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TOLERANCE OF YEASTS ISOLATED FROM PICKLED
CUCUMBERS TO STRESS FACTORS

The aim of this work was to study yeast microbiota composition of market pickled
cucumbers, its tolerance to various stress factors (salt and sugar stress, food preservative
tolerance) and hydrolytic activities that could contribute to the product spoilage. Methodes.
Yeast strains from pickled cucumbers were isolated by serial dilution method and identified
according to phenotypic characteristics. Stress tolerance and hydrolytic properties of the
isolated strains have been studied. Results. 23 yeast strains were isolated from nine sam-
ples of pickled cucumbers and brine. The yeast numbers isolated from the samples varied
from zero to 9.3x10° CFU/ml. Most of isolated yeasts belonged to species Debaryomyces
hansenii (26,1%), Wickerhamomyces anomalus (30,4%) and to genus Pichia (26,1%,). The
isolated strains demonstrated various levels of tolerance to such food preservatives as
weak organic acids - relatively sensitive to sorbic and acetic acids, sorbic acid being most
inhibitory of all the studied substances, but exhibiting a high tolerance to benzoate and
propionate. Most isolated strains were osmo- and halotolerant while some exhibited high
sodium chloride tolerance (MIC higher than 15% NaCl). MIC of NaCl for some isolated
strains were 1.5-2-fold higher on agar medium compared to broth medium. All but one of
isolated strains possessed lipolytic properties and none exhibited cellulolytic activity, 13%
isolates were proteolytic. 56.5% of the isolated yeasts fermented glucose. Conclusions.
This work provides characterization of yeast microbiota of pickled cucumbers demonstrat-
ing their tolerance to salt and osmotic stress and sensitivity to such food preservatives as
sorbic and acetic acids. The isolated yeasts could potentially cause the spoilage by gas
formation or lipid hydrolysis but mostly lack hydrolytic activity that could affect the final
quality of the product.
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Fermentation is a method of food preservation well-known from ancient
times. Pickled cucumbers are thought to be first produced in the Middle Yeast
around 2000 BC [1]. Fermented vegetables are one of the most favourite food
products in Ukraine [2]. Many people prefer home-made pickled products,
however the problem of quality monitoring arises.

The quality of pickled products is preserved due to high salt content
and low pH which prevents the development of undesirable microbiota [1].
Sodium chloride content in brine used for the production of pickled
cucumbers on the industrial scale usually comprises up to 10% [3] thus
permitting the growth of halotolerant microorganisms. The yeasts are
known to be present in pickled foods in comparatively high numbers,
e.g 10%-10° cells/ml in pickled cucumbers [4], up to 10° cells/ml in
fermented olives [5]. Halotolerant yeasts are capable of causing spoilage of
fermented vegetables due to gas formation (bloating) and film formation [6]
and also off-flavours and off-odours [7], although spoilage caused by yeasts
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does not usually results in human diseases as yeasts are rarely pathogenic
and do not produce toxins [7]. However yeast tolerance to low pH, high
salt concentrations and common food preservatives, including weak organic
acids, are the factors which determine the survival and multiplication of these
microorganisms in foods with high acidity and salt content [8]. Therefore, the
monitoring of yeast microbiota in fermented products especially in home-made
products is an important aspect of food production.

The aim of this work was to study yeast microbiota composition of market
pickled cucumbers, its tolerance to various stress factors (salt and sugar stress,
food preservative tolerance) and hydrolytic activities that could contribute to
the product spoilage.

Materials and methods. Yeast enumeration and isolation from pickled
cucumbers. Four samples of pickled cucumber brine and five samples
of pickled cucumbers were obtained at the local markets in Kiev and
Bila Tserkva. Samples were analyzed the same day on arrival. pH of the
samples was determined using pH meter I-160 MI. Prior to analysis the
surface of the cucumbers was removed using the sterilized knife. 9 ml
of 0.9% NaCl solution was added to 1g sample of cucumbers and was
homogenized in the homogenizer MPW-302. Appropriate decimal
dilutions of the samples (cucumbers and brine) were made in 0.9% NaCl
solution and 0.1ml of each dilution was inoculated in triplicate on agar
plates containing YPD medium (10 g/l yeast extract, 20 g/l peptone,
20 g/1 glucose, 20 g/l agar) and YPD medium containing 6% NacCl, final
pH=5.0, supplemented with 100 mg/l chloramphenicol and 1.5 g/l sodium
propionate to inhibit bacterial and fungal growth. The plates were incubated at
25-26°C for 1 week. Each morphologically distinct colony was microscopically
examined and colonies belonging to yeasts were counted and selected for
further research. Each strain was purified by streaking on YPD agar at least 3
times.

Phenotypic identification of isolated yeasts. Isolated yeast strains were
characterized based on their morphology, spore and pseudomycelium
formation, assimilation of carbon and nitrogen sources, sugar fermentation
and other physiological tests performed according to Kurtzman et al [9].

