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In this study, technological and probiotic characteristics of 35 yeast strains
isolated from Erzincan tulum cheese, locally produced in the Eastern Anatolia region of
Turkey, were investigated. Four strains belonging to G. candidum, C. kefyr, C. lipolytica
and C. lambica were found to have proteolytic activities while 80% of the investigated
strains had lipolytic activities. Most (69%) of the tested yeast strains had the ability to
assimilate galactose. All of the strains could grow at 10°C and 83% of them had the ability
to grow at 4°C, while only 34% of them were resistant to 45°C. Most of the strains had also
ability to grow at pH 2.5 except one C. colliculosa strain. All of the isolates had the ability
to grow in the medium with 5% NaCl. In the media with 10% and 15% NaCl concentration,
89% and 31% of the strains were able to grow, respectively. Tolerance to high bile salt
concentrations was a rare property among the strains, of which C. rugosa gave the best
result for growing in Ox-Bile medium. Inhibition effects of the tested yeasts on some
pathogenic bacteria were generally weak, but a strong inhibition effect of a C. krusei
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strain was detected on S. aureus.
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Yeasts represent an important component
of the microfloraof many dairy products'2. A large
number of cheese varieties are characterized by
the development of a specific surface microflora
which is generally composed of molds, yeasts,
micrococci and coryneform bacteria®. Yeasts,
therefore, arefrequently found withinthemicroflora
of many cheese types®“.
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The presence of yeasts in cheese is of
major importance as they can be beneficial or
detrimental, that contribute to the ripening and
flavour development®. The major recognized action
of yeasts during cheeseripening isthe metabolism
of lactic acid with a consequent increase of pH
values. This promotes the growth and action of
lactic acid bacteria, which accelerates proteolysis,
consequently the ripening process. The lactose-
fermenting species, for example Kluyveromyces
marxianus, contribute to the open structure of
mainly blue-veined cheeses. Their ability to ferment
lactose resultsin the formation of CO, and asoin
flavouring compounds such as ethanol and
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acetaldehyde®. Furthermore, due to their possible
proteolytic and lipolytic activities, yeasts can
become part of the overall enzymatic activity in
cheese?”. Some yeast species play an important
role in the formation of aroma precursors such as
aminoacids, fatty acidsand esters. They caninhibit
undesired microorganisms and excrete growth
factors like B-vitamins, pantothenic acid, niacin,
riboflavin and biotin®. The possibility of using yeast
strains as adjunct starters for cheese production
is proposed due to their positive attributes to
cheese ripening?. It is reported that further
investigations on yeast physiological and
biochemical characteristics are needed in order to
select relevant strains for starter cultures®.

Tulum is asemi-hard cheese that can be
made from whole, semi skimmed or skimmed
sheep’s, goat’s, cow’s, and buffalo’s milk or their
mixture. It has a crumbly texture and a strong
flavour®. Erzincan tulum cheese is alocal cheese
produced mainly inthe Eastern Anatoliaregion of
Turkey, especialy inthe provinces Erzincan, Elazig,
Tunceli and Bingdl*. Studies on Erzincan tulum
cheese arelimited and generally about its chemical
properties and microbiological quality. Thereisno
reported study about technological
characterization of yeast microflora of Erzincan
tulum cheese. Thisisthefirst study investigating
technological and probiotic properties of yeast
isolates of this cheese and also evaluating their
potential for being adjunct starters.

MATERIALSANDMETHODS

Yeast strains

Inthisstudy, 35 yeast strainswhich were
previously isolated from Erzincan tulum cheese
samples were used. The yeast strains were
identified by API 1D 32C (BioMerieux, France) and
some additional identification testsin our previous
study (data not shown). The yeast strains used in
this study were belonging to the species of
Saccharomyces cerevisiae, Zygosaccharomyces
mellis, Candida colliculosa, Candida krusei,
Kluyveromyces lactis var. lactis, Geotrichum
candidum, Candida kefyr, Candida lipolytica,
Candida rugosa, Candida zeylanoides, Candida
paludigena, Candida apicola, Candida japonica,
Candida lambica, Pichia fermentans, Candida
famata var. famata and Candida famata var. flareri.
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Deter mination of sometechnological and probiotic
characteristicsof theyeast strains

Sometechnological characteristicswhich
areimportant for cheese production, and also some
probiotic properties of the yeast isolates were
investigated. For this purpose; proteolytic and
lipolytic activities, fermentation and assimilation
of some sugars, assimilation of some organic acids,
growth at different pH and temperatures, growth
at different salt concentrations, bile salt tolerance
and inhibition effects of thetested strainson some
pathogenic bacteria were investigated.

Deter mination of proteolytic activity

Proteoliytic activity was determined
according to Harrigan. In this method, activated
cultures were inoculated on 10% (w/v)
reconstituted skim milk added Milk agar mediaby
streaking across the surface of the agar medium.
Petri disheswereincubated at 28°C for 2-14 days.
After incubation, positive results were recorded
when colonies were surrounded by aclear zone.
Determination of lipolytic activity

For determination of lipolytic activities,
activated cultures were inoculated on Tributyrin
agar by streaking acrossthe surface of the medium
and then incubated at 28°C for 2-14 days'.
Hydrolysis of tributyrin resultsin clearing of the
medium and formation of a clear zone. After
incubation, positive results were recorded.

Deter mination of somesugar fermentation and
assimilation characteristics

Fermentation of glucose, galactose and
lactose were investigated by using media with
Durham tubes including 2% (w/v) of each tested
sugar. After inoculation of activated yeast cultures
to the mediaand incubation of them at 28°C for up
to 28 days, positive results were evaluated
according to the growth and gas formation into
the Durham tubes®?.

