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The use of bacterial starters for the production of fermented foods has several advantages over
traditional spontaneous fermentation, as it provides a rapid and controlled decrease of pH, improves
the microbiological quality of the product, and prolongs the shelf-life. Fermented foods are typically
produced using mixed cultures of lactic acid bacteria (LAB) due to the synergism between their constituent
bacterial cultures. So, the compatibility of the LAB strains decides the efficacy of a multi-strain starter.
The purpose of this study was to investigate the effect of the cocultivation of Lactobacillus plantarum
strains on the growth, acidification, and antagonistic activity to determine suitable strain combinations
for fermented vegetable production. Methods. The effect of cocultivation on growth characteristics of
four L. plantarum strains was determined in MRS medium and cabbage-based medium with 2.5 % NaCl.
After 8 h of cultivation at 30 °C and 37 °C, the number of viable cells (CFU/ml) and the pH of the medium
were determined. The antagonistic activity of monocultures of L. plantarum and their six compositions
against opportunistic pathogenic microorganisms was determined by the method of delayed antagonism.
Results. During growth in MRS broth at 30 °C cocultivation of L. plantarum 47SM with L. plantarum
691T or L. plantarum 1047K strains led to enhanced rates of growth compared to the monocultures,
suggesting some degree of symbiosis between these strains. Viable cell counts of L. plantarum 475M,
1047K and 691T strains and ApH values of L. plantarum 952K, 1047K, and 691T strains were higher
after 8 h growth in the cabbage-based medium at 30 °C compared to MRS broth. Despite the intensive
growth of L. plantarum monocultures in cabbage-based medium, a significant decrease of viable cell
counts and ApH values during cocultivation at 30 °C were found. Cocultivation did not affect the average
size of the growth inhibition zones of most of the indicator strains used. However, growth inhibition
zones of Shigella flexneri, Escherichia coli, and Proteus vulgaris decreased in some L. plantarum mixed
cultures compared to monocultures. Thus, the growth inhibition zones of E. coli and S. flexneri by mixed
culture L. plantarum 47 SM~+1047K were significantly smaller compared to the growth inhibition zones of
L. plantarum monocultures. Conclusions. Thus, based on the data obtained in present work, we can
assume that some of these L. plantarum strains used in the work may be bactericinogenic. Although the
four L. plantarum strains studied are compatible when cocultivated in a standard rich MRS medium,
the results of cocultivation in a cabbage-based medium with 2.5 % NaCl does not allow to recommend
the use of these L. plantarum strains simultaneously in the starter for vegetable fermentation. Further
investigation of bacteriocinogenic properties and mechanisms of growth inhibition under cocultivation in
vegetable-like conditions are needed, which will allow combining of some of these L. plantarum strains
with LAB strains of other species or genera to create multi-starters for vegetable fermentation.
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Fermented vegetables and fruits have long
been consumed by populations around the world
due to their organoleptic characteristics and health
benefits [1]. In the process of fermented vegetable
production, one of the key steps is the rapid pH
reduction of the raw material, which prevents
the development of an undesirable microbiota
and provides typical organoleptic characteristics

12

of the final product. The use of bacterial starters
for the production of fermented foods has
several advantages over traditional spontaneous
fermentation, as it provides a rapid and controlled
decrease of pH, improves the microbiological
quality of the product, and prolongs the shelf-life.
Lactic acid bacteria (LAB) play a major role in the
fermentation of vegetable raw materials. Due to
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their wide spectra of biological activity, LAB strains
are not only able to accelerate the fermentation
process but also provide more beneficial, functional
properties to the end-products [2, 3].

It is known that the efficiency of the fermen-
tation process can be enhanced by the use of starter
compositions due to the synergism between their
constituent bacterial cultures [4]. In our previous
studies, we selected four Lactobacillus plantarum
strains with probiotic properties and demonstrated
the effectiveness of inoculation their monocultures
for cabbage and cucumbers fermentations,
compared with the classical method without the use
of a starter [5]. The main condition for using strains
in the complex starters is the absence of antagonistic
action between them. The purpose of this study
was to investigate the effect of cocultivation of
L. plantarum strains on growth, acidification and
antagonistic activity to determine suitable strain
combinations for a fermented vegetable production.

