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abStract

The objective of the present study was to investigate 
yeast communities in kefir grains and viili starters 
in Taiwan through conventional microbiological cul-
tivation and polymerase chain reaction-denaturing 
gradient gel electrophoresis (PCR-DGGE). The DNA 
sequencing was used as a validity technique to ensure 
that all isolates within each group belonged to just one 
species, and to confirm the identified results of PCR-
DGGE. Results indicated that a combination of conven-
tional microbiological cultivation with PCR-DGGE and 
sequencing could successfully identify 4 yeast species 
from both types of cultures in Taiwan. Kluyveromyces 
marxianus, Saccharomyces turicensis, and Pichia fer-
mentans were found in Taiwanese kefir grains with a 
distribution of 76, 22, and 2%, respectively, whereas 
Klu. marxianus, Saccharomyces unisporus and P. fer-
mentans were identified in viili starters corresponding 
to 58, 11, and 31% of the total cell counts, respectively. 
Furthermore, the culture-independent method was ap-
plied to identify the yeast species using DGGE. Only 2 
yeast species, Klu. marxianus and S. turicensis, were 
found in kefir grains and 2, Klu. marxianus and P. 
fermentans, in viili starters. These results suggest that 
in samples containing multiple species, PCR-DGGE 
may fail to detect some species. Sequences of yeast iso-
lates reported in this study have been deposited in the 
GenBank database under accession nos. DQ139802, 
AF398485, DQ377652, and AY007920.
Key words:  yeast, kefir grain, viili, denaturing gradi-
ent gel electrophoresis

IntrODuctIOn

With different cultural origins, sources, and process-
ing methods, soured milk has diversified into a variety 
of products such as dahi, dadih, kefir, koumiss, långfil, 

and viili (Mistry, 2004; Chen et al., 2006; Dharmawan 
et al., 2006). Kefir originated in the Caucasus moun-
tains of Russia centuries ago and has been credited 
with various health-promoting properties (Liu et al., 
2002, 2006a,b). This cultured milk beverage results 
from the microbial action of a community of microor-
ganisms present in kefir grains in milk. Kefir has a 
uniform, creamy consistency and a slightly acidic taste 
caused mostly by lactic acid, along with some efferves-
cence due to carbon dioxide, a low (<2%, vol/vol) con-
centration of ethanol because of the action of yeast cells 
present in the grains, and a variety of aromatic sub-
stances, including acetaldehyde, acetoin, and diacetyl, 
that imparts its characteristic flavor (Farnworth and 
Mainville, 2003). Viili is a ropy, fermented milk that 
originated in Scandinavia, which is claimed to have 
various functional benefits and health-improving po-
tential (Kitazawa et al., 1991, 1993, 1996; Nakajima 
et al., 1992; Ruas-Madiedo et al., 2006). Unlike kefir 
grains, viili starters do not form grains. This cultured 
milk beverage is made with the microbial action of lac-
tic acid bacteria mainly composed of Lactococcus lactis 
ssp. cremoris exopolysaccharide-producing strains and 
a surface-growing, yeast-like fungus, Geotrichum can-
didum (Tsutsui et al., 1998; Leporanta, 2003; Boutrou 
and Guéguen, 2005). Most traditional viili cultures 
also contain yeasts. The effect of yeasts in viili is not 
clear, but it is believed that yeasts in viili could provide 
the unique flavor and enhance lactic acid bacteria to 
produce exopolysaccharides.

To better understand the fermentation process and 
to evaluate the health benefits of both fermented prod-
ucts, researchers have identified the various bacteria 
and yeasts in kefir grains and viili starters using selec-
tive growth medium, morphological, and biochemical 
characteristics (Tsutsui et al., 1998; Lin et al., 1999; 
Simova et al., 2002; Leporanta, 2003; Shurtleff and 
Aoyagi, 2004; Witthuhn et al., 2004). However, such 
media are not necessarily suited to the growth of all 
microorganisms present in kefir grains or viili start-
ers. Fujisawa et al. (1988) observed that Lactobacillus 
kefiranofaciens grew on kefir grain polysaccharide-
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producing Lactobacillus (KPL) agar, but not on Briggs 
liver (BL) agar or de Man, Rogosa, and Sharpe (MRS) 
agar. Farnworth and Mainville (2003) compared MRS, 
KPL, and Rogosa-CW to lactic acid whey medium and 
found that lactic acid whey medium yielded better 
growth rates for the lactobacilli present in kefir grains. 
In addition, some studies revealed that many of the mi-
croorganisms isolated are closely related and therefore 
challenging to isolate and identify.