Assimilation of the same sugars were
recorded from the assimilation test results of API
ID 32C strips(BioM érieux, France).
Determination of someorganicacid assimilation
characteristics

Assimilation of citric and succinic acid
wereinvestigated by using auxanographic method
inYeast Nitrogen Base (Y NB) agar’>'4. Assimilation
of lactic acid (DL -lactate) was recorded from the
assimilation profilesof API ID 32C (BioMerieux,
France) test results. In auxanographic method,
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activated yeast cultures were suspended in
distilled water and suspensions having 2
McFarland turbidity were obtained. 0.5 mL
suspensions were inoculated into YNB agar with
poured plate method and after solidification small
amount of granules of the organic acid salt were
deposited aseptically on the surface of the agar.
Glucose granules was also added onto each plate
as positive control. Mediawere incubated at 28°C
for 2-3 days and growth around the organic acid
granules were evaluated as positive.
Deter mination of growth at different pH

Growth of the yeast strains at different
pH values was investigated in Malt Extract (ME)
broth®. The media, pH level of whichwere adjusted
to 2.5 and 4.0, were used for this purpose and the
same medium having pH 5.4 was also used as
control medium. These pH values were selected
concerning cheese production conditionsand also
desired resistance of probiotics to gastric pH.
Determination of growth at different
temperatures

For investigation of growth at different
temperatures, activated cultures were inocul ated
to ME broth and then incubated at 4°C, 10°C, 28°C,
37°C, and 45°C for upto seven days'. These
temperature values were selected concerning the
conditions in production and storage of cheese,
and also desired resistance of probioticsto human
body temperature.
Determination of growth at different salt
concentrations

Salt tolerance of the yeast strains were
evaluated by using ME broth including NaCl at
different concentrations'?. NaCl concentrationsin
the mediawere used as 5%, 10% and 15% (w/V).
The used salt concentrations were selected
according to the properties of cheese. ME broth
without salt was used as control. Water activity of
the media were also determined. Activated yeast
cultures were inoculated to ME broth with NaCl
and incubated at 28°C for 7 days.
Determination of thetolerancetobilesalt

Bile salt tolerance was determined
according to Psomaset al.*®. Firstly, growth of the
yeast strainsin ME agar including 0.5% and 1%
(w/v) bile salt (No.3, Lab M, UK) , were
investigated. For this purpose, 24-48 hours old
yeast cultures were inoculated onto the media
containing bile salt by streaking to the surface of
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the agar medium and incubated at 37°C for 72
hours. After incubation growth of the yeasts were
examined. In the second stage, yeast strains
resistant to 1% (w/v) bile salt concentration were
chosen and after activationat Y M broth, inocul ated
to ME brothwith 0.3% (w/v) Ox-Bile (Merck, USA)
at thelevel of 10° cfu/mL and incubated at 37°C.
Yeast countswere performed by using ME agar at
the beginning and after 72 hours and tol erance of
the tested yeast strainsto Ox-Bilewere eval uated.
Thestrainswhich were not be ableto grow at 37°C,
could not betested for bile salt tolerance. Inthese
experiments, astrain of Saccharomyces boulardii
was also used as control strain because of its
known probiotic characteristics.
Deter mination of theinhibition effectsof theyeast
strains on some pathogenic bacteria

For investigation of inhibition effects of
the yeast strains on some pathogenic bacteria,
modified agar-cup diffusion method was used®®.
In these experiments, Escherichia coli ATCC
35218, Saphylococcus aureus GATA and Listeria
monocytogenes 1462 strains were used. Bacterial
cultures were activated on Brain Heart Infusion
(BHI) agar at 37°C, while yeastswere activated on
ME broth at 30°C, for 24 hours. Then, suspensions
of bacterial cultures which have 0.5 McFarland
turbidity were prepared in 0.85% NaCl and spread
on BHI agar in petri dishes. Then, threewellswere
formed on BHI agar and ME agar was placed at the
bottom of the wells. After that, 0.2 mL yeast
cultures were added in the prepared wells. After
incubation at 30°C for 24-48 hours, inhibition zones
around the wells were examined. The yeast
S. boulardii was also used as control strain in
these experiments.

RESULTSAND DISCUSSION

Proteolyticand lipolytic activities

Proteolytic and lipolytic activities of the
yeast strains were represented in Table 1. Of 35
tested yeast strains, four strains (11%) belonging
to G. candidum (T138), C. kefyr (T120), C.
lipolytica (T122) and C. lambica (T103) werefound
to have proteolytic activity. It was determined that
28 (80%) of the investigated strains had lipolytic
activities.

Proteolysis is reported as the most
important of the primary biochemical events that
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occur in most cheeses during ripening. It isknown
that cheese microflora is a good source of
proteol ytic enzymes. Although enzymes of starter
and nonstarter lactic acid bacteria contribute to
theripening of all cheeses, proteolysisin varieties
inwhich asecondary florais encouraged to grow,
is often affected greatly by enzymes from these
secondary organisms'’. Therefore, proteolytic
activity isanimportant technological characteristic
for microorganismsto be used as adjunct starters.
In a study performed by Wit et al.’8, effects of
using Y. lipolytica and D. hansenii as adjunct
starters in Cheddar cheese production were
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investigated. By using these yeasts, proteolysis
and lipolysis during ripening accelerated, leading
to better aromaformation.

In another study, identification of yeast
microfloraof Rokpol cheese wasinvestigated and
C. famata was reported as predominant yeast
species. It was determined that most of the C.
famata strainshad low proteolytic activity®. Suzzi
et al.?° reported that eight Y. lipolytica strains
isolated from water-buffalo mozzarella and goat
cheeses had high proteolytic activity at 25°C, and
low proteolytic activity at 10°C. In a study
performed by Klein et al.%, peptidase activities of

Table 1. Proteolytic and lipolytic activities of the yeast strains

Isolate no. Yeast species Proteolytic activity Lipolytic activity
T141 Saccharomycescerevisiae - -
T50 Saccharomycescerevisiae - -
T106 Saccharomycescerevisiae - +
T125 Saccharomyces cerevisiae - -
T75 Saccharomycescerevisiae - -
T110 Zygosaccharomycesmellis - +
T104 Candida colliculosa - -
T132 Candida krusei - +
T2 Kluyveromyceslactisvar. lactis - +
T138 Geotrichum candidum + +
T154 Geotrichum candidum - +
T147 Geotrichum candidum - +
T90 Geotrichum candidum - +
T78 Geotrichum candidum - +
T107 Candida kefyr - +
T112 Candida kefyr - +
T120 Candida kefyr + +
T122 Candidalipolytica + +
T168 Candidalipolytica - +
T82 Candida rugosa - +
T29 Candida zeylanoides - +
T176 Candida zeylanoides - +
T60 Candida zeylanoides - +
T170 Candida paludigena - +
T51 Candida paludigena - +
T81 Candida apicola - -
T166 Candidajaponica - +
T127 Candidalambica - +
T103 Candidalambica + +
T139 Candidalambica - +
T9 Pichia fermentans - -
T7 Candida famata var. famata - +
T144 Candida famata var. famata - +
T98 Candida famata var. famata - +
T42 Candida famata var. flareri - +
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six yeast strains belonging to four species (K.
lactis, S. cerevisiae, D. hansenii, P. anomala)
originated from cheeses were compared to those
of six lactic acid bacteria. All of the yeasts were
reported to have the same or higher peptidase
activity when compared to the activity of
Lactobacillus helveticus, the most peptidolytic of
the bacteria tested. In another research, six V.
lipolytica and six D. hansenii strains originated
from blue-veined cheeses were investigated for
their potential as adjunct startersin production of
Danablu cheese. None of the D. hansenii strains
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had proteolytic activity at 10°C, while four Y.
lipolytica strains determined as proteolytic at this
temperature??. In another study, proteolytic and
lipolytic activities of three different yeast strains;
D. hansenii, Y. lipolytica, Cryptococcus laurentii
isolated from Picante cheese were investigated. It
was reported that proteolytic and peptidolytic
activity of Y. lipolytica was considerably higher
than those of the other strains®.