Materials and Methods. The objects of the
study were 4 Lactobacillus plantarum strains
deposited at the Depositary of Cultures of Mic-
roorganisms of Danylo Zabolotny Institute of
Microbiology and Virology of the NAS of Ukraine.
L. plantarum 1047K (IMV B-7566) and 952K
(IMV B-7597) strains were isolated from fermented
cabbage, strains of L. plantarum 47SM (IMV
B-7565) and L. plantarum 691T (IMV B-7598) —
from sour cream and sour milk respectively. These
L. plantarum strains were selected in our previous
studies as promising starter cultures with functional
properties for vegetable fermentation [5, 6].

The effect of cocultivation on growth charac-
teristics of L. plantarum strains was determined in
MRS medium [7] and in cabbage-based medium
with 2.5 % NaCl [5]. The media were inoculated
with a suspension of an overnight culture of each
strain (inoculum volume 1 %) or their compositions
(0.5 % of each strain). After 8 h of cultivation at
30 °C and 37 °C, the number of viable cells (CFU/
ml) and the pH of the medium were determined.
The acid-producing activity was expressed as a
value of ApH — the difference between the initial
pH value of the medium and the value determined
after 8 h of cultivation.

The antagonistic activity of L. plantarum mo-
nocultures and their six compositions against
opportunistic pathogenic microorganisms was
determined by the previously described method
of delayed antagonism [8]. Shigella flexneri GISK
337, S. sonnei GISK 233169, Proteus vulgaris IMV
B-905 (ATCC 6896), Escherichia coli IMV B-906
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(ATCC 25922 (F-50)), Bacillus cereus IMV B-908
(ATCC 11778), Staphylococcus aureus IMV B-904
(ATCC 25923 (F-49)), Klebsiella pneumoniae IMV
B-920 (ATCC 10031), Salmonella enterica IMV
B-921 (NCTC 6017) were used as indicator strains.

A one-way analysis of variance (ANOVA)
was carried out with the Statistica 7.0 software
(Systat Inc., USA). Results from two independent
assays were averaged. Statistical analysis was
performed on the differences between the growth
characteristics of monocultures and mixed cultures
by using the LSD test, and P < 0.05 was considered
statistically significant.

Results

Cocultivation of L. plantarum strains in MRS
medium

The effect of cocultivation on the growth
rates of four L. plantarum strains was studied in
MRS broth, which is commonly used as a growth
medium for lactobacilli in laboratory experiments.
The results obtained are presented in Fig. 1.

The viable cell counts of mixed cultures
L. plantarum 47 SM + 691T and L. plantarum 47
SM + 1047K in MRS broth at 30 °C was greater
than that for each L. plantarum monoculture.
Despite the increase in the viable cell counts,
stimulation of acid production was not observed in
mixed cultures. The viable cell count of a mixed
culture of L. plantarum 691T and 952K strains
in MRS broth at 30 °C was lower than that for
L. plantarum 691T monoculture. Mixed cultures of
L. plantarum strains did not increase growth and
acid production in MRS broth at 37 °C compared
with that of each monoculture.

Antagonistic activity of mixed cultures of
L. plantarum strains

The L. plantarum strains used in this study
have a wide range of antagonistic activity against
opportunistic bacteria, as shown by us in previous
work [8]. The result of the antagonistic action of
L. plantarum in monocultures and mixed cultures
was shown in Fig. 2. Overall, cocultivation did not
affect the average size of the growth inhibition zones
of most of the indicator strains used. However,
growth inhibition zones of S. flexneri, E. coli, and
P vulgaris decreased in some L. plantarum mixed
cultures compared to monocultures. Thus, the
growth inhibition zones of E. coli and S. flexneri
by mixed cultures L. plantarum 47 SM + 952K and
L. plantarum 47 SM + 1047K were significantly
smaller compared to the growth inhibition zones of
L. plantarum monocultures (Fig. 2). Mixed culture
of L. plantarum 952K + 1047K less inhibited the
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growth of S. flexneri and P. vulgaris, compared
to the L. plantarum 1047K monoculture. The
monoculture of L. plantarum 47SM had a larger

growth inhibition rate of P. vulgaris compared
to the mixed cultures of L. plantarum 47 SM +
+691T.
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Fig. 1. Viable cell counts and pH decrease during cocultivation of L. plantarum strains in MRS
broth compared to monocultures

Cocultivation of L. plantarum strains in cab-
bage-based medium with 2.5 % NaCl

The growth rates and acid production of L. pla-
ntarum as monocultures and six mixed cultures
in the cabbage-based medium with 2.5 % NaCl
at different temperatures are shown in Fig. 3. As
seen, at 30 °C viable cell counts in mixed cultures
L. plantarum 691T + 1047K and L. plantarum
47SM + 1047K and 691T were higher compared to
their mixed cultures with strain L. plantarum 952K.
The level of acid production in mixed cultures
during cultivation in the cabbage-based medium at
30 °C was lower, compared to the monocultures of
L. plantarum strains.

