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1 | INTRODUCTION
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Abstract

In Xinjiang, China, traditional handmade cheese is made from fresh milk under natural
environmental conditions and is a common fermented dairy product in the region.
Due to differences in production methods between regions, the research conducted
on the bacterial diversity of traditional handmade cheese is not comprehensive.
Hence, little is known about the relationship between bacteria and cheese quality.
Therefore, in this study, cheese samples from Tarbagatay Prefecture, Xinjiang, were
chosen for investigation. The bacteria in 17 cheese samples were analyzed by se-
quencing 16S rRNA using lllumina MiSeq technology. The results showed that there
were two dominant bacterial phyla and six dominant bacterial genera in the cheeses.
Of these, Lactobacillus and Lactococcus displayed the most significant positive cor-
relation with cheese quality. This study provides data to support the improvement of
traditional cheese quality via microbial diversity and lays a foundation for the indus-

trialization of traditional cheese production.
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been unearthed in Xinjiang (“Ancient Cheese,” 2014). Kazakh cheese

in Tarbagatay, Xinjiang, is also known as Kurut (Tulaxi et al., 2011).

Cheese is the main product of the developed dairy industry and has
high nutritional and economic value. However, due to differences in
geographic location and taste preferences, the production process
and flavor of cheese vary, and cheese has developed local charac-
teristics (Subramanian et al., 2009; Gonzalez-Cérdova et al., 2016;
Zheng, Liu, Li, et al., 2018). The Kazakhs in Xinjiang, China, have
practiced and depended on animal husbandry for generations.
Traditional cheese production and consumption has been practiced
for thousands of years; the earliest cheese samples in the world have

Fresh milk and microorganisms from the natural environment are
used as a starter for Kazakh cheese. The cheese is handmade and
it matures naturally. Because of its unique production process and
good taste, Kazakh cheese has always been loved by ethnic minori-
ties in Xinjiang.

As Xinjiang's traditional handmade cheese is mostly made in
an open environment, a variety of microorganisms from the envi-
ronment contribute to the fermentation and post-ripening of the
cheese. Therefore, Xinjiang's traditional cheese is made using a
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multi-bacterial fermentation system (Zheng, Liu, Li, et al., 2018;
Zheng, Liu, Ren, et al., 2018). The interactions between the various
bacteria provide the cheese with a unique flavor and distinctive
regional characteristics (Jasmin et al., 2011). Cheese develops its
unique flavor and taste during maturation. The dominant microbial
strains participate in the fermentation process of cheese, ferment-
ing lactose into lactic acid (Singh et al., 2010), decomposing protein
and fat into small molecular flavor compounds, and promoting the
maturation of cheese and the formation of flavor substances (Gerrit
et al., 2010). The interactions between microorganisms also af-
fect the formation of cheese flavor substances (Ayad et al., 2010).
Aldrete et al. (2014) recently used pyrosequencing to analyze 30
cheese samples collected from Mexico, and the results showed that
Streptococcus and Lactobacillus were the dominant genera in the
cheese samples. The complex microbiome of a cheese promotes its
quality (Schornsteiner et al., 2014). Previous studies (Chmitz-Esser
et al., 2018) have used quantitative PCR technology to analyze the
three genera, Advenella, Psychrobacter, and Psychroflexus, to identify
genes contributing to cheese flavor. Studies have been performed in
an attempt to reveal that there is correlation between the microbial
flora and the characteristic flavor of cheese (Aldrete et al., 2014).
Therefore, it is particularly important to explore the bacterial diver-
sity in traditional cheeses from Xinjiang. Such investigations will lay
a foundation for choosing a good starter for traditional fermented
dairy products and will provide insight into the correlation between
microbial diversity and traditional cheese flavor.

For traditional fermented foods, traditional pure culture tech-
nigues, such as enrichment culture and separation and purification, are
generally used to explore the microbial diversity. Such time-consuming
and complicated operations limit the identification of dominant micro-
organisms in the sample (Mo & Sun, 2012). Therefore, lllumina MiSeq,
which is a second-generation high-throughput sequencing technique
and is accurate, fast, and highly sensitive, has previously been chosen
for studying microbial diversity (Bella et al., 2013).

