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ABSTRACT

Background. The increasing significance of food products containing substances with antioxidative activi-
ties is currently being observed. This is mainly due to the fact that pathogenic changes underlying some
diseases are related to the carcinogenic effects of free radicals. Antioxidative compounds play an important
role in supporting and enhancing the body’s defense mechanisms, which is useful in preventing some civili-
zation diseases. Unfortunately, it has been already proved that some synthetic antioxidants pose a potential
risk in vivo. Therefore, antioxidant compounds derived from a natural source are extremely valuable. Milk is
a source of biologically active precursors, which when enclosed in structural protein sequences are inactive.
The hydrolysis process, involving bacterial proteolytic enzymes, might release biopeptides that act in various
ways, including having antioxidant properties. The objective of this study was to determine the antioxidant
properties of milk protein preparations fermented by Polish strains of L. helveticus. The research also focused
on evaluating the dynamics of milk acidification by these strains and analyzing the textural properties of the
skim milk fermented products obtained.

Material and methods. The research studied Polish strains of L. helveticus: B734, 141, T80 and T105,
which have not yet been used industrially. The antioxidant properties of 1% (w/v) solutions of milk protein
preparations (skim milk powder, caseinoglycomacropeptide and a-lactoalbumin) fermented by these strains
were determined by neutralizing the free radicals with 2,2-diphenyl-1-picrylhydrazyl (DPPH"). Moreover,
solutions of skim milk powder (SMP) fermented by the microorganisms being tested were analyzed on gel
electrophoresis (SDS-PAGE). The dynamics of milk acidification by these microorganisms was also analyzed
L. helveticus strains were used to prepare fermented regenerated skim milk products that were subjected to
texture profile analysis (TPA) performed using a TA-XT2i (Stable Micro Systems, Godalming, UK).
Results. The results suggest that the antioxidant activity of fermented milk protein preparations depended on
the type of milk protein preparation and was also related to the strain that conducted the fermentation process.
The process of caseinoglycomacropeptide (CGMP) fermentation by DSMZ 20075, T105 and 141 signifi-
cantly (p < 0.05) influenced the increase in the antioxidant activities of the protein preparation, the highest
values of parameter were obtained in samples fermented by L. helveticus T105 (64.82 £0.013%), while in the
case of a-lactoalbumin (a-la), the strongest free radical scavenging activity (66.67 +0.020%) was noted for
unfermented samples (control).
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Conclusions. The greatest increase in DPPH scavenging activity (% of inhibition) was noted for fermented
SMP solutions. The highest values of the parameter measured were recorded for SMP fermented by the
reference strain (85.98 £0.009%) and T80 (81.66 £0.013%). Strain T105 demonstrated the most desirable
properties with respect to milk acidifying dynamic and texture properties of fermented skim milk products,
while the reference strain (L. helveticus DSMZ 20075) and L. helveticus T80 seem to be more desirable in
terms of the possibility of obtaining fermented protein preparations with the best antioxidant properties. The
Polish strains analyzed here might find application in dairy products and also in developing functional food
products. Furthermore, the preparations of milk protein that were fermented by the strains being tested may

be a natural source dietary antioxidants.
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INTRODUCTION

Most of the fundamental pathogenic changes in dis-
eases that affect a large part of the population are relat-
ed to the carcinogenic effects of free radicals (FR) and
reactive oxygen species (ROS) (Lobo et al., 2010).
The consequences of exposing body cells to excessive
FR are connected with oxidation of biomolecules and
proteins, and DNA damage that leads to various muta-
tions and cancer (Bhattacharyya et al., 2014; Rashad
et al., 2011). Therefore, food products which contain
substances with antioxidative activities play an im-
portant role in supporting and enhancing the body’s
defense mechanisms, which are crucial in preventing
some diseases (Li et al., 2014; Urquiza-Martinez and
Navarro, 2016). Unfortunately, it has been proved
that some synthetic antioxidants pose a potential risk
in vivo. Due to the fact that some of these synthetic
agents can cause side effects, their addition to food
products is restricted or even prohibited in some coun-
tries (Abubakr et al., 2012; Osuntoki and Korie, 2010).
For this reason, antioxidant compounds derived from
natural sources are extremely valuable.

