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MICROBIOLOGICAL ANALYSIS OF SAUERKRAUT IN
THE PROCESS OF ITS FERMENTATION ACCORDING
TO THE TRADITIONAL AND MODERNIZED
TECHNOLOGIES

Aim. The aim of this work is detection of the differences in the quantitative
and qualitative content of the microorganisms involved in fermentation of
traditional Ukrainian food — sauerkraut (cabbage) under various conditions of
its production. Methods. Microbiological methods for the isolation (cultivation
on selective chromogenic medium) and identification of isolated microorganisms:
using the semi-automatic biochemical test systems and laser desorption technique
(MALDI). Results. The changes in qualitative and quantitative composition
of microorganisms in tested sauerkraut samples taken at different stages of
fermentation process by the traditional local (original) recipe and produced by
upgraded modern technology have been revealed. In particular, the strains of
Lactobacillus delbrueckii were isolated from all tested samples of fermented
product, while the strain of L. casei was isolated only from sauerkraut’ samples
made according to the original recipe. In these same samples, as opposed to
those that were manufactured by industrial technology, the number of isolated
strains of enterococci was insignificant. Conclusion. The results obtained
confirmed the significant differences in qualitative and quantitative content of
isolated microorganisms isolated from tested sauerkraut samples depending of
methodology of its fermentation. The important differences in the composition
of microorganisms associations at the beginning and at the end of sauerkraut
fermentation have also been detected and defined.

Key words: traditional food, sauerkraut, original recipe, fermentation,
microbial composition.

Introduction

The biochemical changes connected to microorganisms’ content that occur
during fermentation, are an indicator of the final product quality. This was confirmed
by our earlier analysis of chemical content of the main components therefore
included in the national composition databases [1].

The study of food products of plant origin, and especially fermentation, is
extremely important today, since they are the source of a variety of probiotic and
prebiotic substances [2]. Isolated key beneficial microorganisms from fermented
cabbage when made traditionally is of great interest and requires further examination
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since it is important for sustainable obtaining a qualitative and safe product, and
furthermore it might be useful as probiotic base (starter) in the manufacture of modern
functional food for personalized implementation. The technological processing
of food is crucial in ensuring and maintaining the ingredient’s useful properties.
Fermentation makes food more digestible, because during the fermentation process
foods are not only enriched with biologically active compounds (BAC) but also
with microorganisms that enter into the gastrointestinal tract (GIT) with the food
[3]. Because local traditional recipes vary, fermentation of plant products also
varies and this in turn encourages the production of valuably unique combinations
of products. On the other hand, such preparation procedures ensure the availability
of nutrients, vitamins, minerals and unique strains of microorganisms. It is proved
that lactic acid, which is formed during fermentation, combined with live probiotic
microorganisms inhibits the development of opportunistic microorganisms in the
gut and normalizes the composition of intestinal microbiota [4, 5]. There is also
some evidence of the anti-tumor properties of sauerkraut [6, 7].

Due to the health benefits provided, it is important to use traditional foods
manufactured by the original technology in view of the available data of epigenetic
studies that show of human microbiota’s changes occurred via DNA methylation
dependent of eating habits. Our preliminary research that first performed chemical
analysis of a number of traditional and also fermented foods made according to
the original recipes reported the data for the creation of the first national food
composition database [2].

In this paper, we aim to demonstrate that qualitative and quantitative content
of microorganisms of the fermented product is depending on the stage and define
by fermentation technology.

Materials and methods

In vitro and in situ microbiological assessment of the sauerkraut samples
was conducted. For isolation and next cultivation of microorganisms — MRS Agar,
Bifidobacterium Broth, URI select Agar, Perfringens Agar (OPSP), Orange Serum
Agar (HiMedia, India), Dehydrated Culture Media Brilliance™ Candida Agar
(formerly Oxoid Chromogenic Candida Agar (OCCA), USA) and nutrient media,
Blood culture Medium had been used. Initial diagnosis of genera and species
diagnosis of the microbial isolates was conducted using selective chromogenic
media (CHROMagar™, USA).

The identification of bacterial species was carried out using substantiated
methods; modified algorithms and semi-automatic biochemical test systems
ENTERO-test 24 and ANAERO-test 23 (Erba Lachema, Brno, CZ). For confirming
(specified) identification, mass spectrometry (MALDI) was used. All Lactobacillus
strains isolated from sauerkraut’ samples and other fermented traditional for Black
Sea region countries’ foods were tested for their sensitivity to antibiotics in order to
identify their marker characteristics, and their antimicrobial and immunomodulatory
properties was also studied [8].

