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Université de Moncton, Moncton, NB, Canada E1A 3E9
†Facultad de Bioquimica, Quimica y Farmacia,
Universidad Nacional de Tucuman, San Miguel de Tucuman, Argentina T4000INJ
‡Centro de Referencia para Lactobacilos (CERELA),
San Miguel de Tucuman, Argentina T4000ILC

ABSTRACT

The effect of peptides released during the fermenta-
tion of milk on the humoral immune system and on
fibrosarcoma growth was studied. Lactobacillus helveti-
cus was able to release peptidic compounds during milk
fermentation due to its high proteolytic activity, as was
shown by the degree of proteolysis and size-exclusion
HPLC elution profiles. Three fractions of these com-
pounds were separated and fed to mice during different
periods (2, 5, and 7 d). The humoral immune response
was assessed by following the number of IgA-secreting
cells, and the antitumor activity was monitored by
studying the regression of subcutaneously implanted
fibrosarcomas. Feeding during 2 and 7 d with the me-
dium-sized fraction (Fraction II) significantly increased
the IgA-producing cells in the intestines, whereas feed-
ing with the large compound fraction (Fraction I) during
5 d and the small compound fraction (Fraction III) dur-
ing all three feeding periods provided similar increases.
A double dose of Fraction II showed the highest IgA-
producing cell count. The increase by Fraction III was
shown to be caused by the presence of L-Tryptophan.
Fraction II significantly decreased the size of fibrosar-
coma when previously fed during 7 d, and feeding with
Fraction I during 5 d decreased significantly its size
after 35 d of growth. Although the mechanisms by which
lactic acid bacteria enhance the immune system are not
clear, this study clearly shows that bioactive com-
pounds released in fermented milks contribute to the
immunoenhancing and antitumor properties of these
products. The release of bioactive peptides by lactic
acid bacteria can have important implications on the
modulation of the cellular immune response.
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Abbreviation key: GALT = gut-associated lymphoid
tissue, LAB = lactic acid bacteria.

INTRODUCTION

Bioactive peptides encrypted in milk proteins can be
released by enzymatic proteolysis, gastrointestinal di-
gestion, or food processing. These peptides can exert a
wide range of effects, such as antimicrobial, antihyper-
tensive, antithrombotic, immunomodulatory, and opi-
oid properties, in addition to aiding in the mineral ab-
sorption of calcium.

Lactic acid bacteria (LAB) utilize milk proteins, prin-
cipally the caseins, as their prime source of essential
and growth-stimulating amino acids (Juillard et al.,
1998). These cells possess cell-envelope-located protein-
ases, which cause the degradation of caseins into oligo-
peptides; peptide transport systems, which allow the
internalization of the released oligopeptides; and intra-
cellular peptidases, which hydrolyze the oligopeptides
into smaller peptides or into amino acids, which can
then be used by the cell (Juillard et al., 1998; Kunji et
al., 1998). The transport system of LAB enables them
to internalize oligopeptides up to 18 amino acids in
length, although rarely above 10 amino acids (Kunji et
al., 1998). This allows the longer oligopeptides to be a
source of bioactive peptides when further degraded by
gastrointestinal enzymes or by intracellular peptidases
of lysed lactic acid bacteria (Law and Haandrikman,
1997). Also, not all of the smaller oligopeptides are in-
gested by the LAB, permitting them to exert their effect.
It has recently been shown that only 25% of the liber-
ated oligopeptides were transported into the cells (Fou-
caud and Juillard, 2000).

The peptidic profile of milk proteins is significantly
different after microbial fermentation, suggesting that
microbial proteolysis can be a potential source of bioac-
tive peptides (Matar et al., 1996). It has been shown
that milk fermented by Lactobacillus helveticus R389,
a bacteria that has strong protease and peptidase activi-
ties, as compared with other LAB (Moineau and Goulet,
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1991), is capable of exerting an antimutagenic effect
while its protease-deficient derivative does not exert
this effect (Matar et al., 1997). Other studies have
shown that a proteinase from L. helveticus CP790 was
able to release an antihypertensive peptide from casein
hydrolysates (Yamamoto et al., 1994; Maeno et al.,
1996).

Feeding mice with milks fermented by LAB has led
to significant increases in various immune responses,
such as sIgA-producing cells, macrophage activity, and
specific antibody responses during infections (Perdigon
et al., 1999). This study was elaborated to verify the
biological effects of peptides released during milk fer-
mentation on the stimulation of the immune system
and on the inhibition of fibrosarcoma tumors in vivo.
Milk fermented with L. helveticus R389 was separated
and fractioned by size-exclusion HPLC. Three fractions,
containing compounds of different molecular weights
released by the proteolytic activity of L. helveticus, were
then tested in vivo. The results of this investigation
could help provide alternative or additional explications
of the health-promoting properties of milk fermented
by LAB, showing that the proteolytic activity of these
bacteria can release compounds exerting biological ac-
tivities.

