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Interaction between the level 
of immunoglobulins and number 
of somatic cells as a factor shaping 
the immunomodulating properties 
of colostrum
Kamila Puppel1,3*, Marcin Gołębiewski1,3, Jan Slósarz1, Grzegorz Grodkowski1, 
Paweł Solarczyk1, Piotr Kostusiak1, Kinga Grodkowska1, Marek Balcerak1 & 
Tomasz Sakowski2

The aim of this study was to investigate the association between immunoglobulins and SCC as a 
factor in shaping the content of the immunostimulatory components of colostrum. Seventy-eight 
multiparous Polish Holstein–Friesian cows were selected for the experiment. Colostrum samples 
were collected immediately after calving (up to a max. of 2 h). The cows were divided into groups 
according to the following levels: Immunoglobulins (IG class)—(IG1) over 50 g/L,  (IG2) up to 50 g/L; SCC 
class—(SCC1) up to 400 000/ml,  (SCC2) 400–800 000/ml,  (SCC3) over 800 000/ml. Colostrum assigned 
to the  IG1  SCC1 group had a statistically significant higher (p ≤ 0.01) concentration of both whey 
proteins and fatty acids compared to the  IG1  SCC2 and  SCC3 groups. The concentration of IgG, IgM, 
and IgA was shown to be higher in  IG1  SCC1 than  IG2  SCC3 by 226%, 149%, and 115%, respectively. 
The concentration of lactoferrin was shown to be higher in  IG1  SCC1 than  IG2  SCC3 by 149%. The 
determination of colostrum quality based on the concentration of immunoglobulins in the colostrum 
may not be sufficient because serum IgG concentrations at birth show a linear increase relative to 
colostrum SCC. A breakdown of colostrum into quality classes, taking into account the level of SCC, 
should therefore be introduced.

The concentration of colostrum immunoglobulins (Ig) varies with the cow’s health  status1, amount of colostrum 
produced, calving  season2, breed,  age3,4, production  system5, length of non-lactating  period6, prepartum  milking7, 
time delay between parturition and first  milking8,9, and heat  stress10. Additionally, increased levels of Ig were 
demonstrated in cows inoculated with vaccines containing E. coli, Coronavirus and Rota  antigens11. In cow’s milk, 
IgG is the main isotype, followed by IgA and  IgM12. IgG plays a role in the immune response to infections, while 
IgA is involved in protecting the mucous membranes, and IgM is the first line of defense against  infections13. 
Due to its structure in ruminants, the placenta prevents the transfer of antibodies to the fetus, therefore the 
concentration of Ig in the blood serum of calves is  low14. The neonate is immunonaive and dependent on pas-
sively acquired maternal  immunoglobulins15. Likewise, colostrum intake by calves is crucial to protect against 
gastrointestinal tract infections. This uptake of IgG occurs partly via passive transport across the epithelium 
when it is not yet fully closed, but also actively via the FcRn, the neonatal IgG receptor that is expressed on the 
intestinal epithelium in neonatal  calves16. The functional but naive immune system of the newborn does not 
permit an effective immune response for the first three weeks of  life17. A very important aspect of calf rearing is 
the feeding of high-quality colostrum, in conjunction with appropriate frequency, quantity, and  temperature19. 
When one of these elements does not meet the standards, the consequence is the calves’ increased susceptibility 
to diarrhea and infections, which in turn has a direct impact on production economics. McGuirk and  Collins18 
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reported that calves with failed passive transfer have mortality and morbidity risks up to six times higher than 
those that have succeeded.

Colostrum is also one of the factors, that is responsible for the microbial colonization of the gastrointestinal 
tract. Puppel et al.19 reported that high-quality colostrum stimulated significant development of Lactobacilli and 
Bifidobacterium spp., simultaneously reducing Coliforms and Enterococci. Strain growth depends on lactoferrin 
(LF) and lysozyme (LZ) concentration, which are involved in maintaining the balance of the intestinal microflora, 
due to their  properties20–22. Additionally, lactoferrin and casein inhibit lipid peroxidation as well as the formation 
of peroxide radicals and iron  oxide23.

