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Abstract: Thirteen (n = 13) yeast strains isolated from
different local fruits and plant parts were characterised by
polymerase chain reaction—restriction fragment length
polymorphism analysis. By using four restriction
endonucleases (Alul, Hae-Ill, Hind Ill and Hinfl) on
amplicon-Targetedinternal Transcribed Spacer 1 (ITS1)
and ITS2 regions, all yeast strains (n =13) were found to
be Saccharomycessensuscripto group with Hae 111 which
was the best limiting enzyme to differentiate between S.
cerevisiae/S. paradoxus (325, 230, 170 and 125 bp) and
S. bayanus/S. postrianus (495, 230 and 125 bp). Based on
5.8s rRNA gene, six yeast strains were identified as
Saccharomyces cerevisiae, three strains were identified as
S. paradoxus, and two strains were identified as S.
bayanus and S. postrianus each. Probiotic test was
conducted on 13 yeast strains which were grown on bile
salt with concentrations from 0.3 to 1%. All strains were
also examined for bile deconjugation, lysozyme
tolerance and ability to utilise prebiotics. All yeast strains
grew in bile salt at 0.3% concentration. However,
only S. cerevisiaevar WU-Y2 (SM16) survived in 1%
concentration. In bile deconjugation test, all yeast strains
demonstrated reduction in growth and low tolerance
towards high concentration of lysozyme (100 ppm). The
yeast strains also revealed low growth in inulin, xylitol
and lactulose (2% v/w).

INTRODUCTION

‘Probiotics’ was first conceptualised at the start of the
20th century through Elie Metchnikoff’s discovery of the
immunological benefits of lactic acid bacteria in
fermented milk. Few nonbacterial microorganisms such

as yeasts, Saccharomyces boulardii and several
Saccharomyces cerevisiae strains are studied or
commercialised as probiotics™. Microorganisms must
survive passage through the stomach and maintain their
viability and metabolic activity in the intestine to be
considered as probiotics™®. Native inhabitants of the
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human or animal gastrointestinal tract such as lactobacilli
and bifidobacteria, are considered probiotics but often
display low stress tolerance which reduce their viability in
probiotic applicationst?.

Strains of S. cerevisiae have been widely tested for
probiotic properties, such as protection of bacterial
translocation and preservation of gut barrier integrity™®!,
Different non-Saccharomyces yeast species, especially of
the genera Debaryomyces, Torulaspora, Kluyveromyces,
Pichia and Candida have been shown to possess
probiotic potential because of their ability to survive and
colonise the gastrointestinal tract in different mammalian
cell model assays®. Probiotic yeasts may also feature
inhibitory activities against pathogenic bacteria™®.
According to Fleet!!?, yeasts have been considered as one
of the microorganisms possessing probiotic potential,
however, focusing more on livestock production, yeasts
are added in feed for ruminants, for example, to increase
the weight of animals and milk production. Nevertheless,
S. cerevisiae var. boulardii is the only yeast with
proven clinical effects and probiotic efficiency in
double-blind studies™™. S. cerevisiae var. boulardii is
used for prevention and treatment of different types
of human gastrointestinal diseases™*?*¢!. McCullough®*”
reported that the commercial strains designated as
S.boulardiishould not be considered as separate species
from S.cerevisiae. Molecular and physiological studies on
S. cerevisiae and S. boulardii by Fietto™® revealed that
S. boulardiiis genetically very close or nearly identical to
S. cerevisiae. Other strains of Saccharomyces sp. or other
yeast genera exhibit similar or better probiotic activity
than Saccharomyces boulardii®. Arroyo-Lopez"® showed
significant interest in finding other yeast strains with
probiotic characteristics.

Previously, yeasts isolated from different sources
have been characterised by traditional methods®”.
However, these yeasts were not explored with respect
to their probiotic diversity. Thus, research on yeasts as
probiotics has attracted considerable attention. The
present work has aimed to identify the yeast species
isolated from different local fruits and plant parts and
to characterise new yeast strains with probiotic potential.
The yeasts were tested for their abilities to survive in high
bile salt and lysozyme concentrations, utilise prebiotics
and deconjugate bile salt.