The viable cell count of mixed cultures of
L. plantarum 47 SM + 95T and L. plantarum
691T +952K in the cabbage-based medium at
37 °C was lower than that for L. plantarum 691T
and 47SM monocultures. During cultivation at
37 °C decreasing of pH in mixed cultures was
more rapid than that of monocultures except for the
combination of L. plantarum 47SM + 691T strains.

Discussion. Fermented foods are typically
produced using mixed cultures of LAB. So, the
compatibility of the LAB strains decides the
efficacy of a multi-strain starter. Besides a standard
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rich MRS medium, we conducted our study using
a cabbage-based medium with 2.5 % NaCl, which
is more similar to cabbage fermentation process
conditions. It should be noted that the growth
characteristics of monocultures were different in
these two media used depending on the temperature
of incubation. Viable cell counts of L. plantarum
47SM, 1047K, and 691T strains and ApH values
of L. plantarum 952K, 1047K, and 691T strains
were higher after 8 h growth in the cabbage-based
medium at 30 °C compared with MRS broth.
Although the viable cell counts were at the same
level during growth at 37 °C, the level of acid
production was dramatically higher in the MRS
medium compared to the cabbage-based medium. A
lack of correlation between the cell number and the
level of acid formation by LAB strains was shown
by authors [9]. Such differences are not unexpected
and maybe dye by considerably different in media
nutrient composition.

The adaptation of lactic acid bacteria to ve-
getable environment markedly varied within strains
of LAB and poorly investigated compared to other
fermented foods, such as dairy products. It was
shown by authors, that the growth of L. plantarum
strains in tomato and carrot juices was similar
to growth in the MRS medium [10]. In another
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Fig. 2. Antagonistic activity of L. plantarum monocultures and their compositions towards
opportunistic pathogens
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study was shown that the viable cell counts for
L. plantarum strains were significantly higher in
cucumber juice than in MRS broth [11].

In mixed starter cultures, it is important that
the growth of each lactic acid bacterium is not
inhibited by mixing and that the bacteria stimulate
each other’s growth and acid production.

During growth in MRS broth at 30 °C coculti-
vation of L. plantarum 47sm with L. plantarum
691t or L. plantarum 1047k strains led to enhanced
rates of growth compared with the individual
cultures, suggesting some degree of symbiosis
between these strains. Stimulatory interactions have
been observed between LAB strains belonging to
different genera, for example, Bifidobacterium and
Lactobacillus strains [12] or Lactococcus lactis [4].

Despite the intensive growth of L. plantarum
monocultures in the cabbage-based medium, a
significant decrease of viable cell counts and
ApH values during cocultivation at 30 °C were
found. Thus, based on the data obtained in the
present work, we can assume that some of these
L. plantarum strains used in the work may
be bactericinogenic. This assumption may be
supported by the data presented in the literature.
As was shown by authors, the induction of
bacteriocin production through cocultivation with
specific bacterial strains is a common feature in the
species L. plantarum [13, 14, 15]. The L. plantarum
CECT4185 strain was able to increase bacteriocin
production more than 10 times when cocultured
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with L. lactis 1L1403 strain [15]. Furthermore,
many bacteriocinogenic LAB have been described
whose bacteriocin production could be induced
by coculture, including strains of Lactobacillus
salivarius, Lactobacillus acidophilus, and Entero-
coccus faecium [16, 17].

In most cases, high bacteriocin production is
associated with intensive bacterial growth [18, 19].
But, as was shown by authors, stress conditions
can lead to a much higher bacteriocin production
[19]. It was reported by authors that bacteriocin
production can be enhanced by NaCl in some
LAB strains [20, 21]. L. plantarum LPCO10 strain
was isolated from olive fermentation brine and
its maximum plantaricin S activity is achieved at
2.5 % (w/v) NaCl concentrations in the culture
medium [21].

