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Yeasts are unicellular eukaryotic microorganisms that are ubiquitously found in various
food products especially in foods with low pH, low water activity or high sugar and salt
content where most bacteria do not survive. Very little is known about yeast microbiota
of processed food popular in Ukraine - salted herring. The aim of this work was to study
yeast microbiota composition of salted herring, tolerance of isolated yeasts to various
stress factors (salt and sugar stress, food preservatives) and hydrolytic activities that could
contribute to the product spoilage. Methods. Yeast strains from salted herring were isolat-
ed by serial dilution method and identified according to phenotypic characteristics. Stress
tolerance and hydrolytic properties of the isolated strains have been studied. Results.
57 yeast strains were isolated from 10 samples of salted herring and brine obtained from
markets and supermarkets in Ukraine. Yeast counts in the samples varied from zero up to
3.69 log,,CFU/ml or gram of the sample. The isolated yeasts were identified as Debaryo-
myces hansenii (38% of isolates), Candida sake (20% of isolates), Candida zeylanoides
(13% ofisolates), Yarrowia lipolytica (9% of isolates) etc. Most yeasts isolated from salted
herring possessed lypolytic activity (98% of isolates) although only a small proportion
of yeasts were strongly proteolytic (7% of isolates). Most yeasts were non-fermentative
(70% of isolates). Yeasts from salted herring were highly sensitive to such food preserva-
tives as sorbic acid (MIC 0.05-0.25 g/I) and acetic acid (MIC 0.1-1 g/l) at low pH and
exhibited the broad range of tolerance to propionate and benzoate. Inhibitory effect of
weak organic acids against isolated yeasts decreased manifold at higher pH (5.5). The
high proportion of yeast isolates were highly halotolerant (MIC higher than 150 g/l NaCl)
and could survive osmotic stress (50% glucose). Conclusions. This work provides char-
acterization of yeast microbiota of salted herring demonstrating its tolerance to salt and
osmotic stress and sensitivity to food preservatives.
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The preservation of food products for long periods of time has been
practiced by humans for many thousands of years. Salting is a traditional
procedure frequently used to prolong a storage period and avoid spoilage of
fish products by inhibiting the development of undesirable bacterial and fungal
microbiota [1].

Bacterial microbiota of the processed fish products has been described by
various authors. Magnusson et Moller isolated a halophilic Gram-negative
bacterium which caused the spoilage of sugar-salted herring by ropiness
formation [2]. Both spoiled and non-spoiled samples of marinated herring in
Finland showed no yeast presence with high counts of lactic acid bacteria,
predominantly Leuconostoc spp. up to 2.4x10°CFU/g [3]. Edris et al analyzed
125 samples of various fish products in Egypt and found high bacteria counts —
up to 9.9x10° CFU/g while yeasts were not detected in some samples (packed
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herring and herring in jars) or found in low numbers up to 9x10*CFU/g [4].
However not much is known about yeasts presence and species composition in
fish products with high salt content especially in countries of Eastern Europe
where salted herring is one of the most popular fish products.

The aim of this work was to study yeast microbiota composition of salted
herring Clupea harengus, tolerance of isolated yeasts to various stress factors
(salt and sugar stress, food preservatives) and hydrolytic activities that could
contribute to the product spoilage.

Materials and methods. Yeast enumeration and isolation from salted her-
ring and brine. Five samples of salted herring brine and five samples of salted
herring were obtained at the local market (A and F samples) in Bila Tserkva,
Ukraine and two supermarkets (B, C, G and H samples) and two local markets
(samples D, E, J and K samples) in Kiev, Ukraine (Table 1). Samples were
analyzed the same day on arrival. Fish portions weighing 1 g were removed
with the help of the sterile knife from 3 different places of the fish and ho-
mogenized in 9 ml of 0.9% NaCl solution. Appropriate decimal dilutions of
the samples (salted herring and brine) were made in 0.9% NaCl solution and
0.1-1 ml of each dilution was inoculated in triplicate on agar plates contain-
ing YPD medium (10 g/l yeast extract, 20 g/l peptone, 20 g/l glucose, 20 g/
agar) and YPD medium containing 6% NaCl, final pH 5.0, supplemented with
100 mg/l chloramphenicol and 2.5 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 forma-
tion, assimilation of carbon and nitrogen sources, sugar fermentation and other
physiological tests performed according to Kurtzman et al [5].

