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Abstract—‘Beimei’ is a hybrid cultivar of Vitis vinifera and wild Vitis amurensis with fungus- and cold-resistant
characteristics that is widely grown in many regions of China. However, studies on the yeast diversity and
aroma compound composition of this cultivar remain scarce. Here, indigenous yeast diversity, aroma com-
pound composition, and their dynamic changes during the spontaneous fermentation of ‘Beimei’ were inves-
tigated and monitored using high-throughput sequencing and gas chromatography-mass spectrometry. The
result indicated that non-Saccharomyces yeasts were predominant at the initial stages of ‘Beimei’ spontaneous
fermentation and then sharply decreased. Cladosporium herbarum and Hanseniaspora uvarum were identified
as the dominant species of filamentous fungi and yeast, respectively, at the beginning and on the first day of
fermentation, whereas unclassified f Saccharomycetacease was dominant throughout fermentation, starting
from the third day until the end of fermentation. The main volatile aroma chemicals were esters and alcohols,
which accumulated abundantly at the late stage of fermentation. Taken together, this study represents the first
step in exploring untapped yeast species and aroma compounds, which is helpful for the screening of native
yeasts from ‘Beimei’ and producing distinctive aroma wines.
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Breeding grape varieties with high resistance to
harsh cultivation environments is urgently needed
because of deterioration of the global climate (Teixeira
et al., 2013). ‘Beimei’ is a vinifera hybrid cultivar with
high resistance to cold and fungus diseases using Vitis
vinifera as the female parent and wild Vitis amurensis as
the male parent (Wang et al., 2014; Jiao et al., 2022).
Recently, most studies involving ‘Beimei’ have
focused on cultivation and agronomic traits (Li et al.,
2017). For example, Kuang et al. (2022) investigated
the berry quality traits and metabolites of ‘Beimei’
during berry development and winemaking. They
found that the fermented wines with ‘Beimei’ had a
typical pleasant rose aroma.

Aroma is one of the most important factors affect-
ing the final quality of wine and the choices of wine
consumers (Parker et al., 2017). Generally, wine
aroma originates from grapes (Belda et al., 2017), yeast
(Mencarelli and Bellincontro, 2017), and winemaking
conditions (Peng et al., 2017). It is well known that
grape harbors various native oenological yeasts which
are closely associated with wine flavor regional dis-
tinctiveness (Luzzini et al., 2021). In a study con-
ducted by Liu et al. (2021), the authors compared the
diversity and dynamics of yeasts during spontaneous

fermentations of Pinot Noir and Chardonnay using
metagenomics and population genetics approaches.
They found differentiation of yeast species between
different vineyards and grape varieties. Therefore, it is
necessary to identify the dynamic changes in yeast
population and aroma composition during sponta-
neous fermentation to produce unique terroir wines.
However, the microbiota and aroma components of
‘Beimei’ during spontaneous fermentation remain
unclear.

In this study, we identified dynamic changes in the
yeast populations of ‘Beimei’ during spontaneous fer-
mentation using a high-throughput sequencing
approach. We also detected dynamic compositional
changes in the compounds responsible for its aroma
(referred to as aroma compounds) during spontaneous
fermentation using gas chromatography-mass-spec-
trometry (GC-MS). Our results provide a theoretical
basis for the exploration of these native yeast resources
and the production of unique wine flavors.

MATERIALS AND METHODS

Fruit traits of ‘Beimei.”’ Berries of ‘Beimei’ were
collected from different vineyards in Guiyang region,
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Fig. 1. Grape berries morphological characteristics of the
variety ‘Beimei.”

Guizhou Province, China. The berry weight of ‘Bei-
mei’ was determined by calculating the average weight
of 50 berries. The pH and content of soluble solids
(°Brix) of ‘Beimei’ must were determined using a dig-
ital pH meter (Sartorius AG, Germany) and a hand
refractometer (ATAGO, Japan), respectively.