Casein and whey proteins from bovine milk demon-
strate high digestibility and a well-balanced amino ac-
ids profile. Furthermore, milk is also a valuable source
of biologically active precursors, which closed in struc-
tural milk protein sequences are inactive. They might
be released through the hydrolysis process involving
bacterial proteolytic enzymes, which takes place e.g.
during milk fermentation conducted by starter cultures
(Dziuba et al., 2009; Griffiths and Tellez, 2013).

Lactobacillus helveticus are thermophilic, Gram-
-positive, non-staining rods belonging to lactic acid
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bacteria (LAB) that exhibit the highest proteolytic ac-
tivity influencing the formation of peptides with high
antioxidative activity among all LAB (Hartmann and
Meisel, 2007). Moreover, a number of the bacteria
strains are used as starter cultures in the dairy indus-
try, mainly due to their high tolerance to low pH, rate
of milk acidification and strong proteolytic properties
(Nielsen et al., 2009).

Lactobacillus helveticus constitutes the dominant
species in natural whey cultures used in the manufacture
of traditional cheeses. Furthermore, some of the bacte-
ria strains demonstrate a number of health-promoting
properties that influence the increasing importance of
L. helveticus in the production of functional food and
nutraceutical products (Giraffa, 2014; Taverniti and
Guglielmetti, 2012). However, L. helveticus exhibits
intraspecific diversity. It has been suggested that envi-
ronmental pressure affects the adaptation processes of
wild bacterial strains to changes in natural habitat con-
ditions. This might lead to some phenotype and geno-
type differences among strains. It has been shown that
even biotypes isolated from the same niche are greatly
various, and many of the technological properties indi-
cated by the bacteria are strain-dependent (Gatti et al.,
2014; Griffiths and Tellez, 2013; Rong et al., 2015).
An analysis of the strains’ variability may lead to the
discovery of new bacteria strains with desirable char-
acteristics exhibiting a wide range of potential applica-
tions in food biotechnology and food production, and
therefore influencing greater food product safety.

One of the determinants of food spoilage is the ox-
idation process, while fermentation and components
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generated through this process might be a natural tool
to solve some food safety problems (Osuntoki and Ko-
rie, 2010). Therefore, the objective of this study was to
determine the antioxidant properties of selected prepa-
rations of milk protein that were fermented by Polish
strains of L. helveticus. The dynamics of milk acidifi-
cation by microorganisms was also analyzed. Within
the framework of this research, L. helveticus strains
were used to prepare fermented skim milk products
that were subjected to further textural analysis.

MATERIAL AND METHODS

Bacterial strains and growth conditions

The strains of L. helveticus: B734, 141, T80 and T105
(isolated from Polish fermented milk products and kind-
ly provided by the University of Warmia and Mazury in
Olsztyn, Poland) were examined in this study. L. helve-
ticus DSMZ 20075 (DSMZ, Braunschweig, Germany)
was used as a reference strain. All strains were main-
tained in 15% glycerol stock and stored at —80°C.

Each bacterial strain was routinely cultured
(2% v/v) in Man-Rogosa-Sharpe broth (BTL, Lodz,
Poland) according to the conditions described by
Wasko et al. (2014).

Acidifying activity

The overnight cell cultures were harvested by centrifu-
gation (10 000 x g/ 15 min / 4°C), washed twice with
a sodium phosphate buffer (50 mM, pH 7.0) and resus-
pended in the same buffer to the original sample vol-
ume. The bacterial cell suspensions obtained (OD,, =
0.7) were used to inoculate samples of 13% regenerated
skim milk (RSM) (OSM Krasnystaw, Poland), which
had been pasteurized in a water bath (§0°C / 0 min) and

cooled down up to 40°C before inoculation.