The quality and quantity of cows’ mammary gland secretions are closely related to udder health. Puppel et al.1 
reported that in colostrum from the first milking, the IgG concentration was two-fold greater and the C18:2 
cis9trans11 three-fold greater in colostrum with somatic cell count (SCC) ≤ 400 000 cells/ml, than in colostrum 
with ≥ 400 000 cells/ml. It should be emphasized that fatty acids, are antibacterial agents that destabilize bacterial 
cell  membranes24, due to their amphipathic properties. The consequence is increased membrane permeability 
and cell lysis, as well as inhibition of the enzymatic activity of the  membrane25. Calves cannot fight infectious 
agents because their immune system is underdeveloped at the time of birth. After birth, they therefore depend 
immunologically on the successful, passive transfer of maternal Ig via  colostrum26. Ferdowsi Nia et al.27 reported 
that feeding neonates with high SCC colostrum decreased serum IgG levels and also increased the incidence of 
diarrhea in calves.

The aim of this study was to investigate the association between immunoglobulins and SCC as a factor in 
shaping the content of the immunostimulatory components of colostrum in the first milking after calving.

Results
Colostrum samples were collected from multiparous cows and evaluated for IgG and SCC content. Based on 
IgG and SCC samples were assigned to the following categories: the level of: Immunoglobulins  (IG1,  IG2) and 
Somatic Cell Count class  (SCC1,  SCC2,  SCC3). The colostrum assigned to  IG1 was characterized by significantly 
higher concentrations of casein, total protein, and fat. The study showed that IG class had a statistically signifi-
cant (p ≤ 0.01) effect on the formation of the level of colostrum’s functional parameters in the first milking after 
calving (Fig. 1).

In comparing  IG1 and  IG2, the concentration of lactoferrin (LF), α-lactalbumin (ALA), and β-lactoglobulin 
(BLG) was higher by almost 30% for  IG1 than for  IG2 (Fig. 2a), while the G, M, and A immunoglobulins were 
higher by almost 35% (Fig. 2b). Based on the analysis of the obtained results, a statistically significant (p ≤ 0.01) 
relationship between Ig class and the level of bioactive whey proteins was demonstrated (Fig. 2a,b).

Colostrum assigned to the  IG1 group had significantly higher concentrations of C18:1 trans11, C18:2 n-6, 
C18:3 n-3, and C18:2 cis9 trans11. The study showed that the IG class had a statistically significant (p ≤ 0.01) 
effect on the formation of bioactive fatty acids during the first milking after calving (Fig. 3).

The colostrum assigned to the  IG1 and  SCC1 groups had significantly higher concentrations of protein, fat, 
and casein, compared to the  IG1  SCC2 and  SCC3 groups (Fig. 4). The study showed that the Ig × SCC interaction 
had a statistically significant (p ≤ 0. 01) effect on the formation of the functional parameters of colostrum during 
the first milking after calving.

Immunoglobulins (IG class): (IG1) over 50 g/L, (IG2) up to 50 g/L. Data were presented as LSM 
with SEM. Statistical differences between IG class at P ≤0.01 
Colostrum samples were collected immediately after calving (up to a max. of 2 hours), before 
the first suckling of the calf.
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Figure 1.  Changes in colostrum’s gross composition for different Ig concentrations.
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Colostrum assigned to the  IG1  SCC1 group had a statistically significant (p ≤ 0.01) higher levels of bioac-
tive whey proteins compared to the  IG1  SCC2 and  SCC3 groups (Fig. 5a,b). The study showed that the Ig x SCC 
interaction had a statistically significant (p ≤ 0.01) effect on the level of lactoferrin, α-lactalbumin (Fig. 5a), and 
immunoglobulin during the first collection after calving (Fig. 5b).

The lowest level of β-lactoglobulin in  IG1  SCC1 was reported as 6.311 g/L, while the highest level in  IG2  SCC3 
was 12.941 g/L. The study showed that the Ig x SCC interaction had a statistically significant (p ≤ 0.01) effect on 
the formation of β-lactoglobulin (Fig. 5a).

The colostrum assigned to the  IG1  SCC1 group had a statistically significant (p ≤ 0.01) higher concentration of 
bioactive fatty acids compared to the  IG1  SCC2 and  SCC3 groups (Fig. 6). The highest level of C18:2 cis9trans11 
in  IG1  SCC1 was demonstrated to be 0.515 g/100 g fat, while the lowest level in  IG2  SCC2 was 0.231 g/100 g fat. 
The study showed that the Ig x SCC interaction had a statistically significant (p ≤ 0.01) effect on the formation 
of Conjugated Linoleic acid (CLA) (Fig. 6).

