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Abstract: In this paper, the effect of different temperatures, pH, and NaCl concentration on the
growth of autochthonous lactic acid bacteria isolated from traditionally made Serbian cheese
(Sokobanja area) was investigated by using the spectrophotometric method. Growth of tested
Lactobacillus (Lb. fermentum, Lb. plantarum, and Lb. brevis) and Lactococcus lactis subsp. lactis
biovar. diacetylactis five isolates were better in acidic pH, while the growth of Enterococcus
isolates (E. durans, E. faecium, and E. faecalis) was better in basic pH, at 37 °C. At 4 °C after 24 h,
none of the tested bacteria showed growth. Since the autochthonous isolates were tolerant to a
tested range of dairy processing conditions, further studies need to include the characterization of
enzymatic activity of selected isolates, as well as the ability to use these isolates like starter
cultures or food supplements in dairy or non-dairy products.
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INTRODUCTION

Southeastern Serbia is a specific geographical
area, which had a long-time tradition of specific
manufacturing artisanal dairy products. In this
region, inhabitants produce dairy products by
spontaneous milk fermentation, without the
addition of bacterial starter cultures. The pro-
ducts made in this way represent a source of
autochthonous bacterial strains that could have
probiotic potential and serve as natural starter
cultures. One of the traditionally made fer-
mented products from this area is Sokobanja
cheese, made in Southeastern Serbia (Soko-
banja area) (Uroi¢ et al., 2014; Muruzovié, Mla-
denovié, Zugi¢ Petrovi¢ & Comié, 2018a).

In the process of cheese making, bacterial
starter culture needs to be tolerant to a variety
of processing conditions, including differences
in temperature, salinity, and acid environment
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(Rao, Pintado, Stevens & Guyot, 2004; Gu-
tiérrez-Méndez et al., 2010). Also, the to-
lerance to the gastrointestinal conditions is one
of the major requirements for auto-chthonous
bacteria to be considered as probiotics (Her-
nandez-Hernandez et al., 2012). Ibourahema,
Dauphin, Jacqueline & Thonart (2008) in-
dicated that the capability of lactic acid bacteria
(LAB) to grow at high temperatures is a de-
sirable characteristic because a high fermen-
tation temperature decreases contamination by
other microorganisms. Several studies showed
that temperature and pH have a great influence
on the growth of LAB and that optimal pH for
the growth of LAB was in the range from 6.3 to
6.9 (Adamberg, Kask, Laht & Paalme, 2003;
Muruzovi¢, Mladenovi¢ & Comié, 2018b).
According to Fontana, Bermudez-Brito, Plaza-
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Diaz, Mufioz-Quezada & Gil (2013), isolates of
Lactobacillus spp. showed tolerance to low pH.
Menconi et al. (2014) indicated that LABSs were
tolerant to pH 3.0 and in the presence of 6.5%
of NaCl. According to Mohd Adnan & Tan
(2007), high osmosis tolerance is a desirable
characteristic of LABs to be used as commer-
cial strains in the dairy industry.

The isolates tested in this study present a part of
the unexplored microflora of cheese from
Serbia. Since the cheese is produced from raw
cow’s milk in local households, this study
aimed to optimize some processing conditions
(different temperatures, pH, and NaCl concen-
trations) for the growth of isolated LAB. Also,
the aim was to examine in which combination
of factors their growth is higher.

MATERIALS AND METHODS
LAB isolates

The effects of different temperature, pH, and
salt concentration (NaCl) were tested against 7
species of autochthonous lactic acid bacteria
(13 isolates) isolated from Sokobanja cheese
(Southeastern Serbia): Enterococcus durans
KGPMF10, E. faecium KGPMF14, E. faecalis
KGPMF47, E. faecalis KGPMF48, E. faecalis
KGPMF49, Lactobacillus fermentum
KGPMF28, Lb. brevis KGPMF35, Lb. plan-
tarum KGPMF62, Lactococcus lactis subsp.
lactis biovar. diacetylactis KGPMF50, L. lactis
subsp. lactis biovar. diacetylactis KGPMF54, L.
lactis subsp. lactis biovar. Diacetylactis
KGPMF55, L. lactis subsp. lactis biovar.
diacetylactis KGPMF57, L. lactis subsp. lactis
biovar. diacetylactis KGPMF59. These isolates
were identified by using APl 50CH and
Microgen Strep ID tapes for preliminary iden-
tification. The final identification was done by
using a MALDI-TOF mass spectrophotometry
(Muruzovi¢, Mladenovié¢, Zugié Petrovié &
Comié, 2018a; Muruzovi¢, Mladenovi¢, Dilas,
Stefanovi¢ & Comi¢, 2018c: Grujovi¢, Mlade-
novié¢, Zugié Petrovi¢ & Comié, 2019). E. fae-
calis ATCC 29211 (standard strain) and Lb.
plantarum LP 299v (commercial probiotic
strain) were used for comparison of results. All
isolates from Sokobanja cheese, as well as
standard and probiotic strains were provided by
the Microbiology Laboratory, Faculty of Scien-
ce, University of Kragujevac, Serbia. The bac-
terial strains were kept in glycerol stock at -80
°C until their use.

