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Abstract
Purpose  Food-derived bioactive peptides may influence important physiological functions. An important example is beta-
casomorphins, which are opioid peptides derived from A1 beta-casein in bovine milk and have been associated to be risk 
factors for non-communicable diseases in humans. A1 and A2 beta-casein are different with respect to the release of bioactive 
peptides, in particular BCM-7. However, evidence from human studies is limited and could be complemented with evidence 
derived from animal studies. We conducted a scoping review to identify animal studies investigating the effects of A1 beta-
casein or BCM-7 compared to A2 beta-casein or any other intervention on health-related outcomes.
Methods  We systematically searched for relevant studies in two electronic databases (Medline, Embase; last search per-
formed March 2020). Two reviewers independently undertook study selection and data extraction of included references. 
Results were summarized tabularly and narratively.
Results  We included 42 studies investigating various animal models, including rats, mice, rabbits, and dogs. Six studies 
investigated health-related outcomes of A1- vs. A2 milk, while most studies (n = 36) reported on physiological properties 
(e.g., analgesic effect) of BCM-7 as an opioid peptide. Included studies were extremely heterogeneous in terms of the study 
population, type of intervention and dose, and type of outcome measures.
Conclusions  Only a few studies comparing the effects of A1- and A2 milk were identified. More studies addressing this 
research question in animal models are needed to provide essential information to inform research gaps. Results from future 
studies could eventually complement research for humans, particularly when the body of evidence remains uncertain as is 
the case in the A1- and A2 milk debate.
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Background

Proteins are a broad family of organic compounds with an 
important role in the structure and functionality of all living 
organisms [1]. They are a fundamental component of animal 
and human diets providing a source of energy, nitrogen, and 

essential amino acids [1]. In addition, dietary proteins may 
also provide a source of biologically active peptides, which 
are inactive within the sequence of the precursor protein 
but may become active when released by hydrolysis during 
food processing [1]. Food-derived bioactive peptides may 
influence physiological functions, including modulation of 
gut secretion and motility, blood pressure, thrombotic, anti-
oxidant, antimicrobial, and immunomodulatory activities 
[1]. Some of these effects are mediated by interaction with 
the opioid system and are therefore called opioid peptides.

Opioid peptides can be formed from milk, cereal, vegeta-
bles, and meat/poultry. The most investigated so far are the 
ones derived from bovine milk [1]. Approximately one-third 
of bovine milk proteins are beta-caseins, which are present 
in various genetically determined forms in milk, includ-
ing the A1 and A2 variants. Milk free of A1 beta-casein 
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is commonly known as A2 milk, which contains mostly 
A2 beta-casein with a possible caveat of minor contamina-
tion. All other bovine milk is commonly referred as to A1 
milk, which contains predominantly A1 beta-casein. Both 
milk types have shown to have different digestive results. 
In contrast to the A2 milk, digestion of A1 milk releases 
beta-casomorphin 7 (BCM-7), which is a potent opioid pep-
tide influencing the above-mentioned physiological effects 
[2]. Thus, BCM-7 is thought to be responsible for potential 
adverse outcomes in humans, such as the increased risk of 
diabetes [3]. In contrast, the consumption of milk containing 
exclusively the A2 beta-casein variant (A2 milk) has been 
promoted as being associated with positive health effects in 
humans, including reduced gastrointestinal symptoms [4].

We recently published a systematic review about the 
health effects of A1 milk reported in human studies and 
found some evidence suggesting beneficial gastrointesti-
nal effects of A2 milk compared to A1 milk [5]. However, 
implications of A1 beta-casein on other health-related out-
comes were limited and were graded with low or very low 
certainty of evidence. In contrast, various animal studies 
suggest that opioid peptides like BCM-7 could have even 
beneficial physiological properties [2].

The main objective of this scoping review was to identify 
and describe all primary studies evaluating health-related 
outcomes of A1 beta-casein consumption/exposure in ani-
mal models.