Determination of osmo- and halotolerance of isolated yeasts. Halorolerance
of the isolated yeasts was tested in YPD broth containing 10-20% sodium
chloride and on YPD agar medium containing 7-15% sodium chloride. The
ability of yeast strains to grow at high sugar concentrations was tested in YPD
medium containing 50-80% glucose. Suspensions of 48-hour yeast culture
grown on YPD agar slants at 25-26°C were placed in duplicate on agar plates
using a multipoint inoculators. The plates containing NaCl agar medium were
incubated at 25-26°C for 2 weeks, while those with glucose agar — for 4 weeks.

The initial yeast concentration in broth media comprised 3-4x10* CFU/ml.
The tubes were cultivated at 25-26°C for up to a month. Yeast growth at high
glucose concentration was observed by serial dilutions on YPD agar plates due
to high viscosity of the medium while yeast growth at high NaCl concentration
was measured by optical density at 540 nm [10].

Determination of weak acids tolerance of isolated yeasts. The ability of
yeast strains to grow in medium containing weak acid preservatives was tested
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on YPD agar medium containing sorbic acid, benzoic acid, propionic acid,
acetic acid. The preservatives were added to YPD medium after sterilization
from stock solutions and pH of media was adjusted to pH 3.5 and 5.5 with HCI
or KOH. Acetic acid was added directly to the medium. Benzoic acid stock
solution was prepared using sodium benzoate, propionic acid stock solution —
from sodium propionate. Sorbic acid was dissolved in ethanol before addition
to the medium. Suspensions of 48-hour yeast culture grown on YPD agar
slants at 25-26°C were placed in duplicate on agar plates using a multipoint
inoculator. The plates were incubated at 25-26°C for 1 week. Minimal
inhibitory concentration (MIC) of the studied substances was considered the
lowest concentration to completely inhibit yeast growth [10].

Determination of hydrolytic activity of isolated yeasts. The ability of the
isolated yeasts to hydrolyze lipids or long-chain esters (lipolytic and esterase
activity, respectively) was determined on two different agar medium. Plates
were incubated at 25-26°C for 1 week. Lipolytic activity was determined on
tributyrin agar (5 g/l peptone, 3 g/l yeast extract, 10g/1 tributyrin, 15 g/l agar, final
pH 6.0). The appearance of the clear zone around yeast colonies in the opaque
tributyrin agar indicated the presence of lipolytic activity. Esterase activity was
determined on tween-80 agar (10g/1 peptone, 5g/l NaCl, 0.1 g/l CaCl,x2H,0,
10g/1 tween-80, 20 g/l agar). The formation of precipitate around yeast colonies
demonstrated positive esterase reaction. Plates were incubated at 25-26°C for
1 week [11].

Cellulolytic activity was determined on agar YPD medium supplemented
with 0.5% carboxymethylcellulose. Plates were incubated at 25-26°C
for 5 days. Yeast colonies were removed from the plates by rinsing with
distilled water and agar was stained with 0.03% Congo Red followed
by destaining with 1M NaCl. The formation of the hydrolysis zone
around colonies indicated the presence of cellulolytic activity [11].
Proteolytic activity was determined by hydrolysis of gelatin. Briefly,
yeasts were cultivated in YNB broth containing 5 g/l of glucose and
100 g/l gelatin for 3 weeks at 25-26°C. Strains able to liquefy gelatin were
considered positive for protease [9].

Results. pH of the obtained samples varied from 3.41 to 4.25, in good
agreement with the published data [1] (Table 1).

Such low pH would inhibit the growth of most bacteria at the same
time creating favourable conditions for yeast replication [1]. Yeast
counts greatly varied among samples of brine and pickled cucumbers
obtained from the local markets. The highest yeast number was observed
in samples F and H — 9.3x10° CFU/ml and 9.15x10°CFU/g or ml
respectively and in sample B — cucumber brine obtained from the market in
Kiev - 3.86+0.23x10° CFU/ml. Two samples of brine and cucumbers (G and J)
did not produce any yeast counts while the remaning samples produced yeast
counts ranging from 3.63+0.2x10%to 2.2340.15x10* CFU/g or ml.