MATERIALS AND METHODS

Yeast isolates: The commercial S. cerevisiae strain used
in this study was ATCC No. 62418. A total of 30 samples
of local fruits and various plant parts were collected from
several states of Peninsular Malaysia including Selangor,
Pahang, Kelantan and Terengganu. The collected samples

were placed aseptically in sterile plastic bags and
transferred to ice boxes (4°C) before being transported to
the laboratory until use. The selected fruits involved in
this study included banana (Musa acuminate), papaya
(Carica papaya), cocoa beans (Teobroma cacao L.), palm
kernel pulp (Cocos nucifera L.), longan (Dimocarpus
longan spp. malesianusleenh), soursop (Annona muricata
L.), bamboo shoot (Bambusa vulgaris), snake fruit
(Salacca zalacca), jackfruit (Artocarpus heterophyllus),
duku Langsat (Lansium domesticum), honey, mango
(Mangifer aindica), durian (Duriodulcis), orange (Citrus
sinensis L.); watermelon (Citrulus vulgaris), pineapple
(Ananas comosus), corn (Zea mays); rambutan
(Nephelium lappaceum); mangosteen (Garcinia
mangostana), sugar cane juice (Saccharum officinarum
L.), coconut water (Cocos nucifera), fermented rice,
niranipah and rice and soil samples. The samples were
then subjected to the following procedures within 24-36
h after collection and transferred to the laboratory.
Screening tests for the potential yeasts were conducted
previously according to the work by Asyikeen et al.[*"!,

Yeast DNA extractions: The yeasts were cultured on
Yeast extract-Peptone-Dextrose (YPD) broth for 24 h at
30°C. DNA was extracted using Dneasy® Blood and
Tissue Kit (Qiagen, USA) after treatment with lyticase
(Sigma, USA). DNA electrophoresis was run in 1.0%
(w/v) agarose gels with 1X TAE buffer (40 mMTris-OH,
20 mM acetic acid and 1 mM of
ethylenediaminetetraacetic acid; pH 7.6) in a horizontal
electrophoresis system (Bio-Rad, USA) for 40 min at a
constant current of 100 V. Gels were stained with
ethidium bromide and visualised under ultraviolet (UV)
lightinatransluminator UV (Alpha Innotech, USA) using
FluorChem FC2 software (Alpha Innotech, USA).

Yeast characterisation: Yeast DNA was amplified with
the primers (internal transcribed spacer 1 (ITS1):
TCCGTAGGTGAACCTGCGG and 1TS4:
TCCTCCGCTTATTGATATGC) as described by
Ezteve-Zarzoso et al.”?, Polymerase Chain Reaction
(PCR)-DNA sequence amplification was performed in a
total reaction volume of 50 pL containing ~50 ng of DNA
genome in 1 pL of each primer (100 uM), 25 pL of PCR
Master Mix (2X) (Fermentas), 10 pL of purified water
and 13 pL of nucleus-free water. The thermal cycling
parameters comprised an initial denaturation at 95°C for
5 min, followed by 35 cycles of denaturation at 94°C for
1 min, annealing at 55°C for 2 min and extension at 72°C
for 2 min with a final extension at 72°C for 10 min. PCR
products were digested with the restriction endonucleases
Alul, Haelll, Hind 111 and Hinf1®?, Restriction fragments
were electrophoresed on 3% agarose gel, stained with
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ethidium bromide and photographed. A 100 bp DNA
ladder marker (Fermentas, Lithuania) served as the size
standard.

DNA sequencing: DNA sequencing was performed by
sending 10 pL of amplicons per sample to Olipro
Biotechnology Sdn. Bhd. The DNA sequence acquired
was then compared with the DNA sequences in the
National Center for Biotechnology Information (NCBI)
GenBank database through basic alignment search tool
(BLAST) software (http://www.ncbi.nlm.nih.gov/
BLAST). This analysis determined the DNA sequences
featuring high density with sample DNA sequences.

In-vitro test for assessing probiotic characteristics: An
in-vitro study was conducted on bile salt, lysozyme
tolerance, utilisation of prebiotics and bile salt
deconjugation. About 24 h yeast cultures were used for
this study. In all the tests, 10” cfu mL~" cells were initially
maintained in 10 mL of YPD broth before further
analysis.

