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Abstract. Dairy cattle vary considerably in their susceptibility to mastitis, perhaps due to innate levels of milk 

antimicrobial proteins. The aim of the study was to evaluate the amount of chosen antimicrobial proteins, i.e. lactoferrin 
(LTF) and immunoglobulin G (IgG) in cow milk in relation to somatic cell count (SCC), and number of lactations. Milk 
samples were collected from individual udder quarters from thirty selected normal lactating cows. Milk samples were 
obtained from quarters of 1st (n = 32), 2nd (n = 44) and 3rd (n = 44) lactations. The quarters health status was set on the 
base of SCC in milk. The affected udder quarters showed increased concentration of LTF and IgG by 17 % and 15 % 
respectively, in compare to healthy quarters (P < 0.05). Evaluation of the influence of the lactations number on the 
distribution of antimicrobial proteins in the milk showed that the highest concentrations of LTF (0.08 mg/mL) occur in 
first-calf heifers and IgG (0.3 mg/mL) in second lactation cows. Analysis of the relations between the health status of 
udder quarters established by SCC in milk and antimicrobial proteins showed a strong positive correlation between LTF 
and IgG in quarters affected by inflammation (r = 0.817; P < 0.05). 
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Introduction. Lactoferrin (LTF) is a glycoprotein 

naturally present in milk with known favorable 
associations with the immune system (Soyeurt et al., 2012). 
LTF is a multifunctional, iron-binding glycoprotein 
naturally present in milk and secreted mainly by the 
mammary epithelial cells (Shimazaki and Kawai, 2017). 
LTF can also be released by polymorphonuclear 
neutrophils during inflammation (Kutila et al., 2004). 
Bovine milk contains between 0.02 and 0.35 mg/ml of 
LTF, depending on the period of lactation (Madureira et 
al., 2007). In the colostrum, lactoferrin concentration is 
very high and then gradually decreases (Shimazaki and 
Kawai, 2017). High LTF concentration in milk (2.3 g/l of 
milk) may indicate clinical or subclinical mastitis (Kutila 
et al., 2004). Clinical mastitis presents physiological 
abnormalities in the udder such as swelling, heat, redness, 
hardness, or pain. Bacterial infection without any visible 
signs or clinical appearance is called subclinical mastitis. 
A high infection ratio has been observed when lactoferrin 
content is low in the milk of nonlactating cows (Farke et 
al. 2008). Therefore, the selection and breeding of cows 
with lactoferrin rich milk has been attempted (Arnould et 
al. 2009). 

Immunoglobulins (Igs) link various parts of the cellular 
and humoral immune system. They are able to prevent the 
adhesion of microbes, inhibit bacterial metabolism, 
agglutinate bacteria, augment phagocytosis of bacteria, kill 
bacteria through activation of complement-mediated 
bacteriolytic reactions, and neutralize toxins and viruses. 

Somatic cell count is often used as an indicator of 
subclinical mastitis in dairy cows, but knowledge on the 
milk LTF and IgG content could aid in mastitis detection 
(Schukken et al., 2003; Malinowski et al., 2008). 

Summarizing theoretical achievements reported in 
literary sources the objective of the present study was to 
evaluate the concentration of natural antimicrobial proteins 
in cow milk in relation to somatic cell count (SCC), and 
number of lactations. 

Materials and methods 
Sampling. In total, 120 milk samples were collected 

individually from thirty normal lactating dairy cows of 1st 
(n = 7), 2nd (n = 12) and 3rd (n = 11) lactation. Milk 
samples from individual quarters were collected. For 
estimation of the udder health status of all cows included 
in the investigation, we evaluated the udder and teats 
visually and palpated before milking. All cows were 
clinically healthy with no signs of udder infection (by 
checking the presence of redness, swelling, hardness, and 
pain in the udder, or the presence of clots in milk) at 
sampling time. 

Milk samples were collected for laboratory 
examination aseptically in accordance with the method 
recommended by the standard ISO 707:2008 (Milk and 
milk products - Guidance on sampling). In the middle of 
the milking samples of milk were taken for somatic cell 
count and antimicrobial proteins investigation (100 mL). 