In addition to growth stimulation, the effect
of cocultivation on the biological activity of
L. plantarum strains was shown by authors. Cocu-
Itivation of L. plantarum DC400 with the other
Lactobacillus strains markedly increased the
capacity to form a biofilm, the level of adhesion
to Caco-2 cells and to prevent the adhesion
of potential intestinal pathogens [22]. In the
present work, the effect of cocultivation on the
antagonistic activity of L. plantarum strains
towards opportunistic pathogens was evaluated. In
most cases, there were no significant differences
between sizes of growth inhibition caused by
L. plantarum monocultures and their mixed cultures.
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The exception was mixed culture L. plantarum
47SM + 1047K, which growth inhibition zones of
E. coli and S. flexneri were smaller compared to
monocultures of L. plantarum 47SM and 1047K
strains. We can speculate, that the cocultivation
effects on the spectrum of antimicrobial metabolites
produced since it is known that LAB strains can
simultaneously produce several bacteriocins [23].
Production of bacteriocins may be a desirable
trait in LAB starter for vegetable fermentation
[24]. Further investigation of bacteriocinogenic
properties and mechanisms of growth inhibition
under cocultivation in vegetable-like conditions
are needed, which will allow combining of some
of these L. plantarum strains with LAB strains of
other species or genera to create multi-starters for
vegetable fermentation.

Conclusions. Although the four L. plantarum
strains studied are compatible when cocultivated
in a standard rich MRS medium, the results
of cocultivation in a vegetable-like conditions
(cabbage-based medium with 2.5 % NaCl) does not
allow to recommend the use of these L. plantarum
strains simultaneously in the starter for vegetable
fermentation.

BIIJIUB CYMICHOTI'O
KYJIbTUBYBAHHA HA PICT
TA AHTATOHICTUYHY
AKTUBHICTHb LITAMIB
LACTOBACILLUS PLANTARUM

L JI. I'apmawesa, O.M. Bacunwk,
JI. T. Onewenko

Inemumym mixpobionoeii' i gipyconoaii
im. JILK. 3abonomnoco HAH Yxpainu,
eyn. Akademixa 3abonomnoeo, 154,
Kuis, 03143, Vkpaina

