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Milk is nutrient-rich, white liq-

uid food produced by the mammary 

glands of mammals. Interspecies con-

sumption of milk is not uncommon, 

particularly among humans, many of 

whom consume the milk of other 

mammals. Milk contains a significant 

source of energy, protein, and micro-

nutrients such as calcium, magnesi-

um, phosphorus and vitamin B 12. It 

positively associated with a variety of 

health conditions. However, in the 

past few years, bovine milk comes un-

der the scrutiny of its possible role in 

some non-communicable disorders. 

Milk is divided into two groups A1 and 

A2. A1 milk produces BCM-7 on its 

digestion which is believed to be in-

volved in Autism, Diabetes-type 

1, Sudden death Syndrome in infants, 

Ulcerative colitis, Cardiac problems, 

Obesity, Arteriosclerosis, Intolerance 

bloating, Mental disorders 

(Parkinson, Schizophrenia) and other 

non-communicable disorders 

(Parashar et al., 2015). 

India is the number one produc-

er of milk in the world and most of the 

Indian cattle breeds are A2 in nature. 

It seems that A1 milk is not a major 

problem for India. Despite being the 

largest producer of milk in the world 

(187.7 Million Tonnes per annum-

DAHD&F, 2019). Milk production is 

still not able to fulfill the growing de-

mands. To increase the milk produc-

tion government of India has taken 

several initiatives and one of the areas 

is the cross-breeding program in bo-

vines. Crossbreds of bovine have defi-

nitely contributed to increasing the 

overall milk production, but at the 

same time, the A1 allele has also en-

tered their genome, creating concerns 

of production of BCM-7 from their 

milk after human consumption.  

History 

Interest in the distinction be-

tween A1 and A2 beta-casein proteins 

began in the early 1990s 

via epidemiological research and ani-

mal studies initially conducted by sci-

entists in New Zealand, which found 

correlations between the prevalence of 

milk with A1 beta-casein proteins in 

some countries and the prevalence of 

various chronic diseases. Cow milk is 

about 87 percent water and 13 percent 
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solids, a combination of fat, carbohy-

drates in the form of lactose, minerals, 

and protein. About 30 to 35 percent of 

the casein is beta-casein, of which 

there are several varieties, determined 

by the genes of the cow. The most com-

mon milk protein beta-casein has 2 

variants are A1 and A2 protein. Scien-

tists believe the difference originated 

as a mutation that occurred between 

5000 and 10,000 years ago as cattle 

were being taken north into Europe. 

The sole difference is that one of 

the 209 amino acids that make up the 

beta-casein proteins, a proline, occurs 

at position 67 in the chain of amino 

acids that make up the A2 beta-casein, 

while in A1 beta-casein, 

a histidine occurs at that position 

(proline at position 67 was replaced by 

histidine). The mutation subsequently 

spreading widely throughout herds in 

the Western world through breeding

(Parashar et al., 2015).  

A1 and A2 milk 

  β-casein accounts for 24-28% of 

total milk protein. The molecular 

weight of β-casein is 24 kilo Dalton. It 

comprises of 209 amino acids. At least 

12 variants of this protein are known. 

Each variant differs from other vari-

ants in terms of amino acid substitu-

tion at the fixed position. For example, 

β- casein A1 has histidine amino acid 

at 67th position while β- casein A2 has 

proline at same position.β-casein pro-

tein is coded by chromosome number 6 

of the bovine genome. Histidine is cod-

ed by CAT (cytosineadenosine-

thymine) bases whereas proline is cod-

ed by CCT (cytosine-cytosine-

thymine); here due to mutation adeno-

sine is replaced by cytosine. Molecular 

biology methods can determine this 

difference of single nucleotide in the β-

casein gene and can identify individu-

al animals whether they carry the 

gene for β-casein A1 or β-casein A2 or 
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both. β-casein protein is co-dominantly 

expressed in the A1A2 genotype where 

allele A1 and A2 are equally ex-

pressed. β-casein A1 is the result of a 

genetic mutation in cattle, believed to 

have occurred about 5000 years ago in 

Anatolia, Turkey (Ng-Kwai-Hang et 

al., 2003). 

