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Abstract. The objective of this study was to determine the effect of stage of lactation and hygienic quality of milk 
on the content bioactive whey proteins. The experimental material was milk from 56 cows of the Polish Holstein-
Friesian breed (phf). In the 1st, 5th and 10th month of lactation, milk samples were collected for analyses from each cow. 
Each sample of fresh milk was analysed for the proximate chemical composition with a MilkoScan FT 120 apparatus 
and for somatic cells count (SCC) using a BactoCount apparatus. The contents of α-lactalbumin (α-LA) and β 
lactoglobulin (β-LG) were assayed electrophoretically following the methodology by Laemmli (1970); the contents of 
lactoferrin (LF), interleukins (IL-1β, IL-6), and tumor necrosis factor TNF-α were determined by the “sandwich” 
ELISA method. The achieved results suggest that the stage of lactation affected the content of the analyzed bioactive 
proteins in cow’s milk. The higher content of the analyzed proteins at the last stage of lactation allows concluding that 
the best raw material for the isolation of functional properties is milk originating from the final stage of lactation.  An 
increasing content of SCC decrease the content α-LA and β-LG. An opposite dependence was observed for proteins that 
play the role of inflammatory mediators. The concentrations of LF, IL-1β and TNF-α were found to depend on the 
somatic cells count in milk, what indicates that the analysis of their contents in milk may constitute a complementary 
indicator of mastitis incidence. 
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Introduction. Bovine mastitis is still a recurring and 
severe problem faced by milk producers (Bernatowicz et 
al., 2004; Petrovski et al., 2006; Sharma et al., 2011). 
Mastitis causes vast economic losses that are due to 
decrease of milk yield, deterioration of milk quality and, 
resultantly, its reduced utility for processing, as well as to 
additional costs of veterinary treatment. Apart from the 
main nutrients, milk contains chemical compounds that 
affect the mammary gland and other organs of cow 
(Malinowski et al., 2008). Milk contains many peptides 
and proteins, which exhibit bacteriostatic and bactericidal 
properties in their intact form (Bagnicka et al. 2010). 
Especially beneficial nutritive, physiological and 
functional properties are displayed by whey proteins 
(Atanasova and Ivanova 2010; Bernatowicz 
and Reklewska, 2003; Świderski and Waszkiewicz-
Robak, 2000). As emphasized by Leman (1995), the whey 
proteins contain peptides that improve, among other 
things, the immunomodulatory activity (stimulating 
defence mechanisms of the body) and antibacterial 
activity. One of these biologically-active milk 
constituents is lactoferrin which plays a key role in 
mastitis prevention at the early stage of infection (Kawai 
et al., 2003). As a multifunctional protein with 
antimicrobial properties, lactoferrin is one of the major 
preventive factors against mastitis in dairy cows (Wojdak-
Maksymiec and Mikolajczyk, 2012). Other important 
inflammatory mediators during mastitis are cytokines and, 
most of all, interleukins: IL-1β, IL-6 and tumour necrosis 
factor TNF-α the increased content of which in milk may 
– according to Hagiwara et al. (2001) – be indicative of 
inflammatory state incidence. According to 

Parameswaran and Patial (2010) tumour necrosis factor 
(TNF) is one of the main proinflammatory cytokines and, 
thanks to its pleiotropic properties, activates the entire 
immune system. However, studies concerning the 
possible physiological impact of bioactive peptides are 
continuously developing (Szwajkowska et al., 2011). 

Owing to the fact that thus far conducted sparse 
researches on lactoferrin and cytokines contents of milk 
have been inconclusive, Cheng et al. (2008) and Hagiwara 
et al. (2001) point to the need for investigating effects of 
different factors on the level of these proteins in cow’s 
milk. 

Objective. In view of the above, it was found 
advisable to analyze changes in the content of whey 
proteins, including lactoferrin and cytokine, in cow’s milk 
as affected by the health status of udder expressed by 
somatic cells count and by lactation stage. 

Material and methods 

Material. The experimental material was milk of 56 
cows of the Polish Holstein-Friesian breed (phf) selected 
from six loose barns with an average herd size of ca. 150 
cows, located in the north-eastern Poland. These were 
mainly cows in the 1st and 2nd lactation and the average 
number of lactations of the analyzed cows was 1.81±0.86. 
The annual milk yield in the barns the cows originated 
from amounted to ca. 7,000 kg milk, whereas the average 
daily yield of cows to 23.56±8.89 kg. The feeding of 
cows was alike in all barns. Throughout the year, the 
cows were kept in cowsheds and fed preserved feed 
mixtures in the Total Mixed Ration (TMR) or Partly 
Mixed Ration (PMR) system. In the 1st, 5th and 10th month 
of lactation, during trial milking, milk samples were 
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collected for analyses from each cow. Having been 

collected, the milk samples were transported in chilled 

conditions to a laboratory of the Department of Cattle 

Breeding and Milk Evaluation. 