Determination of osmo- and halotolerance of isolated yeasts. Haloroler-
ance of the isolated yeasts were tested in YPD broth containing 10-20% so-
dium chloride and in YPD agar medium containing 7-15% sodium chloride.
The ability of yeast strains to grow at high sugar concentrations was tested
in YPD broth containing 50-80% glucose. Suspensions of 48-hour yeast cul-
ture grown on YPD agar slants at 25-26°C were placed in duplicate on agar
plates using a multipoint inoculator. 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 determined by serial dilutions on YPD agar plates
due to high viscosity of the medium while yeast growth at high NaCl concen-
tration was measured by optical density at 540 nm.

Determination of weak acids tolerance of isolated yeasts. The ability of
yeast strains to grow in medium containing weak acid preservatives was tested
on YPD agar medium containing sorbic acid, benzoic acid, propionic acid, ace-
tic acid [6]. Briefly, YPD agar plates containing various concentration of weak
acids were inoculated with 48-hour yeast cultures and incubated at 25-26°C
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for 1 week. Minimal inhibitory concentration (MIC) of the studied substance
was considered the lowest concentration to completely inhibit yeast growth.
Determination of hydrolytic activity of isolated yeasts. The ability of the
isolated yeasts to hydrolyze tributyrin (lipolytic activity), tween-80 (esterase
activity), gelatin (proteolytic activity) was determined [6].
Reagents. All the reagents were obtained from NVP “Alfarus”, Ukraine.

Results. The microbiological study of 10 samples of salted hering and brine
obtained from the local markets and supermarkets revealed that yeasts were re-
covered in the range of 10>-10° CFU per gram or ml of sample from most of the
obtained samples (Table 1). The highest yeast numbers were observed in brine
samples F, H and K, obtained at markets and supermarkets in Bila Tserkva and
Kiev - up to 3.69 log, ,CFU/ml. One sample of salted herring obtained from
Kiev market (sample D) did not produce any yeast colonies.

Table 1
Yeast counts in brine and salted herring samples
Yeast count (log10 CFU/
Sample Source or ml of tlfe sgample)* :
A salted herring, market A in Bila Tserkva 2,97+2,18
B salted herring, supermarket B in Kiev 2,07+1,46
C salted herring, supermarket C in Kiev 2,54+1,7
D salted herring, market D in Kiev 0
E salted herring, market E in Kiev 2,9242,02
F brine from salted herring, market A in Bila Tserkva 3,69+2,52
G brine from salted herring, supermarket B in Kiev 2+1,24
H brine from salted herring, supermarket C in Kiev 3,55+2,44
J brine from salted herring, market D in Kiev 1,65+0,7
K brine from salted herring, market E in Kiev 3,68+3,04

* Mean yeast counts (+ standard deviation)

57 different yeast strains were isolated from 10 samples of salted herring
and brine (Fig. 1). The majority of the yeast strains isolated from herring
belonged to Debaryomyces hansenii (39% of isolates), Candida sake (21% of
isolates), Candida zeylanoides (14% of isolates) and Yarrowia lipolytica (9% of
isolates). A small proportion of the isolated yeasts belonged to different
species of Candida genus. Three strains of red-pigmented yeasts belonging to
Rhodotorula spp. and Rhodosporidium were also observed.

A large proportion of the isolated yeasts exhibited a high level of
halotolerance both on agar medium and broth media — 40% of isolates could
tolerate more than 15% NaCl in YPD broth while for one yeast strain Candida
tenuis 5069 MIC of NaCl was 180 g/l (Fig. 2, A). NaCl MICs on agar medium
for the isolated yeasts were higher compared to those in the broth medium
where 88% of isolates exhibited growth in the presence of 15% NaCl. The
similar picture was observed during the determination of osmotolerance of
the isolated yeasts e.g. the ability to survive at high glucose concentrations
(Fig. 2, B). Only one out of 57 isolates could tolerate 60% glucose in broth
medium while 46% of isolates grew on 60% glucose agar. Most isolated yeasts
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could grow in 50% glucose broth with the highest yeast concentration at 14-
17-th day of cultivation under static conditions with the gradual decrease in
yeast numbers after that period (data not shown).
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Fig. 1. Yeast microbiota from salted herring identified by phenotypic methods:
1- Debaryomyces hansenii; 2 - Candida sake; 3 - Candida zeylanoides; 4 - Yarrowia
lipolytica; S - Candida parapsilosis; 6 - Candida tenuis; 7 - Candida carpophila;