Materials and methods

This scoping review was conducted following the meth-
ods from the Cochrane Handbook for systematic reviews 
of interventions [6], and following recommendations from 
the SYRCLE (Systematic Review center for Laboratory 
Animal Experimentation) method group [7]. Methods for 
the scoping review were defined a priori in a protocol (not 
registered). The methodology and the results are reported 
according to the PRISMA guidelines for scoping reviews 
[8] (see additional file 1).

Eligibility criteria

The research question was defined according to the PICO 
approach (Participants, Interventions, Comparison, Out-
comes). We included studies investigating A1 beta-casein 
or BCM-7 intake (independently of the method of adminis-
tration, e.g., orally or given through injection) on any health-
related outcome in animals (e.g., gastrointestinal markers 
such as gastrointestinal transit time (GITT), incidence of 
diabetes, intermediate disease markers of CVD such as LDL 
and HDL concentrations, etc.). Any comparison intervention 
(including A2 beta-casein, other BCM-fractions, etc.) was 

considered eligible, and included studies had to report on a 
health-related outcome. No restrictions on study design were 
applied. Studies published in a language other than English, 
Spanish, German, or French; or studies without a full-text 
(i.e., abstracts) were excluded, but listed in a separate table. 
Studies in which the intervention was given to deceased ani-
mals were excluded.

Systematic literature search

To identify all published studies investigating A1 beta-casein 
on health-related outcomes in animals, we searched Medline 
(PubMed) and Embase from inception until February 2017. 
An update search was performed in March 2020. The search 
strategy was constructed using free text and MeSH terms (or 
EMTREE). To identify animal studies, the recommended 
filters from SYRCLE for both databases were used [9, 10]. 
Search strategies are presented in the supporting information 
(see additional file 2). Additionally, reference lists of eligible 
articles were screened for further relevant references.

Study selection

Each reference was screened by two reviewers indepen-
dently from each other (SL, DK, and KB) based on prede-
fined inclusion criteria using the Covidence online software 
[11] in dual screening mode, i.e., each reference had to be 
screened by two of the three reviewers—the assignment of 
references is aleatory. First, titles and abstracts of studies 
retrieved through the searches were screened to exclude 
obvious irrelevant references. Second, full publications of 
potentially relevant studies were obtained and checked for 
final inclusion. Any disagreement was resolved through 
consensus.

Data extraction

Data from each included reference were extracted by two 
reviewers independently from each other (DK, SL and 
KB—references were assigned aleatory to each reviewer by 
reference ID number), and any disagreement was resolved 
through consensus.

The following data were extracted for each included 
study: bibliographic details, study characteristics [incl. 
objective(s), details of funding, study design, number of ani-
mals included], characteristics of the included animals (incl. 
age, gender, animal species, breeding, housekeeping- and 
acclimatisation conditions), characteristics of the interven-
tion and control intervention (incl. type, dosage, and mode 
of administration), and outcome data (incl. definition, time 
of measurement).
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Data synthesis

Results from this scoping review were summarized in bub-
ble charts and in tables with relevant information on each 
included study. Results were also described narratively.

Results

Results of the search

During the systematic literature search in both electronic 
databases, we identified 9209 potentially relevant records. 
After removing duplicates, 5132 unique records were 
assessed for eligibility. From these, 4831 records were 
excluded after title- and abstract screening and 260 after 
full-text screening. Finally, 41 records fulfilled our inclu-
sion criteria (Fig. 1). From these, one reference reported 
results of two studies, therefore, 42 studies were included in 
this scoping review. Additionally, 14 records were excluded 
from data extraction, because they were published in other 
language, were not published as full texts, or full texts were 
not available (these references are listed in additional file 3).

Description of included studies

A total of 42 trials were included in this scoping review. Six 
from the included studies evaluated A1- vs. A2 beta-casein, 
and the remaining 36 studies analysed BCM-7 vs. various 
control interventions, incl. other protein fragments (mainly 
shorter BCM fragments), distilled water or saline solution. 
Results of this scoping review are displayed for each of these 
two comparisons separately and can be found in Tables 1, 
2 respectively.