Researchers have used lllumina MiSeq to characterize the mi-
crobial diversity in 60 cheese samples (including 12 varieties),
and the results showed that the main bacteria present included
Corynebacteriumgroup casei, Leucobacter aridicolis, and Arthrobacter
arilaitensis (Dugat-Bony et al., 2016). In another study, high-
throughput sequencing was used to characterize 137 cheeses from
10 countries (Wolfe et al., 2014) and 14 bacterial genera were found.
Among them, Yaniella and Nocardiopsis were found in food micro-
bial ecosystem for the first time, indicating that high-throughput se-
quencing has great advantages in detecting the microbial diversity
and functional potential of samples. This technology has been widely
used to study the microbial community structure of many traditional
fermented foods such as tempeh (Chen et al., 2019), sweet rice wine
(Cai et al., 2018), and pickles (Lee et al., 2019). The development of
these studies provides a firm basis for the analysis of microbial diver-
sity in cheese samples.

In the present study, Illumina MiSeq high-throughput sequenc-
ing technology was used to analyze the bacterial community of tra-

ditional cheese from Tarbagatay, Xinjiang. The aim was to explore

the correlation between the bacterial community and the taste and
flavor of the cheese. In this way, the study will provide a foundation
for improving the microbial community structure of traditional fer-
mented dairy products from Xinjiang and provide a basis for screen-

ing starters to improve the quality of traditional fermented foods.

2 | MATERIALS AND METHODS
2.1 | Cheese samples

The samples were collected from Tarbagatay Prefecture, Xinjiang,
China (44.43°N, 84.68°E), which is located in the northwestern re-
gion of Xinjiang, adjacent to Yili and Altay. Grasslands account for
46.8% of the entire area, and the luxuriant pastures are good for
animal husbandry. Therefore, 17 post-ripening Kazakh cheeses from
different farmers were collected in Tarbagatay Prefecture, and the
samples were numbered TC1-TC17 in the order of collection. For
each cheese, there were three replicate samples.

2.2 | Evaluation of cheese taste quality using an
electronic tongue

An SA-402B electronic tongue (Japan Insent Company) equipped
with two reference electrodes and five taste sensors was used for
taste analysis. During the test, the detection method used by Zhu
et al. (2020) was referred to in order to obtain the original data re-

quired for the analysis.

2.3 | Evaluation of cheese flavor quality using an
electronic nose

First, 10 g of cheese was placed into a 50 ml sample bottle. Referring
to the previously described electronic nose detection method (Zhu
et al., 2020), an electronic nose (Airsense, Germany) was used to de-
termine the flavor. The response values were selected at 49 s, 50 s,
and 51 s, the average value was calculated, and the operation was

repeated three times.

2.4 | DNA extraction, PCR amplification, and
product purification

In this study, a QIAGEN DNeasy mericon Food Kit was used to extract
DNA, and the DNA samples were stored at -20°C in preparation for
analysis. The DNA extracts were used as the templates, and the uni-
versal primers 338F (5-ACTCCTACGGGAGGCAGCAG -3') and 806R
(5-GGACTACHVGGGTWTCTAAT -3') were used for PCR amplifica-
tion of the 16S rRNA gene of lactic acid bacteria. The amplification
conditions were the same as those described by previous researchers

(Nacef et al., 2016). The PCR amplification products were sent, using a
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dry ice-cold chain, to Shanghai Meiji Biomedical Technology Co., Ltd.
where MiSeq high-throughput sequencing was performed.

2.5 | Sequence quality control and
bioinformatics analysis

The paired-end sequence data obtained by MiSeq sequencing
were spliced and filtered, and the chimera were removed (Haas
et al., 2011) for optimization (Kalscheur et al., 2012) and quality
control. The QIIME analysis platform (Version 1.7.0) was used to
analyze the obtained optimized sequences for species and diversity
information. PyNAST was used to align the sequences (Caporaso
etal., 2010). UCLUST merging was performed under 100% sequence
similarity using the V3-V4 region of the 16S rRNA sequences
(Edgar, 2010). Operational taxonomic units (OTUs) were estab-
lished and ChimeraSlayer (Haas et al., 2011) was used to remove
the OTU sequences containing chimeric sequences. Greengenes
(DeSantis et al., 2007) and the Ribosomal Database Project (RDP;
Cole et al., 2007) were used to conduct homology comparisons to
determine the taxonomic classification status of the bacterial OTUs.

