize. An important fact is that in 54.9% of the
samples, the simultaneous appearance of two or more mycotoxins was proven.
This, due to the synergistic effect, drastically complicates the situation, as well as
the methods of struggle.
One of the newer approaches in prevention of mycotoxicological problems
includes the possibility of predicting their occurrence and the use of so-called
“predictive models”. These are the scenarios of the effects of climate change on
mycotoxins, i.e. studies of the effects of changes in precipitation, temperature, etc.
on mycotoxin contamination. They combine data on meteorological conditions,
pathogens (fungi and mycotoxins) and hosts (plant species). Thus, the predictions
are highly specific to one locality, plant species and even strain, as well as type of
fungi and their metabolites (Nesic, 2018).
Climate change forecasts for Europe by the end of this century have been
published in a document called the Green Paper (European Commision, 2007). The
temperature will rise drastically. In the very south, locally up to 5.50C, while in
Serbia approximately 3.5–4.50C. Precipitation will be reduced in the south, in some
localities even up to 40%, while towards the north of the continent it will increase
to almost drastic proportions. In general, the so-called desertification will occur in
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Southern and Southeastern Europe which will contribute to the synthesis of
aflatoxins, while in Central Europe, due to the higher moisture, and even more
frequent floods, contamination with Fusarium species and their metabolites will
increase.

Conclusion
Based on the results of the mycotoxicology tests in 2019 and 2020, as well
as previous years of analytical experience, the continuous presence of mycotoxins
(one or more), with occasional specific outbursts, is evident. Mycotoxins remain an
unavoidable problem that needs to be fought in the best possible way, while a
constant good management system for these natural hazards is still required. Due to
climate change, the risk to human and animal health is transforming and growing,
and strategies to mitigate adverse effects are becoming more complex. This also
has economic consequences. Therefore, the multidisciplinary scientific community
has recently been given the task of enabling the prediction of the occurrence of
mycotoxins and the preparation of targeted prevention.

Uvid u mikotoksikološku situaciju – nedavna iskustva i bliska
predviđanja
Ksenija Nešić, Nikola Pavlović, Marija Pavlović, Jelena Vlajković, Aleksandra
Tasić, Vladimir Radosavljević, Božidar Savić