MATERIALS AND METHODS

Milk Fermentation

Nonfat, dried, low-heat grade milk without vitamins
A and D added (Dairytown Products Ltd., Sussex, NB,
Canada) was rehydrated (12% wt/vol) then autoclaved
(121°C for 15 min; Sanyo Vertical Labo Autoclave, NB
Scientific, Edison, NJ). The prepared milk was inocu-
lated with L. helveticus R389 (2% vol/vol) and incubated
at 37°C for 17 h. The inoculum was added to rehydrated
milk prepared in the same manner (2% vol/vol) to start
the milk fermentation. Fermentation was achieved us-
ing a 3-L Bioflow 3000 Biofermentor (NB Scientific,
Edison, NJ) with an agitation rate of 100 rpm, pH con-
trol (maintained at pH 6.00 by automatic addition of
4N NaOH when required), and CO2 spurging (10 psi,
0.2 L/min). Lactobacilli growth was determined by
counting colony-forming units (cfu) after plating serial
dilutions on MRS agar (Becton Dickinson, Cockeysville,
MD) and incubation at 37°C for 48 h. The extent of milk
protein proteolysis was evaluated using the o-phtaldial-
dehyde test (Church et al., 1983) and expressed as mil-
liequivalents of NH3 per milliliter.

Peptidic Fraction Separation and Collection

Fractions were obtained by high-performance size-
exclusion chromatography using an HP1100 HPLC sys-
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tem (Agilent Technologies, Mississauga Ont., Canada).
Milk samples were prepared prior to HPLC injection
by centrifugation (6000 × g, for 20 min at 4°C; Micromax
RF, IEC, Fisher Scientific, Nepean, Ontario, Canada).
The supernatant was filtered using a 0.22-µm Millex-
GP seringe filter (Millipore, Fisher Scientific, Nepean,
Ontario, Canada) and maintained at 4°C until injection.
200 µl of the sample was loaded on a LKB TSK-
G2000SW gel filtration column (600 × 7.5 mm, Agilent
Technologies, Mississauga, Ont., Canada) using 5 mM
ammonium acetate (pH 6.5, Fisher Scientific, Nepean,
Ontario, Canada) as the elution buffer, prepared as
described previously (Lemieux et al., 1991). The flow
rate was 0.7 ml/min, and the eluted proteins were moni-
tored at 214, 220, 224 and 280 nm using an HP1100
Diode Array Detector (Agilent Technologies, Missis-
sauga, Ont., Canada). Fractions were collected with a
Gilson FC104 Fraction Collector (VWR International
Mississauga, Ont., Canada), then pooled and concen-
trated using an Automatic Environnemental SpeedVac
System (AES1010; Fisher Scientific, Nepean, Ontario,
Canada) and stored at 4°C until their use during in
vivo studies. Protein concentration was determined us-
ing the Bradford assay (Bio-Rad Laboratories, Missis-
sauga, Ont., Canada). Reversed-phase HPLC was per-
formed as described previously (Matar and Goulet,
1996) using a 3.5-µm Zorbaz SB-C18 column (4.6 × 150
mm; Agilent Technologies, Mississauga, Ont., Canada).
Fractions were selected based on elution time/appear-
ance of major peaks and were referred to as Fraction
I, II, and III for large, medium, and small peptides, re-
spectively.

Immune System Stimulation Studies

The immunomodulating effect was determined by
histochemical and immunofluorescence assays using
the in vivo model developed by Perdigon et al. (1993).
Twenty-five to 30 g BALB/c mice were assigned ran-
domly to one of three subgroups corresponding to three
different lengths of feeding: 2, 5, or 7 d. Two different
sets of mice were used during the experimentation: one
was dedicated to the IgA studies and the second one to
tumor studies. Each mouse was given 50 µg of one of
the three peptidic fractions resuspended in 50 µL of
sterile water (or 50 µL of sterile water for the control
group) per day of feeding for the length of the feeding
period. The amount of 50 µg of protein/day for a given
fraction is administered orally for the groups of mice,
or 100 µg when a double dose is used. Each subgroup
(including the control group) contained a minimum of
five mice, and each study was repeated twice indepen-
dently. Mice were allowed free access to distilled water
and to constant-nutrient formula commercial diet (bal-
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anced/autoclaved Rodent Diet; Charles River Labora-
tories, Saint-Constant, QC, Canada). The small intes-
tine and the bronchial tissues were removed and
washed repeatedly with phosphate-buffered saline. Tis-
sues were prepared for histological evaluation using
standard methods (Sainte-Marie, 1962). Serial paraffin
sections of 4 µm were made and used for the immuno-
fluorescence assay.