During incubation (48 h / 42°C), the pH of sam-
ples was monitored every 6 hours (pH meter Hanna
Instruments HI221). The measurements were done in
triplicate (in sterile conditions). The dynamics of milk
acidification by individual L. helveticus strain have
been expressed as curves of pH changes during the
incubation time.

Preparation the fermented skim milk products
The samples of 13% regenerated skim milk (RSM)
(OSM Krasnystaw, Poland) were pasteurized (80°C /
30 min), cooled down to 40°C, inoculated with a 2%
(v/v) individual strain suspension (inoculums prepared
as described above) and poured in equal volumes
(40 ml) into sterile, identical packages and sealed. Af-
ter fermentation (42°C/ 12 h), all samples were cooled
down to 4°C and were stored in this temperature for
another 12 h before further analysis.

Antioxidant activity and soluble protein

profile of milk protein preparation

fermented by L. helveticus

Aqueous solutions (1% w/v) of skim milk powder
(SMP) (OSM Krasnystaw, Poland), a-lactoalbumin
(a-la) (Arla Food, Denmark) and caseinoglyco-
macropeptide (CGMP) (Arla Food, Denmark) were
sterilized (121°C / 15 min). The chemical composi-
tions of protein preparations are shown in Table 1.
After cooling (to 40°C), the samples were inoculated
with 2% (v/v) of strain cell suspensions (inoculums
prepared as described above) and fermented for 24 h
at 37°C in anaerobic conditions. The antioxidant
properties of the fermented products were deter-
mined by neutralizing the free radicals according to
Osuntoki and Korie (2010) using 2,2-diphenyl-1-pic-
rylhydrazyl (DPPH").

Table 1. Chemical composition of milk protein preparations, %*

Preparate Protein Lactose Fat Ash Water
SMP 32.40 51.20 0.75 - 3.35
a-la 88.00 10.00 2.00 5.00 5.50
CGMP 85.00 2.00 0.50 6.50 5.00

* According manufacturers.
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The antioxidant activity was expressed as inhi-
bition [%] that was calculated from the following
equation:

Inhibition, % = (4~ A) x 100/ 4_ (1)

where:

A, — the absorbance (A = 517 nm) of the control
sample (DPPH" solution without protein
fractions),

A,— the absorbance of the test sample (DPPH
solution plus fermented or unfermented
preparations).

The fermented samples of SMP obtained were then
subjected to further analysis. The soluble protein con-
tent in the samples was determined by the Bradford
method using bovine serum protein (BSA, Sigma,
USA) as standard. The soluble protein profiles in the
fermented and non-fermented samples (control) were
analyzed through the sodium dodecyl sulfate polyac-
rilamide gel electrophoresis (SDS-PAGE) performed
according to (Zhang et al., 2014).

Texture profile analysis

Texture profile analysis (TPA) was performed in order
to determine and compare the textural characteristics
of products obtained through fermentation of recon-
stituted skim milk (RSM) using the strains tested.
The analysis was conducted using a TA-XT2i (Sta-
ble Micro Systems, Godalming, UK), according to
the procedure outlined by Gustaw et al. (2016). The
measurements included the values of the following
parameters: hardness, springiness, gumminess, chewi-
ness adhesiveness and cohesiveness.

Statistical analysis

Statistical analysis was conducted using the Statistica
8.0 (StatSoft, Poland) program. Analysis of variance
(ANOVA) followed by Tukey’s post hoc test was per-
formed to determine significant differences (p < 0.05)
among the average values of the parameters measured.

RESULTS AND DISCUSSION
It was confirmed that some protein preparations exhibit

desirable health-promoting properties e.g. glycomacro-
peptide (GMP), a peptide derived from k — casein,
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shows various antibacterial and antithrombotic ac-
tivities, while a-lactalbumin (a-la) exhibits antiviral,
antineoplastic activity (Zimecki and Artym, 2005).
Moreover, bacterial proteolytic enzymes contribute to
the formation of a wide range of bioactive peptides
including sequences with antioxidative properties (Gi-
raffa, 2014; Griffiths and Tellez, 2013; Taverniti and
Guglielmetti, 2012; Widyastuti et al., 2014).

