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The occurrence of b-casomorphin-5 (BCM5) and b-casomorphin-7 (BCM7) was investigated in commer-
cial dairy products and in their digests, following in vitro simulated gastro-intestinal digestion (SGID), by
means of HPLC–MS. The analysed dairy products were as follows: 10 cheeses (Gorgonzola, Caprino, Brie,
Taleggio, Gouda, Fontina, Cheddar and Grana Padano 10-, 15- or 25-m ripened); 4 samples of drinking
milk (unprocessed, pasteurised, UHT and in bottle-sterilised); 2 yoghurts and 4 fermented milks contain-
ing probiotics; 7 infant formulas; and 4 dried milk-derivatives (skim milk powder, calcium caseinate and
milk protein concentrates). b-Casomorphin-5 was not detected in dairy products, either prior to or after
SGID. b-Casomorphin-7 was detected only in cheeses with the exception of Taleggio, Caprino and Grana
Padano samples. Peptide amount was in the range 0.01–0.15 mg kg�1 the highest level being recovered in
Brie sample. Following SGID, BCM7 formed in all dairy samples or increased up to 21.77 mg kg�1 in
digests of cheeses. The peptide level ranged from 0.29 to 1.23 mg kg�1in fermented milks and from
3.46 to 22.18 mg kg�1 in dried milk-derivatives. Digests of commercial infant formulas contained
BCM7 at concentrations of 0.04–0.21 mg l�1. For the first time, this work reports quantitative values
for BCM5 and BCM7 in a range of dairy products providing evidence that, during processing, only prote-
olytic systems involved in manufacturing and ripening of cheese can potentially hydrolyse b-CN to BCM7.
Nevertheless, formation or further release of BCM7 is mainly promoted by the action of gastrointestinal
proteinases during in vitro digestion irrespective of the type of dairy product.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Caseins and whey proteins from bovine milk represent a source
of biologically active peptides which may exert ‘‘pharmacological”
activities. Milk-derived biopeptides are encrypted in an inactive
form within the sequences of bovine milk proteins from which
they are potentially released during fermentation or in vivo or
in vitro digestion. In recent literature, the bioactivity of milk-de-
rived peptides has been extensively reviewed and several activities
(opioid, blood pressure-lowering, antimicrobial and immunomod-
ulatory) have been reported (Hartmann & Meisel, 2007; Korhonen
& Pihlanto, 2006, 2007; Morris & FitzGerald, 2008; Murray &
FitzGerald, 2007).

b-Casomorphins (BCMs) are exogenous opioid peptides deriving
from proteolysis of b-casein (b-CN) and they were originally iso-
lated from an enzymatic digest of casein (Brantl, Teschemacher,
Henschen, & Lottspeich, 1979). Amongst BCMs, b-casomorphin-7
(BCM7) and b-casomorphin-5 (BCM5) represent fragments f60–
66 and f60–64 of bovine b-CN, respectively. The release of BCM7
ll rights reserved.

: +39 02 50316672.
).
during hydrolysis of bovine b-CN seems to be dependent on the
presence of some variants of this protein, such as A1 and B. These
variants have histidine at position 67, whereas proline is present
in variant A2. This amino acidic substitution likely prevents the
hydrolysis of the Ile66–Pro67 bond during proteolysis thus hinder-
ing the release of BCM7 from b-CN A2 (Hartwig, Teschemacher,
Lehmann, Gauly, & Erhardt, 1997; Jinsmaa & Yoshikawa, 1999).
Some ecological studies suggested that BCM7 or related peptides
may increase the risk for the development of some human diseases
such as juvenile diabetes type I, ischaemic hearth disease, autism
and schizophrenia (Elliott, Harris, Hill, Bibby, & Wasmuth, 1999;
Laugesen & Elliott, 2003a, 2003b; McLachlan, 2001). Recently, the
European Food Safety Authority (EFSA) published a review of the
available scientific literature that addresses possible health effects
of BCMs, in particular BCM7 (EFSA, 2009). EFSA concluded that a
cause and effect relationship cannot be established between the
dietary intake of BCM7 and non-communicable diseases. The same
review recognised that BCM7 can exert biological activities such as
regulatory effects on gastro-intestinal motility and on gastric and
pancreatic secretions. Despite this, insufficient knowledge is avail-
able about the actual levels of BCM5 and BCM7 which can originate
from the action of diverse proteolytic systems involved in fermen-
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tation or digestion of milk products. This work is aimed at deter-
mining the levels of BCM5 and BCM7 in a range of dairy products
and in their digests following in vitro simulated gastro-intestinal
digestion (SGID). For this purpose, HPLC and tandem mass spec-
trometry (MS/MS) were used for separation and quantification of
the two BCMs.
2. Materials and methods