Assay for determination of the effect of
different temperatures, pHs, and salt con-
centrations on the growth of LAB

Determination of the effect of different en-
vironmental conditions on the growth of bac-
teria was performed according to Thayer, Mul-
ler, Buchanan & Phillips, (1987), with some
modifications described in detail in Muruzovic,
Mladenovi¢ & Comi¢ (2018b). The growth was
measured at a spectrophotometer at 600 nm.

The effect of different temperatures on the
growth of LAB was examined as follows: in 1
ml of MRS broth (Torlak, Belgrade, Serbia), it
was added 10 pl of initial bacterial suspension
(contained 10® colony-forming units CFU/mI).
The turbidity of the initial suspension was
adjusted using a 0.5 McFarland densitometer
(Biosan, Latvia). Three samples were prepared,
each for one tested temperature (4 °C, 20 °C,
and 37 °C). These temperatures were selected
because the temperature at 4 °C is a temperature
of cheese storage in the refrigerator, the tem-
perature of Sokobanja cheese making and
preservation in the household is at 20 °C and
the temperature for optimal bacterial growth in
most cases is at 37 °C. Samples were incubated
for 24 h. Each experiment was performed in
triplicate. Sterility control was uninoculated
MRS broth.

The effect of different pH in different tempe-
ratures was examined in modified MRS broths.
By adding a concentrated HCI (Zorka Pharma,
Sabac, Serbia), it was obtained acidic media
(pH 5.5) and with adding a 30% NaOH (Zorka
Pharma, Sabac, Serbia), it was obtained neutral
and basic media of MRS (pH 7, 7.5, and 8.5).
Growth control was at pH 6.5 (pH of pure MRS
broth). In 1 ml of each type of modified media,
it was added 10 ul of the initial bacterial sus-
pension. Samples were incubated at 4 °C, 20
°C, and 37 °C for 24 h. Each experiment was
performed in triplicate. Sterility controls were
uninoculated modified MRS broths, prepared in
every tested pH value. To examine the effect of
different NaCl concentrations on the growth of
tested LAB, MRS broths were prepared,
modified with the addition of different concen-
trations of NaCl (Zorka Pharma, Sabac, Serbia)
(Wiv) (4%, 6.5%, 8%). In 1 ml of modified
media, it was added 10 ul of initial bacterial
suspension (contained 10° colony-forming units
CFU/ml). Samples were incubated at 4 °C, 20
°C, and 37 °C for 24 h. Each experiment was
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performed in triplicate. Sterility controls were
uninoculated modified MRS broths, prepared in
each tested salt concentration.

Statistical analysis

All data were presented as means * standard
deviations using Microsoft Excel (Redmond,
Washington, DC, USA). Paired — Samples T-
test was used to compare the influence of tem-
peratures on the growth of each particular iso-
late. Data were analyzed using SPSS version 20
software (SPSS Inc., Chicago, IL, USA).

RESULTS AND DISCUSSION

In this paper, it was investigated the effect of
some dairy processing conditions (different
temperatures, pH, and NaCl concentrations) on
the growth of LABs, previously isolated from
traditionally made Sokobanja cheese (South-
eastern Serbia). LABs were incubated in stan-
dard and modified MRS media, at three
different temperatures (4 °C, 20 °C, 37 °C), for
24 h. After incubation, it was noticed that there
was no growth at 4 °C. The rest of the results
are presented below, in Tables 1 - 4.