36 ISSN 1028-0987. Mixpobion. scypn., 2017, T. 79, Ne 5



Table 1

Yeast counts in brine and pickled cucumbers samples

Yeast count (CFU/g or ml of sample)
Sample Source pH of the (+standard deviation)
sample YPD YPD+6% NaCl
A cucumber brine, marketin | 55| 6931025100 | 2.76+0.11x10°
Kiev
cucumber brine, market in
B . 3,45 3.86+0.23x10° 2.814+0.27x10*
Kiev
C pickled cucumbers, 381 | 2.23+0.15x10° | 5.3+0.57x10'
market in Kiev
pickled cucumbers,
D S 3,41 9.23+0.25x10? 3.53+0.2x10?
market in Kiev
E pickled cucumbers, 425 3.63+0.2x102 -
market in Kiev
- - n .
8 cucumbe_r brine, market in 3.65 9.340.17x10° 4.07+0.15x10
Bila Tserkva
cucumber brine, market in
G Bila Tserkva 3,91 ) )
pickled cucumbers, 5
+ -
H market in Bila Tserkva 3,54 9.15+0.62x10
I pickled cucumbers, 3.9 i i
market in Bila Tserkva ’
Note: “-” — absence of yeast growth

The number of yeast counts grown on plates with YPD supplemented
with 6% NaCl was mostly one or more orders of magnitude lower than
those observed on YPD plates (Table 1, Samples A-C). No yeast growth was
observed on YPD-NaCl plates inoculated with samples E and H which means
that either halotolerant yeast counts in these samples were too low to detect or
they were altogether absent.

23 yeast isolates with distinct morphotype were selected, purified
and characterized by their morphology, ability to assimilate and ferment
carbon and nitrogen sources and other phenotypic traits. According
to these characteristics most isolated yeast strains belonged to species
Debaryomyces hansenii (26.1% isolated strains), Wickerhamomyces
(Pichia) anomalus (30.4% isolated strains) and to genus Pichia (Table 2).
Several different yeast strains were found in the most selected
samples - from 2 to 6 isolates in each sample, excluding the sample H, there
the single yeast strain identified as Pichia sp was isolated.

Most of isolated yeasts could survive the presence of 10% NaCl both in agar
and broth medium, though MIC of salt in agar medium were somewhat higher
compared to that in broth increasing even 2-fold for the strain Pichia sp. H1
(Table 3). While 69.5% of the isolates tolerated the presence of 15% NaCl
in agar medium only 4 yeast strains (17.4%) were able to grow in the broth
containing 150 or more g/l NaClL.
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Table 2
Phenotypic identification of yeasts isolated from pickled cucumbers

Yeast . Yeast .
. Yeast species/genus . Yeast species/genus

stramn strain

Al Debaryomyces hansenii D1 W. (Pichia) anomalus

A2 Pichia membranifaciens D2 W. (Pichia) anomalus

A3 Pichia sp. D4 P. membranifaciens

A4 Candida sake El D. hansenii

Bl Wickerhahomyces (Pichia) anomalus | E2 Pichia sp.

B2 W. (Pichia) anomalus E3 | Kregervanrija fluxuum (Candida vini)

B4 W. (Pichia) anomalus F1 Pichia sp.

BS5 D. hansenii F3 D. hansenii

B7 W. (Pichia) anomalus F4 D. hansenii

B8 W. (Pichia) anomalus F5 Torulaspora sp.

Cl D. hansenii o

C2 Torulaspora delbrueckii Hl Pichia sp.

Table 3
NacCl tolerance of the isolated yeasts in agar and broth media
MIC MIC in MIC MIC in MIC MIC in
Yeast | in agar broth Yeast in agar broth Yeast in agar broth
strain | medium, | medium, | strain | medium, | medium, | strain | medium, | medium,
g/l g/l g/l g/l g/l g/l

Al 100 >150 B7 120 >150 E2 120 >150
A2 100 150 B8 150 >150 E3 70 100
A3 100 150 Cl 150 >150 Fl 120 150
A4 150 >150 C2 100 >150 F3 180 >150
Bl 150 >150 D1 150 >150 F4 180 >150
B2 150 >150 D2 120 >150 F5 120 150
B4 150 >150 D4 120 120 50
BS 180 >150 El 180 >150 HI 100

Sodium chloride effect on living cells is mostly determined by toxicity
of specific ions and osmotic shock [12]. As high glucose concentrations
result in similar hypertonic effect osmotolerance of the isolated yeasts has
been studied, e.g. the ability to grow at 50-80% glucose concentration.
None of the studied yeasts could survive in 60-80% glucose broth.
Most of isolated yeasts were able to grow at 50% glucose concentration
either on agar or broth medium. After 1 month cultivation under
static conditions in 50% glucose broth cell numbers varied from zero
(T. delbrueckii C2, K. fluxuum E3) to 3.48x10® CFU/ml (Table 4). The highest
yeast concentration in 50% glucose YPD broth was observed for some isolates
at 14-17-th day of cultivation with the gradual decrease in yeast numbers after
that period (Fig. 1).

The isolated yeasts were tested for their tolerance at pH 3.5 and 5.5 to
weak acid preservatives commonly used in food industry for the long-term
preservation of food products, e.g. propionic, sorbic, acetic and benzoic acids
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(Fig. 2). The antimicrobial effect of these substances is most pronounced at
low pH, as the content of undissociated acid considerably decreases with
pH increase, e.g. for sorbic acid from 99% at pH 3.5 to 37% at pH 5.5 [13].
Sorbic acid was the most inhibitory for the isolated yeasts among all the tested
substances — MIC of sorbic acid was 0.1-0.25 g/l at pH 3.5 and 0.5-1 g/ at
pH 5.5 (Fig. 2, A).