2.1. Standard bovine BCM5 and BCM7

Standard bovine BCM5 (Tyr-Pro-Phe-Pro-Gly) and BCM7 (Tyr-
Pro-Phe-Pro-Gly-Pro-Ile) were purchased from Bachem (Buben-
dorf, Switzerland).

2.2. Samples

The dairy products considered in the present work were as
follows: 10 cheese samples (Gorgonzola, Caprino, Brie, Gouda,
Taleggio, Fontina, Cheddar, and Grana Padano 7-, 15- or 25-m
old); 4 samples of drinking milk (unprocessed, pasteurised, UHT
and in bottle-sterilised); 2 yoghurts and 4 fermented milks con-
taining probiotics; one sample of skim milk powder and one sam-
ple of calcium caseinate; 2 milk protein concentrates; and 7 infant
formulas (4 powder and 3 liquid products) suitable for the normal
full-term newborn infants during the first six months of life. Labels
of powder infant formulas did not report quantitative information
about protein ingredients All samples were collected at the Italian
market in September–December 2008 and they represented indus-
trial products. The main characteristics of cheeses, fermented milks
and infant formulas are reported in Table 1.

2.3. Capillary zone electrophoresis (CZE) of dairy samples

CZE was used to ascertain the presence of the most common
variants of b-CN, namely A1, B and A2, in commercial dairy sam-
Table 1
Main ingredients and protein content (% w/w) of commercial samples of cheeses, ferment
casomorphin-7.

Ingredients

Cheeses
Brie Whole pasteurised milk
Caprino Whole pasteurised milk
Cheddar Whole pasteurised milk
Fontina Whole unprocessed milk
Gorgonzola Whole pasteurised milk
Gouda Whole pasteurised milk
Grana Padano (10-m old) Partially skimmed unprocessed milk
Grana Padano (17-m old)
Grana Padano (25-m old)
Taleggio Whole pasteurised milk

Fermented milks
1. Yoghurt Skimmed milk, L. delbrueckii ssp. bulgaricus, S.
2. Yoghurt Skimmed milk, L. delbrueckii ssp. bulgaricus, S.
3. Probiotic Skimmed milk, L. delbrueckii ssp. bulgaricus, S.
4. Probiotic Skimmed milk, sucrose, L. delbrueckii ssp. Bulg
5. Probiotic Skimmed milk, L.casei
6. Probiotic Skimmed milk, L. delbrueckii ssp. bulgaricus, S.

Infant formulas
1. Powder Milk whey and skim milk
2. Powder Skim milk and milk whey
3. Powder Skim milk and milk whey
4. Powder Skim milk and milk whey
5. Liquid Skim milk and milk whey
6. Liquid Skim milk and milk whey
7. Liquid Skim milk and milk whey
ples. For this purpose, the method reported in De Noni (2008)
was used.

2.4. Preparation of water-soluble peptides extracts

Pre-formed BCMs were searched in the water-soluble peptides
extracts (WSEs) from undigested dairy products. WSEs were ob-
tained according to the procedures described below. Each sample
was subjected to three replicate extractions which were further
submitted to HPLC–MS/MS analysis.