Based on the analysis of the phylogenetic tree generated by FastTree
software (Price et al., 2009), a-diversity indicators such as the Chaol and
Shannon indexes were used to evaluate the bacterial diversity and com-
munity structure of the traditional Xinjiang cheese samples. Differences
in the community structure at different taxonomic levels were also ana-
lyzed to evaluate the composition and diversity of the bacterial commu-
nities (Wu et al., 2019) in the different cheese samples. These analyses
were performed to provide a basis for the subsequent analysis of the

relationship between bacterial diversity and cheese quality.

2.6 | Data analysis

Pearson correlation analysis was used to analyze the electronic tongue
and electronic nose data from the cheese samples. The analyzed data
were used to draw a principal component analysis chart using Origin
2017C software (Origin Lab). Origin 2017C software (Origin Lab) was
also used to draw graphs and histograms from the high-throughput se-
quencing results. SAS was used for correlation analysis, and Cytoscape
and R language were used for mapping. All the high-throughput se-
quence data in this study have been submitted to MG-RAST database
(http://www.mg-rast.org), ID number is mgp97991.

3 | RESULTS AND DISCUSSION

3.1 | Determination of the taste of traditional
Xinjiang cheese

In this study, 17 cheese samples were evaluated for taste quality.
The relative intensity values of each cheese taste index are shown

in Figure 1. Among the eight taste quality indicators used for the
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FIGURE 1 Box diagram of relative strength values of cheese
flavor indexes (n = 17)

cheese in the electronic tongue test, the relative intensity differ-
ence of seven indicators was >1. Only one indicator displayed a
difference <1. This indicated that most of the flavors in the cheese
could be distinguished according to sensory scores (Kobayashi
et al., 2010). The relative intensity differences of the sourness
and astringency indexes were the largest at 6.55 and 5.31, respec-
tively. Among them, the sour taste of cheese in this study is similar
to the results of some researchers on cheese electronic tongues
(Cong et al., 2015). These were followed by bitterness, umami,
saltness, aftertaste-B, and aftertaste-A, with relative intensity
differences at 3.18, 3.02, 2.75, 1.14, and 1.04, respectively. Only
the relative intensity difference of richness was less than 1.0, at
0.54. It can be seen that richness cannot be identified by sensory
indicators and will not affect cheese preference. Overall, it was
found that there were some differences in the taste quality of the

17 cheese samples.

3.2 | Determination of aromatic substances in
traditional Xinjiang cheese

An electronic nose with ten sensors was used to evaluate cheese
flavor (Table 1). Among the sensors, W5S, W1S, W1W, and W2S
displayed high response values to cheese flavor; their average re-
sponse values were between 8.43 and 29.5. In contrast, the average
response values of sensors W1C, W3C, W5C, W2W, WéS, and W3S
were low, at between 0.27 and 1.84. The larger the response value,
the greater the concentration of the volatile flavor substances cor-
responding to the sensor in the cheese (Rudnitskaya & Legin, 2008).
Therefore, compared with ethanol, traditional Xinjiang cheese has
fewer aromatic substances. This low content of aromatic sub-
stances is related to the production technology and the demand
of local minorities for specific cheese tastes (Zheng, Liu, Ren,

et al., 2018). These results will further support the standardization
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TABLE 1 Difference analysis of electronic nose flavor indicators in cheese samples (n = 17)

Sensor name General description

Wi1C Aromatic compounds

WS5S Very sensitive; broad-range sensitivity; reacts to nitrogen oxides; very

sensitive with negative signal

Average (median, minimum-maximum)

0.27(0.27,0.14-0.35)
18.07 (16.78, 7.89-53.96)

W3C Ammonia; used as a sensor for aromatic compounds 0.34(0.34,0.2-0.43)

Wé6S Mainly hydrogen, selectively (breath gases) 1.18(1.17,1.11-1.38)

