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Milk derived casomorphins and their health 

significance: A review 
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Abstract 
Milk is considered as an important source of nutrients for human population; specially good quality 

proteins, carbohydrates and some micronutrients. Casein is the major milk protein present in milk and 

remaining proteins are constituted by whey proteins and others. Beta casein is an important component of 

casein protein which has role in nutritional contribution of infant as well as adult; as milk is an important 

part of daily food habit consumed as fluid milk & different milk products in various parts of the country. 

However, it has been found that mutations in bovine beta casein gene resulted into several genetic 

variants. Out of the genetic variants reported till date, A1 and A2 are the most prevalent one. The basis of 

A1 and A2 milk is the difference in beta casein at 67th amino acid position where histidine is present in 

A1 and proline in A2 milk; this has been observed as a result of single nucleotide difference in beta 

casein gene. In gastrointestinal tract the proteolytic digestion of A1 variant of β-casein leads to formation 

of a bioactive peptide, beta-casomorphin (BCM-7). Different age groups consuming milk can be affected 

by BCM-7 leading several health implications. Initial studies have revealed that frequency of A1 allele is 

more common in cattle of exotic origin while native cattle and buffalo populations have only A2 allele; 

considered as a source for healthy and safe milk. 

 

Keywords: Casein, casomorphins, A1 and A2 milk, health, BCM-7 

 

Introduction 

The only source of nutrition for babies in the first 6 months is milk, containing all the 

important micronutrients required for growth and development. Milk is in fact about 85 

percent water, with the remaining 15 percent made up of fat, lactose, protein, minerals etc. Out 

of all constituents protein plays a vital role in growth and development of infants and an 

important source of animal protein for all those who are strict vegetarian. Casein is the most 

abundant in milk, accounting for about 80% of total milk protein. There are two primary 

genetic polymorphisms of casein: A1 and A2 (Kaminski et al., 2007) [20]. Depending upon the 

position of Proline or Histidine at 67th position out of 209 amino acid, the A1or A2 milk is 

classified. The mutation of codon 67 of beta casein gene results in variation of single 

nucleotide and hence the A1 and A2 milk casein (A2 Proline, A1 Histidine) (Kaminski et al., 

2007) [20]. The commercial milk of different countries has a mix of A1 and A2 category 

(Mishra et al., 2009) [31]. At 67th position the histidine is not present in purebred Asian, hence 

classified as A2 type, however the same is present in many of the European breeds where 

mutation is there and are categorized as A1 type. A pair of genes on the sixth chromosome 

determine a cow's A1/A2 status (Rijnkels, 2002) [41]. The A2 allele gene is 100% in Indian 

milch cattle breeds (Red Sindhi, Sahiwal, Tharparkar, Gir, and Rathi) and buffaloes; it is 

around 94 percent in other Indian breeds, and over 60% in foreign breeds (Holstein Frisian and 

Jersey) (Joshi, 2011) [19]. 

Beta casein is the second major type of all the caseins and has an excellent nutritional 

properties with commendable balance of amino acids. About 30% of total casein in cow milk 

is considered as beta casein (Phelan et al., 2009) [37], and major beta casein genetic variants are 

A1 and A2 (Formaggioni et al., 1999) [11]. Because it existed before A1 beta-casein was 

developed in some European herds some 5000–10,000 years ago as a result of change in DNA 

sequence from proline 67 to Histidine 67, The A2 beta-casein form is believed to be the first 

beta-casein variety (Ng-Kwai-Hang and Grosclaude, 2002) [33]. 

The A1 milk has been implicated for several health issues due to certain components or 

peptides formed during digestion process involving several enzymes in the gastrointestinal 

tract (GI tract). ß-casomorphin-7 (BCM-7) is a bioactive peptide of seven-amino-acid, that 
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be released by digesting A1 ß-casein with pepsin, leucine 

aminopeptidase, and elastase in the small intestine, but the 

proline at position 67th position in A2 prevents a cleavage at 

this point (De Noni et al., 2009 and Pal et al., 2015) [8, 35]. The 

gastrointestinal functions, including mucus secretion, motility 

and hormone secretion, are regulated by opioid receptors. 