Discussion
The most important immunostimulating components in colostrum are immunoglobulins, which affect the immu-
nity of the calf  organism28–30. In order for the body to take full advantage of these components, attention is paid to 
factors such as the quality of the colostrum, the time elapsed since birth (which is crucial, due to the decreasing  

(a)

(b)
Immunoglobulins (IG class): (IG1) over 50 g/L, (IG2) up to 50 g/L. 
Data were presented as LSM with SEM. Statistical differences between IG class at P ≤0.01 
Colostrum samples were collected immediately after calving (up to a max. of 2 hours), before 

the first suckling of the calf.
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Figure 2.  Changes in whey protein content (a) LF, ALA, BLG, (b) IgG, IgM, IgA for different IG concentrations.
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Immunoglobulins (IG class): (IG1) over 50 g/L, (IG2) up to 50 g/L. 
Data were presented as LSM with SEM. Statistical differences between IG class at P ≤0.01 

Colostrum samples were collected immediately after calving (up to a max. of 2 hours), before 
the first suckling of the calf.
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Figure 3.  Changes in selected fatty acids’ content for different IG concentrations.

Immunoglobulins (IG class): (IG1) over 50 g/L, (IG2) up to 50 g/L; SCC class: (SCC1) up to 
400 000/ml, (SCC2) 400–800 000/ml, (SCC3) over 800 000/ml. 
Data were presented as LSM with SEM. Interaction between IG class and SCC class at P ≤0.01

Colostrum samples were collected immediately after calving (up to a max. of 2 hours), before 
the first suckling of the calf.
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Figure 4.  Interaction between the level of immunoglobulins and SCC as a factor shaping the basic chemical 
composition of colostrum [%].
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absorption capacity of the substance through the intestinal epithelium), and the quantity of  colostrum2,31. IgG 
are powerful effector molecules that can mediate tissue inflammation by complement activation, and by engaging 
classical FcγRs and C-type lectin  receptors32. The concentration of IgG, IgM, and IgA was shown to be higher 
by 226%, 149%, and 115%, respectively, in  IG1  SCC1 than in  IG2  SCC3 (Fig. 5b). Maunsell et al.6 reported that 
altered cell function caused by mastitis might reduce  IgG1 transport, and result in low colostral  IgG1 concentra-
tions in infected glands. Bollinger et al.33, reported, that intestinal epithelium has the capability of transporting 
Ig into the lumen via the expression of the polymeric immunoglobulin receptor. However, bacteria can bind 
free IgG in the intestine, or block IgG molecules from being taken up and transported into enterocytes, thereby 
impairing IgG  absorption34. It is assumed that good quality colostrum is characterized by a high concentration 
of IgG. Concentrations of this component should be higher than 50 g/L35. The calf ’s intestinal absorption phase 
is nonspecific for the class of immunoglobulins and is operative, essentially, only during the first 24 h after 
 birth36. With the average absorption of immunoglobulins through the intestine (20–30%), during the first six 
hours of life, the calf should ingest 100–200 g of Ig. This allows adequate passive transfer, which is guaranteed 

(a)

(b)

Immunoglobulins (IG class): (IG1) over 50 g/L, (IG2) up to 50 g/L; SCC class: (SCC1) up to 
400 000/ml, (SCC2) 400–800 000/ml, (SCC3) over 800 000/ml. Data were presented as LSM 
with SEM. 
Interaction between IG class and SCC class at P ≤0.01
Colostrum samples were collected immediately after calving (up to a max. of 2 hours), before 
the first suckling of the calf.
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Figure 5.  Interaction between the level of immunoglobulins and SCC as a factor influencing the level of whey 
proteins (a) LF, ALA, BLG, (b) IgG, IgM, IgA.



6

Vol:.(1234567890)

Scientific Reports |        (2021) 11:15686  | https://doi.org/10.1038/s41598-021-95283-1

www.nature.com/scientificreports/

by the colostrum assigned to  IG1  SCC1. Therefore, it can be concluded that colostrum characterized by a higher 
concentration of IG has higher immunostimulatory properties.