8 - Candida sp.; 9 - Rhodotorula sp.; 10 - Rhodotorula mucilaginosa;

11 - Rhodosporidium diobovatum; 12 — not determined
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Fig. 2. Salt (A) and sugar (B) tolerance of yeasts isolated from herring

Some stress factors including salt stress are known to affect size and mor-
phology of yeast cells [7]. However the visible effect of high sodium chloride
concentration was observed only for one halotolerant strain C. tenuis 5069
which exhibited the highest halotolerance among all the isolated yeasts (MIC
of NaCl in broth — 180 g/1) (Fig. 3). Under salt stress cells grew elongated and
produced pseudohyphae while retaining ovoid and bottle-shaped form under

salt-free conditions.

ISSN 1028-0987. MixpoGion. scyph., 2018, T. 80, Ne 2

83



Fig. 3. Cell morphology of halotolerant yeast C. fenuis S069 under salt-free (a) and salt
stress (conditions (15% NaCl broth) (B), 7 days cultivation

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
(Fig. 4). Such compounds exhibit the highest antimicrobial effect at low
pH, as the content of undissociated acid which could freely enter yeast cells
considerably decreases with pH increase, e.g. for sorbic acid from 99% at
pH 3.5 to 37% at pH 5.5 [8].
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Fig. 4. Tolerance of the isolated yeasts to weak organic acids: sorbic acid (A), acetic
acid (B), sodium benzoate (C), sodium propionate (D) presented as minimal inhibitory
concentration (g/l) of the corresponding compound for yeast isolates
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Sorbic acid was the most inhibitory towards the isolated yeasts (Fig. 4, A),
its MIC ranging from 0.05 to 0.25 g/l at pH 3.5 while increasing 10-fold for
most strains at pH 5.5, the similar trend was observed for acetic acid tolerance —
MIC of 0.1 g/l at pH 3.5 for the vast majority of isolates and 1 g/l at pH 5.5
(Fig. 4, B). The isolated yeasts exhibited higher level of tolerance for sodium
benzoate and propionate, MIC of benzoate being 0.5 g/l for most strains at pH
3.5 and increasing more than 20-fold at pH 5.5 while most yeasts could tolerate
10 g/l sodium propionate at pH 3.5 and 40 g/l at pH 5.5.

The ability of the isolated from herring yeasts to ferment carbohydrates
(namely glucose) and hydrolyze such substrates as lipids, ethers and proteins
has been determined (Fig.5). Glucose fermentation was observed in 30% of
yeast isolates. All isolates apart from one exhibited lipolytic activity and 11% of
isolates were esterase-positive. Only 4 isolates out of 57 could hydrolyze
gelatin.
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Fig. 5. Hydrolytic and fermenting properties of isolated yeasts

Discussion. The studies show that lactic acid bacteria (LAB) are the fre-
quent cause of microbial contamination of lightly preserved fish products (salt
content 4-6% and presence of weak organic acid preservatives) [3, 9], bacte-
ria belonging to Shewanella and Pseudomonas also greatly contribute to fish
spoilage [9]. There are comparatively few mentions of yeast microbiota in salt-
cured fish products, and such reports greatly vary concerning yeast presence
and numbers. According to Leisner there are 3 types of microbial spoilage of
salt-cured fish products, one of which could be caused by osmotolerant yeasts
growing up to 10° CFU/g and generating fruity odours while other two are
caused by various bacteria [9]. No yeasts were detected in any spoiled samples
of marinated herring with high LAB load (up 10° CFU/g) [3]. Low numbers of
yeasts and molds in the range of log,, 1.66-1.81 were detected in dried salted
herring samples in the Phillipines [10]. Paskevicius et Varnaite studied the pres-
ence of yeasts in fresh and salted herring products and also at fish processing
plants, yeast counts in finished herring products comprised 1.3-12x10°CFU/g
or were not detected while raw herring materials contained yeast numbers at
least one order of magnitude lower [11]. Jessen demonstrated the growth of
spoilage yeasts in brine of marinated herring in numbers exceeding 10* CFU/g
at low temperature and pH 5.5 [12], similar numbers were detected in cold-
smoking salmon samples [13]. Thus obtained by us yeast numbers in her-
ring and brine samples are in good agreement with the other studies. We ob-
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served the highest yeast counts in brine samples - up to 3.69 log, , CFU/ml.
As Stratford emphasized the yeast counts in various foods up to 10* cells/g
do not apparently affect the quality of the product and food spoilage would be
noticeable in the presence of higher numbers of spoilage yeasts (10°-10° cells
per ml or gram and higher) [14]. As yeast load did not exceed such numbers in
any of the studied herring samples therefore yeast populations in these samples
should not negatively affect the quality of salted herring.