Although culture-dependent methods are more 
widely used for microorganism identification, culture-
independent methods, which do not require the mi-
croorganisms to be cultured in media, have important 
advantages over their culture-dependent analogs. Over 
the past decade, culture-independent identification 
techniques based on genotype have multiplied, with 
different techniques displaying differences in discrimi-
natory power, reproducibility, and workload. Of those 
techniques, PCR combined with denaturing gradient 
gel electrophoresis (DGGE) has proven to be a useful 
method for analyzing complex microbial populations 
that does not require prior separation of individual in-
habitants (Muyzer and Smalla, 1998; Ercolini, 2004). 
This method has been used successfully to evaluate 
bacterial composition of probiotic products (Fasoli et 
al., 2003), identify probiotics in South African products 
(Theunissen et al., 2005), profile the yeast populations 
in raw milk (Cocolin et al., 2002), investigate yeast 
populations associated with Ghanaian cocoa (Nielsen 
et al., 2005), determine yeast species involved in fer-
mentation of Coffea arabica in East Africa (Masoud et 
al., 2004), differentiate Lactobacillus species present 
in the gastrointestinal tract (Walter et al., 2000), and 
identify the microbial community present in the South 
Africa and Irish kefir grains (Garbers et al., 2004). On 
the other hand, several studies (Felske et al., 1998; 
Fasoli et al., 2003; Prakitchaiwattana et al., 2004; The-
unissen et al., 2005) indicated that minor species may 
not be detected by PCR-DGGE when present at <1% of 
the total population (Renouf et al., 2007).

Because safety and quality control are crucial for 
kefir and viili products, investigation of their microbio-
logical profiles is important. The presence of yeasts in 
kefir grains and viili starters not only plays a key role in 
the fermentation process and in forming the flavor and 
aroma of these fermented milks, but also stimulates 
lactic acid bacteria to enhance exopolysaccharide pro-
duction (Cheirsilp et al., 2003). Although many yeast 
species have been identified in kefir grains and in the 
final products (Farnworth and Mainville, 2003) based 
on phenotypic properties (Rohm et al., 1992; Pintado et 
al., 1996; Lin et al., 1999), RFLP analysis, DNA/DNA 
hybridization (Wyder and Puhan, 1997; Wyder et al., 
1999), and PCR-DGGE (Garbers et al., 2004), none 

of the yeast species in Taiwan kefir grains and viili 
starters have been determined by culture-independent 
methods. Thus, the purpose of this study was to identify 
species of yeast and to study their distribution in kefir 
grains and viili starters in Taiwan through conven-
tional microbiological cultivation and PCR-DGGE. The 
DNA sequencing was used as a validation technique to 
ensure that all isolates within each group belonged to 
just one species and to confirm the identified results of 
PCR-DGGE.

materIaLS anD metHODS

Kefir Grains and Viili Starters

Kefir grains and viili starters were collected from 
Hsinchu and Taipei (2 cities in northern Taiwan), 
respectively (Lin et al., 1999). In the laboratory, kefir 
grains and viili starters were inoculated (5%, wt/vol) 
and propagated in sterilized milk at 20°C for 20 h. The 
grains were retrieved by sieving, reinoculated into 
fresh milk, and incubated at 20°C for 20 h. The viili 
starters (5%, wt/vol) were transferred into fresh milk, 
and incubated at 20°C for 20 h. After this procedure 
was repeated 3 times, the grains were considered ac-
tive and used in this study.