Immunomodulating and/or antimicrobial substances, including lactoferrin and lysozyme, are present in 
mammary secretions and may contribute to the protection of  neonates37. The study showed that the Ig x SCC 
interaction had a statistically significant (p ≤ 0.01) effect on lactoferrin concentration. The concentration of LF was 
shown to be higher in  IG1  SCC1 than in  IG2  SCC3 by 149% (Fig. 5a). In juveniles there is an initial lack of intestinal 
barrier, so LF has the opportunity to stay in the intestine longer and consequently penetrate the  bloodstream38. 
LF increases both in vivo and in vitro enterocyte differentiation. In addition, LF was found to increase in vitro 
enterocyte proliferation resulting in higher cell density in cell  flasks39. Therefore, it can be concluded that colos-
trum characterized by a higher concentration of lactoferrin has higher immunostimulatory properties.

Bravo-Santano et al.40 and Kenny et al.41 reported that the innate immune system in epithelial cells takes 
advantage of long chain free fatty acids such as C18:2 n-6 and C18:1 cis9, because they are considered bacte-
ricidal or bacteriostatic depending on their structural  characteristics25. The concentration of C18:1 trans11, 
C18:2 n-6, C18:3 n-3, and C18:2 cis9trans11 was shown to be higher in  IG1  SCC1 than in  IG2  SCC3 by 267%, 
197%, 169%, and 222%, respectively (Fig. 6). Studies have shown that the de novo synthesis of fatty acids and 
the acylation of long-chain fatty acids using glycerol can be impaired in mammary glands during the inflamma-
tory process. Meydani et al.42 reported that n-3 FAs decrease bacterial lipopolysaccharide-induced production 
of the pro-inflammatory cytokines IL-1 and TNF from peripheral blood lymphomonocytes. However, in the 
event of inflammation, the membrane’s enrichment of n-3 FAs reduces the ability of the endothelial cells to 
respond to stimulation by bacterial lipopolysaccharide, IL-I, IL-4, or TNF in terms of the intercellular adhesion 
molecule-1, as well as soluble mediators, such as IL-6 and IL-8, that are able to provide positive feed-back to 
amplify the inflammatory  response43,44. Thus, it can be concluded that colostrum of good cytological quality 
significantly influences the natural defensive mechanisms of calves, because the above-mentioned acids show 
anti-inflammatory effects.

In conclusion, the level of immunostimulatory components in colostrum is variable, and one of the modulat-
ing factors is cytological quality. A breakdown of colostrum into quality classes, taking into account the level of 
SCC: up to 400 000/ml, 400–800 000/ml, over 800 000/ml., should therefore be introduced.

Methods
All cows were handled in accordance with the regulations of the Polish Council on Animal Care; and the Second 
Ethics Committee for Animal Experimentation in Warsaw of the Ministry of Science and Higher Education 
(Poland) reviewed and approved all procedures (Approval number: WAWA2/086/2018). During the experi-
ment, the cows were under veterinary care. Dry cows were fed according to the guideline’s rules of the Nutrient 
Requirements Committee.

Seventy-eight multiparous (in second lactation) Polish Holstein–Friesian cows were selected for the experi-
ment. Colostrum samples (250 ml) were collected in sterile plastic containers containing the preservative Mleko-
stat CC immediately after calving (up to a max. of 2 h), before the first suckling of the calf, and then transported 
to the Warsaw University of Life Sciences and stored frozen (− 20 °C) until the planned analysis.

Immunoglobulins (IG class): (IG1) over 50 g/L, (IG2) up to 50 g/L; SCC class: (SCC1) up to 
400 000/ml, (SCC2) 400–800 000/ml, (SCC3) over 800 000/ml. 
Data were presented as LSM with SEM. Interaction between IG class and SCC class at P ≤0.01
Colostrum samples were collected immediately after calving (up to a max. of 2 hours), before 
the first suckling of the calf.
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After a preliminary analysis of the samples, cows were divided into groups according to the level of:

1. Immunoglobulins (IG class):

IG1 over 50 g/L (range of IG values: 60–78 g/L; n = 27),
IG2 up to 50 g/L (range of IG values: 32–50 g/L; n = 51)

2. Somatic Cell Count class (SCC class):

SCC1 up to 400 000/ml, range of SCC values: 150 000–400 000 cells/ml; n = 27
SCC2 400–800 000/ml, n = 28,
SCC3 over 800 000/ml (range of SCC values: 820 000–1500 000 cells/ml; n = 23).