W5C Alkenes; aromatic compounds; fewer polar compounds 0.32(0.33,0.17-0.43)
W1S Sensitive to methane; broad range 25.67 (24.02, 14.35-55.25)
Wiw Reacts to sulfur compounds; sensitive to many terpenes and sulfur organic 29.5(26.88, 16.77-85.17)

compounds that are important for smell; limonene; pyridine

W2S Detects alcohols; partially aromatic compounds; broad range

W2w

W3S Reacts to high concentrations; sometimes very selective (methane)

and industrialization of traditional fermented food. Thus, overall
there were differences in both the tastes and aromas of the dif-
ferent cheeses. Studies have shown that these differences are re-
lated to the main bacteria present in the cheese (Gerrit et al., 2010;
Londofo-Zapata et al., 2017).

3.3 | Sequence analysis and diversity
statistics based on MiSeq high-throughput
sequencing technology

Using the QIIME platform, bioinformatics analysis was further con-
ducted on the high-quality sequences. After using PyNAST to align
the sequences, a UCLUST division was performed according to
100% and 97% similarities. A total of 16,639 OTUs were obtained,
with an average of 961 OTUs per sample.

The sequence and classification information for each cheese
sample are shown in Table 2. It was found that the number of bac-
terial sequences detected in the different cheese samples varied.
The number of bacteria within each microbial classification level also
varied among the samples. Sample TC10 displayed the largest num-
ber of sequences, and sample TC11 displayed the largest number of
OTUs. Sample TC9 displayed more microorganisms at the phylum,
class, order, family, and genus levels than the other samples. Using
alpha diversity analysis, it was found that when the number of se-
quences was 38,010, TCé6 had the highest Chao 1 index and TC11
had the highest Shannon index among the 17 cheeses. It could be
seen that TC6 was associated with the greatest richness of bacte-
ria, and TC11 was associated with the greatest bacterial diversity. In
contrast, TC16 displayed the lowest Chao 1 and Shannon indexes.
It can thus be concluded that the bacterial abundance and diversity
was the lowest in TC16.

By drawing a graph of the number of species found and the
Shannon index, the sampling depth and species compositions for
each cheese were evaluated, and the species richness and diversity

was analyzed (Figure 2). Even when the maximum sequencing depth

Aromatic compounds; sulfur organic compounds

8.43(7.67,4.76-19.59)
1.84(1.74,1.58-3.1)
1.37(1.32, 1.24-1.92)

of a single sample was 56,010, the slope of the dilution curve gradu-
ally decreased and tended toward being flat but still displayed an up-
ward trend (Figure 2a). This indicated that as the sequencing depth
increases, new bacterial species may appear in the cheese samples.
However, when the sequencing depth reached approximately 4,000,
the Shannon index curve of all samples became flat and gradually
entered a plateau (Figure 2b). This shows that as the sequencing
depth increases, new bacterial strains may be discovered, but the
diversity of the bacterial communities no longer changes. This indi-
cates that the amount of sequencing data used in this study is rea-
sonable. Increasing the amount of data will make little contribution
to the discovery of new OTUs. The existing sequencing depth can
better reflect the information of most microorganisms in the sample.
Therefore, the average number of 16S rRNA sequences generated
per sample in this study (16,827) meets the requirements for subse-

qguent bioinformatic analysis.

3.4 | Analysis of the relative contents of dominant
bacteria in the cheese samples

Based on the analysis of the sequence richness and diversity of the
cheese samples, a homology comparison of the sequences was car-
ried out after quality control. All sequences were identified within 5
phyla, 12 classes, 19 orders, 23 families, and 32 genera. Dominant
bacterial phyla were defined as those with an average relative con-
tent of more than 0.1% in the 17 cheeses. The comparative analysis
of the relative contents of dominant phyla in the different cheese
samples is shown in Figure 3.