  Milking animals have been 

screened for β-casein A1 and β-casein 

A2 in many countries. There is a dif-

ference in the occurrence of β-casein 

A1 or β-casein A2 amongst species, 

breeds, and geographical locations. 

The results are denoted in terms of 

frequency of occurrence. The frequen-

cy for the A2 allele in Guernsey, 

Brown Swiss, Jersey, Holstein, Ayr-

shire, and Red Danish bovine breeds is 

about 96-98%, 66-70%, 50-63%, 44-

53%,40-49%, and 23% respectively. 

There is a difference in the occurrence 

of β-casein A1 or β-casein A2 amongst 

species, breeds, and geographical loca-

tions. The A2 cow breeds include Sa-

hiwal, Gir, Red Sindhi, Tharpakar, 

Rathi, Kankrej, Ongole, Hariana and 

others. The milk delivered by all the 

desi cows is of the A2 variety.  

However, India went on to hybrid its 

native desi cows with the Europe-

an species of Jerseys and Holstein 

Friesian which delivered A1 milk. In 

hydrolyzed milk with variant A1 of be-

ta-casein, BCM-7 level is 4-fold higher 

than in A2 milk. 

Betacasomorphin-7 (BCM-7) 

β-casein A1 and A2 respond dif-

ferently towards proteolytic degrada-

tion by enzymes of the human gut. 

This is possible because of one amino 

acid difference at the 67th position in β

-casein. A1 β-casein has histidine at 

67th  position while A2 β-casein has 

proline. The difference in the amino 

acid at the 67th position results in dif-

ferences in the susceptibility of a pep-

tide bond between amino acids 66 and 

67. The peptide bond between isoleu-

cine and histidine (A1 milk) is cleaved 

by elastase, while the bond between 

isoleucine and proline (A2 milk) is not 

hydrolyzed. 

  The digested product con-

tained a seven amino acid long peptide 

having sequence Tyr60-Pro61-Phe62-

Pro63-Gly64- Pro65-Ile66 and is re-

ferred to as beta casomorphin-7 or 

popularly called BCM-7 which is not 

formed on the digestion of β-casein 

A2.BCM-7 can pass through the intes-

tinal barrier in neonates as they have 

increased permeability for improved 

nutrient absorption. However intesti-

nal permeability reduces as the age 

progresses. Also in adults with com-

promised digestive health or condi-

tions such as celiac disease, stomach 

ulcers or autism have increased intes-

tinal permeability which means that 

BCM-7 can enter the bloodstream 

more easily in adults also. 

Biological effects of BCM-7 

Effect of A1 milk consumption on 

human health 

 Ecological studies conducted in 

nineteen countries (U.K, Finland, Ire-

land, Sweden, Denmark, France, Ger-

many, Iceland, Norway, Austria, Swit-

zerland, USA, Japan, Israel, Austral-
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ia, New Zealand, Hungary, Venezuela, 

and Canada) revealed that there was a 

strong relation between consumption 

of β- casein A1 and incidence of type 1 

diabetes mellitus (DM1). 

 Ecological analysis conducted in 

22 countries has also shown a close 

relationship between cardiovascular 

disease and consumption of A1 milk.  

 Epidemiological studies present-

ed in one of the patent applications 

reveal that ‘statistically relevant’ cor-

relation exists between β-casein A1 

consumption and aggravation of neu-

rological disorders such as autism and 

schizophrenia. 

Role in neurological disorders 

Opioid receptors are found in 

the brain and classified into three 

groups, μ (MOP), κ (KOP) and δ 

(DOP). MOP or μ receptor is found in 

the brain, immune cells, endocrine 

glands and to some extent in the intes-

tine. From guinea pig ileum assay 

(GPI) it was known that 

bovine milk has an opioid effect and it 

acts most probably through the MOP 

receptor. Bovine BCM-7 has a much 

higher affinity for MOP receptors as 

compared to human milk BCM-7 

(YPFVEPI). Also BCM-7 level in hu-

man milk reduces drastically after 2 to 

4 months of delivery of a newborn, re-

ducing the overall effect of opioid pep-

tides such as human BCM-7. This 

kind of reduction in BCM-7 level oc-

curs in bovine milk is still unknown. 

  Bovine milk proteins also 

produce opioid antagonists like casox-

in A, B, and C during its digestion. 