Cheese. WSE was prepared according to Parrot, Degraeve, Curia,
and Martial-Gros (2003) with modifications. Twenty grams cheese
were homogenised in 40 ml of water using an Ultraturrax appara-
tus. The mixture was kept at 40 �C for 1 h under gentle stirring and
then centrifuged at 10,000�g for 30 min at 10 �C. The WSE was
acidified to pH 4.60 with HCl 2 M and centrifuged at 5000�g for
20 min at 4 �C. Milk. Fifty millilitre milk was acidified to pH 4.60
and the WSE recovered after centrifugation at 5000�g for 20 min
at 4 �C. Fermented milk. The procedure described by Donkor, Henri-
ksson, Singh, Vasiljevic, and Shah (2007) was adopted with modi-
fications. Fifty millilitre fermented milk was centrifuged at
10,000�g for 20 min at 4 �C. The recovered WSE was adjusted to
pH 4.60 and then centrifuged at 5000�g for 20 min at 4 �C. Milk
powder, sodium caseinate and milk protein concentrates. Ten
grams powder was reconstituted to 100 ml water, adjusted to pH
4.60 and then centrifuged at 5000�g for 20 min at 4 �C. Infant for-
mulas. Solutions of powder products were prepared by dissolving
the powder according to label’s recommendations and using dis-
tilled water. One hundred millilitre liquid or reconstituted formu-
las were centrifuged at 10,000�g for 20 min at 4 �C. The recovered
WSE was adjusted to pH 4.60 and then centrifuged at 5000�g for
20 min at 4 �C.

Prior to HPLC–MS/MS analysis, all WSEs were submitted to
ultrafiltration (cut-off 3 kDa, Millipore, Billerica, MA) in order to re-
move high molecular mass peptides. For this purpose, 30 ml WSE
were ultrafiltered and 25 ml permeate were collected and immedi-
ately analysed or stored at �40 �C until HPLC–MS/MS.
ed milks and infant formulas submitted to determination of b-casomorphin-5 and b-

Protein content

16.3
13.5
17.1
24.3
18.9
23.4
30.8
34.6
36.0
21.8

thermophilus 4.4
thermophilus 4.0
thermophilus, Bifidobacterium 4.9
aricus, S. thermophilus, L. casei 2.8

1.4
thermophilus, Bifidobacterium, L. casei, L. acidophilus 2.8

11.3
12.5
9.5
11.0
1.2
1.3
1.3
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2.5. Determination of protein content and assessment of proteolysis on
cheeses

Protein content of dairy products was determined by the Kjel-
dahl method (IDF-International Dairy Federation, 1993).

Proteolysis was assessed on cheeses by the determination of
soluble nitrogen after treatment with trichloroacetic acid (TCA;
120 g l�1). Grated cheese (4 g) was suspended in 100 ml deionised
water at 40 �C. The mixture was homogenised with an Ultraturrax
apparatus, stirred for 1 h at 40 �C. After addition of TCA (12% w/v
final concentration), the suspension was centrifuged (10,000g for
30 min at 5 �C) and the supernatant filtered through a Schleicher
and Schuell 595 folded filter. Nitrogen soluble in 12% TCA of the fil-
trate was determined by the Kjeldahl method (IDF, 1993).

2.6. In-vitro simulated gastro-intestinal digestion (SGID)

Digestions of different dairy products were carried out using
pepsin and Corolase PPTM according to the protocol reported in De
Noni (2008). Each commercial dairy sample was submitted to
three replicate digestions on the same day. The mean amount of re-
leased BCM5 and BCM7 determined by means of LC–MS/MS was
considered.

2.7. HPLC–MS/MS analysis

Separation and identification of BCM5 and BCM7 in WSEs of
undigested dairy products and in their digests from in vitro SGID
were performed by means of HPLC–MS/MS as reported by De Noni
(2008). Calculation of BCM5 and BCM7 amounts was carried out by
summing up the intensities of y3 and b3 ions or y4 and y5 ions for
BCM5 and BCM7, respectively. WSEs from either Grana Padano
cheese (17-m old) or UHT milk were spiked with synthetic BCM5
or BCM7 and used as an external standard for quantification of
BCM5 and BCM7.
3. Results and discussion