Isolation and Enumeration of Microorganisms

Ten grams each of kefir grains and viili starters were 
homogenized in 90 mL of sterile saline solution (0.85% 
sodium chloride solution, pH 5.5) in a Stomacher 
(Laboratory blender stomacher 400, Seward, London, 
UK) until no grain particles were observed. Concentra-
tions of the viable yeasts in suspensions were obtained 
by serial plating dilutions. Yeasts and molds were 
examined on potato dextrose agar (Difco Laboratories, 
Detroit, MI), with 100 mg/kg chlortetracycline (Sigma, 
St. Louis, MO) to inhibit the growth of bacteria. The 
plates were incubated at 25°C for 3 d (Lin et al., 1999) 
and enumerated.

Reference Strains

The reference strains used for this study, includ-
ing Kluveromyces marxianus var. marxianus (BCRC 
20330), Saccharomyces cerevisiae (BCRC 21685), Sac-
charomyces turicensis (BCRC 22968), Saccharomyces 
unisporus (BCRC 21975) and Pichia fermentans var. 
fermentans (BCRC 22090), were obtained from the 
Bioresource Collection and Research Center of the 
Food Industry Research and Development Institute in 
Hsinchu, Taiwan.
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The Harrison Disc Method

The Harrison disc method was adopted from Har-
rigan (1998). This method was used to determine the 
prevalent microbes that developed on each dilution and 
to select representative colonies from each plate in a 
random statistical manner for further purification and 
identification. The Harrison disc method can calculate 
the distribution of various microorganisms present in 
a sample.

DNA Isolation

Ten grams each of kefir grains and viili starters 
were homogenized in a Stomacher as described previ-
ously. After homogenization, 1 g each of sample was 
centrifuged at 5,000 × g for 10 min. The pellets were 
suspended in 500 μL of sorbitol reaction solution [1 M 
sorbitol (Merck, Darmstadt, Germany), 100 mM EDTA 
(Merck), 14 mM β-mercaptoethanol (Merck), 200 U 
of lyticase (Merck)] and incubated at 30°C for 30 min 
before centrifuging at 5,000 × g for 5 min. The pellets 
were subjected to DNA extraction using the Blood and 
Tissue Genomic DNA Extraction Miniprep System 
(Viogene-Biotek Co., Taipei, Taiwan). This system in-
cluded protein lysis and isolation of genomic DNA. The 
pellets were first lysed by proteinase K. Genomic DNA 
was then isolated by silica-gel-membrane technology 
and centrifugation. Finally, pure DNA was eluted in 
double-distilled H2O.

API 20C System

The API 20C system (bioMérieux, Marcy l’Etoile, 
France) includes 21 assimilation tests for carbohy-
drates and includes a database of 47 different species. 
All yeast identification procedures were conducted in 
accordance with the manufacturer’s instructions. The 
reactions were examined visually and determined to be 
positive or negative based on the presence or absence of 
turbidity in the carbohydrate wells.

DNA Amplification

The DNA amplification was modified using the 
method of Cocolin et al. (2002). The D1 region of the 26S 
rRNA gene was amplified by PCR using the primers 
NL1GC (5′-GCG GGC CGC GCG ACC GCC GGG ACG 
CGC GAG CCG GCG GCG GGC CAT ATC AAT AAG 
GGG AGG AAA AG-3′) (the GC clamp is underlined) 
and a reverse primer LS2 (5′-ATT CCC AAA CAA CTC 
GAC TC-3′) (Cocolin et al., 2000). The PCR was car-
ried out in a total volume of 50 μL containing 20 mM 
Tris HCl (Sigma), 10 mM KCl (Sigma), 2 mM MgCl2 

(Merck), 0.1 mM dNTPs (Promega, Madison, WI), 0.2 
mM of the primers, 1.25 IU of Taq polymerase (Yeast-
ern Biotech, Taipei, Taiwan), and 1 μL of the extracted 
DNA (300 ng/μL).

