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Abstract: The aim of this study was to evaluate the relationship between 

serum zinc concentration, teat canal keratin layer thickness and somatic cell count 

(SCC) in dairy cows. The study included 26 dairy cows excluded from production 

and sent to slaughter, with a total of 104 udder quarters examined. Prior to 

slaughter, blood samples were collected for determination of serum zinc 

concentration and milk samples from each udder quarter were obtained for SCC 

analysis. After slaughter, teats were collected for histopathological examination 

and the thickness of the teat canal keratin layer was measured. A significant 

negative correlation was observed between serum zinc concentration and SCC (r = 

–0.62, p < 0.01), indicating that higher serum zinc levels were associated with 

lower SCC values. Serum zinc concentration was positively correlated with teat 

canal keratin layer thickness (r = 0.58, p < 0.01), while keratin layer thickness 

showed a significant negative relationship with SCC (r = –0.54, p < 0.05). The 

lowest SCC values were recorded in teat canals with a keratin layer thickness of 

201–300 µm, whereas higher SCC values were found in canals with both very thin 

(0–100 µm) and excessively thick (301–400 µm) keratin layers. These results 

indicate that adequate serum zinc concentration and optimal teat canal keratin layer 

thickness are associated with improved udder health and lower SCC values, 

suggesting a potential role of zinc status and teat canal integrity in reducing the risk 

of subclinical mastitis in dairy cows. 
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Introduction 

 
 Mastitis remains one of the most significant health problems in dairy cattle, 

causing substantial economic losses due to reduced milk yield, impaired milk 

quality, increased veterinary costs and higher culling rates (Ranasinghe et al., 2021; 

Shafeeq et al., 2021; Stanek et al., 2024; Yu et al., 2025). Subclinical mastitis, 

characterized by the absence of visible clinical signs, represents a particular 

challenge, as it often remains undetected while negatively affecting milk 

production and milk quality (Hamadani et al., 2013; Cobirka et al., 2020). Somatic 

cell count (SCC) is widely used as a reliable indicator of udder health and the 

presence of subclinical intramammary infections. 

The teat canal constitutes the first line of defense against the penetration of 

pathogenic microorganisms into the mammary gland. Its protective function is 

largely attributed to the keratin layer lining the teat canal, which provides both a 

physical barrier and bacteriostatic properties (Ezzat Alnakip et al., 2014; Cardozo 

et al., 2025). Structural alterations of the teat canal keratin, including thinning, 

excessive keratinization or irregular keratin arrangement, may impair its barrier 

function and facilitate bacterial invasion, leading to increased SCC and a higher 

risk of intramammary infection (Capuco et al., 1992; Pantoja et al., 2020). 

Zinc is an essential trace element involved in numerous biological 

processes, including epithelial cell proliferation, differentiation and keratinization. 

Adequate zinc status is crucial for maintaining the integrity of epithelial and 

mucosal barriers, as well as for optimal immune function. Zinc deficiency has been 

associated with impaired keratin formation, delayed epithelial regeneration and 

increased susceptibility to infectious diseases (Hassan et al., 2020; Zemanova et al., 

2022). Several studies have demonstrated the beneficial effects of zinc 

supplementation on udder health and somatic cell count in dairy cows (Pechová et 

al., 2006; Davidov et al., 2014; Oconitrillo et al., 2024; Li et al., 2025). But 

however, most available data focus either on systemic zinc status or on production 

parameters, while limited information is available on the relationship between 

serum zinc concentration, teat canal keratin morphology and SCC assessed 

simultaneously at the level of individual udder quarters. 

Therefore, the present study was designed to test the hypothesis that serum 

zinc concentration is associated with the thickness of the teat canal keratin layer 

and that both parameters are related to somatic cell count in dairy cows. 

Specifically, the aim of this study was to investigate the relationship between 

serum zinc concentration, teat canal keratin layer thickness and SCC in dairy cows, 

with the objective of contributing to a better understanding of the role of zinc status 

and teat canal integrity in udder health and the prevention of subclinical mastitis. 