Estimation of somatic cell count. For determination 
of SCC, 40 ml of total milk samples were taken and 
preserved with bronopol (2-bromo-2-nitropropane-1,3-diol 
and 2-bromo-2-nitropropanol) in microtabs and analysed 
with the flow cytometric analysis method using a 
Somascope MK2 cell counter (Foss, 3400 Hillerod, 
Denmark) according to standard EN ISO 13366-
1:2008/Cor.1:2009 (Milk - Enumeration of somatic cells - 
Part 2: Guidance on the operation of fluoro-opto-electronic 
counters). The direct measurement reading is SCC in 
thousands per one milliliter of milk (thou/mL). 
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Estimation of LTF and IgG concentration. The LTF 
and IgG concentration in whole milk samples was 
measured at least in duplicate with a commercial ELISA 
kit (Bovine Lactoferrin ELISA Quantification Kit, Bethyl 
Laboratories Inc., Montgomery, TX, USA). The procedure 
was carried out according to the manufacturer’s 
instructions. For LTF analyses, the milk samples were 
diluted at the ratio of 1:1,000 and for IgG 1:2,000. In both 
analyses, a standard curve was plotted for each plate 
separately.  

Statistical analysis. The data obtained were 
statistically processed by using Microsoft Excel 2010® 
and the SPSS program 20.0 for Windows (Inc., Chicago, 
IL) using a one-way ANOVA procedure. The results are 
presented as mean and standard error of mean (mean ± 
SEM). The significance of differences between mean 
values of the evaluated groups was determined with the 
post-hoc Fisher‘s LSD test. A value of P < 0.05 was 
considered significant. The inner correlation of the 
parameters was evaluated according to Pearson correlation 
coefficients (r) and their statistical reliability (P). The 
results are considered to be statistically reliable when P < 
0.01, P < 0.05. 

The numerical material was divided into groups 
according to the health status of the udder quarters, milk 
SCC and lactation. 

Based on the milk SCC, the data were allocated into 
four groups: 

 group I – up to 100 thou/mL (n = 76); 
 group II – from 101 to 200 thou/mL (n = 15); 
 group III – from 201 to 400 thou/mL (n = 9); 
 group IV – over 401 thou/mL (n = 20). 
Udder quarters from group I and group II corresponded 

to the healthy quarters (n = 91) and quarters from group III 
and group IV – to the diseased quarters (n = 29). 

To test the reliance of LTF and IgG on subsequent 
lactation the data were classified into three age classes: 1st 

(n = 32), 2nd (n = 44) and 3rd (n = 44) lactation. 
Results  
Distribution of antimicrobial protein 

concentrations according to SCC in the milk. By 
grouping the data according to SCC in the milk and 
evaluation of the health status of udder quarters, 76 % of 
healthy and 24 % of affected quarters were determined. 
The obtained results showed that LTF and IgG 
concentrations (0.07±0.01 and 0.27±0.05 mg/mL 
respectively) in the affected udder quarters were higher 
than in the healthy quarters (0.05±0.01 and 0.20±0.02 
mg/mL respectively) by 17 % and 15 % respectively. The 
difference between the healthy and affected quarters was 
statistically significant (P < 0.05). 

As is shown in Fig. 1, the distribution of the average 
values of LTF in the groups distinguished by SCC is 
uneven. A statistically significant difference (P < 0.05) was 
determined between the lowest (first group) and highest 
(second group) LTF concentrations. The distribution of 
IgG average values between the groups followed a similar 
pattern as that of LTF yet it was not statistically significant. 

By correlation analysis of antimicrobial proteins 
statistically significant relations was observed between 
LTF and IgG (r = 0.731, P <0.01). Analysis of the relations 
between the health status of udder quarters established by 
SCC in milk and antimicrobial proteins showed a strong 
positive correlation between LTF and IgG in healthy 
quarters (SCC < 200 thou/mL) and quarters affected by 
inflammation (SCC > 201 thou/mL) (r = 0.698 and r = 
0.817 respectively). 

 

 
Fig. 1. Distribution of the average values (mean ± SEM) of LTF and IgG in SCC groups 

Note: Mean values denoted by letters a and b are significantly different at P < 0.05 
 
Results of investigation of the influence of lactation 

number on the concentrations of antimicrobial proteins 
in the milk. Assessment of the influence of cow age, i.e. 

lactation number, on the distribution of proteins in milk 
(Fig. 2) showed that during the second lactation the 
concentration of IgG was higher than during the first or 
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third lactations. The milk of the first-calf heifers contained 
the highest concentration of LTF. The average value of the 

second and third lactation groups differed IgG by 25% and 
the differences were statistically significant (P < 0.05) 

 

 
Fig. 2. Variations of antimicrobial proteins in milk during different lactations (mg/mL) 
Mean values denoted by letters a and b are significantly different at P < 0.05 
 
Analysis of the links between the factors revealed LTF 

and IgG strong, positive correlations during all stages of 
first (r = 0.922), second (r = 0.684) and third (r = 0.619) 
lactations (P<0.01). 