Methods. Samples of fresh milk were determined for 

the proximate chemical composition (protein, fat, lactose, 

and dry matter) by the spectrophotometric method in 

infrared with a MilkoScan FT 120 apparatus 

(FossElectric) and for somatic cells count (SCC) by the 

flow cytometry method using a BactoCount apparatus 

(Bentley). The data regarding cows yield originated from 

the SYMLEK system and were provided by the Polish 

Federation of Cattle Breeders and Milk Producers 

(PFHBiPM). The content of α-lactalbumin (α-LA) and β 

lactoglobulin (β-LG) was assayed electrophoretically. 

Proteins were separated in a 14.5% polyacrylamide gel in 

the presence of SDS, in a Mini-PROTEAN 3–cell 

apparatus following the methodology by Laemmli (1970), 

modified in terms of the applied voltage according to 

methodological guidelines of the Bio-Rad company. The 

content of lactoferrin, interleukins (IL-1β, IL-6), and 

tumor necrosis factor TNF-α was determined with the 

“sandwich” ELISA method, in which the protein to be 

detected is bound between two “layers” of antibodies. 

Determinations were carried out in whey obtained by 

centrifugation of 10 ml of fresh milk for 45 minutes at a 

temperature of 4˚C and at the speed of 3,000 rpm (Singh 

et al., 2007). The resultant whey was stored frozen at a 

temperature of -20˚C until analyzed. The concentration of 

lactoferrin in milk was assayed using a ready kit for 

bovine lactoferrin determination (Bovine Lactoferrin 

Elisa Quantitation Kit, Bethyl Laboratories Inc), 

following the procedure recommended by the 

manufacturer. For analyses, the milk samples were diluted 

at the ratio of 1:1,000. In determinations of interleukins 

(IL–1β, IL-6) and tumour necrosis factor TNF-alfa, use 

was also made of commercial kits for bovine cytokines 

assays (respectively: Bovine IL-1β Screening Set and 

Bovine IL-6 Screening Set, ThermoScientific; Bovine 

TNF-α DuoSet, R&D). Analyses were carried out 

according to protocols provided by producers, and buffers 

necessary for these analyses were purchased in Sigma 

Aldrich and prepared following producer’s instructions. 

For analyses, milk samples were diluted at the ratio of 

1:2. In all analyses, a standard curve was plotted for each 

plate separately. 

Measurements were carried out with an ELx808 

reader (Biokom Systems), measuring absorbance at a 

wavelength of 450 nm. Absorbance results were 

expressed as lactoferrin concentration in milk using 

KCJunior software (Biokom Systems). 

Statistical analysis. For statistical analysis, the 

numerical material was divided into four groups, based on 

somatic cells count in milk (Tab. 1): group I – up to 

100,000 SCC/ml milk (n=56); group II – from 101,000 to 

400,000 SCC/ml milk (n=66); group III – from 400,000 to 

1 mln SCC/ml milk (n=21); and group IV – over 1 mln 

SCC/ml milk (n=18). According to the Polish Standard 

(PN–A–86002:1999), the milk from groups I and II was 

classified to Extra class (i.e. containing less than 400,000 

SCC/ml). As reported by Hamann (2002), Lindmark-

Mansson et al. (2000) and Cheng et al. (2008), milk 

containing less than 100,000 somatic cells per 1 ml 

originates from a healthy udder, hence the first class was 

distinguished that represented milk with the highest 

hygienic quality. The second analyzed factor was the 

stage of lactation. Three groups were distinguished in this 

respect: early stage (1st month of lactation; n=56), middle 

stage (5th month of lactation; n=49), and late stage (10th 

month of lactation; n=56). 

