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IN VIVO ANTIOXIDANT ACTIVITY EVALUATION OF PEPTIDES PRODUCED DURING
THE FERMENTATION OF YOGHOURT-LIKE DAIRY PRODUCTS
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Abstract

ALEKSANDROVA, V., G. CHIKOV, G. VELIKOVA, M. DIMITROV and S. G. DIMOV, 2013. In vivo antioxidant activity
evaluation of peptides produced during the fermentation of yoghourt-like dairy products. Bulg. J. Agric. Sci., Supplement 2,
19: 90-100

A collection of few dozens Lactobacillus strains belonging to different species was previously screened for proteolytic
activity by polyacrylamide gel electrophoresis during cultivation in skim milk (data not shown). Four Lb. delbrueckii strains
were selected based on their good proteolytic activity. They all belonged to the subspecies bulgaricus and lactis, and were used
in combination with the commercial yoghourt starter LBB BY D4 ( “LB Bulgaricum” PLC, Sofia, Bulgaria) for the production
of yoghourt-like dairy products, which were further analyzed for in vivo antioxidant activity caused by the peptides obtained
during the fermentation of the milk proteins. It was found that the concentration of the reactive oxygen species (ROS) within
living yeast cells (used as indicator for the test) was lower when treated with samples obtained by the combined starters in
comparison with the commercial starter only. Differences between the strains were also observed, thus suggesting that different
strains possess different levels of probiotic antioxidant properties in vivo. To the authors knowledge this is the first study of the

antioxidant activity of the fermented milk protein using an in vivo testing system.

Key words: probiotics, Lactobacillus, antioxidant properties, fermented dairy products
Abbreviations: ROS — reactive oxygen species, PAGE — polyacrylamide gel electrphoresis

Introduction

Bulgarian yoghourts are famous worldwide for their good
quality and to be beneficial properties for the human health,
the last being reported from many years (Metchnikov, 1907;
Grigorov, 1905). Their probotic properties are extensively
investigated, and they are mainly attributed to colonization
of the human gastrointestinal tract by beneficial lactobacilli
(Frese, 2012), and to the consumption of peptides produced
during the fermentation of the milk proteins. Their advan-
tages as nutrients in comparison of the crude milk proteins
are mainly due to the facilitated assimilation and the reduced
immunogenicity (Chen, 2012). The consumption of yoghurts
is also one of the few choices for people with lactose intoler-
ance to use milk as food (de Vrese, 2003).

Traditional Bulgarian yoghurts are produced by the si-
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multaneous fermentation of the milk by two bacterial species
— Streptococcus thermophlus and Lactobacillus delbrueckii,
the second one belonging most often to the subspecies bul-
garicus. In this research, the aim was focused on the inves-
tigation of the probiotic role of Lactobacillus delbrueckii
as a key factor in the generation of peptides with potential
anticarcinogenic properties due to expressed antioxidant
activities. Although similar studies are previously reported
(Parella, 2012), to our knowledge this study is the firs one
where in vivo test for ROS levels determination is used.

Materials and Methods

Lactobacillus delbrueckii subsp. delbrueckii 286 and
287, and Lactobacillus delbrueckii subsp. lactis 1012 and
3559 were obtained from the National Bank of Industrial
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Microorganisms and Cell Cultures (nbimcc.org, Sofia, Bul-
garia), and cultivated on MRS broth — liquid or 1.5% agar
media at 37°C without agitation. Saccharomyces cervisiae
551 was kindly provided by the Laboratory of Microbial ge-
netics (Sofia University “St. Kliment Ohridski”, Faculty of
Biology), and cultivated at 30°C on YPD broth — 1.5% agar
or liquid media (when cultivated on liquid media 200 rpm
agitation was applied for aeration).

Yoghourt-like products were produced as follows: 45 ml
10% sterile skim milk were inoculated with 5 ml of D4 LBB
BY lyophilized starter (“LB Bulgaricum” PLC, Sofia, Bul-
garia) resuspended in sterile microbial saline at concentra-
tion 25 grams/liter, or with 2.5 ml resuspended starter and
2.5 ml 24 hours liquid culture of the investigated Lactoba-
cillus delbrueckii strain grown on MRS broth, followed by
fermentation for 6-10 hours at 42°C until cagulation. The
obtained yoghurts were stored for several hours at 4°C until
further analysis.

