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Abstract: The Domestic Balkan and Banat donkey (Equus asinus asinus)
are native donkey breeds primarily raised in the Special Nature Reserve 'Zasavica',
Serbia. The study's objective was to analyze the composition of donkey's milk
during the lactation period (12th to 30th week of lactation), regardless of the
donkey's breed. The investigated donkey milk composition is characterized by a
low content of dry matter, protein and fat and a high amount of lactose, compared
to the milk of other dairy animals. The study revealed that content of dry matter
ranged from 7.20 to 9.52%, fat ranged from 0.10 to 1.00%, protein ranged from
1.17 to 2.07%, lactose ranged from 4.52 to 6.71%, ash ranged from 0.28 to 0.50%
and pH ranged from 6.82 to 7.46. Dry matter, fat, and ash content progressively
lowered during lactation, with some oscillations. Milk protein and lactose content
were not affected during the lactation stage. The pH value increased progressively
during lactation with slight oscillations during the 18th and 21st week of lactation.
Statistically significant differences between lactation weeks were established only
for lactose content and pH values.
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Introduction

Donkey milk is considered to have the potential for use as a dietetic food
and substitute for human milk. Sensory properties, a high amount of lactose and a
low amount of fat and proteins make donkey milk closely similar to mare and
human milk (Garhwal et al., 2023; Zivkov Balos et al., 2023; Albertos et al., 2022;
Prasad, 2020; Marchis et al., 2018; El-Hatmi et al., 2015). Compared to ruminant
milk, donkey milk has a lower content of dry matter, ash, fats and proteins,
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especially caseins, and a significantly higher content of lactose, and whey proteins
(Martini et al., 2018, 2021; Salari et al., 2019). On the other hand, compared to
human milk, donkey milk has a lower content of dry matter and fat, a similar
content of lactose, and proteins and a higher content of ash (Martini et al., 2021;
Swar, 2011). The data from the literature suggested significant differences in the
chemical composition of donkey milk concerning the contents of individual
components.

The composition of milk can be attributed to the breed or type, diet, age,
lactation number, season of the year, farming system, climate and health status of
the animal (Bhardwaj et al., 2020; Nayak et al., 2017; Kucevic¢ et al., 2016). The
donkey breed and seasonal variations are factors that have the greatest influence on
milk composition (Kaskous and Pfaffl, 2022; Bhardwaj et al., 2020). In addition,
diet is a very important factor that can affect the content of individual components
in milk (Miraglia et al., 2020; Burden and Bell, 2019; Raspa et al., 2019; Lazarevic¢
et al., 2017). The donkeys are considered a seasonal polyestrous species, therefore,
when adequate planning inthe breeding seasons milk could be available
throughout the year (Giosué et al., 2008). The lactation period of donkeys ranges
from 180 to 350 days (Giosué et al., 2008; Guo et al., 2007; Salimei et al., 2004).
Lactation peak usually occurs between 4 and 5 weeks from parturition
(Centoducati et al., 2012).

The contents of individual components of donkey milk have been
determined worldwide, and data from the literature suggested certain differences
between donkey breeds. These include Halari donkey from India (Garhwal et al.,
2023), Cyprus (Aspri et al., 2019) and Arcadian from Greece and Cyprus
(Massouras et al., 2020), Amiata from Italy (Sarti et al., 2019; Salari et al., 2019;
Ragona et al., 2016), Jiangye and other Chinese breeds (Li et al., 2018; Guo et al.,
2007), Ragusana from Italy (Malacarne et al., 2019; Giosué et al., 2008; Salimei et
al., 2004), Martina-Franca from Italy (Salimei et al., 2004), Zamorano-Leonese
from Spain (Albetros et al., 2022), Tunisian breeds (Aroua et al., 2018; El-Hatmi et
al., 2015), Domestic Balkan from Serbia (Lazarevi¢ et al., 2017) and Litoral
Dinaric from Croatia (Ivankovi¢ et al., 2009).

A significant number of donkeys worldwide are not systematized but are
classified as domestic donkeys. The situation is similar in Serbia, where the
domestic Balkan donkey breed is officially recognized. However, genetic research
indicates that this breed has different genetic profiles in Serbia. Thus, besides the
domestic Balkan donkey, it is believed that there is another breed in Serbia, namely
the Banat donkey (UroSevi¢, 2022). In the area of the "Zasavica" special nature
reserve, both genotypes are breeding, and from this reserve, the idea and project of
separating and forming the Banat donkey breed originated (Mandi¢ et al., 2022).
Donkeys have been used as working animals in Serbia for centuries, primarily in
agriculture and transport. There is not enough data on the composition of the milk
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of domestic breeds, and current Serbian regulations on milk quality (Rule Book,
2017) do not cover donkey milk.