In the present study, proteolytic activity
was noticed in only four strains which may have
important effects on proteolysis during cheese

Table 2. Assimilation and fermentation characteristics of some sugars

Isolate no. Yeast species GlucoseA/F GalactoseA/F LactoseA/F
T141 Saccharomycescerevisiae +/+ +/+ -/-
T50 Saccharomycescerevisiae +/+ +/+ -/-
T106 Saccharomycescerevisiae +/+ +/+ -/-
T125 Saccharomyces cerevisiae +/+ +/+ -/-
T75 Saccharomycescerevisiae +/+ +/+ -/-
T110 Zygosaccharomycesmellis +/+ -/- -/-
T104 Candida colliculosa +/+ +/+ -/-
T132 Candida krusei +/+ -/- -/-
T2 Kluyveromyceslactisvar. lactis +/+ +/+ +/+
T138 Geotrichum candidum +/- +/- -/-
T154 Geotrichum candidum +/- +/+ -/-
T147 Geotrichum candidum +/- +/- -/-
T90 Geotrichum candidum +/- +/- -/-
T78 Geotrichum candidum +/- +/- -/-
T107 Candida kefyr ++ +/+ ++
T112 Candida kefyr +/+ +/+ +/-
T120 Candida kefyr +/+ +/+ +/-
T122 Candidalipolytica +/- -/- -/-
T168 Candidalipolytica +/- -/- -/-
T82 Candida rugosa +/- +/- -I-
T29 Candida zeylanoides +/- -/- -/-
T176 Candida zeylanoides +/- -/- -/-
T60 Candida zeylanoides +/- -/- -/-
T170 Candida paludigena +/- +/- -I-
T51 Candida paludigena +/- +/- +/-
T81 Candida apicola +/- +/- +/-
T166 Candidajaponica +/+ +/+ -/-
T127 Candidalambica +/+ -/- -/-
T103 Candidalambica +/+ -/+ -+
T139 Candidalambica +/+ -/- -/-
T9 Pichia fermentans +/+ -/- -/-
T7 Candida famata var. famata +/- +/+ +/+
T144 Candida famata var. famata +/- +/- +/-
T98 Candida famata var. famata +/- +/+ +/-
T42 Candida famata var. flareri +/- +/+ +/-

A: assimilation, F: fermentation
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ripening. According to the results, while some
strains of acertain species had proteolytic activity,
others belonging to same species did not have
this property. For example, only one Y. lipolytica
and one G, candidum strain were found to have
proteolytic activity, although those species were
reported to have high proteolytic activitiesin the
literature. Theseresults confirm that proteolysisis
a strain-dependent characteristic.

Lipolysis is one of the important
reactions occuring during cheese ripening and
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directly contributing to aromaand textureformation.
Secondary flora and adjunct starters are given
among sources of lipases besides milk, rennet and
starter bacteria. The results concerning lipolytic
activity of thestrainsin thisstudy may bevaluable,
demonstrating adjunct starter potential of theyeast
strains. In several studies about use of yeasts as
adjunct starters, usually C. lipolytica (telemoph:
Y. lipolytica), D. hansenii (anamorph: C. famata),
G. candidum and K. lactis strains have been
selected!®?%24, The main technological properties

Table 3. Growth of the yeast strains at different temperature and pH values

Isolate Yeast species Temperature (°C) pH

No. 4 10 28 37 45 25 40 54
T141 Saccharomyces cerevisiae + + + + - + + +
T50 Saccharomyces cerevisiae - + + + - + + +
T106 Saccharomyces cerevisiae - + + + - + + +
T125 Saccharomyces cerevisiae - + + - - + + +
T75 Saccharomyces cerevisiae + + + + + + + +
T110 Zygosaccharomycesmellis - + + + - + + +
T104 Candida colliculosa + + + + - - + +
T132 Candida krusei + + + + + + + +
T2 Kluyveromyceslactisvar. lactis + + + + - + + +
T138 Geotrichum candidum + + + + - + + +
T154 Geotrichum candidum + + + + + + + +
T147 Geotrichum candidum + + + + + + + +
T90 Geotrichum candidum + + + + + + + +
T78 Geotrichum candidum + + + + + + + +
T107 Candida kefyr + + + + + + + +
T112 Candida kefyr + + + + + + + +
T120 Candida kefyr + + + + + + + +
T122 Candidalipolytica + + + + - + + +
T168 Candidalipolytica + + + + - + + +
T82 Candida rugosa - + + + + + + +
T29 Candida zeylanoides + + + - - + + +
T176 Candida zeylanoides + + + - - + + +
T60 Candida zeylanoides + + + - - + + +
T170 Candida paludigena + + + + - + + +
T51 Candida paludigena + + + + - + + +
T81 Candida apicola + + + + - + + +
T166 Candidajaponica - + + + + + + +
T127 Candidalambica + + + + - + + +
T103 Candidalambica + + + + - + + +
T139 Candidalambica + + + + - + + +
T9 Pichia fermentans + + + + - + + +
T7 Candida famata var. famata + + + + - + + +
T144 Candida famata var. famata + + + + - + + +
T98 Candida famata var. famata + + + + + + + +
T42 Candida famata var. flareri + + + - - + + +

+: positive growth, -: no growth
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investigated in those studies are proteolytic and
lipolytic activities, and it is reported that some of
the strains do not have these properties.