 

Table 1. Division into SCC groups based on somatic cells count in milk 
 

SCC Group SCC (103/ml) 
Milk class according to the Polish Standard  

PN–A–86002:1999 
Number of samples 

I ≤100 56 

II 101–400 
Extra class 

66 

III 401–1000 21 

IV ≥1000 
Unclassified milk 

18 

Total   161 

 

The numerical data achieved were elaborated 

statistically in a STATISTICA data analysis software 

system Ver. 9.0 (StatSoft, Inc.), using a one- and two-way 

analysis of variance with interaction. To normalize 

distribution of lactoferrin content, the real results were 

subjected to logarithmic transformation. The significance 

of differences between mean values of the evaluated 

groups was determined with the Fisher’s LSD test. The 

analysis of variance was conducted based on the 

following linear model: 

Yij = μ +ai + bj + (ab)ij + eijk, 

where: Yij - dependent variable, μ − effect of total 

mean, ai – effect of somatic cell counts (SCC) (i = I, II, 

III, IV), bj – effect of stage of lactation (j = early, middle, 

late), (ab)ij – effect of interaction SCC group x stage of 

lactation, eijk – random error 

Results. The analysis of the proximate composition 

demonstrated that the lowest content of total protein and 

fat, and the highest content of lactose were typical of milk 

characterized by the highest hygienic quality (Tab. 2). A 

decrease was noted in lactose content along with an 

increase of SCC in milk, and differences between groups 

1 and 4 turned out to be statistically significant (P≤0.05). 

Higher milk yields of the cows analyzed were reported in 

classes 1 and 4, compared to classes 2 and 3, and the 

lowest daily yield was noted for cows whose milk 

contained from 400,000 to 1 mln somatic cells per 1 ml. 
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Table 2. Basic chemical composition of milk according to the somatic cell count (SCC) 
 

SCC group 

Characteristic Average I 

n=56 

II 

n=66 

III 

n=21 

IV 

n=18 

SEM 

Daily yield (kg) 23.56 23.86 23.70 21.83 24.16 1.51 

Protein (%) 3.50 3.36 3.63 3.52 3.46 0.06 

Fat (%) 4.34 3.93B 4.76A 4.22 4.29 0.13 

Lactose (%) 4.70 4.78a 4.69 4.64 4.61b 0.03 

Dry matter (%) 13.50 13.16b 14.04a 13.15b 13.19 0.15 

Non-fat dry matter (%) 

x  

9.25 9.22 9.42 9.27 8.76 0.14 
 

Mean values denoted by different letters in rows are significantly different: a, b – P < 0.05; A, B – P < 0.01 
 

The somatic cell count was found to exert a 

statistically significant (P≤0.05) effect on the content of 

α-lactalbumin, the mean content of which in milk reached 

1.03 g/l (Tab. 3). An increase in the content of this protein 

in milk was determined at SCC of up to 1 mln/ ml and a 

decrease in α-LA in milk from group IV. The highest 

content of this protein was noted in milk from group III 

(1.16 g/l), and the differences compared to group I were 

statistically significant (P≤0.05). A similar tendency was 

reported for the main whey protein, i.e. β-LG. Yet, in its 

case, the increase occurred only between groups I and II, 

whilst its lowest content was assayed in milk from group 

IV (3.40 g/l) (P≤0.05). An opposite dependence was 

noted for proteins that fulfil the function of inflammatory 

mediators. The average content of lactoferrin in the 

analyzed milk samples reached 198.84±188.12 μg/ml. 

Along with an increasing SCC in milk, an increase was 

also observed in lactoferrin content. The differences 

between the highest content of this protein in the samples 

with the highest SCC in groups III and IV (respectively: 

233.20 and 246.77 μg/ml), when compared to group I, 

were statistically significant (P≤0.01). Likewise, milk 

from group IV was characterized by the highest 

concentration of IL-1β (0.21 μg/ml) and TNF-α (1.26 

μγ/ml), and the concentration of the cytokines analyzed 

was observed to increase along with an increasing SCC in 

milk. Only in the case of IL-6, was its content the highest 

in milk from group II (0.11 μg/ml) and diminished in milk 

samples with the highest somatic cells count. 

The contents of all analyzed whey proteins in milk 

were also affected by lactation stage (Tab.3). With time 

elapsing since parturition, an increase was noted in their 

content, however it was found statistically significant only 

in the cases of β-LG, lactoferrin and IL-1β. The highest 

concentrations of these proteins were assayed in milk 

from the last stage of lactation (4.10 g/l, 261.5 μg/ml, and 

0.19 ng/ml, respectively), and these values were 

significantly higher than the respective values determined 

in milk from the early and middle stages of lactation. 