3.1. Occurrence of BCM5 and BCM7 in commercial dairy products

Formation and fate of BCM5 and BCM7 have been mainly inves-
tigated adopting enzymatic hydrolysis of bovine b-CN using diges-
tive proteinases and peptidases (Jinsmaa & Yoshikawa, 1999;
Macaud, Zhao, Ricart, & Piot, 1999). On the contrary, scant informa-
tion concerns the actual levels of BCM5 and BCM7 in undigested
milk products or in their digests following enzymatic treatment
or SGID (Jarmolowska, Kostyra, Krawczuk, & Kostyra, 1999; Mueh-
lenkamp & Warthesen, 1996; Jarmolowska et al., 2007). Recently,
an HPLC–MS/MS method has been developed for quantifying
BCM5 and BCM7 in infant formulas (De Noni, 2008). In the present
work, the same analytical approach was applied to different com-
mercial dairy products, including cheese, fermented milk, drinking
milk, infant formulas and dried derivatives of milk. The potential
effect of such dairy matrices on the ionisation and fragmentation
efficiencies of BCM5 and BCM7 during LC–MS/MS analysis was
investigated by analysing WSEs from either UHT milk or Grana
Padano cheese (17-m old) spiked with the same amounts of syn-
thetic BCM5 or BCM7. The results from LC–MS/MS analyses dem-
onstrated that the same fragmentation pattern and ionisation
efficiencies were obtained for both spiked WSEs. Accordingly, the
sum of the intensities of y3 and b3 ions of BCM5 and y4 and y5 ions
of BCM7 were used for the quantification of the two peptides in
commercial dairy products.

As BCM7 seems to be released only from A1 and B variants of b-
CN (Hartwig et al., 1997; Jinsmaa & Yoshikawa, 1999), the com-
mercial dairy products considered in the present work were ini-
tially assessed for the presence of these variants by means of
CZE. In addition to the A2 variant, all products contained A1, B vari-
ants of b-CN (not shown) and, for this reason, they might poten-
tially release BCM7 following fermentation and/or digestion.
According to peak areas of CZE patterns, B and A1 variants ac-
counted for 2–5% and 50–60% of b-CN in infant formulas and in fer-
mented or drinking milks. The similar proportion of these variants
would not affect the actual levels of BCM7 in the final products. It
was not possible to calculate the ratio amongst variants in cheese
samples since some protein breakdown occurred in ripening. Lev-
els of BCM7 in these samples could be potentially related to the
proportion of different b-CN variants present in the milk taken
for cheesemaking.

In the present work, neither BCM5 nor BCM7 were detected in
unprocessed milk. In literature, only the study of Cieslinska,
Kaminski, Kostyra, and Sienkiewicz-Szlapka (2007) reports the
presence of BCM7 in unprocessed bovine milk. This milk sample
was not characterised for bacterial and somatic cell counts. Indeed,
the release of BCMs or their precursors in unprocessed milk may be
influenced by the proteolysis associated with the microbial and so-
matic cells activities. Nevertheless, different works did not report
the release of BCM5 or BCM7 in mastitic milk samples (Napoli,
Aiello, Di Donna, Prendushi, & Sindona, 2007; Wedholm et al.,
2008) or during in vitro digestion of b-CN with cathepsin B (Consi-
dine, Healy, Kelly, & McSweeney, 2004). In the present work, BCM5
and BCM7 were not seen in pasteurised, UHT and in-bottle steril-
ised samples as well. By means of LC–MS/MS, Gaucher, Mollé, Gag-
naire, and Gaucheron (2008) identified pro-BCMs but not BCM5 or
BCM7 in UHT milk stored at 20 �C for 6 months. Pro-BCMs (f54–68,
f54–69, f55–65, f55–68, f57–68) derived from the action of cathep-
sins and elastase on b-CN.