Chemical analysis. The basic chemical composition of colostrum (fat, protein, lactose, casein, density) was 
determined using a Milko-Scan FT-120 analyzer (Foss Electric, Denmark).

Cytological quality (somatic cell count: SCC) was established using a Somacount 150 analyzer (Bentley, 
Warsaw, Poland).

Each sample of colostrum was centrifuged for 15 min at 5,000 × g in a microcentrifuge, and then the fat layer 
was removed. The remaining solubilized sample (5 mL) was heated to 40 °C and then, 10% solution of acetic acid 
was added to precipitate the casein fraction. After thawing, each sample was centrifuged for 15 min at 14,000 × g 
in a microcentrifuge. The supernatant was filtered through a nylon filter and used in further steps of the analysis: 
whey proteins and immunoglobulins.

Concentrations of whey proteins were determined using an Agilent 1100 Series RP-HPLC (Agilent Tech-
nologies, Waldbronn, Germany). Separations were performed at ambient temperature using solvent gradient 
on a Jupiter column C18 300A (Phenomenex, Torrance, CA, USA). The chromatographic conditions were as 
follows. Solvent A was acetonitrile (Merck, Darmstadt, Germany), water (Sigma-Aldrich) and trifluoroacetic 
acid (Sigma-Aldrich) in a ratio of 70:930:1 (v/v/v). Solvent B was acetonitrile, water, and trifluoroacetic acid in 
a ratio of 930:70:1(v/v/v). The flow rate was 1.4 ml/min and the detection wavelength was 220 nm. All samples 
were analyzed in duplicate. The identification of peaks as lactoferrin and lysozyme was confirmed by comparing 
them with the standards (Sigma-Aldrich, USA).

Concentrations of immunoglobulins (G, M, A) were determined using an Agilent 1100 Series RP-HPLC 
(Agilent Technologies, Waldbronn, Germany). The chromatographic conditions were as follows. Solvent A was 
acetonitrile (Merck, Darmstadt, Germany), water (Sigma-Aldrich) and trifluoroacetic acid (Sigma-Aldrich) in 
a ratio of 20:980:1 (v/v/v). Solvent B was acetonitrile, water, and trifluoroacetic acid in a ratio of 980:20:1(v/v/v). 
The column was first equilibrated at 25% mobile phase A for 2 min at a 2 mL/min flow rate. The elution was per-
formed as a gradient of mobile phase A, from 25 to 60% over 5 min at 2 mL/min. The detection wavelength was 
280 nm. All samples were analyzed in duplicate. The identification of peaks as immunoglobulins was confirmed 
by comparing them with the standards of Bovine Ig (Sigma-Aldrich, USA).

Fatty acid methylation was carried out using the trans-esterification method PN-EN ISO 5509:200045. Con-
centrations of fatty acids were determined using an Agilent 7890 GC gas chromatograph (Agilent Technologies, 
Waldbronn, Germany) and Varian Select FAME column. The separation was performed at pre-programmed 
temperature: 130 °C for 1 min; 130–170 °C at 6.5 °C min − 1; 170–215 °C at 2.75 °C  min−1; 215 °C for 12 min, 
215–230 °C at 20 °C  min−1 and 230 °C for 3 min. Helium at a flow rate of 25 cm  s−1 and constant pressure was 
used as the carrier gas, the injector temperature was  240◦C, and the detector temperature was 300 °C. All samples 
were analyzed in duplicate. Each peak was identified using pure methyl ester standards (Supelco, USA).

Statistical analysis. The data were compiled statistically by a multi-factor analysis of variance using the 
least squares method. The decomposition of bioactive components was checked using the Shapiro–Wilk test. All 
tests were conducted using an IBM SPSS  2346. After a preliminary analysis of the samples, cows were divided into 
groups according to the level of Immunoglobulins (IG class):  (IG1) over 50 g/L,  (IG2) up to 50 g/L; SCC class: 
 (SCC1) up to 400 000/ml,  (SCC2) 400–800 000/ml,  (SCC3) over 800 000/ml.

The statistical model was:

where: y is the dependent variable, µ is the overall mean,  Ai is the fixed effect of the IG class (I = 1 − 2),  Bj is the 
fixed effect of the SCC class,  Ai ×  Bj is the interaction between IG class and SCC class, and  eijk is the residual error.