Met-enkephalin, leu-enkephalin, and dynorphin are three 

receptors found in the stomach. They can be found in neurons 

as well as cells of endocrine system. Beta casomorhin-7 

derived from casein and its components, prevent mucus 

secretion in the gastrointestinal tract via opioid pathways, 

which may affect GI tract bacteria, medicine absorption, and 

other GI processes (Barnett et al., 2014) [1] These changes 

may cause the consumer to experience anomalous functioning 

and illnesses. 

 

BetaCasomorphin-7 

When milk or milk products are ingested, enzymes from 

digestive system in the gut break down A1 type beta-casein, 

releasing the betacasomorhin-7 that human body does not 

metabolise (Boutrou et al., 2013, UlHaq et al., 2015) [3, 50]. 

Under typical gut conditions, A2 beta-casein, on the other 

hand, releases far fewer and perhaps negligible levels of 

BCM-7 (De Noni et al., 2009) [8]. However, A2 beta-casein 

releases much less betacasomorhin-7 under normal gut 

conditions (Cielinkska et al., 2012) [5]. Although 13 genetic 

variants of β-casein have been reported: A1, A2, A3, A4, B, 

C, D, E, F, H1, H2, I and G where milk from cattle generally 

contains only two major types i.e. A1 and A2.  

Many DNA-based techniques are used to screen these alleles, 

including single stranded conformational polymorphism 

(SSCP), (Baroso et al., 1999) [2] Polymerase Chain Reaction-

Restriction Fragment Length Polymorphism (PCR-RFLP) 

(Miluchova et al., 2009) [30], allele-specific PCR (AS-PCR), 

(Keating et al., 2008) [21], real time PCR TaqMan, (Manga and 

Dvorak,2010) [25] and PCR-amplification created restriction 

site (PCR-ACRS) (Raies et al., 2012) [39]. There are some 

proofs, however, that the B variant from A1 family causes 

significant release of Betacasomorphin-7 (De Noni, 2008) [7]. 

A1 ß-casein has only been discovered in European breeds of 

cattle. Crossbred ancestry could be attributed to some cattle 

which are otherwise phenotypically resembling as Asian or 

African cattle but may produce A1 beta-casein, however 

cattle from pure breeds produce milk containing only A2 ß-

casein. The prevalence of A1 and A2 ß-casein in cattle 

depend upon breed, from North region of Europe types having 

higher A1 beta-casein levels than South region of Europe 

varieties. The A2 allele frequency is thought to be especially 

high in the Guernsey and Fleckvieh breeds. The ratio of 

A1:A2 in many Western countries' herds is roughly 1:1 (De 

Noni et al., 2009) [8]. Process of determining individual 

characteristics, which is commercially available in specific 

countries, can be used to test herds for beta-casein alleles. Use 

of semen from A2A2 bulls is the simplest approach to convert 

the existing herd, it is possible to speed up conversion of A2 

beta-casein, but it is more likely to take 5–8 years or longer 

(Mencarini et al.,2013) [26].  

Betacasomorphin-7 is documented to be secreted from a 

variety of sources, including milk and other dairy items like 

yoghurt and cheese (De Noni et al., 2010) [9]. The cheese- and 

yoghurt-making processes may lead to BCM-7 release, but 

that specific bacteria found in yoghurt may hydrolyze BCM-7 

(Janer et al., 2005, Nguyen et al., 2014) [15, 34]. For the 

quantification of BCM7, RPHPLC-UV (Muehlenkamp and 

Warthesen, 1996) [32] and ion-exchange chromatography 

(Jarmolowska et al., 1999) [16] are used, while HPLC-UV has 

been utilized to assess BCM7 in human milk (Jarmolowska et 

al., 2007) [7]. In human milk beta-casein is of the A2 type, 

with a proline in the same place on the beta-casein protein 

chain (Hamosh et al., 1989) [12]. Human BCM-7 differs from 

bovine BCM-7 in amino acid sequence, with homology in 

five of seven amino acids (Hamosh et al., 1989, Wada and 

Lonnerdal, 2015) [12, 51] and significantly lower opioid activity 

(Koch et al., 1985, Brantl, 1984) [22, 4]. Wada and Lonnerdal 

(2015) [51] observed in vitro-digested human milk and found 

human betacasomorphin-9 (with a proline at position eight), 

but neither human betacasomorphin-7 nor betacasomorphin-5 

found (i.e., BCM-5 is a shortened version of BCM-7). BCM-5 

and BCM-7 were found in human colostrum (averaging 5 and 

3 g/mL, respectively) but at 2 months in lactation period 

much lower quantities reported by Jarmolowska et al. (2007) 

[17]. Casomorphin functionality in new born babies has been 

linked to motherly bonding, gastro- intestinal function, 

mucous membrane development, and sleep induction 

(Jarmolowska et al. 2007) [17]. 