Four fermented milks containing probiotics and two yoghurts
were analysed 30-d after manufacturing. Bacterial strains present
in these samples are listed in Table 1. Yoghurt contains a mixed
culture of Lactobacillus delbruekii ssp. bulgaricus and Streptococcus
thermophilus with the former being more proteolytic. A recent
study demonstrated that 21 strains of L. delbruekii ssp. bulgaricus
isolated from fermented milks were able to degrade in vitro 80–
90% of b-casein after 72–96 h incubation in a sodium caseinate
solution (Tzvetkova et al., 2007). Despite this, the two yoghurts
considered in the present work did not contain BCM5 or BCM7.
The same findings were reported by Kahala, Pahkala, and Pihlanto
(1993) for two Finnish yoghurts and by Schieber and Brückner
(2000) for yoghurt made from heated milk and stored at 4 �C for
3 weeks. Schieber and Brückner (2000) observed an intensive pro-
teolysis of caseins whilst only pro-BCMs sequences (f57–68 and
f57–72) were recognised by means of HPLC–MS and peptide
sequencing. According to Donkor et al. (2007), proteolysis in fer-
mented milk that contain both yoghurt culture and probiotics (L.
acidophilus, L. casei and Bifidobacterium lactis) is significantly higher
as compared to the milk fermented with the yoghurt culture only.
In the present work, BCM5 or BCM7 were not found in fermented
milks containing both probiotic strains and yoghurt culture or L.
casei only (Table 1). Also Kahala et al. (1993) did not find BCMs
in two fermented milks containing L. acidophilus and Lactobacillus
GG or a mixed mesophilic culture, including L. lactis ssp. cremoris.

To date, data concerning the levels of BCM7 and BCM5 in
cheeses refer to only a few studies (Jarmolowska et al., 1999;
Muehlenkamp & Warthesen, 1996). As found in the present work,
these studies did not report the presence of BCM5 in cheese. On the
contrary, Jarmolowska et al. (1999) reported BCM7 as being pres-
ent in extracts from Brie cheese samples using HPLC–UV detection.
This peptide was present at amounts ranging from 5 to 15 mg kg�1

cheese. As shown in Table 2, the sample of Brie considered here
presented a notably lower (0.15 mg kg�1) BCM7 content. Neverthe-



Table 2
b-Casomorphin-7 (BCM7) level in commercial cheese samples (mean of three
replicate digestions ± standard error).

BCM7 (mg kg�1)

Grana Padano (10-m old) 0.00
Grana Padano (17-m old) 0.00
Grana Padano (25-m old) 0.00
Brie 0.15 ± 0.02
Caprino 0.00
Fontina 0.04 ± 0.01
Gouda 0.10 ± 0.02
Gorgonzola 0.01
Taleggio 0.00
Cheddar 0.11 ± 0.02
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less, it was the highest amount recovered in the studied cheese
samples. This finding could be somehow related to proteolysis
occurring upon the action of enzymes produced by fungi present
as felt on the cheese surface. Muehlenkamp and Warthesen
(1996) did not detect BCM7 in Brie cheese using HPLC coupled to
UV detection. The same author did not find BCM7 in other types
of cheese, including Swiss type, Blue, Limburger and Cheddar. In
the present work, BCM7 was present at 0.11 mg kg�1 level in the
Cheddar sample. This cheese is manufactured using a starter cul-
ture consisting in a mixture of L. lactis ssp. cremoris and L. lactis
ssp. lactis (Robinson, 1995). According to Muehlenkamp and War-
thesen (1996), the proteolytic system of L. lactis ssp. cremoris pro-
vokes a 50% reduction of BCM7 level during in vitro test carried out
in a 1.5% NaCl medium at pH 5.0, after 6–15 weeks. Taking the pH
value (5.0–5.1) and salt concentration (1.8–2.0%) of Cheddar
cheese into consideration, BCM7 would expected to be degraded
to some extent by strains of subspecies of L. lactis present in the
starter culture of Cheddar cheese. On the contrary, according to
Singh, Fox, and Healy (1995, 1997), the persistence in Cheddar
cheese of several peptides including the BCM7 sequence, such as
BCM9 (b-casein 60–68), suggests that peptidases from LAB have
no or little activity in this cheese. Taleggio, a PDO Italian smear-
coated cheese, did not contain BCM7 (Table 2). This cheese is man-
ufactured from pasteurised milk and using L. delbruekii ssp. bulgar-
icus and S. thermophilus as starter culture which undergoes cell
lysis after 35-d maturation. Since BCM7 was not found in Taleggio,
the proteinases/peptidases activity of this LAB does not seem capa-
ble to release BCMs during ripening. As fungal growth in curd pro-
duces intense proteolysis, strong breakdown of proteins and
peptides has to be expected in Gorgonzola cheese, an Italian PDO
blue-cheese. This could explain why only a very small level
(0.01 mg kg�1) of BCM7 was found in the cheese (Table 2). Caprino
is a fresh cheese made from pasteurised milk employing meso-
philic starter cultures, including subspecies of L. lactis. As reported
in Table 2, Caprino did not contain BCM7. This result could be sup-
ported by findings of Mierau, Kunji, Venema, and Kok (1997) and
Juillard et al. (1995). According to these authors, proteinases from
L. lactis ssp. cremoris can extensively hydrolyse b-CN resulting in
more than 100 oligopeptides other than BCM7.