According to the Silva database, among the 832,730 optimized
sequences, 99.27% of the sequences were identified as Firmicutes
and 0.70% were identified as Proteobacteria. The cumulative av-
erage relative content of the two was as high as 99.97%, with only
0.01% of the sequences being unidentifiable (Figure 3). It can be con-
cluded that the dominant bacteria in the 17 cheese samples belonged

to Firmicutes and Proteobacteria. Firmicutes displayed the highest
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average relative content in all the samples and was defined as the
core bacterial group. In order to further understand the correlation
between the distribution of the bacterial groups and the flavor and
taste of the cheese, a statistical analysis was conducted for the bac-
terial genera with an average relative content greater than 0.10%.
As shown in Figure 4, the dominant bacterial genera in the tra-
ditional Xinjiang cheese samples included Lactobacillus (83.81%),
Streptococcus (10.98%), Lactococcus (1.23%), Staphylococcus (0.43%),
Acetobacter (0.42%), and Enterococcus (0.12%). Lactobacillus and
Streptococcus were the most dominant bacterial genera, and the cumu-
lative average relative content of the two reached 94.78%. The relative
content of unidentifiable sequences in the 17 samples at the genus
level was 2.64%. Therefore, most of the bacteria in the 17 samples
belonged to Lactobacillus and Streptococcus of Firmicutes. Researchers
used MiSeq technology to analyze the bacterial colonies of cheese in
Altay, Beitun, and Emin, Xinjiang, China, and found that 6 of the 10

rest (except unclassified) were recorded as
“others.” Breakpoints were implemented
at 97% to improve the presentation of the
data

1 | 1 1 1 I
IS N o o A NN N o T IS ST 2t T I I S IG
CEC QL EE QL L

dominant bacterial genera are consistent with this study, but Ralstonia,
Anoxybacillus, Escherichia-Shigella, and Acinetobacter are four bacte-
rial genera. It was not found in this study. The above-mentioned com-
mon flora is a common species in most traditional handmade cheeses
in Xinjiang. However, due to differences in production methods and
geographic locations, the structure of the microbial community in the
cheese may be different (Wang et al., 2019). As shown in Figure 4,
Lactobacillus was the only dominant genus in the TC16 sample, which
is consistent with the results shown in Table 2. This agreement helps
to verify the accuracy of the MiSeq technology in determining the mi-
crobial diversity of the samples. The identification of Staphylococcus
was also important. Within this genus is Staphylococcus aureus, which
is a common pathogen with clinical manifestations such as skin tissue
infection, pneumonia, and osteomyelitis. However, due to the emer-
gence of multi-drug resistance, it is difficult to treat Staphylococcus au-

reus infections (Lowy, 1998). Therefore, high-throughput sequencing
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FIGURE 4 Comparative analysis
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results can provide information on the safety of traditional fermented
foods.

On the basis of the data analysis, the total OTU number was
further analyzed and seven core OTUs were obtained (Figure 5).
The average relative contents of OTU13546, OTU1606, OTU5588,
0TU14424, OTU4732, OTU15039, and OTU11303 were 37.86%,
0.28%, 0.23%, 0.24%, 0.22%, 0.22%, and 0.21%, respectively. Among
them, OTU13546, which belongs to Lactobacillus, was observed in the
highest proportions and was the most dominant bacteria found in the
cheese samples. This is consistent with the results of the genus-level
analysis and with the results of some previous studies (Zheng, Liu, Li,
et al.,, 2018). It can be concluded that there is a bacterial isolate that
was common to all 17 cheese samples, the relative content of which
accounted for 38.65% of the total OTU number. The elucidation of this
bacterial isolate will be beneficial for further analysis of the relation-

ship between bacterial community and cheese quality.
3.5 | Analysis of the correlation between cheese
quality and bacterial communities

The correlation analysis showed how the cheese samples were
distributed in the four quadrants (Figure 6a,b). The samples TC16,

10 20 30 40
Average Relative Abundance (%)

TC13,TC2,and TC14 showed significant discrete trends. Meanwhile,
TC4, TC1, TC15, TC11, TC12, and TC17 displayed an obvious ag-
gregation tendency and TC5, TC6, TC7, TC8, and TC10 displayed a
similar aggregation tendency. These results indicate that there are
some differences in the bacterial community structure among the
samples. Thus, there may be specific relationships between cheese
quality and microbial community structure (Figure 6c). According to
Procrustes analysis, cheese quality was significantly correlated with
the distribution of bacterial between samples (p = .03). According
to the analysis of the bacterial diversity in the cheese, different
samples were associated with the same dominant bacterial groups.
Therefore, it is of great significance to further analyze the correla-
tion between cheese quality and the dominant bacteria present in
the cheese.