Rezime
U ovom radu su predstavljeni rezultati ispitivanja 340 uzoraka komponenti i
kompletnih smeša za ishranu životinja koji su analizirani tokom 2019. (120
uzoraka) i 2020. godine (220 uzoraka) na prisustvo aflatoksina B 1 ,
deoksinivalenola, zearalenona, ohratoksina i T-2/HT-2 toksina, sa ciljem da se
stekne uvid u mikotoksikološku situaciju u hrani za životinje koja se koristi u
Srbiji. Mikotoksini su sekundarni metaboliti različitih plesni, pre svega vrsta iz
rodova Aspergillus, Penicillium i Fusarium. U lanac hrane oni obično dospevaju
preko kontaminiranih žitarica, koje se infestiraju pre i tokom žetve ili u uslovima
nepravilnog skladištenja. Iako postoji više stotina različitih mikotoksina koji su
izolovani i hemijski identifikovani, praktični značaj imaju oni sa najvećim uticajem
na zdravlje ljudi i životinja. U hrani za životinje u navedenom periodu najčešće je
bio prisutan deoksinivalenol, i to u nedozvoljenim koncentracijama u 8,82%
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uzoraka iz 2019. godine i 7,46% iz 2020. godine. Ovakva situacija je naročito
nepovoljna za svinjarstvo, s obzirom da su na deksinivalenol svinje najosetljivija
vrsta životinja. Maksimalna koncentracija od 1,76 mg/kg je bila utvrđena u uzorku
smeše za prasad, dok je ukupna maksimalna vrednost ustanovljena u uzorku ječma
(4,73 mg/kg). Svi ostali mikotoksini su bili u okviru propisima dozvoljenih granica,
čak uglavnom ispod limita detekcije primenjenih metoda, dok je drugi po
učestalosti bio zearalenon. Dobijeni rezultati ukazuju na potrebu za redovnim i
sveobuhvatnim nadzorom usmerenim na kontrolu sadržaja ovih prirodnih
kontaminenata koji imaju veliki globalni uticaj na bezbednost hrane za životinje i
ljude, odnosno njihovo zdravlje. Takođe je poželjno da se primeni i mogućnost
predviđanja i prognoze prisustva mikotoksina, pri čemu bi prediktivni modeli
postali obavezan deo preventivnih strategija.
Key words: aflatoksin B1, deoksinivalenol, zearalenon, ohratoxin, T-2/HT-2
toksin, hrana za životinje
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Abstract: The aim of this study was to evaluate fungal infection, with a
special focus on Fusarium spp. and deoxynivalenol (DON) presence, as a
participant in Fusarium head blight (FHB) pathogenesis in two cultivars of Italian
ryegrass K-13 and K-29. A total of 24 seed samples were collected during harvest
in 2019.
By mycological analyses, Acremonium spp., Alternaria spp., Fusarium
spp. and non-sporulating species (Mycelia sterilia) were isolated on the seeds of
both cultivars of Italian ryegrass. Among Fusarium spp., four species, F.
graminearum, F. poae, F. proliferatum and F. subglutinans were identified in
cultivar K-13 and three species, F. graminearum, F. poae and F. subglutinans, in
cultivar K-29. F. graminearum and F. poae were identified as FHB pathogens, of
which F. graminearum was dominant in both cultivars with 20.5% (cultivar K-13)
and 32% (cultivar K-29) compared to F. poae which was present in both cultivars
with a frequency of 0.5%. The frequency of DON positive samples was 100%. A
statistically significant difference in DON level was found between the two tested
cultivars, with a higher DON level in cultivar K-29 (5334.33 μg kg–1) compared to
cultivar K-13 (4738.58 μg kg–1).
The obtained results indicate that two Fusarium species, F. graminearum
and F. poae, were FHB pathogens, with F. graminearum as the predominant
species in both cultivars of Italian ryegrass. High DON levels (>3000 μg kg–1) in
the tested seed of Italian ryegrass indicate on potentially significant participation of
DON in FHB pathogenesis, as well as a potential risk for the quality seed
production, feed safety and the food chain in general. In Serbia, this is the first
report about Fusarium infection and DON presence in ryegrass seed.
Key words: Fusarium spp., deoxynivalenol, Italian ryegrass
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Introduction
Italian ryegrass (Lolium multiflorum Lam.) is annual and also biennial or
short-lived perennial bunchgrass. It is a high-yielding and high-quality fodder crop
native to southern Europe. It is an integral part of pasture for hay and silage
production. Its high nutrition, digestibility, and palatability, conducives to the diet
of ruminants (dairy, sheep) (Simić et al., 2005; 2012). This crop grows best
between 20 and 25°C and requires a cool climate with high rainfall and welldrained soils. It has the fastest growth and regeneration and produces a lot of
forage in a short time (Delić et al., 2012; Kostrzewska et al., 2020). It is sensitive
to strong frosts and quite sensitive to drought, and longer droughts can bring it very
low yields (Simić et al., 2005).
In recently year, due to global warming, the occurrence of pathogenic and
potentially toxigenic fungi from Fusarium, Aspergillus and Penicillium genera has
become more frequent on cereal grains and other grasses (Silva et al., 2014; Torres
et al., 2019). In addition, agro-ecological and environmental conditions in Serbia
are favorable to growth of these fungal species on cereal grains, with Fusarium
species as predominant (Lević, 2008). Members of Fusarium graminearum species
complex (FGSC) cause Fusarium head blight (FHB) disease of small grains and
several grasses, including annual ryegrass (Machado et al., 2015). F. graminearum
is the most common pathogen which cause FHB of small grains. The first
symptoms of FHB appear after flowering at anthesis. Spikelets are bleached, and
with development of mycelium, the disease spreads throughout the head (spike),
causing shrivelled seeds (Francesconi et al., 2019). F. graminearum-infected seeds
have poor germination with slow emergence and can cause seedling blight disease
(Wiewióra, 2012). F. graminearum is a hemibiotroph, with the biotrophic (short
last from 24 to 32 h after infection) and necrotrophic phase (the pathogen grows
and extends within the head through the vascular bundles and parenchyma) (Bai et
al., 2002; Goswami and Kistler, 2004; Trail, 2009).
In addition to causing FHB disease, Fusarium species produce a wide
range of toxic secondary metabolites (mycotoxins), which are serious constraints
for feed/food production (Richardson et al., 1996). The occurrence of these fungal
metabolites in food/feed poses healt risks to the consumers (Haidukowski et al.,
2005). Deoxynivalenol (DON), primarily produced by F. graminearum, is the most
associated with FHB. It belongs sesquiterpene epoxides, namely trichothecenes.
The most commonly DON found in grain/seed from FHB-diseased cereal and grass
heads (Gunupuru et al., 2017). Negative effects of DON ingestion by experimental
animals are manifested as acute (emesis) and chronic poisoning (anorexia, growth
retard, neurotoxicity, immunotoxicity as well as reproduction disorders. Likewise,
DON can be associated with human gastroenteritis (Pestka, 2010). Reffering to
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participation of DON in FHB pathogenesis, it also has the ability to be virulent and
facilitates the spread of fusariosis within the head. Like FHB, DON may cause
premature bleaching of head and leaves. DON-producing F. graminearum strains
can supress programmed cell death (apoptosis) in the leaves and support biotrophic
and necrotrophic phases of Fusarium infection (Diamond et al., 2013). According
to Bushnell et al. (2010), DON-producing strains inhibited the formation of the
wall thickenings, allowing the pathogen to spread in the head.
According to European Regulations EC No. 1126/2007 amended the
Regulation (EC) No. 1881/2006 and EC No. 576/2006, the maximum limits of
DON level are 1250 μg kg–1 in unprocessed cereal other than durum wheat, oats
and maize and 8000 μg kg–1 in unprocessed cereal and cereal products except in
maize by-products intended for animal feeding, respectively. Quality and healthy
seeds are a prerequisite for high yields of ryegrass as well as for safe feed
production. The high yield of seed and fodders is correlated with the genetic
potential of the selected varieties (Velijević et al., 2016). Grass (cereal) cultivars
have different types of resistance to FHB (from I to V resistance types), there is no
unsusceptible genotype. Types I and II are the most described. Type I resistance is
resistance to initial infection, type II is resistance to spread of pathogen within the
head. Other types include resistance to seed infection (type III), tolerance to FHB
and DON (type IV), and resistance to DON accumulation (Type V) (Mesterházy,
1995; Boutigny et al., 2008). In addition to growing resistant cultivars, crop
rotation, fertilization, tillage, and the application of fungicides and biological
agents can also significantly reduce Fusarium seed infestation (Shah et al., 2018).
Since the quality and healthy seed is important for ryegrass, livestock and
feed production, the main aim of this work was to identify and quantify Fusarium
spp. associated with ryegrass seeds, as well as to determine DON levels in seed
samples of two ryegrass cultivars and to assess its potential risk in FHB
pathogenesis.

