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ABSTRACT
Beyond being a source of key nutrients, bovine milk influences physiological functions by synthe-
sising bioactive peptides during the process of digestion. Some of the claimed negative health
outcomes associated with milk consumption, such as cardiovascular diseases and type 1 diabetes
may be attributed to an opioid peptide, beta-casomorphin-7 (BCM-7), derived from A1 beta-
casein. BCM-7 exerts its function by binding to the l-opioid receptors in the body. It is hypothes-
ised that activation of the l-opioid receptors in the gut can alter gut microbial composition,
impair gut barrier integrity and bile acid metabolism, in addition to increasing gastrointestinal
transit time and gut inflammation. Further, it is hypothesised that BCM-7 may influence fractures
and obesity via l-opioid receptor pathways. In conclusion, it appears that BCM-7 might have
multiple functions pertinent to human health; however, the evidence is limited and warrants fur-
ther pre-clinical and clinical studies for hypothesis confirmation.
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Introduction

Bioactive peptides are short-chain peptides derived
from the intact protein and have multiple physio-
logical functions (Meisel 1998; Nguyen et al. 2015).
Milk and dairy products have been identified as one
of the largest contributors of bioactive peptides among
food-derived peptides (Moller et al. 2008). Bioactive
peptides derived from dairy protein possess several
important physiological activities including immuno-
modulatory (Gill et al. 2000), anti-hypersensitive
(Takano 2002), antimicrobial (Meisel 1998), osteopro-
tective (Tsuchita et al. 1993) and opioid functions
(Brantl et al. 1979; Stefanucci et al. 2018).

The opioid peptides derived from milk protein
have placed milk consumption under scrutiny due to
the evidence suggesting that these peptides may be
linked to the pathophysiology of some diseases (Sun
et al. 1999; McLachlan 2001; Laugesen and Elliott

2003). Lactose intolerance and milk protein allergies
are the most recognised concerns associated with con-
suming milk. However, apart from these, there are
epidemiological data suggesting that consuming milk
containing a particular protein variant, A1 beta-casein,
may predispose to a range of diseases such as cardio-
vascular diseases (Laugesen and Elliott 2003), type 1
diabetes (Elliott et al. 1999) and neurological disorders
(e.g. autism, schizophrenia and sudden infant death
syndrome) (Sun et al. 1999, 2003).

Casein is the predominant form of milk protein
and contains four major subsets. Of the four variants,
beta-casein forms the basis for the A1/A2 hypothesis.
A single point mutation in the gene coding for beta-
casein occurred 10,000 years ago in Holstein
European herds and caused a change in the amino
acid from proline to histidine and produced the A1
beta-casein variant of A2 beta-casein (Kami�nski et al.
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2007; Haq, Kapila, Shandilya, et al. 2014). Enzymes in
gut digest A1 and A2 beta-casein differently because
of the structural dissimilarity of those beta-caseins.
The A1 beta-casein fraction in milk produces beta-
casomorphin-7 (BCM-7) while A2 beta-casein produ-
ces BCM-9 (Jinsmaa and Yoshikawa 1999; Haq,
Kapila, Shandilya, et al. 2014). BCM-5 can be pro-
duced by further catabolism of BCM-7; these peptide
fragments are characterised as beta-casomorphins
(BCMs) (Pal et al. 2015). Cie�sli�nska et al. (2012)
showed that BCM-7 is synthesised in only minor
quantities from milk exclusively containing A2 beta-
casein variant compared to the milk containing both
beta-casein variants. Other dairy products such as
cheese and yogurt are also reported as sources of
BCMs that parallel their A1/A2 milk lineages (De
Noni and Cattaneo 2010).

The potential negative physiological implications of
BCM-7 have been extensively discussed in literature
in the areas of ischaemic heart disease (Laugesen and
Elliott 2003), type 1 diabetes (Elliott et al. 1999), psy-
chomotor development (Kost et al. 2009) and sudden
infant death syndrome (Sun et al. 1999, 2003). On the
other hand, some studies have shown putatively bene-
ficial aspects of BCM-7 in e.g. mucous secretion
(Trompette et al. 2003) and cellular immunity (Elitsur
and Luk 1991). However, the literature lacks informa-
tion on how BCMs may alter certain gut parameters
(e.g. gut microbiota, gut epithelial integrity and bile
acid metabolism), fractures (bone metabolism) and
obesity. Herein, the purpose of this review is to ana-
lyse the overlooked potential functions of BCMs and
to hypothesise potential mechanistic pathways by
which they might play a role in the pathogenesis
of disease.

Methods

Literature addressing topics such as (1) A1/A2 beta-
casein, (2) l-opioid receptors, (3) milk consumption
and gut physiology, fractures and obesity and (4)
implication of morphine on gut, fractures and obesity
were searched in Medline and Google Scholar. Peer-
reviewed original research work, reviews and theses
written in English were included, whereas conference
abstracts and grey literature were excluded. The
searched articles were further analysed for the suitabil-
ity to be included in this manuscript based on the
manuscript focus. Articles on both animal and human
studies according to the following criteria were
included: (1) Studies assessing the effects of A1/A2
beta-caseins on gut physiology; inflammation,

fractures and obesity; (2) Observational studies assess-
ing the impacts of milk consumption on gut physi-
ology, fractures and obesity; and (3) Studies assessing
the effects of morphine on gut physiology, fractures
and obesity.

Interaction of beta-casomorphins with
the body

BCMs are l-opioid receptor ligands and are classified
as “atypical opioid peptides”. Brantl et al. (1981)
reported that BCM-4/5/6/7 demonstrated opioid activ-
ity in an opiate receptor binding assay and these pep-
tides produced naloxone-reversible analgesia.
Naloxone is a morphine antagonist and thus reverses
the action of morphine. BCM-5/7 are the potent
forms of BCMs and show higher degree of affinity
towards l-opioid receptors, whereas BCM-9 has the
least affinity (Jinsmaa and Yoshikawa 1999; Haq,
Kapila, Shandilya, et al. 2014). Opioid receptors
belong to the superfamily of G-protein coupled recep-
tors, which are categorised as mu (l), delta (c) and
kappa (j) receptors (Chan 2008). For the most part,
opioid receptors are found in the central nervous sys-
tem (CNS) (Chan 2008). However, opioid receptors
can also be found in the peripheral nervous system,
the gastrointestinal (GI) tract, the myenteric plexus of
the enteric nervous system and the immune system (T
cells, B cells and macrophages) (Holzer 2009;
Ninkovic and Roy 2013). Furthermore, it is reported
that opioid receptors are found in bone cells (Rosen
et al. 1998). Opioid receptors are thus distributed
across many parts of the body allowing opioids to
exert their functional effects from pain management
to bone metabolism, thus indicating the pluripotent
physiological effects of opioids in human health
(Figure 1).

In order to demonstrate opioid activity, BCMs
should be yielded in pharmacological concentrations
that are sufficient to elicit physiological response
(Boutrou et al. 2013; Pal et al. 2015) and be able to
bind to the opioid receptors. Boutrou et al. (2013)
showed that 4mg of BCM-7 was released in the
human jejunum, 2 h after digestion of 30 g of casein,
which is consistent with pharmacological effects. On
the other hand, demonstration of the crossing of the
gut epithelia into circulation is essential in order to
explain the functional effects of the BCMs. The poten-
tial of BCMs to transfer across intestinal epithelia has
been demonstrated in in vitro experiments (Iwan et al.
2008; Sienkiewicz-Szlapka et al. 2009), in animals
(Singh et al. 1989) and in infants (Wasilewska et al.
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2011); however, evidence in adults is lacking. It is
postulated that BCMs could be transferred via para-
cellular pathways across intestinal epithelia – i.e. the
intercellular space between cells (De Noni et al. 2009)
– and the process may occur swiftly in infants due to
the immature gut lining. However, according to the
European Food Safety Authority (EFSA) report pub-
lished in 2009, existing in vivo evidence was not suffi-
cient to confirm the transfer of BCM-7 across
intestinal epithelia and the topic warranted more
investigations (De Noni et al. 2009). Nevertheless,
recently published studies have shown that casein-
derived peptides can be transferred across the intes-
tinal epithelia by measuring postprandial plasma
BCM-7 levels (Deth et al. 2016; Janssen Duijghuijsen
et al. 2016; Jianqin et al. 2016).