This research focused on the composition and nutritional analyses of
Balkan domestic and Banat donkeys, during the middle stage of lactation to obtain
data important for donkey milk standardization.

Material and Methods

Milk samples

Milk samples (18 composite samples) were collected from healthy Balkan
and Banat jennies from The Special Nature Reserve "Zasavica", Serbia. The
donkeys were reared outdoors in extensive livestock farming. The animals grazed
on natural pastures and drank water from natural springs. After parturition, and
during the first two months, all the milk was left for the foal. Starting from 45-60
days after parturition, the jennies move from pasture to pen, together, that is, there
are no individual meals. Their diet includes alfalfa hay and corn. Alfalfa hay is the
basic coarse feed, in addition, they feed on raw or spent meadow grass or alfalfa.
They get corn in the morning and the afternoon. Raw milk samples were obtained
by hand milking of 15 jennies, aged 3 to 15 years. Samples were taken every 3
weeks, from May to October 2023 (12th to 30th week of lactation). The foal stayed
with mothers and they were separated only a few hours before milking. The
composite milk samples (3 composite samples), of an average volume of 100 ml
were collected in glass bottles. The samples were transported under refrigerated
conditions (4° C), on the same day to the laboratory of Scientific Veterinary
Institute ,,Novi Sad*, Novi Sad.

Physicochemical analysis

Nutritional analysis of milk was performed in terms of dry matter, fat, total
proteins, ash, and lactose content. Dry matter was determined by the oven method
(ISO 6731) at 102° C, and ash content by the muffle furnace method at 550° C
(AOAC 930.30). Fat content was determined by the Gerber method (ISO 11870,
2009). Proteins were determined by the Dumas method (ISO 14891), and total
acidity (pH) was measured by a pH meter. Lactose was determined by an HPLC
(Jaksic et al., 2022).

Statistical analysis

All measurements were made in triplicate, and the results were expressed
as mean value + standard deviation. To analyze variations of the results, ANOVA
was used: Single factor including F-test. The analysis was performed using the
software package Microsoft Office Excel 2007. Differences between the means
with probability p<0.05 were accepted as statistically significant.
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Results and Discussion

The composition of Balkan and Banat donkey milk samples are
summarized in Table 1. The gross composition is characterized by a low content of
dry matter (DM), protein and fat and a high amount of lactose compared to the
milk of other dairy animals. The obtained data were compared with the results
reported by other authors from our and other countries. Our study revealed that in
all examined donkey milk samples, the percentage of dry matter ranged from 7.20
to 9.52% (mean value 8.49%). These results are consistent with other literature
data, according to which DM content is in the range from 7.50 to 10.40% (Salimei
et al., 2004; Guo et al., 2007; Ivankovi¢ et al., 2009; El-Hatmi et al., 2015; Ragona
et al., 2016; Lazarevi¢ et al., 2017; Li et al., 2018; Aroua et al., 2018; Aspri et al.,
2019; Sarti et al., 2019; Salari et al., 2019; Malacarne et al., 2019; Massouras et al.,
2020; Albetros et al., 2022).

Table 1. Descriptive statistics of physicochemical properties of Balkan and Banat donkey milk

Composition Range Mean values SD RSD (%)
DM (%) 7.20-9.52 8.49 0.54 14.56
Fat (%) 0.10-1.00 0.41 0.28 67.99
NFDM (%) 6.20 -8.70 8.08 0.63 7.85
Protein (%) 1.17-2.07 1.69 0.25 14.56
Lactose (%) 452-6.71 5.38 0.66 12.36
Ash (%) 0.28-0.50 0.37 0.06 16.32
pH 6.82 —7.46 7.19 0.17 2.43

SD - standard deviation; RSD - relative standard deviation; DM — dry matter; NFDM — non-fat dry
matter

