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Abstract 
In general, milk quality depends on its chemical composition and on some key proteins’ genetic 

variants. Cow`s milk shows a various protein profile based on specific polymorphisms, which are 
related to human health, throughout positive associations with different diseases occurrence or 
prevention. Caseins are the main proteins of cow’s milk and β-casein of the caseins, showing a 
variable genetic profile, but with two most common variants, A1 and A2, which are still under 
debate on their effect on human heath, in the context of a growing global interest for A2-milk. Also, 
other milk proteins with genetic polymorphic variation show potentially benefic effects for human 
health. Dairy cattle genetic management could be directed for using favorable milk genetic profiles, 
by genotyping means. Since many countries, including Romania still need to make progress towards 
implementing and using widely available genotyping facilities for such purposes, the present paper 
aims to highlight some relevant aspects and the necessity of knowing the prevalence of milk proteins 
variants in indigenous as well as cross bred cattle population for targeting adequate breeding 
strategies based on health concerns of milk proteins genotypes. 
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INTRODUCTION 1 
Disease prevention, including cancer is a 

major concern all over the world. World 
Health Organization reported an increasing 
global share of noncommunicable diseases 
deaths ranging from 60.8% in 2000 to 73.6% 
in 2019 [25], meanwhile GLOBOCAN a 
global cancer burden of 19.3 million cases 
and about 10.0 million cancer deaths for 
2020 with a higher overall incidence in 
transitioned versus transitioning countries 
(from 2-fold to 3-fold higher) for and a 
higher mortality in men, and an increasing 
trend of 47% from 2020 i.e., of 28.4 million 
cases also with a higher increase in 
transitioning (64% to 95%) versus 
transitioned (32% to 56%) countries [21]. 
Since many factors related globalization and 
growing economy are responsible for such 
effects, prevention measures are critical for 
disease and also cancer control and 
management, especially in transitioning 
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countries. In terms of reducing mortality and 
improving global life expectancy and healthy 
life expectancy recommendations related all 
implied factors are addressed to overcome 
this issue, including dietary.  

Milk and dairy products are highly 
recommended in dietary guidelines as health-
promoting foods [14]. Milk and milk-based 
products, especially from cow’s milk are 
essential in human daily diet due to their 
components, being widely consumed by 
humans. Moreover, regular intake of milk 
and milk products was proved to be inverse 
associated with development of some cancer 
types [3]. Also, it is well known the debate 
over milk proteins quality, due to their 
genetic variants and disease occurrence and 
progression [1]. 

Additionally, an increased special interest 
for some milk components and their effects is 
of interest lately mainly related to their 
potential association to various diseases [13]. 

Milk proteins such as caseins have a 
variation profile based on the encoding 
genetic background showing a spectrum of 
effects related human heath not fully 
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understood. Identification of milk protein 
genetic variants in various cattle breeds 
population and defining breeding strategies 
related to health concerns should be 
considered a strategy to be started and 
implemented at national level. This paper 
aims to highlight some relevant aspects and 
the necessity of knowing the prevalence of 
milk proteins variants in indigenous as well 
as crossbred cattle population for targeting 
adequate breeding strategies based on health 
concerns of milk proteins genotypes. 
 
COW`S MILK COMPOSITION 

Cow`s milk contains water (86–88%), 
milk fat (3–6%), protein (3–4%), lactose 
(5%), and minerals (0.7%) [7].  
Milk contains 2 major protein groups: caseins 
and whey proteins [11]. Milk composition 
shows a 3.2 % of protein content and in 
proteins about 80% are caseins and 20% are 
whey proteins comprising α-lactalbumin and 
β-lactoglobulins. 