The PCR products (250 ng/μL) were generated using 
an initial denaturation step of 5 min at 95°C followed 
by 30 cycles of denaturation at 95°C for 60 s, anneal-
ing at 52°C for 45 s, and elongation at 72°C for 60 s. 
A final chain extension was done for 8 min at 72°C. 
Amplified products were run on a 2% agarose gel (Nip-
pon Gene Co., Tokyo, Japan), stained with ethidium 
bromide (Fluka and Riedel, St. Gallen, Switzerland), 
and visualized under UV light.

DGGE

The PCR fragments were separated by DGGE us-
ing the BioRad DCode Universal Mutation Detection 
System (Bio-Rad Laboratories, Hercules, CA). Separa-
tion of the PCR amplicons was obtained by the direct 
application of 20 μL of PCR products onto 9% (wt/
vol) polyacrylamide gels (Bio-Rad) in 50× Tris-acetate 
EDTA buffer containing a linear denaturant gradient 
of between 30 and 55% [100% corresponds to 7 M urea 
(Merck) and 40% wt/vol formamide (Merck)]. Electro-
phoresis was performed at a constant voltage of 200 V 
at 60°C for 3.5 h. After migration, the gel was stained 
with 0.25 μg/μL ethidium bromide (Fluka and Riedel) 
for 15 min and the fragments were visualized under 
UV light. The PCR-DGGE technique to identify the mi-
croorganisms present in kefir grains and viili starters 
was conducted by comparing the PCR-DGGE patterns 
obtained from the analyzed products with the reference 
strains. The DGGE reference markers were amplicons 
obtained from 5 yeast species in equal amounts.

Sequencing of PCR-Amplified 26S rDNA Region

In this study, randomly selected isolates from each 
group, whose number was equal to the square root of 
the number of isolates in that group, were identified to 
ensure that all isolates within each group belonged to 
just one species, and to verify the PCR-DGGE results. 
Identification was performed by sequencing the 5′ end 
of the 26S rDNA encompassing the D1 and D2 expan-
sion domains using the primers NL1 (5′-GCAT ATC 
AAT AAG GGG AGG AAA AG-3′) and a reversed primer 
NL4 (5′-GGTCCGTGTTTCAAGACGG-3′) (O’Donnell, 
1993). Amplification was performed for 36 PCR cycles 
with annealing at 52°C, extension at 72°C for 2 min, 
and denaturation at 94°C for 1 min. All PCR products 
amplified with primers designed for yeasts were se-
quenced for species identification. The PCR products 
were purified with the Concert Rapid PCR Purification 
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system (QIAquick Gel Extraction Kit, Qiagen Inc., 
Valencia, CA), and DNA concentration was checked 
on a spectrophotometer. These DNA products (10 ng/
μL) were sent for sequencing. Sequencing was carried 
out at the Genedragon Co. (Taipei, Taiwan) using a 
373A automated gene sequencer (Applied Biosystems, 
Foster City, CA). The DNA sequence similarity was 
determined using the National Center for Biotechnol-
ogy Information BLAST 2.0 program (http://www.ncbi.
nlm.nih.gov/BLAST/).

reSuLtS anD DIScuSSIOn

Culture-Dependent and  
Culture-Independent Methods

The yeast counts for kefir grains and viili starters 
were 2.32 × 107 cfu/g and 2.67 × 107 cfu/g, respectively. 
Using the Harrison disc method, 91 colonies were iso-
lated in kefir grains and 124 colonies in viili starters, 
which were classified by PCR-DGGE. The PCR-DGGE 
profiles indicated that 3 different yeast strains (named 
HY1, HY2, and HY3) were found in kefir grains (Figure 
1a), and another 3 species (named TY1, TY2, and TY3) 
were observed in viili starters (Figure 1b).

Because many plating procedures are partly selec-
tive and exclude part of the microbial community, the 
DNA of yeast species in kefir grains and viili starters 
were extracted and directly identified by PCR-DGGE. 
Results (Figure 2) indicated that kefir grains contained 
HY1 and HY2 stains; HY3, located previously by the 
culture-dependent method, was not identified. Simi-
larly, only 2 yeast species were found in viili starters 
(TY1 and TY3); TY2 was not discovered.