But overall maximum theoretical yield 

(mg/g protein) of opioid agonist can be 

higher as compared to the opioid an-

tagonist (Meisel et al., 2000). BCM-7 
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has also shown an increase in the ex-

pression of genes responsible for pro-

ducing inflammatory enzymes such as 

myeloperoxidase that could further 

increase the expression of MOP recep-

tors in the intestine. The overall pro-

cess further enhances the action of 

this peptide. However, information re-

garding a similar type of action is not 

available for the brain. Both autism 

and schizophrenia are mental disor-

ders and it is believed that the symp-

toms of these disorders can be re-

versed by changes in food habits.  

  Patients suffering from au-

tism and schizophrenia (leaky gut syn-

drome) have shown a large amount of 

BCM-7 in their urine. Such patients 

have shown dramatic improvements in 

their symptoms following a gluten-free 

and casein-free diet (GFCF). However, 

the diet failed to fully cure these disor-

ders. It is believed that mercury toxici-

ty inactivates cysteine amino acid pre-

sent in the active site of the DPP (IV) 

enzyme which is required during the 

digestion of casein. In autistic and 

schizophrenic patients it has been 

seen that they not only have a high 

level of casomorphin in their blood 

samples but also have a high level of 

gliadorphin peptide (gliadorphin 

comes from gluten digestion) in their 

serum.This proves that DPP (IV) nor-

mal activity is very important for pro-

tein digestion (milk protein or wheat 

protein), and its impaired function 

could be involved in mental disorders. 

In neonates high level of mercury tox-

icity could arise through vaccination, 

mother’s dental amalgams or other en-

vironmental factors. Further, high in-

testinal permeability; lack of breast-

feeding & immature BBB (blood-brain 

barrier) enhances the movement of 

BCM-7 from gut to the brain which 

shows its effect. Gluten and casein 

both are very similar peptide and their 

digestion process is also similar. By 

making a change in food habits, reduc-

tion in pollution can eliminate these 

disorders. 

Role in type 1 diabetes 

Type 1 diabetes is an autoim-

mune disorder in which beta cells of 

the pancreas are destroyed by the im-

mune system of the host. This disorder 

mostly affects children and requires 

daily insulin injection to control glu-

cose levels. The potential role of cows’ 

milk in diabetes is still debated and 

there is no consensus on the diabeto-

genicity of individual milk proteins.  

 It is believed that BCM-7 sup-

presses the body’s immune system 

that may enhance the survival of 

pathogens such as enteroviruses or 

bacteria (Mycobacterium avium). 

These pathogens are ultimately in-

volved in the trigger of type1 diabetes-

like symptoms (Dai, Y.D et al., 2009).  

The second theory says autoantibody 

generation against beta cells. Accord-

ing to this theory some of the peptide 

sequences of β-casein which are pro-

duced during digestion, mimic the se-

quence of GLUT-2 transporter 

(involved in glucose transportation in 

the cell). In this response, T cells rec-

ognize them as an antigen and acti-

Nov-Dec, 2018 
Vol 1 | Issue 6 

Page 10 | 

 
Jan.-Jun., 2020 
Vol 3 | Issue 1 



 8 

 

vate B cells for the production of anti-

bodies. Antibodies not only targets the 

digested segment of the β-casein prod-

uct but also to insulin-producing beta 

cells, causing type 1 diabetes. This da-

ta is not conclusive in blaming A1 

milk for diabetes. Also, it was clear 

from the above experiment that the 

genetic aspect of diabetes making 

some of the animals prone to diabetes 

than others at the same diet, wheat-

containing diet is more diabetogenic as 

compared to milk protein (casein). 

Further soy protein can be good for 

health. A1 milk is not diabetogenic 

(Beales et al., 2002). 

Role in cardiovascular disease 

(CVD) 

 It is believed that BCM-7 could 

be involved in the oxidation process of 

low-density lipoprotein (LDL). The oxi-

dized form of LDL is engulfed by mac-

rophages by specific receptors present 

on their surface. These macrophages 

ultimately converted into foam cells 

and start the process of atherosclero-

sis in heart. It is long before known 

that a high-fat diet can increase the 

oxidation process in LDL (Suzukawa 

et al. 1996). However, food containing 

fish (a rich source of omega-3 fatty ac-

ids) or bovine whey protein is believed 

to be inhibitors of oxidation of LDL. 