Table 4
Yeast numbers in 50% glucose broth after 4 weeks cultivation
Yeast Yeast numbers, Yeast Yeast numbers, Yeast Yeast numbers,
strain CFU/ml strain CFU/ml strain CFU/ml
Al 4,38x107 B7 7,27 x107 E2 5,62 x107
A2 1,32 x108 B8 2,87 x108 E3 0
A3 5,03x107 Cl 2,12 x108 F1 5,53 x107
A4 1,68 x108 C2 0 F3 8,1 x107
B1 3,48 x108 D1 2,42 x108 F4 1,32 x108
B2 1,57 x108 D2 3,3 x108 F5 1,42 x107
B4 2,89 x108 D4 3,47 x107 ;
B5 1,22 x108 El 6,1 x107 HI 4,37x10
E 1 F4 2
g /N _ 2 A
5 10 E T
%‘ 8 J/ \ % 15 // \\
2 A e = / ~
P pa — 5 10 /
3 4 £
e i 5
; 2 5
20 ‘ £ 0 o 2 30
0 10 Time, day

Time, day

Figure 1. Growth of halotolerant yeasts D. hansenii E1 (A) and D. hansenii ¥4 (B) in
YPD broth containing 50% glucose under static conditions

Sodium benzoate is considered safe for use in food industry in concentrations

up to 1 g/l [13]. The growth of the majority of the isolated yeasts was inhibited
by 0.5-5 g/l of sodium benzoate at pH 3.5 while at pH 5.5 MIC of sodium
benzoate for the studied yeasts increased 10-folds and higher (Fig. 2, C).
The studied yeasts were highly tolerant to sodium propionate - most could
grow at 40 g/l propionate at pH 3.5 and 5.5 (Fig. 2, D).

We have determined the ability of the isolated yeasts to ferment
carbohydrates (namely glucose) and hydrolyze such substrates as lipids,
ethers, proteins and cellulose (Fig. 3). None of the isolated yeasts exhibited
cellulolytic activity, 95.6% were lipolytic, while only one strain Pichia sp. A3
was esterase-positive, proteolytic acitivity was found in 13% yeast strains.
Glucose fermentation was detected in 56.5% yeast isolates.
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Figure 2. Tolerance of the isolated yeasts to weak organic acids: sorbic acid (A), acetic
acid (B), sodium benzoate (C), sodium propionate (D).
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Figure 3. Hydrolytic and fermenting properties of isolated yeasts

Discussion. The various studies on yeast microbiota of pickled
cucumbers produced varied yeast numbers — from complete absence of
yeast growth [14] to 10°-10°cells/ ml or gram of the product [15]. As
Stratford has noted the yeast numbers in food products up to 10* cells/ml
do not apparently influence the quality and taste of the product and
food spoilage would be caused by significantly higher yeast populations
(10°-10° cells per ml or gram and higher) [7]. Most of samples obtained
from Kiev and Bila Tserkva produced yeast counts in the range of
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10* CFU/g or ml or lower therefore yeast populations in these samples should
not negatively affect the quality of the product however two samples of brine
and one sample of pickled cucumbers contained higher numbers of yeasts
thereby potentially causing the spoilage of the product.

Yeasts we isolated from pickled cucumbers predominantly belonged to
D. hansenii, W.anomalus and to genus Pichia. The representatives of genera
Debaryomyces and Pichia are frequently found in various food products [16].
D. hansenii is a well-known spoilage yeast inhabiting foods with low water
activity and high salt content. Pichia sp. strains are persistently isolated from
processed foods and can cause spoilage of processed fruits and pickles. The
yeast microbiota of high-salt cucumber brines comprised the representatives of
genera Candida, Pichia, Torulaspora, Zygosaccharomyces and others, while
film-forming yeasts belonged to D. hansenii, Pichia ohmeri, Isaatchenkia
orientalis and Zygosaccharomyces rouxii [17]. So yeast microbiota from the
obtained samples of pickled cucumbers comprised yeasts frequently isolated
from food products including foods with high salt content.

Sodium chloride is one of the earliest known food preservatives. Usually
salt content in brine for vegetable fermentation is 4-6% although may rise
up to 10% [3] thus allowing growth of mainly halotolerant or halophilic
microorganisms. The ability to survive salt stress is one of the known
characteristics of spoilage yeasts [7]. The majority of the isolated yeasts could
tolerate high salt concentration (10% NaCl or more) in the medium, although
we observed the variation in MICs of sodium chloride in both and agar
media. Such discrepancy was observed for microorganisms when determining
resistance to antimicrobial substances, where MICs on solid medium could be
considerably higher than in broth [18].