Spontaneous fermentation and sample collection.
Healthy and undamaged grape berries were selected
and pressed to obtain grape must. Spontaneous labo-
ratory-scale fermentation was performed by transfer-
ring 600 mL of grape must and the pressed skins to
sterile 1000-mL flasks, which were statically incubated
at 28°C in triplicate. During spontaneous fermenta-
tion, five sample stages were prepared at 0, 1, 3, 5, 7,
and 15 days (designated as M0, M1, M3, M5, M7, and
M15). Before collecting 4-mL aliquots, the samples
were thoroughly mixed. Each sample was divided into
two parts: one part was used for microbial separation
and identification and the other was used for aroma
compounds extraction and detection.

Yeast identification. High-throughput sequencing
approaches were used for yeast identification (David
et al., 2014). Total DNA was extracted from each sam-
ple using an E.Z.N.A.® Soil DNA Kit (Omega Bio-
tek, Norcross, GA, United States). The DNA concen-
tration and purification degree were determined using
a NanoDrop 2000 spectrophotometer (Thermo Sci-
entific, United States). Polymerase chain reaction
(PCR) amplification of the V5 to V7 region of 18S
rDNA was conducted using the primers SSUO0817F
and 1196R (Table S1) and then purified using a DNA
Gel Extraction Kit (Axygen Biosciences, United
States). Purified and pooled amplification libraries
were paired-end sequenced according to standard pro-
tocols published by Majorbio Bio-Pharm Technology
Co., Ltd. (Shanghai, China). Raw sequence reads
were demultiplexed, quality-filtered, merged, and
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clustered into operational taxonomic units (OTUs)
with a 97% similarity cut-off. Alpha diversity, yeast
species composition, and yeast species differences
between samples were calculated and analyzed using
the Majorbio cloud platform. A phylogenetic tree was
constructed by the neighbor-joining method using
Molecular Evolutionary Genetics Analysis (MEGA X,
United States) software.

Volatile aromatic composition analysis. The volatile
aroma components of ‘Beimei’ were extracted at 40°C
for 30 min using headspace solid-phase microex-
traction. The aromatic chemical contents were deter-
mined using a gas chromatography-mass spectrometer
(TQ8040, Agilent, United States) with cyclohexanone
as the internal standard (Li et al., 2023). The odor
activity value (OAV) of each aroma component was
calculated by determining the threshold values for
each volatile aroma component (Li et al., 2022).

Statistical analysis. The results of fruit traits and
contents of volatile aroma components of ‘Beimei’
were expressed as the mean =+ standard deviation.
Univariate analysis of variance (ANOVA) of the data
and significance of the difference test were performed
using the SPSS software (version 21.0). Statistical
significance was set at P < 0.05.

RESULTS

Fruit Traits of ‘Beimei’

The berry color of ‘Beimei’ was dark blue (Fig. 1)
and the average berry weight was 1.61 g. The grape
must color was red, emitting a rose-like fragrance. The
pH of the must was 3.21 and the soluble solids content
was 18.5 °Brix.

Yeast diversity composition of ‘Beimei’ during spon-
taneous fermentation. We used high-throughput
sequencing for the identification of yeast diversity
composition of ‘Beimei’ during spontaneous fermen-
tation. The Shannon, Simpson, Sobs, Ace, and Chao
indices were used to assess the species diversity of
samples in high-throughput sequencing (Liu et al.,
2020). As may be seen from Table 1, the Shannon
indices of samples M0 and M1 were larger, whereas
the Simpson index was smaller, indicating richer yeast
species diversity at the beginning of fermentation
(MO) and the first day of spontaneous fermentation
(M1). In contrast, in the middle (M7) and late (M15)
stages of spontaneous fermentation, the Shannon and
Simpson indices decreased, indicating the presence of
fewer species in these samples. In addition, the Sobs,
Ace, and Chao indices of M0 were the highest, fol-
lowed by M1, M3, M5, M7, and M15, consistent with
the data on the Shannon and Simpson indices. Taken
together, these results indicated that the yeast species
diversity and richness gradually decreased with the
continuous spontaneous fermentation of ‘Beimei.”