Pesrome

Bukopucranns 0akTepiadbHHUX 3aKBACOK IS BH-
TOTOBJICHHS (PEPMEHTOBAHUX TPOIYKTIB Ma€ psill
mepeBar HaJa TPaAULiHHUM METOIOM CIIOHTaHHOTO
OpOIIHHS, OCKUIBKH 3a0e3IeUye MIBUAKE Ta KOHTp-
ollbOBaHe 3HWKeHHA pH, mokpamrye mikpoOioso-
Ti4Hy SIKICTh MPOAYKTY Ta MOJOBXKY€E TEPMiH HOTro
30epiranusa. depMeHTOBaHI MPOAYKTH 3a3BHYall BH-
TOTOBJISIIOTH 13 BUKOPHCTAHHSAM 3MIIIAaHUX 3aKBACOY-
HUX IperapariB 3aBIsIKU CHHEPTI3MY MiX 1X CKJIaJ10-
BHUMHU KyJIbTYpaMH MOJIOYHOKHUCIHNX OakTepiil. OTxe,
CYMICHICTh MIX IITaMaMU MOJIOYHOKHUCIIUX OaKkTepiit
€ OCHOBOIO €(DeKTUBHOCTI OaraTOKOMIOHEHTHUX 3a-
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KBacok. MeTo10 poboTu Oyna0 JOCIHIKEHHS BILIH-
BY CYMICHOTO KYJIBTUBYBaHHSI Ha PICT, KUCIOTOYT-
BOPCHHSI Ta aHTaroHiCTUYHY aKTHBHICTh IITaMiB
Lactobacillus plantarum st OIIHKH MOXJIHUBOCTI
BUKOPUCTAHHS 1X KOMOIHAIH JJIsi BUTOTOBJICITHHS
(bepmenToBaHMX OBOYiB. MeToau. Brutue cymicHOro
KyJIBTUBYBaHHSI HA POCTOBI XapaKTEPUCTUKH YOTH-
pbOX ImTaMiB L. planrtarum OyB BU3HaYeHUH B ce-
penoBuiii MRS Ta xamyctsHoMy cepemoBuiii 3 2.5 %
NaCl. [icns 8 rox xynsruByBanss npu 30 °C 137 °C
BH3HAYAIM KIJIbKICTh KOJIOHIEYTBOPIOIOYHX OJHMHHIIb
(KYO/mn) ta pH cepenoBuIl. AHTarOHICTHYHY aK-
TUBHICTb MOHOKYIBTYp IUTaMiB L. plantarum Ta ix
MIECTH KOMITO3HUIIIN 100 YMOBHO-IIATOTEHHUX Mi-
KPOOpPTraHi3MiB BU3HAYAIN 3 BUKOPHCTAHHIM METOIY
BiZICTpOUCHOTO aHTaroHi3My. Pesyabrarn. I1pu pocti
B MRS Oynbitoni ipu 30 °C cyMicHe KyJIbTHBYBaHHS
mramy L. plantarum 47CM 3 muramamu L. plantarum
691T uu L. plantarum 1047K npu3Boanio a0 mij-
CHJICHHSI POCTY B MOPIBHSIHHI 3 TX MOHOKYJIBTYPaMH,
IO CBIIYUTH MPO HASBHICTH MEBHUX CUMOIOTHYHHUX
BITHOCHH MK IMMH mTamamiu. KiTbKICTh KIITHH
(KYO/mi) wramiB L. plantarum 47 CM, 1047K i
691T ta nokaszuuku ApH mramis L. plantarum 952K,
1047K 1 691T Oy:nu BUIIUMH Yepe3 8 roj pocTy Npu
30 °C B KamyCTSHOMY CEPEJOBHIII B MOPIBHAHHI 3
MPC Oynbiionom. He auBisunch Ha iHTEHCUBHUU
piCT MOHOKYJIBTYp IuTamiB L. plantarum B xarmycts-
HOMY CEpPEIOBHIII, IPY CYMICHOMY KYJbTHBYBaHHI B
JaHoMmy cepenoBuii 3a Temmeparypu 30 °C crocte-
piranu 3Ha4He 3HW)KEHHS KUIBKOCT1 KIIITHH Ta MoKa3-
HukiB ApH. CyMicHe Ky/IbTHBYBaHHS HE BIUIUBAJIO HA
PO3Mip 30H 3aTPUMKH POCTY OINBIIOCTI 1HIUKATOP-
HUX IITaMiB YMOBHO-TIATOTEHHUX MIKPOOPTaHi3MiB.
OxHak 30HU NpUTHIUCHHS pocTy Shigella flexneri,
Escherichia coli 1 Proteus vulgaris 6ynu MEHIIIUMU Y
NESIKUX 3MIMIaHuX Kyaetyp L. plantarum. Tax, 30HHA
3arpuMkH pocty E. coli i S. flexneri 3MilaHo0 Kyib-
typoro L. plantarum 47CM+1047K OGynu n1ocToBip-
HO MCHIII B MOPIBHSHHI 3 30HAMH 3aTPUMKH POCTY
MOHOKYJIBTYp L. plantarum 47CM 1 1047K. BucHo-
BKH. OT)Ke, BUXOASAYH 3 OTPUMAHUX B AaHil poOoTi
JaHUX, MU MO)KEMO 3pOOUTH NPHUITYILIEHHS, 1110 AesKi
3 BUKOPUCTAHUX B JOCHI/PKEHHI TaMiB L. plantarum
MOXyTb OyTH 6akTepionnHoreHHUMHU. He auBistamch
Ha T€, [0 IPU CyMiCHOMY KYJIFTUBYBAaHHI B CTaHIAPT-
HOMY Oaratomy cepenoBuiii MRS yotupu BuBUYEeHUX
mramu L. plantarum € CyMiCHUMU, Pe3ylIbTaTH Cy-
MICHOTO KYJIFTUBYBAaHHS B KallyCTSSHOMY CEpeOBH-
i 3 2,5 % NaCl He 103BONAIOTh PEKOMEHIyBaTH 11
IITaMH JJIs1 OMHOYACHOTO BUKOPHUCTAHHS Y 3aKBaclli
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JUTSI CKBaIlyBaHHs 0BOYiB. HeoOXiAHUMH € moaabIii
JIOCTIPKeHHsT 0aKTepiOIMHOTEHHUX BIIACTUBOCTEH
Ta MEXaHi3MiB IPUTHIYCHHS POCTYy 32 YMOB CyMicC-
HOTO KYJIBTUBYBaHHSI B OBOYCBOMY CEPEOBHIIT, IO
JTIO3BOJINTh KOMOIHYBaTH JaHi mrtamMu L. plantarum
3 MKDB iHIIUX BHJIIB YW POJIB ISl CTBOPEHHS Oa-
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