Ethics approval. The Second Ethics Committee for Animal Experimentation in Warsaw of the Min-
istry of Science and Higher Education (Poland) reviewed and approved all procedures (Approval number: 
WAWA2/086/2018). All cows were handled in accordance with the regulations of the Polish Council on Animal 
Care, and the Warsaw University of Life Sciences Care Committee reviewed and approved the experiment and 
all procedures carried out in the study.

Data availability
All data generated or analyzed during this study are included in this published article. The datasets used and/or 
analyzed in the current study are available from the corresponding author on reasonable request.

Yijk = µ+ Ai + Bj + (Ai × Bj)+ eijk



8

Vol:.(1234567890)

Scientific Reports |        (2021) 11:15686  | https://doi.org/10.1038/s41598-021-95283-1

www.nature.com/scientificreports/

Received: 12 May 2021; Accepted: 21 July 2021

References
 1. Puppel, K. et al. Use of somatic cell count as an indicator of colostrum quality. PLoS ONE 15(8), e0237615. https:// doi. org/ 10. 1371/ 

journ al. pone. 02376 15 (2020).
 2. Puppel, K. et al. Composition and factors affecting quality of bovine colostrum: A review. Animal 9, 1070. https:// doi. org/ 10. 3390/ 

ani91 21070 (2019).
 3. Gulliksen, S. M., Lie, K. I., Solverod, L. & Osteras, O. Risk factors associated with colostrum quality in Norwegian dairy cows. J. 

Dairy Sci. 91, 704–712 (2008).
 4. Kehoe, S. I., Jayarao, B. M. & Heinrichs, A. J. A survey of bovine colostrum composition and colostrum management practices on 

Pennsylvania dairy farms. J. Dairy Sci. 90, 4108–4116 (2007).
 5. Wasowska, E. & Puppel, K. Changes in the content of immunostimulating components of colostrum obtained from dairy cows at 

different levels of production. J. Sci. Food Agric. 98, 5062–5068 (2018).
 6. Maunsell, F. P. et al. Effects of mastitis on the volume and composition of colostrum produced by Holstein cows. J. Dairy Sci. 81(5), 

1291–1299 (1998).
 7. Logan, E. F., Meneely, D. J. & Lindsay, A. Colostrum and serum immunoglobulin levels in Jersey cattle. Br. Vet. J. 137, 279–282 

(1981).
 8. Kruse, V. Yield of colostrum and immunoglobulin in cattle at the first-milking after parturition. Anim. Prod. 12, 619–626 (1970).
 9. Pritchett, L. C., Gay, C. C., Besser, T. E. & Hancock, D. D. Management and production factors influencing immunoglobulin G1 

concentration in colostrum from Holstein cows. J. Dairy Sci. 74(7), 2336–2341 (1991).
 10. Nardone, A., Lacetera, N., Bernabucci, U. & Ronchi, B. Composition of colostrum from dairy heifers exposed to high airtempera-

tures during late pregnancy and the early postpartumperiod. J. Dairy Sci. 80, 838–844 (1997).
 11. Möstl, K. & Bürki, F. Incidence of diarrhoea and of rotavirus and coronavirus shedding in calves, whose damshad been vaccinated 

with an experimental oil adjuvanted vaccine containing rotavirus and bovine coronavirus. J. Vet. Med. B 35, 186–196 (1998).
 12. Stelwagen, K., Carpenter, E., Haigh, B., Hodgkinson, A. & Wheeler, T. T. Immune components of bovine colostrum and milk. J. 

Anim. Sci. 87, 3–9 (2009).
 13. Godden, S. Colostrum managment for dairy calves. Vet. Clin. Food Anim. Pract. 24, 19–39 (2008).
 14. Weaver, D. M., Tyler, J. M., VanMetre, D. C., Hostetler, D. E. & Barrington, G. M. Passive transfer of colostralimmunoglobulins in 

calves. J. Vet. Intern. Med. 14, 569–577 (2000).
 15. Barrington, G. M. & Parish, S. M. Bovine neonatal immunology. Vet. Clin. North. Am. Food Anim. Pract. 17(3), 463–476 (2001).
 16. Cervenak, J. & Kacskovics, I. The neonatal Fc receptor plays a crucial role in the metabolism of IgG in livestock animals. Vet. 