In total, 149 genera and 154 yeast species and fila-
mentous fungi were found from spontaneous fermen-
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Table 1. Diversity index of yeast in samples

LI, LIU

Sample Shannon index Simpson index Sobs index Ace index Chao index
MO 2.27 0.20 43.00 43.76 43.33
Ml 1.21 0.55 38.67 43.07 44.67
M3 0.72 0.50 16.00 37.86 29.75
M5 0.38 0.80 11.67 28.42 17.00
M7 0.03 1.00 9.67 23.85 13.83
M5 0.08 0.98 5.67 3.00 5.67

tation of ‘Beimei’ samples. The top 50 species of yeasts
and filamentous fungi were clustered in Fig. 2 in a
cladogram. Samples M0 and M1, having similar spe-
cies composition, were clustered in the same branch.
The middle and late fermentation stages (M3, MS5,
M7, and M15) clustered in another branch. High
abundance of yeast species detected in spontaneous
fermentation of ‘Beimei’ samples included Hansenias-
pora uvarum, Candida boidinii, Pichia terricola, Can-
dida agrestis, Golubevia pallescens, Bullera unica, Spo-
ridiobolus pararoseus, Vishniacozyma peneaus, Koda-
maea ohmeri, Starmerella bacillaris, Schizosac-
charomyces, Clavispora, and Saccharomycetaceae.

Dynamic changes in yeast community composition
of ‘Beimei’ during spontaneous fermentation. As shown
in Fig. 3, the highest diversity of microbial species was
observed at the beginning of fermentation (M0) and
on the first day of fermentation (M1). However, as fer-
mentation progressed, the diversity of microorgan-
isms decreased significantly (M3 and MS5). During the
middle stage of fermentation, most microorganisms
disappeared. H. uvarum was primarily present during
the initial stage of spontancous fermentation and
reached its maximum concentration on the first day
(M1). Subsequently, it gradually decreased and
remained at a very low level until the end of fermenta-
tion. At the beginning of fermentation, the abundance
of the unclassified Saccharomycetacease was very low.
It increased significantly from the third day of fermen-
tation (M3) and remained at a consistently high level
throughout the fermentation process (M5, M7, and
M15). We further analyzed the species of unclassified
Saccharomycetacease by constructing a phylogenetic
tree and found that they were highly similar to Saccha-
romyces cerevisiae (Fig. 4).

Aroma components composition of ‘Beimei’ during
spontaneous fermentation. As demonstrated in Table 2
and Fig. 5a, a total of 75 volatile compounds were
identified in six spontaneous fermentation stages of
‘Beimei’ grapes. These compounds were categorized
as esters (20), alcohols (22), aldehydes (7), and others.
Among these compounds, there were 23 other com-

pounds, which were most prevalent. Twenty ester
compounds were found in the spontaneously fer-
mented samples. Five, 6, 15, 14, 15, and 10 ester com-
pounds were observed in M0, M1, M3, M5, M7, and
M15, respectively (Fig. 5b). The content of ester com-
pounds was 45.99 + 5.52 mg/L in the unfermented
grape sample (MO0), and 142.07 + 6.07, 5013.09 *+
579.27, 5457.64 + 12748, 6474.24 + 172.70, and
7525.78 £ 237.65 mg/L in the fermented samples M1,
M3, M5, M7, and M15, respectively. In addition, 22
alcohol compounds were detected in the sponta-
neously fermented samples and 12, 16, 15, 13, 12, and
11 alcohol compounds were detected in the M0, M1,
M3, M5, M7, and M15 samples, respectively (Table 2,
Fig. 4b).

Dynamic changes in the aroma components of ‘Bei-
mei’ during spontaneous fermentation. The number of
alcohol and ester compounds first increased and then
decreased during the stages of spontaneous fermenta-
tion (Fig. 5b). In contrast, aldehydes and other com-
pounds consistently decreased throughout the entire
period of spontaneous fermentation (Fig. 5b).
Regarding the changes in compound content, it was
clear that esters, alcohols, and other compounds
increased significantly primarily from the third day
(M3) onwards. These higher levels remained until the
end of spontaneous fermentation, compared with the
initial stage of fermentation. In contrast, the contents
of aldehyde compounds declined as fermentation con-
tinued (Fig. 4b).

