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Abstract


Scientists in developed countries have still discuss the situation of milk A1 and A2. The controversy is that one group of scientists claim of A1 type a cause of many health problems in human whereas other groups report beneficial effects of A1 type and declare both types of milk safe for children and adults. The biological function of milk is to supply nutrition and immunological protection to the young mammal. Milk should be consumed for adequate and balanced nutrition. Economically the important milk constituents include: fat, protein, Solid Not Fat (SNF), lactose and ash. More than 95% of the cow milk proteins are constituted by caseins and whey proteins. Among the caseins, beta-casein is the second most abundant protein and has excellent nutritional balance of amino acids. The composition of beta-casein of milk and milk products has become an important economic trait of dairy animal. Beta-CasoMorphin-7 (BCM7) is suggested to be a risk factor for human health bas it can potentially affect numerous opioid receptors in the nervous, endocrine and immune system. The aim of this review was to evaluate discussions of effect A1 and A2 milk Beta-casein gene on health.
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Introduction





Cow's milk constitutes a large part of nutrition in the developing world and a liter contains an average of 32g of protein [1].


Beta-casein A1 protein variant might be one of the risk factors in the etiology of human disorders like diabetes and ischemic heart disease. However, from the practical perspective selecting for the A2 allele in dairy cattle requires knowledge of whether the A1/A2 polymorphism is associated with breeding values for production traits [2].




Composition of Milk


Milk define as a whitish liquid containing milk proteins, fats, lactose, and various vitamins and minerals, produced by the mammary glands of all adult female mammals after childbirth and serves as food for their young [3]. Milk is a considerable resource of products whose composition varies. Four components are dominant in quantitative terms: water, fat, protein and lactose; while the minor components are minerals, enzymes, vitamins, and dissolved gases. It satisfies the demand of the consumer who seeks more and more innovative products with consistent quality. The dairy industry needs to utilize all the riches of this raw material, which is both simple in appearance and complex in composition. In general, goat milk compared to cow milk is less rich in lactose, fat and proteins, but have similar mineral content [4].




Milk Protein


Bovine milk contains roughly 3.5% of protein. The natural functions of milk proteins is to supply young mammals with the essential amino acids required for the development of muscular and other protein-containing tissues [5]. In addition, milk proteins also play a very important role in dairy and food products, e.g. during processing, including undesirable behavior such as fouling on heated surfaces, and gelling inside processing equipment [6].



Proteins are large organic compounds playing a central role in the structure of all living organisms. Besides their structural and functional roles proteins are also a fundamental component of animal and human diets providing a source of energy, nitrogen and essential amino acids [7]. Among milk proteins the major groups are caseins (beta-lactoglobulin) and whey (alpha-lactalbumin) proteins [8,9].



Caseins


Caseins are phosphoproteins containing approximately 80% of the total protein content of milk [6,10,11]. Casein is made up of many components, and the main types are alpha s1-casein, alpha s2-casein, beta-casein, and kappa-casein [12] as defined and validated by analysis of DNA sequences [6]. 





Bovine milk contains four main casein groups, namely, alpha s1-, alpha s2-, beta- and kappa-casein accounting for 38.10,36, and 13% of total proteins in milk, respectively [9,11,13,].




Beta-Casein Gene?



Beta-casein (CSN2) is the most polymorphic milk protein gene with 13 variants viz. A1, A2, A3, B, C, D, E, F, H1, H2, I, G and mostly observed forms of beta-casein in dairy cattle breeds are A1 and A2 [13,14]. There are 13 genetic variants of beta-casein: A1, A2, A3, A4 B, C, D, E, F, H1, H2, I, G. The most common forms are A1 and A2, while B is less common, and A3 and C are rare [15]. The composition of beta-casein of milk and milk products has become an important economic trait of dairy animal [16].




History of A1 and A2 beta-casein


Interest in the distinction between A1 and A2 beta-casein proteins began in the early 1990s [17] via epidemiological research and animal studies initially conducted by scientists in New Zealand, who found correlations between the prevalence of milk with A1 beta-casein proteins in some countries and the prevalence of various chronic diseases. Investigations on this subject continue to raise interest among the media, the science community and entrepreneurs. [18].



Difference between A1 and A2 beta-casein


A1 and A2 variants are differentiated by the change of one nucleotide in the position 67 of the chain (A1 histidine and A2 proline). Initial studies have indicated that the entire bovine population contained only the A2 allele, and A1 allele was created from a mutation [19]. The nucleotide sequence change in 67th amino acid position of the beta-casein reading frame, from CCT to CAT, causes substitution of proline (A2) by histidine (A1,B) in the amino-acid sequence (Figure 1). This might cause a change in the secondary conformation of the protein structure and affect the physical properties of casein micelle and vulnerability to enzymatic digestion. During this enzymatic process, beta-casein opioid peptide beta-casomorphin-7 (BCM 7) is released exclusively from A1 and B variants [20,21].
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Figure 1:  Different between A1 and A2 variants and formation of beta-casemorphin-7.

 









A2 milk is cow's milk that contains only the A2 variant of beta- casein protein. According to the literature, more than 10,000 years ago, and before they were domesticated, cows produced only the A2 beta-casein protein and not the A1 beta-casein protein. However, some 8,000 years ago a natural single-gene mutation occurred in Holsteins, resulting in production of the A1 beta-casein protein in this breed. This mutation in the beta-casein gene led to 12 genetic variants, of which A1 and A2 are most common. The mutation was passed on to many other breeds, principally because Holsteins are used to genetically improve the production of other breeds. Slowly, the A1 beta-casein variant became dominant in milk. While dairy herds in much of Asia, Africa, and part of Southern Europe remain naturally high in cows producing A2 milk, the A1 version of the protein is common among cattle in the Western world [22]. Summary of beta-casein allele frequency distribution in selected Western cattle breeds has been presented in (Table 1). 