Tested LABs showed better growth in acidic
media, at 37 °C, compared with growth at 20 °C
(P < 0.05). Lactobacillus and Lactococcus iso-
lates showed the growth ability at both tested
temperatures. Besides, growth at 37 °C was
better. Further, it was noticed that, at 20 °C,
growth was better at pH 7 than in growth
control (pH 6.5) (Table 1).

Tested Enterococcus isolates showed the
growth ability in all tested pH, at both tested
temperatures (Table 2), but their growth was
better in basic pH. Based on the results, it could
be concluded that the temperature had a greater
impact, compared to the pH (P < 0.05).

Different concentrations of NaCl showed an
inhibitory effect on the growth of tested isolates
of LABs (Tables 3 and 4). The growth of all
isolates was reduced in the presence of 4% of
NaCl, at both tested temperatures. Different
NaCl concentrations showed a significant in-
fluence on bacterial growth at 20 °C when
compared to the same concentrations at 37 °C
(P < 0.05). Tested Lactobacillus and Lacto-
coccus isolates showed a tolerance up to 6.5%
of NaCl (Table 3), while tested Enterococcus
isolates showed tolerance to the presence of
NaCl up to 8%, especially at 37 °C (Table 4).

The process of cheese ripening is very complex,
in which the typical cheese characteristics
(flavor and texture) are formed by the action of
numerous enzymes derived from the milk, the
rennet, the starter culture bacteria, and the non-
starter bacteria (Fox, Guinee, Cogan &
Mcsweeney, 2017). Most of the methods ace-
lerated to cheese ripening is focused on en-
hancing proteolysis and lipolysis by for instance
ripening at elevated temperatures, the addition
of enzymes (e.g. lipases, proteinases, and
peptidases), using a well-known starter culture,
associated culture and genetically modified
cultures (Van Mastrigt, Gallegos Tejeda,
Kristensen, Abee & Smid, 2018). Van Mastrigt,
Gallegos Tejeda, Kristen-sen, Abee & Smid
(2018) also indicated that it is interesting to
study aroma formation outside the cheese
matrix, from a scientific and a technological
perspective because such studies could help to
optimize or steer to aroma formation by LAB
applied as food supplements in dairy or dairy-
like products. It is important that, in the pro-
cess of Sokobanja cheese making, it was not
added any bacterial starter culture. A liquid
rennet of microbiological origin based on chy-
mosin obtained from the fungi Rhizomucor
miehei and Mucor miehei was used for milk
coagulation (Muruzovi¢, Mladenovi¢, Zugié
Petrovi¢ & Comi¢, 2018a). Therefore, it could
be assumed that tested isolates of LAB present
a part of the autochthonous community of
cheese, originated from raw milk and the
endogenous culture. According to the results
described in Muruzovi¢, Mladenovic, Zugic’
Petrovi¢ & Comié, (2018a) and Muruzovié,
Pilas, Stefanovi¢ & Comié¢ (2018c) the chese
samples were three days old and it belongs to
the group of full-fat, acid-curd soft cheese
groups. In the process of cheese production, the
cheese was salted (6-8%), based on the total
weight of the cheese (Muruzovi¢, Mladenovi¢,
Zugié Petrovié & Comi¢, 2018a; Muruzovi¢,
Mladenovi¢, Dilas, Stefanovic & Comié,
2018c). These results were the first reason why
we tested the influence of the chosen pH and
NaCl concentrations on the growth of selected
bac-teria. Also, it is well-known that the
tolerance to pH is one of the major criteria for
LAB to be considered as probiotics and the
tolerance to different processing conditions is
important for the possible use of LABs as
starter cultures in the dairy industry (Zago et al.,
2011; Kavitha &  Devasena, 2013).
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$ﬁs I;ffléct of different pH and temperatures on the growth of isolated Lact*obacillus spp. and Lactococcus spp.
Temperatlﬁ)z 20 °C > 37 °C 20 °C > 37 °C 20 °C 0 37°C 20°C 2 37°C 20 °C o 37°C
Species Isolate
KPP OEIN0 IHOM amaoy amsow OGN MESGr omunw omager omanw ot
oirois  kopurss OBEUTT A0 o poreony OO0 ZERONT 00N ILimT OLagnr Iesii
N e e T T e T e IO
P OBA00 OBLOW' appuomr owsom OBION  OTOSON  OMioey ogaon 00w 0maoo
omrso OBEOWT TLIBT oziogr iysony OAOW  TESGMT Oa0w imrolf Glisel 0siao0r
s KOWRSH OZEOT 2B20F opag pquop OPION 1000 0MA00 itesie 0ma0er iesaord
W sy 0000 HEOO gppupn ggosoge ORISH TR 0200 LTeiomt olgagol i0s0
IO oupsy  OUZLE 2S00 opsonr gsowt ORINO 10l OdiNY Lmaol odisan 7o
owess  OZBON IS0 oxioo pusooy OBIOW %00 0aiitn 1ma0ny oLetw 17a0o