No other data concerning the actual amounts of BCM7 in
cheeses can be attained from the literature so far whilst Gouda,
Fontina and Grana Padano cheese samples were also analysed in
the present work (Table 2). Gouda cheese presented a BCM7 level
(0.10 mg kg�1) similar to that recovered in Cheddar cheese. This
finding is not surprising as a similar starter LAB and maturation
period can characterise the two cheeses. As reported by Singh
et al. (1995, 1997) for Cheddar cheese, BCM9 was also found in
Gouda (8-m aged) by Saito, Nakamura, Kitazawa, Kawai, and Itoh
(2000). Similarly, Toelstede and Hofmann (2008) revealed BCM9
and BCM10 in the WSE of a matured Gouda cheese. BCM7 was
not detected in the three samples of Grana Padano cheese 10-,
17- or 25-m aged (Table 2). In manufacturing of this cheese, and
in Parmigiano Reggiano as well, a natural starter mainly consisting
of L. helveticus is added to unprocessed milk prior to renneting.
Peptidase and proteinase systems of this starter lead to strong
casein breakdown during ripening and, after 10-m maturation,
about 20% of protein nitrogen in Parmigiano Reggiano and Grana
Padano cheeses is represented by free amino acids (Resmini, Pel-
legrino, Pazzaglia, & Hogenboom, 1985). Nevertheless, according
to Addeo et al. (1992) long peptides (e.g. 20–21 residues) contain-
ing the BCM7 sequence are present in matured (up to 15 months)
Parmigiano Reggiano cheese. The presence of such peptides dem-
onstrates the resistance of this b-CN region to degradation by pro-
teinase and peptidase systems of LAB starter involved in the
maturation of these two hard cheeses. Small BCM7 amounts
(0.04 mg kg�1) has been recovered in Fontina (Table 2). This Italian
PDO cheese is made from unprocessed milk and maturation (>70-
d) relies on the activity of a natural flora of mesophilic and thermo-
philic bacteria originally present in milk. This activity leads to
scant proteolysis and usually only 1–2% of protein nitrogen is rep-
resented by free amino acids (Pellegrino, Hogenboom, Pazzaglia, &
Todesco, 1995).

In order to assess the potential relationship between degree of
proteolysis and BCM7 occurrence, cheeses were assessed for levels
of 12% TCA soluble nitrogen (TSN). This nitrogen fraction generally
includes small peptides (less than 2–20 residues) the shortest of
them (<7 residues) are soluble irrespective of parameters, such as
hydrophobicity, that could affect peptide solubility (Yvon, Chaba-
net, & Pélissier, 1989). As shown in Fig. 1a, the level of TSN and
hence the extent of proteolysis varied a lot amongst cheeses and
it was not related to BCM7 amounts (expressed as mg kg�1 pro-
tein). Indeed, the highest peptide level characterised the Brie
cheese sample which presented the lowest level of TSN. The con-
trary applied for samples of Grana Padano that did not contain
BCM7 although they showed high TSN levels. Taking these results
into account, it can be supposed that the release and fate of BCMs
in cheese might vary as a function of specific proteolytic phenom-
ena occurring during cheesemaking and ripening. In this regard,
additional investigations are needed to ascertain whether the spec-
ificity of proteinases and peptidases action of starter and non star-
ter bacteria could determine the occurrence and the level of BCM7
in the final cheese.