The potential impacts of milk opioid peptides
on gut physiology

The presence of opioid receptors in the GI tract may
be responsible for the bowel dysfunction associated
with opioid administration (Kurz and Sessler 2003).
Opioids alter GI functions through opioid signalling
pathways. The gut contains highly-specified binding

sites for opioid drugs and opioid peptides. Mostly
l-opioid receptors are situated in enteric neurons
(Claustre et al. 2002) and intestinal epithelial cells
(Zoghbi et al. 2006). In the following section, we will
discuss possible implications related to the activation
of l-opioid signalling pathways by the A1 beta-casein
on GI transit time, gut microbial composition, gut
inflammation, gut epithelial integrity and bile acid
metabolism (Table 1).

Gastrointestinal transit time and gut microbial
composition

A number of animal studies have demonstrated the
effect of caseins or their derivatives in delaying GI
motility via l-opioid receptor pathways (Becker et al.
1990; Defilippi et al. 1995; Barnett et al. 2014). An
experiment using rat pups explored the potential for
bovine casein to alter GI motility and showed that
BCMs produced during the digestive process caused a
delay in GI transit (Daniel et al. 1990). This effect was
reversed by naloxone, thus providing evidence for the
direct interaction of casomorphins with gut opioid
receptors (Daniel et al. 1990). Another study in dogs
showed the in vivo effect of casein administration on

Figure 1. Potential pathways by which milk opioid peptides may influence physiological functions.
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small intestinal measures, such as force and contrac-
tion frequency and concluded that casein significantly
reduced these parameters and, again, that this effect
was abolished by naloxone (Defilippi et al. 1995).
Similarly, another experiment studied the effect of A1
versus A2 beta-casein on GI transit time in Wistar
rats and reported that GI transit time was delayed in
A1 beta-casein fed rats compared to A2 beta-casein
fed rats (Barnett et al. 2014). Administration of nalox-
one neutralised the effects of the A1 diet on transit
time, but no effects were seen in rats fed with the A2
diet, indicating that A1, but not A2, influences GI
function by reducing the transit time via the opiate
system (Barnett et al. 2014). However, this evidence is
based on animal studies and may not be generalisable
to humans.

There are only few human studies assessing the
impacts of the types of beta-casein variants on GI
transit time either directly or indirectly (Ho et al.
2014; Jianqin et al. 2016). The randomised 2�2 cross-
over trial led by Jianqin et al. (2016) in 45 Chinese
subjects with perceived lactose intolerance showed
that the group consumed milk containing both A1
and A2 beta-casein variants had significantly longer
colonic and whole gut transit time (measured by a
smart pill) compared to the group consuming milk
containing only A2 beta-casein. However, it is worth
noting that the smart pill was not used at the baseline
of the study and this limitation precluded the authors
from determining whether the milk containing only
the A2 beta-casein type influenced GI transit time.
Another randomised controlled trial in 41 healthy
Australian subjects assessed the effects of beta-casein
variants on several GI symptoms, however, they did
not directly measure GI transit time (Ho et al. 2014).
The trial reported significantly higher stool consisten-
cies (measured by Bristol Stool Scale) in the group
that consumed milk containing both A1 and A2 beta-
caseins (Ho et al. 2014). As higher stool consistencies
are related to increased GI transit time (Lewis and
Heaton 1997; Jaruvongvanich et al. 2017), this is con-
cordant with the idea that the type of beta-casein var-
iants might have affected GI transit time.

Additionally, there are other studies to show that
increased milk consumption is associated with consti-
pation regardless of the type of beta-caseins. Andiran
et al. (2003) found associations between milk con-
sumption, constipation and anal fissures. In this
observational study, they revealed a higher incidence
of chronic constipation and anal fissures in children
(aged 4 months–3 years) who consumed higher
amount of cow’s milk and were breast-fed for a

shorter period of time, than children who were symp-
tom-free. Further, an open-label cross-over study that
compared cow’s milk and rice milk consumption in
69 children showed a positive association between
cow’s milk consumption and constipation (Irastorza
et al. 2010). More than one third of children who par-
ticipated in this study developed constipation follow-
ing cow’s milk ingestion, which resolved within 1–5 d
after withdrawal of cow’s milk. The authors of this
study suggested a diet free of cow’s milk as a thera-
peutic option for chronic constipation in childhood
(Irastorza et al. 2010). However, the study design did
not allow for blinding of participants or investigators,
making the study outcome harder to interpret. Taken
together, these findings suggest that higher intake of
bovine milk may be associated with constipation,
although mechanisms underlying the association were
not elucidated. However, in theory, the evidence from
animal studies and human trials suggests that the
association may be dependent on the type of milk
protein and the opioid peptides they produce.

Interplay between gastrointestinal transit time and
gut microbial composition

The human gut is colonised by 10–100 trillion
microbes, each of which has preferred nutritional sub-
strates that – if abundant or deficient – drive popula-
tion preponderances (Ursell et al. 2012; Boulange
et al. 2016). The majority of bacteria are located in
the large intestine. Gut bacteria digest complex carbo-
hydrates and produce important bioactive factors such
as short-chain fatty acids (SCFAs), vitamins and neu-
rotransmitters and control the growth of harmful bac-
teria (Bik et al. 2018). The gut microbiome is initially
colonised at birth and in early life (Kundu et al. 2017)
and its composition during life is influenced by many
endogenous and exogenous factors (Linares et al.
2016). Transit time has been shown to influence the
microbial composition and fermentation patterns in
the colon (Kashyap et al. 2013). Some studies show
that prolonged transit time creates an imbalance in
gut microbial composition, or dysbiosis (Stephen et al.
1987; Nieuwenhuijs et al. 1998), by facilitating bacter-
ial overgrowth, especially in the small intestine, which
may also lead to bacterial translocation into circula-
tion (Nieuwenhuijs et al. 1998; Balzan et al. 2007).

The involvement of l-opioid receptor signalling
pathways in gut microbial dysbiosis has been studied
in animal models. A rat study demonstrated that pro-
longed transit time induced by opioids increased bac-
terial overgrowth and consequently disseminated
intestinal luminal bacteria to the peripheral tissues
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(Runkel et al. 1993). Subsequently, recent pre-clinical
studies showed that morphine administration
changed microbial composition (Banerjee et al. 2016;
Wang et al. 2018). Morphine administration to rats
at analgesic doses instigated a net reduction of
Gram-negative Bacteroidetes and proliferation of the
Gram-positive Firmicutes (Banerjee et al. 2016).
Increased abundance of bacterial families belonging
to phylum Firmicutes, such as Enterococcaceae,
Staphylococcaceae, Bacillaceae, Streptococcaceae and
Erysipelotrichaceae, were observed in morphine-
implanted animals, compared to non-treated, demonstrat-
ing the potential of morphine to influence gut microbial
composition (Banerjee et al. 2016). Bacteroidetes and
Firmicutes are the predominant phyla comprising
approximately 90% of bacterial species in the human
large intestine (Cani and Delzenne 2011). Although the
implications of the Bacteroidetes/Firmicutes ratio remain
unclear, low ratios have been reported in people with
obesity (Chakraborti 2015) and are associated with
inflammatory conditions as well as metabolic endotoxe-
mia (Boulange et al. 2016).

