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A B S T R AC T
The investigation of indigenous wine yeast can facilitate the production of distinctive Beijing wine by providing wineries with 
more choices in distinctive wine yeasts. Wine yeasts that were isolated from grape must during spontaneous fermentation and 
from vineyard soil were preliminarily classified by their colony morphologies when cultured on Wallerstein Laboratory Nutrient 
(WLN) medium and then were identified by 5.8S ITS sequence analysis. Four selected strains were involved in inoculated 
fermentation tests. The results showed that five yeast species were isolated from the grape must, and five non-Saccharomyces yeast 
species were found in vineyard soil. The colony morphology of Pichia occidentalis on the WLN medium was described herein 
for the first time. An effective way which could be used for isolate and select wine yeasts from soil samples on WLN medium 
was described. And one of the selected indigenous strains shared over 99% similarity on 5.8S ITS sequence with commercial 
wine yeast, which indicated that commercial yeast might have influenced the local yeast diversity. The two selected indigenous 
Saccharomyces cerevisiae strains, which showed good fermentation performances, could be applied in the local wine industry in 
the future.
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1.  INTRODUCTION

As vast majority of wine demand being met by importation, China 
became the fourth largest wine importer worldwide after Germany, 
the UK and the US [1]. With fast development of Chinese wine 
industry, the need for indigenous wine production in China has 
quickly increased. Beijing, which has long history of wine pro-
duction, has become one of the biggest wine-consuming cities 

in China. However, Beijing has not yet formed its own style of 
wine. One important reason for that is the use in the wineries  
of similar, imported commercial yeasts, usually a single strain of 
Saccharomyces cerevisiae.

Wine yeasts have significant effects on the quality of wine. Different 
species of yeasts produce different metabolites during fermenta-
tion, which determine the chemical composition of the wine. The 
selection of wine yeasts that are right for different type of region and 
microclimate is becoming even more important [2–5]. Generally, 
there are two methods for starting fermentation: inoculation with 
commercial active dry yeasts and spontaneous fermentation. 
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The commercial starters have the advantages of high fermenta-
tion abilities, producing predictable aroma compositions without 
toxic metabolites and resulting in a wine of consistent quality [6]. 
However, commercial strains of S. cerevisiae are often similar strains 
without typical characteristics [7]. Moreover, commercial active dry 
yeasts occasionally fail to be the dominant microorganism during 
the fermentation and they might be replaced by indigenous yeast. 
These starters may be replaced by indigenous wine yeasts that are 
more suitable for local wine grapes [8–10]. Spontaneous fermenta-
tion is usually tried by small wineries who expect to make special 
wines [6]. The spontaneous fermentation of wine is an extremely 
complex process, characterized by a high microbial diversity [11]. 
Thus, to select indigenous yeast from spontaneous fermentation 
can be challengeable. Wallerstein Laboratory Nutrient (WLN) 
medium was developed for selective isolation of yeasts and bacteria 
from breweries and industrial fermentation environments [12]. It 
was widely used in the isolation of microorganisms from fermen-
tation because different species show different colony morphology 
characteristics on WLN medium [8,9,13].

In recent years, many studies have been conducted to investigate 
indigenous wine yeasts around the world, including in France, 
Australia, Spain, Italy, Hungary, the United States, etc. [9,10,14–18]. 
In China, researchers also have investigated indigenous wine 
yeasts. However, most of these studies are focused on northwestern 
China, including Sinkiang, Ningxia, Gansu and Shaanxi, four prov-
inces that have produced wines that have received international 
awards in recent years [19]. In order to produce distinctive wine 
and meet the demand of large scale wineries in Beijing, indigenous 
wine yeasts should be studied.

To identify the diversity of indigenous wine yeasts, investigating 
yeast ecology during spontaneous fermentation is an effective way, 
especially for S. cerevisiae [20,21–24]. However, since grape must 
is only available in autumn, there is only one season in a year to 
investigate the spontaneous fermentation. In other seasons, how-
ever, especially in winter, the soil in the vineyard can be studied 
[23]. Besides, collecting samples from different material sources 
may provide more chances for isolating various species of wine 
yeasts in the same place.

