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Abstract: 3-casomorphin 7 (BCM?) is a bioactive peptide that is released during the digestion of 3-
casein (in particular; Al variant) present in cow’s milk. BCM7 has been linked to several health
concerns such as gastrointestinal disorders. Milk processing alters the composition of milk; which
in turn may affect its digestion thus impacting the amount of BCM7 that is released. This study
aimed to understand the impact of microfiltration on BCMY7 release after in vitro digestion (mimick-
ing in vivo digestion) of semi-skimmed filtered milk compared to pasteurized milk and pasteurized
Jersey milk (which does not contain Al 3-casein the main source of BCM7). LC/MS was used to
quantify BCMY7. Results indicated that the (3-casein variants present in milk rather than the milk
treatments themselves are the key factors for the release of BCM7. Similar BCM7 levels were found
in filtered and pasteurized milk samples; whereas Jersey milk released just half the amount

Keywords: p-casomorphin 7 (BCM?7); filtered milk; microfiltration; pasteurized milk; Al B-casein;
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1. Introduction

[-casein (~ 30 % of total casein) has 12 variants (A1, A2, A3, B, C, D, E, F, G, H1, H2
and I) that differ in the amino acid sequence. The most common in cattle breeds of Euro-
pean origin are a mix of these variants, while, Guernsey or Jersey cows produce milk that
has the A2 as a major variant [1].

[B-casomorphin-7 (BCM?7) is an opioid peptide, that has effects like morphine, that
has been isolated from an enzymatic digest of -casein (in particular Al) and has been
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line [4-6]. Pasteurisation (85 °C / 30 s) and UHT (140 °C / 15 s) of milk inhibits the for-
mation of BCM7 during intestinal digestion which could be due to protein denaturation
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significant boost, attributed to its extended shelf life that reduces milk wastage caused by
spoilage or expiration, when compared to pasteurized milk (Mintel, 2021).

Although research has investigated BCM peptides resulting from the digestion of
heat-treated milk [7-9], there are gaps in the literature concerning filtered milk and the
generation of BCM7 during digestion. Hence, this study aimed to assess the proportions
of the main (3-casein variant proteins and characterize the release of BCM7 during in vitro
digestion of commercially filtered milk. Pasteurized milk from the same brand of filtered
milk and Jersey milk (A2 milk) were used for comparison of process effect and Al variant
content, respectively.

2. Materials and Methods

Commercially conventional available semi-skimmed filtered milk samples from ma-
jor food retailers in the UK were used for this study. Seven brands offered both filtered-
pasteurized (MF) and non-filtered (pasteurized, P) milk. A Jersey milk sample (Al-free
milk) was used as negative control. Three different batches for each of the milk samples
were used to carry out the analysis. All reagents were of analytical grade.

The extraction and the analysis of milk proteins were carried out by the method de-
scribed by Givens et al. [12] using high resolution HPLC-MS. Identification was possible
as standard of [3-caseins was available and analyzed alongside the milk samples. Identifi-
cation was carried out by means of the MS spectra and UV chromatograms of the (3-casein
region, together with extracted ion chromatograms of the A1, A2 and B variants at 1144.95,
1143.05 and 1148.16 m/z, respectively [12, 15].

The in vitro gastric and intestinal digestion model used to simulate the fasted state in
humans was the one described by Gallier et al [13]. For the BCM7 analysis, aliquots were
collected after the gastric and intestinal stages. Two controls were run with the samples,
one was the milk and digestion buffer without enzymes and the other one was the diges-
tion buffer and enzymes without milk.

The system used for the identification and quantification of BCM7 released after in
vitro digestion of milk samples was an Agilent 1100 HPLC interfaced to a Bruker micrO-
TOEF-QII QTOF mass spectrometer. Elution solvent A and B were (A) 0.1 % formic acid in
water and (B) 0.1 % formic acid in acetonitrile with a gradient elution using LC/MS grade
elution solvents (Fisher Chemical™) on an ACE® C-18 column (300 A 5 puM 150 mm x 2.1
mm). The quantification of BCM7 in both the samples and the deuterated BCM7 standards
was accomplished by comparing the peak areas in the extracted ion chromatogram at
790.4 m/z. All treatments and measurements were carried out in triplicate. Two-way
ANOVA (XLSTAT software version 2022.1.2 (Addinsoft, New York, USA) was used to
analyze whether the type of treatment produced significant differences between sample
means. Tukey’s test was applied to determine significant differences (p < 0.05) between
the means.