Immunofluorescence Assay

The number of cells secreting IgA was determined
by direct immunofluorescence assay as described pre-
viously (Sainte-Marie, 1962). The sections were incu-
bated with α-chain monospecific antibody conjugated
with fluorescein isothiocyanate (Sigma, St. Louis, MO),
and the number of fluorescent cells was counted in 30
fields of vision as seen with 1000× magnification using
a Hund H600 reflected fluorescent light microscope
(charles Rivers Laboratories). The results were ex-
pressed as cells in 10 fields of vision.

Induction of Fibrosarcoma Tumor

The fibrosarcoma tumors were induced by subcutane-
ous implantation of methylcholanthrene crystals and
maintained by serial passage in vivo. Transplants were
made by the subcutaneous inoculation of 5 × 105 viable
tumor cells into the left flank of mice receiving distilled
water by gavage (control) or Fraction I or II by gavage
(Valdez and Perdigon, 1991). The control and Fraction
I or II were given to the mice prior to the fibrosarcoma
inoculation. The tumor volumes were recorded up to 30
d. During this period, mice were fed a conventional
balanced diet ad libitum. Tumor growth was evaluated
by caliper measurement of tumor length and width.
Tumor volume was determined using the formula V =
0.4 × d2 × D, where V is the volume in ml, and d and
D are the longest and shortest diameters, respectively.
The tumors became visible and palpable after approxi-
mately 10 d.

Statistical Analysis

Results were expressed as mean ± standard devia-
tion, and their significance was analyzed using the Stu-
dent’s t test.

RESULTS

Milk Fermentation

L. helveticus was able to hydrolyze milk proteins and
cause the release of peptides, as shown by the level of

Journal of Dairy Science Vol. 85, No. 11, 2002

Figure 1. Degree of proteolysis (A) and growth (B) of milk fer-
mented with Lactobacillus helveticus at 37°C without pH control
(circle) and at pH 6.0 (square). Data is the mean of four indepen-
dent fermentations.

proteolysis (Figure 1) and HPLC elution pattern of milk
after fermentation (Figure 2). The degree of proteolysis
was clearly more pronounced at pH 6.0 than without
pH control (Figure 1A). This change in proteolytic activ-
ity is caused by the increase in activity of LAB proteases
at pH 6.0 (Frey et al., 1986) and not by changes in
growth since pH control did not influence the numbers
of L. helveticus present (Figure 1B). The degradation
of milk proteins seen by the proteolysis of L. helveticus
was confirmed by size-exclusion HPLC. The fermenta-
tion of milk by this LAB increased the amount of
smaller-weight protein-derived compounds by the deg-
radation of milk proteins. This is shown by the appear-
ance of peaks after milk fermentation (Figure 2B) that
were not present before (Figure 2A).

Effect of Peptidic Fractions on
Number of IgA + B CellsAssociated with
the Gut-associated Lymphoid Tissue

The RP-HPLC profile of Fraction III and the first-
and second-order derivative of its major peak shows the
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Figure 2. Size-exclusion HPLC profile of unfermented milk (A) and milk fermented with Lactobacillus helveticus R389 for 24 h (B).

probable presence of tryptophan (Figure 3). As shown in
Figure 4, the peptidic fractions increased the number of
IgA+ B cells at the level of the gut-associated lymphoid
tissue (GALT). Fraction III significantly increased the
number of IgA+ B cells after all three feeding periods
(2, 5, and 7 d). Thus, the tryptophan effect was studied
on IgA+ B cells, and it was shown to have a stimulatory
effect on their number after 7 d of feeding (97 ± 4 IgA+

cells/10 fields of vision). Fraction II increased the num-
ber of IgA+ B cells to significant levels after 2 d of feeding
(103 ± 4) and 7 d of feeding (100 ± 4), and a double
dose of this peptidic fraction fed for 7 d significantly
increased the number of IgA+ B cells (116 ± 4) compared
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with the normally fed mice (81 ± 4) and with mice fed
with normal concentration of Fraction II (100 ± 4). Feed-
ing with Fraction I slightly increased the number of
IgA+ B cells after 2 and 5 d of feeding but dropped to
insignificant amounts after 7 d.