 

Opioid characteristics of casomorphins 

The peptides bind to µ-receptors found in the CNS, GI tract, 

and few immune cells. µ-opioid receptor are the molecular 

target of morphine and other opioid drugs or beta-

casomorphins (Jinsmaa and Yoshikawa, 1999) [18]. 

Teschemacher (2003) [48] found that Betacasomorhin-5, 

Betacasomorphin-7, and Betacasomorphin-9 are relevant 

natural casomorphins. BCM-5 is the most prominent of these 

natural opioids. The human analogue of the enzyme 

carboxypeptidase Y might hypothetically release 

Betacasomorhin-5 from Betacasomorphin-7 within the human 

living system (Henschen et al., 1979) [13], and there is data to 

confirm this (De noni, 2008) [7]. Wasilewska et al. (2011a) [53] 

discovered human infants who were exclusively breastfed and 

whose moms drank bovine milk have bovine 

Betacasomorphin-5 in their bloodstream. BCMs were 

proposed to play a role in the endocrinic regulation of 

pregnancy (Teschemacher et al., 1994) [47]. BCM-5 

demonstrated a cardio protective effect due to its favourable 

inotropic and antiarrhythmic effects (Mentz et al., 1990) [27]. 

In mice, with a high dose of bovine Betacasomorphin-5 

intracerebroventricular injections, temporary memory 

loss was induced and in step-down type passive avoidance 

tests, a little dose of scopolamine effectively nullifies 

scopolamine-induced temporary loss of memory (Sakaguchi 

et al., 2003) [43]. Following milk protein consumption, Human 

jejunal contents include amounts of cattle Betacasomorphin-7 

that are consistent with pharmacological actions, after 2 hours 

of digestion, 4mg Betacasomorphin-7 was released from 30g 

of casein, with more released later (Boutrou et al., 2013) [3]. It 

has also been found in human newborns' blood (Wasilewska 

et al., 2011b, Kost et al., 2009) [54, 23] and children's urine 

(Sokolov et al., 2014) [45]. BCM-9 is also a natural 

casomorphin of importance. The A2 form of beta-casein 

produces betacasomorphin-9 (Boutrou et al., 2013, Wada and 

Lonnerdal, 2015) [3, 51], although it is not of significance in 

reference to A1 beta-casein due to the presence of histidine at 

position 67. This supports the idea that BCM-9 with a 

histidine at 67th position is easily split down into BCM-7 at 

the histidine cleavage point in the GI system, whereas BCM-9 

with a proline at 67th position does not breaks. These results 

are in line with those of Barnett et al. (2014) [1]; they 
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discovered that whereas the -opioid receptor antagonist 

naloxone prevented a variety of gastrointestinal symptoms in 

A1 beta-casein, no similar effects were observed in A2 beta-

casein after naloxone treatment. BCM-9 has been found to 

have antihypertensive characteristics, which is interesting 

(Saito et al., 2000) [42]. 

 