Values are expressed as means + standard deviation measured on 600 nm; the percent of growth was given in brackets;
Means in the two temperature columns or each particular isolate, with superscript with different letters, are significantly different at P<0.05;
“Growth control (100% of growth)
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Table 2.
The effect of different pH and temperatures on the growth of isolated Enterococcus spp.
pH 55 6.5% 7.0 75 85
Temperature __ 20°C 37°C 20°C 37°C 20°C 37°C 20°C 37°C 20°C 37°C
Species Isolate
E. 0.09+0.01° 1.16+0.01° ¢ ¢« 0.63%0.00° 1.72 £0.01° 0.52 +0.02° 1.81+0.01° 0.44 +0.02¢ 1.65+0.02"
durans  WCPMFI0 04 06y 686a)y  0064%0027 169+001 (98.44) (101.77) (81.25) (107.10) (68.75) (97.63)
E. 0.01£0.00°  0.19%0.00° . . 016+001° 055%000' 012%000° 069+000"  011+000°  0.76%0.00
faecium  WCPMFI4 7 pq 1qy (3g7g) 009001 04920000 =77 70) (112.24) (133.33) (140.81) (122.22) (161.23)
0.07+0.00° 0.46 +0.02° a »  0.11+0.00° 0.67 +0.01° 0.12 +0.01° 0.79 +0.00° 0.09 +0.01° 0.81+0.01°
KGPMF47 ™ (g75) (95.83) 008001 0.48+001 (137.5) (139.58) (150) (164.58) (112.5) (168.75)
0.06+0.00°  0.28 +0.03" . . 014+001° 089+001° 016+001°  111+001'  012+000°  1.22+0.01°
E. KGPMF48 (50) @35.44) 01220020 07920010 746 67y (112.66) (133.33) (140.51) (100) (154.43)
faecalis 0.03+0.00°  0.16 +0.02° ‘ . 016+001° 056+000° 015+000° 068+001°  0.6+000°  0.79 +0.00'
KGPMF49 ™ 16.67) 3137) ~ 018+000° 0.51+0.00 (88.89) (109.80) (83.33) (133.33) (88.89) (154.90)
ATCC 001£000° 006+001° .oy ooc ussooy 0162002  063+001°  014000°  059£001'  014+000°  0.62+002
20211 (7.69) (12.5) 1320, 4820, (123.08) (131.25) (107.69) (122.92) (107.69) (129.17)

Values are expressed as means + standard deviation measured on 600 nm; the percent of growth was given in brackets.
Means in the two temperature columns or each particular isolate, with superscript with different letters, are significantly different at P<0.05.
*Growth control (100% of growth).
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Table 3.

The effect of different NaCl concentrations and temperatures on the growth of isolated Lactobacillus spp. and

Lactococcus spp.