Bovine milk contains 4 caseins: alpha s1 
(CSN1S1), alpha s2 CSN1S2), beta (CSN2), 
kappa (CSN3), and also gamma casein, 
which is a product of degradation of beta-
casein. Of the casein class of proteins 
harboring several protein types (α- casein, β- 
casein, κ-casein and γ -casein), β-casein is 
the most abundant of total milk protein (25-
35%) [13]. Whey protein content harbors: 
beta-lactoglobulin (LGB), alphalactoalbumin 
(LALBA), immunoglobins (IgGs), 
glycomacropeptides (GMP), bovine serum 
albumin (BSA), and minor proteins, such as 
lactoperoxidase, lysozyme and lactoferrin 
(table 1). 
 
COW`S MILK PROTEINS GENETICS 
RELATED TO HUMAN HEALTH 
 Caseins from milk form macromolecular 
aggregates i.e., casein micelles between 30-
300 nm. The casein phosphoproteins can be 
classified in four families based on their 
primary amino acid structure homology, each 
showing several variants according to the 
genetic heterogeneity [8]. 
 Casein and whey protein fractions as α-, 
β-, k-caseins, lactapin (k-casein fragment), 
PGPIPN (β-casein fragment), INKKI (β-

casein fragment), casomorphin, casein 
phosphopeptide and others are known for 
antitumor activity [13]. 
 Moreover, depending on cattle breed, all 
casein families show various genetic variants 
resulting in a many different biologically 
active protein fragments after gastrointestinal 
digestion or food processing processes as 
hydrolysis or fermentation [15].  
 Milk quality can be related beta-casein 
genetics, which shows various genetic 
variants, one is believed to be linked to disease 
progression i.e., cardiovascular, metabolic and 
nervous. β-caseins show 13 different genetic 
variants (A1, A2, A3, A4, B, C, D, E, F, H1, 
H2, I, G) the most common being A1 and A2, 
B variant being less common and A3 and C 
variant being rare [11], data related to the 
variation of β-casein in the amino acid 
sequence being presented in table 2. Beta-
casein is encoded by CSN2 gene has a SNP in 
exon 7 of CSN2 which is believed to be 
associated with human health named as A1A2 
SNP. A1 and A2 variant variation consist in a 
cytosine (C) to adenine (A) nucleotide 
substitution changing histidine (present in A1 
type) with proline (present in A2) at 67th 
position of beta casein polypeptide [4]. A1 
beta-casein is mostly found in European 
cattle`s milk, while cattle of Asian or African 
origin secretes A2 beta-casein [1]. Related 
beta-casein variant presence in A1 and A2 
variant of beta-casein can be assessed in milk 
or in animals at genetic level, related the 
homozygous or heterozygous state of A1 and 
A2 genotype, so that milk resulted from A2 
genotype will contain only A2 variant of beta-
casein, meanwhile heterozygous genotypes 
will lead to both A1 and A2 variant of beta- 
casein. ``A1 and A2 Milk`` is still a global 
debate over milk quality and its relevance for 
disease occurrence. A1 milk consumption is 
associated with occurrence of many diseases 
including type 1 diabetes, cardiovascular 
diseases, autism, schizophrenia and auto 
immune disorders [26]. 

Milk proteins show different 
physiological functions related to their 
potential to release bioactive peptides after 
enzymatic digestion, which in the 
gastrointestinal environment are activated. 
Some milk proteins represent a source of 
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active peptides named opioids, being 
chemical substances with a morphine-like 
activity in human body, playing a role in the 
response to stress and pain and food intake 
regulation, which bind to opioid µ-receptors, 
mainly found in the central nervous system 
and the gastrointestinal tract [23]. Milk 
proteins are in an inactive state within the 
sequence of the parent protein, but they can 
be released during gastrointestinal digestion 
(hydrolysis) or food processing (digestion or 
maturation throughout technological 
processing), or produced by the body itself, 
leading to the formation of various bioactive 
peptides [11]. 

Casein phosphopeptides result by 
gastrointestinal trypsin digestion from αs1-, 
αs2-, or β-caseins (varying based on their 
extent of phosphorylation) and are carrier 
molecules for minerals (as magnesium, iron, 
and trace elements such as zinc, barium, 
chrome, nickel, cobalt, and selenium) by 
forming complexes, mainly with calcium, 
and modulate their bioavailability [12].   