 

 



Relationship between serum zinc concentration … 

 

 

 

79 

Materials and Methods 

 
 The study was conducted on 26 dairy cows that were excluded from 

production and sent for slaughter. A total of 104 udder quarters were included in 

the analysis. Prior to slaughter, blood samples were collected from the coccygeal 

vein, and milk samples were collected separately from each udder quarter for SCC 

analysis. As all samples were obtained from animals already designated for 

commercial slaughter, and procedures were limited to routine blood and milk 

collection that did not interfere with the slaughter process or cause additional 

animal distress, formal approval from an ethics committee was not required 

according to national regulations. 

Blood samples were obtained from the caudal vein, following standard 

principles of asepsis and antisepsis while minimizing animal distress. Samples 

were collected into additive-free vacutainer tubes (BD Vacutainer Systems, 

Preanalytical Solutions, UK) to obtain serum. Each vacutainer was labeled with the 

cow identification number and kept at room temperature until further processing. 

Blood samples were centrifuged to obtain serum, which was stored under 

appropriate conditions until analysis. Serum zinc concentration was determined by 

flame atomic absorption spectrophotometry using a (PerkinElmer PinAAcle 900) 

spectrometer. To minimize matrix interference, serum samples were diluted 1:5 

with 0.1 M deionized nitric acid (HNO). The analysis was performed at a 

wavelength of 213.9 nm, using a zinc hollow cathode lamp as the radiation source 

and an air-acetylene flame. A standard calibration curve (0.1–2.0 mg/L) was 

prepared using a certified reference zinc solution. The results were expressed in 

µmol/L. 

Milk samples were collected from all four udder quarters. Prior to 

sampling, teat ends were thoroughly disinfected. Each milk sample bottle was 

labeled with the cow identification number. Somatic cell count was determined 

using the fluoro-opto-electronic method with a Fossomatic analyzer (Foss Electric, 

Hillerød, Denmark). Subclinical mastitis was defined as an SCC exceeding 400 × 

10³ cells/mL (Pyörälä, 2003). 

After slaughter, teats were collected from each udder quarter. Tissue 

samples were fixed in 10% neutral buffered formalin for 48 h, routinely processed, 

and embedded in paraffin. Sections of 5 μm thickness were cut and stained with 

hematoxylin and eosin (H&E) according to the methods described by Senthilkumar 

et al. (2020). Morphometric analysis of the teat canal was performed using a light 

microscope (Olympus BX51) equipped with a digital camera. The thickness of the 

keratin layer was measured at five random points per section using ImageJ 

software (National Institutes of Health, Bethesda, MD, USA). Prior to 

measurement, the software was calibrated using a stage micrometer to convert 

pixels into micrometers (µm). 
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Statistical analysis was performed using IBM SPSS Statistics for 

Windows, version 25.0 (IBM Corp., Armonk, NY, USA). Descriptive statistics, 

including mean, standard deviation, and frequency distributions, were calculated 

for all examined parameters. The normality of the data distribution was assessed 

using the Shapiro-Wilk test. Differences in SCC and zinc levels among teat canals 

grouped by keratin layer thickness were analyzed using one-way analysis of 

variance (ANOVA). Furthermore, the strength and direction of the relationships 

between serum zinc, keratin layer thickness, and SCC were evaluated using 

Pearson’s correlation coefficient (r). Statistical significance was set at p < 0.05 and 

p < 0.01. Due to the hierarchical structure of the data (multiple quarters per cow), 

results were interpreted with caution regarding the independence of observations. 

 

Results and Discussion 

 
 The results of the present study indicate a clear association between serum 

zinc concentration, keratin layer thickness of the teat canal and somatic cell count 

(SCC), suggesting an important role of zinc status and teat canal integrity in udder 

health.  

The distribution of serum zinc concentrations and SCC values among the 

examined cows is shown in Table 1. 

 
Table 1. Descriptive statistics of serum zinc concentration and SCC in the examined cows (n=26) 

 

Parameter 
Zn conc. 