In this study, wine yeasts were isolated from Cabernet Sauvignon 
grape must during the spontaneous fermentation and from the  
vineyard soils of Cabernet Sauvignon, Chardonnay and Sauvignon 
Blanc. The fermentation tests of selected S. cerevisiae and Starmerella 
bacillaris proved their potential in wine-making in the future. In order 
to take full advantage of the WLN medium and simplify the identifi-
cation of wine yeasts, an attempt to analyze the relationship between 
yeasts’ colony morphologies on WLN medium and their genotypes 
was also made. To our knowledge, this work is the first study using 
WLN medium to isolate wine yeasts from soil samples, which pro-
vides an effective way to investigate wine yeasts when there were no 
grape berries. The results reported represent the first step needed to 
exploit the useful indigenous wine yeasts in Beijing wine region.

2.  MATERIALS AND METHODS

2.1.  Reference Commercial Strains

Two commercial active dry yeasts, which were developed espe-
cially for red wine and used in Chateau Lion, served as the 

control strains. S. cerevisiae RB2 and S. cerevisiae F15 from Laffort 
Oenologie (Bordeaux, France).

Strains were activated in yeast extract peptone dextrose (YPD) 
broth (1% yeast extract, 2% peptone, and 2% glucose) at 28°C for 
12 h, and then a purification by sequential single colony isolation 
was conducted on WLN agar (Nissui Bio-technologies Co., Ltd., 
Qingdao, China).

2.2.  Grape Berry Sampling and Fermentation

Cabernet Sauvignon grapes were cultivated in the vineyard of 
Chateau Lion (39°47¢32.40″ + 116°13¢14.91″). The mature grape 
clusters were manually picked during the 2014 vintage. They were 
then subjected to a laboratory-scale spontaneous fermentation test. 
In total, 500 mL grape must (sugar content 23 °Brix) were collected 
in each 1 L sterile conical flask for spontaneous fermentations in 
triplicate (M1, M2, and M3). Aliquots of 0.1 mL initial grape must 
were immediately spread on the WLN agar to isolate microbes 
before fermentation. The WLN agar was incubated at 28°C for  
5 days. Subsequently, 36 mg/L SO2 was added to the must. The 
conical flasks were incubated at 28°C. The ethanol content was 
detected daily by the High Performance Liquid Chromatography 
(HPLC) method, following the protocol reported previously [25].

2.3.  Soil Sampling and Yeast Enrichment

The three soil samples came from the vineyards of Cabernet 
Sauvignon, Chardonnay and Sauvignon Blanc, respectively, in 
Chateau Changyu AFIP Global (40°23′3.32″ + 116°54′24.26″). 
During the winter, when the grapes were buried underground, soil 
samples were collected by sterile tools. Each sample included soils 
and deadwood of the grapes.

Two methods of yeast enrichment were adopted according to the 
results of a preliminary experiment. In the first method, sterile 
250 mL conical flasks were filled with 2 g soil and 150 mL YPD 
broth with the addition of 60 mg/L SO2, 50 μg/mL chloramphen-
icol and 10% (v/v) ethanol. In the other method, 2 g soil was 
added into the same liquid YPD medium with same additions 
mentioned above except for ethanol. All conical flasks were then 
sealed with a sterile sealing film and incubated for one week at 
28°C, 150 rpm.

Preliminary experiments showed that the first method men-
tioned above provided dependable isolation of wine yeasts that 
were tolerant to ethanol, especially for Saccharomyces, and con-
trolled filamentous fungi (mold) growth, whereas the second 
method was used to isolate wine yeasts that were not tolerant 
to ethanol.