Immunol. Immunopathol. 128, 171–177 (2009).
 17. Franklin, S. T., Amaral-Phillips, D. M., Jackson, J. A. & Campbell, A. A. Health and performance of Holstein calves that suckled 

or were hand-fed colostrum and were fed one of three physical forms of starter. J. Dairy Sci. 86, 2145–2153 (2003).
 18. McGuirk, S. M. & Collins, M. Managing the production, storage, and delivery of colostrum. Vet. Clin. North. Am. Food Anim. 

Pract. 20, 593–603 (2004).
 19. Puppel, K. et al. Relationship between the quality of colostrum and the formation of microflora in the digestive tract of calves. 

Animals 10, 1293. https:// doi. org/ 10. 3390/ ani10 081293 (2020).
 20. Hyrslova, I., Krausova, G., Bartova, J., Kolesar, L. & Curda, L. Goat and bovine colostrum as a basis for new probiotic functional 

foods and dietary supplements. J. Microb. Biochem. Technol. 8, 56–59 (2016).
 21. Carthy, T. L. M., Kerry, J. P., Kerry, J. F., Lynch, P. B. & Buckley, D. J. X. Evaluation of the antioxidant potential of natural food/

plant extracts as compared with synthetic antioxidants and vitamin E in raw and cooked pork patties. Meat Sci. 1, 45–52 (2015).
 22. Actor, J. K., Hwang, S.-A. & Kruzel, M. L. Lactoferrin as a natural immune modulator. Curr. Pharm. Des. 15(17), 1956–1973 (2009).
 23. Chen, J., Lindmark-Mansson, H. & Akesson, B. Optimisation of a coupled enzymatic assay of glutathione peroxidase activity in 

bovine milk and whey. Int. Dairy J. 2, 347–351 (2000).
 24. Antonietti, M. & Förster, S. Vesicles and liposomes: A self-assembly principle beyond lipids. Adv. Mater. 15, 1323–1333 (2003).
 25. Yoom, B. K., Jackmanm, J. A., Valle-Gonzálezm, E. R. & Cho, N. J. Antibacterial free fatty acids and monoglycerides: Biological 

activities, experimental testing, and therapeutic applications. Int. J. Mol. Sci. 19(4), 1114 (2018).
 26. Salmon, H. The mammary gland and neonate mucosal immunity. Vet. Immunol. Immunopathol. 72, 143–155 (1999).
 27. Ferdowsi Nia, E., Rahmani, H. R., Alikhani, M., Mohammad Alipour, M. & Ghorbani, G. R. Increased colostral somatic cell counts 

reduce pre-weaning calf immunity, health and growth. J. Anim. Physiol. Anim. Nutrit. 94(5), 628–634 (2010).
 28. ISO P. Animal and vegetable fats and oils–preparation of methyl esters of fatty acids. Polish Standard Method PN-EN ISO, 5509 

(2000)
 29. IBM Crop. Released IBM SPSS for Windows, Version 23.0, Armonk (2021)
 30. Levieux, D. & Ollier, A. Bovine immunoglobulin G, beta-lactoglobulin, alpha-lactalbumin and serum albumin in colostrum and 

milk during the early post partum period. J. Dairy Res. 66, 421–430 (1999).
 31. Fox P. F. & Mc Sweeney P. L. H. Advanced Dairy Chemistry Third ed., Kluwer Academic/Plenum Publishers: New York, USA, Vol. 

Volume 1 Proteins (2003)
 32. Osaka, I., Matsui, Y. & Terada, F. Effect of the mass of immunoglobulin (Ig)G intake and age at first colostrum feeding on serum 

IgG concentration in Holstein calves. J. Dairy Sci. 97, 6608–6612 (2014).
 33. Elfstrand, L., Lindmark-Månsson, H., Paulsson, M. & Nyberg & L., Åkesson, B. ,. Immunoglobulins, growth factors and growth 

hormone in bovine colostrum and the effects of processing. Int. Dairy J. 12(11), 879–887 (2002).
 34. Castro-Dopico, T. & Clatworthy, M. R. IgG and Fcγ receptors in intestinal immunity and inflammation. Front. Immunol. 10, 805. 