Delayed intestinal transit 

µ-Opioid receptors can be found all over the human body, 

especially in the gastrointestinal system (Pleuvry, 1991) [38]. It 

is well established that µ-opioid receptor activation affects the 

intestinal activity (Ward and Takemori,1983) [52] and to 

perform an important physiological role in GI function 

regulation, including mucus formation, motility and hormone 

synthesis (Zoghbi et al., 2006) [57]. In humans, µ-opioid 

receptor agonists induce a naloxone-reversible delay in 

gastrointestinal transit time. According to trials casein and its 

peptides decrease GI motility, reducing the intestinal 

contractions (Mihatsch et al., 2005) [28]. Casein was seen to 

delay gastrointestinal emptying time when compared to whey 

protein, suggesting that casein's opioid activity delays transit 

time (Daniel et al., 1990) [6] where naloxone was seen 

reversing these effects. In rat small intestine transit time was 

delayed when fed casein or its hydrolyzed products, 

(Mihatsch et al., 2005) [28], and naloxone treatment prevented 

the impact of intact casein on delaying emptying time. These 

findings imply that when intact casein is digested, peptides 

with opioid action are produced, potentially causing 

gastrointestinal transit time delays. In comparison to A2 beta-

casein, A1 beta-casein delays gastrointestinal emptying time 

(Barnett et al., 2014) [1]. Wistar rats were administered milk-

based diets containing A1 or A2 beta-casein, respectively, and 

it was revealed that the diets having A1 beta-casein lowered 

GI emptying time compared to the diets containing A2 

type beta-casein. (Barnett et al., 2014) [1]. 

 

Post drinking effect  

The digestive system is slowed by the milk we are 

consuming, which is A1 milk. In comparison to A2 beta 

casein, A1 beta casein slows food transit through the digestive 

system, which is an opioid action. 

1. In the colon, A1 beta casein exhibits both a pro-

inflammatory and an opioid impact. 

2. In comparison to A2 beta casein, A1 beta casein 

promotes upregulation of the enzymes DPP4 (Dipeptidyl 

peptidase 4) in the small intestine, which appears to be a 

non-opioid effect. 

3. When it comes to food transit delays or pro-inflammatory 

effects there is no record of opioid effects caused from 

A2 beta casein. 

 

Risk of heart disease  
A1 type beta casein was found to induce fat buildup in 

wounded blood arteries in studies. Fat build-up has the 

potential to obstruct blood arteries and lead to heart disease. 

However, the result’s human significance has been 

questioned. Ischemic heart disease (IHD) and stroke are the 

clinical manifestations of multi-factorial pathogenic processes 

that unfold over decades, and various risk factors have been 

identified. The findings that A1 beta casein is linked as a risk 

factor for IHD is based primarily on ecological data similar to 

that used in the DM1 (Diabetes Mellitus-1) case. The 

connections are impressive for such a multi-factorial 

condition, even if they aren't as strong as they are for DM1. In 

one study, the direct effect of A1 and A2 milk consumption 

on the development of atherosclerosis was investigated in a 

rabbit model. The study found no evidence of a significant 

negative impact on heart disease risk factors. In comparison to 

beta casein A2, beta casein A1 is found to be atherogenic 

(Tailford and Berry, 2003) [46]. 

 

Risk of type 1 diabetes  

Type 1 diabetes is caused by a shortage of insulin in the body 

and is most commonly diagnosed in youngsters. According to 

the research, drinking A1 milk as a child increases the 

likelihood of developing type 1 diabetes (Pelto et al., 1999) 

[36]. One or more environmental triggers are thought to be the 

etiology of type 1 diabetes. The link between A1 beta casein 

intake and DM 1 incidence rate in different nations is 

extremely strong. Although such correlations can't prove 

cause and effect, they are prone to bias. It is known that A1 

beta casein is split in the GI tract to form a compound with 

morphine-like effects in the body, which is thought to 

modulate immune surveillance. The relationship between the 

consumption of beta-casein variants and diabetes incidence 

could be explained by beta casomorphin-7's opioid 

characteristics, which include immune-suppression (Yin et 

al., 2010) [56]. DM Type 1 is an insulin-dependent diabetes 

mellitus in which the body does not manufacture insulin. The 

death of pancreatic beta cells could be the reason, as the 

pancreas produce insulin to keep blood sugar levels in check. 

BMC-7, produced in A1 milk consumption exhibits cross 

reactivity with the epitope of the pancreatic beta cell (glucose 

transporter) GLUP-2, resulting in the destruction of pancreatic 

beta cells by autoantibodies to GLUP-2. In prediabetic people, 

a gut-related immune response in some conditions can be 

treated with an opioid antagonist (naloxone) (Eliott et al., 

1997) [10]. 