The contents of methyl acetate, ethyl acetate, ethyl
hexanoate, ethyl octanoate, ethyl decanoate, the flo-
ral, fruity, and vinous aroma compounds increased
significantly especially from the 3rd day of sponta-
neous fermentation. In addition, ester compounds
showed the highest level from the 3rd day until fer-
mentation ended among the ester compounds
(Fig. 5a). Furthermore, we found that the contents of
floral and fruity aroma alcohol compounds, such as
citronellol, phenethyl alcohol, and linalool, increased
significantly and reached the highest level at the end of
the fermentation process (Fig. 6a).
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Fig. 2. Heatmap and dendrogram of top 50 species of filamentous fungi and yeasts species in spontaneous fermentation of ‘Bei-

mei’ specimens.

Contribution of aroma compounds to the flavor of
spontaneously fermented ‘Beimei’ wine. The contribu-
tions of the main aroma compounds were analyzed by
calculating their OAV values. As shown in Table 3,
most aroma chemicals were produced on the third or
fifth day of spontaneous fermentation. The OAV of
isobutanol gradually increased during fermentation.
Its values were <1 at the initial stage of fermentation

MICROBIOLOGY Vol.93 No.5 2024

(MO and M1) and then became >1 on the third day of
fermentation. 1-Pentanol had an OAV <1 during the
entire spontaneous fermentation period. In contrast,
three compounds, ethyl acetate, ethyl hexanoate, and
hexanol, had OAVs >1 during the entire spontaneous
fermentation process, suggesting their important con-
tribution to the flavor of spontaneous fermentation-
produced wine.
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Fig. 3. Histograms showing percentage community abundance at species level during spontaneous fermentation of ‘Beimei.’

DISCUSSION

Grape variety is one of the main factors in micro-
bial terroir (del Carmen and Mas, 2016; Zhang et al.,
2019), ‘Beimei’ has been less explored, although it has
been widely planted in most wine regions in China;
the yeast population composition of this cultivar
remains unknown. To our knowledge, this study was
the first to use high-throughput sequencing technol-
ogy to analyze and monitor the diversity of indigenous
yeast and the dynamic changes that occur during the
spontaneous fermentation of ‘Beimei’ grape. The
analysis indicated that top 50 species of yeasts and fil-
amentous fungi were detected by high-throughput
sequencing (Figs. 2 and 3). Moreover, the filamentous
fungus Cladosporium herbarum was abundantly
detected at the beginning of spontaneous fermenta-
tion, whereas H. uvarum became the dominant species
on the first day of fermentation, and unclassified f -
Saccharomycetaceae dominated the fermentation from
day 3 to the end of fermentation (Fig. 3). S. cerevisiae
was the dominant yeast species in the middle and late
stages of fermentation owing to its excellent ethanol
tolerance. We suspect that the unclassified f Saccha-
romycetaceae species may be S. cerevisiae, which will
be verified in subsequent experiments using culture-
dependent approach.

Usually, most non-Saccharomyces yeasts are sensi-
tive to ethanol and dominate the early stages of fer-
mentation. Most die during the middle stage of fer-
mentation, with accumulation of ethanol (Jolly et al.,
2014; Mehlomakulu et al., 2021). In this study, we
detected abundant yeast species in samples M0 and
M1, and yeast diversity decreased rapidly in samples
M3, M5, M7, and M 15 (Fig. 3). We also found a sim-
ilar phenomenon during the spontaneous fermenta-
tion of ‘Beihong,” another Eurasian Vitis cultivar with

superior disease and cold resistances. In that study,
using a culture-dependent approach. we confirmed
that the dominant yeast species at the middle and late
stages of fermentation was S. cerevisiae (Liu et al.,
2021).

High-throughput sequencing techniques have been
widely applied to investigate microbial diversity in var-
ious samples, including many grape cultivars such as
Muscat blanc (Wang and Liu., 2013), Vitis davidii
(Wang et al., 2019, and Catalanesca (Di et al., 2007),
since they are rapid, simple, and efficient. However,
high-throughput sequencing techniques have several
disadvantages. For example, many ‘“uncultured’ and
‘unclassified’ species are observed in the high-
throughput sequencing results and this phenomenon
was also observed in the present study (Figs. 2 and 3).
This may be attributed to the limitations of the refer-
ence database. Therefore, culture-dependent technol-
ogy is required for the full investigation of yeast diver-
sity and dynamics, which will provide further confir-
mation.