3. Results and Discussion

Figure 1 shows the relative content of 3-casein variants (as % of total 3-casein) present
in the conventional milk (MF and P) and Jersey milk samples. An external calibration
curve was used for the quantification of the proteins (R2 = 0.98). The spectra were decon-
voluted to provide the molecular mass of the proteins in the purified samples, which en-
abled the identification of the 3-casein variants by confirming the genotype with masses
of 24023, 23968 and 24092 Da for variants Al, A2 and B respectively [14]. All conventional
milk samples had a higher content of A2 variant compared to Al. The distribution of main
casein variants Al, A2 and B ranged between 55 - 65, 54 - 68 and 2.5 - 4 % for A1, A2 and
B [-casein variants in conventional milk, respectively. From the results shown in Figure
1, the major B-casein variant in conventional milk that was available in the main market
in the UK was A2 followed by Al. However, Jersey milk has no Al and the main [3-casein
variants were A2 and B (about 75 and 25 % of total (3-casein, respectively). The results
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were consistent with previous data, which demonstrated a characteristic distribution of
A2 and B variants in casein separated from Jersey milk. Specifically, the proportions were
found to range from 48 - 60 and 28 — 40 % of the total 3-casein, respectively [15]. In contrast,
milk from a different breed exhibited Al, A2, and B variant proportions ranging from 51
—-71,28 - 40, and 2 — 10 % of the total B-casein, respectively [12, 15]. Understanding the
distribution of 3-CN variants in milk samples from different processes is important in
order to monitor process-induced changes in Pro67 and His67 balance in milk and dairy
products, avoiding a possible excessive increase in His67 in the processed milk due to
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Figure 1. The relative content of 3-casein variants (% of total 3-casein) in milk samples (A —H): (a)
Al variant; (b) A2 variant; (c) B variant. MF = filtered. P = pasteurized. Bars are the mean of 3 repli-
cates + standard deviation. (d) Separation of bovine casein proteins from filtered and pasteurized
milk by high resolution HPLC-MS at 214 nm.

Milk samples were also subjected to in vitro digestion and BCM7 was quantified by
LC-MS. In the present work, no BCM7 was detected in either conventional or Jersey milk
before and after digestion with Pepsin alone (in vitro gastric digestion), irrespective of the
milk type or processing methods employed. This differs from earlier research that indi-
cated the formation of BCMY7 in gastric digests of purified p-casein variants and milk con-
taining Al and A2 variants [11, 16]. However, our findings align with recent studies that
used a similar experimental setup and more physiologically relevant digestion conditions
[7, 9]. These discrepancies in results are likely attributed to variations in digestive condi-
tions and analytical methods used to identify the BCM7. However, BCM7 was detected in
all milk samples after the intestinal stage. The BCM7 released after the intestinal stage
from filtered and pasteurized milk samples ranged between 4.55 to 7.05 and 4.99 to 6.89
mg g B-casein, respectively. No significant differences were found in the BCM7 content
between the filtered and pasteurized milk samples from the same brand, where the p-
values were more than 0.05. The amount of BCM7 released from conventional milk sam-
ples was approximately double that released by Jersey milk (2.5 - 4.5 mg g1 -casein. While
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most studies correlate the BCMY7 released after intestinal digestion with the presence of
A1 [7, 9], the absence of Al in Jersey milk was not sufficient to eliminate the presence of
BCM?Y. These results showed that the Al variant is not solely responsible for the release
of BCM7 after milk digestion. More investigation is needed to study the effect of other (3-
casein variants and milk matrix on the release of BCM?7.
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Figure 2. (a) Concentration of BCM7 detected after in vitro gastro-intestinal digestion (mg BCM7
mg 3-casein). MF = filtered. P = pasteurized. Bars are the mean of 3 replicates + standard devia-
tion. Star denotes a significant difference (p <0.05). (b) Extracted chromatographic peak of BCM7
(at mass 790.4 Da) in milk samples before and after gastro-intestinal digestion.

4. Conclusions

BCMY is released during the intestinal digestion stage. Through simulated in vitro
digestion of milk and utilization of a BCMY7 standard for peptide quantification, it was
clear that BCM7 formation can arise from both conventional and Jersey milk. Among the
filtered and pasteurized milk samples, there was no significant difference in the content
of BCMY. This suggests that microfiltration has no significant effect on the proportions of
[3-casein variants. However, Jersey milk exhibited a significantly lower BCM7 content.
This study suggests that the relatively lower concentration of BCM7 in Jersey milk com-
pared to conventional samples may be attributed more to differences in [3-casein compo-
sition than to the effect of microfiltration. More investigation is needed to understand the
effect of 3-casein composition on the BCMY7 released after milk digestion.
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