It was reported in a study that yeast
strains isolated from Picante cheese were
belonging to D. hansenii, Y. lipolytica and Cry.
laurentiiz®. Among the isolates, D. hansenii had
very weak while others had strong lipolytic
activities. Cosentino et al.! reported that
D. hansenii, K. lactis, K. marxianus and G.
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candidum in the micoflora of Sardinian ewe's
cheese had low proteolyic activities, and afew of
them had lipolytic activities.

In the present study, all of the isolates
belonging to C. famata (telemorph: D. hansenii)
specieswerefound to havelipolytic activities. This
result may beimportant for thefurther studieswhen
it isthought that D. hansenii isthe most frequently
used species as adjunct starter in cheeses.

Table 4. Growth of yeast strains at different NaCl concentrations

Isolate Yeast species NaCl (%)

No. 5 10 15
T141 Saccharomyces cerevisiae + + -
T50 Saccharomyces cerevisiae + + -
T106 Saccharomycescerevisiae + + -
T125 Saccharomycescerevisiae + + -
T75 Saccharomycescerevisiae + + +
T110 Zygosaccharomycesmellis + - -
T104 Candida colliculosa + + +
T132 Candida krusei + + -
T2 Kluyveromyceslactisvar. lactis + + +
T138 Geotrichum candidum + + +
T154 Geotrichum candidum + + -
T147 Geotrichum candidum + + -
T90 Geotrichum candidum + - -
T78 Geotrichum candidum + - -
T107 Candida kefyr + + -
T112 Candida kefyr + + -
T120 Candida kefyr + + +
T122 Candidalipolytica + + -
T168 Candidalipolytica + + -
T82 Candida rugosa + + -
T29 Candida zeylanoides + + -
T176 Candida zeylanoides + + -
T60 Candida zeylanoides + + -
T170 Candida paludigena + + +
T51 Candida paludigena + + -
T81 Candida apicola + + +
T166 Candidajaponica + + -
T127 Candidalambica + + -
T103 Candidalambica + + -
T139 Candidalambica + - -
T9 Pichia fermentans + + -
T7 Candida famata var. famata + + +
T144 Candida famata var. famata + + +
T98 Candida famata var. famata + + +
T42 Candida famata var. flareri + + +

+: positive growth, -: no growth
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Assimilation and fermentation of somesugars
The results related to assimilation and
fermentation of glucose, galactose, and lactose are
given in Table 2. All of the isolates assimilated
glucose, while 17 (49%) of them could ferment this
sugar. It isknown that glucoseisone of the sugars
at trace amounts in cheese. It is reported that
lactose is partially hydrolysed to glucose and
galactose during cheese production, then glucose
is rapidly fermented by starter bacteria and very
low amounts of glucose can be found in cheese?.
It was found that 24 (69%) of the tested
yeast strains had the ability to assimilate gal actose,
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while gal actose fermentation ability was detected
for 16 (46%) of them. In some studies, galactosein
cheese has been reported as an important sugar
contributing to reactions during cheese ripening.
In astudy performed by Ferreiraand Viljoen?, D.
hansenii and Y. lipolytica were used as adjunct
starters seperately in Cheddar cheese production.
It was reported that maximum 0.86-1.5% gal actose
were detected in cheese samples after 24 hours
during ripening. Galactose percentage was then
decreased in those samples and no galactose was
detected after 1-5 months. However, in control
cheese produced without addition of adjunct

Table 5. Assimilation of some organic acids

Isolate no. Yeast species DL-lactate Citricacid Succinicacid
T141 Saccharomyces cerevisiae + - -
T50 Saccharomycescerevisiae + - -
T106 Saccharomycescerevisiae + - -
T125 Saccharomycescerevisiae + - -
T75 Saccharomycescerevisiae + - -
T110 Zygosaccharomyces mellis - + +
T104 Candida colliculosa + + +
T132 Candida krusei + + +
T2 Kluyveromyceslactisvar. lactis + + +
T138 Geotrichum candidum + - +
T154 Geotrichum candidum + - +
T147 Geotrichum candidum + - +
T90 Geotrichum candidum + - +
T78 Geotrichum candidum + - +
T107 Candida kefyr + - -
T112 Candida kefyr + - -
T120 Candida kefyr + - +
T122 Candida lipolytica + - -
T168 Candida lipolytica + + +
T82 Candida rugosa - - +
T29 Candida zeylanoides - - -
T176 Candida zeylanoides - - -
T60 Candida zeylanoides - - -
T170 Candida paludigena + - -
T51 Candida paludigena + - -
T81 Candida apicola - + +
T166 Candidajaponica + - +
T127 Candidalambica + + +
T103 Candidalambica + + +
T139 Candidalambica + + +
T9 Pichia fermentans - - -
T7 Candida famata var. famata - - -
T144 Candida famata var. famata + - +
T98 Candida famata var. famata + - -
T42 Candida famata var. flareri - - -

+: assimilation positive, -: assimilation negative
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starter, 0.55% gal actose was detected even after 6
months, indicating the significance of yeast
contribution to galactose metabolism. In another
study in which survival of a probiotic yeast
S. boulardii in some dairy products was
investigated, it was reported that this yeast could
use galactose, but unable to assimilate or ferment
lactose?. Glucose and galactose usage of yeast
isolates was investigated in another study by
Tempel and Jakobsen?® in which identification and
technological characterization of yeastsoriginated
from Danablu cheese were performed. It was
reported that all of the yeast isolates belonging to
C. famata, Candida catenulata, C. lipolytica,
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Zygosaccharomyces spp. and Trichosporan
cutaneum could use glucose and galactose. In our
study, all of theisolatesbelongingto S. cerevisiae,
C. colliculosa, C. kefyr, C. japonica and K. lactis
var. lactiswere ableto assimilate and ferment both
glucose and galactose.