Due to the fact that strains of LAB might demon-
strate antioxidative activity in various ways, indicat-
ing an individual constituent or describing one mecha-
nism determining antioxidant activity is problematic
and difficult (Virtanen et al., 2007). However, DPPH
assay is considered to be a reliable method determin-
ing the ability of antioxidant to scavenge free radicals
(Zha et al., 2009) and therefore it was used to evaluate
the antioxidant ability of the samples.

The measurement of radical scavenging activity
demonstrated that all tested milk protein preparations
fermented by L. helveticus strains exhibited antioxi-
dant properties (Table 2).

Unal and Akalm (2012), who analyzed the anti-
oxidant activity of yoghurt supplemented with differ-
ent types of milk protein, noticed different levels of
scavenging activity depending on the protein prepa-
ration used. They suggested that the high scavenging
activity of whey proteins is related to the properties of
lactoferrin, B-lactoglobulin and a-actalbumin. Varying
degrees of antioxidant properties of fermented protein
preparations were also reported in our study.

The fermented samples of CGMP exhibited free
radical inhibition ranging from 33.34 +0.049% (after
the fermentation process conducted by T80) to 64.73
+0.013% (fermentation conducted by T105) and no
statistically significant differences (p < 0.05) were ob-
served between samples fermented by the reference
strain (63.00 £0.005%) and L. helveticus 141 (63.40
+0.010%). Furthermore, fermentation of a-la allows
products with higher activity to free radical scaveng-
ing to be obtained (Table 2). The strongest DPPH
scavenging activity was noted for unfermented sam-
ples (66.67 £0.020%), although there were no statisti-
cal differences (p < 0.05) between those control sam-
ples and 1-la fermented by the reference strain.

The process of fermentation SMP by Polish strains
of L. helveticus significantly (p < 0.05) influenced
the antioxidant activity of the protein preparation.
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Table 2. The radical scavenging activities (inhibition, %) of milk protein preparations fermented by L. helveticus

strains

Protein preparation

a-la

CGMP

SMP

Unfermented (control) 66.67* +£0.020

L. helveticus strain B734 62.02%° +0.015
DSMZ 20075 66.58% +£0.032
141 62.15 +0.026
T80 51.5284+0.028
T105 55.13%+0.030

58.034% +0.011
57.21% +0.020
63.00° +£0.005
63.40%° +0.010
33.32¢4+0.049
64.828:+0.013

42,7180 +0.015
72.13%% +0.019
85.9842+0.009
79.47% +£0.009
81.66 +0.013
76.58% +0.011

+dMean values (mean +standard deviation) with different letters in the same column indicate statistically significant

differences (p < 0.05).

A¢Mean values with different letters in the same row indicate statistically significant differences (p < 0.05).

The greatest values of the parameter being measured
were recorded after 24 h of fermentation by the refer-
ence strain (85.98 £0.009%) and T80 (81.66 +0.013%).
However, there were no statistical differences
(p < 0.05) between all fermented SMPs. A study con-
ducted by (Elfahri et al., 2016) showed that extracts of
milk fermented by L. helveticus 474 demonstrated the
highest free radical (1,1-diphenyl-2-picrylhydrazyl)
scavenging activity at 12 h of fermentation. Moreo-
ver, they also confirmed that those fermented products
contained components with anti-colon cancer activity.
Furthermore, research conducted by (Virtanen et al.,
2007) suggests that free radical scavenging activity is
dependent on the specific proteolytic enzymes of the
bacteria strain rather than the proteolytic level of the
fermented product. They also proved that antioxida-
tive activity increases during fermentation, but is not
directly associated with fermentation time.

The results indicating various antioxidative prop-
erties of fermented protein preparations, which de-
pended on which L. helveticus strains were used are
in accordance with the findings presented by Elfahri
et al. (2014). Their research confirmed that peptides
formed by different L. helveticus strains exhibit vari-
ous antioxidative capacity and L. helveticus 1188 was
distinguished as the greatest value of the parameter
measured.