Characteristics of studies comparing A1‑ vs. A2 beta‑casein

From the six studies evaluating A1- vs. A2 beta-casein, most 
studies were performed monocentric in Australia, Poland, 
India, UK; and one study was carried out as multicentric in 
New Zealand, Canada, and the UK [12]. At least 723 ani-
mals were investigated in all studies together (min 6 animals 
and max 585 animals per study; one study did not report the 
number of animals included [13]). The animal population 
consisted of rats (n = 3397), mice (n = 3391), pigs (n = 6), 
and rabbits (n = 60). Animals received the intervention 

Fig. 1   PRISMA flow diagram 
of systematic literature search

1  This is underestimated, since two studies provided no information 
on the number of animals included.
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or control intervention orally, mainly supplemented with 
their normal diet. One study administered the intervention 
through intubation [15]. The intervention was either A1 milk 
or A1 beta-casein, whereas the control intervention was A2 
milk or A2 beta-casein respectively. The analysed outcomes 
included gastrointestinal markers and various intermediate 
markers of diabetes and CVD, including blood glucose and 
insulin concentrations, blood lipids, and markers of ath-
erosclerosis (i.e., aortic fatty streak and advanced lesions 
in carotid arteries). Outcomes were measured in living or 
deceased animals depending on the nature of the outcome 
(i.e., lipid profile was measured in living animals, bowel 
inflammation status after bowel resection was measured in 
deceased animals).

Three studies were financially supported exclusively by 
independent funding agencies or research institutes [12, 14, 
15], two studies reported the a2 Milk Company Limited (for-
merly A2 Corporation) as sponsor [13, 16], and one study 
provided no information on funding [17].

All study characteristics can be found in Table 1.

Characteristics of studies comparing BCM‑7 vs. any other 
intervention(s)

Thirty-six studies comparing the effects of BCM-7 with 
other interventions were included. Study characteristics 
are listed in Table 2. Briefly, all studies were performed 
monocentric in various countries worldwide, incl. USA, 
Germany, Russia, and China. The animal population con-
sisted mainly of rats, but also mice, rabbits, cows, broilers, 
dogs, and cockroaches were analysed. All studies included 
at least 3154 animals in total (min 6 animals and max 639 
animals per study; five studies did not report the exact num-
ber of animals included [18–22]). Most studies administered 
BCM-7 as injection [18–25, 25–42] and ten studies admin-
istered it orally [25, 43–51]. Most studies provided BCM-7 
alone, whereas three studies used a mix of BCM-fragments 
(including BCM-7) as intervention [25, 44, 50]. The control 
interventions were saline solution, distilled water, various 
proteins (e.g., exorphins and encephalin), or shorter BCM-
fragments (e.g., BCM-3, -4, -5). Included studies had mainly 
an explorative focus on investigating biological effects of 
BCM-7 (quantitatively and qualitatively) and had no pri-
mary interest in comparing BCM-7 with other interventions. 
Therefore, outcomes measured across studies varied greatly, 
e.g., pain relief, behavioural change, intermediate markers of 
diabetes and neurologic functions, various blood parameters 
(incl. parameters of immune function, enzyme concentra-
tions), etc.

Most studies (n = 25) were supported by different inde-
pendent funding agencies or research institutes, ten stud-
ies provided no information on funding [18, 20, 23, 29, 34, 

36–38, 41, 45], and one study reported that no funding was 
received [28].

Health‑related outcomes

Included studies reported on various types of outcomes and 
most of them were either intermediate markers of a disease 
or a condition or were measured to describe a physiologic 
process.

Outcomes investigated across included studies are dis-
played in bubble charts and described narratively.

Details of interventions and health‑related outcomes 
in studies comparing A1‑ vs. A2 beta‑casein

Figure 2 shows a bubble chart with the primary outcomes 
reported in studies comparing A1- with A2 beta-casein. Out-
comes are grouped according to the animal model in which 
they were investigated.

Two studies reported on the following intermediate mark-
ers of cardiovascular disease (CVD): blood lipids and aortic 
fatty streak and lesions in carotid arteries [15, 17]. Tailford 
et al. reported on significantly fewer aortic fatty streaks for-
mation (as marker of atherogenic effect) in rabbits who were 
given A2 beta-casein, compared to rabbits under the oral 
administration of A1 beta-casein [17]. Kaminski et al. found 
no significant difference in total cholesterol- and triacyglcer-
ols) after A1- or A2 beta-casein administration in pigs [15].