Beta-casomorphins (BCMs) are bioactive 
peptides originating from β -casein, the most 
common forms being BCM-7 and BCM-5. 

During gastrointestinal digestion, the 
beta-casomorphin-7 result from A1 bovine 
milk proteins, being considered the primary 
causative factor for health and digestive 
disorders associated with A1 milk. BCM-7 
shows a strong opioid activity having a role 
in stimulating human lymphocyte T 
proliferation in vitro, cytomodulatory 
properties, etc. The hydrolyzed milk with A1 
variant of beta-casein contains a 4-fold 
higher level of BCM-7 than in A2 milk [23]. 

Moreover, BCM-7 may be a risk factor 
for various human diseases such as ischemic 
heart disease, atherosclerosis, type 1 diabetes, 
sudden infant death syndrome [20, 22], 
autism, schizophrenia [5, 18]. Moreover, 
there is no proved association between the 
presence of A2 β-casein and cow milk 
protein allergy (CMPA) or health problems 
[15]. A2 milk generates another peptide 
called BCM-9 [10]. 

The northern European cattle breeds such 
as Holstein, Friesian, Ayrshire and British 
Shorthorn in general produce milk with a 
high A1 β-casein content, meanwhile breed 

from the Channel Islands and southern 
France, such as Guernsey, Jersey, Simmental, 
Charolais and Limousin produce A2 β-casein 
milk [11]. and indigenous cows and buffaloes 
from India and other Asian countries mostly 
show A2 β-casein milk, too [18, 15].   

αs1-casein milk leads to a firmer curds 
production and a higher cheese yield, on 
opposite to milk having higher αs2-casein, 
which leads to a softer curd and a lower cheese 
yield, but with an enhanced digestibility, 
showing benefic effects in human nutrition. 
Also, milk showing high αs1-casein is linked to 
higher incidences of milk allergy, digestive 
problems and CMPA patients [16, 15]. 

Other bovine milk proteins such as kappa-
casein (CSN3) and beta-lactoglobulin (β-LG) 
are linked to important economically traits, 
genetic variants of this genes being associated 
with milk composition, quality, production, 
and also cheese production [19]. 

CSN3 gene in bovine shows 11 genetic 
variants associated with milk composition, 
quantity, quality and also processing, of which 
A and B alleles being the most common. Allele 
A in CSN3 gene is related to milk quantity and 
a lower protein content, meanwhile allele B is 
related to a lower milk quantity and a higher 
protein and fat content [6, 2].   

The bovine β-LG gene located on 
chromosome 11 has 15 alleles determined and 
of the two most common variants investigated 
(A and B variants), variant B is related to milk 
quality and variant A to milk quality [27]. β-
lactoglobulin, which is the most abundant non-
casein protein in cow`s milk, have a molecular 
weight is 18.3 kDa (162 amino acid residues) 
and shows two main genetic variants A and B, 
based on two-point mutations under 
physiological pH and ambient temperature and 
function as a carrier protein for a variety of 
hydrophobic molecules, like retinoids (e.g., 
vitamin A), lipids, and polyphenols protecting 
them against oxidative damage or increasing 
their solubility [9]. 

Milk proteins genes such as CSN1S1, 
CSN2, CSN3, LGB show potential to be used 
in animal breeding programmes for 
improving or changing milk proteins profile 
and in this way the precursors for bioactive 
peptides. Implementing a simple selection of 
both genotype B in β-lactoglobulin gene and 
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the A2B haplotype β–κ-casein for a higher 
milk protein content, of BB and AB 
genotypes in CSN1S1 for a increasing milk 
protein percentage could stand for such 
purposes [24]. 

Milk bioactive peptides content shows 
differences related to the immune system 
between cattle breeds. For example, Holstein 
has lower ectonucleotide pyrophosphatase and 
chitinase domain-containing protein 1, and 
higher lactoferrin concentrations compared to 
Jersey, meanwhile it seems that osteopontin, 
lactoperoxidase, and growth factors including 
insulin-like growth factor (IGF) and 
transforming growth factor-β does not show 
differences between these breeds [24].  
 