Materials and Methods
A total of 24 seed samples of two commercial Italian ryegrass cultivars (12
samples of cultivar K-13 and 12 samples of cultivar K-29) were analyzed by
mycological and toxicity tests. About 1 kg of ryegrass intended for seed production
were randomly taken during the 2019 harvest season. The area of tested ryegrass
cultivars was on about one hectare and located on the experimental fields of
Institute for Animal Husbandry, Belgrade-Zemun in Serbia.
The each of 24 samples was divided into two sub-samples, so, it was 12
sub-samples per cultivar. In mycological analyses, per each cultivar, the first 12
seed sub-samples were pooled in one representative sample. To evaluate Fusarium
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spp., 600 seeds per cultivar from representative samples were analyzed. First, the
seeds were surface-disinfected for 3 minutes with 1% sodium hypochlorite, washed
twice with sterilized distilled water and dried on filter paper. Then, the seeds were
plated, 10 seeds per 90 mm Petri-dishes with Potato Dextrose Agar (PDA), and
incubated at room temperature during 7-10 days. Based on microscopic
observations, Fusarium species were identified using fungal keys of Burgess et al.
(1994) and Leslie and Summerell (2006). Incidence of fungal species was presented
as percentage values in pooled seed samples.
For mycotoxicological analyses, a total of 24 samples, 12 sub-samples per
cultivar, were ground in an analytical mill (IKA A11, Staufen, Germany). Using
the moisture analyzer (OHAUS MB35, USA), the moisture content of tested
samples was determined. ELISA assay for determining DON levels was done
according to the manufacturer's instructions Celer Tecna® ELISA kits. The limit of
detection for DON was 40 μg kg–1.
Data were statistically analyzed using the independent-samples T-test
(IBM SPSS Statistic 20). Pearsonʼs correlation coefficients between DON levels
and moisture contents were determined.