Sauerkraut’ samples were taken under a sampling protocol described
elsewhere [2] and in accordance with national standard.

To compare microbial and organoleptic features of sauerkraut produced
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by the original technology (v. Bedevlya, Tyachiv district) with similar fermented
products the samples obtained from city supermarkets (“Dastor” and “Sil’po”) and
homemade (Uzhhorod) were studied.

Pro- and anti-microbial properties of sauerkraut liquid soluble substance
(juice) were determined at 24; 48; 72 hours. The juice of fermented cabbage was
firstly passed through a filter for its sterilisation (with 44 pm pores (BD Falcon,
USA)) and ability to grow of chosen bacterial strains the representatives of
commensal, beneficial and detrimental microbial groups was studied in vitro and
detected in counted of colony forming units (CFU/ml).

Among the selected for this study bacterial strains were isolated earlier clinical
cultures: agents of nosocomial infections, opportunistic pathogens (Staphylococcus
aureus and Enterobacter cloacea) and pathogenic bacteria caused gastro-intestinal
disorders (Salmonella enterica and Shigella dysenteriae), and also commensal gut
microorganisms (Escherichia coli 058, E. coli (Schaedler), Enterococcus faecalis
and Morganella morganii) as well as other beneficial microbiota representatives
(Lactobacillus acidophilus, Bacillus subtilis 8130, Bacillus subtilis 090). All the
strains are belonged to our Centre’ authors’ collection microbial cultures.

All experiments were performed in triplicate and data were processed using
the software Origin 8.0.

Results and Discussion

Traditional original technology of homemade sauerkraut (v. Bedevlya,
Tyachiv district) is unique and historically documented, and therefore corresponds
to the definition of “traditional food”. The specific conditions of its manufacture — in
particular, are in using the “centenarian” oak barrels containing original microbial
starters on its surface. The product is prepared by traditional technology by aging
it for 4 days in a warm place (t=24-28 °C). After 5-6 days, cabbage is taken from
the barrel, rearranged into a glass container with a lid to stop fermentation. Other
methods of digestion differ primarily by using conventional removable tanks for
fermentation.

Inthe first days of fermentation Candida dubliniensis, C. famata, Enterococcus
faecium, Cryptococcus humicola, Lactobacillus casei, in amount of 10* and
105 CFU/ml, respectively had been detected and isolated. Thus, we can assume
that these bacterial species were in the original microbial starting cultures that
initiated the fermentation process. No significant changes in the microorganisms’
species had been observed, while their total amount increased on the 3™ day, and
particularly for E. faecium up to 103 CFU/ml. On the 11" day two strains of Candida
— C. dubliniensis, C. famata were isolated and L. casei had also been detected
at 107 CFU/ml, while C. humicola was completely replaced by Bifidobacterium
dentium —which were at 10 CFU/ml. According to the genetic sequencing this last
mention here strain finally had been attributed to L. plantarum (by the similarity to
L. plantarum JCM 1149 strain, RDP 1.000).

After the fermentation process all the other sauerkraut samples made by urban
technology and obtained from supermarkets (“Silpo” and “Dastor”’) were analyzed. No
significant differences in the number of bifidobacteria (>10°) had been found. Lactobacilli
strains belong to various species and distinguished by their source of isolation.

92 —— ISSN 2076-0558. MixpoGionozis i Giomexnonozis. 2017. Ne 2. C 90—100 _—



MIKPOBIOJIOLTYHUIT AHAJII3 KBAIIIEHOI KAITYCTH ITPM ®EPMEHTALIII. ..

Namely, from supermarkets samples of sauerkraut the strains of L. delbrueckii were
isolated in an amount of 5x10° CFU/ml while from the samples made by urban
technology the strains of L. casei was found to be at 10° CFU/ml. Enterococci
were found only in supermarket samples at 105 CFU/ml. These data particularly
have been reported earlier with the other results of the microbial content of other
fermented products from Black Sea region countries within BaSeFood project
[9, 10]. The obtained results are summed up in Table 1, indicating a significant
difference in the species composition of microorganisms isolated from different

samples of studied sauerkraut.
Table 1

Microbial strains isolated from sauerkraut in the previous qualitative analysis

Sauerkraut: isolated strains of microorganisms from all the tested samples

Lactobacillaceae / Lactobacillus /

Lactobacillus plantarum, L. curvatus, L. paraplantarum,
L. coryniformis, L. brevis, L. lactis subsp. lactis
Leuconostocaceae / Leuconostoc/

Leuconostoc fallax, L. citreum, L. argentinum, L. mesenteroides
Pediococcus

Pediococcus pentosaceus

Clostridiaceae/Clostridium/

Clostridium buturicum

Candida

Candida dubliniensis, C. famata
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Note: 1-3 — probes selected in supermarkets, 4 — sauerkraut of home-made fermentation,
5-6 — probes selected in v. Bedevlya (original traditional preparation recipe of sauerkraut,
research in situ), + (++, +++) — means the presence of isolated microorganism and its relative
allocation frequency, “— ” — its absence in test samples.