% of NaCl 4.0 6.5 8.0
Temperature 20 °C 37°C 20 °C 37°C 20 °C 37°C
Species Isolate
Lb. KGPME2g 0-06% 0.00° 0.46+0.02° 0.04+0.01*® 0.12+0.01° ng 0.02 + 0.00¢
fermentum (18.18) (26.44) (12.12) (24.14) = (1.15)
. 0.32+0.00° 162+0.01° 0.12+0.01° 0.22+0.02¢ 0.09 +0.01°
Lb.brevis  KGPMF35 ™ 7, 45 (78.26) (27.91) (10.63) n.g. (4.35)
0.32+0.02° 170+0.02° 0.09+0.00° 0.13+0.01% 0.10 +0.00¢
Lb. KGPMF62 75 72 (83.33) (20.45) (6.37) n.g. (4.91)
plantarum Lpoggy 019% 0.01° 0.45+0.01° 0.08+0.00° 0.17 +0.01¢ N 0.03 +0.00°
(65.52) (91.84) (27.59) (34.69) 0- (6.12)
KGPMEso  0-10% 0.000 0.61+0.01° 0.05+0.01° 022+0.01% 0.02+0.0°° 0.05+0.01f
(43.49) (52.14) (21.74) (18.80) (8.70) (4.27)
KGPMF5a 0-08% 0.01* 142+0.01° 0.04+0.01° 0.11+0.00° 0.03+0.00° 0.09 +0.00¢
L. lactis (47.06) (70.30) (23.53) (5.45) (17.65) (4.46)
subsp. lactis | o) cce 005001 0.78+ 0.01° 0.02+0.00° 0.20+0.01° 0.01+0.00° 0.03+0.00°
biovar. (31.25) (45.09) (12.5) (11.56) (6.25) (1.73)
diacetylactis KGPMFs7 0123 0.022 1.69+0.02° 0.05+0.01° 0.13+0.00° 0.02+0.00° 0.10 +0.00¢
(54.55) (82.84) (22.73) (6.37) (9.09) (4.90)
KGPMF5g 0-14+0.02% 162 0.02° 0.12+0.00° 0.16+0.00° 0.03+0.00° 0.12 +0.00°
(53.85) (79.41) (46.15) (7.84) (11.54) (5.88)

Values are expressed as means + standard deviation measured on 600 nm; the percent of growth was given in brackets;
Means in the two temperature columns or each particular isolate, with superscript with different letters, are significantly

different at P<0.05; n.g.-no growth.

Table 4.
The effect of different NaCl concentrations and temperatures on the growth of isolated Enterococcus spp.
% of NaCl 4.0 6.5 8.0
Temperature 20 °C 37°C 20 °C 37°C 20 °C 37°C
Species Isolate
0.32+0.01° 0.97+0.03"° 0.11+0.01° 0.22+0.00° 0.02+0.00° 0.08+0.01
E.durans  KGPMFI10 () (540 (719 (1300 (13) @.73)
. 0.06 +0.01*" 0.45+0.01° 0.03+0.00° 0.10+0.01 0.03 £0.00
E.faecium  KGPMF14 (66.67) (91.84) (33.33) (20.41) ng. (6.12)
0.03+0.00° 0.40+0.00° 0.01+0.0° 0.07 +0.00° 0.03 + 0.00°
KGPMF47 (375) (83.33) (12.5) (14.58) ng. (6.25)
KGPME48 0.09+0.00° 0.31+0.11° 0.06+0.00° 0.10+0.01° 0.02+0.00° 0.030.01°
E taecalis (75) (39.24) (50) (12.66) (16.67) (3.80)
' KGPME49 0.12+0.00* 0.43+0.01° 0.03+0.00° 0.08 =+ 0.00" o 0.03 + 0.00°
(66.67) (84.31) (16.67) (15.69) 9 (5.88)
0.08+0.01* 0.43+0.01° 0.03+0.00° 0.09+0.01° 0.01+0.00° 0.030.00°
ATCC 29211 g1 54 (89.58) (23.08) (18.75) (2.08) (6.25)

Values are expressed as means + standard deviation measured on 600 nm; the percent of growth was given in brackets;
Means in the two temperature columns or each particular isolate, with superscript with different letters, are significantly

different at P<0.05; n.g.-no growth.

Previously, isolates of LAB showed a good
acidification activity in original and enriched
milk (Muruzovi¢, Mladenovi¢, Zugié¢ Petrovié
& Comié, 2018a; Muruzovié, Mladenovi¢ &
Comi¢, 2018b; Grujovi¢, Mladenovié, Zugié
Petrovi¢ & Comié, 2019). We selected isolates
that showed the ability to decrease pH value to
almost 4 within 24 h because this was a
promising result which indicated the ability to
use the selected isolate as starter cultures for
food fermentations. They showed the ability to
consume sugars from the food matrix con-
verting them to acid via the fast fermentation

process. Such produced acids are also attractive
criteria for selected strains to be protective
cultures where pathogenic bacteria cannot
grow, due to a low pH value of the medium.