Determination of the Antitumor Effect and
Inhibition of Fibrosarcoma in Mice

The effect of oral administration of peptidic fractions
on the suppression of the growth of methylcholantrene-
induced fibrosarcoma was followed by determination of
the tumor volume over a period of 35 d. These results
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Figure 3. Reverse-phase HPLC of Fraction III (A) and pure tryptophan (B), first-order derivative of the major peak of Fraction III (C)
and pure tryptophan (D), and second-order derivative of the major peak of Fraction III (E) and pure tryptophan (F).
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Figure 4. Effect of previous feeding with peptidic fractions on IgA+B cells. Immunofluorescent IgA+ cells (green) in the small intestine
of control group (B) and previous feeding with Fraction II for 7 d (C) as seen at 400× and 1000×. (Values are means for n = 5 ± SD, and SD
from the corresponding values for control: *P < 0.05; **P < 0.01.)

are shown in Figure 5. In all cases, the feeding of mice
with the peptidic fractions was terminated 10 d prior
to the subcutaneous inoculation of fibrosarcomas.

The most remarkable effect on fibrosarcoma growth
was its inhibition after 7 d previous feeding with Frac-
tion II (Figure 5B). The tumor, after feeding with this
peptidic fraction, was smaller throughout its growth
when compared to the normally fed control group, and
this difference became significant at d 22 of tumor
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growth and remained as such for the duration of the
study. Feeding mice with Fraction I for 5 d decreased
the size of the tumor, but only significantly after 35
d growth (Figure 5A). All other feeding periods with
fractions did not affect the growth of fibrosarcoma.

DISCUSSION

L. helveticus is commonly used in the manufacture of
Swiss-type cheese and other fermented milk products.



IMMUNOMODULATING FRACTIONS IN FERMENTED MILK 2739

Figure 5. Effect of 5 (A) and 7 d (B) previous feeding with peptidic fractions on fibrosarcoma growth. Mice were given diets supplemented
with either Fraction I or II or the control for 5 and 7 d prior to the inoculation of 5 × 105 tumour cells. The volume and the growth of the
methylcholantrene-induced fibrosarcoms were recorded for 12, 15, 18, 22, 25 and 35 d. The controls are animals given distilled water by
gavage with a conventional diet after inoculation of tumours. (Values are means for n = 5 ± SD and SD from the corresponding values for
control: *P < 0.05; **P < 0.01.)
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Milks fermented with L. helveticus have been shown to
possess antihypertensive peptides (Yamamoto et al.,
1994 and 1999; Maeno et al., 1996), antimutagenic
properties (Matar et al., 1997), immunomodulating ef-
fects on lymphocyte proliferation in vitro (Laffineur et
al., 1996), and the ability to stimulate the phagocytic
activity of pulmonary macrophages (Moineau and
Goulet, 1991). These LAB are known to have high pro-
teolytic activities (Luoma et al., 2001), causing the re-
lease of oligopeptides from digestion of milk proteins
(Foucaud and Juillard, 2000). These oligopeptides can
be a direct source of bioactive peptides following hydro-
lysis by gastrointestinal enzymes. Several casein-de-
rived peptides may play a role in the modulation of
the immune system. Fragments of β-casein have been
shown to stimulate phagocytosis of sheep red blood cells
by peritoneal macrophages, protect against infections
(Migliore-Samour et al., 1989), enhance the prolifera-
tion of human peripheral blood lymphocytes in vitro
(Kayser and Meisel, 1996), and increase proliferation
of murine peripheral blood lymphocytes in vivo (Coste
et al., 1992). A pepsin-generated hydrolysate of lactofer-
rin has been shown to contain immunostimulating pep-
tides, which can enhance the proliferation of spleen
cells and can stimulate the phagocytic activity of human
neutrophils (Miyauchi et al., 1998).

The goal of this investigation was to study the effect
of peptides released during the fermentation of milk by
L. helveticus R389 on the systematic immune system
and on the growth of fibrosarcomas. To grow in milk,
LAB must be able to hydrolyze the large proteins con-
tained in milk. As previously found (Matar et al., 1996),
L. helveticus was able to release oligopeptides due to its
high proteolytic activity (Figure 1A). The appearance of
smaller molecular weight compounds as seen by the
HPLC elution profile after fermentation (Figure 2B)
confirmed the proteolysis results.