To our knowledge no literature reports on BCM5 and BCM7 lev-
els in powdered milk-derivatives. Samples of skim milk powder,
calcium caseinate and milk protein concentrates did not contain
BCM5 or BCM7. The same applied for the seven infant formulas
analysed in the present work.

3.2. Release of BCM5 and BCM7 following in vitro SGID of dairy
products

In the present work, pepsin and Corolase PPTM were used for
SGID at the end of which none of the analysed dairy samples re-
leased BCM5. On the contrary, dairy products which did not con-
tain this peptide prior to SGID released BCM7 following digestion.
In particular, this level increased to 1.16 mg kg�1 in unprocessed
milk. A recent study of Cieslinska et al. (2007) reported the re-
lease of BCM7 from unprocessed milk samples after 24 h diges-
tion with pepsin. According to these authors, the recovered
amount in an homozygote A2 milk was four times lower than that
released from a homozygote A1 milk. b-Casomorphin-7 level was
in the range 0.60–0.96 mg kg�1 in pasteurised, UHT and in-bottle
sterilised milks. To our knowledge, only De Noni (2008) has con-
sidered the effect of milk processing conditions on the release of
BCM7 during subsequent SGID. In this study, industrial indirect-
UHT treatments did not modify the extent of the release of
BCM7 and, during SGID, comparable peptide amounts formed
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Fig. 1. Level of 12% TCA soluble nitrogen (TSN, empty bars) in undigested cheese samples and corresponding b-casomorphin-7 amount (BCM7, full bars) (A) prior to or (B)
after in vitro simulated gastro-intestinal digestion (mean value of three replicates). (GP: Grana Padano, 10-, 17- or 25-m old).
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from both unprocessed and heat-treated samples. Results ob-
tained in the present work for pasteurised, UHT and in bottle-
sterilised milks seem to enforce this finding. BCM7 levels (0.65
and 0.98 mg kg�1) of yoghurt samples were similar to those re-
vealed in either unprocessed or heat-treated milk samples. It
can be deduced that neither intense heat treatments (90–95 �C
for 5–20 min) usually applied in yoghurt manufacturing (Tamime
& Robinson, 1999) modifies the susceptibility of b-CN to proteol-
ysis and hence the release of BCM7. The fermented milks contain-
ing probiotics presented BCM7 levels in the range 0.29–
1.23 mg kg�1. Use of probiotic strains in fermented milk produc-
tion may modify the peptide pattern in the final product and
the potential release of BCMs during SGID could be affected as
well. Nevertheless, a UHT milk fermented by the probiotic Lacto-
bacillus GG strain and subsequently digested by pepsin and tryp-
sin was not found to contain BCM7 whilst only peptide sequences
such as BCM11 and BCM4 were revealed (Rokka, Syväoja, Tuomi-
nen, & Korhonen, 1997).

b-Casomorphin-5 was not present whereas BCM7 formed or in-
creased in cheese samples following in vitro digestion (Table 3). As
reported above, ripening itself did not release BCM7 in Grana Pad-
ano cheeses whilst peptide amount was in the range 8.79–
12.55 mg kg�1 after SGID (Table 3). The highest BCM7 levels were
found in digests of Cheddar and Gouda cheeses, namely
15.22 mg kg�1 and 21.77 mg kg�1. Stepaniak, Fox, Sorhaug, and
Grabska (1995) isolated the b-CN (58–72) peptide from the WSE
of Cheddar cheese. As already mentioned, BCM9, BCM10 and sev-
eral peptides including the BCM7 sequence were found in Cheddar
and Gouda cheeses (Singh et al., 1995, 1997; Saito et al., 2000;
Toelstede & Hofmann, 2008). Presence of these short peptides is
likely prone to the action of gastrointestinal enzymes and may sup-
port the substantial release of BCM7 during SGID of Cheddar and
Gouda cheeses. Undigested Brie cheese presented the highest pep-
tide amount and in vitro digestion caused a further increase of
BCM7 amount, namely from 0.15 mg kg�1 to 2.07 mg kg�1. A great-
er increase (5–10 mg kg�1) of BCM7 level was observed in digests
of Fontina and Gorgonzola cheeses. Formation of BCM7 up to
7.15 mg kg�1 was found in Taleggio whilst the lowest
(1.51 mg kg�1) peptide amount characterised the digest of Caprino
cheese. As a matter of fact, the final level of BCM7 in cheeses was
mainly affected by proteolysis during SGID as only negligible
(<0.15 mg kg�1) amounts of peptide released during maturation
of the analysed cheese samples. In this regard, the degree of prote-
olysis of cheese (evaluated as TSN) can not be clearly regarded as a
promoting or hindering factor for BCM7 release during SGID
(Fig. 1b).