2.4.  Isolation of Wine Yeast

One-milliliter samples of grape must were taken every day from  
the 3rd day to the 10th day of fermentation. For the soil enrichment 
culture, 1 mL samples were taken from the 7th day of the enrich-
ment culture. Serial decimal dilutions were made in sterile Milli-Q 
water, and aliquots (0.2 mL each) were spread on WLN agar plate 
and incubated at 28°C for 5 days.
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Colonies were differentiated and grouped by their morphologies  
and color characteristics, as described by Cavazza et al. [26] and 
Pallmann et al. [13]. Colonies were grouped into seven types to 
make successive identifications. Four groups had similar shapes and 
textures. They were both round, with smooth, creamy, and buttery 
surfaces. They were named according to color as White (W), Pale 
green (P), Green (G), and Dark green (D). The other three groups 
had irregular shapes or distinctive textures and were named Flour 
(F), Radial (R), and Bulge (B). Each colony picked out from the grape 
must was named according to their source (M1, M2, and M3), mor-
phology group (W, P, G, D, F, R, and B), and the day they were picked 
out during fermentation (3–10). Furthermore, the colonies isolated 
from the soil samples were named according to the grape varieties 
and a serial number. From each morphology type from different 
grape must and fermentation stages, representative strains were ran-
domly selected. All selected strains were purified by sequential single 
colony isolation to avoid other microorganism contamination.

During the spontaneous fermentation, the serially diluted plates 
with total colony numbers of 30–300 were picked out to predict 
the yeast populations, the microscopic features were observed and 
recorded during the selection and purification stage. Micrographs 
were taken by phase contrast microscope (Axio Scope A1, Carl 
Zeiss Co., Ltd., Göttingen, Germany). In total, 63 isolates were 
selected for subsequent analysis and stored in the YPD agar slope 
(1% yeast extract, 2% peptone, 2% glucose, and 2% agar) at 4°C. 
The graphs of yeast ecology during spontaneous fermentation  
were made by software Origin (version 8.5; OriginLab Corporation, 
Northampton, MA, USA).

2.5. � 5.8S ITS Sequence Analysis  
of Selected Yeasts

Genomic DNA of yeast was extracted by the method of TIANamp 
Yeast DNA Kit (Tian Gen Co., Ltd., Beijing, China). The species of the 
selected yeasts were identified by the 5.8S ITS rDNA gene region. 
PCR with primers ITS1 (5′-TCCGTAGGTGAACCTGCGG-3′) and 
ITS4 (5′-TCCTCCGCTTATTGATATGC-3′) was amplified in a BIO-
RAD T100™ Thermal Cycler (Bio-Rad Laboratories, Inc., Hercules, 
CA, USA) programmed as described in Guillamón et al. [27]. Aliquots 
of 6 μL of amplified product were subjected to 1% (w/v) agarose gel 
electrophoresis at 100 V constant voltages for 30 min. The gels were 
stained with ethidium bromide and photographed using a Gel Doc XR 
system (Bio-Rad Laboratories, Inc.). In total, 66 amplified products 
(including three commercial yeast strains) with positive results were 
sent to BGI TechSolutions Co., Ltd. (Beijing, China) for sequencing. 
Sequence analysis was performed by the basic local alignment search 
tool (Blast) in the National Center for Biotechnology Information 
database. The dendrogram was constructed with the Mega 6.0  
software (Pennsylvania State University, USA) [28].

2.6.  Inoculated Fermentation Tests

Two S. cerevisiae strains, M1W10 and M2W10, two S. bacillaris 
strains, M1P9 and M3P9 were used in inoculated fermentation test. 
The commercial wine yeast F15 was used as control yeast strain  
in the fermentation test.

The five yeast strains were pre-cultured in YPD broth to log-phase. 
The initial yeast inoculums of 106 CFU/mL were inoculated to 
800 mL grape must (sugar content 23 °Brix) with 36 mg/L SO2. 
Fermentations were conducted in 1 L glass bottles, which were 
incubated at 22°C. The ethanol content was detected daily by the 
HPLC method. Fermentation assay for each yeast strains was per-
formed in triplicate.

The yeasts’ fermentation performances were analyzed by the glu-
cose, fructose, glycerol, ethanol, succinic acid, lactic acid, and 
acetic acid contents in the experimental wine. These contents in 
grape juice and wine were determined by HPLC method in tripli-
cate, following the protocol reported previously [25]. Sensory test 
was conducted to evaluate the appearance (10 points), aroma (30 
points), taste (40 points) and overall quality (20 points) of wine. 
According to the evaluation criteria described in GB/T 15038-2006 
[29], 11 wine connoisseurs were invited to a blind tasting test of the 
five groups of wines. The score sheet was designed according to 
Ronald [30] with minor modifications. The results were analyzed 
by Microsoft Excel 2010.