The incidence of diabetes was investigated in four con-
secutive generations of NOD mice fed with either A1- or A2 
beta-casein in the study of Chia et al. [13]. They found that 
dietary A1 beta-casein increased diabetes incidence in the 
3rd and 4th generation of mice, whereas incidence did not 
change in previous generations [13]. Glucose concentration 
in blood or urine was investigated in two studies [12, 15]. 
Authors reported no difference in the glucose concentra-
tion in mice and pigs after the administration of A1- or A2 
beta-casein [12, 15], whereas a favourable effect of A2 beta-
casein compared to A1 beta-casein was observed in the rat 
population [12].

Furthermore, one study analysed gastrointestinal effects 
in rats and found that dietary A2 beta-casein administration 
caused reduced intestinal inflammation and a favourable 
gastrointestinal transit time compared to the A1 beta-casein 
intervention [16]. Similarly, Haq et al. found a favourable gut 
immune response in mice fed A2 beta-casein, compared to 
mice fed A1 beta-casein (or A1/A2 beta-casein) [14].

None of the included studies investigating A1 vs. A2 
beta-casein measured the level of BCM-7, which could pro-
vide a link between A1 beta-casein and the release of this 
bioactive peptide.
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Details of interventions and health outcomes in studies 
comparing BCM‑7 vs. any other intervention(s)

Figure 3 shows a bubble chart with the primary outcomes 
reported in studies comparing BCM-7 with any other 
intervention(s). Outcomes are grouped according to the 
animal model in which they were analysed. As mentioned 

before, studies investigating BCM-7 focused mostly on 
its biological and metabolic properties such as neurologi-
cal effects (acting as an opioid). Thus, we herein give an 
explorative summary about the outcomes that were inves-
tigated in included studies, without providing a detailed 
description of the results of each study.

Fig. 2   Bubble chart of studies comparing A1- vs. A2 beta-casein. 
CVD cardiovascular, GI gastrointestinal. Each dot in the bubble chart 
represents the primary outcome investigated in the included stud-
ies, which are marked with an (*) in Table 1 (i.e., Interm. marker for 
CVD: blood lipids, aortic fatty streak and lesions in carotid arteries; 
Diabetes/Interm. marker for diabetes: incidence of diabetes, glucose 

concentration in blood and urine; GI markers: gastrointestinal transit 
time and intestinal inflammation; Gut immune response: concentra-
tion of immunoglobulins). If a study investigated the primary out-
come in more than one animal model, the chart shows a dot for each 
animal model (i.e., Beales 2002 [12], Kaminski 2012 [15])

Fig. 3   Bubble chart of studies comparing BCM-7 vs. any other inter-
vention. Each dot in the bubble chart represents the primary outcome 
investigated in the included studies, which are marked with an (*) in 
Table 2 (i.e., intermediate marker for CVD: heart rate; Interm. marker 
for diabetes: diabetic cardiomyopathy, glucose and insulin concentra-
tion, pancreatic oxidative stress, diabetic nephropathy; Neurological 