Bile and lysozyme tolerance resistance: The ability of
isolated yeast species to grow in the presence of bile
salts and lysozyme was studied by Vinderola and
Reinheimer?®, Bile (Sigma) with concentrations of 0.3,
0.5 and 1% (w/v) or 25, 50 and 100 ppm of lysozyme
(Sigma) were assayed for each strain. The results were
expressed as the percentage of growth (optical density at
600 nm) in the presence of bile or lysozyme compared
with the control without addition:

Resistance% = TVC, - TVC, x100
TVC

(<]

Utilisation of prebiotics: The ability of the sensitive
strains and isolated mutants to ferment prebiotic
carbohydrates (lactulose, inulin, raffinose and xylitol;
Sigma) was investigated by inoculating the strains
(2% v/v) into a modified YPD broth containing
prebiotic substrates. The modified YPD broth consisted of
basic YPD broth (without glucose) supplemented with
2% (w/v) of each prebiotic. The results were expressed as
bile and lysozyme resistance.

Bile salts deconjugation assay: Bile salt
deconjugation was determined according to the research
by Toranto et al.?J, Sodium salts (Sigma) of Taurocholic
(TC) and Tauro DeoxyCholic (TDC) acids were tested
against each strain. The presence of an opaque halo of
precipitated bile acid around colonies was considered an
indication of bile salt deconjugation.

RESULTS AND DISCUSSION

Characterisation of isolated yeasts by PCR-Restriction
Fragment Length Polymorphism assay (RFLP): In the
present study, PCR-RFLP assay was used for rapid
identification of isolated yeasts (Fig. 1). Thirteen yeast
colonies isolated from different local fruits and plant parts
were analysed. The data obtained previously by
physiological and morphological tests allowed the
grouping of isolates into Saccharomyces sensustricto!”,
To identify these isolates, a region of the rRNA gene
repeat unit which includes two noncoding regions
designated as ITS1 and ITS2 and the 5.8s rRNA gene was
amplified and digested by using four restriction
endonucleases Alul, Hae Il1, Hind 11l and Hinfl. The
species-specific restriction patterns were obtained and
compared with the control (SC) (Table 1).

PCR assay was performed with primer ITS1-and
ITS4-amplified PCR products with asize of 850 bp
for all yeast isolates. The DNA fragments that resulted
from ALU I cleavage of the 850 bp amplicon measured
775 and 75 bp for all isolates, whereas 385, 190 and 175
bp fragments were produced by Hinf | cleavage.
Treatment of ITS1 and ITS2 region with Alul, Hind 111
and Hinfl showed no difference in length for all yeast
isolates.

Esteve-Zarzoso et al.” proved that Hae Il is the
best limiting enzyme to differentiate Saccharomyces
species. Based on RFLP analysis (Table 1), Hae 111 cannot
distinguish between S. bayanus/S. postrianus and S.
cerevisiae/S. paradoxus. Four fragments were
successfully digested from SC, SN1, SKS2, SNR3,
SMK9, SDB10, SRB11, SS12, SJ13 and SM16 (325, 230,
170 and 125 bp). Amplification of SB4, SD6, SK14 and
SRT15 produced three fragments with different sizes of
495, 230 and 125 bp. In the case of S. bayanus, our results
showed the presence of two subspecies, namely, S.
bayanus internal transcribe spacer 1 and S. bayanusvar
5.8S rRNa gene whereas S. postrianus included one
subspecies (S. pastorianus var weihenstephan). The
results of this analysis agree with those of the study by
Fernandez et al.’®, suggesting that all strains were
isolated from local fruits and plant parts belonging to
Saccharomyces sensustricto group. The analysis of
digestive polymorphisms in the 5.8S rRNA region proved
that S. bayanus and S. pastorianus species are very
closely related. This decision is consistent with the study
conducted by Vaugh-Martini and Martini®?”, Tamai®! and
Yamagishi and Ogatal®,