 
Discussion. Somatic cell count is recognized as the 

main indicator of milk quality and health status of cows 
(Schukken et al., 2003; Green et al., 2004; Piccinini et al., 
2006). Smith (2002) and Pyorala (2003), reported that milk 
from udder quarter in which SCC exceeds 200 thou/mL is 
indicative of inflammatory reaction (subclinical mastitis). 
The data obtained by milk SCC usually are grouped and 
the groups serve as a basis for identification of healthy 
cows and cows with mastitis. Researchers conducted in 
Poland showed that increasing SCC contributed to 
decreasing values of the main albumins but the 
concentrations of immunologically active proteins 
(lactoferrin and lysozyme) and bovine serum albumin 
increased (P < 0.001) (Litwinczuk et al., 2011). Krol and 
co-authors (2012) supplemented Litwinczuk’s et al. (2001) 
data. They determined that the increasing SCC statistically 
significantly influenced the increasing concentrations of 
LTF, IgG and lysozyme in the milk. In the mentioned 
researches, the influence of SCC on the content of LTF and 
IgG was proved by high correlation coefficients, which are 
in agreement with our calculations. The positive 
correlation coefficients between SCC and LTF also were 
confirmed by Hutton at al. (1990), Lindmark-Mansoon et 
al. (2000; 2006), and Cheng et al. (2008) and between SCC 
and IgG by Liu et al. (2009) and Krol et al. (2012; 2013). 
Our results and results obtained by other researchers allow 
assuming that identification of subclinical mastitis should 
be based on assessment of LTF and IgG indices and SCC 
in milk. 

Contrasting results were obtained on the influence of 
the number of lactations on the content of antimicrobial 
proteib in the milk. Our results are comparable with the 
results obtained by Hagiwara et al. (2003) showing that 
LTF concentration in the milk of older cows is lower than 
in the milk of first-calf heifers (P ˂ 0.05). However, other 
studies disproved the theory that LTF and Ig concentrations 
decrease in the milk of older cows (Soyeurt et al., 2007; 
Krol et al., 2010; Krol et al., 2012). Krol et al. (2010) 
maintain that Ig and lysozyme concentrations in the milk 
increase with cow ageing and reach their peak values 
during the fourth lactation. Besides, the highest LF 
concentrations in the cow milk occur during the second and 
fourth lactations (Krol et al., 2010). Subsequent 
investigations conducted by Krol et al. (2012) backed up 
the previous results. They showed that LTF and IgG 
concentrations in the milk of first-calf heifers was 
significantly lower than in the milk of cows of the second–
third lactations (P ≤ 0.05) and even older cows (P ≤ 0.01). 

Conclusion. It suggests the usefulness of these 
indicators associated to SCC to detect the presence of 
mastitis. Moreover, the knowledge of milk LTF and IgG 
could also improve the milk nutritional quality. 

 
References 
1. Arnould V. M. R., Soyeurt H., Gengler N., Colinet 

F. G., Georges M. V., Bertozzi C. et al. Genetic analysis of 
lactoferrin content in bovine milk. Journal of Dairy 
Science. 2009. Vol. 92(5). P. 2151–2158. 

2. Cheng J. B, Wang J.Q., Bu D.P., Liu GL, Zhang 
C.G., Wei H.Y. et al. Factors affecting the lactoferrin 
concentration in bovine milk. Journal of Dairy Science. 
2009. Vol. 91. P. 970–976. 

0.08 0.06 0.05

0.26
0.3 a

0.18 b

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,4

I (n=32) II (n=44) III (n=44)

Lactation

Av
er

ag
es

 o
f L

TF
 a

nd
 Ig

G
, m

g/
m

L
LTF IgG



ISSN 1392-2130. VETERINARIJA IR ZOOTECHNIKA (Vet Med Zoot). T. 76 (98). 2018 

 

44 

3. Farke C., Meyer H. H. D., Bruckmaier R. M. and 
Albrecht C. Differential expression of ABC transporters 
and their regulatory genes during lactation and dry period 
in bovine mammary tissue. Journal of  Dairy Research. 
2008. Vol. 75(4). P. 406–414. 

4. Green M. J., Green L. E., Schukken Y. H., 
Bradley A. J., Peeler E. J., Barkema H. W. et al. Somatic 
cell count distributions during lactation predict clinical 
mastitis. Journal of Dairy Science. 2004. Vol. 87. P. 1256–
1264. 

5. Hagiwara S., Kawai K., Anri A., Nagahata H. 
Lactoferrin concentrations in milk from normal and 
subclinical mastitic cows. Jornal of Veteterinary Medicine 
Science. 2003. Vol. 65. P. 319–323. 

6. Hutton C. T., Fox L. K., Hancock D. D. Mastitis 
control practices: differences between herds with high and 
low milk somatic cell counts. Journal of Dairy Science. 
1990. Vol. 73(4). P. 1135–1143. 