effect: analgesia, behavioural change, anaesthetic function, neurologic 
function on brain regions; Gut immune response: immunoglobulin 
concentration, histology of intestinal mucosa; Endocrine function: 
prolactin concentration, gastrin and somatostatin release). If a study 
investigated the primary outcome in more than one animal model, the 
chart shows a dot for each animal model (i.e., Hedner 1987 [19])
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Briefly, the primary outcomes most analysed in studies 
investigating BCM-7 were related to neurological effects, 
such as behavioural change or analgesic effect. The rela-
tionship between neurological effects and BCM-7 relies 
on its ability to cross the blood–brain barrier and act as an 
opioid peptide. Its interaction with opioid receptors causes 
exorphin activity in the brain, which unfolds as e.g., behav-
ioural change, analgesic effects, etc. Behavioural change 
was reported in rats in eight studies and included for exam-
ple mother-oriented behaviour, learning, sleeping, or food 
intake behaviour [21, 32, 33, 35, 36, 39, 41, 42]. Most 
results showed that BCM-7 had indeed a stimulating effect 
on changing the behaviour of rats receiving this intervention 
compared to shorter fragments of BCM, saline solution, ster-
ile water, or other equivalent solvent. An additional neuro-
logical outcome frequently investigated was analgesic effect, 
mainly as a pain reliever. Most studies compared this effect 
to other BCM fragments and investigated the opioid pathway 
for achieving the analgesic effect, including binding proper-
ties (e.g., affinity to opioid receptors). It was analysed in rats 
in five studies [18, 23, 29–31], in cockroaches in one study 
[34] and in broiler chickens in one further study [20]. Results 
showed that BCM-7 achieved significant pain relief in ani-
mals receiving the intervention. Many of the mentioned 
studies investigated additionally the effect of injecting nalox-
one as a specific opiate-receptor antagonist. They found that 
the BCM-7 effect was abolished by naloxone, confirming the 
opiate activity of BCM-7. One additional study reported that 
rats administered with BCM-7 had a stronger response in 
various brain regions, compared to rats in the control group 
[40]. At last, we identified one study reporting on BCM-7 as 
an anaesthetizing agent in rabbits and found that the inter-
vention decreased respiratory frequency and depressed the 
central respiratory system, suggesting a positive effect to 
induce anaesthesia [19].

Eight studies reported on intermediate markers related 
to diabetes [43–47, 50–52]. From these, two studies found 
a stimulating effect on post-prandial insulin release in dogs 
after the intervention with either BCM-7 or a mixture of 
BCM fragments (incl. BCM-7), compared to shorter BCM 
fragments or saline solution [44, 52]. Similarly, the study of 
Yin et al. reported lower blood glucose levels and increased 
insulin levels in rats fed BCM-7 with their normal diet 
compared to rats in the control group [45]; and Kim et al. 
reported that BCM mixture (incl. BCM-7) lowered the 
responses of serum insulin in cows [50]. Furthermore, three 
studies found that BCM-7 had a protective effect on diabetic 
nephropathy in rats [47, 51] and on diabetic cardiomyopathy 
also in rats [43]; and one study reported less free-radical-
mediated oxidative stress in the pancreas of rats fed BCM-7 
compared to rats without the intervention [46].

Furthermore, results from five studies were grouped 
under outcomes related to endocrine function [25, 26, 38, 

48]. Specifically, somatostatin release was investigated in 
three studies in dogs [25, 26], from which two studies found 
no effect of BCM-7 administration [25], and one study 
found a dose-dependent inhibition of somatostatin after the 
administration of BCM-7 [26]. In addition, Zong et al. found 
that BCM-7 modulated gene expression of the regulatory 
peptides from G and D cells in a rat population (by means 
of the paracrine action of somatostatin) [48]. One further 
study found an increased serum prolactin concentration in 
the blood of rats after BCM-7 [38], suggesting the beneficial 
effect of BCM-7 in lactation and in regulating the immune 
function.

Gut immune response was reported in two studies. Haq 
et al. found that oral administration of BCM-7 increased gut 
immune response in mice (measured with immunoglobu-
lins and the concentration of various enzymes) [49], and 
similarly Yin et al. reported an improvement of intestinal 
mucosal immune decline (induced by aging) in mice admin-
istered BCM-7 [27].

Finally, four studies reported on further different out-
comes. Chang et al. found increased growth performance 
with the administration of BCM-7 and described the 
involved mechanisms in broiler chickens [24]. Similarly, 
one study showed that BCM-7 stimulated DNA synthesis in 
new-born rats [37]. Furthermore, Wei et al. found no effect 
of BCM-7 on the heart rate of rats (acting as opioid agent) 
[22]. Finally, Zhang et al. found that BCM-7 was able to 
reduce sepsis in rats with induced kidney injury [28].