3.  RESULTS

3.1.  Isolation of Wine Yeasts

During the spontaneous fermentation of three groups of Cabernet 
Sauvignon grape must (M1, M2, and M3), more than 2000 colonies 
were isolated. Fifty-three representative colonies were selected for 
5.8S ITS sequence analysis. On the other hand, over 100 colonies 
were isolated from the soil samples. Among these colonies, 10 were 
selected to undergo molecular identification.

From the grape must, the five species identified were S. cere­
visiae, Hanseniaspora uvarum, Hanseniaspora vineae, S. bacil­
laris, and Pichia occidentalis. While from the vineyard soil 
samples, the five species found were Pichia kluyveri, H. uvarum, 
Schizosaccharomyces pombe, Pichia fermentans, and Torulaspora 
delbrueckii. No Saccharomyces were isolated from the soil  
samples. Since two enrichment methods used, the vineyard 
distribution of different species were illustrated in enrichment 
cultures without ethanol and enrichment cultures with ethanol, 
respectively (Table 1).

Table 1 | Colony numbers of different yeasts distributed among vineyard 
soil samples

Yeast  
species

Soil samples

Cabernet 
Sauvignon Chardonnay Sauvignon Blanc

CnE* CE** CnE CE CnE CE

P. kluyveri – 5 – 12 – 6
H. uvarum – – 4 – 2 –
S.pombe – – 2 18 5 8
P. fermentans 2 – – – – –
T. delbrueckii – 5 – 3 3 6
*CnE indicates enrichment cultures without ethanol. **CE indicates enrichment cultures 
with ethanol. –: not detected.
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Figure 1 | Different colony morphology types on the WLN medium of five wine yeast species. Common: The most common colony morphology type on 
the WLN medium of each species during the selection stage. Typical: A typical colony morphology type on the Wallerstein Laboratory Nutrient (WLN) 
medium different from common colonies during the isolation stage, usually only one colony of such type was found. Purified: Colony morphology type 
on the WLN medium after purification of corresponding strain. *: Side view of the colony.

3.2. � Different Morphology Types  
of Specific Species

According to 5.8S ITS sequence analysis and corresponding colony 
photos, there were four species that had more than one colony 
morphology type on the WLN medium. These species are S. cere­
visiae, H. uvarum, H. vineae, and S. bacillaris. The most common 
colony and some typical colonies of these species on the WLN 
plate are illustrated in Figure 1. Because some species have differ-
ent colony morphologies among selection and purification stages, 
their colony photos when they were selected before purification 
were compared with the corresponding colony photos after puri-
fication (Figure 1). The names of these strains follow the naming 
scheme mentioned in methods. Strains from same species showed 
similar colony characteristics after purification, although some 
small differences still could be found. Those small differences in 
colony morphology after purification were related to the charac-
teristics on the colonies the first time when they were isolated. For 

example, S. cerevisiae M2W8 showed a more greenish hue on the 
top of the colony after purification, whereas the purified colony of 
S. cerevisiae M3W8 showed a slight green periphery. These charac-
teristics are related to M2W8, M3W8 typical colony morphology, 
respectively (Figure 1).

The P. occidentalis (M3F5) on the WLN plate showed white to 
dark green colonies, with a wrinkled and floury surface (Figure 1). 
The micrograph of P. occidentalis is shown in Figure 2, and the 
species exhibits elongated ellipsoidal cells and multilateral bud-
ding reproduction.

3.3. � Yeast Ecology during the Spontaneous 
Fermentation

The initial microbe proportion in the grape must before fermen-
tation was 100% H. vineae and H. uvarum. Because it was hard 
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Figure 2 | Microscopic morphology of Pichia occidentalis in the 
logarithmic phase.