Results and Discussions
The results of mycobiota isolated from the seed of two Italian ryegrass
cultivars, K-13 and K-29, are shown in Table 1. The fungal species isolated were
Acremonium spp., Alternaria spp., F. graminearum, F. poae, F. proliferatum, F.
subglutinans and non-sporulating fungi (Mycelia sterilia) on the seed of both
cultivars, except on seed of cultivar K-29, in which F. proliferatum was not
identified. Among isolated species, Alternaria spp. was the most present with 70%
and 61.67% on the seed of K-13 and K-29 cultivar, respectively. Considering
incidence of Fusarium species, F. graminearum was the most common at both
cultivars, with higher incidence on the seed of cultivar K-29 (32%) than cultivar K13 (20.50%). F. graminearum is followed by F. subglutinans which was isolated in
a higher percent on the seed of cultivar K-13 (7.50%) compared to cultivar K-29
(2%). A low incidence of F. poae (0.50%) was found on the seed of both cultivars,
as well as the incidence of F. proliferatum on the seed of cultivar K-13 (0.17%). In
a similar study, Wiewióra (2012) has established Alternaria alternata as the most
common species on the seed of perennial ryegrass and identified 10 Fusarium
species of which F. avenaceum and F. solani were the most frequent. Further, the
same autor stated that the most species such as Alternaria spp., Epicoccum spp.,
Septonema spp. and Penicillium spp. were saprophytes or weak parasites, while
Drechslera spp., Fusarium spp., Phoma spp., Curvularia spp. and Bipolaris spp.
were presented as pathogenic species. Similar results were reported by Varga and
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Fischl (2005) on the ryegrass seeds and Pathak and Zaidi (2013) on wheat seeds.
According to reported data of Torres et al. (2019), the major FHB pathogens
include FGSC members and related species such as F. avenaceum, F. culmorum
and F. poae. Similarly, in this study, F. graminearum and F. poae identified as
FHB pathogens from which F. graminearum was more presence than F. poae on
the seed of both tested cultivars. Machado et al. (2015) have identified three FGSC
species, F. graminearum, F. asiaticum and F. cortaderie from diseased ryegrass
spikes and confirmed their pathogenicity to ryegrass. It was the first report of
FGSC members as head blight pathogens of ryegrass (L. multiflorum L.) in Brazil.
The results of this study were also the first report of Fusarium spp. incidence on
the seed of two Italian ryegrass cultivars (K-13 and K-29) in Serbia.
Table 1. Incidence of fungal species on the seed of two tested ryegrass cultivars

Fungal species
Acremonium spp.
Alternaria spp.
Fusarium graminearum
Fusarium poae
Fusarium proliferatum
Fusarium subglutinans
Mycelia sterilia

Incidence (%)
Cultivar of ryegrass
K-13
K-29
0.50
0.83
70
61.67
20.5
32
0.50
0.50
0.17
0
7.50
2
0.83
3

By mycotoxicological assays, DON was found in all tested seed samples of
two ryegrass cultivars, respectively the incidence of DON positive samples was
100%. It has been established the statistically significant higher mean level of
DON on the seed of cultivar K-29 (5334.33 μg kg–1) compared to cultivar K-13
(4738.58 μg kg–1). There were no statistically significant differences between
means of moisture contents of seeds in tested cultivars (Table 2). By investigating
the participation of DON in FHB pathogenesis, Bai et al. (2002) have stated that
DON production had a significant role in the spread of FHB within a spike.
According to the reports of Diamond et al. (2013), relatively low DON levels
might inhibite plant programmed cell death (PCD), while high DON levels might
induce cell death. So, DON-producing F. graminearum strains with low and
10,000 μg kg–1 DON levels might contribute to biotrophic and necrotrophic phases
development in Fusarium infection leading to FHB disease symptoms (Gunupuru
et al., 2017). In Brazil, the first report of DON-producing F. graminearum isolated
from ryegrass spikes, as well as their pathogenicity on annual ryegrass reported by
Machado et al. (2015). In this study, high DON levels in all seed samples of both
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cultivars indicating that there was potentially risk of isolated F. graminearum
strains in FHB pathogenesis.
Table 2. Means of DON level and moisture content in tested seed samples of two ryegrass
cultivars
DON level (μg kg–1)
Moisture content (%)
Item
Mean ± S.D.
Range
Mean ± S.D.
Cultivar K-13
4738.58 ± 244.17a
3157 – 5586
11.74 ± 0.32
Cultivar K-29
5334.33 ± 147.26b
4382 – 5886
11.30 ± 0.53
Level of significance
*
ns
Means followed by the same letter within a column are not significantly different at P ≤ 0.05 level; *,
** - significant at the 0.05 and 0.01 probability levels; ns - not significant.