(µmol/L) 
SCC x103/mL 

Cow 1 11.66  440 

Cow 2 13.62  450 

Cow 3 11.79  440 

Cow 4 20.47  290 

Cow 5 12.56  400 

Cow 6 19.28  310 

Cow 7 14.07  390 

Cow 8 13.28  490 

Cow 9 6.04  460 

Cow 10 1.75  420 

Cow 11 3.12  470 

Cow 12 7.88  400 

Cow 13 4.56  430 

Cow 14 15.07  410 

Cow 15 16.41  390 

Cow 16 22.64  310 

Cow 17 15.76  410 

Cow 18 15.05  450 

Cow 19 16.76  430 
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Table 1. continue 

 

Parameter 
Zn conc. 

(µmol/L) 
SCC x103/mL 

Cow 20 16.08  440 

Cow 21 20.35  290 

Cow 22 17.51  310 

Cow 23 13.23  470 

Cow 24 18.12  380 

Cow 25 18.22  350 

Cow 26 17.59  370 

Mean ± SD 13.91 ± 5.37 398.08 ± 56.50 

Median 15.06 410 

Minimum 1.75 490 

Maximum 22.64 290 

Range 20.89 200 

 

 

 Considerable individual variability in serum zinc concentration and SCC 

was observed among the examined cows (Table 1), which is consistent with 

previous studies reporting differences in mineral status and susceptibility to 

subclinical mastitis in dairy cattle (Davidov et al., 2012; Li et al., 2025). Cows with 

higher serum zinc concentrations generally exhibited lower SCC values. 

Histopathological examination of 104 teat canals showed substantial 

variability in keratin layer thickness. The highest proportion of teat canals 

exhibited a keratin layer thickness of 201–300 µm (37.50%), followed by canals 

with a thickness of 301–400 µm (32.69%). Thinner keratin layers (≤200 µm) were 

observed less frequently. Such variability in keratin layer thickness has also been 

reported by other authors and may reflect differences in teat canal exposure, 

milking conditions and epithelial turnover (Pantoja et al., 2020). 

Differences in keratin layer thickness were associated with variations in 

somatic cell count (Table 2). The lowest mean SCC (339 × 10³ cells/mL) was 

observed in teat canals with a keratin layer thickness of 201–300 µm. Slightly 

higher SCC values were recorded in canals with a thickness of 101–200 µm (408 × 

10³ cells/mL). In contrast, markedly higher SCC values were detected in teat canals 

with very thin keratin layers (0–100 µm; 465 × 10³ cells/mL) as well as in canals 

with excessive keratinization (301–400 µm; 424 × 10³ cells/mL). These findings 

suggest that both insufficient and excessive keratin layer thickness may 

compromise the protective function of the teat canal and increase susceptibility to 

subclinical mastitis (Pantoja et al., 2020; Cardozo et al., 2025). 

 These findings suggest that not only an underdeveloped but also an 

excessively thick keratin layer may compromise the protective function of the teat 

canal. Excessive keratinization may lead to irregular keratin structure and fissures, 

potentially favoring bacterial colonization (Cardozo et al., 2025), while a thin 
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keratin layer may provide insufficient mechanical and antimicrobial protection 

(Paduch et al., 2012). 
 

 

Table 2. Serum zinc concentration, keratin layer thickness and SCC 

 

No. of teat canals 
Mean Zn conc. 

(µmol/L) 

Keratin layer 

thickness (µm) 
Mean SCC x103/mL 

8 10.72 0-100 465 

23 11.65 101-200 408 

39 18.47 201-300 339 

34 11.26 301-400 424 

  

The results of this research indicate that optimal serum zinc concentration 

and adequate keratin layer thickness are associated with improved udder health, as 

reflected by lower SCC values. In our study, the mean serum zinc concentration 

was 13.91 ± 5.37 µmol/L. This is in agreement with Zadnik (2010), who reported 

that cows with healthy udders typically maintain serum zinc levels within the 

physiological range of 12–18 µmol/L. Furthermore, our observation of a strong 

negative correlation between zinc and SCC (r = -0.62) supports the findings of 

Zadnik (2010), who established that serum zinc concentrations below 9.64 µmol/L 

are significantly associated with increased SCC and a higher prevalence of 

subclinical mastitis. These findings underline the importance of appropriate zinc 

nutrition and the structural integrity of the teat canal in the prevention of 

intramammary infections (Davidov et al., 2013; Nudda et al., 2023). 