Weak organic acids (sorbic, acetic, propionic etc.) are well-known food
preservatives used to inhibit the growth of undesirable microbiota. The effect
of propionic, sorbic, acetic and benzoic acids on yeasts isolated from pickled
cucumbers has been studied. The tolerance of the isolated strains to sorbic
acid was similar to that of Pichia guilliermondii and Candida halophila strains
isolated from spoiled products with high sugar content by Martorell et al. [10]
while MIC of acetic acid for yeasts isolated by us was several times lower. At
pH 4 MIC of sorbic acid for Saccharomyces cerevisiae was 0,34-0.39 g/l while
for the spoilage yeast Zygosaccharamyces bailii - 2-3-folds higher [19].

Shimazaki et al. observed a 10-fold increase in MIC of sodium benzoate
for Saccharomyces cerevisiae from 0.8 g/l at pH 4 to 8 g/l at pH 5 and 15-
fold increase in MIC at pH 6 —to 12 g/, the similar pattern was observed for
Candida albicans [20]. Garnier et al studied tolerance to food preservatives of
various yeasts and moulds isolated from dairy products at pH 5 and MICs of
sodium benzoate for such yeasts as Candida parapsilosis, Meyerozyma (Pichia)
guillermondii, Rhodotorula mucilaginosa was 1-2 g/l [21] while for the most
isolated by us yeasts MIC of sodium benzoate at pH 5.5 comprised 20 g/l
or higher. At the same time spoilage yeasts belonging to Zygosaccharomyces
known for their remarkable resistance to food preservatives exhibited a much
higher tolerance to weak organic acids e.g. at pH 4 MIC of sorbic acid was
0.3-1 g/l, acetic acid — 6.4-33.6 g/I, however tolerance to benzoic acid was
compared to that of the studied isolates (MIC 0.4 g/l or higher) [10]. MIC of
sodium benzoate for Pichia anomala and Candida albicans at pH 5.2 was
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0.1-1 g/l [22]. Therefore we may conclude that yeasts isolated from pickled
cucumbers exhibited high tolerance to benzoic acid at pH 3.5 and 5.5.

Propionate is known for its antimold activity at the same time being much
less effective against yeasts and bacteria [13]. Garnier et al. determined MIC
of calcium propionate higher than 3 g/l for spoilage yeasts [21] while MIC of
0.5-5 g/l of propionic acid was observed for P. anomala and C. albicans at
pH 3.6 [22], some registered the lack of inhibitory effect of propionate against
yeasts altogether [23]. Interestingly Moon observed growth inhibition of
several yeast strains by comparatively low concentrations of propionate, e.g.
less than 10 g/l at pH 4.5 [24]. Thus, yeasts isolated from pickled cucumbers
exhibited a comparatively low tolerance to sorbic and acetic acids while being
resistant to benzoate and propionate action.

The major spoilage of fermented vegetables caused by yeasts is because
of gas formation (bloating) or the changes in flavor characteristics due to
hydrolytic activities of microorganisms [7]. Usually pickled cucumbers can
contain up to 3.7% carbohydrates, 0.39% lipids, 0.5% proteins [25]. The
majority of the isolated yeasts were lipolytic and could ferment glucose.
So, it could be concluded that yeasts isolated from nine samples of pickled
cucumbers and brine could potentially cause the spoilage by gas formation or
lipid hydrolysis but mostly lack hydrolytic activities that could affect the final
quality of the product.

Conclusion. Microbiota of fermented vegetables could play a positive role
in the product development producing desirable flavours and substances and
inhibiting the growth of the unwanted microorganisms. However in some cases,
especially in acidic and high salt or sugar foods where bacterial reproduction
is inhibited yeast activity can result in undesirable changes in the food quality.
The obtained results conclude that yeasts isolated from pickled cucumbers
are tolerant to salt and osmotic stress while are comparatively sensitive to
such food preservatives as sorbic and acetic acids, especially at low pH. The
fermenting activity of the isolated yeasts could result in gas formation thus
leading to the spoilage of the product.

0./1. Anesa

IHemumym mikpo6ionoeii i éipyconoeii imeni J{.K. 3abonomnoco HAH Yxpainu,
8y Axademixa 3abonomnoeo, 154, Kuis, 03143, Yrpaina
CTIAKICTb JO CTPECOBUX ®AKTOPIB JAPIXKXKIB,
I30JIOBAHUX 3 COJIOHUX OI'TPKIB

