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Abstract. The digestion of A1 beta-casein can yield 7aa protein fragment or peptide termed beta
casomophrin-7, or BCM-7; whereas the digestion of A2 beta-casein does not. BCM-7 is established and
widely reported as an exorphin, or food derived fragment with the ability to bind opiate receptors. Therefore
dairy products based on the A2 protein, excluding A1, more closely mimic mothers milk in terms of structure
and breakdown, avoiding the chance of BCM-7 interrupting the body’s natural processes and building
towards improved long term health. A unique quality system has been designed to capture the benefit of A2
beta-casein and guarantee the delivery of foods containing only A2 beta-casein.
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1. What is Beta Casein?
Casein proteins are the most abundant group of proteins in cow’s milk, consists about 80% of total
protein in milk. About 30% of the protein in cow’s milk is beta casein (Fig.1); it is the second most abundant
protein in cow’s milk behind alpha casein. It transports essential mineral and nutrients such as calcium and
phosphorous [1].
As well as providing nutrition and facilitating the absorption of minerals, it is well established that the
digestion of beta casein can yield a host of fragments with biological or physiological potential [2]. Like
many things in nature, bovine beta casein may be present as one or many variant owing to natural genetic
variation [3].

Fig. 1: Milk and Beta-casein

2. What is A2 Beta Casein?
Phylogenic studies conclude that A2 is the original form of beta casein protein in domesticated cattle
(Fig. 2) [4]. A1 beta casein arose in European cattle around 5000 years ago in the European ancestors of
Holstein and Frisian animals (Fig. 3). It spread within the migration of man, and through interbreeding to
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obtain higher volumes of milk associated with the black and white breeds. It is to note that other traditional
breeds, such as Indian and African cattle breeds, now very minor in terms of global milk production, are
producing only the A2 form of beta casein.

Fig. 2: Adapted from: Milk Protein Polymorphism:
Detection and Diffusion of the Genetic Variants in Bos
Genus, Annali della Facoltàdi Medicina Veterinaria,
Vol. XIX, 1999. Universitàdegli Studi di Parma

Fig. 3: Evolution of Cattle in beta casein selection[5][6]

The difference between A2 and the newer A1 variant is only a single amino acid in a chain of 209. This
substitution of a proline with a histidine impacts the secondary structure of the protein. And this in turn
affects how the proteins are digested. The digestion of A1 can yield 7aa protein fragment or peptide termed
beta casomophrin-7, or BCM-7; whereas the digestion of A2 does not (Fig. 4) [7]. The adsorption and ability
to break down BCM-7 varies significantly between individuals [8]. However, BCM-7 is established and
widely reported as an exorphin, or food derived fragment with the ability to bind opiate receptors [9].

Fig. 4: Digestion of A1 and A2 beta casein.
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It is of note that human, goat, sheep and every other characterized mammalian beta casein is A2 like on
the basis of their ability to release BCM-7 upon digestion (Fig. 5) [10]. Studies on the human equivalent
suggest that it is not released from digestion, but appears to be released in the milk before consumption [11],
additionally research has shown that it only has no more than 10% of the strength of bovine BCM-7 in terms
of opiate activity [12].

Fig. 5: Comparison of beta casein amino acid sequencing [13]-[16]

3. Why A2?
A growing body of scientific research indicates that maximizing the levels of A2 in dairy products at the
exclusion of A1 could offer short and long term health advantages to some consumers[13]-[16].
The structure of A2, like human and all other known mammalian beta caseins, does not favour the
release of the fragment beta casomorphin-7 (BCM-7) a bioactive with established opiate activity. Therefore
dairy products based on the A2 protein; excluding A1, more closely mimic mother’s milk in terms of
structure and breakdown, avoiding the chance of BCM-7 interrupting the body’s natural processes and
building towards improved long term health.”
There is a deep and growing body of published research that reports that BCM-7 is an exorphin, or
peptide with the ability to bind opiate receptors expressed throughout the body if produced and absorbed (Fig.
6)

Fig. 6: Schematic representation of cells and tissues that BCM-7 has the potential to
interact with [17]-[32].