The intestinal mucosa is the body’s first line of host
defense against pathogenic invasions from food. After
ingestion, orally administered antigens encounter the
GALT, which is a well-organized immune network that
protects the host from pathogens and prevents ingested
proteins from hyperstimulating the immune response
through a mechanism called oral tolerance (Weiner,
1997). The main mechanism of protection given by the
GALT is humoral immune response mediated by IgA-
producing cells and secretory IgA, which prevent the
entry of potentially harmful antigens, while also inter-
acting with mucosal pathogens without potentiating
damage because it doesn’t bind complement. The stimu-
lation of this immune response could thus be used to
prevent certain infectious diseases that enter the host
through the oral route.
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Fraction II fed during 2 or 7 d caused a significant
increase in the number of IgA+ B cells in the small
intestine of mice, but this number decreased after 5 d,
possibly due to oral tolerance (Figure 4). Feeding with
a double dose of this fraction for 7 d showed a large
increase in the number of IgA+ B cells as compared with
a single dose, showing the importance of the dose on
the stimulation of the immune system. There was also
a significant increase in the number of IgA+ B cells in
the gut after feeding for 2 d with Fraction I, but the
number dimished to insignificant amounts after feeding
for longer periods (Figure 4). The cause of this decrease
over time is probably oral tolerance since it is well docu-
mented that orally administered proteins induce sys-
temic hyporesponsiveness to the fed protein (reviewed
in Weiner, 1997).

Fraction III, which showed a significant increase in
the IgA+ B cells in the small intestine at all feeding
periods (Figure 4), showed the potential presence of
tryptophan (as an isolate amino acid or contained in a
small peptide; Figure 3). Thus, the tryptophan effect
was studied, and it was shown to increase the IgA+ B
cells after 7 d of feeding. It is known that tryptophan
catabolism in macrophages due to interferon-γ-induced
indoleamine 2,3-dioxygenase activation is able to sup-
press T-cell proliferation (Munn et al., 1999). Also note-
worthy is the fact that the gastrointestinal tract of rats
contains tryptophan 5-hydrolysase (TPH), an enzyme
capable of synthesizing serotonin from tryptophan (Yu
et al., 1999); thus TPH is able to diminish tryptophan
and cause possible suppression of T-cell proliferation.
The addition of tryptophan, the rarest and only amino
acid whose level is specifically and selectively modified
in response to infection and inflammation (Widner et
al., 2000), could reverse the inhibition of T-cell prolifer-
ation by tryptophan catabolism, allowing the TH2 cells
to help differentiate the B cells and increase their IgA
production by cytokines. However, the supplementation
of tryptophan is not recommended in vivo because of
potential neurotoxic metabolites generated along the
indoleamine 2,3-dioxygenase-induced tryptophan cata-
bolic pathway (Widner and Fuchs, 2000).

The effect of feeding with the peptidic fractions would
be restricted to the gut since there seemed not to be an
activation of the IgA cycle due to an absence of an
increase of the number of IgA secreting cells in the
bronchial tissues (data not shown). This result is in
contrast to our previous expectations since milk fer-
mented with L. helveticus increased the number of IgA+

B cells in the small intestine and bronchial tissues while
its protease deficient derivative did not (Matar et al.,
2001). This lack of stimulation in the bronchial tissue
could be dose-dependent, a result of oral tolerance, or
due to the loss of some peptides following their separa-
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tion. Peptides have been shown to bind to native milk
proteins by ionic interactions and thus can be protected
from enzymatic degradation in the gastrointestinal
tract or by endopeptidases of lysed LAB. These pre-
viously protected peptides may be absent following the
ingestion of the peptidic fractions, thereby explaining
an absence of IgA cycle activation.

The peptidic fractions inhibited the growth of fibro-
sarcoma, as was shown by a decrease in tumor volume
as compared with normally fed mice (Figure 5). The
most remarkable effect was the inhibition of tumor
growth after 7 d of feeding with Fraction II. Fraction I
decreased the growth of fibrosarcoma after 5 d of feeding
only. This effect would be exerted by cytokines released
from cells involved in the inflammatory immune re-
sponse more than mediated by specific immune mecha-
nisms since the IgA cycle was not induced (Perdigon et
al., 1999). The bioactivity of Fraction I could be due to
the open structure of caseins after enzyme attacks that
enhance the possibility for a release of novel peptides
normally hidden in the intact structure. Peptides re-
leased during fermentation could also bind to the pro-
teins’ surface before reaching the GI tract. In the latter
case, the casein would act as a vehicle for such peptides.

The study of the effects of bioactive peptides on the
immune system is only starting, and more research
must be done in order to understand the complete mech-
anism of their action. By the production of bioactive
peptides through the use of microbial sources, these
findings will aid the development of new food-based
products that help prevent infectious diseases and some
types of cancer.
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