Culture-independent methods directly using PCR-
DGGE did not require microorganisms to be cultivated 
in specific media; thus, one might expect to detect a 
greater diversity of yeast species in kefir grains and 
viili starters using PCR-DGGE. On the contrary, fewer 
varieties of yeast species were identified directly by 
PCR-DGGE than were found with the use of initial 
enrichment on nutritive media. Levels of detection are 
often around 103 to 104 cfu/mL, but counts of 102 cfu/mL 
have been reported (Cocolin et al., 2000; Prakitchaiwat-
tana et al., 2004; Nielsen et al., 2005). The detection 
limit of individual yeast species in mixed populations, 
however, was also determined by their relative popula-
tions. Prakitchaiwattana et al. (2004) provided infor-
mation on mixed species populations such that when 
the ratio of major to minor species exceeds 100 fold, 
the low-population species will not be detected. Spe-
cies with larger populations in the mixture might give 
greater amounts of template DNA and, therefore, have 
a greater probability of being detected (Prakitchaiwat-

tana et al., 2004). Thus, the purity and concentration 
of template DNA become more important when ana-
lyzing yeast cells associated with food. Moreover, high 
quantities of competitor templates would also interfere 
with detection (Theunissen et al., 2005). Kefir grains 
and viili starters contain large amounts of DNA from 
other microbial groups that has the potential to inter-
fere with the specific PCR-amplification of yeast DNA 
and compromise the reliability and quality of the data 
obtained by DGGE.
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and viili starters (B) by PCR-denaturing gradient gel electrophore-
sis.



Identification of Isolates

For identification of isolated yeast species, the API 
20C system, PCR-DGGE, and DNA sequencing meth-
ods were applied. Results in Table 1 indicate that, ex-
cept for HY3 and TY3, yeasts isolated from both start-
ers could degrade d-galactose. On the other hand, only 
HY1 from kefir grains and TY1 from viili starters could 
metabolize d-lactose. Both HY1 and TY1 showed very 
similar assimilation of carbohydrates. They were iden-
tified as Candida famata, whereas TY3 and HY3 were 
determined to be Rhodotorula minua. Strains HY2 and 
TY2 were not identified by this method. Accuracy of 
identification for the API 20C system has varied from 
88% (Davey et al., 1995) to 99% (Fenn et al., 1994). 
Although this method is effective for identifying rela-
tively common yeasts, its application is more limited 
for accurate identification of less frequently recovered 
taxa (Ramani et al., 1998).

The results of yeast identification by DGGE are 
shown in Figure 3. The expected 250-bp (including 40 
GC clamp) PCR fragments were successfully amplified 

from all reference and sample strains. As reported, Klu. 
marxianus var. marxianus (lane 1), S. cerevisiae (lane 
2), S. turicensis (lane 3), S. unisporus (lane 4), and P. 
fermentans var. fermentans (lane 5) gave specific pat-
terns in the DGGE gel, allowing identification of these 
yeast species. Pichia fermentans var. fermentans pre-
sented several DGGE bands. Although the reasons for 
multiple banding within the one species are not well 
understood (Beh et al., 2006), those multiple bands 
would allow precise species identification by DGGE. 
There are a couple of studies (Masoud et al., 2004; 
Prakitchaiwattana et al., 2004) in which multiple 
bands have been found for the one yeast species. One of 
the studies (Masoud et al., 2004) also reported multiple 
DGGE bands for Pichia spp., which was similar to our 
findings.

The DGGE patterns obtained by PCR-based DGGE 
analysis of the isolates from kefir grains (lanes 7 to 
9) and viili starters (lanes 10 to 12) are also shown in 
Figure 3. Band positions of the unknown sample lane 
were compared visually with reference band positions. 
Our observations indicated that kefir grains contained 
Klu. marxianus var. marxianus (HY1, lane 7) and S. 
turicensis (HY2, lane 8), whereas viili starters included 
Klu. marxianus var. marxianus (TY1, lane 10) and S. 
unisporus (TY2, lane 11). All strains belonging to the 
same species showed the same migration in the gel. 
The DGGE patterns of HY3 and TY3 were very similar 
to the patterns of P. fermentans var. fermentans (lane 
5), forming several lower bands, but the migration of 
bands was different. Further identification of HY3 and 
TY3 was necessary.