In the present study, lactose assimilation
and fermentation was observed for only a few of
the strains (Table 2). Lactose assimilation was
determined as positivefor 10 (29%) of theisolates
belonging to K. lactis var. lactis (T2), C. kefyr
(T107,T112, T120), C. paludigena (T51), C. apicola
(T81), C. famatavar. famata (T7, T144, T98), and
C.famatavar. flareri (T42). Only four of theisolates

Table 6. Bile salt tolerance of the yeast strains

Isolate Yeast species Bile salt concentration (%, w/v)
No. 05 1.0
T141 Saccharomycescerevisiae - -
T50 Saccharomycescerevisiae - -
T106 Saccharomyces cerevisiae - -
T75 Saccharomyces cerevisiae - -
T110 Zygosaccharomycesmellis - -
T104 Candida colliculosa - -
T132 Candida krusei + +
T2 Kluyveromyceslactisvar. lactis - -
T138 Geotrichum candidum - -
T154 Geotrichum candidum - -
T147 Geotrichum candidum - -
T90 Geotrichum candidum + (w) -
T78 Geotrichum candidum - -
T107 Candida kefyr + -
T112 Candida kefyr - -
T120 Candida kefyr - -
T122 Candida lipolytica +

T168 Candida lipolytica + + (W)
T82 Candida rugosa + +
T170 Candida paludigena - -
T51 Candida paludigena - -
T81 Candida apicola + (W) + (W)
T166 Candidajaponica + + (W)
T127 Candidalambica - -
T103 Candida lambica - -
T139 Candidalambica + (W) + (W)
T9 Pichia fermentans + (W) + (W)
T7 Candida famata var. famata + (W) -
T144 Candida famata var. famata - -
T98 Candida famata var. famata - -
Reference  Saccharomyces boulardii + +
yeast

+ (w): weak growth, +: positive growth, -: no growth
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had the ability to ferment lactose which werein the
speciesof K. lactisvar. lactis(T2), C. kefyr (T107),
C. lambica (T103) and C. famata var. famata (T7).
Itisknown that most of thelactosein milk remains
in the whey as lactose or lactate during cheese
production. However, low levels of lactose (0.8-
1.0%) remain in the curd at the end of manufacture.
Residual lactoseis metabolized quickly to L-lactate
during the early stages of ripening at aratelargely
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determined by temperature and salt-in-moisture
levelsof curd by the action of starter bacteria. Itis
reported that as salt levels in Cheddar and other
dry-salted varieties increase rapidly on salting,
starter activity is stopped very quickly at the end
of manufacture. Lactose that remains unfermented
by the starter is probably metabolized by secondary
flora'’. Lactose fermentation of yeastsis given as
an important technological characteristic directly

Table 7. Inhibition effects of the yeast strains on some pathogenic bacteria

| solate Yeast species Inhibition effect (zone formation)
No. E.cali S aureus L. monocytogenes
T141 Saccharomyces cerevisiae - - + (w)
T50 Saccharomycescerevisiae - - -
T106 Saccharomyces cerevisiae - - + (w)
T125 Saccharomyces cerevisiae - - -
T75 Saccharomyces cerevisiae - - -
T110 Zygosaccharomyces mellis - - -
T104 Candida colliculosa - - -
T132 Candida krusei + (w) + -

T2 Kluyveromyceslactisvar. lactis - + (w) -
T138 Geotrichum candidum - + (w) -
T154 Geotrichum candidum + (w) - + (w)
T147 Geotrichum candidum + (W) - -
T90 Geotrichum candidum + (w) +(w) -
T78 Geotrichum candidum - - -
T107 Candida kefyr - + (w) + (W)
T112 Candida kefyr - - -
T120 Candida kefyr - - -
T122 Candida lipolytica - - -
T168 Candida lipolytica - - -
T82 Candida rugosa - + (w) -
T29 Candida zeylanoides - - + (W)
T176 Candida zeylanoides - - -
T60 Candida zeylanoides - - + (W)
T170 Candida paludigena - - + (W)
T51 Candida paludigena - - + (W)
T81 Candida apicola - - + (W)
T166 Candidajaponica - - + (W)
T127 Candida lambica - - -
T103 Candida lambica - - -
T139 Candida lambica - - -

T9 Pichia fermentans + (w) - -

T7 Candida famata var. famata - - -
T144 Candida famata var. famata - - -
T98 Candida famata var. famata - + (w) -
T42 Candida famata var. flareri - - -
Reference Saccharomyces boul ar dii - - -
yeast

+: inhibition zone positive, w: weak inhibition zone (<1 mm),
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affecting cheese flavour. It is reported that the
fermentation of lactose by yeasts influences the
formation of aroma by formation of ethanol and
acetaldehyde by limiting acidification by lactic acid
and thus affecting the texture of cheese, and by
theformation of CO,*. Itisalso reported that there
isarisk of too much opennessand the development
of ayeast flavour if the number of yeasts at the
center exceed counts of 10° cfu/g. Welthagen and
Viljoen? reported that lactose concentration was
determined as 2.55% at the beginning of ripening
during Cheddar cheese production, while it was
detected as0.262% after 51 days. In the same study,
yeast count considerably increased between 24-
37 days of ripening, indicating that decrease in
lactose concentration was due to the ability of
yeasts growing at low temperatures. In another
study by Pereira-Dias et al.?8, technological
characterization of dominant yeast flora of
Portuguese ewes' cheese was performed. It was
reported that all of the strainsbel onging to Candida
curvata, C. intermedia and D. hansenii, and 10%
of Rhodotorula strains were able to assimilate
lactose, while non of the C. zeylanoides strains
had this property. In another study, K. lactis, K.
marxianus and Dekkera anomala were reported
to ferment and assimilate lactose which were
originated from Sardinian ewes cheese!. In the
present study, although lactose assimilation and
fermentation was not a common characteristic
among the strains, al of the strains belonging to
C. kefyr and C. famata var. famata were able to
assimilate and ferment lactose.

Since cheeses can contain glucose,
galactose and lactose at variable amounts,
metabolization of those sugars may serve as an
important technological characteristic for the yeast
isolates originated from cheeses. In this study,
satisfactory results were obtained especialy for
galactose assimilation properties. In addition, two
strains belonging to K. lactis var. lactis (T2) and
C. kefyr (T107) were found to assimilate and
ferment all three of the tested sugars.

Growth at different temperaturesand pH

Growth abilities of the yeast strains at
different temperature and pH values are presented
in Table 3. All of theisolates were able to grow at
10 and 28°C. Additionally, growth capabilities of
theyeast strainswerevery good at |ow temperature
such as 4 °C. Only six of theisolates belonging to
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S. cerevisiae (T50, T106, T125), Z. mellis(T110),
C. japonica(T166) and C. rugosa (T82) werefound
unable to grow at 4°C. Most of the strains grew
well at 37°C except five of them belonging to S.
cerevisiae(T125), C. zeylanoides(T29, T176, T60)
and C. famatavar. flareri (T42). Growth of theyeast
strains were generally adversely affected at 45°C.
Twelve of the isolates belonging to S. cerevisiae
(T75), C. krusei (T132), G candidum(T154, T147,
T90, T78), C. kefyr (T107, T112, T120), C. rugosa
(T82), C.japonica( T166) and C. famata var. famata
(T98) wereableto grow at 45°C. Ten of theisolates
which were in the species of S. cerevisiae (T75),
C. krusei (T132), G candidum (T154, T147, T9O0,
T78), C. kefyr (T107, T112, T120) and C. famata
var. famata (T98) were able to grow at all
temperatures in the studied range.