According to Fernandez-Espinar et al.®, a long
controversy exists on the origin of S. cerevisiae. Thus,
several researchers proposed that this species is a natural
organism present in plant fruits®.
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Table 1: Size in bp of PCR products, homology and restriction fragment obtained with four different endonucleases of the major yeast species

identified in this study

PCR products Homology

Restriction fragment

Yeast ITS1/1TS4 (%) Yeast identification Alu | Hae I11 Hind I11 Hinfl

SN1 850 92 S. paradoxusvar ATCC 76856 T75+75 325+230+170+125 850 385+190+175
SKS2 850 96 S. paradoxusvar 164A 775+75 325+230+170+125 850 385+190+175
SNR3 850 94 S. cerevisiaevar ZP 541 775+75 325+230+170+125 850 385+190+175
SB4 850 97 S. bayanus internal transcribe spacer 1~ 775+75 495+230+125 850 385+190+175
SD6 850 96 S. bayanusvar 5.8S rRNa gene T75+75 495+230+125 850 385+190+175
SMK9 850 95 S. cerevisiaevar EC1118 775+75 325+230+170+125 850 385+190+175
SDB10 850 94 S. cerevisiaevar isolate 775+75 325+230+170+125 850 385+190+175

AUS-LFB-MA-YC2 850 97

SRB11 850 97 S. cerevisiaevar FJ 11 775+75 325+230+170+125 850 385+190+175
SS12 850 92 S. cerevisiaevar YN4 775+75 325+230+170+125 850 385+190+175
SJ13 850 98 S. paradoxusvar isolate T7B 775+75 325+230+170+125 850 385+190+175
SK14 850 92 S. pastorianusvarweihenstephan 775+75 495+230+125 850 385+190+175
SRT15 850 93 S. pastorianusvar weihenstephan 775+75 495+230+125 850 385+190+175
SMG16 850 97 S. cerevisiaevar WU-Y2 775+75 325+230+170+125 850 385+190+175
SC 850 96 S. cerevisiaevar 1TS1 (partial) 775+75 325+230+170+125 850 385+190+175

Ladder M: Marker DNA 100 bp; -VE (negative control); SC (positive control) SN1 (pineapple); SKS2 (palm kernel pulp); SNR3 (niranipah); SB4
(papaya); SD6 (dukulangsat); SMK9 (longan) SDB10 (soursop); SRB11 (bamboo shoot); SS12 (snake fruit); SJ13 (corn); SK14 (cocoabeans); SRT15

(rambutan); SM16 (mango)2

SC  SNI1 SKSI SNRY SB4  SDé SMK9SDBIOSRBIIS512 SJ13 SKI4 S SSALLG
- B

T - - e 6500

W“.MJ
‘ . w o WS

Fig. 1: PCR amplification product line for 14 isolated
yeast species from different sources using
ITSL/ITS4 primer

Others argued that S. cerevisiae is a domesticated
species that originated from its closest relative, S.
paradoxus??. The present study confirmed the close
relationship between S. cerevisiae and S. paradoxus
which both share the same digested fragments (Table 1).
Fernandez-Espinar et al. (2003) reported that the S.
cerevisiae strains isolated from different sources and
origins belong to a monophyletic group with a single
origin which is compatible with both natural speciation
process and single domestication event. Nevertheless, the
higher degree of genetic diversity within S. paradoxus
compared with S. cerevisiae is indicative of a more
ancient origin of the former species which is compatible
with its possible parental role in the origin of S.
cerevisiael!,

The yeast strains tested through PCR-RFLP were
further analysed by performing DNA sequencing. After
obtaining the DNA sequence, these sequences were
then compared using the NCBI database through

BLAST-nucleotide (BLASTn). BLASTn was used to
compare between DNA sequences and identify the region
of equality between the target sequence and the highest
global order of overall®?. Table 1 shows the overall data
of molecular tests conducted on 14 yeast strains including
commercial yeast. The table also shows that the
percentage similarity of all isolates exceeded 90%,
indicating that all isolates were Saccharomyces species.