 

Death of Infants by A1 Milk 

Sudden Infant Death Syndrome (SIDS) is the most common 

cause of mortality in children below the age of one year. It is 

the prominent reason of death in seemingly healthy children 

in developed countries. According to an analysis of healthy 

newborns, variation of BCM 7 was positively associated with 

higher DPP4 (Dipeptidyl peptidase 4) activity. In other words, 

when BCM 7 is high, the body naturally increases DPP4 

activity in healthy youngsters. However, the increased level of 

DPP4 is not favorable. This shows that the at-risk newborns 

lack the ability to promptly respond to high BCM 7 levels by 

making enough of the sole enzyme that can break it down. In 

a study babies were fed different diets (Kreil et al., 1983) [24]; 

infants who were fed casein-rich milk formula had 

significantly higher BCM levels than those who were 

administered primarily whey-based formula. Because BCM 7 

can only arise from casein and not whey, this was to be 

expected (Tiruppathi and Miyamoto, 1990) [49]. However, 

babies aged one to four months who appeared to be eating 

only breakfast had protein fragments, such as but not limited 

to bovine BCM. Can it make their way into breast milk from 

the mother's stomach? It's possible that BCM7 is transmitted 

through the blood (Iwan et al., 2008) [14]. However, it is 

becoming increasingly likely that it could also be through 

other mechanisms, such as the lymphatic system. Whatever 

mechanism at work, there is little doubt that bovine BCM7 

can enter human breast milk and trigger life-threatening 

events in infants. As a result of the research, it appeared that 

not only babies, but also breastfeeding moms, require A1 beta 
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casein-free cow's milk. These findings suggest that some 

youngsters are hypersensitive to A1 beta casein, which is 

contained in cow's milk. However, more research is required 

for any concrete conclusions and there are very few options 

for lowering the likelihood of them happening (Shimizu et al., 

1997) [44].  

 

Leaky gut syndrome 

What is the fate BCM7 once it is formed into the gut is a 

piece of the puzzle in determining how it enters the 

bloodstream. Because BCM7 is a big molecule, it is not easy 

for it to get through the gut wall and reach the blood stream. 

Some patients, however, have leaky gut syndrome, which 

allows BCM7 and other peptides to cross the intestinal barrier 

reach into the bloodstream quite quickly. According to 

Woodford (2007) [55], BCM7 can be detected in the urine of 

persons with a leaky gut. He claimed that this illness has been 

linked to autism and schizophrenia symptoms due to BCM7's 

recognized opioid effects. It has been found that patients who 

have stomach ulcers or untreated celiac disease absorb BCM7 

through the GI wall. Babies are likely to absorb BCM7 in the 

same way as adults; in fact, newborns are supposed to pass 

bigger molecules through the GI wall. This phenomenon 

helps them receive colostrum from their mother's milk 

(Woodford, 2007) [55]. 

 

Effects of BCM7 on babies 

If neonates can pass big molecules through the gut wall, they 

are more vulnerable and susceptible to the effects of BCM7 in 

A1 milk. Opioids, especially BCM7, are known to slow the 

transit of food in the GI tract and it explains the reason of 

constipation in babies fed with cow milk formula. Woodford 

(2007) [55] proposed that the slower passage of A1 milk 

through the digestive tract due to the release of BCM7, 

enhances the lactose intolerance problems. Early and 

persistent exposure to BCM7 in newborn formulae could thus 

play a role in the increased rates of Type 1 diabetes, heart 

disease, autism and a variety of other auto-immune diseases. 

There hasn't been any research done on the existence of 

BCM7 in newborn formula, and it's desperately needed. 

Mothers should breastfeed their newborns for as long as 

possible and insist on breast milk substitutes prepared with 

A2 milk rather than A1 milk.  

 

 
 

Fig 1: Important constituents of milk (Miller, 2007) 

 

 
 

Fig 2: (A) The difference between A1 and A2 beta-casein; (B) release of beta-casomorphin-7 (Rashidinejad et al., 2017) [40]. 

 

Conclusion 

People are unaware of the differences between A1 and A2 

milk and as A2 milk is produced by all indigenous milk 

breeds we are blessed with a safer option. Continued research 

to explore the role of BCMs in human health and time to time 

risk assessment with survey study and laboratory trials is 

required to produce a vivid picture of the milk derived 

casomorphins and their associated health issues. Improved 

diagnostic tools to establish the link of casomorphins derived 

from milk with different ailments is needed. To avoid 

consumer confusion about the safety of A1 type and A2 

type milk, a detailed understanding of the milk-protein 

derived peptides specially with opioid effect, their release 

during digestion, absorption through gut wall and further 

effect is essential. 
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