Growth ability at low temperatures is
usually attributed to occurence of yeastsin cheese.
Additionally, itisknownthat ripening temperature
of some cheese varieties are also low. Ripening
temperatures are given as 10-12°C for Rokpol
cheese®, 6-8°C for Cheddar cheese, and 10-15°C
for smear-ripened cheeses®. Emmental cheeseis
ripenedinitially for 2-3weeksat 12°C, after which
the temperature is increased to 20-24°C for 2-4
weeks to promote the growth of propionic acid
bacteria for the fermentation of lactate to
propionate and acetate; the temperature is then
reduced to 4°C%. Ripening temperature of Erzincan
tulum cheeseisknown as4-6°C¥®. Thus, theresults
concerning the ability of yeasts to grow at low
temperatures seems expected. It is also thought
that those yeasts have potential as adjunct starters
in production of the cheesesthey originated from.
Similar resultswere obtained in some other studies
about technological characteristics of yeasts
originating from various cheese varieties. In a
study, growth of D. hansenii isolated from Danablu
was found as positive between 10-30°C, and
optimum growth temperature was indicated as
20°C?%, In another research, growth of yeast isolates
originating from Sardinian ewes cheese was
investigated between 6-40°C, and most of the
strains were found to grow between 6-10°C?.

Growth ability of yeastsat 37-45°C gives
idea about their survival during cheese
manufacture. During cheese production, curd is
cooked at thetemperatures from 32°C to 54°C after
cutting to small pieces. Cooking temperature is
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given as 32°C for Cheshire cheese, whileitis40°C
for Cheddar cheese and 35°C for Goudaand Edam
cheeses. However, for some hard cheeses such as
Emmental and Parmigiano in production of which
thermophilic startersare used, cooking temperature
is used as 54°C3. In the present study,
approximately 27% of thetested strainswere found
to have ability to grow at 45°C. In manufacture of
Erzincan tulum cheese, coagulation temperatureis
35°C, after which curd is cut into pieces and
incubated at 20°C for 24 hours®. Those strains
ableto grow at 37-45°C may have potential to be
used in productions of cheeses especialy which
have high cooking temperatures.

In this research, all of the yeast strains
originating from Erzincan tulum cheese were able
to grow at pH 4.0 and 5.4 (Table 3). Most of the
strains had also ability to grow at pH 2.5 except
oneC. colliculosa (T 104) strain. It isknown that
pH of cheeseisusually between 4.5-5.3 at the end
of production®®, Yeasts increase pH by using
lactic acid and also due to production of some
metabolites. In a study performed by Wyder et
al.*, when yeastsisolated from traditional cheeses
and belonging to Galactomyces geotrichum,
Pichia jadinii, Y. lipolytica and D. hansenii were
used as adjunct starters in production of Raclette
cheese, pH was recorded as 5.42 after 4 hours of
ripening, whileit was5.07 after 24 hoursand 5.34
after 90 hours. The pH of Rokpol cheese was
reported as 6.0-6.3 at the end of ripening®. In
another study, it was reported that D. hansenii
strains which were predominantly isolated from
semi-dry and surfaceripened cheeses, wereall able
to grow between pH 5.0-6.0%. It wasreportedina
study that three C. famata strains which were
isolated from Danablu cheese were able to grow
between pH 4.0-6.0, and optimum growth was
observed at pH 6.0%.

Inthe present study, pH of Erzincan tulum
cheese samples were found to change between
3.33-4.82 (data not shown), which may be varied
during stages of ripening. pH of Erzincan tulum
cheese during ripening was reported to change
between 4.8-5.2 which can be sometimes 4.3%. Itis
thought that the strains isolated from Erzincan
tulum cheese in this study grew very well at pH
valuessimilar to cheese pH such as4.0 and 5.4 due
to their adaptation to medium during cheese
ripening. Resistance to low pH values has
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importancefor survival of yeast strainswhen they
are used inthe production of various cheeses. This
characteristic is also attributed to probiotic
potential of the yeast strains, which is important
for their survival in gastrointestinal tract. Gotcheva
et al.*® investigated probiotic characteristics of
someyeast strainsisolated from afermented drink
which were ableto grow between pH 2.0-3.0.
Growth at different NaCl concentrations

In order to determine growth ability of
thetested strains at different NaCl concentrations,
water activity (a,) values were detected for the
media containing 5%, 10% and 15% (w/v) NaCl.
When mediumwithout NaCl had g, value of 0.999,
a, values of media containing 5%, 10% and 15%
NaCl were found as 0.969, 0.934 and 0.887,
respectively. Results concerning growth of the
yeasts at different salt concentrations are
presented in Table 4. All of the isolates had the
ability to grow inthe medium with 5% NaCl. Four
of the strains could not grow at 10% NacCl
concentration, which were belonging to Z. mellis
(T110), G candidum (T78, T90), and C. lambica
(T139). It wasfound that only 11 (31%) of theyeast
strains could grow in medium with 15% NaCl.

Salt concentration has a primary role in
variation of cheese microflora. Salt concentration
of brine is usually given as 21% and surface of
brine-salted cheeses contain high salt
concentrations. Especially for those cheeses,
secondary flora growing on the surface should be
resistant to high salt concentrations®. In a study
inwhich chemical changesduring ripening process
of Turkish white cheese was investigated, brine
salt concentration was changed between 12-18%.
In another study, all of the yeast strains which
were isolated from semi-hard and surface ripened
cheeses in Denmark, were reported to grow
between 4-10% NaCl concentrations®. Cosentino
et al. reported that only some D. hansenii and K.
lactis strains could grow at 10% NacCl
concentrations among theisolates originated from
Sardinian ewes’ cheese. In another study
performed by Hansen and Jakobsen3®,
technological properties of Saccharomyces spp.
isolated from blue veined cheese and fermented
Maize and also commercial strains were
investigated. Tolerance to NaCl were determined
between 0-6% and it was reported that cheese
isolates were the most resistant strains and all of
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them could grow at 6% NaCl concentration. Most
of the yeast strains isolated from Erzincan tulum
cheesein this study were able to grow between 5-
10% salt concentration, and considerable amount
of them at 15% salt concentration. Besides all of
the C. famata strains, the isolates belonging to S.
cerevisiae (T75), C. colliculosa (T104), K. lactis
var. lactis(T2), G candidum(T138), C. kefyr (T120),
C. paludigena (T170) and C. apicola (T81) were
ableto grow at 15% salt concentration. There are
already some reports about resistance of C. famata
(telemorph: D. hansenii) and K.lactisto high salt
concentrations. In our study, resistance to 15%
salt concentration was demonstrated for the first
time for S. cerevisiae and also C. kefyr, C.
colliculosa, C. paludigena and C. apicola
originated from Erzincan tulum cheese.
Assimilation of someorganicacids