Six isolates were identified as S. cerevisiae, with the
different subspecies consisting of S. cerevisiaevar ZP 541
(pineapple), S. cerevisiaevar EC1118 (longan), S.
cerevisiaevar isolate AUS-LFB-MA-YC2 (durian), S.
cerevisiaevar FJ 11 (bamboo shoots), S. cerevisiaevar
YN4 (snake fruit) and S. cerevisiaevar WU-Y2 (mango).
The other species successfully isolated from local fruits
and plant parts included S. bayanus, S. paradoxus and S.
postrianus with different subspecies. All these strains
belong to the genus Saccharomycessensustricto®®! which
is a very important species in the wine manufacturing
industry®,

Probiotic properties of isolated yeasts: Probiotics
are live microorganisms that when administered in
adequate amounts, confer health benefits on the
host®], Pennacchia et al.*® reported that the yeast
used as probiotic and belonging to the genus
Saccharomyces is a subspecies of Saccharomyces
boulardii.  Studies on other yeast species as
probiotics has attracted great interest. For the 13
Saccharomyces strains isolated from different local
fruits and plant parts, the results corresponded to their
loss in cell viability after exposure to bile salt
deconjugation, lysozyme and their ability to survive in
different types of prebiotic.
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Table 2: Effects ofbile salt and deconjugation on the survival of Saccharomyces species

Growth (%) in the presence

Bile (%, wiv)

Deconjugation of bile salt

Yeast strain 0.3 0.5 1.0 TC TDC
SN1 10.49+0.38 9.69+0.51 8.61+0.51 mg- mg-
SKS2 9.7088+0.27 9.81+0.41 8.64+0.41 mg- mg-
SNR3 10.86+0.10 10.48+0.16 10.37+0.11 mg- mg-
SB4 9.94+0.13 9.82+0.10 9.40£0.30 mg- mg-
SD6 7.69+0.24 7.44+0.12 7.15£0.21 wg- wg-
SMK9 7.82+0.15 7.47+0.11 6.23+0.28 wg- wg-
SDB10 9.96+0.12 6.61+0.37 4.14+0.12 wg- wg-
SRB11 10.80+0.14 10.54+0.16 9.72+0.20 mg- mg-
SS12 7.55+0.10 7.39£0.21 7.12+0.10 wg- ng-
SJ13 7.28+0.49 6.59+0.16 6.59+0.49 vwg- vWg-
SK14 6.52+0.25 6.24+0.16 6.13+0.13 wg- wg-
SRT15 12.44+0.22 10.72+0.47 9.39+0.16 mg- mg-
SM16 9.41+0.33 9.64+0.22 9.72+0.34 mg- mg-
SC 11.44+0.14 11.25+0.41 10.29+0.95 mg- mg-

Each value represents the mean value+SD from three trials ng: no growth; vwg: very weak growth; wg: weak growth; mg: moderate growth; g: growth

TC, Sodium Taurocholate, TDC: Sodium TaurodeoxyCholate

Bile salt tolerance and its deconjugation: The ability to
survive passage through the gastrointestinal tract was
investigated by a series of analyses. Table 2 summarises
the results (meantStandard Deviation (SD) of analysis
on the effects of bile on the survival of isolated
yeasts and their deconjugation. Bile plays a
fundamental role in the defence mechanism of the gut and
the magnitude of its inhibitory effect is determined
primarily by bile salt concentration®®”., In the human
gastrointestinal tract, the mean bile concentration is
assumed to reach 0.3% w/v which is considered as
critical and sufficiently high to screen for
resistance’®, Using this value as a reference in the present
study, concentrations of 0.3, 0.5 and 1% were selected to
evaluate the growth capability of 14 Saccharomyces sp. in
the presence of bile salts.

Most of the isolates grew in the medium containing
0.3% bile salt with different levels of resistance but
demonstrated a decrease in the percentage of survival
except for SM16. As bile salt concentration increased, the
growth of Saccharomyces species reduced, exhibiting the
increasing inhibitory effect of bile salt on growth
capability. In the presence of 1% bile salt, the isolates
grew from 4.14-10.29% and showed poor bile resistance
compared with the results by Pedersen. According to
Silva etc. probiotic microorganisms can withstand bile
salt concentration of up to 3 g L. Bile resistance is an
important issue as any ingested microorganism will not
reach the intestinal tract in viable form if it cannot resist
the presence of bile in the duodenum.