Lactoferrin of bovine whey protein 

prevents the accumulation of choles-

terol in macrophages by oxidized LDL. 

Also, an omega-3 fatty acid with a sup-

plement of vitamin E or C is very help-

ful in inhibiting the oxidation of LDL. 

 Tailford et al., 2003 published a 

paper where it was shown that A1 

milk is more responsible in causing 

atherosclerosis as compared to A2 

milk. In the rabbit model, an artificial 

injury was made in the carotid artery 

of animals and was fed on A1 and A2 

milk diet respectively. After 6 weeks of 

the diet, it was found that rabbits fed 

on the A1 milk diet had thicker fatty 

streak on the injured area as com-

pared to animals fed on A2 milk. How-

ever, data is not very conclusive as to 

the formation of foam cells in fatty 

streak during tissue repair and in the 

atherosclerosis process are two differ-

ent events. 

Methods for typing animals (A1/

A2) and detection of BCM-7 

It is difficult to ascertain the 

presence of the β-casein A1 or β-casein 

A2 variant in milk. Thus, efforts have 

been made to identify alleles in β-

casein from  DNA isolated from ani-

mals. DNA from blood, hair, skin and 

even milk somatic cell is isolated from 

bovine. Some of these methods have 

acquired commercial dimensions and 

even patented.  

1.Allele-specific PCR (AS-PCR) 

This method is based on this 

concept for the typing of animals uses 

DNA from bovine blood and finds sin-

gle nucleotide polymorphisms (SNPs) 

and mutations (Keating et al., 2008). 

2.Amplification created re-

striction site PCR (ACRS-PCR) 

  This method for typing ani-

mals using DNA from bovine blood us-

ing the concept of amplification creat-

ed restriction site (ACRSPCR). It is 
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quite similar to allele PCR (Raies et 

al., 2012). 

3.Single strand conformation pol-

ymorphism PCR (SSCP-PCR) 

This method for typing of ani-

mals using DNA from bovine blood. 

The method gives information about 

whether the bovine will produce A1 or 

A2 milk (Barroso et al., 1999). 

4.Taq Man method 

In this method dsDNA is isolat-

ed from somatic cells of bovine milk; 

ssDNA probe 

(18 bases long) is made specifically for 

A1 and A2 beta-casein gene that con-

tains at 5’ end fluorescent agent and 3’ 

end a quencher (Manga et al., 2010) 

5.Typing of animals based on the 

presence or absence of BCM-7 

The method requires isolation of 

β-casein from milk, in vitro digestion 

by gastrointestinal enzymes and sepa-

ration of generated peptides by the 

HPLC-MS method (De Noni, 2008). 

6.The detection method of 

BCM-7 in urine/blood 

RIA/ELISA methods are de-

scribed for assaying BCM-7 in urine or 

plasma (Sokolov et al., 2014). 

Conclusion 

 In the crossbreeding program, 

Indian bovine was crossed with an ex-

otic European breed. Crossbreeding 

program has created several high 

yields producing variety but at the 

same time they are producing A1 milk 

which is a matter of concern. In the 

last 20 to 30 years several studies 

were carried on A1 milk and its effect 

on human health. But animal and hu-

man studies did not given substantial 

evidence of A1 milk for its role in 

these non-communicable disorders 

(diabetes, autism and others). That is 

why we are still consuming A1 milk 

and it is not banned. It seems that 

early consumption could have an indi-

rect role in theses disorder along with 

other environmental factors and food 

habits. In All in all, controversy on A1 

milk is an issue that needs to be ad-

dressed but its harmful effect has yet 

to be proved with scientific research. 

This requires more of animal trials 

and generation of data on human sub-

jects to get any conclusion on it. The 

recent emergence of several A2 milk 

dairy industry players in india is an 

indication of consumers’ willingness to 

pay a premium for perceived better 

quality and safer milk. Instead of 

headlong A2 milk, the dairy industry 

players could make available to this 

premium segment by offering better 

value proposition such as high protein 

milk, lactose free milk, adulterant or 

antibiotic free milk, certified organic 

milk etc.            
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