Although A1 beta-casein in milk can prolong GI
transit via similar mechanism of action to morphine,
there is currently no direct evidence to show the
effects of beta-casein protein variants on microbial
composition itself (Becker et al. 1990; Defilippi et al.
1995; Barnett et al. 2014). However, there is some evi-
dence for an effect of beta-casein variants on the pro-
duction of SCFAs in the gut. SCFAs are organic acids
with 1–6 carbon atoms, produced during bacterial fer-
mentation of non-digestible polysaccharides, oligosac-
charides, protein and peptides in the colon (Wong
et al. 2006). Acetate, propionate and butyrate are the
principal SCFAs and are considered to have important
physiological functions such as being an energy source
for colonocytes, acting as immune signalling factors,
inflammation modulators and vasodilators (Tremaroli
and Backhed 2012). The randomised controlled trial
led by Jianqin et al. (2016) showed that consumption
of milk containing both A1 and A2 beta-casein
resulted in lower concentrations of acetic acid, buta-
noic acid and total SCFAs in faecal matter compared
to consumption of milk containing only A2 beta-
casein, in addition to increasing the GI transit time.
Since SCFAs are primary metabolites of gut micro-
biota and are considered potential indicators of events
happenings in the distal colon (Macfarlane and
Macfarlane 2012), it is reasonable to hypothesise
microbial composition changes, however, these were
not measured in this study. Also, altered concentra-
tions of specific SCFAs or diminished concentration

of SCFAs in the faeces may be associated with inflam-
matory conditions in the gut (Tedelind et al. 2007;
Vinolo et al. 2011).

Gut inflammation and gut epithelial integrity

Evidence based on animal and human studies has
shown that ingestion of A1 beta-casein protein alone
or consuming milk containing the A1 beta-casein
variant may be accompanied by increased GI markers
of inflammation. A murine study investigated the
effects of beta-casein variants on GI measures by feed-
ing mice either A1/A1, A1/A2 or A2/A2 beta-casein
variants extracted from milk for 30 days at a dose of
85mg/animal/d. This study revealed a significant
increase in inflammatory cytokines (MCP-1, IL-4),
Myeloperoxidase (MPO) and antibodies (total IgE,
IgG, IgG1 and IgG2a) in intestinal fluids of mice fed
with the A1-like variants (A1/A1 and A1/A2). Also,
the mice fed the A1-like variants demonstrated higher
levels of toll-like receptors (TLR-2/4) and leukocyte
infiltration in the intestine (Haq, Kapila, Sharma,
et al. 2014). A similar experimental model was repli-
cated with synthetic BCMs, feeding mice BCM-5/7
and reported increased markers of inflammation
(MPO, MCP-1 and IL-4) antibodies (total IgE, IgG,
IgG1 and IgG2a) and increased expression of TLR-2/4
in intestinal fluids (Haq, Kapila, and Saliganti 2014).
Although these studies showed that A1 beta-casein
variant and its metabolites triggered inflammation,
none of these studies examined the potential of nalox-
one to reverse the inflammatory response in order to
affirm that these were mediated via m-opioid signal-
ling pathways. In addition, an in vitro study showed
that the opioid peptides released from the hydrolytic
digestion of casein and gliadin reduced glutathione
concentrations (a primary free radical scavenger) in
neuronal cell cultures by modulating cysteine uptake
(Trivedi et al. 2015). A reduction in glutathione con-
centrations in cells may lead to disequilibrium of cel-
lular redox balance and restrict the anti-oxidant
capacity and thereby further induce inflammation.

In humans, only one randomised controlled trial
has shown a significant impact of A1 beta-casein on
blood inflammatory markers (Jianqin et al. 2016).
This trial showed that subjects who consumed milk
containing both beta-casein variants (A1 and A2) had
higher concentrations of plasma inflammatory
markers (IL-4, IgG, IgE and IgG1) and BCM-7 com-
pared to the subjects who consumed milk with the A2
beta-casein alone (Jianqin et al. 2016). Another trial
that assessed the effects of the A1 and A2 beta-casein
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variants on GI symptomology reported no significant
differences in faecal calprotectin (non-invasive marker
of GI inflammation) levels between the group con-
sumed milk containing both A1 and A2 beta-casein
and the group that consumed milk with only A2 beta-
casein (Ho et al. 2014).

Interplay between gut inflammation and gut epithe-
lial integrity

The gut epithelium is an effective physical barrier that
protects the gut from pathogen invasion and is a crit-
ical element in food digestion and nutrient absorption
(Kraehenbuhl et al. 1997). The paracellular spaces
contain tight junctions that control the passage of flu-
ids, nutrients and other micro-organisms from the
intestinal lumen to the lamina propria (Hollander
1999). Tight junctions are composed of transmem-
brane proteins (e.g. occludin) peripheral membrane
proteins (e.g. Zonula occludens 1 (ZO1)) and regula-
tory molecules (Turner 2009). Immune cells (particu-
larly dendritic cells) and cytokines play a major role
in controlling permeability of tight junctions
(Clayburgh et al. 2004; Rao 2009). Many pathophysio-
logical conditions including inflammatory diseases
(Clayburgh et al. 2004), pathogen invasion (Yuhan
et al. 1997) and endotoxemia (Rao 2009) have been
linked to dysfunction of tight junction proteins.

Recent findings suggest the role of l-opioid signal-
ling pathways in gut barrier disruption. Crohn’s dis-
ease is characterised as a chronic inflammatory bowel
condition and dysfunction of tight junctions in the
gut epithelium is a prominent feature (Schulzke et al.
2009). Smith et al. (2011) showed that administration
of naloxone improved mucosal damage in Crohn’s
disease in humans, suggesting that opioid signalling
pathways may play a role in gut barrier disruption
and the resulting inflammatory process. In addition,
pre-clinical evidence showed that activation of l-opi-
oid receptors influenced gut barrier functions. When
mice were treated with morphine, mice displayed dis-
rupted localisation of occludin and disorganised para-
cellular tight junction protein ZO-1 while leaving the
expression of occludin and ZO-1unaffected (Meng
et al. 2013). Interestingly, this study showed an
increased level of TLR-2 and TLR-4 expression in the
mouse intestine secondary to morphine treatment.
However, tight junction protein disruption was not
observed in morphine-treated, TLR knock-out mice,
suggesting the contribution of TLRs in initiating gut
barrier disruption. This study also confirmed an
increased bacterial translocation to the mesenteric
node and liver following morphine treatment,

implying a potentially disruptive role of the opiate
system in gut barrier function.

In addition, it has been demonstrated that mor-
phine is linked to augmenting the secretion of a par-
ticular type of IL in vitro (IL-4) (Roy et al. 2005) that
is associated with paracellular permeability (Capaldo
and Nusrat 2009). Roy et al. (2005) showed that mor-
phine increased the production of IL-4 in vitro and
naloxone attenuated the effect of morphine, thus
implying the involvement of l-opioid receptor in this
process. In a model of intestinal epithelial T84 cells,
increased IL-4 caused barrier disruption (Colgan et al.
1994) and increased synthesis of IL-4 was observed in
allergy conditions that are associated with compro-
mised barrier function (Berin et al. 1999).

Concordantly, A1 beta-casein and BCM-7 tend to
increase expression of TLR-2/4 and IL-4 (Haq, Kapila,
and Saliganti 2014), molecules that are related to
impaired gut epithelial integrity, however, the conse-
quences of increased expression of these molecules in
relation to gut epithelial integrity have not been inves-
tigated (Haq, Kapila, and Saliganti 2014).

Bile acid homeostasis

The evidence for the involvement of l-opioid receptor
signalling pathways in dysregulating bile acid homeo-
stasis exists in animals. Banerjee et al. (2016) showed
that morphine administration can alter bile acid path-
ways. Mice treated with morphine secreted abnormal
levels of faecal bile acids with lesser primary and sec-
ondary bile acids than the non-morphine treated ani-
mals. Given that BCM-7 is a morphine agonist, we
hypothesise that altering bile acid pathways could be
one of the potential effects of BCM-7. Evidence based
on epidemiological and pre-clinical studies supports
this hypothesis.

Interplay between bile acid dysregulation and
atherosclerosis

The major mechanism controlling plasma cholesterol
levels includes conversion of cholesterol to bile acids
and its subsequent excretion (Overturf et al. 1990).
Dysregulation of bile acid pathways leads to excess
accumulation of cholesterol and may result in athero-
sclerosis (deposition of plasma lipids, especially chol-
esterol in arterial walls in conjunction with cells and
tissues) (Garcia and Khang-Loon 1996; Makishima
2005); thus, disequilibrium in bile acid pathways may
contribute to the aetiology of atherosclerosis.