Fat content (mean value 0.41%) of all analyzed donkey milk samples
ranged from 0.10 to 1.00% and was and consistent with other literature data
according to which fat content is in the range from 0.16 to 1.30% (Salimei et al.,
2004; Guo et al., 2007; Giosue et al., 2008; Ivankovi¢ et al., 2009; El-Hatmi et al.,
2015; Ragona et al., 2016; Lazarevi¢ et al., 2017; Li et al., 2018; Aroua et al.,
2018; Aspri et al., 2019; Sarti et al., 2019; Salari et al., 2019; Malacarne et al.,
2019; Massouras et al., 2020; Albetros et al., 2022). Milk fat in cow milk is
considered a risk factor for human health because of its high content of saturated
fatty acids. Donkey milk is characterized by low fat content and low energy value,
as well as the content of fatty acids that are desired in a balanced human diet
(Zivkov Balos et al., 2023). The content of fat in donkey milk is influenced by
breed, nutrition, milking technique, milking intervals, lactation stage and number
of lactations (Guo et al., 2007).
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The range of protein content (mean value 1.69%) in the investigated
donkey milk samples were between 1.17 and 2.07%, similar to the results of other
authors (from 1.22 to 2.14%) (Salimei et al., 2004; Guo et al., 2007; Giosue et al.,
2008; Ivankovi¢ et al., 2009; El-Hatmi et al., 2015; Ragona et al., 2016; Lazarevi¢
etal., 2017; Li et al., 2018; Aroua et al., 2018; Aspri et al., 2019; Sarti et al., 2019;
Salari et al., 2019; Malacarne et al., 2019; Massouras et al., 2020; Albetros et al.,
2022). Casein fraction in the total protein content of donkey milk is considerably
lower as compared to bovine milk, which contributes to the low allergenicity of
donkey’s milk (Kaskous and Pfaffl, 2022; Bhardwaj et al., 2020; Martini et al.,
2021). The content of whey proteins, lactose and casein in donkey milk is similar
to that in human milk, though significantly different from cow, goat and camel
milk. The casein/whey protein ratio is higher in donkey milk than in human milk.
On the other hand, casein/whey protein ratio in ruminant milk is four times higher
than that of donkey milk, and seven times higher as compared with human milk
(Vincenzetti et al., 2017; Derdak et al., 2020). Gubi¢ et al. (2016) reported that
Balkan donkey milk represents a source of antibacterial proteins such as lysozyme
and highly digestible proteins such as whey protein, a-lactalbumin and lactoferrin.

According to research data from Serbia and other countries, the lactose
content in donkey milk ranges from 5.90 to 7.23+0.243% (Salimei et al., 2004;
Guo et al., 2007; Giosue et al., 2008; Ivankovi¢ et al., 2009; Lazarevi¢ et al., 2017;
Ragona et al., 2016; Aroua et al., 2018; Sarti et al., 2019; Salari et al., 2019;
Malacarne et al., 2019; Massouras et al., 2020; Albetros et al., 2022). Our study
revealed that in all examined donkey milk samples, the percentage of lactose
ranged from 4.52 to 6.71% (mean value 5.38%). The lactose concentration in
donkey milk is similar to that in human milk. However, compared to bovine milk,
donkey milk contains significantly more lactose (Martini et al., 2018; Ragona et al.,
2016). Lactose stimulates intestinal absorption of calcium and phosphorus
contributing to the homeostasis of these elements, which is especially important for
bone mineralization and prevention of osteoporosis (Martini et al., 2021;
Vincenzetti et al., 2017; Nayak et al., 2017; Massouras et al., 2017). Lactose is a
nutritional factor and a potential probiotic because it stimulates the development of
intestinal enteroflora (Yvon et al., 2016).

The mean ash content in investigated donkey milk samples was 0.38%,
with a range of 0.28 to 0.50% (Table 1), similar to the results of other authors
(from 0.32 to 0.51%) (Salimei et al., 2004; Guo et al., 2007; El-Hatmi et al., 2015;
Ragona et al., 2016; Lazarevi¢ et al., 2017; Li et al., 2018; Aroua et al., 2018; Sarti
et al., 2019; Salari et al., 2019; Malacarne et al., 2019; Massouras et al., 2020;
Albetros et al., 2022). Cow's milk has two times higher ash content than donkey's
milk. The lower mineral concentration in donkey milk has a favorable effect on the
function of the kidneys since they are not burdened by minerals (Martini et al.,
2018). Calcium, phosphorus, sodium, and magnesium contents are higher
compared to human milk, but lower than those in cow, buffalo, goat and sheep
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milk (Bhardwaj et al., 2020). Calcium, manganese, iron, selenium and zinc
contents are similar in horse and donkey milk, whereas the concentrations of
sodium, potassium and copper are significantly different (Bilandzi¢ et al., 2014).
Compared to bovine milk, calcium/phosphorus ratio in donkey milk is more
suitable for human nutrition (Malacarne et al., 2019; Li et al., 2018; Massouras et
al.,, 2017). The most prevalent microelement in donkey milk is zinc, with
concentrations above the levels detected in human milk. Donkey milk contains
twofold amount of copper as compared with human and cow milk. The content of
selenium in donkey milk is ten times higher than that in cow and sheep milk, and
seven times higher than in human milk (Albertos et al., 2022).