Discussion

Principal findings

The aim of this scoping review was to identify all potential 
health outcomes associated with A1 beta-casein (or BCM-7) 
in animal studies, to define the number and types of available 
animal studies, and to identify any gaps in the evidence base. 
To our knowledge, this is the first systematic scoping review 
on this topic in animal studies. We included and synthesized 
42 eligible studies, most of them had an explorative charac-
ter to investigate physiological properties of BCM-7 as an 
opioid peptide, for example on neurological functions. In this 
sense, BCM-7 was described to act as analgesic agent and 
to influence various metabolic processes. Only six included 
studies evaluated the effect of A1 milk (or A1 beta-casein) 
compared to A2 milk (or A2 beta-casein) and results suggest 
that A2 milk could have beneficial gastrointestinal effects 
compared to A1 milk. However, results for other outcomes 
e.g., outcomes related to CVD and diabetes seem inconclu-
sive. We recently published a systematic review about the 
health effects of A1- and A2 beta-casein in humans and the 
results regarding gastrointestinal effects pointed in the same 
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direction as results found in this scoping review in animal 
studies [5] and as the results from the systematic review of 
Brook-Taylor et al. [4]. Although effects from animal stud-
ies cannot be comparable to effects in humans, results from 
animal studies, together with further epidemiological and 
experimental studies (incl. in-vitro, biochemistry, pharma-
cological studies), could complement research for humans, 
particularly when the body of evidence remains uncertain as 
is the case in the A1- and A2 milk debate [4, 5]. For exam-
ple, neurological effects of A1 beta-casein (or BCM-7) on 
schizophrenia, autism, or ADHS, where evidence is very 
limited and studies in humans are difficult to perform, could 
be expanded with results from animal research.

We identified 14 references which were not included in 
the scoping review due to the reasons mentioned above but 
results from these studies could influence the evidence map 
presented here. Additionally, effects of the consumption 
of A2 milk are increasingly being investigated parallel to 
the fast commercialization of A2 milk all over the world. 
Therefore, it will remain as an emergent topic for the next 
years and an update of this scoping review, or even a full 
systematic review would certainly be fundamental in the 
near future.

Strengths and weaknesses of the scoping review

To our knowledge, this is the first scoping review summa-
rizing all available evidence on A1- and A2 beta-casein in 
animal studies. The summary of our results provides an 
overview of research performed so far in this field. Included 
studies were extremely heterogeneous in terms of the study 
population (e.g., healthy animals, but also animals with cer-
tain induced health issues were included), type of intervention 
and dose, and type of outcome measures; therefore, one of the 
main challenges during this scoping review was to synthesize 
available evidence in a comprehensive manner. Many of the 
included studies investigating BCM-7 as the intervention had 
as primary objective to explore biological effects and possi-
ble mechanisms of this opioid peptide. Thus, a clear health-
related outcome was hardly identified. We are presenting the 
results separated by type of comparison (A1- vs. A2 milk; and 
BCM-7 vs. any other intervention) to provide results as clear 
and transparent as possible. Some important data to be con-
sidered when performing systematic reviews of animal studies 
were extracted but not presented in this scoping review (e.g., 
housing conditions, acclimatisation, etc.) to maintain a sound 
overview of this topic. For example, data about blinding of 
investigator or outcome assessor was extracted but no included 
study reported on this. To drive conclusions about this, further 
investigation is needed (e.g., contacting study authors to con-
firm if blinding was performed and how), but was not planned 
during this scoping review. Considering that this emerging 
topic is being actively investigated, not only in human studies 

but also in animal models, it is possible that new results rel-
evant to this scoping review will emerge in the near future.

It is important to mention that the present work describes 
the scope of this topic without further critical evaluation of 
the included primary studies, e.g., no risk of bias assessment 
was performed. Therefore, conclusions about the effects of the 
intervention on health-related outcomes were not driven. Per-
forming a systematic review would certainly provide a deeper 
insight into the evidence base on the health effects of A1- and 
A2 beta-casein.

Conclusion

Most studies investigated physiological properties of BCM-7 
and only six studies compared the effects between A1- and 
A2 beta-casein. More studies on animal models would pro-
vide essential information to inform research gaps and results 
from these studies could eventually complement research 
for humans, particularly when the body of evidence remains 
uncertain as is the case in the A1- and A2 milk debate.
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