Correlation analysis revealed a significant negative relationship between 

serum zinc concentration and somatic cell count (SCC) (r = –0.62, p < 0.01), 

indicating that higher serum zinc levels were associated with lower SCC values. A 

significant positive correlation was observed between serum zinc concentration and 

keratin layer thickness of the teat canal (r = 0.58, p < 0.01). In addition, keratin 

layer thickness was negatively correlated with SCC (r = –0.54, p < 0.05), 

suggesting a protective role of an adequately developed keratin layer against 

increased somatic cell counts (Table 3). 

 
Table 3. Relationship between serum zinc concentration, keratin layer thickness and SCC 

 

Compared variables 
Correlation 

coefficient (r) 
p-value 

Serum Zn – SCC -0.62 < 0.01 

Serum Zn – keratin layer thickness 0.58 < 0.01 

Keratin layer thickness – SCC -0.54 < 0.05 
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The observed inverse relationship between serum zinc and SCC (r = 0.62; 

p < 0.01) reinforces the critical role of this microelement in udder defense 

mechanisms. By promoting keratin synthesis and cellular regeneration, zinc 

maintains the structural integrity of the teat canal, which serves as the primary 

barrier against bacterial entry (Zemanova et al., 2022). Consequently, the severe 

zinc deficiency recorded in some of our subjects (minimum 1.75 µmol/L) likely 

impaired this barrier function, explaining the higher inflammatory responses and 

SCC levels observed (Prasad, 2008; Zadnik, 2010). 

In the present study, serum zinc concentration was positively correlated 

with the thickness of the keratin layer of the teat canal. This relationship suggests 

that adequate zinc status may contribute to the development and maintenance of an 

optimal keratin layer, which represents the first physical and chemical barrier 

against pathogen entry (Nickerson, 1985). The observed negative correlation 

between keratin layer thickness and SCC further emphasizes the protective role of 

the teat canal keratin in preventing inflammatory processes within the udder (Zigo 

et al., 2021). 

 

Conclusion 

 
 This study demonstrates a significant relationship between serum zinc 

concentration, teat canal keratin layer thickness, and somatic cell count (SCC) in 

dairy cows. Higher serum zinc concentrations were associated with increased 

keratin layer thickness and lower SCC values, indicating improved udder health. 

Teat canals with an intermediate keratin layer thickness (201–300 µm) exhibited 

the lowest SCC, while both insufficient and excessive keratinization were linked to 

higher SCC. These findings suggest that maintaining adequate zinc status and 

optimal keratin layer development may contribute to the prevention of subclinical 

mastitis in dairy cows. 

 

Veza između koncentracije cinka u serumu, debljine 

keratinskog sloja sisnog kanala i broja somatskih ćelija kod 

mlečnih krava 
 
Ivana Davidov, Aleksandar Božić, Annamaria Galfi Vukomanović, Ksenija 

Čobanović, Nikola Davidov, Bojana Blagojević, Željka Jurakić 

 

Rezime  

 
Cilj ovog istraživanja je bio da se ispita odnos između koncentracije cinka u 

serumu, debljine keratinskog sloja kanala sise i broja somatskih ćelija (SCC) kod 
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mlečnih krava. Istraživanje je obuhvatilo 26 mlečnih krava isključenih iz 

proizvodnje (iz različitih razloga) i upućenih na klanje, pri čemu su analizirane 

ukupno 104 četvrti vimena. Pre klanja uzimani su uzorci krvi radi određivanja 

koncentracije cinka u serumu, dok su uzorci mleka iz svake četvrti vimena 

korišćeni za analizu SCC. Nakon klanja, sise su prikupljene za patohistološko 

ispitivanje, a merena je debljina keratinskog sloja kanala sise. Utvrđena je značajna 