Figure 3 | The yeast ecology kinetics during the spontaneous fermentation of M1, M2, and M3. The colony numbers are expressed as CFU/mL, and the 
contents of ethanol are expressed as % (v/v).

to distinguish the two Hanseniaspora species on the WLN agar 
medium, in Figure 3, the colony numbers of the two species 
were shown as a sum of the “Hanseniaspora sp.” colony number. 
However, the randomly selected Hanseniaspora species strains 
identified by sequence analysis showed that the H. vineae domi-
nates over H. uvarum on the 3rd day of fermentation; while the  
H. uvarum became the dominant species from the 4th day to the 5th 
day in M1, M2, and M3. To explore dominant strains in each stage 
of spontaneous fermentation, populations of different yeast species 
at the 3rd day to the 10th day in the grape must of spontaneous 
fermentation (M1, M2, and M3) are shown in Figure 3. The ethanol 
content was shown by line to indicate the fermentation progress.  
At the end of the fermentation, the ethanol contents of M1, M2,  
and M3 were 13.96%, 13.25%, 13.46% (v/v), respectively. The P. occi­
dentalis only showed on the 5th day of fermentation in M1. In par-
ticular, the colony number of M1 was smaller than that of M2 and 
M3. On the 3rd day, an additional 18 mg/L SO2 was added into the 
M1 must to inhibit mold growth. The higher concentrate of sulfur 
dioxide may also inhibit the population of wine yeasts in M1 [31].

3.4.  Genotypes of the S. cerevisiae Strains

To learn whether the selected S. cerevisiae strains come from the 
commercial yeasts or not, the genotypes of the selected S. cerevisiae 

strains and the commercial strains used in the winery were com-
pared. However, there were two different strains isolated from the 
commercial yeast RB2. These were renamed as R1 and R2. A phy-
logenetic dendrogram (Figure 4) based on the 5.8S ITS sequences 
of the S. cerevisiae strains was constructed to analyze the homology 
between selected strains and commercial strains. The Neighbor-
joining tree was constructed based on the Kimura 2-parameter  
model, using the Bootstrap method in phylogeny test, with  
1000 bootstrap replications. Strains were grouped into I, II, III, 
and other independent strains, judged by bootstrap values that 
were over 70%. The colony morphology (after purification) of each  
S. cerevisiae strains is shown next to the dendrogram.

3.5. � Analysis of Experimental Wine  
Inoculated with Selected Wine Yeasts

Saccharomyces cerevisiae strains M1W10 and M2W10 dominated 
at the end stage of spontaneous fermentation, with rather distant 
phylogenetic relationships to commercial yeasts (Figure 4), were 
selected to test for their fermentation abilities. Except for S. cerevi­
siae, S. bacillaris was dominant yeast especially during the middle 
stage (6–8 days) of fermentation. And S. bacillaris was one of the 
wine yeasts which existed in the end stage of fermentation. On the 
9th day of the fermentation, the alcohol content was close to 14% 
(v/v), a high concentration that can select wine yeasts which were 
tolerant to alcohol. Moreover, S. bacillaris strains that were isolated 
from grape and wine have been reported by Chinese research-
ers for many times in recent years [32–34,19]. These strains have 
been found in seven cities that belong to four wine regions around 
China, its fermentation ability deserved to be elucidated. Therefore,  
S. bacillaris strains M1P9 and M3P9, which were isolated from the 
9th day of the fermentation, were also used in the fermentation tests.

The three bottles of grape must inoculated with selected S. cerevi­
siae strains fermented rapidly. The fermentation finished on the 7th 
day. However, grape musts inoculated with S. bacillaris fermented 
very slowly. Until the 15th day of fermentation, there were no more 
alcohol produced in the grape must; furthermore, high sugar con-
tents remained in the grape must. This means the fermentation of 
grape must inoculated with S. bacillaris was over before the sugars 
were used up in the process. The contents of sugars and acids of 
these experimental wines were shown in Figure 5. In addition, in 
the initial grape must, the content of glucose, fructose, succinic 
acid, lactic acid, acetic acid, glycerol, and ethanol were 95.56, 
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Figure 5 | (A) Contents of fructose, succinic acid, lactic acid, and acetic acid in five experimental wines; (B) Contents of glucose, glycerol, and ethanol 
in five experimental wines. All values are expressed as g/L, with the exception of the ethanol contents, which are expressed as % (v/v). Different letters 
indicate the statistically significant differences (Duncan’s multiple range test, p < 0.05) among different time point. Values are mean ± SD.