Figure 1 shows the results of stage dependent microbiological assessment of
sauerkraut (in dynamics) selected in v. Bedevlya (original traditional preparation
recipe of sauerkraut, research in situ).

As seen in Figure 1, on the first day of assay the strains of L. casei, C.
humicola, E. faecium, C. famata, C. dubliniensis within 10*-10° CFU/ml have
been isolated. After the 3rd day the same species of microorganisms was allocated
but in increased number — up to 107 — 108 CFU/ml. On the 11th day of study, we
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have shown the reduction of E. faecium down to 10° CFU/ml, growth inhibition of
C. humicola, and isolated in high amount (10’-10% CFU/ml) B. dentium, when the
number of C. dubliniensis and C. famata has not significantly changed. On the 20th
day there were isolated mainly L. delbrueckii (10" CFU/ml), L. casei (10° CFU/ml)
and B. dentium (10’-10*® CFU/ml).

We found also a significant difference in the composition of microbial
associations at the beginning and at the end of fermentation.
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Fig. 1. Microorganisms isolated in situ in the village Bedevlya (Tyachiv district,
Transcarpathian region) from fermented foods (homemade sauerkraut)
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Fig. 2. Regularities of cultivation of microbial cultures’ cocktail during fermentation of
homemade sauerkraut obtained by traditional technology
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Table 3
Results of co-cultivation of sauerkraut juice with tested microorganisms in vitro studies

Tested Number of microorganisms, CFU/ml

Ne microorganisms,
author's strains 24 hours 48 hours 72 hours

1 | B. subtilis 090 (9+0,4)x106 (7£0,1)x106 | (5,5+0,3)x106
2 | B. subtilis 8130 107 (5+£0,2)x107 (9+0,1)x108
3 | E. coli (Schaedler) (5+0,2)x107 0 0
4 | E coli 058 (7+0,3)x106 0 0
5 | S. enterica (1,5+0,1)x108 106 0
6 | S. dysenteriae 108 (5+£0,3)x105 0
7 | E. cloacae (1,540,2)x108 106 0
8 |'S. aureus (6£0,3)x108 | (2+0,1)x104 0
9 | M. morganii 108 (3£0,2)x104 0
10 | L. acidophilus (1,2+0,1)x107 | (3,5+0,4)x108 | (4+0,1)x108
11 | E. faecalis (4+0,3)x107 103 0
12 Z‘Z’;ﬁ?gum ) (5£0,5)x107 108 (2£0,1)x108

Figure 2 shows the particularity and growing specificity of each single
strain’s characteristics in certain microbial co-cultures’ cocktail via putting it into
the general regularities of fermentation process. The strain of E. faecium was found
in sufficient quantities on the 4" day, when the sauerkraut was ready for use. On the
11™ day this strain was also isolated, but in smaller quantities. Opposing increasing
functions were shown for strain L. delbrueckii, which was discovered only on the
20" day (107 CFU/ml). All isolated cultures after a detailed study, detection of
strain-specific markers and certification procedure were deposited in the Collection
of Microbial Cultures of Institute of Microbiology and Virology of National
Academy of Science of Ukraine (IMV NASU) for further use in the preparation of
traditional dishes of personalized application [11]. In comparison by organoleptic
characteristics all the studied samples of sauerkraut meet the requirements of the
national standard [12]. Comparison results shown in Table 2.

Earlier we reported of pro- and anti-microbial properties of isolated
microorganisms [8] and content of biologically active compounds of sauerkraut
produced by the original recipe [1]. Here we present the results of the studied
effect of sauerkraut juice containing microbial starters’ metabolites on tested
microorganisms which belongs to various groups of microorganisms — commensal,
beneficial, potentially pathogenic and detrimental bacterial strains (Table 3).

