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Screening and Gas Production Capacity Analysis of a Halotoler ant
Zygosaccharomycesrouxii Strain I solated from the Swollen Packages of

Pixian Broad Bean-chili Paste
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Abdtract: Pixian broad bean-chili paste (PBCP) is a traditional condiment in Southwest China, and package swelling is one of the major
quality flaws in commercial PBCP. In this study, PBCP and its two semi-finished products, namely broad bean moromi (BM) and pickled chili (PC)
paste were collected. Salt contents and water activities (a,) of the samples were determined and the halotolerant microorganisms were isolated.
The results showed that the gas-producing samples had relatively lower salt contents and higher a,, values. By inoculating the diluted sample into
YM broth media containing 12% (mm) of NacCl, Zygosaccharomyces rouxii, a halotolerant yeast, was isolated. The production of gas could be
induced through inoculating the yeast in YM broth medium, or by re-inoculating the yeast in the autoclaved BM, PC and PBCP with salt contents
lower than 16% (m/m). The optimal growth conditions for Z. rouxii were 4% (nYm) NaCl, pH 4~6 and 30 ‘C, with the gas production being largest
at 8% (m/m) NacCl and pH 5~7. Gas production by Z. rouxii was inhibited when the salt content increased in the culture medium or the sterilized
samples. Z. rouxii can grow under acidic and high-salt conditions and can produce gas in PBCP, causing package swelling.
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Pixian broad bean-chili paste (PBCP), also known as
horse bean-chili-paste and Pixiandouban, is a traditional
fermented condiment originated from Pixian county. As
an important spicy ingredient for Sichuan cuisine, recent
years saw the rapid growth of PBCP industry due to the
popularity of Sichuan restaurants among Chinese people.
PBCP production consists of three solid-state fermentation
phases: moromi making, red chili pickling and post
fermentation!”. In moromi making, koji is made by
inoculating Aspergillus oryzae on blanched broad bean
(Mcia faba) cotyledons covered with flour and fermented
for 3 months after being mixed with saline water.
Meanwhile, dry pickled red chilis (Capsicum annuum)
were cut into small pieces. Subsequently, chopped pickled
chilis and broad bean moromi were mixed for post
fermentation according to customers’ requirements before
broad bean-chili paste was obtained.

Similar to other traditional fermented condiments
such as soy paste, doenjang and sufu, high amount of salt
is added in PBCP to prevent microbial spoilage and
promote the growth of some halotolerant and halophilic
microorganisms®* that contribute to the formation of
flavor. Generally, PBCP is not pasteurized in order to
keep the intact shape of broad bean cotyledons as well as
to prevent undesirable scent produced in heat treatment.
In this occasion, microbial activities sometimes may
cause gas production of PBCP. Although gas production
is a long existing phenomenon that may happen in any of
the three fermentation phases in PBCP making according
to our experience, it usually leads to package swelling of
vacuum sealed PBCP during storing and retailing when
temperature is high. Swollen package of PBCP is
generally considered as an unacceptable quality flaw,
which has become the most frequent reason for rejection
by retailers and caused economic loss.

Some previous studies have focused on the
aerogenic microorganisms in traditional fermented
condiments. For example, Liu, et al”! reported that
Clogtridium butyricum caused the bottle leakage and
explosion in packaged soy sauce. Cheng, et al. compared
the microbial communities between normal and swollen
canned soy sauce and concluded that contamination of
several LABs and bacillus were involved in the swelling

of cans'®. Niu, et al. screened a Bacilludicheniformis
strain that caused gas producing spoilage of broad bean
paste after heat treatment”’. ForPBCP, however,
microorganisms that are involved in gas production is
still unknown. It is essential to study the microbial reason
underlies the package swelling of PBCP before control
measures were taken.

In this study, PBCP and its two major ingredients,
broad beanmoromi (BM) and pickled chilis (PC) were
investigated for their salt contents and water activities
(aw). Meanwhile, an aerogenic yeast, Zygosaccharomyces
rouxii, was isolated and gas production capacity of this

strain was measured.

1 Materialsand Methods

1.1 Sample collection

In a local production plant in Pidu district, Chengdu,
13 bags (approximately 2 kg for each bag) of broad bean
moromi (BM), 26 bags of pickled chili (PC) and 34 bags
of Pixian broad bean-chili paste (PBCP) were sampled at
several timepoints through the year and from different
areas of fermentation pools. Samples were directly put
into sterile polyethylene ziplock bags and stored at 4 ‘C
before analysis.