Epidemiological evidence suggests that consuming
milk containing A1 beta-casein is associated with
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coronary heart diseases (Laugesen and Elliott 2003;
Bell et al. 2006). Additionally, animal studies have dir-
ectly shown that A1 beta-casein accelerates the devel-
opment of hypercholesterolaemia and atherosclerosis
(McLachlan 2001; Kami�nski et al. 2007). Feeding rab-
bits with A1 beta-casein significantly increased the
percent surface area of the aorta covered by fatty
streaks and fatty streak lesions in the aortic arch
(Tailford et al. 2003). However, a mechanistic pathway
by which the A1 beta-casein variant may be athero-
genic was not elucidated by these studies. But, some
evidence shows that A1 beta-casein may be athero-
genic due to the potential of BCM-7 to catalyse the
oxidation of low-density-lipoprotein (Torreilles and
Guerin 1995; Steinerova et al. 2001).

The potential impact of milk opioid peptides
on fractures

Opioid peptides synthesised from A1 beta-casein
might influence fractures by two mechanistic path-
ways by: (1) triggering inflammation; and (2) binding
to l-opioid receptors in bone.

Interplay between inflammation and bone

In general, inflammation is noxious to bone (Schulte
2004) and elevated levels of inflammatory markers are
associated with increased risk for fractures (Pasco
et al. 2006; Dahl et al. 2015). Inflammatory bowel dis-
ease, accompanied by impaired gut epithelial integrity
and inflammation, is often comorbid with low bone
mineral density and high fracture risk (Schulte 2004).
Furthermore, exposure to statins, which have anti-
inflammatory effects, was reported to reduce the risk
of fractures (Pasco et al. 2002). Inflammation triggers
bone loss by accelerating osteoclastic bone resorption,
augmenting bone fragility and the propensity for frac-
tures (Hardy and Cooper 2009).

Higher milk intakes are often recommended in
adults aged � 50 to prevent osteoporosis. However,
some observational evidence suggests that increased
milk consumption is associated with increased risk
and prevalence for fractures, although the components
in milk potentially accountable for this elevated risk
have not been identified (Michaelsson et al. 2014;
Hilliard 2016). One plausible explanation could be
related to the pro-inflammatory effects of A1 beta-
casein protein fraction in milk (Haq, Kapila, Sharma,
et al. 2014; Trivedi et al. 2015; Jianqin et al. 2016).
The overall evidence currently available is suggestive
of a weak positive association between dairy

consumption and inflammation, although it is by no
means conclusive (Labonte et al. 2014; Gadotti et al.
2018). Therefore, at this stage it may be postulated
that the propensity for fractures increases in higher
milk consumers at least partly due to the pro-inflam-
matory effects of A1 beta-casein; however, far more
research is needed to confirm this.

Opioids in bone metabolism

There is much that remains unknown regarding the
role of opioid pathways in bone regulatory mecha-
nisms; however, there is some evidence for the pres-
ence of opioid receptors on bone cells. Perez-
Casrtillon et al. (2000) demonstrated the presence of
opioid receptors in human osteoblast cell line MG-63
by immunohistochemistry and RT-PCR techniques.
This study indicated that l-opioid receptor agonists,
morphine and enkephalin, alter the secretion of osteo-
calcin in the osteoblastic cell lines. Osteocalcin pro-
duction was reduced when treated with higher
concentrations of these opioids. Naloxone reversed the
effect of morphine-induced osteocalcin inhibition,
suggesting the involvement of l-opioid receptors in
bone modulatory mechanisms (Perez-Castrillon et al.
2000). Osteocalcin serves as a biomarker for osteo-
blastic activity, thus reduced levels suggest reduced
bone formation consistent with the pathogenesis of
bone fragility. Also, administration of H-Dmt-Tic-Lys-
NH-CH2-Ph (MZ-2), a potent l-/d-opioid receptor
antagonist (comparable to naloxone) enhanced bone
mineral density in obese mice (Marczak et al. 2009).
Moreover, at a 30lM dosage, it increased the min-
eralisation of osteoblastic cells (MG-63) in culture
(Marczak et al. 2009). In addition to these studies, a
previous review concluded that opioid intake is associ-
ated with fracture risk, especially in elderly people,
suggesting an involvement of opioid receptor signal-
ling pathways in bone metabolism (Mattia
et al. 2012).

Whilst there is little evidence yet to show that milk
opioids can alter bone metabolism, a study conducted
in a Swedish mammography cohort of 90,303 women
suggests that components in milk can influence frac-
tures. In this study, women who consumed three or
more glasses of milk a day had a higher hazard ratio
for any fractures compared to women who consumed
less than one glass of milk a day (Michaelsson et al.
2014). The authors of this study hypothesised that the
suggested detrimental effects might be driven by the
D-galactose content in milk as the study showed a
positive association between milk consumption,
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markers of oxidative stress (urine 8-iso-PGF2) and
inflammatory markers (serum IL-6). D-galactose is
known to induce oxidative stress. However, this study
also investigated the association between fermented
dairy consumption and risk of fractures and reported
an inverse association between fermented dairy con-
sumption and fracture risk (Michaelsson et al. 2014).
If the D-galactose content in dairy were to mediate
inflammation and oxidative stress, fermented dairy
product consumption should be positively associated
with fracture risk given the higher concentration of
D-galactose in fermented dairy (Alm 1982;
Abrahamson 2015). Attributing the positive associ-
ation between milk consumption and fracture risk to
the opioid peptides produced from A1 beta-casein
from milk is also plausible. Sweden is one of the
countries that reports the highest A1 beta-casein con-
sumption per capita (Laugesen and Elliott 2003).
Therefore, the higher exposure to opioid peptides
yielded by milk consumption in this particular geo-
graphical region may be partly mediating these effects.
However, given the limited evidence available on this
contention, firm conclusions on the potential of milk-
derived opioid peptides to affect bone metabolism
cannot be made.

The potential impact of milk opioid peptides
on obesity

The association between milk consumption and obes-
ity is inconsistent and the components in milk that
may affect body weight remain understudied. Barba
et al. (2005) showed an inverse association between
milk consumption and body mass index (BMI) in
children. Similarly, an inverse association between
milk consumption and BMI was found in men and
younger women in a cross-sectional study (Marques-
Vidal et al. 2006). These findings are concordant with
studies that have shown that increased dietary calcium
intake prevents lipogenesis in adipocytes and counter-
acts weight gain (Zemel et al. 2000; Xue et al. 2001;
Zemel 2002). Since milk consumption is a major
source of calcium, this may explain the inverse associ-
ation observed between increased milk consumption
and obesity. Conversely, a meta-analysis of rando-
mised controlled trials did not identify increased dairy
consumption as beneficial for reduction in body
weight and fat loss (Chen et al. 2012). In overweight
adolescents, higher intakes of skim milk, casein and
whey increased the BMI-for-age-Z-scores (Arnberg
et al. 2012) suggesting a need to investigate the role of
milk opioid peptides in obesity.

Interplay between opioids and obesity

The role of opioid receptors pertinent to feeding
behaviours and obesity has been widely explored in
animal models. Stimulation of l-opioid receptors
increases the intake of high-fat foods (Table 2).
Moreover, opioid agonists are shown to induce feed-
ing while opioid antagonists have shown to subdue
feeding and mitigate weight gain (Gosnell and Levine
2009; Ziauddeen et al. 2013). Also, rats who were sus-
ceptible to high-fat diet induced obesity (Osborne-
Mendel rats) expressed increased numbers of l-opioid
receptors in arcuate nucleus compared to mice who
were resistant to high-fat diet induced obesity (S5B/PI
rats). Administration of l-opioid receptor agonist
(DAMGO-enkephalin) in both Osborne-Mendel rats
and S5B/PI rats significantly increased the preference
for high-fat foods (Barnes et al. 2006). Conversely,
blockage of l-opioid receptors in the nucleus accum-
bens core or shell by an irreversible receptor antagon-
ist (b-funeltrexamine) in rats attenuated the intake of
palatable diet, body weight gain and fat accretion
(Lenard et al. 2010). Taken together, it appears that
activation of l-opioid receptors might influence obes-
ity partly by stimulating the preference for high-fat
diet and overeating.

