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Abstract. Milk is a whole-food with numerous nutritive components; especially for infants, as milk/milkbased formulas are the only source of nutrition. However, casein free diet is recommended for infants with
immunological sensitivities; yet the reason is unknown. It is hard to eliminate milk from diet of sensitive
individuals. Several variants of β-casein (~25-30% of cows’ milk-proteins) are genetically determined; A1,
A2, A3, B, C etc. A2 is the original form of bovine β-casein and is similar to other β-casein in mammals.
Additionally, A1 and A2 differ by a single amino acid, resulting in differential secondary structure and
enzymatic hydrolysis, i.e. A1 but not A2 β-casein liberates the heptapeptide β-casomorphin-7 (YPFPGPL;
BCM7), which acts ~morphine, and is implicated in digestive, immune and brain development changes.
Biochemical reports show excess BCM7 in blood and urine samples of patients with neurological defects.
Additionally, strong correlation between consumption of BCM7 containing A1 milk and incidences of type-1
diabetes mellitus, autoimmune and cardiovascular diseases is also reported. Anecdotal evidence suggests
symptomatic relief in patients with neurological, gastric and immunological problems, after consuming A2 βcasein containing milk. Hence, completely eliminating milk can be avoided by consuming milk containing
A2 β-casein, especially for infants’ growth and development.
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1. Introduction
Milk is a whole-food with numerous nutritive components exploited by man for many thousands of years.
With a balance of protein, carbohydrate and fat coupled with essential minerals dairy milk has been a staple
food to many populations, especially for early infant development where milk and/or milk-based formulas
are the only source of nutrition. Beneficial components of milk are still being identified, such as whey
protein, sphingomyelin and conjugated linoleic acid (CLA), however it is established that the protein
component of milk provides significant nutritional contribution itself rationalizing the consumption of milk
for growing developing individuals. A major protein component of cow’s milk is beta casein, of which there
are two primary variants, A1 and A2. Research into the beta casein variants has reported that:
 A2 is the original form of the beta casein protein when cows were domesticated thousands of years

ago, the A1 type arose and spread with breeding and migration of man.
 Digestion of A1 beta casein, but not that of A2 beta casein yields β-casomorphin-7 (BCM-7), an

exogenous opioid peptide (exorphin) that can potently activate opioid receptors throughout the body
 Opioid receptors are important regulators of signalling processes throughout the body, including the

gastrointestinal tract, immune system, and the central nervous system
 A2 is more comparable to the human beta casein than A1 in terms of digestive breakdown.
 Excessive exposure to A1 beta casein or BCM-7 is implicated adverse response, including

interference with gastrointestinal function and symptoms of intolerance reactions.
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 Reducing or eliminating the consumption of A1 beta casein, and replacing it with another major

protein source, such as A2 beta casein, may avoid some of these disorders or improve their symptoms
and in the long term reduce the risk of some clinical conditions.

2. Beta Casein and Their Digestion
Casein proteins make up 80% of the total protein in milk and comprise three classes; alpha, beta and
kappa which aggregate to form micelles which reflect light to give milk its white colour. Beta caseins are
present at a concentration of ~1gram per 100ml, or 2.5grams a standard serving. In cow’s milk, two primary
variants of beta casein, termed A1 and A2, and several rarer sub-variants have been identified. A1 and A2
beta casein differ in their protein structure by a substitution of the amino acid at position 67. A1 beta casein
contains a histidine residue at this position, which allows cleavage of the preceding seven amino acid
residues to yield the peptide β-casomorphin-7 (BCM-7) (Figure 1A). A2 beta casein contains a proline
residue, which prevents cleavage of this peptide. [1]

A
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Fig. 1: (A) Differential breakdown of A1 vs A2 during digestion and (B) diagram comparing partial sequences of A1
and A2 with that of human beta casein