 

Table 3. Average protein content in milk with different somatic cell count and from different stage of lactation 
 

SCC group Stage of lactation Effect 

Characteristic 
Avera-

ge 
SEM I 

n=56 

II 

n=66 

III 

n=21 

IV 

n=18 

SEM Early 

n=56 

Middle 

n=49 

Late 

n=56 

SEM 
SCC

Stage of 

lactation

Interaction

SCC x 

Stage of 

lactation 

α-LA (g/l) 1.03 0.03 0.93b 1.07 1.16a 0.96 0.02 0.98 0.99 1.09 0.02 * ns ns 

β-LG (g/l) 3.72 0.07 3.64 3.87a 3.68 3.40b 0.04 3.41B 3.52B 4.10A 0.04 ns ** ns 

Lactoferrin

(μg/ml) 
198.84 16.76 149.16 212.69 233.20 246.77 16.76 167.30b140.14B261.45Aa16.76 ns * ns 

Lactoferrin

(log) 
2.13 0.04 1.94B 2.19A 2.30A 2.29A 0.04 1.97B 2.09B 2.32A 0.04 ** ** ns 

IL-1β 

(ng/ml) 
0.13 0.02 0.08b 0.15 0.19 0.21a 0.02 0.10b 0.09b 0.19a 0.02 * * * 

IL-6 

(ng/ml) 
0.08 0.01 0.06 0.11 0.08 0.04 0.01 0.05 0.10 0.10 0.01 ns ns ns 

TNF-α 

(ng/ml) 

x  

0.87 0.08 0.81b 0.63B 0.90 1.26Aa 0.08 0.99 0.70 0.89 0.08 * ns ns 

 

Mean values denoted by different letters in rows within trait are significantly different at: a,b - p≤0.05; A,B - p≤0.01 

Mean values are significantly different at: * p≤0.05; ** p≤0.01; ns – non significant 



ISSN 1392-2130. VETERINARIJA IR ZOOTECHNIKA (Vet Med Zoot). T. 65 (87). 2014 

 

 82

The coupled effect of both experimental factors was 

observed in the case of IL-1β  content (Fig. 1). At all 

lactation stages, the highest contencentrations of this 

protein were noted in milk from class IV. Simultaneously, 

the milk from the 10th month was characterized by the 

highest content of IL-1β, irrespective of hygienic quality 

class. 
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Figure 1. Simultaneous effect of stage of lactation 

and the somatic cell count (SCC) on the interleukin 1β 

content 

 

SCC – somatic cell count 

I SCC group – up to 100.000 SCC/ml milk 

II SCC group – from 101.000 to 400.000 SCC/ml milk 

III SCC group – from 400.000 to 1 mln SCC/ml milk 

IV SCC group – over 1 mln SCC/ml milk 

IL-1β – interleukin 1β 

 

Discussion 

Microbial infections change milk composition and 

render milk less suitable for consumption and processing 

(Shariff and Muhammad, 2008). The decreasing lactose 

concentration in blood along with an increasing SCC is 

consistent with results described by other authors (Philpot 

and Nickerson, 1991; Bernatowicz et al., 2004). In 

addition, Bernatowicz et al. (2004), Brzozowski et al. 

(1999) and Jakiel et al. (2011) reported, likewise in this 

study, an insignificant decrease in protein and fat contents 

of milk containing over 1 mln SCC/ml. Litwińczuk et al. 

(2011) reported also, as in our study, that daily yield of 

milk declined progressively with the increase of SCC. 

Own results achieved for contents of α-LA and β-LG 

in milk from various lactation stages are in agreement 

with the findings of Ostersen et al. (1997), who noted an 

increase in β-lactoglobulin content of milk in the 24th and 

46th week of lactation compared to the second and the 

ninth week. Contrary to our results, Ostersen et al. (1997) 

reported a decrease in α-LA along with time elapsing 

since parturition, with the highest content of this protein 

(1.28 g/l) noted in the 2nd week of lactation. A significant 

effect of lactation stage on the content of whey proteins in 

milk was also demonstrated by Maas (2002), however the 

highest contents of α-LA and β-LG were noted by this 

author in samples from the first and the last stage of 

lactation, which is in part consistent with results of our 

study. In addition, our study confirmed the results 

achieved by Bernatowicz et al. (2004), who determined a 

negative effect of a high SCC on α-LA and β-LG levels 

in cow’s milk and those obtained by Reklewska et al. 

(2004) who observed increasing concentrations of α-LA 

and β-LG along with decreasing TBC and SCC in goat 

milk. Also Litwińczuk et al. (2011) showed that elevation 

of somatic cell count (SCC) produced a decrease in alpha-

LA and beta-LG and a significant rise in immunoactive 

proteins (lactoferrin and lysozyme). 