4. A2 Quality Systems
The Codex Alimentarius Commission (Codex) is the international food standards setting body
established by the United Nations Food and Agriculture Organization and World Health Organization.
Codex develops international food standards, guidelines and codes of practice for an international food code
that contributes to the safety, quality and fairness of food trade.
Codex standards are recognised by the World Trade Organization (WTO). They are not imposed on
member countries. But as WTO members, Australia and New Zealand are obliged, where possible, to
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harmonise their domestic regulations with Codex standards such as food additives, pesticide residues and
veterinary drugs.
In Australia, dairy industry complies with The Primary Production and Processing (PPP) Standard for
Dairy under Food Standard Code. PPP Standards aim to strengthen food safety and traceability throughout
the food supply chain from paddock to plate. PPP Standards took effect in October 2008 and sets out a
number of food safety requirements, including implementing documented food safety programs for dairy
primary production, collection, transportation and processing that protect public health and safety and are
cost effective across all jurisdictions.
In New Zealand, if you process or manufacturing dairy products, you will need a Risk Management
Programme (RMP). An RMP is a written programme designed to manage the hazards, wholesomeness and
labelling of animal material and products. Hazards may be biological, chemical or physical. A RMP
describes how the processing steps and assesses the risk to ensure the products meet the requirement of
Animal Product Act 1999. This is to ensure the products for sale are “fit for purpose”- safe, suitable and
truthfully labelled.

5. Producing A2
As well as comply with local high standards, in order to become A2 certified supplier and producer, and
there is a vigorous certification process (Fig. 7). And all steps must be verified by A2 under the True A2™
certification system. This system covers from milk supply to finished product to ensure only the highest
quality product recognised by A2 company will be provided to consumer.
Milk supply

Fig. 7: A2 Milk Supply and Approval Process [2]

All genotyping results are controlled and maintained by A2. Standard test method, testing frequency and
results must meet and exceed local regulatory requirements. In addition, protein testing or phenotypic
analysis of the milk is a necessity and must meet A2 requirements at all time. Periodic inter-laboratory
proficiency testing is conducted to check the validity and accuracy of the test results.
Any anomalies found during farm audit, herd testing as well as milk testing is to be immediately segregated
and re-tested.
Milk Processing
Milk Powder
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Fig. 8: Milk powder production process flow [33]

A2 has just entered the infant formula market. In order to ensure the True A2™ certification, all
ingredients going into A2 formula undergo review and verification process to confirm their “non-A1
containing” status (example Fig. 8).
Finished products are tested to local as well as target market access requirement. In addition, A2 Purity is
tested to maintain product A2 status.

6. References
[1] Advanced Dairy Chemistry: Volume 1 - Proteins, Second Edition, edited by P.F. Fox and P. L. H. McSweeney pp
424 & 430
[2] Shah NP .Effects of Milk Derived Bioactives – An Overview (2000). British Journal of Nutrition 84, Supplement
1 S3-S10.
[3] Milk Protein Polymorphism: Detection and Diffusion of the Genetic Variants in Bos Genus, Annali della Facoltà
di Medicina Veterinaria, Vol. XIX, 1999. Universitàdegli Studi di Parma
[4] Milk Protein Polymorphism: Detection and Diffusion of the Genetic Variants in Bos Genus, Annali della Facoltà
di Medicina Veterinaria, Vol. XIX, 1999. Universitàdegli Studi di Parma
[5] Advanced Dairy Chemistry: Volume 1 - Proteins, Second Edition, edited by P.F. Fox and P. L. H. McSweeney pp
424 & 430
[6] MILK PROTEIN POLYMORPHISM: DETECTION AND DIFFUSION OF THE GENETIC VARIANTS IN
BOS GENUS, Annali della Facoltàdi Medicina Veterinaria, Vol. XIX, 1999. Universitàdegli Studi di Parma
3.Daniel G. Bradley, Ronan T. Loftus, Patrick Cunningham, David E. MacHugh (1998) ‘Genetics and domestic
cattle Origins’ Evolutionary Anthropology V6; 3 pp79-86
[7] Jinsmaa, Y & Yoshikawa, M. Enzymatic release of neocasomorphin and beta-casomorphin from bovine betacasein. (1999). Peptides V20(8), pp 957-962.
[8] Wasilewska J, Sienkiewicz-Szlapka E, Kuzbida E, Jarmolowska B, Kaczmarski M, Kostyra E. The exogenous
opioid peptides and DPPIV serum activity in infants with apnoea expressed as apparent life threatening events
(ALTE). Neuropeptides. 2011; 45(3): 189-95.
[9] ß-Casomorphins and Related Peptides: Recent Developments. Zuhlke H. Damert A. Eckhardt W. Hubner G.
Kauschke R. Salazar R. Neubert K. (Brantl V. and Teschemacher H., eds.) VCH, Weinheim, 1994, p161-169.
[10] embl accession X55739.1 embl accession AJ011019.3 embl accession X16482.1
[11] Private communication, Dr Andrew J Clarke
[12] Herrera-Marschitz M, Terenius L, Grehn L, Ungerstedt U. 1989. Rotational behaviour produced by intra nigral
injections of bovine and human beta-casomorphin in rats.Psychpharmacology (Berlin) 99(3):357–361. &Brantl V,
Teschemacher L. 1994. Beta casomorphins and related peptides.Weinheim: VCH
[13] Bell SJ, Grochoski GT, Clarke AJ. Health implications of milk containing beta-casein with the A2 genetic variant
(2006). Crit RevFood Sci Nutr 46(1):93-100.
107