There are several reasons to suspect that the A1
beta-casein fraction in milk may theoretically influ-
ence obesity partly via l-opioid receptor pathways: (1)
production of l-opioid receptor agonists during diges-
tion; (2) the potential of these l-opioid receptors
agonist to enter circulation (Deth et al. 2016;
JanssenDuijghuijsen et al. 2016; Jianqin et al. 2016);
and their possible influence on the brain by crossing
the blood brain barrier (Sun and Cade 2003).
Therefore, regulation of body fat might be a potential
function of the milk opioid peptides yielded during
the digestion; however, to date there is limited evi-
dence showing the influence of casein protein variants
and their metabolites on body fat and weight.

Conclusions

The A1/A2 hypothesis postulates that the A1 beta-
casein variant in milk may drive some of the negative
health outcomes associated with milk consumption.
However, the data are scarce and mainly derived from
either epidemiology, which cannot establish causality,
or animal experiments, which may not be generalis-
able to humans. Reduced gut motility and inflamma-
tion are linked to BCM-7, the opioid peptide yielded
by A1 beta-casein digestion. However, microbial dys-
biosis, impaired gut epithelial integrity, alterations of

INTERNATIONAL JOURNAL OF FOOD SCIENCES AND NUTRITION 9



bile acid metabolism, increased risk for fractures and
obesity are all possible but understudied potential
implications of BMC-7. Given the widespread con-
sumption of milk as a major source of protein and
calcium from infancy to the elderly, it is imperative to
investigate the possible effects of these opioid peptides
produced from the A1 beta-casein protein variants.
Adequately powered, randomised controlled trials in
humans are warranted to unravel the clinical rele-
vance of BCM-7 and A1/A2 milk consumption. The
findings from such studies will inform public health
messages and strategies for the prevention and man-
agement of diseases.

Disclosure statement

The Food & Mood Centre at the IMPACT SRC has
received funding from the A2 Milk Company for an investi-
gator-initiated randomised controlled trial (2018–2020).The
agreement strictly ensures the independence of the research-
ers at the Food & Mood Centre and the A2 Milk Company
does not influence the design, content or outcomes of
research arising from the Food & Mood Centre. Authors
Hajara Aslam, Anu Ruusunen, Michael Berk, Amy
Loughman, Julie A. Pasco and Felice N. Jacka all

acknowledge this conflict of interest. Leni Rivera reports no
conflict of interest.

Funding

HA is supported by Deakin University Postgraduate
Industry Research Scholarship, AR is supported by a
Deakin University Postdoctoral Fellowship, MB is supported
by a NHMRC Senior Principal Research Fellowship
[APP1059660 and 1156072], AL is supported by the Wilson
Foundation. FNJ is supported by an NHMRC Career
Development Fellowship (2) [#1108125].

ORCID

Hajara Aslam http://orcid.org/0000-0002-6023-1658
Michael Berk http://orcid.org/0000-0002-5554-6946
Amy Loughman http://orcid.org/0000-0002-0257-1443
Felice N. Jacka http://orcid.org/0000-0002-9825-0328

References

Abrahamson A. 2015. Galactose in dairy products [disserta-
tion]. Uppsala, Sweden: Swedish University of
Agricultural Sciences.

Alm L. 1982. Effect of fermentation on lactose, glucose, and
galactose content in milk and suitability of fermented
milk products for lactose intolerant individuals. J Dairy
Sci. 65(3):346–352.

Table 2. Implications of morphine on gut parameters, fractures and obesity.
Outcome measures Study design/study model Results

Galligan and Burks (1983) Intestinal transit time and gastric
emptying in Sprague-Dawley rats

Morphine was administered intragas-
trically and intracerebroventricularly

Dose-dependent decrease in transit
with morphine

Patten et al. (2011) Ileal contraction in mice, rats and
guinea pigs

Intact ileal sections were electrically
stimulated to contract, and mor-
phine was used to inhibit contrac-
tion in vitro

Morphine inhibited illeal contraction

Runkel et al. (1993) Bacterial translocation in rats Following a subcutaneous administra-
tion of morphine bacterial counts
were taken in mesenteric lymph
node complex, blood, spleen, liver,
duodenum, jejunum, ileum
and caecum

Significant bacterial count increase in
each intestinal segment

Banerjee et al. (2016) Gut microbiota composition in mice Morphine administered in analgesic
dose as slow release mor-
phine pellets

Increased abundance of bacterial fam-
ilies belonging to phylum
Firmicutes, such as Enterococcaceae,
Staphylococcaceae, Bacillaceae,
Streptococcaceae, and
Erysipelotrichaceae

Wang et al. (2018) Gut microbiota composition in mice Morphine administered via pellet
implantation method

Significant shift in gut microbiome
composition and induced dysbiosis
showing significant increase in spe-
cies with pathogenic functions

Meng et al. (2013) Gut epithelial integrity in rats Morphine administered via pellet
implantation method

Increased level of TLR-2/4 expression
in conjunction of disrupted tight
junction protein expression

Banerjee et al. (2016) Bile acid homeostasis in mice Morphine administered via pellet
implantation method

Abnormal levels of faecal bile acids
with lesser primary and secondary
bile acids

Perez-Castrillon et al. (2000) Osteocalcin function in cell culture Osteoblastic cells (in vitro) treated
with morphine

Reduced osteocalcin secretion with
higher concentration of morphine

Barnes et al. (2006) Intake of high-fat diet in rats Blockage of l-opioid receptors in
arcuate nucleus by
DAMGO-enkephalin

Increased preference for high-fat diet

TLR-2/4: toll-like receptor-2/4; DAMGO: enkephalin-l-opioid receptor agonist.

10 H. ASLAM ET AL.



Andiran F, Dayi S, Mete E. 2003. Cows milk consumption
in constipation and anal fissure in infants and young
children. J Paediatr Child Health. 39(5):329–331.

Arnberg K, Mølgaard C, Michaelsen KF, Jensen SM, Trolle
E, Larnkjaer A. 2012. Skim milk, whey, and casein
increase body weight and whey and casein increase the
plasma C-peptide concentration in overweight adoles-
cents. J Nutr. 142(12):2083–2090.

Balzan S, de Almeida Quadros C, De Cleva R, Zilberstein B,
Cecconello I. 2007. Bacterial translocation: overview of
mechanisms and clinical impact. J Gastroenterol Hepatol.
22(4):464–471.

Banerjee S, Sindberg G, Wang F, Meng J, Sharma U, Zhang
L, Dauer P, Chen C, Dalluge J, Johnson T, et al. 2016.
Opioid-induced gut microbial disruption and bile dysre-
gulation leads to gut barrier compromise and sustained
systemic inflammation. Mucosal Immunol. 9(6):
1418–1428.

Barba G, Troiano E, Russo P, Venezia A, Siani A. 2005.
Inverse association between body mass and frequency of
milk consumption in children. Br J Nutr. 93(1):15–19.

Barnes MJ, Holmes G, Primeaux SD, York DA, Bray GA.
2006. Increased expression of mu opioid receptors in ani-
mals susceptible to diet-induced obesity. Peptides. 27(12):
3292–3298.

Barnett MP, McNabb WC, Roy NC, Woodford KB, Clarke
AJ. 2014. Dietary A1 b-casein affects gastrointestinal
transit time, dipeptidyl peptidase-4 activity, and inflam-
matory status relative to A2 b-casein in Wistar rats. Int J
Food Sci Nutr. 65(6):720–727.

Becker A, Hempel G, Grecksch G, Matthies H. 1990. Effects
of beta-casomorphin derivatives on gastrointestinal tran-
sit in mice. Biomed Biochim Acta. 49(11):1203–1207.

Bell SJ, Grochoski GT, Clarke AJ. 2006. Health implications
of milk containing beta-casein with the A2 genetic vari-
ant. Crit Rev Food Sci Nutr. 46(1):93–100.

Berin MC, Yang PC, Ciok L, Waserman S, Perdue MH.
1999. Role for IL-4 in macromolecular transport across
human intestinal epithelium. Am J Physiol Cell Physiol.
276(5):C1046–C1052.

Bik EM, Ugalde JA, Cousins J, Goddard AD, Richman J,
Apte ZS. 2018. Microbial biotransformations in the
human distal gut. Br J Pharmacol. 175(24):4404–4414.