Average pH value of milk samples was 7.19 and ranged from 6.82 to 7.46,
similar to the results of other authors (7.01- 7.35) (Guo et al., 2007; El-Hatmi et al.,
2015; Aroua et al., 2018; Aspri et al., 2019; Salari et al., 2019; Malacarne et al.,
2019; Albetros et al., 2022). Aroua et al. (2018) reported that donkey milk has
an almost neutral pH (7.09), whereas the pH values of cow and goat milk are 6.65
and 6.50, respectively. The almost neutral pH of donkey milk is attributed to the
lower casein and phosphate levels (Salimei et al., 2004).

Table 2. Physicochemical properties of Balkan and Banat donkey milk during the 12th to 30th
week of lactation (mean values + standard deviation)

Week of DM Fat NFDM Protein Lactose Ash pH

lactation (%0) (%0) (%) (%) (%) (%0)
12 9.03£0.70 0.70+0.28 8.33x0.42 1.56+0.11 5.20+0.49 0.39+0.04 7.12+0.17
15 8.55+0.01 0.65+0.00 7.90+0.01 1.80+0.04 5.28+0.30 0.39+0.01 7.15+0.08
18 8.18+0.91 0.50+0.44 7.68+1.31 1.62+0.23 4.60+1.52 0.43+0.07 6.94+0.11
21 8.63+0.32 0.37+0.21 8.26+0.49 2.01+0.07 5.49+0.80 0.37+0.05 7.24+0.03
24 8.70£0.08 0.17+0.06 8.53+0.14 1.51+0.37 6.26+0.40 0.34+0.07 7.24+0.03
27 8.06£0.46 0.23+t0.06 7.83+0.41 1.63+0.06 4.69+0.14 0.30+0.03 7.43+0.03

DM — dry matter; NFDM — non-fat dry matter

Physicochemical properties of Balkan and Banat donkey milk during
the 12th to 30th week of lactation are displayed in Table 2. and Figure 1. An
analysis of variance indicates that the values between the groups, defined based on
the lactation period of the donkeys, did not show statistically significant differences
for the examined parameters: protein, dry matter, non-fat dry matter and ash, since
obtained values for the F-test were lower than the F-critical ones. Statistically
significant differences in the measured lactose and pH values were noted between
the formed groups. The F-test values were significantly higher than the F-critical
ones. This is in correlation with the results in Table 2., where the measured values
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of lactose and pH values at different weeks of lactation have a slightly wider range
of measured values.

Dry matter, and consequently and non-fat dry matter, showed a progressive
lowering, with some oscillations, from the 12. week of lactation (9.03%) to the 27.
week of lactation (8.06%) (Table 2). Ivankovi¢ et al. (2009) reported that
the lactation stage of Littoral-Dinaric donkeys significantly influences DM content
in the milk. The highest dry matter concentrations were established at the early
lactation stage. A significant positive correlation was observed between the milk
yield, dry matter and fat contents. Malacarne et al. (2019) reported a progressive
decrease in DM content throughout the lactation period, with minor oscillations
from the early to the late lactation period. However, Martini et al. (2014)
concluded that DM in the milk of Amiata donkeys did not change significantly
during lactation.

A progressive lowering trend was found for fat (from 0.70 to 0.23%)
(Table 2., Figure 1.). The fat content varies throughout the donkey’s lactation
period, whereby it shows a decreasing tendency, especially after the 150th lactation
day (Massouras et al., 2017; Martemucci and D’Alessandro, 2012). However,
Lazarevi¢ et al. (2017) state that fat content in Balcan donkey milk did not vary
significantly within the period of lactation and was slightly higher in the early
lactation. Salimei et al. (2004), Guo et al. (2007) and Aspri et al. (2019) reported
a similar trend in fat content decrease in donkeys’ milk after 100 days of lactation.
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Figure 1. Lactation stage effect on physicochemical properties of Balkan and Banat donkey
milk
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The protein content did not vary significantly during the middle and late
lactation (Table 2., Figure 1.). The research of Martini et al. (2014) conducted on
Amiata donkeys revealed a progressive decrease in milk protein content during
first 6 months of lactation, and consequent stabilization of the concentration at
1.50%. Similar results are reported by Lazaravi¢ et al. (2017). They state that
the highest concentrations of protein were determined during the early lactation
period, and gradually decreased from the beginning to the end of the lactation.
Gubi¢ et al. (2016) in their study analyzed proteins of Domestic Balkan donkey
milk during the lactation period (from the 45th to the 280th day). They reported
that protein reached the highest value of 1.92% on the 60th day of the lactation
stage. The protein concentration decreased until the end of the lactation period and
reached 1.40%. Barbosa Dos Santos et al. (2023) concluded that donkey age and
lactation stage affect milk composition. Milk total solids and protein fraction
content decrease with the lactation stage. Aspri et al. (2019) reported a decreasing
trend in the protein level of donkey milk during lactation. They concluded that this
phenomenon may occur due to the different expression of genes responsible for
milk protein synthesis during the lactation period.