[14] Kaminski S, Cieslinska A, Kostroyra E. Polymorphism of bovine beta-casein and its potential effect on human
health (2007) J Appl Genet. 48(3):189-98.
[15] McLachlan, C. N. S. beta-casein A1, ischaemic heart disease mortality, and other illnesses(2001). Medical
Hypotheses. 56(2): 262-272
[16] Laugesen M & Elliott R Ischaemic heart disease, Type 1 diabetes, and cow milk A1 beta-casein (2003). New
Zealand Medical Journal 116(1168) U295.
[17] Jinsmaa, Y & Yoshikawa, M. (1999). Peptides V20(8), pp 957-962.
[18] Svedberg J, de Haas J, Leimenstoll G, Paul F, Teschemacher H. Peptides. 1985 Sep-Oct;6(5):825-30.
[19] Chabance B, Marteau P, Rambaud JC, Migliore-Samour D, Boynard M, Perrotin P, Guillot R, Jolles P, Fiat AM
1998.. Biochimie 80(2), pp 155-165.
[20] Zhongjie Sun, J. Robert Cade, Melvin J. Fregly, R. Malcolm Privette. University of Florida, USA. Autism, Vol. 3,
No. 1, 67-83 (1999).
[21] Stark H, Van Bree JB, de Boer AG, Jaehde U, Breimer DD. (1992) Peptides. 13(1):47-51.
[22] Banks WA, Kastin AJ. (1987) Life Sci. 41(11):1319-38.
[23] Zoghbi S, Trompette A, Claustre J, El Homsi M, Garzon J, Jourdain G, Scoazec J,Plaisancie P. 2006. American
Journal of Physiology.Gastrointestinal and Liver Physiology 290:G1105–G1113.
[24] Trompette A, Claustre J, Caillon F, Jourdan G, Chayvialle JA, PlaisanciéP. (2003) J Nutr. Nov;133(11):3499-503.
[25] Claustre J, Toumi F, Trompette A, Jourdan G, Guignard H, Chayvialle JA, PlaisanciéP. (2002) Am J Physiol
Gastrointest Liver Physiol. 3(3):G521-8.
[26] Kurek M, Czerwionka-Szaflarska M, Doroszewska G. 1995.. Rocz Akad Med Bialymst. 40(3):480-5.
[27] Kurek M, Przybilla B, Hermann K, Ring J. 1992.. Int Arch Allergy Immunol. 97(2):115-20.c
[28] Kayser H, Meisel H. FEBS Lett. 1996 Mar 25;383(1-2):18-20.
[29] Wasilewska J, Sienkiewicz-Szłapka E, Kuźbida E, Jarmołowska B, Kaczmarski M, Kostyra E. Neuropeptides.
2011 Jun;45(3):189-95
[30] Sun Z, Zhang Z, Wang X, Cade R, Elmir Z, Fregly M. 2003.. Peptides 24(6):937-943.
[31] Hedner J, Hedner T. 1987 Life Sci 41(20):2303-12.
[32] Herrera-Marschitz M, Terenius L, Grehn L, Ungerstedt U.. 1989. Psychopharmacology (Berl).99(3):357-61
[33] Vol.2 A2 Systems Manual, A2 Corporation

108