Skimmed milk powder (SMP) is commonly used
to increase the content of dry matter of some dairy
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products, although results also suggest that SMP may
have other desirable functions. The research findings
show that SMP and regenerated skim milk (RSM) fer-
mented using L. helveticus strains might influence the
functional properties (antioxidant activity) of food, es-
pecially fermented dairy products.

The electrophoresis results (Fig. 1) indicate that
the protein profile of SMP fermented by T105 differed

Fig. 1. The electrophoresis (SDS-PAGE) of skim milk pow-
der (SMP) solutions: protein standard marker — line M,
unfermented SMP (control) — line 1, SMP fermented by
L. helveticus strains: B734 — line 2, DSMZ 20075 — line 3,
141 — line 4, T80 — line 5, T105 — line
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from other hydrolyzates. The variability refers mainly
to the presence of products in the area between ca-
sein fractions and B-lactoglobulin (range of molecular
mass from 23 to 18 kDa). It has been suggested that
products in this range of molecular mass are substrates
for bacterial proteases, which contribute to the gen-
eration of short peptides and amino acids (Ong et al.,
2007). Furthermore, the hydrolyzates obtained using
T105 also produced more low-molecular mass prod-
ucts (14—19 kDa). The reported variations might refer
to Gilbert et al. (1997) and Oberg’s (2002) findings
confirming that some L. helveticus strains exhibit dif-
ferent cleavage patterns of milk protein, which sug-
gests that some strains possess two different protein-
ase enzymes. Moreover, the study by Oberg (2002)
indicates that the specificity of proteinases might be
significantly different despite similar proteolytic activ-
ity. This might be one of the main factors reflecting
the differences between fermented products obtained
using the strains analyzed.

Lactobacillus helveticus is used in the manufacture
of dairy products as starter cultures mainly due to the
rate of reducing the pH value of milk, high tolerance
acidity and strong protolytic activities. Strains of the
species are able to decrease the pH value to 3.5, while
Lc. lactis and Streptococcus thermophilus inhibit their

growth and ability to acidify at pH = 4.3 (Hebert et
al., 2000).

The results obtained indicate that all Polish
strains that were analyzed are able to decrease the
pH of milk below 4.0 (Table 3), but L. helveticus
T105 demonstrated differences (p < 0.05) in terms
of the dynamics of milk acidification among all
strains. This was the only strain which was able to
reduce the pH value of milk up to 3.56 after 12 h of
fermentation. Moreover, after 48 h the products ob-
tained using this strain were distinguished (p < 0.05)
by the lowest pH (3.13—0.012). Comparable results
were obtained by Gandhi and Shah (2014), who fer-
mented RSM (12% w/v) with L. helveticus ASCC
953. After 12 h of fermentation the strain was able
to decrease the pH value to 3.81 +£0.05. This was the
lowest pH value compared to other milk samples
fermented by the following bacteria strains: Lacto-
bacillus acidophilus CSCC 2400, L. delbrueckii ssp.
bulgaricus ASCC 859 or Streptococcus thermophi-
lus ASCC 1275.

These results indicate that the Polish strain of L. he-
Iveticus T105 exhibits strong acidifying ability, which
is a valuable feature in terms of the possibility of using
a starter culture in the manufacture of fermented dairy
products.

Table 3. The dynamic of RSM acidification exhibited by L. helveticus strains

L. helveticus strain

Time of

fermentation, h T105 141 B734 T80 DSMZ 20075
0 6.58-0.006 6.60°-0.006 6.57°-0.006 6.62-0.006 6.62°-0.006