The fermented products were resuspended by vigorous
vortexing, and whey samples were then prepared by centrif-
ugation for 5 min. at 12 000 x g of 1.5 ml of the resuspended
product. The obtained whey supernatants were transferred
in sterile 1.5 ml tubes, and protein content was evaluated by
the method of Bradford (Bradford, 1976). All samples were
used immediately for the ROS test or stored at —20°C for
electrophoretical analysis. For the antioxidant test, filtration
trough 0.2 um bacterial filters sterilized them.

For the control studies, milk protein samples were pre-
pared by coagulation of 10% skim milk with 0.1N HCI add-
ed in small portions until a precipitate began forming. The
pH of the non-fermented samples was corrected by neutral-
ization with 0.1 N NaOH until it reached 6.5-7.0.

Yoghurt and whey samples were subjected to electropho-
retical analyses on 8 x 10 x 0.1 cm gels using LKB Bromma
2050 Midget unit (Pharmacia Amersham Co). They were
analyzed by Tris-glycine PAGE using 15% separating gel ac-
cording to Laemmli (Laemmli, 1970). Whey samples were
analyzed also on Tris-tricine PAGE using 16.5% separating
gel (Shédgger and Jagow, 1987). In all cases, 25 pg of total
protein were applied for from the yoghurt samples and 5 pg
of total protein were applied from the whey samples. Low
Range Molecular Weight Standards (Bio-Rad) were used in
both types of electrophoresis. Gels were visualized by stain-
ing with Coomassie (Sednak and Grossberg, 1977) or silver
staining (Shevchenko et al., 1996).

Whey samples were subjected to in vivo antioxidant
test, which was developed in the Department of Genetics,
Sofia University “St. Kliment Ohridski”, Faculty of Biology
(Stoycheva et al. 2012). The indicator Saccharomyces cere-
visiae 551 was cultivated on liquid YPD broth at 30°C with

aeration until it reached 5x107 cfu/ml, which was determined
spectrophotometrically. For each measurement and the two
controls, positive and negative, cells from 6 ml culture were
separated from the broth by centrifugation for 3 min. at 6000
x g, and resuspended in the same volume of new YPD broth.
300 pl of the whey samples, which play the role of ROS
quenchers, were added to the resuspended yeast cells. After 1
hour of incubation at 30°C with aeration ethylmethanesulfo-
nate (EMS) was added to the samples at final concentration
16 mM, and the cultures were incubated for another 30 min
at the same conditions. Cells from the different samples were
collected by centrifugation as described, and resuspended in
6 ml phosphate buffered saline (PBS) pH 7.4. 100 pl of each
sample were used for 10-fold dilutions to 10, and 100 pl of
each dilution was plated on Petri dishes in order to evaluate
the viability of the yeast cells. The positive control (K1) rep-
resented yeast cells, which were neither treated with whey
or EMS, but only incubated for 30 min on liquid YPD broth
as mentioned. The negative control, (K2) represented yeast
cells, which were only treated with EMS for 30 min as indi-
cated, but not with whey samples as quenchers. Each experi-
ment was performed in four repeats for the different samples
and the controls.

The ROS levels can be accounted for, by measuring the
concentration of superoxide ions. We measured the levels of
the O, groups by using the specific reaction of formation of
colored formazans. For this purpose to the remaining parts of
the samples 2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-
tetrazolium-5-carboxanilide (XTT) was added to final con-
centration 123 uM, and incubated with aeration for 6 hours
at 30°C, the yeast cells were removed by centrifugation as
indicated, and the OD,,, was measured. The levels of formed
formazans were plotted to the living cells evaluated by the
number of the colonies obtained.

Results and Discussion

In order to evaluate the proteolysis of the milk proteins,
samples of yoghurt-like products and their whey proteins
were subjected first to Tris-glycine PAGE (Figure 1). This
clearly showed that protein profile of the milk changes with
all starters used, the best proteolysis been present when
both Lactobacillus delbrueckii subsp. bulgaricus 286 and
287 were used as co-starters. This is best visualized by
the decreasing intensity of the band corresponding to the
B-lactoglobulin in the whey proteins samples. In all whey
samples, a 21 kDa band is present which does not correspond
to any of the milk proteins. We suggest that this 21 kDa pro-
tein is a product of the proteolysis of some of the caseins,
because it is absent in the non-fermented milk control. It can-



In Vivo Antioxidant Activity Evaluation of Peptides Produced During the Fermentation of Yoghourt-Like Dairy... 99

not be seen in the yoghurt samples, probably because it is
masked by the higher protein content leading to interactions
between the different proteins resulting in the formation of
high molecular mass complexes.