The isolated yeasts predominantly belonged to the yeast species well-
known for their prevalence in foods especially in products with low water
activity and high salt content. D. hansenii — is one of the most frequent in-
habitants of sausages and cured meat, contributing to the taste and flavor due
to their enzymatic activities and production of aromatic compounds, in some
cases however leading to food spoilage and high economic losses [15]. Yeasts
D. hansenii comprising 39% of yeasts isolated by us from herring are usually
characterized by their high tolerance to salt stress being able to survive up to
24% NaCl[16]. C. zeylanoides (14% of the isolates) is also frequently found in
various meat products [17]. Paskevicius et Varnaite isolated yeasts belonging to
Saccharomyces, Candida, Debaryomyces, Pichia, Yarrowia in fresh and salted
herring products and at fish processing plants [11]. Dabrowski et al detected
the presence of several yeast genera in low-salt herring samples, Candida,
Pichia and red-pigmented yeasts being the dominant ones [18]. Such yeasts as
D. hansenii, C. sake, C. parapsilosis, Y. lipolytica are frequently isolated from
fish products and various seafoods [19] Thus it could be concluded that yeasts
isolated from salted herring samples represent yeast microbiota characteristic
for fish and seafood products.

Salt and sugar are some of the earliest known food preservatives. Salt con-
tent in herring products could vary from 4-6% to 18% depending on the salting
process [1] thus leading to the death or inhibition of most microbes and surviv-
al of only halotolerant microorganisms. The vast majority of the isolated yeasts
(72%) could tolerate up to 12% NaCl in broth medium while 40% isolates
could tolerate more than 15% NaCl in broth. Betts et al studied the effect of
various stress factors including sodium chloride on growth of various spoilage
yeasts isolated from foods most of which could grow at NaCl concentrations
up to 8% [20]. Out of 65 yeast strains isolated from high sugar foods 8 yeasts
were able to grow at 20% NaCl concentration while 81% of strains tolerated
10% NaCl [21]. Thus we could presume that food products with low water
activity (high salt and/or sugar content) may serve as an excellent reservoir for
halotolerant yeasts.

Weak organic acids (sorbic, acetic, etc.) are compounds with well-estab-
lished antimicrobial activity used in food industry to inhibit the growth of
undesirable microorganisms, benzoic, sorbic and acetic acids being permitted
for fish preservation [22]. Yeasts isolated by us from herring samples were
characterized by high sensitivity to sorbic and acetic acid (MIC of sorbic acid
0.1 g/l at pH 3.5 and 1 g/l at pH 5.5 for most isolates, MIC of acetic acid
0.5 g/l at pH 3.5 and 5 g/l at pH 5.5 for most isolates). The tolerance of the
isolated strains to sorbic acid was similar to that of Pichia guilliermondii and
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Candida halophila strains isolated from spoiled products with high sugar con-
tent by Martorell et al. [23] 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 [24].