ROMANIA STATUS RELATED TO 
MILK PROTEIN VARIANTS 
SELECTION IN CATTLE 

Dairy cattle farming in Romania produce 
milk, which is processed and marketed, but a 
special interest should be addressed to the 
genotype status of cattle livestock, for further 
adequate certification based on specific 
genotypes of milk proteins related human 
health.  

β-casein polymorphisms assessment along 
with other milk proteins variants is important 
due to their ability to influence the casein 
micelle structure and thus milk properties and 
milk products i.e., yoghurt, cheese. 

Microarray technologies and systematic 
genotyping for beta-casein or other milk 
proteins are useful tools for monitoring milk 
proteins frequencies in bulls and also in 
cows, and also for selection of desirable 
genotypes of milk proteins, specifically A2 
genotypes and selective commercialization of 
bull semen for obtaining cattle herds 
producing A2 milk. All together highlight the 
milk proteins variants importance for human 
health, especially for those at high risk for 
various susceptible diseases.  

In Romania semen genetic resources 
commercialized show description of allelic 
variant of milk proteins, including those of 
kappa- and beta-caseins genotypes, for various 
bulls, but also bull semen not offering such 
specification can be found on market. 
Genotyping current cattle livestock population 
and using genetic resources with known and 
targeted genotypes could stand for such 
purposes and could contribute to a healthier 
milk production in our country. Local cattle 
breeds in Romania could be a valuable genetic 
pool for healthy milk protein variants. Further 
studies in cattle livestock genotyping still need 
to be assessed to establish the genetic 
polymorphic profile of milk protein in local 
breeds. Trade promotion and development of 
animal breeding sector in Romania by 
choosing heathy milk protein variants and 
targeted campaign for farmers could have an 
important impact for health sector too. 

 
Table 1 Cow`s milk composition (data adapted from [24]) 
 

Cow`s milk components
Water  86-88 %
Fat 3-6 %  
Protein 

3-4 % 

Insoluble 
casein 
proteins 

80 % 

α - casein αs1 - casein 39-46 % 
% in total 
casein 
fraction 

αs2 - casein 8-11 % 
β - casein 25-35 %
k - casein 8-15 % 
γ -casein 3 %

Soluble 
whey 
proteins 

20 % 

α - lactalbumin 5 %

% in total 
protein 
fraction 

β - lactoglobulin 10 %
lactoferrin traces
serumalbumin 1 %
immunogl
obulins 

mainly IgG 3 % 

Lactose 5 % 
Minerals 0.7 %
Vitamins <0.5 %
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Table 2  Polymorphic profile of β-caseins (data adapted from [11]) 
 

No. β-
casein 
genetic 
variants 

Polymorphic sites in amino acid sequence 

18 25 35 36 37 67 72 88 93 106 117 122 137 138 

1 A2 Ser-
P 

Arg Ser-
P 

Glu Glu Pro Glu Leu Gln His Gln Ser Leu Pro 

2 A1  His   
3 A3  Gln   
4 A4 change not yet recognized
5 B  His Arg   
6 C  Ser Lys His   
7 D Lys   
8 E  Lys   
9 F  His  Leu 
10 G  His Leu   
11 H1  Cys Ile   
12 H2  Glu Leu  Glu 
13 I  Leu   
 
CONCLUSIONS  

Changing milk protein profile associated 
to animal genetics is still challenging and 
may drive further research to develop new 
dairy products with healthy and benefic 
properties for humans. 

Future studies and animal breeding 
programs should use and implement milk 
protein genetics knowledge for improving the 
healthiness of milk protein next to prevention 
of human related diseases, also in our country. 

Romanian cattle breeds should be 
assessed for such purposes to find out its 
encoded genetics related healthy variants of 
milk proteins. 
 