Some of the research increasingly suggests that
the acid resistance of the LAB might be strain-
specific and stress-specific. The reason can be
found in the genetic diversity of these acid
alleviating systems among different strains
(Wu, Tun, Law, Khafipour & Shah, 2017; Lyu
et al., 2018). Lb. fermentum KGPMF29, iso-
lated from Sokobanja cheese, was able to to-
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lerate the acidic pH (Muruzovi¢, Mladenovi¢ &
Comié, 2018b). Rao, Pintado, Stevens & Guyot
(2004) and Muruzovi¢, Mladenovi¢ & Comié
(2018b) indicated that Lb. fermentum was not
tolerant to higher NaCl concentrations. Soli-
man, Sharoba, Bahlol, Soliman & Radi (2015)
showed that Lb. plantarum had the ability of
tolerance to acidic medium (pH 2.0 and 3.0)
and bile salts (0.1, 0.3, 0.5, and 0.7 %), at 37 °C
for 24 h. Lb. plantarum ATCC 14917 showed
the ability of growth in 6% of NaCl (Wang et
al., 2016), while Lb. plantarum B282 showed a
survival rate in 8% of NaCl (Blana, Grounta,
Tassou, Nychas & Panagou, 2014), which was
confirmed in our study, too. Xia et al. (2017)
indicated that optimal NaCl concentration in the
medium is 6% because in this concentration
Lb. brevis AR123 and a commercial starter
could rapidly lower the pH of the pickles. The
results from our investigation confirmed that
tested Lactobacillus isolates were more tolerant
to acidic pH, but their tolerance to the presence
of NaCl concentration higher than 6.5% was
low.

Lactococcus lactis subsp. lactis is one of the
most important starter bacteria used in dairy
technology. Its use in the production of dairy
products, such as cheese, butter, cream, and fer-
mented kinds of milk is of great economic
importance (Yerlikaya, 2019). It is well-known
that a starter culture bacterium, L. lactis needs
to be tolerant to a variety of processing con-
ditions (high or low temperature, osmotic and
acid environment) in the process of cheese
making (Gutiérrez-Méndez et al., 2010). Velly,
Fonseca, Passot, Delacroix-Buchet & Bouix
(2014) investigated the effects of fermentation
parameters (different temperatures (22 °C, 30
°C and 38 °C) and pH (5.6, 6.2 and 6.8)) on the
cell growth and on the tolerance to each step of
the freeze-drying process of natural cheese
isolate L. lactis subsp. lactis TOMSC161. They
concluded that, in the whey-based medium, L.
lactis showed the best growth at 32 °C, pH 6.2.
Khemariya, Singh, Nath & Gulati (2017)
indicated that the growth of Lactococcus spp. at
higher NaCl concentrations (>4% sodium
chloride) vary depending on the species.
Muruzovi¢, Mladenovi¢ & Comié (2018b)
showed that L. lactis subsp. lactis KGPMF23
showed the ability of low growth in 6.5% of
NaCl, at 37 °C. The results from this paper
indicated that tested Lactococcus isolates were

tolerant to acidic pH, as well as in the different
NaCl concentrations, but in concentrations
above 6.5%, the growth was reduced. Van
Mastrigt, Gallegos Tejeda, Kristensen, Abee &
Smid (2018) indicated that aroma production by
L. lactis was clearly affected by the type of
medium and the cultivation method. Therefore,
the optimal conditions for the growth of
bacteria might be strain-specific and stress-
specific.

Enterococci can grow in a wide range of pH,
but the optimum for growth is pH 7.5 (Van Den
Berghe, De Winter & De Vuyst, 2006). Fisher
& Phillips (2009) also indicated that E. faecalis
showed the ability of growth in 6.5% of NaCl.
Some authors indicated that E. durans, E. hirae,
and E. faecium strains isolated from raw milk
and various dairy products were resistant to low
pH and to the different bile NaCl concentrations
(Nami et al.,2014; Guo, Li, Tang, Yang & Huo,
2016; Muruzovi¢, Mladenovi¢, & Comié
2018b; Yerlikaya & Akbulut, 2020). Ivanov,
Boytcheva & Mihailova (1999) indicated that
temperature influenced E. faecalis membrane
permeability for salts. In our study, tested
Enterococcus isolates showed a high tolerance
in the basic pH and presence of NaCl. Although
the role of bacteria from genus Enterococcus in
the formation of cheese flavor is proved
(Abeijon, Medina, Katz & Gonzalez, 2006), a
very few Enterococcus strains have been used
as food additives because of the safety concern
associated with their pathogenic trait as oppor-
tunistic microorganisms (Braiek & Smaoui,
2019).