Most isolated yeasts were inhibited by 0.5 g/l sodium benzoate at pH 3.5
while at pH 5.5 MIC of this compound increased 20-folds and higher. The
similar pattern was detected for yeast strains by Shimazaki et al. who 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/1[25]. Propionate is known for its antimold activity at the same time being
much less effective against yeasts and bacteria [8]. A wide range of tolerance
to propionic acid and its salts are reported for yeasts isolated from various
foods - ranging from lack of inhibitory effect of propionate in spoilage yeasts
isolated from milk [26] to growth inhibition of several spoilage yeast strains
by comparatively low concentrations of propionate of less than 10 g/l at pH
4.5 [27]. 93% of yeasts isolated from herring tolerated 10 g/l propionate at
pH 3.5 while the permitted level of this preservative in various foods in EU is
3-5 g/kg [28].

In general, yeasts isolated from salted herring samples did not exhibit high
levels of tolerance to weak acid preservatives being especially sensitive to
sorbic and acetic acids.

Mendoza et al studied enzymatic profiles of yeasts isolated from sausages
fermented in 2.5 % brine where vast majority of yeasts were lipopytic and many
esterase-positive although few possessed proteolytic activity [29]. Proteolytic
activity was detected in 18% of yeasts isolated from raw and processed herring
products while 41% of isolates were lipolytic [30]. Kobatake et al isolated
103 psychrotrophic yeast strains from raw seafoods many of which possessed
proteolytic activity and causing fish spoilage [31]. It is a well-established fact
that fish products, herring in particular, contain high levels of protein and fat
[32], therefore lipolytic and proteolytic microorganisms with high tolerance
to salt stress could cause salted fish spoilage. Only a small proportion of
isolated by us yeasts (7%) possessed proteolytic (gelatinase) activity while
most were lipolytic, 10.7% of isolates were esterase-positive. So, it could
be presumed that yeasts isolated from salted herring and brine samples
could potentially cause herring spoilage by fat hydrolysis though less so by
proteolysis of the product.

Conclusion. Little is known about yeast microbiota of salted fish products.
57 yeast strains belonging to D. hansenii, C. sake, C. zeylanoides, Y. lipolytica
were isolated from 10 samples of salted herring and brine. The reported results
show that yeasts isolated from herring represented yeast species ubiquitous
in foods with high salt content, were tolerant to salt and osmotic stress while
being sensitive to weak acid preservatives, especially at low pH. The majority
of isolated yeasts were lipolytic while a small proportion exhibited esterase
and gelatinase activities.
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JIPTKKI, ACOIINOBAHI 3 COJTOHUM
OCEJEJIEM B YKPATHI

O./1. Aucsa, K.C. Ozipuyk

Inemumym mikpobionoeii i éipyconoeii imeni JI.K. 3abonomnoco HAH Yrpainu,
eyn. Akademika 3abonommnoeo, 154, Kuis, 03143, Yxpaina