Temperature, moisture and relative humidity are the most important
environmental factors influencing the development of FHB and therefore DON
accumulation in cereal grains (Wegulo, 2012). Weak positive correlations were
found for levels of DON with moisture contents on seeds of tested cultivars K-13 (r
= 0.348) and K-29 (r = 0.380) (data not presented). Similarly, positive correlations
between moisture-related variables with biological variables such as DON
accumulation in wheat cultivars were established by Cowger et al. (2009), Kriss et
al. (2010) and Hernandez Nopsa et al. (2012).

Conclusion
This study presents a natural occurrence of fungal infection and DON
mycotoxin in the seed of two ryegrass cultivars, K-13 and K-29, as a participant in
FHB pathogenesis. Acremonium spp., Alternaria spp., Fusarium spp. and nonsporulating fungal species (Mycelia sterilia) were isolated at both cultivars. Among
Fusarium spp., F. graminearum, F. poae, F. proliferatum, and F. subglutinans and
F. graminearum, F. poae, and F. subglutinans were identified on the seed of
cultivars K-13 and K-29, respectively. F. graminearum and F. poae were identified
as FHB pathogens, with F. graminearum as predominant in both cultivars. All
tested seed samples were DON positive. DON level in cultivar K-29 was
statistically significant higher (5334.33 μg kg–1) than in K-13 (4738.58 μg kg–1).
High DON levels (>3000 μg kg–1) in tested seed samples were indicated on
potential significant participation of DON in FHB pathogenesis. Both ryegrass
cultivars were susceptible to FHB pathogens. These results indicate on importance
of health of seeds, especially for ryegrass seeds production as well as forage
production. Ryegrass as the weed may also be potentially a source of inoculum for
FHB epidemics in cereal crops.
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Fusarium spp. i deoksinivalenol kontaminacija semena
italijanskog ljulja
Vesna Krnjaja, Violeta Mandić, Zorica Bijelić, Slavica Stanković, Milica Nikolić,
Tanja Vasić, Nikola Delić

Rezime
Cilj rada bio je da se oceni gljivična infekcija sa specijalnim fokusom na Fusarium
spp. i prisustvo deoksinivalenola (DON) kao učesnika u patogenezi fuzarioze klasa
(FHB) kod dve sorte italijanskog ljulja, K-13 i K-29. Ukupno 24 uzoraka semena
sakupljeno je tokom žetve u 2019. godini. Mikološkim analizama izolovane su
Acremonium spp., Alternaria spp., Fusarium spp. i nesporulišuće vrste (Mycelia
sterilia) na semenu obe ispitivane sorte italijanskog ljulja. Među Fusarium spp.,
identifikovane su četiri vrste, F. graminearum, F. poae, F. proliferatum i F.
subglutinans, kod sorte K-13 i tri vrste, F. graminearum, F. poae i F. subglutinans,
kod sorte K-29. F. graminearum i F. poae su identifikovane kao FHB patogeni, od
kojih F. graminearum je dominantnija kod obe ispitivane sorte sa 20,5% (sorta K13) i 32% (sorta K-29) u odnosu na F. poae koja je bila prisutna kod obe sorte sa
učestalošću od 0,5%. Učestalost DON pozitivnih uzoraka bila je 100%. Utvrđena je
statistički značajna razlika u koncentraciji DON između dve ispitivane sorte, s tim
da je utvrđena veća koncentracija DON kod sorte K-29 (5334,33 μg kg–1) u odnosu
na sortu K-13 (4738,58 μg kg–1). Dobijeni rezultati ukazuju da su dve Fusarium
vrste, F. graminearum i F. poae, FHB patogeni, s tim da je F. graminearum
preovladjujuća vrsta kod obe ispitivane sorte italijanskog ljulja. Visoke
koncentracije DON mikotoksina (>3000 μg kg–1) u ispitivanim uzorcima semena
italijanskog ljulja ukazuju na potencijalno značajno učešće DON u FHB
patogenezi, kao i na potencijalni rizik za proizvodnju kvalitetnog semena,
bezbednost hrane za životinje i lanca ishrane uopšte. U Srbiji, ovo je prva objava o
Fusarium infekciji i prisustvu DON u semenu italijanskog ljulja.
Ključne reči: Fusarium spp., deoksinivalenol, italijanski ljulj
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