As it can be seen from Table 3, sauerkraut juice is characterized by
antimicrobial activity concerning the commensal strains of microorganisms E. coli
058, E. coli (Schaedler), E. faecalis and M. morganii and also against the agents of
human nosocomial — §. aureus, E. cloacae and gastro-intestinal — S. enterica and
S. dysenteriae infections. At the same time, we have observed the neutral influence
of the sauerkraut juice on spore forming bacteria and its stimulating effect on strains
L. acidophilus and B. dentinum (L. plantarum).
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Conclusions

As a result of performed in dynamics microbiological study of Ukrainian
fermented product (sauerkraut), produced according to the traditional recipe,
original strains of microorganisms that initiate and trigger fermentation process,
namely C. dubliniensis, C. famata, L. casei, L. delbrueckii, E. faecium, C. humicola,
B. dentium (L. plantarum) have been isolated and identified.

The key microorganisms defying and ensuring the quality of fermented
cabbage as one of the prioritized national foods have been also revealed.

The differences in species and quantitative composition of microorganisms in
the beginning, during and at the end of fermentation in dependence of manufacturing
technology of the product have been carefully monitored, detected and interpreted.

By microbiological and organoleptic indexes all the studied sauerkraut’
samples made by different technologies, in general corresponded the general
requirements for products of this type, but differed significantly in quality,
consistency, smell and odor.

The best studied food product was sauerkraut made by the original traditional
technology (Bedevlya village, Tyachiv district). We have studied pro- and
antimicrobial properties of sauerkraut juice, showed its ability in vitro to inhibit
growth of commensal (E. coli 058, E. coli (Schaedler), E. faecalis, M. morganii),
potentially pathogenic (S. aureus, E. cloacae), and pathogenic microorganisms
(S. enterica, S. dysenteriae) and stimulate the growth of lactobacilli (L. acidophilus,
B. dentinum (L. plantarum) while not exerting any detectable effect on spore
forming aerobic bacteria (B. subtilis, strains 090 and 8130).

Isolated from fermented in local conditions by original traditional recipe
sauerkraut key beneficial microorganisms are in high interest for its further
examination and next application for the sustainable obtaining a qualitative and safe
product(s), and on the other hand for their potential usage as probiotic strains (starters)
in the manufacture of modern functional food of personalized implementation.
Isolated Lactobacillus strains are deposited in the Depository of microbial cultures
of IMV NASU for further use in the preparation of traditional dishes of personalized
application.
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MIKPOBIOJIOTTYHUI AHAJII3 KBAIIEHOT
KAIIYCTH IIPU ®EPMEHTALIT 3A TPAIMLIITHOIO
TA MOJIEPHI3OBAHOIO TEXHOJIOT ISIMU

Pedepar

Mema. Memoto danoi pobomu € 00CHIONCEHHs BIOMIHHOCMEL Y KIIbKICHOMY |
SKICHOMY CKAAOL MIKpOOp2anizmie, wo bepymos yuacmo y npoyeci gpepmenmayii
VKpPAinCcobKoi mpaouyitinoi cmpasu — KeauieHoi Kanycmu 3a pi3HUX yMos ii 6u-
comoenennsi. Memoou. Mikpobionoziuni memoou 00Cniodxicenb Osl GUOLICHHS
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(KVIbMUBYSAHHS HA CENEKYIUHUX XPOMO2EHHUX cepedosuyax) ma ioenmugixayii
[301606AHUX MIKPOOP2AHIZMIE 3 GUKOPUCTNAHHAM HANIBAGMOMAMUYHUX OIOXIMIY-
HUX mecm-cucmem i memooy nazepHoi oecopoyii (MALDI). Pesynemamu. Bcma-
HOBJLEHO 3MIHU MIKPOOIONO2IUHO20 CKAAOY 3PA3Ki6 KANYCmu K8AuleHol, 8i0I0paHux
Ha pizHUX cmaodisx 6podinHs 6 npoyeci il hepmenmayii 3a MpaouyiliHow J10KAlb-
HOIO | MOOEPHI308aAHOI0 CYHACHOIO mexHono2iamu. 3okpema wmamu Lactobacillus
delbrueckii 6ynu i3onvo6ani 3 ycix npomecmoSanux 3paskié (hepmenmosanoo
npodykmy, modi sik wmam L. casei eudinsiu nuwe i3 3pasKky KeauleHol kanycmu,
BU20MOBNIEHOI 34 OPUSTHANLHOIO peyenmyporo. ¥V yux dice 63ipysax Ha npomueazy
mum, KL OYIU 8USOMOBILEHI 3a NPOMUCTIOB0I0 MEXHONL02IEI0, KIIbKICMb 130/1606a-
HUX Wmamie enmepoxokie oyna Hesnaunor. Bucnoexu. Ompumani pesyromamu
ceiouams npo Cymmesi 6iOMIHHOCMI Y SAKICHOMY I KLIbKICHOMY CKIa0I i30/1606a-
HUX MIKPOOP2AHIZMIE ) OOCHIONCEHUX G3IPYIX 6 3ANEeHCHOCMI 6i0 MemoooLo2il
6pOOIHHS KéaweHOT Kanycmu. Bcmanosieno HassHicms icmomnoi pisHuyi y ckiaoi
acoyiayit MiKpOOPeaHizMie Ha NOYamky [ 6 KiHyi OPOOIHHs K8AUeHOI Kanycmu.