The abilities of the yeast strains to
assimilate lactic, citric and succinic acids were
investigated and theresultsaregivenin Table5. It
was found that 26 (74%) of the yeast strainswere
ableto assimilate DL -lactate. Eight of theisolates
belonging to Z. mellis, C. rugosa, C. zeylanoides,
C. apicola, P. fermentans, C. famata var. famata
(T7) and C. famata var. flareri werefound negative
inlactate assimilation. Among the organic acidsin
cheese, lactic acid exists at higher concentrations
than the others®. Degredation of lactate is given
as one of the most important reactions occuring
during cheese ripening"’. Yeasts increase the pH
of cheese by oxidation of lactateto CO, and H,O%.
Ability of lactate assimilation for yeastshasamajor
importance for testing their potentia as adjunct
starters. In a study in which four yeast species
were used as adjunct starters in Raclette cheese,
all of them were reported to assimilate lactic acid.
However, lactic acid concentration increased with
time in cheese samples inoculated with P. jadinii
and D. hansenii in the same study. This was
explained by growth stimulation of lactic acid
bacteria by yeasts®. In the present study,
satisfactory results were obtained for lactate
utilization of the strains isolated from Erzincan
tulum cheese. Since lactate is utilized mainly by
the secondary flora, it isthought that an important
technological property was demonstrated for the
yeast isolates.

Assimilation of citric acid was observed
positivefor 9 (26%) of theyeast isolates (Table5).
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Those strainswere belonging to: Z. mellis(T110),
C. colliculosa (T104), C. krusei (T132), K. lactis
var. lactis(T2), C. lipolytica (T 168), C. apicola (T
81), and C. lambica (T 127, T103, T139).
Metabolization of citrate is one of the reactions
occured during cheese ripening. Citrate can be
converted into some aroma compounds such as
diacetyl, acetoin and acetate by starter or non-
starter lactic acid bacteria’. Yeast strainsthat have
ability to use citrate can also contribute to citrate
metabolism during cheese ripening. Citrate
assimilation is given as a reason for survival of
some yeast strains during cheese ripening®. In a
study in which technological properties of
Saccharomyces spp. isolated from blue-veined
cheese were investigated, it was reported that the
yeast strains could assimilate lactate but could not
assimilate citrate®. These datawerein agreement
with our resultsconcerning S. cerevisiae. Inastudy
by Tempel and Jakobsen?, it was reported that
most of the yeast strains isolated from Danablu
cheese were able to assimilate citrate. In another
study by Tempel and Jakobsen?, Y. lipolytica and
D. hansenii strains isolated from blue-veined
cheese were used as adjunct starters in Danablu
cheese and five of the six strainswere reported as
citrate positive. Cosentino et al.! reported that D.
hansenii, Y. lipolytica and Rhodotorula rubra
strains isolated from Sardinian ewes' cheese had
ability to metabolizecitrate. Inastudy about African
fermented milks, it was reported that
Saccharomyces and Candida ganera were
frequently isolated from these products. Most of
those isolates could not use lactose, but could
metabolize galactose, citrate and lactate. Since
concentration of citrate in those productsis only
about 0.2%, growth of yeasts could not be achieved
from thissubstrate alone. But, it wasindicated that
flavour compunds could be produced from citrate
by yeasts in those products, although it has not
been fully investigated yet®. In the present study,
all of theisolates metabolizing citrate are belonging
to Candida genus, except one K. lactisvar. lactis
and one Z. mellis strains. It isthought that effects
of these yeasts on flavour compound formationin
cheese as a result of citrate metabolism may be
investigated in the furher studies.

It was determined that 18 (51%) of the
yeast strainsisolated from Erzincan tulum cheese
had ability to assimilate succinic acid. All of the
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strains belonging to G candidum and C. lambica
were able to use succinic acid. However, P.
fermentans, which istelemorph form of C. lambica,
gave negative result in succinic acid assimilation
test. Succinic acid assimilation istaken into account
when technological properties of isolates
originating from cheese or other dairy products
are investigated. In a study performed with a
probiotic yeast S. boulardii, survival of thisyeast
in some dairy products was investigated and the
yeast was found to assimilate only lactic acid, but
not citric and succinic acids®. Occurence of
organic acids such as lactic, citric, propionic and
succinic acid was reported by Mullin and
Emmons®. Organic acid profiles of fifty various
cheese samples as well as milk, whey and cheese
collected from Cheddar production line were
investigated. It was reported that Emmental cheese
contained lactic, citric, formic, acetic, succinic and
propionic acids, and concentrations of succinic
and propionic acids were high in that cheese. In
the same study, blue-veined cheese was reported
to contain succinic acid at trace amounts.

Inthisstudy, it was determined that seven
of theisolates had the ability to assimilateall three
of theorganic acids. Those strainswere belonging
to C. colliculosa (T104), C. krusei (T132), K. lactis
var. lactis(T2), C. lipolytica (T168) and C. lambica
(T127, T103 ve T139) which may have positive
effects in cheese ripening as a result of organic
acid metabolism.
Bilesalt tolerance