Table 3
b-Casomorphin-7 (BCM7) level in commercial dairy products and in their digests
from in vitro simulated gastro-intestinal digestion (mean of three replicate diges-
tions ± standard error).

BCM7 (mg kg�1, *mg l�1)

Drinking milks
Unprocessed milk *1.16 ± 0.04
Whole pasteurised milk *0.64 ± 0.03
Whole UHT milk *0.96 ± 0.02
Skimmed in-bottle-sterilized milk *0.60 ± 0.02

Fermented milks
1. Yoghurt 0.65 ± 0.02
2. Yoghurt 0.98 ± 0.03
3. Probiotic 1.23 ± 0.04
4. Probiotic 0.62 ± 0.03
5. Probiotic 0.29 ± 0.01
6. Probiotic 0.72 ± 0.01
Powdered milk-derivatives
Skimmed milk powder 3.46 ± 0.03
Sodium caseinate 17.68 ± 0.12
Milk protein concentrate 1 16.99 ± 0.10
Milk protein concentrate 2 22.18 ± 0.10

Cheeses
Brie 2.07 ± 0.09
Caprino 1.51 ± 0.09
Cheddar 15.22 ± 0.13
Fontina 10.43 ± 0.12
Gorgonzola 5.41 ± 0.08
Gouda 21.77 ± 0.12
Grana Padano (10-m old) 8.79 ± 0.04
Grana Padano (17-m old) 12.55 ± 0.09
Grana Padano (25-m old) 11.06 ± 0.08
Taleggio 7.15 ± 0.07

Infant formulas
1. Powder *0.04 ± 0.01
2. Powder *0.21 ± 0.03
3. Powder *0.06 ± 0.01
4. Powder *0.12 ± 0.02
5. Liquid *0.18 ± 0.03
6. Liquid *0.13 ± 0.02
7. Liquid *0.12 ± 0.02

*Refers to results expressed as mg l�1 in order to distinguish them from those
expressed as mg kg�1. The BCM7 contents of powdered infant formulas are
expressed as mg l�1 of reconstituted (with water) powder.
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After in vitro digestion, BCM7 occurred at 3.46 mg kg�1 in milk
powder. The peptide amounts released from milk protein concen-
trates (16.99 and 22.18 mg kg�1) and sodium caseinate
(17.68 mg kg�1) were similar despite the higher casein content of
the latter (Table 3).

The seven commercial infant formulas did not contain BCM5
after in vitro digestion whereas BCM7 formed in digests of all sam-
ples at concentrations corresponding to 0.04–0.21 mg l�1 (Table 3).
The lowest BCM7 amount formed in the powder infant formula
which presented whey as the main protein ingredient (Table 1).
The label of this powder infant formula did not report quantitative
information about protein ingredients. Recently, Hernandez-Led-
esma, Amigo, Ramos, and Recio (2004) reported BCM7 as present
(amount not given) in the UF permeate of a reconstituted infant
formula submitted to a SGID protocol similar to that adopted here.

4. Conclusion

For the first time, this work reports quantitative values for
BCM5 and BCM7 in a range of dairy products providing evidence
that, during processing, only proteolytic systems involved in man-
ufacturing and ripening of cheese can potentially hydrolyse b-CN
to BCM7. Nevertheless, formation or further release of BCM7 is
mainly promoted by the action of gastrointestinal proteinases dur-
ing in vitro digestion irrespective of the type of dairy product. In
this regard, differences in the ratio of the different b-CN variants
in the milk taken for manufacture could affect the BCM7 level in
the final products after SGID. Overall, these findings provide new
basic knowledge for further studies concerning the potential bioac-
tivity of BCMs.
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