Kniouoei cnosa: mpaduyitini cmpasu, Keauena Kanycmad, opuzinaibHa peyen-
mypa, npoyec gpepmenmayii, MIKpOOHUU CKAAO.
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MHUKPOBUOJIOTMYECKUN AHAJIN3 KAITYCThI
BEJIOKAYAHHOM (KBAIIIEHOM), U3 OTOBJIEHHOM
COIUNIACHO TPAJJULIMOHHOMN N
MOJIEPHU3UPOBAHHOM TEXHOJIOT' U
BPOKEHUS

Pedepar

Lens. Lenvio Oannoll pabomul A613emcs MUamenrbHoe UCCIe008aHIe Pa3TUYUL
6 KONUYeCMBEHHOM U KA4eCMBEHHOM COCMABe MUKPOOPSAHUIMOG, NPUHUMAIO-
wux ywacmue 6 npoyecce gepmenmayuy yKpauHcko2o mpaouyuonno2o oaooa
— KéauleHou kanycmeol (6e10KOUaHHOU) NPU PA3TULHBIX YCIOBUSAX ee U320MmOogJie-
Hus. Memoowsl. Muxpobuonozuyeckue memoovl UCCIe008aHUL Ol BblOeNeHUs
(KVIbMUBUPOBAHUS HA CENeKYUOHHBIX XPOMOSEHHBIX cpedax) u udeHmuguxayuu
UBONUPOBAHHBIX MUKPOOPLAHUBMOB: C UCNONb308AHUEM NOLYAGMOMAMUYECKUX
ouoxumuyeckux mecm-cucmem u memooa aazeprou oecopoyuu (MALDI). Pe-
synbmamat. Onpedenensvi UsMEHEeHUsI MUKPODUOLO2ULECKO20 COCMABa 00pa3yoe
K6auleHOl Kanycmol, OMoOPannbIX HA PA3IUYHBIX CMAOUAX OPodICcenUs 8 npoyec-
ce ee hepmenmayuu no MpaouyUOHHOU JIOKANLHOU (OPUSUHATLHOL) peyenmype
U U320MOBIEHHOU NO MOOEPHUSUPOBAHHOU COBPEMENHOU mexHono2uu. B uacm-
Hocmu wmammsl Lactobacillus delbrueckii 6viiu usonuposanwvl uz ecex npome-
CMUPOBANHBIX 0OPA3Y08 hepMEHMUPOBAHHO20 NPOJYKMA, Mo20a Kak wmamm L.
casei 8bl10€JIANU MOALKO C 00paA3yad K6AWEHOU KAnYyCmbyl, U320MOGLEHHOU NO OpU-
2UHANLHOU peyenmype. B osmux dice 06pazyax ¢ npomugogec mem, Komopule Ovliu
U320Mo6NeHbl N0 NPOMBIUIECHHOU MEXHOI02UU, KOIUYECMBO U30AUPOBAHHBIX
WmMammos 3HMeEPOKOKKO8 Ovlia HezHauumenvHou. Bweleoowl. Ilonyuenmnvie pe-
3YAMamul C8UOCMENbCMEYIOM O CYWeCMEEHHbIX PA3IUYUAX 8 KAUeCHEEHHOM U
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MIKPOBIOJIOLTYHUIT AHAJII3 KBAIIIEHOI KAITYCTH ITPM ®EPMEHTALIII. ..

KOAUYECMBEHHOM COCMAse U30TUPOBAHHBIX MUKPOOP2AHUIMOB 8 UCCTe008AHHbIX
006pasyax 8 3a8UCUMOCIU OM Memoooro2uu bpoxceHus KéaweHou kanycmol. Ilo-
KA3aHO HAIuyUe CyujecmseeHHoll pasHulybl 8 COCMase accoyuayuil MUKpOOp2aHus-
MO8 8 Hauae U 8 KOHYe OpOd#CeHUs K8AUEeHOU Kanycmal.

Knwouesvie cnoea: mpaouyuonuvie 61100a, Keauienas Kanycma, OpueUHaIbHAas
peyenmypa, npoyecc ghepmenmayui, MUKPOOHbIL COCMAB.
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