A B

Figure 4 | Dendrogram obtained by cluster analysis of the 5.8S ITS sequence of Saccharomyces cerevisiae strains.

121.63, 0.09, 0, 0, 1.02 g/L, and 0.11% (v/v), respectively. The results 
of sensory tests were shown in Table 2.

4.  DISCUSSION

Some findings were obtained by using the WLN medium to iso-
late the wine yeast. First, as seen in Figures 1 and 4, some typical 
colony characteristics among the same species may reveal some 
genetic differences among strains. However, in our study, 98% of 
the colonies on the WLN medium had common colony morpholo-
gies as mentioned in previous studies [13,26]. Therefore, the WLN 

medium is a good way to differentiate yeast species preliminarily. 
To obtain accurate results, several of the most common colonies 
belong to each morphology type, and all typical colonies should 
be picked out to enable further molecular identifications. Second, 
although most relevant studies focused on the use of WLN medium 
to isolate wine yeasts present on the surfaces of the grapes or in 
fermenting must [8,9,33], in this study, the WLN medium was 
also used to isolate wine yeasts from vineyard soil samples. Five 
non-Saccharomyces species of wine yeasts were isolated as shown 
in Table 1. Among the five yeast species, H. uvarum and T. del­
brueckii were frequently found in wine fermentations [35,36].  
Non-Saccharomyces yeasts have been playing more and more 
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important roles in winemaking in recent years [9,36,37]. Moreover, 
according to the results of the preliminary experiment, in the 
enrichment method, chloramphenicol can prevent the reproduc-
tion of bacteria, and alcohol can inhibit the growth of mold, whose 
colony can cover other colonies. This explained why more yeast 
colonies were isolated from CE than from CnE. Yeast isolation from 
CnE was disturbed by the huge colonies of mold. Although in this 
study, no S. cerevisiae was isolated from CnE or CE, the addition of 
alcohol could help to isolate S. cerevisiae from soil, which had been 
tried successfully by Sniegowski et al. [38]. Third, a new colony 
morphology type on the WLN medium was found in this study: 
the colony morphology of P. occidentalis. It is easy to distinguish  
P. occidentalis colony from other yeast species on the WLN medium 
with its wrinkled and floury surface. Thus, accumulating different 
morphology types on the WLN medium make the medium even 
more valuable in differentiating wine yeasts isolated from the  
grape must, grape surface [23], vineyard soil, etc.

As shown in Figure 3, three main species of wine yeasts (H. uvarum, 
H. vineae, and S. cerevisiae) dominated the spontaneous fermen-
tation of Cabernet Sauvignon grape must, a common finding in 
wineries and vineyards around the world [6,37,39]. According to 
Table 1, P. kluyveri, H. uvarum, S. pombe and T. delbrueckii were fre-
quently emerged in soil samples of different grape varieties. Except 
for S. pombe, the other four yeast species selected from soil samples 
showed good potential fermenting abilities, and they were also iso-
lated from other wine regions around the world [37,40–42]. But  
S. pombe can lead to undesirable flavors in wine [43]. Hence, local 
wineries in Beijing should pay attention to the reproduction of  
S. pombe during fermentation. However, there were still some new 
discoveries. S. bacillaris (formerly named as Candida zemplinina) 
usually emerged in the beginning stage of spontaneous fermenta-
tion [9,34,19]. However, our results showed that S. bacillaris did 
not appear until the middle stages. These strains existed until the 
final stages of fermentation, when the ethanol content exceeded 
13% (v/v), proved that these S. bacillaris strains had high ethanol 
tolerance. Thus, two S. bacillaris strains M1P9 and M3P9, selected 
from the 9th day of the fermentation, were selected to be inoculated 
in subsequent fermentation tests. P. occidentalis (formerly named 
as Issatchenkia occidentalis), which used to be found in cocoa bean 
heap fermentation [44] and sourdoughs [45], was seldomly isolated 
from grapes compared with other non-Saccharomyces. In China, 
P. occidentalis was also found in Roussanne and Merlot grapes in 
Huailai, a county near Beijing [32] but was not found in other areas. 
Thus, it might be a distinctive wine yeast species in Beijing and  