To confirm the PCR-DGGE identified results and 
ensure that all isolates within each group belonged 
to just one species, the PCR-amplified D1/D2 domain 
of 26S rDNA region was sequenced. After alignment 
using BLAST, the DNA sequences of yeasts isolated 
from kefir grains and viili starters showed 99 to 100% 
identity (Table 1) with the sequences retrieved from 
GenBank. No differences were observed between re-
sults from DNA sequencing and PCR-DGGE in detect-
ing yeast species, but a distinct result was found using 
API. These 4 yeasts (Klu. marxianus, S. turicensis, P. 
fermentans, S. unisporus) identified by PCR-DGGE and 
sequencing were not listed in the API 20C database, 
but the biocodes of these isolates generated patterns 
similar to other species listed in the API 20C database 
and yielded a false identification. In addition, it is 
interesting to note that HY3, TY3, and the reference 
strains all belonged to P. fermentans, but the DGGE 
results showed the different migration of bands. This 
phenomenon clearly indicated that both HY3 and TY3 
were different subspecies from P. fermentans var. fer-
mentans.
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Figure 2. Denaturing gradient gel electrophoresis profiles of the 
PCR products obtained from the DNA extracted directly from kefir 
grains (HY1, 2, and 3) and viili starters (TY1, 2, and 3). Lane 1 = 
HY1; lane 2 = HY2; lane 3 = HY3; lane 4 = TY1; lane 5 = TY2; lane 6 
= TY3; lanes 7 and 8 = viili starter; lanes 9 and 10 = kefir grain.



Both S. turicensis and P. fermentans identified in 
our kefir grains were lactose-negative yeasts (Table 1), 
which have to depend on lactic acid bacteria to hydro-
lyze lactose. Conversely, Klu. marxianus was a lactose-
positive yeast. Simova et al. (2002) indicated that Klu. 
marxianus isolated from kefir grains was distinguished 
by occurring with lactose-negative yeasts, which was 
also confirmed in this study. Participation of Klu. 
marxianus in the kefir starters ensures metabolism of 
lactose through alcohol fermentation and formation of 
the typical yeasty flavor. Besides Klu. marxianus, the 
lactose-negative yeasts in the formation of the kefir fla-
vor also play very important roles. Simova et al. (2002) 
also reported that the typical yeasty flavor and aroma 
was absent in the kefir when the kefir was produced by 
Klu. marxianus only.

All 3 yeasts isolated from our kefir grains were also 
found in European kefir grains (Rohm et al., 1992; 
Wyder and Puhan, 1997; Wyder et al., 1999). Farn-
worth and Mainville (2003) concluded that the list of 
microorganisms in kefir grains from different parts 
of the world would not be very extensive, because a 
contaminant species would probably not survive due 
to the production of compounds by the symbiotic flora 

of kefir. On the other hand, Garbers et al. (2004) and 
Witthuhn et al. (2004) employed PCR-DGGE with 
DNA sequencing and the API kit method, respectively, 
to identify yeasts in South African kefir grains. None of 
the yeast strains in 8 different kefir grains from South 
Africa were identified in Taiwanese kefir (Garbers et 
al., 2004; Witthuhn et al., 2004). These differences 
could be explained mainly by the different origins and 
identification methods.

Most traditional viili cultures also contain yeast 
species (Kontusaari et al., 1985; Shurtleff and Aoyagi, 
2004), but the various species were not specified in 
these studies. It is worth noting that Klu. marxianus 
with a group of lactose-negative yeasts P. fermentans 
and S. unisporus present in viili were not reported 
before.