Pesome

JIpDKIDKI — OHOKIIITHHHI €yKapioTHYHI MIKPOOPraHi3MHU, sIKi IIMPOKO PO3MOBCIOKE-
Hi B PI3HOMaHITHHX XapUOBHX IMPOMYKTaX, OCOOIMBO 3 HU3BKUMH MOKa3HWKaMu pH, ak-
TUBHOCTI BOIU 200 BUCOKHM BMiCTOM ITyKpY a0o0 coJli, Je OUThIIICTE OakTepii He 3MaTHI
BIKUTH. Maii’ke HiY0ro He BiJJOMO MPO IPIXKIKOBY MIKpOOIOTY B TAKOMY HOITYJISIPHOMY
B YKpaiHi IPOAYKTi, IK COIOHOMY ocenenri. MeToro 1iei podoTn Oyi0 AOCTITUTH CKIIaa
JPDKIKOBOT MIKPOOIOTH B 3pa3Kax COJIOHOTO OCENEAIS, CTIHKICTh 130JIbOBAHUX APIKIIKIB
JI0 PI3HUX CTPECOBUX (DAKTOPIB (COIBLOBOTO Ta OCMOTUYHOIO CTPECY, Xap4OBHX KOHCEp-
BaHTIB) Ta iX TiAPOJITHYHI BIaCTHBOCTI, IO MOXKYTh TIPU3BECTH JI0 TICYBAHHS MPOIYKTY.
Metonu. KynpTypu OpixKiB 13 3pa3KiB oceleAns OyinH i30Jb0BaHI METOIOM CEpIHHUX
pO3BeieHb Ta 11eHTH(hIKOBaHI BiIIIOBIIHO 10 ()EHOTUIIOBHUX O3HAK. Byiio BU3Ha4YeHO CTiii-
KiCTh 130JIbOBaHMX JIPKIKIB 10 CTPEeCcOBUX (haKTOpiB Ta iX TiAPOIITHYHI BIACTUBOCTI.
Pe3yabraTu. 57 mramiB apixmkiB Oyino i30ap0BaHO 3 10 3pa3KiB COJIOHOTO OCENEIIs Ta
po3cony, MpuadaHuX Ha PUHKAX Ta cyrnepMmapkerax B YkpaiHi. KibkicTh qpikIpKiB B 3pas-
Kax BapiroBana Big Hyns 10 3.69 log, | KYO/mi. I3omb0Bani apixkmki Oymu inentudikosani
ak Debaryomyces hansenii (38% mramiB), Candida sake (20% wramiB), Candida zeyl-
anoides (13% wmramiB), Yarrowia lipolytica (9% mramiB) Ta iH. BibImicTh 1301b0BAaHUX
JIPDKIKIB MaJIX JIIOMITHYHY aKTUBHICTH (98% mTaMiB), aye JuIe HEBEIMKHHA BiICOTOK
3 HUX Oynu rporeomiTiaHUMU (7% mramiB). butemicTs 130TiB He OyaM 31aTHI 10 dep-
meHTauii riroko3u (70% mramis). BuaineHi ApixmKi XapakTepru3yBaIncsi BHCOKOIO YyT-
JIMBICTIO 0 TAaKUX XapUOBHUX KOHCEPBAHTIB, Ak copbinora (MIK 0.05—0.25 r/m) Ta orrroBa
kucnoru (MIK 0.1—1 r/im) 3a Hu3pKOTO 3Ha4YeHHs pH Ta NeMOHCTPYBaIN MPOKUH CIIEKTP
cTiiikocTi 0 OeH3oary Ta npomionary. [Ipuraiuyroda jist ciabkux OpraHiYHUX KHUCIOT
II0/I0 1307FOBAHUX JPIXNDKIB 3HIKYBAJAcs B pa3u npu mifasumieHHi pH cepexoBuma 1o
5.5. 3HavyHa YacTHUHA APLKIKIB XapaKTepU3yBaJIacsi BACOKUM PIBHEM TaJlOTOJIEPAHTHOCTI
(MIK NaCl Burie 150 /i) Ta 0CMOTOJIEPAHTHOCTI (3AaTaTHOCTI 110 pocty mpu 50% riro-
ko3u). BucHoBku. B poGoTi mpeacraBneni gaHi mo0 BHIOBOTO CKIaLy APLKIKIB, 130-
JHOBAHUX 13 COJIOHOTO OCEJIEALS, X CTIHKICTh JI0 COJIBOBOTO Ta OCMOTHYHOTO CTPECY Ta
YyTIIMBICTH 0 XapyOBUX KOHCEPBAHTIB.

Kntouosi cnosa: ocenenenp, IpixKmaKi, TOIEPAHTHICTH O CTPECY, T1APONITUYHI BiIac-

THBOCTI.
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JIPOXKKH, ACCOIITMUPOBAHHBIE C COJTEHOM
CEJbAbIO B YKPAUHE

O./l. Anesa, E.C. Ozupuyk

Unemumym muxpooduonozcuu u eupyconoeuu HAH Ykpaunoi,
yn. Akademuxa 3a6onommuoeo, 154, Kues, 03143, Ykpauna