In order to obtain better results, whey protein samples
were subjected to Tris-tricine PAGE (Figure 2). In this case,
the observed differences between the starter combinations
and the commercial starter, were better expressed. Not sur-
prisingly, best proteolysis was observed in the samples co-
fermented with the two Lactobacillus delbrueckii subsp.
bulgaricus strains. However, on the tricine electrophoresis a
degradation of a protein with molecular weight of about 15
kDa was also observed for the two subsp. bulgaricus strains.
This activity can be attributed without doubt to these strains
because the ~15 kDa band is observed in the samples from
the commercial starter only and the combined starters with
the two Lactobacillus delbrueckii subsp. lactis 1012 and
3559.

Antioxidant properties of the fermented dairy products
produced by strains, which present high proteolytic activi-
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ties, could be a prerequisite for anticarcinogenic activity. The
main advantage of our study is the use of an in vivo test. The
indicator Saccharomyces cerevisiae 551 yeast strain possess
the retrotransposon Tyl. Its transposition within the genome
is induced by carcinogens, and leads to reorganizations com-
parable to these observed during carcinogenesis. The spe-
cific activation of Tyl by carcinogens is believed to be due
to the increased levels of ROS and DNA damages caused by
the oxidative stress. A correlation exists between the aug-
mented ROS levels and the activation of the transposition
of Tyl (Stoycheva et al., 2012). ROS quenchers, such as the
whey samples in our research, can decrease these increased
ROS levels and transposition frequencies.

In our experiments whey samples obtained from the com-
mercial starter only and the commercial starter combined
with each of the four selected Lactobacillus delbrueckii
strains were tested for ROS-quenching properties, and the
quenching capacities of the different whey samples were
quantified as described in the “Materials and methods” sec-
tion. The results are summarized in Table 1.

Table 1
Results from the ROS test

Sample [ROS], | Viability, | Intracellular

uM/ml % concentration

of ROS, pM
K1, non treated control 0.123 100% 0.010
K2, EMS treated control 0123 8% 0.260
D4 LBB BY 0.617 15% 0.363
D4 LBB BY + 286 0.185 74% 0.022
D4 LBB BY + 287 1.234 76% 0.145
D4 LBB BY + 1012 0.200 55% 0.032
D4 LBB BY + 3556 0.617 72% 0.076

From all whey samples highest viability of the indicator
yeast cells were observed in the sample treated with whey
proteins obtained from the commercial starter combined
with Lactobacillus delbrueckii subsp. bulgaricus 286 and
287, and Lactobacillus delbrueckii subsp. lactis 3559, which
was more than 70%. The lowest viability of the indicator
yeast cells was observed in the sole presence of the com-
mercial starter - about 15%. Nonetheless, the viability in this
case is still higher than the non-treated with quencher control
sample K2 , which was only 8%.

Concerning the intracellular ROS concentrations, they
were lowest for the indicator cells treated with Lactoba-
cillus delbrueckii subsp. bulgaricus 286 and Lactobacillus
delbrueckii subsp. lactis 1012. The highest concentration of
ROS was observed in the sample treated with the commer-
cial starter only, which was slightly higher even than that of
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the control K2. This discrepancy however can be attributed
to precision fluctuations during the measurements. With ex-
ception of Lactobacillus delbrueckii subsp. bulgaricus 287,
in the samples from the other combined starters the intracel-
lular ROS concentrations were at average of 5 to 10 times
lower than the observed in the sample from commercial
starter and the non-treated with quencher control K2.

If the viability results are considered together with those
of the intracellular ROS concentrations, the most promis-
ing results were obtained from the Lactobacillus delbrueckii
subsp. bulgaricus 286, which led to one of the highest vi-
abilities of the indicator, and in the same time to the lowest
intracellular ROS concentration.

Conclusions

Our study confirmed that antioxidant probiotic properties
can be attributed to the Bulgarian yoghurts. Nevertheless, the
potential anticarcinogenic effect is strongly dependent of the
strains used for the fermentation. To the best of our knowl-
edge, this is the first study in the field where an in vivo test-
ing system is used. Thus, the results are promising for both
further studies on the antioxidant properties of yoghurts, and
the introduction on the market of yoghurts with proven ben-
eficial antioxidant effect, in addition to the other probiotic
properties of the traditional Bulgarian yoghurts.
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