The lactose content was influenced by the stage of lactation (Table 2.,
Figure 1.) and was uniform in the 12th and 15th weeks, but there was a decrease in
the 18th week. After that, in the 21st and 24th weeks of lactation, it increased
slightly, but in the 27th week, the content significantly decreased. Martini et al.
(2014) reported that lactose levels in the milk of Amiata donkeys decreased during
the first 60 days of lactation and then remained constant until the end of lactation.
Malacarne et al. (2019) in their research conducted on the Ragusano donkey breed
established a progressive decrease of lactose content in donkey milk throughout the
lactation period.

The ash content showed a progressive lowering (from 0.39 to 0.30%)
(Table 2., Figure 1.). Malacarne et al. (2019), concluded that ash content in the
milk of Ragusano donkeys (ltaly) decreases during lactation. These results are
comparable with the results of Albertos et al. (2022) reported for Zamorano-
Leonese donkeys (Spain). Martini et al. (2014) reported a decrease in ash content
in the milk of Amiata donkeys during the lactation period. Salimei et al. (2004)
based on the results of their study about milk quality from Martina Franca and
Ragusana donkey breed concluded that ash content was constant throughout the
experimental period (28 - 150 days after parturition). According to the results of
Lazaravi¢ et al. (2017), statistically higher ash content was observed in the middle
period of lactation, compared to other stages of lactation.

A progressive increasing trend was found for pH value (from 7.12 to 7.43)
(Table 2., Figure 1.). Salari et al. (2019) in their study about milk from the Amiata
donkey breed, noticed that the pH increased in the late lactation stage. They stated
that an increase of pH value at later lactation stages is associated with a decrease in
casein level, and an increase of urea content in the milk (Salari et al., 2019).
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However, Aspri et al. (2019) stated that the pH value of donkey milk does not
significantly change during the lactation period.

Conclusions

Banat and Balkan donkey milk did not show alarge variability of
physicochemical properties. The homogeneity of the milk produced during
lactation is important when donkey milk is intended for sensitive categories of
consumers. Donkey milk is not standardized, so it is necessary to develop
regulations that would regulate its quality. Further research is needed on donkey's
nutrition and milking. In addition, thanks to favorable climatic conditions and soil
characteristics, Serbia has great potential for developing extensive livestock
production, including donkey farming. The breeding of donkeys and the production
of milk, due to the modest needs of donkeys in nutrition and care, can be additional
and profitable activities for farmers.

Nutritivna vrednost mleka magaraca tokom laktacije

Milica Zivkov Balo$, Nenad Popov, Suzana Vidakovi¢ Knezevi¢, Sara Savic,
Viadimir Gajdov, Sandra Jaksi¢, Dragana Ljubojevi¢ Peli¢

Rezime

Domaci balkanski i banatski magarac (Equus asinus asinus) su autohtone rase
magaraca, koje se prvenstveno gaje u Specijalnom rezervatu prirode ,,Zasavica“ u
Srbiji. Cilj studije je bio da se analizira sastav mleka magarica obe rase, u periodu
laktacije (od 12. do 30. nedelje laktacije). Sastav ispitivanog magare¢eg mleka
karakteriSe nizak sadrZaj suve materije, proteina i masti i visok sadrZaj laktoze, u
poredenju sa mlekom ostalih Zivotinja namenjenih za proizvodnju mleka.
Ispitivanjem je utvrdeno da je sadrZaj suve materije varirao od 7,20 do 9,52%,
masti od 0,10 do 1,00%, proteina od 1,17 do 2,07%, laktoze od 4,52 do 6,71%,
pepela od 0,28 do 0,50% i pH vrednosti od 6,82 do 7,46. SadrZaj suve materije,
masti i pepela se progresivnho smanjivao tokom laktacije, uz izvesne oscilacije.
Sadrzaj proteina i laktoze nije bio pod uticajem faze laktacije. pH vrednost se
progresivno povecavala tokom laktacije sa blagim oscilacijama tokom 18. i 21.
nedelje laktacije. Statisti¢ki znacajne razlike posmatrano po nedeljama laktacije,
utvrdene su samo za sadrzaj laktoze i pH vrednosti.

Kljuéne reéi: magarece mleko, sastav mleka, laktacija
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