Boulange CL, Neves AL, Chilloux J, Nicholson JK, Dumas
ME. 2016. Impact of the gut microbiota on inflammation,
obesity, and metabolic disease. Genome Med. 8(1):42.

Boutrou R, Gaudichon C, Dupont D, Jardin J, Airinei G,
Marsset-Baglieri A, Benamouzig R, Tome D, Leonil J.
2013. Sequential release of milk protein-derived bioactive
peptides in the jejunum in healthy humans. Am J Clin
Nutr. 97(6):1314–1323.

Brantl V, Teschemacher H, Blasig J, Henschen A,
Lottspeich F. 1981. Opioid activities of b-casomorphins.
Life Sci. 28(17):1903–1909.

Brantl V, Teschemacher H, Henschen A, Lottspeich F.
1979. Novel opioid peptides derived from casein
(b-casomorphins). I. Isolation from bovine casein pep-
tone. Hoppe-Seyler� s Zeitschrift Physiol Chem. 360(2):
1211–1224.

Cani PD, Delzenne NM. 2011. The gut microbiome as
therapeutic target. Pharmacol Ther. 130(2):202–212.

Capaldo CT, Nusrat A. 2009. Cytokine regulation of tight
junctions. Biochim BiophysActa (BBA) Biomembran.
1788(4):864–871.

Chakraborti CK. 2015. New-found link between microbiota
and obesity. World J Gastrointest Pathophysiol. 6(4):110.

Chan LN. 2008. Opioid analgesics and the gastrointestinal
tract. Pract Gastroenterol. 32:37–50.

Chen M, Pan A, Malik VS, Hu FB. 2012. Effects of dairy
intake on body weight and fat: a meta-analysis of
randomized controlled trials. Am J Clin Nutr. 96(4):
735–747.

Cie�sli�nska A, Kostyra E, Kostyra H, Ole�nski K, Fiedorowicz
E, Kami�nski S. 2012. Milk from cows of different
b-casein genotypes as a source of b-casomorphin-7. Int J
Food Sci Nutr. 63(4):426–430.

Claustre J, Toumi F, Trompette A, Jourdan G, Guignard H,
Chayvialle JA, Plaisancie P. 2002. Effects of peptides
derived from dietary proteins on mucus secretion in rat
jejunum. Am J Physiol Gastrointest Liver Physiol. 283(3):
G521–G528.

Clayburgh DR, Shen L, Turner JR. 2004. A porous defense:
the leaky epithelial barrier in intestinal disease. Lab
Invest. 84(3):282–291.

Colgan SP, Resnick MB, Parkos CA, Delp-Archer C,
McGuirk D, Bacarra AE, Weller PF, Madara JL. 1994. IL-
4 directly modulates function of a model human intes-
tinal epithelium. J Immunol. 153(5):2122–2129.

Dahl K, Ahmed LA, Joakimsen RM, Jorgensen L, Eggen AE,
Eriksen EF, Bjornerem A. 2015. High-sensitivity C-
reactive protein is an independent risk factor for non-
vertebral fractures in women and men: the Tromsø
Study. Bone. 72:65–70.

Daniel H, Vohwinkel M, Rehner G. 1990. Effect of casein
and beta-casomorphins on gastrointestinal motility in
rats. J Nutr. 120(3):252–257.

De Noni I, Cattaneo S. 2010. Occurrence of b-casomorphins
5 and 7 in commercial dairy products and in their digests
following in vitro simulated gastro-intestinal digestion.
Food Chem. 119(2):560–566.

De Noni I, FitzGerald RJ, Korhonen HJ, Le Roux Y, Livesey
CT, Thorsdottir I, Tome D, Witkamp R. 2009. Review of
the potential health impact of b-casomorphins and
related peptides. EFSA Sci Rep. 231:1–107.

Defilippi C, Gomez E, Charlin V, Silva C. 1995. Inhibition
of small intestinal motility by casein: a role of beta caso-
morphins? Nutrition. 11(6):751–754.

Deth R, Clarke A, Ni J, Trivedi M. 2016. Clinical evaluation
of glutathione concentrations after consumption of milk
containing different subtypes of b-casein: results from a
randomized, cross-over clinical trial. Nutr J. 15(1):82.

Elitsur Y, Luk G. 1991. Beta-casomorphin (BCM) and
human colonic lamina propria lymphocyte proliferation.
Clin Exp Immunol. 85(3):493–497.

Elliott R, Harris D, Hill J, Bibby N, Wasmuth H. 1999.
Type I (insulin-dependent) diabetes mellitus and cow
milk: casein variant consumption. Diabetologia. 42(3):
292–296.

Gadotti TN, Norde MM, Rogero MM, Fisberg M, Fisberg
RM, Oki E, Martini LA. 2018. Dairy consumption and
inflammatory profile: a cross-sectional population-based
study, S~ao Paulo, Brazil. Nutrition. 48:1–5.

INTERNATIONAL JOURNAL OF FOOD SCIENCES AND NUTRITION 11



Galligan JJ, Burks TF. 1983. Centrally mediated inhibition
of small intestinal transit and motility by morphine in
the rat. J Pharmacol Exp Ther. 226:356–361.

Garcia J, Khang-Loon H. 1996. Carotid atherosclerosis.
Definition, pathogenesis, and clinical significance.
Neuroimaging Clin N Am. 6(4):801–810.

Gill HS, Doull F, Rutherfurd K, Cross M. 2000.
Immunoregulatory peptides in bovine milk. Br J Nutr.
84:111–117.

Gosnell B, Levine A. 2009. Reward systems and food intake:
role of opioids. Int J Obes. 33(S2):S54.

Haq MRU, Kapila R, Saliganti V. 2014. Consumption of
b-casomorphins-7/5 induce inflammatory immune
response in mice gut through Th 2 pathway. J Funct
Foods. 8:150–160.

Haq MRU, Kapila R, Shandilya UK, Kapila S. 2014. Impact
of milk derived b-casomorphins on physiological func-
tions and trends in research: a review. Int J Food Prop.
17:1726–1741.

Haq MRU, Kapila R, Sharma R, Saliganti V, Kapila S. 2014.
Comparative evaluation of cow b-casein variants (A1/A2)
consumption on Th2-mediated inflammatory response in
mouse gut. Eur J Nutr. 53(4):1039–1049.

Hardy R, Cooper M. 2009. Bone loss in inflammatory disor-
ders. J Endocrinol. 201(3):309–320.

He M, Sun J, Jiang ZQ, Yang YX. 2017. Effects of cow’s
milk beta-casein variants on symptoms of milk intoler-
ance in Chinese adults: a multicentre, randomised con-
trolled study. Nutr J. 16:72.

Hilliard CB. 2016. High osteoporosis risk among East
Africans linked to lactase persistence genotype. Bonekey
Rep. 5:803.

Ho S, Woodford K, Kukuljan S, Pal S. 2014. Comparative
effects of A1 versus A2 beta-casein on gastrointestinal
measures: a blinded randomised cross-over pilot study.
Eur J Clin Nutr. 68(9):994–1000.

Hollander D. 1999. Intestinal permeability, leaky gut, and
intestinal disorders. Curr Gastroenterol Rep. 1(5):
410–416.

Holzer P. 2009. Opioid receptors in the gastrointestinal
tract. Regul Pept. 155(1–3):11–17.

Irastorza I, Ibanez B, Delgado-Sanzonetti L, Maruri N,
Vitoria JC. 2010. Cow’s-milk-free diet as a therapeutic
option in childhood chronic constipation. J Pediatr
Gastroenterol Nutr. 51(2):171–176.

Iwan M, Jarmołowska B, Bielikowicz K, Kostyra E, Kostyra
H, Kaczmarski M. 2008. Transport of micro-opioid
receptor agonists and antagonist peptides across Caco-2
monolayer. Peptides. 29(6):1042–1047.

JanssenDuijghuijsen LM, Mensink M, Lenaerts K,
Fiedorowicz E, van Dartel DAM, Mes JJ, Luiking YC,
Keijer J, Wichers HJ, Witkamp RF, et al. 2016. The effect
of endurance exercise on intestinal integrity in well-
trained healthy men. Physiol Rep. 4(20):e12994.