Bile salt tolerance was investigated by
using media containing 0.5% and 1% (w/v) bile
salt. At this stage, the yeast S. boulardii was aso
used in the experiments asacontrol strain because
of itsknown probiotic characteristics. Theresults
concerning the growth of the yeast strains in the
mediacontaining 0.5% and 1% (w/v) bile salt were
represented on Table 6. Eleven of the tested yeast
isolates (36%) were able to grow in the medium
containing 0.5% hile salt, while 8 of them (26%)
wereresistant to 1% (w/V) bile salt concentration.
The strains resistant to 0.5% (w/v) bile salt
concentration were belonging to C. krusei (T132),
G. candidum (T90), C. kefyr (T107), C. lipolytica
(T122,T168), C.rugosa(T82), C. apicola(T81),
C. japonica (T166), C. lambica (T139), P.
fermentans (T9) and C. famata var. famata. None
of the S. cerevisiae strains could grow at this
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medium. The strains growing in the media
containing 0.5% (w/V) bile salt were al so resistant
to 1% (w/v) bile salt concentration except three
strains in the species of G. candidum (T90), C.
kefyr (T107) and C. famata var. famata (T7). Weak
growth was observed in the medium containing
1% bile salt for most of the strainsexcept C. krusel
(T132), C. lipolytica (T122) and C. rugosa (T82).
The growth of the control strain S. boulardii was
well for both concentrations of the bile salt tested.
Growth and survival of the three strains
which grew well in the medium containing 1% (w/
V) bile salt, were further investigated in amedium
containing 0.3% (w/v) Ox-Bile. When cell counts
of C. lipolytica (T122) at the beginning and after
72 hours were compared, similar results were
obtained. For C. krusei (T132) and C. rugosa (T82),
yeast countsincreased by 2.5 and 2.8 logarithmic
unitsafter 72 hours, respectively (datanot shown).
Control strain S. boulardii also grew well and cell
count of thisstrainincreased by approximately 2.5
logarithmic units in this medium which was an
expected result. The obtained bile salt tolerance
for theisolates C. lipolytica (T122) and especially
C. krusei (T132) and C. rugosa (T82) arepromising
for evaluation of them as potential probiatics.
Bile salt tolerance is an important
selection criterion for determination of probiotic
characteristics of microorganisms. For application
of strains as probiatics, it is important that they
areableto survivethebile salt in theintestine, the
norma level of whichisaround 0.3%, but may range
up to the extreme 2% during the first hour of
digestion®. In a study in which some probiotic
characteristics of Trich. cutaneum, C. rugosa and
C. lambica were investigated, bile salt tolerance
was determined between 0.2-2% oxgall. It was
reported that all of the strains survived at all tested
concentrations, but increase in yeast count was
only observed in the media containing 0.2% and
0.3% oxgall®. In the present study, tolerance to
high bile salt concentrations was a rare property
among thetested strains, of which C. rugosa (T82)
gavethebest result for growing in Ox-Bile medium.
Inhibition effectson some pathogenic bacteria
Inhibition effects of the yeast strains on
E. coli, S. aureus and L. monocytogenes strains
wereinvestigated and resultsof agar-cup diffusion
tests were given on Table 7. For 5 of the strains
belonging to C. krusei (T132), G. candidum (T90,
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T154, T147) and P. fermentans (T9), weak inhibition
effect on E. coli was observed. Inhibition effect
on S. aureus was observed for 8 of them which
wereC. krusel (T132), K. lactisvar. lactis(T2), G
candidum (T138, T90), C. kefyr (T107), C. rugosa
(T82) and C. famata var. famata (T98). Among these
8 strains, inhibition effect of C. krusei was strong,
determined with aninhibition zone of 5 mm, while
those of otherswereweak. It was found that 10 of
the isolates had weak inhibition effect on L.
monocytogenes which were in the species of S,
cerevisie (T141, T106), G candidum (T154), C.
kefyr (T107), C. paludigena (T170, T51), C. apicola
(T81), C. japonica (T166) and C. zeylanoides(T60,
T29).

Antagonistic effect of yeasts on
pathogenic bacteria is known as an important
characteristic especially for potential probiotics,
but it is observed that this property is rarely
detected among yeasts in the reported studies. In
astudy by Addiset al.**, some yeast and bacterial
strainswereisolated from Cammembert and blue-
veined cheeses. It was reported that none of the
yeast strainswhich were belonging to D. hansenii,
Y. lipolytica, K. marxianus and S. cerevisiae had
inhibition effects on 15 Saphylococcus spp., 4
Micrococcus spp. and also Enterobacter faecium
and Enterobacter faecalis. Similarly, noinhibition
effect wasreported on Salmonella Typhimurim, E.
coli and S. aureus, whilesomeY. lipolytica strains
inhibited the growth of L. monocytogenes and B.
cereus. Gotcheva et al.,* reported that a Trich.
cutaneum strain had antagonistic activity against
some pathogenic bacteria, while C. rugosa and C.
lambica strainsinhibited the growth of Salmonella
spp. and Pseudomonas aeruginosa. In another
study, anti-listerial potentia of 404 foodborneyeast
strains, 304 of which were isolated from smear-
ripened cheeses, were investigated*. It was
reported that only 4% of the red smear cheese
isolates clearly inhibited growth of L.
monocytogenes. The yeast strains showing high
inhibitory effect were mainly in the species of C.
intermedia ve K. marxianus. In another study by
Georges et al.®, 175 yeast strains isolated from
different sources were screened for their anti-
listerial activities. It was reported that 14% of the
yeast strains had anti-listerial activity, and one
Pichia norvegensis strain inhibited L.
monocytogenes by 7 log units.
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In the present study, inhibition on all of
the three pathogenic bacteria; E. coli, S. aureus
and L. monocytogenes could be achieved by only
different G. candidum strains. It is reported that
G. candidum has the ability to excrete D-3-
phenyllactic acid which inhibits the growth of
L. monocytogenes*. It is thought that
demonstrating inhibitory effectsof Erzincan tulum
yeast isolates on pathogenic bacteria may be
important for their probiotic potential, although
most of theinhibition effectswereweak. In addition,
it is thought that strong inhibition effect of
C. krusel (T132) ontested S. aureusstrain may be
valuable for further investigations, since thereis
no similar previous report about this property.

CONCLUSIONS

When all of the technological and
probiotic characteristics were eval uated together,
four strains; G candidumT138, C. kefyr T120, C.
lipolytica T122 and C. lambica T103 gave positive
resultsfor most of the tests, which may be selected
for further investigations as adjunct starters. For
technological characteristics except probiotic
characteristics, C. kefyr T120 was the best one
having proteolytic and lipolytic activity, growing
at all investigated pH, temperature and NaCl
concentrations, assimilation of all investigated
sugars, and also lactic and succinic acid. This
strain gave negative result for only lactate
fermentation and citrate assimilation. This strain
was followed by C. lambica T103, which could
assimilate all of the organic acids, but galactose
and lactose-negative. When tested probiotic
characteristics were also taken into account,
G. candidum T138 which had inhibition effect on
S aureus and C. lipolytica T122 which had high
bile salt tolerance were the best strains among the
selected potential adjunct strains.
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