negativna korelacija između koncentracije cinka u serumu i SCC (r = –0,62; p < 

0,01), što ukazuje na to da su više vrednosti cinka u serumu povezane sa nižim 

vrednostima SCC. Koncentracija cinka u serumu bila je u pozitivnoj korelaciji sa 

debljinom keratinskog sloja kanala sise (r = 0,58; p < 0,01), dok je debljina 

keratinskog sloja pokazala značajnu negativnu povezanost sa SCC (r = –0,54; p < 

0,05). Najniže vrednosti SCC zabeležene su u kanalima sisa sa debljinom 

keratinskog sloja od 201–300 µm, dok su više vrednosti SCC utvrđene u kanalima 

sa veoma tankim (0–100 µm) i prekomerno debelim (301–400 µm) keratinskim 

slojem. Ovi rezultati ukazuju na to da su adekvatna koncentracija cinka u serumu i 

optimalna debljina keratinskog sloja kanala sise povezane sa boljim zdravljem 

vimena i nižim vrednostima SCC, što ukazuje na potencijalnu ulogu statusa cinka i 

integriteta kanala sise u smanjenju rizika od subkliničkog mastitisa kod mlečnih 

krava. 

 

Ključne reči: mlečne krave, cink, sisni kanal, keratinski sloj, somatske ćelije 

 

Conflict of interest 

The authors declare that they have no conflict of interest. 

 

References 
 

Capuco A.V., Bright S.A., Pankey J.W., Wood D.L., Miller R.H., Bitman J. 1992. 

Increased susceptibility to intramammary infection following removal of teat 

canal keratin. Journal of Dairy Science, 75(8), 2126-2130. 

Cardozo L.L., Knob D.A., Santos P.T.D., Pelizza A., Mori A.P., Camera M., 

Ferraz S.M., de Assis M.Z., Thaler Neto A. 2025. Relationship between 

Hyperkeratosis, Teat Conformation Traits, Microbiological Isolation, and 

Somatic Cell Count in Milk from Dairy Cows. Dairy, 6(4), 45. 

Cobirka M., Tancin V., Slama P. 2020. Epidemiology and Classification of 

Mastitis. Animals (Basel), 10(12), 2212. 

Davidov I., Radinović M., Erdeljan M., Jurakić Ž., Kovačević Z. 2014. Zinc Effect 

on Milk Somatic Cell Count in Dairy Cows. Acta Scientiae Veterinariae, 42, 

1226. 

Davidov I., Radinović M., Erdeljan M., Kovačević Z., Jurakić Ž., Radinović M.Ž. 

2013. The influence of blood and milk serum zinc concentration on milk 



Relationship between serum zinc concentration … 

 

 

 

85 

somatic cell count in dairy cows. Biotechnology in Animal Husbandry, 29(4), 

659-664. 

Davidov I., Radinović M., Erdeljan M., Stančić I., Stojanović D., Milanov D. 2012. 

Relationship between somatic cell count and zinc blood serum concentration in 

dairy cows. Archives of Veterinary Medicine, 5(1), 59–68. 

Ezzat Alnakip M., Quintela-Baluja M., Böhme K., Fernández-No I., Caamaño-

Antelo S., Calo-Mata P., Barros-Velázquez J. 2014. The Immunology of 

Mammary Gland of Dairy Ruminants between Healthy and Inflammatory 

Conditions. Journal of Veterinary Medicine, 2014, 659801.  

Hamadani H., Khan A.A., Banday M.T., Ashraf I., Handoo N., Bashir A., 

Hamadani A. 2013. Bovine Mastitis - A Disease of Serious Concern for Dairy 

Farmers. International Journal of Livestock Research, 3(1), 42-55. 

Hassan A., Sada K.K., Ketheeswaran S., Dubey A.K., Bhat M.S. 2020. Role of 

Zinc in Mucosal Health and Disease: A Review of Physiological, Biochemical, 

and Molecular Processes. Cureus, 12(5), e8197. 

Illek J., Dresler S., Šoch M., Kernerová N., Líbalová K.Š., Zevlová E., Havrdová 

N. 2023. Influence of organic zinc on lactation performance and somatic cell 

count in dairy cows. Acta Veterinaria Brno, 92, 233-241. 