Jaruvongvanich V, Patcharatrakul T, Gonlachanvit S. 2017.
Prediction of delayed colonic transit using Bristol stool
form and stool frequency in eastern constipated patients:
a difference from the west. J Neurogastroenterol Motil.
23(4):561.

Jianqin S, Leiming X, Lu X, Yelland GW, Ni J, Clarke AJ.
2016. Effects of milk containing only A2 beta casein ver-
sus milk containing both A1 and A2 beta casein proteins

on gastrointestinal physiology, symptoms of discomfort,
and cognitive behavior of people with self-reported
intolerance to traditional cows’ milk. Nutr J. 15:35.

Jinsmaa Y, Yoshikawa M. 1999. Enzymatic release of neoca-
somorphin and b-casomorphin from bovine b-casein.
Peptides. 20(8):957–962.

Kami�nski S, Ciesli�nska A, Kostyra E. 2007. Polymorphism
of bovine beta-casein and its potential effect on human
health. J Appl Genet. 48(3):189–198.

Kashyap PC, Marcobal A, Ursell LK, Larauche M, Duboc
H, Earle KA, Sonnenburg ED, Ferreyra JA, Higginbottom
SK, Million M, et al. 2013. Complex interactions among
diet, gastrointestinal transit, and gut microbiota in
humanized mice. Gastroenterology. 144(5):967–977.

Kost NV, Sokolov jY, Kurasova jB, Dmitriev AD,
Tarakanova JN, Gabaeva �V, Zolotarev YA, Dadayan
aK, Grachev SA, Korneeva eV, et al. 2009.
b-Casomorphins-7 in infants on different type of feeding
and different levels of psychomotor development.
Peptides. 30(10):1854–1860.

Kraehenbuhl JP, Pringault E, Neutra M. 1997. Intestinal epi-
thelia and barrier functions. Aliment Pharmacol Ther. 11:
3–9.

Kundu P, Blacher E, Elinav E, Pettersson S. 2017. Our gut
microbiome: the evolving inner self. Cell. 171(7):
1481–1493.

Kurz A, Sessler DI. 2003. Opioid-induced bowel dysfunc-
tion: pathophysiology and potential new therapies. Drugs.
63(7):649–671.

Labonte ME, Cyr A, Abdullah MM, Lepine MC, Vohl MC,
Jones P, Couture P, Lamarche B. 2014. Dairy product
consumption has no impact on biomarkers of inflamma-
tion among men and women with low-grade systemic
inflammation–3. J Nutr. 144:1760–1767.

Laugesen M, Elliott R. 2003. Ischaemic heart disease, type 1
diabetes, and cow milk A1 b-casein. N Z Med J.
116(1168):U295.

Lenard NR, Zheng H, Berthoud HR. 2010. Chronic suppres-
sion of l-opioid receptor signaling in the nucleus accum-
bens attenuates development of diet-induced obesity in
rats. Int J Obes. 34(6):1001.

Lewis S, Heaton K. 1997. Stool form scale as a useful guide
to intestinal transit time. Scand J Gastroenterol. 32(9):
920–924.

Linares DM, Ross P, Stanton C. 2016. Beneficial microbes:
the pharmacy in the gut. Bioengineered. 7(1):11–20.

Macfarlane GT, Macfarlane S. 2012. Bacteria, colonic fer-
mentation, and gastrointestinal health. J AOAC Int.
95(1):50–60.

Makishima M. 2005. Nuclear receptors as targets for drug
development: regulation of cholesterol and bile acid
metabolism by nuclear receptors. J Pharmacol Sci. 97(2):
177–183.

Marczak ED, Jinsmaa Y, Myers PH, Blankenship T, Wilson
R, Balboni G, Salvadori S, Lazarus LH. 2009. Orally
administered H-Dmt-Tic-Lys-NH-CH2-Ph (MZ-2), a
potent m-/d-opioid receptor antagonist, regulates obese-
related factors in mice. Eur J Pharmacol. 616(1–3):
115–121.

Marques-Vidal P, Goncalves A, Dias C. 2006. Milk intake
is inversely related to obesity in men and in young

12 H. ASLAM ET AL.



women: data from the Portuguese health interview survey
1998–1999. Int J Obes. 30(1):88–93.

Mattia C, Di Bussolo E, Coluzzi F. 2012. Non-analgesic
effects of opioids: the interaction of opioids with bone
and joints. Curr Pharm Des. 18(37):6005–6009.

McLachlan CN. 2001. beta-casein A1, ischaemic heart dis-
ease mortality, and other illnesses. Med Hypotheses.
56(2):262–272.

Meisel H. 1998. Overview on milk protein-derived peptides.
Int Dairy J. 8(5–6):363–373.

Meng J, Yu H, Ma J, Wang J, Banerjee S, Charboneau R,
Barke RA, Roy S. 2013. Morphine induces bacterial trans-
location in mice by compromising intestinal barrier func-
tion in a TLR-dependent manner. PLoS One. 8(1):
e54040.

Michaelsson K, Wolk A, Langenskiold S, Basu S, Lemming
EW, Melhus H, Byberg L. 2014. Milk intake and risk of
mortality and fractures in women and men: cohort stud-
ies. BMJ. 349:g6015.

Moller NP, Scholz-Ahrens KE, Roos N, Schrezenmeir J.
2008. Bioactive peptides and proteins from foods: indica-
tion for health effects. Eur J Nutr. 47(4):171–182.

Nguyen DD, Johnson SK, Busetti F, Solah VA. 2015.
Formation and degradation of beta-casomorphins in
dairy processing. Crit Rev Food Sci Nutr. 55(14):
1955–1967.

Nieuwenhuijs VB, Verheem A, van Duijvenbode-Beumer H,
Visser MR, Verhoef J, Gooszen HG, Akkermans L. 1998.
The role of interdigestive small bowel motility in the
regulation of gut microflora, bacterial overgrowth, and
bacterial translocation in rats. Ann Surg. 228(2):188.

Ninkovic J, Roy S. 2013. Role of the mu-opioid receptor in
opioid modulation of immune function. Amino Acids.
45(1):9–24.

Overturf M, Smith S, Gotto A, Morrisett J, Tewson T,
Poorman J, Loose-Mitchell D. 1990. Dietary cholesterol
absorption, and sterol and bile acid excretion in hyper-
cholesterolemia-resistant white rabbits. J Lipid Res.
31(11):2019–2027.

Pal S, Woodford K, Kukuljan S, Ho S. 2015. Milk intoler-
ance, beta-casein and lactose. Nutrients. 7(9):7285–7297.

Pasco JA, Kotowicz MA, Henry MJ, Nicholson GC,
Spilsbury HJ, Box JD, Schneider HG. 2006. High-
sensitivity C-reactive protein and fracture risk in elderly
women. JAMA. 296(11):1349–1355.

Pasco JA, Kotowicz MA, Henry MJ, Sanders KM, Nicholson
GC. 2002. Statin use, bone mineral density, and fracture
risk: Geelong osteoporosis study. Arch Intern Med.
162(5):537–540.

Patten GS, Head RJ, Abeywardena MY. 2011. Effects of
casoxin 4 on morphine inhibition of small animal intes-
tinal contractility and gut transit in the mouse. Clin Exp
Gastroenterol. 4:23.

Perez-Castrillon JL, Olmos JM, Gomez JJ, Barrallo A,
Riancho JA, Perera L, Valero C, Amado JA, Gonzalez
MJ. 2000. Expression of opioid receptors in osteoblast-
like MG-63 cells, and effects of different opioid agonists
on alkaline phosphatase and osteocalcin secretion by
these cells. Neuroendocrinology. 72(3):187–194.

Rao R. 2009. Endotoxemia and gut barrier dysfunction in
alcoholic liver disease. Hepatology. 50(2):638–644.

Rosen H, Krichevsky A, Bar-Shavit Z. 1998. The enkephali-
nergic osteoblast. J Bone Miner Res. 13(10):1515–1520.