3.6 | Analysis of the correlation between specific
bacterial groups and cheese quality

The dominant bacteria obtained by high-throughput sequencing
were analyzed for their correlation with taste and flavor. A correla-
tion was deemed significant if p <.05 and the absolute value of the

linear correlation coefficient R was greater than 0.5. As shown in
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FIGURE 6 Correlation analysis of cheese quality and bacterial community structure. The score chart of cheese quality factor (a); PCoA
based on UniFrac distances between OTUs (b); Procrustes analysis chart of cheese quality and bacterial group (c)

Figure 7, there was strong correlation between the dominant bacte-

rial genera and the eight taste indexes and eight flavors in the cheese
samples. Lactococcus displayed the highest positive correlation
with sourness, bitterness, and umami (p <.05, R > .7). Meanwhile,
Lactobacillus displayed the highest positive correlation with salty
taste, umami, and abundance (p <.05, R > .7). Aftertaste-B only
positively correlated with Enterococcus (p <.05, R > .9) and astrin-
gency only correlated with Streptococcus, and this was a negative
correlation (p <.05). W3C and W5C had the strongest correlations
with Streptococcus and Enterococcus, respectively (p <.05, R > .7).

Enterococcus displayed the strongest positive correlations with W5S,

FIGURE 7 Correlation analysis of
dominant bacteria with cheese taste and
flavor. Solid circles indicate dominant
bacterial genera; the hollow circle
indicates the electronic nose sensor; the
triangle represents taste index; straight
lines indicate positive correlation; and
dotted lines indicate negative correlation

W1S, and W1W (p <.05, R > .7). Lactococcus displayed the strongest
positive correlation with W2S and W2W (p <.05, R > .9). Lactobacillus
only displayed a significant positive correlation with W1S and Wi1W
(p <.05, R > .6). However, the four dominant bacterial genera dis-
played no significant correlation with W1W or W3S (p >.05). Studies
have shown that the enzymes produced by Lactococcus metabolism
participate in amino acid conversion (Gerrit et al., 2010), and pro-
mote the formation of cheese flavor. Studies have been conducted
to isolate Lactobacillus species from cheese; among such species
Lactobacillus plantarum has been shown to affect the aroma produc-

tion of cheese during the fermentation process (Diriisa et al., 2019).
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4 | CONCLUSION

In this study, the bacterial diversity of traditional handmade cheese
from Tarbagatay, Xinjiang, was analyzed using lllumina MiSeq tech-
nology. The taste and flavor of the cheese samples were measured
using an electronic tongue and an electronic nose. The taste and
aroma of the different traditional cheese samples were found to
differ.

In the

Lactococcus accounted for the main proportion of the bacteria,

present study, Lactobacillus, Streptococcus, and
while Staphylococcus, Acetobacter, and Enterococcus accounted
for a smaller proportion. OTU13546, which belongs to the genus
Lactobacillus, was the core dominant bacteria found in the cheese.
Meanwhile, the identification of Staphylococcus, which accounted
for a proportion of 0.43%, was also important. Therefore, the use
of high-throughput sequencing technology provides a basis for in-
vestigating both the diversity and the safety of microorganisms in
traditional fermented foods.

Based on the results of Procrustes analysis in this study, the
cheese quality was found to have a significant correlation with the
bacterial flora among the samples. Further positive correlations
were found between the dominant bacteria in the cheese and the
taste and flavor of the cheese. Lactococcus displayed the stron-
gest positive correlations with the sourness, bitterness, umami,
W2S, and W2W of the cheese. Lactobacillus displayed strong
positive correlations with the saltiness, umami taste, abundance,
W1S, and W1W in the cheese. Studies have been conducted to
isolate Lactobacillus species from cheese; among such species
Lactobacillus plantarum has been shown to affect the aroma pro-
duction of cheese during the fermentation process (Diriisa, M.,
etal., 2019). The results show that lactic acid bacteria play a unique
role in the fermentation and production of cheese. Overall, the
methods and results of this study provide a basis for exploring the
diversity of bacteria in cheeses from the Xinjiang Tarbagatay area
and lay a foundation for studying the relationship between bacte-

rial communities and cheese quality.
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