Table 1: Different between A1 and A2 variants and formation of beta-casemorphin-7.
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In general, milks from Guernsey, Jersey, Asian herds, human milk, and others (sheep, goat, donkeys, yaks, camel, buffalo etc.) contain mostly A2 beta-casein. Milks from Holstein Friesian contain mostly A1 beta-casein. The Holstein breed (the most common dairy cow breed in Australia, Northern Europe, and the United States) comprises A1 and A2 forms of beta-caseins in approximately equal amounts. More than 50 percent of the Jersey breed carries the A2 beta-casein variant, but with considerable variation among the herd, and more than 90 percent of the Guernsey breed carries the A2 beta-casein variant [22] (Table 2).






Table 2: The beta-casein A genetic variants were not distinguished into A1, A2 and A3 variants? number of animals in study not given; EFC - Eastern Finncattle; NFC - Northern Finncattle; WFC - Western Finncattle.
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Recently, a relationship between disease risk and consumption of a specific bovine beta-casein fraction with either A1 or A2 genetic variants has been identified. BCM7 is suggested to be associated as a risk factor for human health hazards as it can potentially affect numerous opioid receptors in the nervous, endocrine and immune system [23].




Impact on health of A1 gene



Opioid peptides play a role in various biological processes, including respiration, analgesia, constipation and behavior in the humans [24]. BCM-7, opioid or narcotic as well as being an oxidant it is associated with milk intolerance and play a role in development of some human diseases such as human ischemic heart disease, diabetes mellitus, atherosclerosis, schizophrenia, autism, coronary heart disease, Autistic Spectral Disorder (ASD) and Sudden Infant Death Syndrome (SIDS) [21,13]. It may also be implicated in an additional range of auto-immune conditions. This protein is also linked to milk intolerance in some people [25]. Genetic polymorphism of bovine milk proteins has great interest in animal breeding, due to its relationships with milk production traits, milk composition and milk quality [26,21].





Recent study finds that some large scale milk producing countries which are supplying milk as food throughout the world which is still insufficient to fulfill the public food requirement due to increasing of human population, as well as in bovine milk A1beta- casein type of allele present which is proved that by drinking this type of bovine milk causing human health disease, these regions are need to improve more bovine milk production, dairy cattle breeding programs as well as dairy industries by reducing A1 beta- casein, which will be search of an efficient way of the improvement of good milk production and the qualitative milk traits. For good milk production and reducing of A1 beta-casein gene in bovine need to analyze the status of beta-casein A1/A2 alleles in these animals to draw a sound breeding policy and minimize the risk of disseminating the A1 allele in Indian cattle. Selection and breeding of animals with desirable genotypes is of crucial importance for the genetic improvement of dairy cows. Study strongly recommend knowing the exact status of a cow in relation to its beta-casein genetic trait i.e. either if s A1, A2 or homozygous or heterozygous. Many researchers find the A1, A2 beta-casein polymorphism on Indigenous bovine population (Native, cross bred). Exotic cows, buffalos have revealed that A1 beta-casein is more frequent in exotic cattle while Indigenous dairy cattle and buffalo more frequent A2 beta-casein but A1 allele present in some bred. [21].




Possible diseases


a.	Human ischemic heart disease


b.	Diabetes mellitus


c.	Atherosclerosis


d.	Schizophrenia


e.	Autism


f.	Coronary heart disease


g.	Autistic spectral disorder (ASD) and


h.	Sudden infant death syndrome (SIDS)


Controversy on beta-casein A1 gene


The controversy is that one group of scientists claim BCM a cause of many health problems in human whereas other groups report beneficial effects of BCM and declare both types of milk safe for children and adults. Two international Study Groups comprising of renowned scientists, one in New Zealand and the other by European Union (European Food Safety Authority), have gone through available publications and evidences on the subject and have concluded that fear about A1 milk was unfounded. There are also independent panel reports which have concluded that as yet there is no clinching evidence to ring public warning. The controversy in few developed countries appears to be driven by commercial motives as in New Zealand a company called A2 Corporation has been formed which owns A2 related patents and brand name and has been demanding mandatory testing of animals for purpose of labelling. Obviously, a small group of 'Activists' type of researchers is driving this controversy but unless concrete evidence emerges India should not fall prey to this propaganda [27].




Conclusion




Milk for human health ought to be drink. But, determination of milk quality and standards to A1 and A2 milk is also required. Therefore, more research have to be made. For accomplish, both also Government's and farmer's support has have to it.




Country related differences in the p-casein allele frequencies are observed which may be reflective of local breeding policies, some cross-breeding and most importantly targeted breeding for increased milk production traits. Some interesting trends arise from the data. The relative distribution of β-casein A1 and A2 alleles in Holstein and Friesian breeds appears to be region/ country specific with certain regions having a high level of p-casein A1, others having high level of A2 and others again having roughly similar allele frequency distributions for A1 and A2 [7].





Several surveys have shown that A1/A2 frequency is not breed- specific but area-specific. For example, in North America and North Europe A1 frequency in Holstein Friesen (HF) breed cow is very high (>90%) but in German HF A2 frequency is high (97%). In other countries A1 frequency in HF ranges between (40-65%). In Guernsey breed from USA/Europe A2 frequency in cows and breeding bulls is very high (>98%) almost equal to Indian breeds. In case of Jersey A2 gene frequency is higher (60-80%) globally Kerry breed from Ireland and Spotted breed from Hungary has A2 frequency above 75%. In Indian hump breed cows A2 gene frequency is around 98% [27].
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