Roy S, Wang J, Charboneau R, Loh HH, Barke RA. 2005.
Morphine induces CD4þ T cell IL-4 expression through
an adenylyl cyclase mechanism independent of the pro-
tein kinase A pathway. J Immunol. 175(10):6361–6367.

Runkel NS, Moody FG, Smith GS, Rodriguez LF, Chen Y,
Larocco MT, Miller TA. 1993. Alterations in rat intestinal
transit by morphine promote bacterial translocation. Dig
Dis Sci. 38(8):1530–1536.

Schulte C. 2004. Bone disease in inflammatory bowel dis-
ease. Aliment Pharmacol Ther. 20(4):43–49.

Schulzke JD, Ploeger S, Amasheh M, Fromm A, Zeissig S,
Troeger H, Richter J, Bojarski C, Schumann M, Fromm
M. 2009. Epithelial tight junctions in intestinal inflamma-
tion. Ann N Y Acad Sci. 1165:294–300.

Sienkiewicz-Szlapka E, Jarmołowska B, Krawczuk S, Kostyra
E, Kostyra H, Bielikowicz K. 2009. Transport of bovine
milk-derived opioid peptides across a Caco-2 monolayer.
Int Dairy J. 19:252–257.

Singh M, Rosen CL, Chang KJ, Haddad GG. 1989. Plasma
b-casomorphin-7 immunoreactive peptide increases after
milk intake in newborn but not in adult dogs. Pediatr
Res. 26(1):34.

Smith JP, Bingaman SI, Ruggiero F, Mauger DT, Mukherjee
A, McGovern CO, Zagon IS. 2011. Therapy with the opi-
oid antagonist naltrexone promotes mucosal healing in
active Crohn’s disease: a randomized placebo-controlled
trial. Dig Dis Sci. 56(7):2088–2097.

Stefanucci A, Mollica A, Macedonio G, Zengin G, Ahmed
AA, Novellino E. 2018. Exogenous opioid peptides
derived from food proteins and their possible uses as
dietary supplements: a critical review. Food Rev Int.
34(1):70–86.

Steinerova A, Stozicky F, Racek J, Tatzber F, Zima T, Setina
R. 2001. Antibodies against oxidized LDL in infants. Clin
Chem. 47(6):1137–1138.

Stephen AM, Wiggins HS, Cummings JH. 1987. Effect of
changing transit time on colonic microbial metabolism in
man. Gut. 28(5):601–609.

Sun Z, Cade R. 2003. Findings in normal rats following
administration of gliadorphin-7 (GD-7). Peptides. 24(2):
321–323.

Sun Z, Cade JR, Fregly MJ, Privette RM. 1999.
b-Casomorphin induces Fos-like immunoreactivity in
discrete brain regions relevant to schizophrenia and aut-
ism. Autism. 3:67–83.

Sun Z, Zhang Z, Wang X, Cade R, Elmir Z, Fregly M. 2003.
Relation of b-casomorphin to apnea in sudden infant
death syndrome. Peptides. 24(6):937–943.

Tailford KA, Berry CL, Thomas AC, Campbell JH. 2003. A
casein variant in cow’s milk is atherogenic.
Atherosclerosis. 170(1):13–19.

Takano T. 2002. Anti-hypertensive activity of fermented
dairy products containing biogenic peptides. Antonie
Van Leeuwenhoek. 82(1–4):333–340.

Tedelind S, Westberg F, Kjerrulf M, Vidal A. 2007. Anti-
inflammatory properties of the short-chain fatty acids
acetate and propionate: a study with relevance to inflam-
matory bowel disease. World J Gastroenterol. 13(20):
2826.

INTERNATIONAL JOURNAL OF FOOD SCIENCES AND NUTRITION 13



Torreilles J, Guerin MC. 1995. Casein-derived peptides can
promote human LDL oxidation by a peroxidase-depend-
ent and metal-independent process. C R Seances Soc Biol
Fil. 189(5):933–942.

Tremaroli V, Backhed F. 2012. Functional interactions
between the gut microbiota and host metabolism. Nature.
489(7415):242.

Trivedi MS, Hodgson NW, Walker SJ, Trooskens G, Nair
V, Deth RC. 2015. Epigenetic effects of casein-derived
opioid peptides in SH-SY5Y human neuroblastoma cells.
Nutr Metab (Lond). 12:54.

Trompette A, Claustre J, Caillon F, Jourdan G, Chayvialle
JA, Plaisancie P. 2003. Milk bioactive peptides and beta-
casomorphins induce mucus release in rat jejunum. J
Nutr. 133(11):3499–3503.

Tsuchita H, Sekiguchi I, Kuwata T, Igarashi C, Ezawa I.
1993. The effect of casein phosphopeptides on calcium
utilization in young ovariectomized rats. Z
Ernahrungswiss. 32(2):121–130.

Turner JR. 2009. Intestinal mucosal barrier function in
health and disease. Nat Rev Immunol. 9(11):799–809.

Ursell LK, Metcalf JL, Parfrey LW, Knight R. 2012.
Defining the human microbiome. Nutr Rev. 70:S38–S44.

Vinolo MA, Rodrigues HG, Nachbar RT, Curi R. 2011.
Regulation of inflammation by short chain fatty acids.
Nutrients. 3(10):858–876.

Wang F, Meng J, Zhang L, Johnson T, Chen C, Roy S.
2018. Morphine induces changes in the gut microbiome
and metabolome in a morphine dependence model. Sci
Rep. 8:3596.

Wasilewska J, Kaczmarski M, Kostyra E, Iwan M. 2011.
Cow’s-milk–induced infant apnoea with increased serum

content of bovine b-casomorphin-5. J Pediatr
Gastroenterol Nutr. 52(6):772–775.

Wong JM, De Souza R, Kendall CW, Emam A, Jenkins DJ.
2006. Colonic health: fermentation and short chain fatty
acids. J Clin Gastroenterol. 40(3):235–243.

Xue B, Greenberg AG, Kraemer FB, Zemel MB. 2001.
Mechanism of intracellular calcium ([Ca2þ]i) inhibition
of lipolysis in human adipocytes. Faseb J. 15(13):
2527–2529.

Yuhan R, Koutsouris A, Savkovic SD, Hecht G. 1997.
Enteropathogenic Escherichia coli-induced myosin light
chain phosphorylation alters intestinal epithelial perme-
ability. Gastroenterology. 113(6):1873–1882.

Zemel MB. 2002. Regulation of adiposity and obesity risk
by dietary calcium: mechanisms and implications. J Am
Coll Nutr. 21(2):146S–151S.

Zemel MB, Shi H, Greer B, Dirienzo D, Zemel PC. 2000.
Regulation of adiposity by dietary calcium. Faseb J. 14(9):
1132–1138.

Ziauddeen H, Chamberlain SR, Nathan PJ, Koch A, Maltby
K, Bush M, Tao WX, Napolitano A, Skeggs AL, Brooke
AC, et al. 2013. Effects of the mu-opioid receptor antag-
onist GSK1521498 on hedonic and consummatory eating
behaviour: a proof of mechanism study in binge-eating
obese subjects. Mol Psychiatry. 18(12):1287.

Zoghbi S, Trompette A, Claustre J, El Homsi M, Garz�on J,
Jourdan G, Scoazec JY, Plaisancie P. 2006.
b-Casomorphin-7 regulates the secretion and expression
of gastrointestinal mucins through a l-opioid pathway.
Am J Physiol Gastrointest Liver Physiol. 290(6):
G1105–G1113.

14 H. ASLAM ET AL.


	Abstract
	Introduction
	Methods
	Interaction of beta-casomorphins with the body
	The potential impacts of milk opioid peptides on gut physiology
	Gastrointestinal transit time and gut microbial composition

	Interplay between gastrointestinal transit time and gut microbial composition
	Gut inflammation and gut epithelial integrity

	Interplay between gut inflammation and gut epithelial integrity
	Bile acid homeostasis

	Interplay between bile acid dysregulation and atherosclerosis
	The potential impact of milk opioid peptides on fractures
	Interplay between inflammation and bone
	Opioids in bone metabolism

	The potential impact of milk opioid peptides on obesity
	Interplay between opioids and obesity

	Conclusions
	Disclosure statement
	References