In most cases, traditionally made dairy products
are produced by spontaneous milk fermentation,
without the addition of any bacterial starter cul-
ture. Autochthonous lactic acid bacteria
(aLAB), that are present in milk, are responsible
for fermentation and quality of dairy products.
Most of the research conducted so far confir-
med that aLAB has great potential in natural
food preservation and good probiotic properties.
There are studies which indicated that the
adding of natural isolates, with a desirable
probiotic’s characteristic, in the production of
the dairy product have a positive effect on the
sensory properties, especially on flavor (Silva et
al., 2017: Baher Abd EL Khalek et al., 2018;
Santos et al., 2018; Yerlikaya & Akbulut,
2019).
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CONCLUSIONS

The tested processing conditions (different tem-
peratures, pH, and NaCl concentrations) sho-
wed a different influence on the growth of the
tested LAB. After 24 h of incubation, growth at
4 °C was not noticed. Generally, all tested
isolates showed the ability of growth in low pH
(acidic media), as well as up to 6.5% of NaCl,
which is a desirable characteristic for potential
starter culture. This paper indicated that the
tests showed certain positive technological
properties of the tested LAB isolates. This is an
important issue because if we use these bacteria
like starter cultures, the safety aspect and
hygiene of cheese will be increased together
with the conservation of traditional heritage,
while the aroma and taste will be preserved.
Further studies need to include the character-
rization of enzymatic activities and amine for-
mation, the effect on texture and organoleptic
properties of products of selected isolates, in
order to investigate their role in the formation
of cheese flavor and taste. Also, Enterococcus
strains investigated for the potential use must be
well characterized and perfectly assessed re-
garding safety aspects.
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TONEPAHUUIA AYTOXTOHUX BAKTEPUJA MNTEYHE KUCEZTUHE HA PA3S/TUMUTE YC/TOBE
NPEPAAE IN VITRO

Mupjana XK. I'pyjoBuh, Katapuna I'. Mnanenosuh, Jbrsbana P. Yomuh

Yuusepauret y Kparyjesny, [IpupogHo-marematnaku gaxynrer, UHCTHTYT 3a OHONOTH]Y U eKooTHjy, Pamoja
Homanosuha 12, 34000 Kparyjesamn, Cpouja

Caxxerak: Y OBOM pajy je HCIUTHBAH YTHIAj pPas3IMYUTUX Temmeparypa, pH u
KOHLIEHTpAIMja COJM Ha PacT ayTOXTOHMX OakTepHja MIICUHE KHCEIMHE M30JOBAaHHX M3
TpamuIMOHATHO TMpou3BeAcHOr cprckor cupa (mompydje Cokobame) momohy
crekTpodoTomMeTprjcke Merone. Pact wucmuruBanux Lactobacillus wuzomata (Lb.
fermentum, Lb. plantarum u Lb. brevis), kao u nmer u3omara Lactococcus lactis subsp.
lactis biovar. diacetylactis je 6uo 60sbu y kucenoj pH, 10k je pact uzonara Enterococcus
(E. durans, E. faecium u E. faecalis) 6o 60sbu y 6a3uoj pH, ra 37 °C. Ha 4 °C nakon 24
Yaca, HHjeJHa TeCTHpaHa OakTepwja HHje IMMOKa3ana crmocoOHocT pacta. bymyhm ma cy
AYTOXTOHM H30JIaTH OWIM TOJICPAHTHU Ha TECTHPaHH CIICKTap YCJIOBa Mpepane MICKa,
Jajbe CTyauje Mopajy na o0yXBaTe KapaKTepH3allljy €H3UMCKE aKTHBHOCTH OfaOpaHuX
H301aTa, Ka0 ¥ MOryhHOCT ymoTpebe OBHMX HM30JiaTa Kao cTapTep KyJlTypa MM J0AaTaka
HUCXpaHU y MJICUHUM WJIM HEMJICYHUM IIPOU3BOJUMA.

Kibyune peumn: 6axmepuje maeune xuceaune, Mukpoouono2uja cupa, ycioeu npepaoe,
cnocobrocm pacma
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