Pesrome

Mertoto 1i€i poOoTH OyII0 TOCTIIUTH CKIIaJ] APIKIKOBOT MIKPOOIOTH COJIOHUX OTIpPKIB,
CTIMKICTD APIXKIDKIB 10 PI3HUX CTPECOBHX (PAKTOPIB (COIBOBOTO Ta OCMOTUYHOTO CTpPECY,
XapyoBHMX KOHCEPBAHTIB) Ta IX I'iAPOIITUYHI BIACTHBOCTI, IO MOXYTb IPHU3BECTH 10
ncyBaHHs poaykty. Meroau. KyiabTypu IpiXIDKIB 3 COIOHUX OTIpKiB OyJM 130J1bOBaHi
METOZIOM CEpiHHIX PO3BEICHB Ta iIeHTH(IKOBaHI BiAMOBIIHO 10 (CHOTUIIOBHUX O3HAK. byro
BH3HAYEHO CTIMKICTh 130IbOBAHUX APLKIKIB 10 CTPECOBHUX (PAKTOPIB Ta iX TiAPONITHYHI
BiacTuBoCTi. Pesyabrarn. 23 mramu ApihKIKIB Oyllo 130760BaHO 3 9 3pa3KiB COJTOHUX
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oripkis Ta poscomny. KinbkicTs Apix/DKIB B 3pa3kax BapiroBaia Bimg Hyms 10 9.3x10° KYO/mi.
BinporicTs 1301p0BaHUX MITaMiB HalEXKaMHu A0 BUAIB Debaryomyces hansenii (26,1%),
Wickerhamomyces anomalus (30,4%) Ta no pony Pichia (26,1%). Bunineni npixmxki
JEMOHCTPYBAJIH Pi3HUNW PIBEHb CTIHKOCTI JO0 Xap4OBHX KOHCEPBAHTIB — CIIA0KUX
OpPTaHIYHUX KUCIOT: Oyau JOBOJI YyTIHBI A0 Aii COPOIHOBOI Ta ONTOBOI KUCIOT, aye
MIPOSIBIISIIIN BUCOKY CTIHMKICTB JI0 TpomioHary Ta 6enzoary. CopOiHOBa KHCIIOTa Maja
HAMOLIBII MPUTHIYYIOUY JIIF0 Cepel JOCIIKSHNX KOHCEPBAHTIB. BUIBIIICTh 130J1b0BaHUX
JIPDKIDKIB OyITM Tajio- Ta OCMOTOJNEPAHTHUMH, A 3 HUX MPOSBIBUINA BHCOKY CTIHKICTBH
1o xyopuay Harpiro (MIK Bume 15% NaCl). MIK xmnopuay Harpiro s psity i3051TiB
Oysa B 1,5-2 pa3u BUIlle Ha arapu30BaHOMY CEPEIOBHII, HIK B pinkomy. 22 3 23 i30J4TiB
TiZpoJi3yBadu TpUOYTHUPHH, JKOJAEH HE BHUSABISIB IIEIIONOIITHYHAX BIACTHBOCTEH,
13% mramiB Oyau mpoTeOMiTHUHUMH, 56,5% Oynu 31aTHI 30pOKYBaTH IIIIOKO3Y.
BucnoBku. B po6oti pocnimxeHuil ckian AphKIKOBOI MIKPOOIOTH COJOHHX OTIpPKIB,
MIPEJCTaBICHA CTIHKICTh APIKIKIB O COIIBOBOTO Ta OCMOTHYHOTO CTPECIB Ta Yy TJIUBICTD
JI0 TAKMX XapuOBUX KOHCEPBAHTIB, SIK COPOIHOBA Ta OLTOBA KUCIIOTH. [30760BaH1 Ipixk/IKI
NOTEHIIIHO MOXYTh BUKJIMKATH IICYBaHHS IPOAYKTY Yepe3 ra30yTBOPEHHs abo rifpoi3
JMiiB, ane, MepeBakHO, HE MAIOTh TiAPOJITHYHIX BIACTUBOCTEH, IO MOJKYTH BIUTMHYTH
Ha AKICTb MIPOIYKTY

Kniouoei cnoea: coioHl OTipKH, APIXKIXKI, CTIKKICTh 10 CTpeCcOBUX (HAKTOPIB,
TiAPOMITHYHI BTaCTHBOCTI.

O./1. Anesa

Hnemumym muxpoduonoeuu u supyconoeuu um. I.K. 3a6oromnoco HAH Ykpaurel,
. Akademuxa 3a6onomnoeo, 154, Kues, 03143, Ykpauna