Likewise in the reported study, the highest mean 

concentration of lactoferrin in milk originating from the 

final stage of lactation (over 200 days after parturition) 

was also obtained by Cheng et al. (2008). In their 

research, milk from the initial stage of lactation was 

characterized by the lowest content of lactoferrin, and the 

content of this protein in all analyzed samples ranged 

from 100 to 300 μg/ml. Cheng et al. (2008) also reported 

a positive correlation (r = 0.0557) between lactoferrin 

concentration and lactation stage, what indicates that 

along with time elapsing since parturition the 

concentration of this protein in milk was increasing. The 

increase in lactoferrin concentration in the successive 

months of lactation was also obtained by Harmon et al. 

(1975). In contrast, Hagiwara et al. (2003) did not observe 

any correlation between lactoferrin content in milk and 

lactation stage. As reported by Arnould et al. (2009), 

determinations of LF concentration in cow’s milk have 

been inexplicit and results achieved so far point only to a 

high variability of its concentration depending on somatic 

cells count, yield and breed. Both the average content of 

lactoferrin in milk determined in our study as well as the 

correlation between LF concentration and both lactation 

stage and SCC confirm earlier literature data (Fox, 1992; 

Lindmark-Mansson et al., 2000; Steijns & van Hooijdonk, 

2000; Vorland, 1999). Lactoferrin is a constituent of 

immunoactive proteins that prevent mastitis (Bernatowicz 

et al., 2004), hence its concentration in milk is increasing 

along with an increasing somatic cells count. 

Furthermore, amongst factors affecting the content of this 

specific protein in cow’s milk, Cheng et al. (2008) 

enumerate also a higher daily yield, contents of protein 

and lactose, as well as the number of milk samples 

subjected to analyses. 

The immunoactive proteins that are co-acting with 

host’s defence factors and exhibit antibacterial properties 

include also cytokines. As claimed by Malinowski et al. 

(2008), their increase is proportional to the SCC in milk, 

which may be indicative of mastitis occurrence. It was 
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confirmed in our study, where contents of the analyzed 

cytokines were observed to increase along with an 

increasing somatic cells count in milk. Owing to the fact 

that sparse investigations have so far been devoted to 

cytokines content of milk of healthy cows, Alluwaimi 

(2004) emphasizes the necessity of determining their 

content in milk at various stages of lactation. Our study 

demonstrated an increase in concentrations of IL-1β and 

IL-6 along with time elapsing since parturition and a 

negligible decrease of TNF-α at the middle stage of 

lactation. Likewise in our research, Hagiwara et al. (2001) 

demonstrated the highest concentration of interleukin 6 in 

milk samples from the middle stage of lactation and the 

lowest one in the samples from the initial lactation stage. 

The values obtained by these authors were higher 

compared to those reported in our study and accounted for 

1.7 and 3.5 ng/ml at, respectively, the initial and final 

stage of lactation. These differences were, however, not 

confirmed statistically either. In another study, Hagiwara 

et al. (2000) determined the concentration of five 

cytokines in colostrum and milk. They demonstrated 

significant differences in cytokine concentrations in both 

colostrum and milk and in successive lactation stages. 

The tendency for higher concentrations of TNF-α and IL-

1β at the final stage of lactation observed in our study was 

similar to results achieved by the above-cited authors. In 

contrast, Alluwaimi and Cullor (2002) observed a 

significant increase in TNF-α activity in mammary glands 

at the final stage of lactation, compared to the middle one, 

and were explaining this increase by the role played by 

this cytokine, as it is an indispensable component 

regulating immune functions of cells and a factor engaged 

in physiological changes proceeding in mammary glands 

during lactation. The contents of cytokines analyzed in 

our study were, however, almost twofold as low as those 

reported by Hagiwara et al. (2000) The differences 

between the results achieved in our study and those 

obtained by the said authors, manifested mainly in the 

contents of particular cytokines in milk, are likely to be 

due to the number of analyzed samples and impact of 

other environmental factors. 

Conclusions 

Despite the discrepancies between own findings and 

literary data, the results achieved suggest that the stage of 

lactation affect contents of the analyzed bioactive proteins 

in cow’s milk. The higher content of the analyzed proteins 

at the last stage of lactation allows concluding that the 

best raw material for the isolation of the functional 

properties is milk originating from the final stage of 

lactation. 

Concentrations of LF, IL-1β and TNF-α were found 

to depend on the somatic cells count in milk, which 

indicates that the analysis of their contents in milk may 

constitute a complementary indicator of mastitis 

incidence. 
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