Table 2 | Descriptive analysis and scores in the sensory evaluation of wines fermented by five strains of selected yeasts

Appearance Aroma Taste Overall quality Total score

M1W10 Brilliant (19.88 ± 0.35) Rich aroma, violet, cherry, a little 
grassy (26.50 ± 1.77)

A little sharp acidity, a little slight 
(34.88 ± 3.23)

Good (8.50 ± 0.76) 89.75 ± 5.01

M2W10 Brilliant (19.88 ± 0.35) Rich aroma, cherry, pear, rose, violet 
(27.25 ± 1.91)

Full, balanced, a long, fruity finish 
(35.50 ± 2.27)

Good (9.00 ± 0.53) 91.13 ± 4.32

F15 Brilliant (19.88 ± 0.35) Rich aroma, pear, a little grassy 
(25.75 ± 0.89)

Sharp acidity, a prolonged flavour  
in mouth (33.00 ± 3.21)

Superior (7.81 ± 0.65) 86.44 ± 3.66

M3P9 Brilliant (19.88 ± 0.35) Standard presence of a varietal, 
strawberry (25.75 ± 1.39)

Slight flavour, balanced  
(33.38 ± 3.78)

Superior (7.75 ± 0.71) 86.75 ± 5.15

M1P9 Brilliant (19.88 ± 0.35) Standard presence of a varietal, 
strawberry, rose (26.13 ± 1.36)

A little sharp acidity, little lingering 
flavour in the mouth, slightly bitter 
finish (33.00 ± 3.07)

Superior (7.38 ± 0.74) 86.38 ± 3.93

Values in the table are the mean values ± SE.

surrounding areas. Above all, the wine yeast composition at 
Chateau Lion was relatively simple because the chateau was newly 
established and has used commercial dry yeast for years. These 
results emphasize the importance of reserving indigenous wine 
yeasts, especially in newly established wineries.

According to the dendrogram shown in Figure 4, at least nine dif-
ferent biotypes of S. cerevisiae were isolated in the present study. 
According to the alignment results, the isolated S. cerevisiae strains 
in Group II and III shared 92.38% and 97.03% similarity on the 
5.8S ITS sequence, respectively (Figure 4). Especially for com-
mercial strain-R2 and M1D10, presented a similarity of over 99%. 
Although we did not find strains that were completely identical to 
commercial wine yeasts, the small differences between sequences of 
the strains mentioned above may be caused by climate influences, 
mutation, and so on [39,46]. There was also a new research we did 
recently in Beijing (unpublished); in the Chardonnay grape must 
during spontaneous fermentation, no Saccharomyces was found. 
While this 8-year vineyard we studied was far away from winer-
ies, which means there was no commercial wine yeast influence on 
this relatively isolated vineyard. Some results in another study also 
showed no Saccharomyces was found in spontaneous fermentation 
[39]. These results supported that commercial wine yeasts may be 
the original S. cerevisiae strains in vineyards near wineries. Thus, the 
high genetic similarity shared by strains in Group II and III indicate 
that commercial S. cerevisiae strains may have already influenced 
the wine yeast diversity in Chateau Lion in no more than 4 years. 
Specifically, these strains were isolated from the end of the fermen-
tation (8th to 10th day of the fermentation), when usually the dom-
inant Saccharomyces strains were remaining. Thus, our findings 
concur with the opinion that the use of only commercial yeasts may 
lead to the loss of autochthonous wine yeast resources in the win-
eries [4,19,47]. Conflicting opinion was reported by Drumonde-
Neves et al. [48], which showed human intervention increased the 
yeast biodiversity, whereas it was based on the yeast biodiversity 
of grape juice. According to the yeast ecology kinetic during the 
spontaneous fermentation in this study (Figure 3), it was found that 
some yeast may be difficult to be isolated from grape juice. From 
the genomic point of view, the importance of protecting indigenous 
yeast diversity from being influenced by the commercial yeasts was 
proven again. Interestingly, it can be concluded that the colony 
morphology on the WLN medium can reflect some of the genetic 
relations among strains of the same species (Figure 4). Different 
clusters in the dendrogram may show different tolerance to alco-
hol and fermenting ability due to the different stages in which the 
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strains were isolated. Hence, further research is needed to integrate 
the advantages of various indigenous S. cerevisiae strains. Except 
for the current research on the wine fermented by co-cultures of 
Saccharomyces and non-Saccharomyces [37], a combination of dif-
ferent strains of S. cerevisiae can be tried in winemaking. Moreover, 
exploiting more strains of indigenous wine yeast and applying the 
strains to wineries is another way to protect the local yeast diversity.