YCTOMYHUBOCTH K CTPECCOBBIM ®AKTOPAM JIPOXKIKEM,
BBIJEJIEHHBIX U3 COJIEHBIX OI'YPIIOB

Pesrome

Heabo nanHOil paboThl OBLIO HCCIIENOBATh COCTAB JPOXKIKEBOH MUKPOOHOTHI
COJICHBIX OTYPIIOB, CTOMKOCTh APOXIKEH K Pa3TMIHBIM CTPECCOBBIM (haKTOpaM (COIICBOMY
U OCMOTHYECKOMY CTpEcCy, ITUIIEBBIM KOHCEPBAaHTAaM) M THAPOIUTHYECCKUE CBOHCTBA
JPONOKE, KOTOPBIE MOTYT IIPUBECTH K ropye npoaykra. Metoaspl. LLtammbl qposxokeii ObLn
BBIJICTICHBI U3 COJICHBIX OT'YPIIOB METOIOM CEPHIHBIX Pa3BEACHUN M NACHTH(UIINPOBAHBI
COmacHO (pEeHOTHITMYECKUM IIPU3HAaKaM. bbutn onpeiesieHbl yCTOWYNBOCTD BBIICICHHBIX
IPOXOKEH K CTPECCOBBIM (DaKTOpaM M MX THAPOJMTUYCCKHE CBOWCTBA. Pe3yibrarhl.
23 mTamMMa ApokKeil ObUIO BBIAENTEHO M3 9 00pa3IoB COJEHBIX OTYPIIOB U paccoda.
KonudectBo apoxokedl B oOpasinax BapbupoBano oT Hyns a0 9.3x10° KOE/mu.
BonbmMHCTBO BBIIETIEHHBIX IITAMMOB OBLIO OTHECEHO K Bumam Debaryomyces hansenii
(26,1%), Wickerhamomyces anomalus (30,4%) u pony Pichia (26,1%). BeineneHasie
JPOXKHU TTPOSIBIISIIN PA3HYIO CTETICHBb YCTOIYMBOCTH K ITUIIIEBBIM KOHCEPBAHTaM — CIa0bIM
OpPTaHMYECKUM KHCJIOTaM: OBUIM YyBCTBUTEIBHBI K COPOMHOBON M YKCYCHOH KHCIIOTE,
HO JIEMOHCTPHPOBAJIN BBICOKYIO YCTOHYMBOCTH K NMPONHMOHATY U OeH3oaty. CopOnHOBas
KHCJIOTa MpOosIBiIsUIa Hamboee MHTHOMpYIOIlee AeHCTBUE CpPeaM HCCIEIOBaHHBIX
KOHCEPBAHTOB. BONBITMHCTBO M30JATOB OBUIM Tajo- U OCMOTONEPAHTHBIMH, PSIJI U3 HUX
JIEMOHCTPHPOBAIIN BBICOKYIO YCTOHUMBOCTS K xsopuy Harpust (MUK Beime 15% NaCl).
MUK NaCl mis HEKOTOPBIX BBIIEICHHBIX IpOXOKeH Obutm B 2-3 pa3a BhIIIE Ha
arapu30BaHHOH cpeze, 4eM B OynboHe. 22 u3 23 mTaMMOB THAPOIU30BAIH TPHOYTHPHH,
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13% mTaMMOB OBUIM MPOTCOJUTHUCCKUMHU, 56,5% Morau cOpaxuBaTh LIIOKO3Y,
LIEJUTIONIA3HON aKTHUBHOCTH HE 0OHAPYKEHO HH Yy OHOTO M3 H30JATOB. BhIBOABI. B padote
H3y4YeH COCTaB JIPOXCGKEBOH MUKPOOHOTHI COJICHBIX OTYPIIOB, IIPE/ICTABICHBI JJAHHBIC 110
YCTOMYMBOCTH JPOAIKEH K OCMOTUYECKOMY U COJIEBOMY CTPECCY U UyBCTBUTEIBHOCTH K
TaKNUM IUIIEBBIM KOHCEPBAHTaM, Kak COPOMHOBAsI U YKCyCHasl KUCIIOTHI. BrigeneHnble
JPOXOKU MOTYT, BEPOSITHO, MTPUBOJUTE K MOpYE MPOAYKTA IyTeM Ira3000pa30BaHUs HIIH
THIIPOJIN3a JIUIH/IOB, HO, B OCHOBHOM, HE 00Ja/lal0T THAPOIUTUYCCKIMU CBOMCTBaMH,
KOTOPBIE MOTYT HOBJIUSTH HA KA4€CTBO MPOAYKTA

Kniouesvie cnosa: conensie orypIipl, IpOXIKH, yCTOHYMBOCTB K CTPECCOBBIM (akTopam,

TUAPOJIUTUYECKUE CBOKUCTBA.

1. Fleming HP, McFeetrs RE, Breidt F. Fermented and acidified vegetables. Compendium
of Methods for the Microbiological Examination of Foods, 4th ed. Washington, DC:
American Public Health Association, 2001:521-32.

2. Kuzmenko I. Trends of the development of Ukrainian market of canned fruits and
vegetables. Commodities and markets. 2012; 1:30-6. Ukrainian.

3. Guizani N. Vegetable fermentation and pickling. Handbook of Vegetables and Vegetable
Processing (ed NK. Sinha). Oxford, UK: Wiley-Blackwell, 2010:351-67.