Pesome

Jpox:KH — 3TO OJHOKJIETOUHBIE dYKAPUOTHYECKHE MHKPOOPTaHU3MBI, IIHPOKO
pacIpoCTpaHEHHbIE B PA3HBIX MUIIEBBIX MPOAYKTaX, 0COOCHHO C HU3KUMH MOKA3aTeJIsIMH
pH, akTHBHOCTH BOJIBI WJIN BBICOKHUM COJICP)KaHHEM COJIM MJIHM caxapa, rje OOJbIIMHCTBO
OakTepuil He BEDKUBACT. MaJjio H3BECTHO O JPOXOKEBON MUKPOOHOTE B TAKOM IOMYJIIPHOM
B YKpaWHE NMPOIYyKTe, KaKk cojieHas cenbab. Lleablo manHoi paboThl OBUIO OTPEAICTUTh
COCTaB JIPOJKKEBOH MUKPOOHMOTHI B 00pa3Iax COJICHOH CEJbH, yCTOWYNBOCTH U30JINUPO-
BaHHBIX LITAMMOB K Pa3JIMYHBIM CTPECCOBBIM (pakTopam (COJIEBOM U OCMOTHYECKHIT IOK,
ITUIIEBbIC KOHCEPBAHTHI) M MX THAPOIIUTHIECKUE CBOMCTBA, KOTOPBIE MOTYT BECTH K ITOpHE
nponykra. Metoabl. [1ITamMMbl qpoxoKkel ObIIIM BBIJETICHBI U3 00Pa3IioB CENNbIH METOIOM
CEpUIHBIX Pa3BEICHUI U WACHTU(UIIMPOBAHBI COIIACHO (PEHOTHITNYECKHUM MPU3HAKAM.
Bbun onpesienieHbl yCTOMYMBOCTD BBIEICHHBIX APOXIKEH K CTPECCOBBIM (haKTOpPaM M UX
THIIPOJINTHYECKUE CBOICTBA. Pe3yabTaThl. 57 IITaMMOB ApOXoKei ObUTO BEITEIeHO U3 10
00pasIoB COJICHOH CellbAN U paccoiia, TPHOOPETEHHBIX HA PHIHKAX U CyllepMapKeTax B
Vkpanne. KonmmuecTso npoxokeii B 00pasuax BapbupoBaio ot Hyis 10 3.69 log,, KOE/mi.
BeizieneHnble ApoXoKH OBUTH OTHECEHBI K TakuM BuAaM: Debaryomyces hansenii (38%
mrammoB), Candida sake (20% wmrammoB), Candida zeylanoides (13% uirrammos),
Yarrowia lipolytica (9% mrammoB) u 11p. BOTBIIMHCTBO N30ISTOB 00TaaIH JIUITOTUTH-
YeCcKolt akTUBHOCTBIO (98% mTaMMoB), HEOOJIBIION MPOIIEHT ITAMMOB XapaKTEePU30BaJICs
MIPOTEOIUTHUECKUMU CBOMCTBAMH (7% IITaMMOB). BONBITMHCTBO BBIICIEHHBIX APOXKIKEH
6butn HedepmenTupyommmu (70% mramMMoB). BelieneHHbIE IPOXIKH XapaKTPU30Ba-
JIICh BBICOKOW YYBCTBHUTEIBLHOCTBIO K TAKMM IHIIEBBIM KOHCEPBaHTaM, KaKk COpOMHOBas
(MUK 0.05-0.25 r/m) u yxcycnast xkuciaorsl (MUK 0.1—1 r/m) npu Huzkom 3nauenun pH
1 IIUPOKUM CHEKTPOM YCTOHUMBOCTH K OCH30aTy M MPOMHOHATY. AHTUMHKpPOOHOE JIeH-
CTBHE Cc/1a0BIX OPraHUYECKUX KUCIOT CHM)KAJIOCh B pa3bl NP MOBBIIeHNH pH cpensl 10
5.5. 3HaunTeNbHAs YacTh U30JATOB XapaKTePHU30BaIach BBICOKOIl raloTOIEPaHTHOCTHIO
(MUK NaCl Bbite 150 r/11) 1 0cMOTONEPaHTHOCTHIO (CTOCOOHOCTH K pocTy mpu 50%
IIIOKO3BI). BeIBOABI. B pabote mpezcraBieHa XapakTeprCTHKA APOXIKEH, BBIACICHHBIX
13 00pa3OB COJICHOM CEJIbJIU, UX YCTOMYMBOCTh K COJIEBOMY M OCMOTHYECKOMY CTpECCy
1 YyBCTBHUTEIBHOCTD K IMHIIIEBBIM KOHCEPBAHTAM.

Kniouegvie cnosa: cenblb, IPOXKIKH, yCTOHUUBOCTD K CTPECCOBBIM (DaKTOpam, THIPO-

JIUTUYECKHUE CBOMCTBA.
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