Distribution

The Harrison disc method used for random statisti-
cal selection of representative colonies allowed for the 
calculation of the percentage distribution of the yeast 
found in kefir grains and viili starters. Table 1 depicts 
the percentage of the prevalent yeast population pres-
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Table 1. Identification of yeast species isolated from starters by biochemical method and sequence information from the 26S rDNA PCR 
product 

Item

Strains isolated from kefir grains Strains isolated from viili starters

HY1 HY2 HY3 TY1 TY2 TY3

Assimilation of carbohydrates
 d-Glucose + + + + + +
 Glycerol + − + + − +
 Calcium-2-keto-gluconate + − + + − +
 l-Arabinose + − − + − −
 d-Xylose + − + + − +
 Adonitol + − − + − −
 Xylitol + − − + − −
 d-Galactose + + − + + −
 Inositol − − − − − −
 d-Sorbitol + − − + − −
 Methyl-α-d-glucopyranoside + + − + − −
 N-Acetyl-glucosamine + + + + − +
 d-Cellobiose + − + + − +
 d-Lactose + − − + − −
 d-Maltose + + − + − −
 Sucrose + + − + − −
 d-Trehalose − + − + − −
 d-Melezitose + − − + − −
 d-Raffinose + + − + − −
Identification by API kit
 Closest relative Candida famata — Rhodotorula 

minua
C. famata — R. minua

 Identity (%) 99.9 92.8 98.2 92.8
Identification by sequencing
 Closest relative Kluyveromyces 

marxianus
Saccharomyces 
turicensis

Pichia 
fermentans

Klu. marxianus Saccharomyces 
unisporus

P. fermentans

 Accession number DQ139802 AF398485 DQ377652 DQ139802 AY007920 DQ377652
 Identity1 (%) 100 99   99 100 99 99
Distribution (%) 76 (69/91) 22 (20/91)   2 (2/91) 58 (72/124) 11 (14/124) 31 (38/124)
1Identical nucleotide percentage in the sequence obtained from the agarose band and the sequence obtained found in the NCBI database.



ent in kefir grains and viili starters. Kluveromyces 
marxianus accounted for 76% of the total isolates, con-
stituting the most dominant yeast found in kefir grains, 
followed by S. turicensis (22%) and P. fermentans (2%). 
In viili starters, Klu. marxianus accounted for 58% 
of the total isolates, followed by P. fermentans (31%) 
and S. unisporus (11%). Because Klu. marxianus can 
utilize both lactose and galactose as its carbon source 
(Table 1), this yeast can multiply well in milk. This 
may explain why this strain was the primary yeast in 
both culture samples. In addition, both P. fermentans 
and S. unisporus, the least common yeasts isolated in 
kefir grains and viili starters, respectively, could not be 
identified by culture-independent methods using PCR-
DGGE. This finding suggests that the species with 
larger populations in the mixture might give greater 
amounts of template DNA, and therefore make the 
detection of minor species difficult.

Several factors affected the distribution of the micro-
organisms in kefir grains. The microorganism profile 
of the final product does not necessarily parallel that 
of the grains because of conditions (pH and other) dur-
ing the fermentation process. Witthuhn et al. (2005) 

reported that different packaging conditions also affect 
the microbial community of kefir grains.

cOncLuSIOnS

Using a combination of conventional microbiological 
cultivation with PCR-DGGE could successfully iden-
tify 4 yeast species from both cultures in Taiwan. Klu-
veromyces marxianus, S. turicensis, and P. fermentans 
were found in Taiwanese kefir grains with 76, 22, and 
2% distribution, respectively, whereas Klu. marxianus, 
S. unisporus, and P. fermentans were identified in viili 
starters with 58, 11, and 31% distribution, respectively. 
Furthermore, a culture-independent method was ap-
plied to identify the viili and kefir yeasts using DGGE. 
Pichia fermentans in kefir grains and S. unisporus in 
viili starter were not identified. This result confirms 
that only the predominant yeast populations in these 
starters could be identified. This is the first report 
demonstrating that a combination of conventional mi-
crobiological cultivation, PCR-DGGE, and sequencing 
methods could successfully identify species of yeast and 
allow the study of their distribution in kefir grains and 
viili starters. This is also the first research showing the 
yeast species and their distribution in viili starter.
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