4. Doan T, Babu D, Buescher R. Inhibition of yeast in commercial pickle brines. J Food
Res. 2012; 1(3):295-301.

5. Bautista-Gallego J, Rodriguez-Gomez F, Barrio E, Querol A,
Garrido-Ferndandez A, Arroyo-Lopez FN. Exploring the yeast biodiversity of green
table olive industrial fermentations for technological applications. Int J Food Microbiol.
2011; 147(2):89-96.

6. Franco W, Pérez-Diaz IM, Johanningsmeier SD, McFeeters RF. Characteristics of
spoilage-associated secondary cucumber fermentation. Appl Environ Microbiol. 2012;
78(4):1273-84.

7. Stratford M. Food and beverage spoilage yeasts. Yeasts in food and beverages. Berlin,
Germany: Springer, 2006:335-79.

8. Savard T, Beaulieu C, Gardner NJ, Champagne CP. Characterization of spoilage
yeasts isolated from fermented vegetables and inhibition by lactic, acetic and propionic
acids. Food Microbiol. 2002; 19(4):363-73.

9. Kurtzman CP, Fell JW, Boekhout T, Robert V. Methods for isolation, phenotypic
characterization and maintenance of yeasts. The Yeasts, a Taxonomic Study, 5th ed.
Elsevier, 2011:87-110.

10. Martorell P, Stratford M, Steels H, Fernandez-Espinar MT, Querol A.
Physiological characterization of spoilage strains of Zygosaccharomyces bailii
and Zygosaccharomyces rouxii isolated from high sugar environments. Int J Food
Microbiol. 2007; 114(2):234-42.

11. Brizzio S, Turchetti B, de Garcia V, Libkind D, Buzzini P. van Broock M. Extracellular
enzymatic activities of basidiomycetous yeasts isolated from glacial and subglacial
waters of northwest Patagonia (Argentina). Can J Microbiol. 2007; 53(4):519-25.

12. Prista C, Almagro A, Loureiro-Dias MC, Ramos J. Physiological basis for the high salt
tolerance of Debaryomyces hansenii. Appl Environ Microbiol. 1997; 63(10):4005-9.

13. Deak T. Handbook of food spoilage yeasts. Boca Raton, USA: CRC Press, 2007. 352

p.

44 ISSN 1028-0987. Mixpobion. scypu., 2017, T. 79, Ne 5



14. Fleming HP, McFeeters RF, Thompson RL, Sanders DC. Storage stability of vegetables
fermented with pH control. Food Sci. 1983; 48(3):975-81.

15. Daeschel MA, Fleming HP, Potts EA. Compartmentalization of lactic acid bacteria and
yeasts in the fermentation of brined cucumbers. Food Microbiol. 1983; 2(1):77-84.

16. Fleet GH. Yeast spoilage of foods and beverages. In: The Yeasts, a Taxonomic Study,
5th ed. Elsevier, 2011:53-64.

17. Deak T. Foodborne yeasts. Adv Appl Microbiol. 1991; 36:179-278.

18. Klanchik A, Piskernik S, Jersek B, Mozina SS. Evaluation of diffusion and dilution
methods to determine the antibacterial activity of plant extracts. ] Microbiol Methods.
2010; 81(2):121-6.

19. Stratford M., Steels H., Nebe-von-Caron G., Novodvorska M., Hayer K., Archer DB.
Extreme resistance to weak-acid preservatives in the spoilage yeast Zygosaccharomyces
bailii. Int ] Food Microbiol. 2013; 166(1):126-34.

20. Shimazaki A, Sakamoto JJ, Furuta M, Tsuchido T. Antifungal activity of diglycerin ester
of fatty acids against yeasts and its comparison with those of sucrose monopalmitate
and sodium benzoate. Biocontrol Sci. 2016; 21(2):123-30.

21. Garnier L, Valence F, Pawtowski A, Auhustsinava-Galerne L, Frotté N, Baroncelli
R, Deniel F, Coton E, Mounier J. Diversity of spoilage fungi associated with various
French dairy products. Int J Food Microbiol. 2017; 241:191-7.

22. Fredlund E, Druvefors U, Boysen ME, Lingsten K-J, Schnurer J. Physiological
characteristics of the biocontrol yeast Pichia anomala J121. FEMS Yeast Res. 2002;
2(3):395-402.

23. Xu XL, Feng GL, Liu HW, Li XF, Zhao GL, Xiao XL. Isolation, identification and control
of osmophilic spoilage yeasts in sweetened condensed milk. Afr J Microbiol Res. 2014;
8(10):1032-9.

24. Moon NJ. Inhibition of the growth of acid tolerant yeasts by acetate, lactate and
propionate and their synergistic mixtures. Appl Microbiol. 1983; 55(3):453-60.

25. Abou-Zaid FOF'. Pickled cucumber production for hypertension patients. Int J Adv Res.
2015; 3(12):1490-7.

Otpumano 14.11.2016

ISSN 1028-0987. Mixkpobion. scypu., 2017, T. 79, Ne 5 45