6 4.79-0.026 5.99°-0.006 5.71°-0.006 5.69"-0.021 5.73°-0.006

12 3.56*-0.006 5.18-0.006 5.47°-0.006 4.80°-0.006 5.07°-0.006

18 3.32-0.015 4.25-0.006 4.72-0.006 4.62-0.012 4.76:-0.006

24 3.27-0.006 4.42¢-0.021 4.66° 006 4.08-0.010 4.10°-0.006

30 3.26:-0.010 3.82°-0.104 4.161-0.006 4.01-0.010 3.88>-0.012

36 3.25°-0.006 4.134-0.006 4.16:-0.006 3.814-0.006 3.88:-0.012

42 3.24-0.006 3.70°-0.010 3.904-0.006 3.81¢-0.015 3.78-0.010
48 3.13:-0.012 4.01-0.006 3.79-0.010 3.71°-0.006 3.77°-0.006

**Mean pH values (mean standard deviation (x £s/SD); n = 3) with different letters in the same column indicate statisti-

cally significant differences (p < 0.05).
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Table 4. The values of texture parameters of RSM fermented by L. helveticus strains

Strain Hardness, N Adhesiveness, g's  Cohesiveness Springiness Gumminess Chewiness
T105 0.2512 +0.04 0.753*+0.41 1.037* +0.03 1.037* +0.42 0.110° +0.01 0.1072 +£0.06
B734 0.126°+0.01 0.090° +0.12 0.962¢+0.03 0.962¢+0.08 0.057¢+0.01 0.055¢+0.01
T80 0.130%+0.03 0.081¢+0.08 1.034% +0.06 1.035°+0.26 0.060% +£0.01 0.061¢+0.02
141 0.181°+0.02 0.068¢£0.50 0.959°+0.17 0.959¢ +0.47 0.083%£0.03 0.084° +0.04
DSMZ 20075  0.170°+0.02 0.057°+0.09 1.016¢ £0.05 1.015¢+0.27 0.071° +0.02 0.069° +0.04

**Mean values (mean +standard deviation) with different letters in the same column indicate statistically significant differences

(p < 0.05).

The results of texture profile analysis (TPA) con-
ducted on skim milk fermented by the individual strain
of L. helveticus are shown in Table 4.

The highest values of hardness parameter were
obtained for samples fermented by strain T105, while
the lowest values were noted for products obtained by
L. helveticus B734 and T80. The highest values for
adhesiveness, springiness, gumminess and chewiness
parameters were also noted for samples fermented by
strain T105. Generally, acidic milky gels obtained us-
ing L. helveticus T105 were characterized by the most
concise structure and constant consistency among all
fermented RSM products.

These results highlight the need to develop indig-
enous Lactobacillus helveticus strains as starters in the
food fermentation industry. They suggest that Polish
strains analyzed here have technological potential (es-
pecially strain T105) and might find some application
as starter cultures in the production of fermented dairy
products. Moreover, the findings show that milk pro-
tein preparations fermented using L. helveticus strains
might be a potential source of antioxidants that might
provide an alternative to commonly applied synthetic
additives.

Based on previous findings and scientific reports
(Elfahri et al., 2016; Li et al., 2014; Power et al., 2013)
it seems that the antioxidative properties of ferment-
ed milk protein preparations may enhance protection
against adverse effects caused by the accumulation of
reactive radicals in the organism and might be used
to support the human body in reducing the negative
oxidative effects. However, further study is required
in order to explain the formation mechanisms of
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bioactive peptides with antioxidant properties during
the fermentation process.

CONCLUSION

Among all the strains that were tested L helveticus
T105 exhibited the highest technological potential ac-
cording to the results of acidifying activity assay and
texture profile analysis of the fermentation products
obtained. The reference strain (DSMZ 20075) and
L. helveticus T80 seem to be more desirable in terms of
the possibility of obtaining a preparation with high an-
tioxidant properties. Moreover, the results indicate that
the development of antioxidant activity in fermented
milk protein preparation probably depends not only on
the L. helveticus strain in the fermentation process, but
also on the type of fermented protein preparation. The
study’s findings demonstrate that Polish strains might
find application in the manufacture of dairy products,
as well as in developing functional food products.
Moreover, the preparations of milk protein that were
fermented using L. helveticus strains may be a natural
source containing dietary antioxidants.
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