Li X., Wang J., Jiang M., Huo Y., Zhan K. 2025. Effects of Zinc (Zn) from 

Different Sources on Production Performance, Health Status, Antioxidant 

Properties and Immune Regulation of Dairy Cows in Early Lactation. 

Veterinary Sciences, 12(6), 545. 

Nickerson S.C. 1985. Immune mechanisms of the bovine udder: an overview. 

Journal of American Veterinary Medicine Association, 187(1), 41-45. 

Nudda A., Carta S., Battacone G., Pulina G. 2023. Feeding and Nutritional Factors 

That Affect Somatic Cell Counts in Milk of Sheep and Goats. Veterinary 

Sciences, 10(7), 454. 

Oconitrillo M., Wickramasinghe J., Omale S., Beitz D., Appuhamy R. 2024. 

Effects of Elevating Zinc Supplementation on the Health and Production 

Parameters of High-Producing Dairy Cows. Animals (Basel), 14(3), 395. 

Pantoja J.C.F., Correia L.B.N., Rossi R.S., Latosinski G.S. 2020. Association 

between teat-end hyperkeratosis and mastitis in dairy cows: A systematic 

review. Journal of Dairy Science, 103(2), 1843-1855. 

Paduch J.H., Mohr E., Krömker V. 2012. The association between teat end 

hyperkeratosis and teat canal microbial load in lactating dairy cattle. Veterinary 

Microbiology, 158(3-4), 353-359. 

Pechová A., Pavlata L., Lokajová E. 2006. Zinc Supplementation and Somatic Cell 

Count in Milk of Dairy Cows. Acta Veterinaria Brno, 75, 355-361. 

Prasad A.S. 2008. Zinc in human health: effect of zinc on immune cells. Molecular 

Medicine, 14(5-6), 353-357. 

Pyörälä S. 2003. Indicators of inflammation in the diagnosis of mastitis. Veterinary 

Research, 34(5), 565-578. 



Davidov et al. 

 

 

 

86 

Ranasinghe R.M.S.B.K., Deshapriya R.M.C., Abeygunawardana D.I., Rahularaj R. 

Dematawewa C.M.B. 2021. Subclinical mastitis in dairy cows in major milk-

producing areas of Sri Lanka: Prevalence, associated risk factors, and effects on 

reproduction. Journal of Dairy Science, 104, 12900–12911. 

Senthilkumar P., Geetha R., Parthiban M., Kumar S.S. 2020. Histomorphological 

evaluation of teat of Sahiwal and Holstein Friesian cattle during lactating and 

non-lactating periods. Indian Journal of Animal Sciences, 90(11), 1475-1479. 

Shafeeq M., Muneer A., Aqib A.I., Kirn N. 2021. Economic Impacts of Clinical 

and Sub Clinical Mastitis on Dairy Farms. Veterinary Science Research, 3(2), 

31-39. 

Stanek P., Żółkiewski P., Januś E. 2024. A Review on Mastitis in Dairy Cows 

Research: Current Status and Future Perspectives. Agriculture, 14(8), 1292. 

Yu W., Zhang Z., Wang Z., Lin X., Dong X., Hou Q. 2025. Comprehensive 

Prevention and Control of Mastitis in Dairy Cows: From Etiology to 

Prevention. Veterinary Sciences, 12(9), 800. 

Zadnik T. 2010. Relations between blood zinc concentrations and udder health in 

dairy cows. Veterinary Medicine and Zootechnics, 52(74), 79-83. 

Zemanova M., Langova L., Novotná I., Dvorakova P., Vrtkova I., Havlicek Z. 

2022. Immune mechanisms, resistance genes, and their roles in the prevention 

of mastitis in dairy cows. Archives Animal Breeding, 65(4), 371-384. 

Zigo F., Vasil M., Ondrašovičová S., Výrostková J., Bujok J., Pecka-Kielb E. 2021. 

Maintaining Optimal Mammary Gland Health and Prevention of Mastitis. 

Frontiers in Veterinary Science, 8, 607311. 

 

 
Received 2 February 2026; accepted for publication 4 May 2026 

 