REFERENCES 
[1] Ali W.R., Amin I., Asif M., Mansoor S., 
2019, Genotyping Test Development and 
Genotyping Survey of Pakistani population of 
Holstein Friesian imported from Different Origins 
for A1/A2 SNP in Beta-casein Gene, bioRxiv 
720045; doi: https://doi.org/10.1101/720045 
[2] Barbosa, S., Araújo, Í., Martins, M., Da 
Silva, E., Jacopini, L., Batista, Â. M., Silva, M., 
Genetic association of variations in the kappa-
casein and β-lactoglobulin genes with milk traits in 
girolando cattle. Revista Brasileira de Saúde e 
Produção Animal, 2019, 20. 10.1590/s1519-
9940200312019. 
[3] Bermejo, L.M.; López-Plaza, B.; Santurino, 
C.; Cavero-Redondo, I.; Gómez-Candela, C. Milk 
and Dairy Product Consumption and Bladder 
Cancer Risk: A Systematic Review and Meta-

Analysis of Observational Studies. Adv. Nutr. 
2019, 10, S224–S238. 
[4] Bonsing, J., J.M. Ring, A.F. Stewart, and 
A.G. Mackinlay. 1988. Complete nucleotide 
sequence of the bovine ß-casein gene. Australian 
Journal of Biological Sciences 41: 527-38. 
[5] Cade R, Privette R, Fregly M, Rowland N, 
Sun Z, Zele V, 2000. Autism and schizophrenia: 
intestinal disorders. Nutr Neurosci 3: 57–72. 
[6] Caroli, A.M., Chessa, S.; Erhardt, G.J. Milk 
protein polymorphisms in cattle: effect on animal 
breeding and human nutrition. Journal of Dairy 
Science, 2009, 92(11):5335-5352. 
[7] Eskin, N.A.M.; Goff, H.D. Chapter 4—
Milk. In Biochemistry of Foods, 3rd ed.; Eskin, 
N.M., Shahidi, F., Eds.; Academic Press: San 
Diego, CA, USA, 2013; pp. 187–214.  
[8] Farrell, H.; Jimenez-Flores, R.; Bleck, G.; 
Brown, E.; Butler, J.; Creamer, L.; Hicks, C.; 
Hollar, C.; Ng-Kwai-Hang, K.; Swaisgood, H. 
Nomenclature of the Proteins of Cows’ Milk—
Sixth Revision. J. Dairy Sci. 2004, 87, 1641–1674. 
[9] Jameson, G.B.; Adams, J.J.; Creamer, L.K. 
Flexibility, functionality and hydrophobicity of 
bovine β-lactoglobulin. Int. Dairy J. 2002, 12, 
319–329. 
[10] Jianqin, S.; Leiming, X.; Lu, X.; Yelland, 
G.W.; Ni, J.; Clarke, A.J. Effects of milk 
containing only A2 beta casein versus milk 
containing both A1 and A2 beta casein proteins on 
gastrointestinal physiology, symptoms of 
discomfort, and cognitive behavior of people with 
self-reported intolerance to traditional cows’ milk. 
Nutr. J. 2016, 15, 45. 
[11] Kamiński, S.; Cieślińska, A.; Kostyra, E. 
Polymorphism of bovine beta-casein and its 
potential effect on human health. J. Appl. Genet. 
2007, 48, 189–198. 



Iasi University of Life Sciences 
 

 
- 150 - 

 Article licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License (http://creativecommons.org/licenses/by-nc-sa/4.0/) 