In the inoculated fermentation tests, the two S. cerevisiae strains 
showed good fermentative capabilities. As shown in Figure 5, in 
the wines inoculated with M1W10 and M2W10, 100% of the glu-
cose and more than 98% of the fructose in the initial grape must 
were used during fermentation. Moreover, the two strains speeded 
up the fermentation like the commercial yeast F15, requiring only 
7 days completing the fermentation. According to the results of 
sensory tests (Table 2), wines fermented by M1W10 and M2W10 
gained higher scores both in aroma, taste and overall quality 
parts compared with control strain F15. M1W10 and M2W10, 
two strains in group I, shared low homology on the sequence 
analysis with the commercial yeasts, indicating that the high pos-
sibility that the two strains were indigenous S. cerevisiae. Thus, 
two indigenous S. cerevisiae strains with good fermentation per-
formance were selected in this study. However, the two selected 
S. bacillaris strains showed low fermentation powers, which was 
in line with previous report [49]. In the wines inoculated with 
M3P9 and M1P9, only 42.9% and 41.6% of the glucose in the ini-
tial grape must were transformed after 15 days of fermentation. 
However, more than 99% of the fructose was consumed in the 
two experimental wines. These data indicate that S. bacillaris pre-
fers to transform fructose rather than glucose, which leads to the 
result that fermentation ends with much glucose remaining. In 
a previous study, similar results were obtained in Minimal Must 
Medium (a synthetic grape juice medium) [50]. Although S. bacil­
laris is frequently emerged in China, the specific metabolism of 
this species in wine has not been reported previously. Compared 
with the wine inoculated with S. cerevisiae, S. bacillaris produced 
more glycerol, which can create a soft and velvety texture in wine 
[51]. Besides, fructose is preferentially transformed by S. bacil­
laris; while glucose is preferentially transformed by S. cerevisiae 
[52]. S. bacillaris can increase the content of glycerol in the wine 
but will not increase the volatile acidity or decrease the content of 
succinic acid and lactic acid. In addition, S. bacillaris can help to 
take full advantage of the fructose, avoiding the deterioration in 
wine caused by residual fructose. Although the wines made with 
M3P9 and M1P9 did not gain high scores in sensory tests, a com-
bination of S. bacillaris and S. cerevisiae deserves to be studied as 
co-culture starters in wine making in the future.

In summary, through this preliminary study, we can find that  
there are abundant biodiversity of indigenous wine yeasts in 
Beijing. The new colony morphology of P. occidentalis on the 
WLN medium was reported first time. Two indigenous S. cere­
visiae selected from grape must of Chateau Lion (Beijing), espe-
cially M2W10, were evaluated and found to be the yeast with 
good fermentation performances. We recommended S. bacil­
laris, a popular wine yeast species in China, can be studied as a 
co-culture starter species with S. cerevisiae in the future, since 
S. bacillaris can increase the content of glycerol and transform 
more fructose than S. cerevisiae during fermentation. Moreover, 
our results show that there is an urgent need to exploit indigenous 

wine yeast in wineries in Beijing, especially for those wineries 
who want to make unusual wines.
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