https:// doi. org/ 10. 3389/ fimmu. 2019. 00805 (2019).
 35. Bollinger, R. R. et al. Secretory IgA and mucin-mediated biofilm formation by environmental strains of Escherichia coli: Role of 

type 1 pili. Mol. Immunol. 43, 378–387 (2006).
 36. Johnson, J. L., Godden, S. M., Molitor, T., Ames, T. & Hagman, D. Effects of feeding heat-treated colostrum on passive transfer of 

immune and nutritional parameters in neonatal dairy calves. J. Dairy Sci. 90, 5189–5198 (2007).
 37. Buczinski, S. & Vandeweerd, J. M. Diagnostic accuracy of refractometry for assessing bovine colostrum quality: A systematic 

review and meta-analysis. J. Dairy Sci. 99(9), 7381–7394 (2016).
 38. Larson, B. L., Heary, H. L. Jr. & Devery, J. E. Immunoglobulin production and transport by the mammary gland. J. Dairy Sci. 63(4), 

665–671 (1980).
 39. Wagstrom, E. A., Yoon, K. J. & Zimmerman, J. J. Immune components in porcine mammary secretions. Viral. Immunol. 13(3), 

383–397 (2000).
 40. Artym, J. & Zimecki, M. Rola laktoferryny w prawidłowym rozwoju noworodka the role of lactoferrin in the proper development 

of newborns. Postepy. Hig. Med. Doswiad. 59, 421–432 (2005).
 41. Blais, A. et al. Effects of lactoferrin on intestinal epithelial cell growth and differentiation: an in vivo and in vitro study. Biometals 

27, 857–874 (2014).

https://doi.org/10.1371/journal.pone.0237615
https://doi.org/10.1371/journal.pone.0237615
https://doi.org/10.3390/ani9121070
https://doi.org/10.3390/ani9121070
https://doi.org/10.3390/ani10081293
https://doi.org/10.3389/fimmu.2019.00805


9

Vol.:(0123456789)

Scientific Reports |        (2021) 11:15686  | https://doi.org/10.1038/s41598-021-95283-1

www.nature.com/scientificreports/

 42. Bravo-Santano, N. et al. Intracellular Staphylococcus aureus elicits the production of host very long-chain saturated fatty acids with 
antimicrobial activity. Metabolites 9(7), 148. https:// doi. org/ 10. 3390/ metab o9070 148 (2019).

 43. Kenny, J. G. et al. The Staphylococcus aureus response to unsaturated long chain free fatty acids: Survival mechanisms and virulence 
implications. PLoS ONE 4(2), e4344. https:// doi. org/ 10. 1371/ journ al. pone. 00043 44 (2009).

 44. Meydani, S. et al. Oral n-3 fatty acid supplementation suppresses cytokine production and lymphocyte proliferation. Comparison 
in young and older women. J. Nutr. 121, 547–555 (1991).

 45. De Caterina, R., Cybulsky, M. I., Clinton, S. K., Gimbrone, M. A. Jr. & Libby, P. The omega-3 fatty acid docosahexaenoate reduces 
cytokine-induced expression of pro-atherogenic and proinflammatory proteins in human endothelial cells. Arterioscler. Thromb. 
14, 1829–1836 (1994).

 46. De Caterina, R. & Libby, P. Control of endothelial leukocyte adhesion molecules by fatty acids. Lipids 31(1), 557–563 (1996).

Author contributions
Conceptualization, K.P. and M.G.; methodology, K.P.; software, G.G.; validation, K.P.; formal analysis, K.P., J.S., 
P.S., P.K., K.G. and M.B.; investigation, K.P., M.G.; resources, T.S.; data curation, K.P.; writing—original draft 
preparation, K.P. and M.G.; writing—review and editing, K.P. and M.G.; visualization, G.G.; supervision, T.S.; 
project administration, T.S.; funding acquisition, K.P. and T.S. All authors have read and agreed to the published 
version of the manuscript.

Funding
The ProYoungStock consortium partners gratefully acknowledge the financial support of this project provided 
by the CORE Organic Co-fund 2016/17 Funding Bodies, being partners of the Horizon 2020 ERA-Net project 
CORE Organic Co-fund (Coordination of European Transnational Research in Organic Food and Farming 
systems, project ID 727495).

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to K.P.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

https://doi.org/10.3390/metabo9070148
https://doi.org/10.1371/journal.pone.0004344
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Interaction between the level of immunoglobulins and number of somatic cells as a factor shaping the immunomodulating properties of colostrum
	Results
	Discussion
	Methods
	Chemical analysis. 
	Statistical analysis. 
	Ethics approval. 

	References