[12] Kitts, D.D.; Nakamura, S. Calcium-enriched 
casein phosphopeptide stimulates release of IL-6 
cytokine in human epithelial intestinal cell line. J. 
Dairy Res. 2005, 73, 44–48. 
[13] Leischner C, Egert S, Burkard M, Venturelli 
S. Potential Protective Protein Components of 
Cow's Milk against Certain Tumor Entities. 
Nutrients. 2021 Jun 8;13(6):1974. 
[14] Oberritter H., Schäbethal K., von Ruesten 
A., Boeing H. The DGE Nutrition Circle—
Presentation and Basis of the Food-Related 
Recommendations from the German Nutrition 
Society (DGE) Ernaehrungs Umsch. Int. 2013:24–
29.  
[15] Park YW, Haenlein GFW. A2 Bovine Milk 
and Caprine Milk as a Means of Remedy for Milk 
Protein Allergy. Dairy. 2021, 2(2):191-201. 
[16] Park, Y.W.; Haenlein, G.F.W. Therapeutic 
and Hypo-Allergenic and Bioactive Potentials of 
Goat Milk, and Manifestations of Food Allergy. In 
Handbook of Milk of Non-Bovine Mammals, 2nd 
ed.; Park, Y.W., Haenlein, G.F.W., Wendorff, 
W.L., Eds.; Wiley-Blackwell Publishers: Oxford, 
UK, 2017; pp. 151–180. 
[17] Park, Y.W.; Nam, M.S. Bioactive Peptides 
in Milk and Dairy Products: A Review. Food Sci. 
Anim. Resour. 2015, 35, 831–840. 
[18] Priyadarshini, P.; Mishra, C.; Mishra, B.; 
Swain, K.; Rout, M.; Mishra, S.P. Impact of milk 
protein on human health: A1 verses A2. IJCS 
2018, 6, 531–535. 
[19] Singh, U.; Deb, R.; Kumar, S.; Singh, R.; 
Sengar, G.; Sharma, A. Association of prolactin 
and betalactoglobulin genes with milk production 
traits and somatic cell count among Indian 
Frieswal (HF × Sahiwal) cows. Biomarkers and 
Genomic Medicine, v. 7, n.1, p.38-42, 2014. 
[20] Sun Z, Zhang Z, Wang X, Cade R, Elmer Z, 
Fregly M, 2003. Relation of beta-casomorphin to 
apnea in sudden infant death syndrome. Peptides 
24: 937–943. 
[21] Sung H, Ferlay J, Siegel RL, Laversanne M, 
Soerjomataram I, Jemal A, Bray F. Global Cancer 
Statistics 2020: GLOBOCAN Estimates of 
Incidence and Mortality Worldwide for 36 Cancers 
in 185 Countries. CA Cancer J Clin. 2021 
May;71(3):209-249. 
[22] Tailford KA, Berry CL, Thomas AC, 
Campbell JH, 2003. A casein variant in cow’s milk 
is atherogenic. Atherosclerosis 170: 13–19. 
[23] Teschemacher H, 2003. Opioid receptor 
ligands derived from food proteins. Curr Pharm 
Des 9: 1331–1344. Jarmolowska B, Kostyra E, 
Krawczuk S, Kostyra H, 1999. Beta-casomorphin-
7 isolated from Brie cheese. J Sci Food Agric 79: 
1788–1792. 
[24] Vargas-Bello-P., E., Márquez-Hernández, 
R., Hernández-Castellano, L., Bioactive peptides 

from milk: Animal determinants and their 
implications in human health. Journal of Dairy 
Research, 2019, 86(2), 136-144. 
[25] WHO, 2021, World Health Statistics 2021, 
https://apps.who.int/iris/bitstream/handle/10665/34
2703/9789240027053-eng.pdf 
[26] Woodford, K. 2009.Devil in the Milk: 
Illness, Health and the Politics of A1 and A2 Milk: 
Chelsea Green Publishing. Kamiński S, Cieslińska 
A, Kostyra E. Polymorphism of bovine beta-casein 
and its potential effect on human health. J Appl 
Genet. 2007; 48(3):189-98.  
[27] Zaglool, A.W.; Awad, A.; El, S.; El, A.; El-
Bayom, K.M.. Association of β–Lactoglobulin 
Gene Polymorphism with Milk Yield, Fat and 
Protein in Holstein-Friesian Cattle. World., 2016, 
6, (3): 117-122. 
 