3. Studies on Beta Casein Variants and A1 Derived BCM-7
BCM-7 and other derivatives of beta casein are potent exogenous agonists of opioid receptors
(exorphins), with greatest affinity for µ opioid receptors.[2] The role of opioid receptors in mediating the
effects of BCM-7 is supported by the finding that naloxone, a µ opioid receptor-specific competitive
antagonist, prevents many of the effects of BCM-7, including effects on gastrointestinal motility[3], [4] and
mucus secretion,[5] lymphocyte proliferation,[6] and histamine release from peripheral leukocytes.[7] The
affinity of bovine BCM-7 to opioid receptors is approximately 10 times greater than that of human BCM-7,
as it requires a 10-fold greater naloxone concentration to prevent receptor binding.[8] Opioid receptors are
expressed by many cell types in most organs. Levels of µ opioid receptors are highest in the hypothalamus,
cerebral cortex, and spleen, moderate in the cerebellum, intestine, kidney, adrenal, and reproductive organs,
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and lowest in the lung and liver. µ opioid receptors are not expressed in the stomach, heart, or
endothelium.[9],[10] Opioid receptors are also expressed on inflammatory cells, including lymphocytes and
leukocytes.
Experimental studies have shown that BCM peptides and analogues may be able to cross the blood–brain
barrier. [11], [12] This was particularly evident in regions with ‘leaky’ capillaries, such as the pineal gland,
the neurohypophysis, and the choroid plexus.[13] An autopsy study revealed BCM immunoreactivity in
several brain regions, including the brain stem,[14] while a clinical study detected BCM-8 in the
cerebrospinal fluid of pregnant and lactating women.[15] Therefore, BCM peptides may influence central
signalling pathways after crossing the blood–brain barrier. BCM-7, and other related peptides with an amino
acid sequence of Tyr-Pro-Phe-Pro-Gly-Pro-Ile, including their C-terminally shortened fragments, are
primarily degraded by DPP4.[16] DPP4 is a protease that selectively removes the N-terminal dipeptide from
peptides bearing a Pro or Ala residue at position 2. It is principally expressed on T lymphocytes and a
soluble form exists in plasma.[17], [18] A recent study of infants revealed that infants with apparent lifethreatening apnoea had markedly elevated BCM-7 levels but much lower serum DPP4 activity compared
with healthy infants of the same age.[19] Those results suggested that individuals with lower DPP4 activity
may be more prone to the potential adverse effects of BCM-7; however, the results need to be confirmed in
further studies.
Though the clinical relevance of BCM-7 is only beginning to be understood studies have demonstrated
that BCM-7 has the potential to cross the gastrointestinal wall and blood–brain barrier, it may be able to
influence activities in most systems throughout the body, partly because of the highly ubiquitous expression
of opioid receptors (Figure 2).

Fig. 2: A1 beta casein and BCM-7: Production, absorption, and potential targets.

Studies have shown direct effects of BCM-7 on several gastrointestinal functions. For example, BCM-7
has been reported to reduce the frequency and amplitude of intestinal contractions, thus slowing
gastrointestinal motility,[20]–[22] and to stimulate mucus release.[23], [24] BCM-7 also inhibits lamina
propria lymphocyte proliferation, which may affect susceptibility to infection. Recent studies in rodents
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report that A1 consumption promotes significant intestinal inflammation and immune activity relative to
A2.[25] BCM-7 also has immunomodulatory effects, including earlier noted triggering of histamine release
from peripheral leukocytes and suppression of lymphocyte proliferation coupled with secretagogue effects
on peritoneal mast cells.[26] Similarly, A1 beta casein has marked pro-atherogenic effects, promoting lowdensity lipoprotein (LDL) oxidation [27] and the generation of autoantibodies to oxidized LDL, [28]–[30]
both of which might contribute to the progression of atherosclerosis.[31]
A1 beta casein and BCM-7 are also implicated in the pathogenesis of type 1 diabetes via two
mechanisms. In the first, consumption of A1 beta casein induces the production of autoantibodies that
ultimately cause autoimmune-mediated killing of pancreatic β cells. Illustrating the second pathway, A1 beta
casein induced diabetes in non-obese diabetogenic mice via opioid receptors, as the diabetogenic effects of
A1 beta casein were prevented by the µ-receptor-specific antagonist naloxone.[32] These
immunomodulatory and pro-atherogenic effects of A1 beta casein may be responsible for the increased risk
of increased risk of heart disease (Figure 3A) and type 1 diabetes (Figure 3B) in populations associated with
high per capita A1 beta casein consumption.[33]
The consumption of beta casein has also been linked with the aggravation of symptoms associated with
autism and schizophrenia.[34]–[43] These effects were attributed to the opioid activities of BCM-7 [43] and
to oxidative stress,[44] causing neurological deficits that manifested as symptoms of schizophrenia and
autism.[45]

B
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Fig. 3: Correlations between A1 beta casein supply per capita in 1990 and ischaemic heart disease (A) and type 1
diabetes (B). (A) Correlation between A1 beta casein supply per capita in 1990 and ischaemic heart disease in 1995 in
20 countries. r = 0.76 (95% confidence interval: 0.48–0.90; p ≤ 0.0001). (B) Correlation between A1 beta casein supply
per capita in 1990 and incidence of type 1 diabetes (1990–1994) in children aged 0–14 years in 19 countries. r = 0.92
(95% confidence interval: 0.72–0.97; p < 0.0001). Dotted lines are the 95% confidence limits of the regression line.
Reprinted from Laugesen and Elliott (2003).

4. Implications of Research on Beta Basein Bariants
Experimental and small-scale clinical studies, as well as cases in the lay media, have provided evidence
supporting the benefits of removing A1 beta casein from the diet of potentially susceptible patients. For
example, switching to a gluten- and casein-free diet ameliorates some of the symptoms of autism.[4], [46]–
[50] Similarly, some food disorders, such as lactose intolerance, may be wrongly diagnosed and could
resolved by replacing A1 beta casein with A2 beta casein.[49], [50] Avoidance of A1 beta casein may also
prevent the excess immunomodulatory activity associated with type 1 diabetes, neurological disorders, and
ischaemic heart disease. More studies, including randomized controlled trials, observational cohort studies
and case reports, are needed to confirm the potential clinical benefits of reducing A1 beta casein
consumption.
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