According to Food and Agriculture Organization of
the United Nations/World Health Organization (WHO)
(2002), deconjugation has been included by the WHO
experts as one of the main activities of intestinal
microorganisms. Dashkevicz and Feighner® reported
that the formation of opaque or whitish halo zone around

the colony as a result of the release of free bile acids in
deconjugation of added bile salts is indicative of the
deconjugation ability of an organism. Among the 13 yeast
strains, none showed any precipitation/ deconjugation
activity on YPD plates supplemented with TC and TDC
(Fig. 2). However, all strains grew in the presence of
bile salts, coinciding with the data reported by
Sourabh et al.?), this result must be ascertained further.

Prebiotic effect and lysozyme resistance: Prebiotic
compounds were used with different efficiencies with
inulin being the most fermented prebiotic for all the strains
assayed except for SDB10. Xylitol and lactulose were
poorly fermented by all strains (Table 3). According to
Ingrid (2003), a number of criteria must be met for
probiotic selection; these criteria include resistance to
enzymes in the oral cavity (e.g., lysozyme) and ability to
resist digestion in the stomach and intestinal tract.

The lysozyme contained in human saliva®! and
resistance to lysozyme are attributed to the peptidoglycan
structure in the cell wall, physiological state of the cell and
lysozyme structure in the medium®?. Among the 13
Saccharomyces strains, 10 were sensitive to lysozyme,
with growth percentage of <30%, except for SD6, SMK9,
SS12 and SK14 (>30% at 25 ppm) which showed
higher ability to grow in the presence of lysozyme.
According to Ingrid, the presence of lysozyme in the oral
cavity may lyse Gram-positive bacteria. Based on data
obtained, all strains showed a decrease in the percentage
of survival when lysozyme concentration increased,
indicating that this strain may be lysed and may not
reach the intestine alive after ingestion. However, the
lysozyme concentration used in this study was higher than
the physiological intestinal concentration.
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Table 3: Characterisation of Saccharomyces species on prebiotic and lysozyme tolerance

Growth (%) in the presence of

Prebiotic (2%, wiv) Lysozyme (ppm)

Yeast strain Inulin Xylitol Lactulose 25 50 100

SN1 13.33+0.18 11.57+0.38 12.56+0.51 21.08+2.54 16.6+1.27 13.90+1.36
SKS2 14.95+0.27 12.23+0.41 10.87+0.27 23.30+1.37 11.65+1.63 9.71+1.37
SNR3 11.23+0.37 3.06+0.32 4.18+0.21 27.61+3.17 11.19+1.06 1.49+0.32
SB4 12.01+0.40 3.15+0.14 7.49%0.20 14.49+1.00 11.66+1.00 8.13+0.14
SD6 3.12+0.42 2.65+0.12 2.82+0.12 34.19+3.63 34.19+3.63 19.66+2.42
SMK9 3.78+0.11 3.10+0.18 5.30+0.23 40.56+4.54 30.92+2.27 17.27£1.14
SDB10 4.10£0.19 3.65+0.33 10.04+0.25 22.47+2.49 16.29+1.25 12.78+1.25
SRB11 24.15+0.30 7.18+1.00 8.87+0.60 20.88+0.14 19.78+1.55 14.29+0.15
SS12 11.29+0.10 2.56+0.25 3.96+0.10 41.00+2.04 35.97+1.02 27.34+1.02
SJ13 16.45+0.29 6.56+0.30 3.58+0.16 22.54+4.90 6.36+1.63 1.73+0.49
SK14 8.61+0.71 8.24+0.13 7.4410.16 35.56+3.14 21.11+1.57 17.78+3.14
SRT15 22.71+0.39 14.20+0.86 14.48+0.47 4.97+0.16 1.65+1.56 0.55+0.11
SM16 14.11+0.17 3.24+0.34 3.95+0.22 16.99+1.12 15.42+1.12 6.72+2.24
SsC 13.03+0.34 4.23+0.14 4.94+0.19 19.23+5.44 12.50+1.36 4.81+0.25
Each value represents the mean value+SD from three trials
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