7. Krol J., Brodziak A., Litwinczuk Z., Barlowska J. 
Selected factors determining the content of lactoferrin, 
lysozime and immunoglobulins G in bovine milk. In: 
Bobbarala V., editor. A search for antibacterial agents. 
InTech. 2012. P. 107–124. 

8. Krol J., Brodziak A., Litwińczuk Z., Litwińczuk 
A. Effect of age and stage of lactation on whey protein 
content in milk of cows of different breeds. Polish Jornal 
of Veterinary Science. 2013. Vol. 16(2). P. 395–397. 

9. Krol J., Litwinczuk Z., Brodziak A., Barlowska J. 
Lactoferrin, lysozyme and immunoglobulin G content in 
milk of four breeds of cow’s managed under intensive 
production system. Polish Jornal of Veterinary Science. 
2010. Vol. 13. P. 357–361. 

10. Kutila T., Suojala L., Lehtolainen T., Saloniemi 
H., Kaartinen L., Tahti M., Seppala K. and Pyorala S. The 
efficacy of bovine lactoferrin in the treatment of cows with 
experimentally induced Escherichia coli mastitis. Journal 
of Veterinary Pharmacology and Therapeutics. 2004. Vol. 
27. P. 197–202. 

11. Lindmark-Mansson H., Branning G., Alden G., 
Paullsson M. Relationship between somatic cell count, 
individual leukocyte populations and milk components in 
bovine udder quarter milk. International Dairy Journal. 
2006. Vol. 16. P. 717–727. 

12. Lindmark-Mansson H., Svensson U., Paullsson 
M., Alden G., Frank B., Johnsson G. Influence of milk 
components, somatic cells and supplemental zinc on milk 
processability. International Dairy Journal. 2000. Vol. 10. 
P. 423–433. 

13. Litwinczuk Z., Krol J., Brodziak A., Barlowska J. 
Changes of protein content and its fractions in bovine milk 
from different breeds subject to somatic cell count. Journal 
of Dairy Science. 2011. Vol. 94(2). P. 684–691. 

14. Liu G. L., Wang J.Q., Bu D. P., Cheng J. B., 
Zhang C. G., Wei H. Y. et al. Factors affecting the transfer 

of immunoglobulin G1 into the milk of Holstein cows. 
Veterinary Jornal. 2009. Vol. 182. P. 79–85. 

15. Madureira A. R., Pereira C. I., Gomes A. M. P., 
Pintado M. E., Xavier Malcata F. Review. Bovine whey 
proteins – Overview on their main biological properties. 
Food Research International. 2007.  Vol. 40. P. 1197–
1211. 

16. Malinowski E., Klossowska A., Smulski S. 
Changes in biologically active cow‘s milk components 
caused by mastitis. Medycyna Weterinary. 2008. Vol. 
64(1). P. 14–19. 

17. Piccinini R., Mirelli M., Ferri B., Tripaldi C., 
Belotti M., Dapra V. et al. Relationship between cellular 
and whey components in buffalo milk. Journal of  Dairy 
Research. 2006. Vol. 73. P. 129–133. 

18. Pyorala S. Indicators of inflammations in the 
diagnosis of mastitis. Veteterinary Research. 2003. Vol. 
34. P. 565–578. 

19. Schukken Y. H., Wilson D. J., Welcome F., 
Garrison-Tikofsky L., Gonzalez R. N. Monitoring udder 
health and milk quality using somatic cell counts. 
Veteterinary Research. 2003. Vol. 34. P. 579–596. 

20. Shimazaki K. and Kazuhiro Kawai K. Advances 
in lactoferrin research concerning bovine mastitis. 
Biochem. Cell Biol. 2017. Vol. 95. P. 69–75.  

21. Smith K. L. A discussion of normal and abnormal 
milk based on somatic cell counts and clinical mastitis. 
Bull IDF. 2002. Vol. 372. P. 43–45. 

22. Soyeurt H., Colinet F.G., Arnould M.R., 
Dardenne P., Bertozzi C., Renaville R. et al. Genetic 
variability of lactoferrin content estimated by mid-infrared 
spectromettry in bovine milk. Journal of Dairy Science. 
2007. Vol. 90. P. 4443–4450. 

23. Soyeurt H., Bastin C., Colinet F. G., Arnould V. 
M. R., Berry D. P., Wall E., Dehareng F., Nguyen H. N., 
Dardenne P., Schefers J., Vandenplas J., Weigel K., Coffey 
M., Theron L., Detilleux J., Reding E., Gengler N. and 
McParland S. Mid-infrared prediction of lactoferrin 
content in bovine milk: potential indicator of mastitis. 
Animal. 2012. Vol. 6(11). P. 1830–1838. 

Received 18 April 2018 
Accepted 7 May 2018 