Aroma is an important parameter affecting the
final quality of wine (Lyu et al., 2021). In this study, we
found many esters with fruity and floral aromas, such
as ethyl hexanoate and ethyl octanoate largely accu-
mulated at the late stage of the ‘Beimei’ spontaneous
fermentation (Table 2, Fig. 5). Moreover, several rose-
scented alcohols were also abundantly detected at the
late stage of the ‘Beimei’ spontaneous fermentation.
For example, citronellol (192.68 + 22.92 mg/L) and
phenethyl alcohol (4481.46 + 336.20 mg/L) were
detected in the sample of M 15 (Table 2). These data
indicated that the fermented wine with ‘Beimei’ had
intense and elegant rose scents, which could attract a
large number of consumers.
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In summary, non-Saccharomyces yeasts were
proved to be predominant at the initial stages of ‘Bei-
mei’ spontaneous fermentation. C. herbarum and
H. uvarum were identified as the dominant species of
filamentous fungi and yeasts, respectively, at the
No. 5

MICROBIOLOGY Vol. 93 2024

beginning and on the first day of fermentation,
whereas unclassified Saccharomycetacease dominated
the whole fermentation from the third day to the end
day. The main volatile aroma chemicals were esters
and alcohols, which accumulated abundantly at the
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Fig. 6. Dynamic changes of main aromatic esters (a) and alcohols (b).

Table 3. The OAVs for the aroma compounds of spontaneously fermented ‘Beimei’ wine

663

Mo
= M1
= M3
M5
M7
M15

Num- Odor OAV
ber Volatile compound Odor descriptor  |threshol,
mg/L MO M1 M3 M5 M7 M15
Al Ethyl acetate Pineapple, fruity, 0.75 44.8 151.59 | 2801.42 | 2946.53 | 2761.74 | 4212.21
solvent, balsamic
A2 Ethyl butyrate Apple, banana 0.02 29.25 ]335 792.50 | 1461.5 | 2471.50 /
A3 Ethyl hexanoate Sweet, fruity 0.05 12.40 17.20 | 2722.4 |18829  [21739.6 |21349.4
A4 Ethyl octanoate Sweet, fruity 0.58 436.69 | 1586.67 |2544.34 | 2405.69
A5 Ethyl decanoate 1.12 77.92 | 296.64 | 560.24 | 756.09
A6 Isobutyl acetate Sweet, fruity, 1.6 17.49 10.94 7.82 /
apple, banana
A7 Isoamyl acetate Banana, fruity, sweet 0.16 / / 5429.43 | 5349.81 /
A8 Phenethyl acetate | Floral 1.8 / / 26.6 18.93 15.31 15.39
B1 2,3-Butanediol Fruity 150 / / 0.44 0.42 1.96
B2 Hexanol Floral, green, cut 8 13.19 28.93 40.36 34.45 29.18 65.70
grass
B3 Isobutanol 40 0.03 0.12 4.93 8.10 10.79 23.51
B4 Isoamylol Burnt, alcohol 30 1.30 2.70 105.66 | 233.25| 307.79 /
B5 Phenethyl alcohol | Floral, roses 10 / 0.13 29.30 | 125.71 | 203.97 | 448.1.5
B6 Linalool Floral 0.02 / 16.2 1451 3756.5 |4965.5 | 9861.5
B7 Citronellol Floral, roses 0.1 / / 463.8 914. 1191.5 | 1926.8
B8 1- Pentanol Alcohol, pungent 80 0.01 0.03 0.58 / / /
B9 1-Octanol Jasmine, lemon 0.12 / / 1772.75 | 3011.92 | 2898 4130.42
late stage of fermentation. This study represented the AUTHOR CONTRIBUTION

first step in exploring untapped yeast species and
aroma compounds, which was helpful for the screen-
ing of native yeasts from ‘Beimei’ and producing dis-
tinctive and aromatic wines.
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