1.2 Determination of salt contents, a, and gas

production

Salt contents in BM, PC and PBCP were determined
according to the AgNO; titration method from Chinese
National Standard GB/T 5009.44-2016""). Water activities
(ay) were measure by putting 5g of samples in a HD-3A
water activity meter (Huake equipment Co., China) at
25 C in a thermostatic chamber. Gas production was
observed by vacuum sealing 300 g sample in a polyamine
bag and incubated at 30 C for 15 d.

1.3 Screening and identification of halotolerant

microorganisms

Aerogenic samples from different groups (5 g) were
suspended in 250 mL sterilized water followed by placing
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1 mL of suspension on the sterile Petri dish. Melted agar
culture was then poured into the plates and mixed with
sample suspensions. Yeast-maltose (YM) medium and De
Man, Rogosa and Sharpe (MRS) medium supplemented
with 12% NaCl were used for screening of yeasts and
lactic acid bacteria. Plates were incubated at 30 ‘C (for
yeasts) or 37 ‘C (for lactic acid bacteria) for 7dina2.5L
Anaerojar (Oxoid, UK) with AnaeroGen 2.5 L
atmosphere generation system (Oxoid, UK) and
anearobic indicator (Oxoid, UK). For screening of
thermotolerant sporeformers, sample suspensions were
heated to 85 C for 5 min followed by inoculating into
reinforced clostridium medium (RCM) agar plates
(supplemented with 12% NaCl) and aerobically
incubating at 37 ‘C for 7 d. After incubation, single
colonies from agar plates were picked and inoculated in
20 mL corresponding media broth (containing 12%
NaCl). Genomic DNA purification kits (Sangon Biotech,
China) for yeasts and bacteria were used to extract
genomic DNA according to the instructions. Samples
were sent to TSINGKE Co. Ltd. for nucleotide
sequencing of its ITS or 16s rRNA gene after being
amplified in a T960 PCR machine (Heal Force, China).
Sequences were compared in NCBI-BLAST to identify

the species of microorganisms.

1.4 Aerogenic capacity evaluation of screened

isolates in culture broth and autoclaved samples

Halotolerant ~ microorganisms  isolated  from
aerogenic samples were incubated in test tubes with
20 mL media broths (containing 12% NaCl) and inert
Durham tubes for 7 d to test their aerogenic responses.
Meanwhile, isolates were incubated in 500 mL media
broths containing 12% (m/m) NaCl for 3 days before
centrifugation at 4 000xg for 5 min. Cell pellets were
suspended with 0.8% sterile saline solution. 3 mL of cell
suspension with proper concentration was reinoculated in
300 g autoclaved samples to obtain initial inoculation
concentration of 10° CFU/g. Samples were vacuum
packed in polyamide bags and incubated at 30 “C for 5 d.
Autoclaved samples without inoculation were incubated

in the same environment as blank.

1.5 Growth curves of aerogenic yeast
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Aerogenic yeast (about 10* cell/mL) was inoculated
into YM broth with different NaCl contents, different pH
or incubated at different temperatures. 2 mL of broth
culture was taken out and measured for its optical density
at 620 nm (ODgjy) at a certain time interval after shaking
the broth thoroughly.

1.6 Volume measurement of gas produced by

aerogenic yeast

Volume of gas produced by aerogenic yeast was
measured according to the method previously reported™!
with some modifications. YM broth (100 mL) was
inoculated with approximate 10* cell/mL aerogenic yeast
and mixed by shaking thoroughly. 1 mL of broth media
was immediately drew in a 5 mL sterile syringe with the
luer slip sealed by Vaseline and the bevel needle was
inserted in a rubber block. Syringes were placed
upwardly in a sterile glass container and incubated at
30 °C for 72 h to observe the volume of gas produced.

1.7 Statistic analyses

All physiochemical analyses were triplicated for a
single sample and the results were averaged to obtain the
mean value. The data were visualized using Origin 2018
software.

2 Resultsand discussion
2.1 Salt contents, aw and aerogenic capacity

evaluation of samples

Production of traditional fermented condiments
requires salt as an essential ingredient to control the
fermentation process as well as activities of
microorganisms by lowering a,, value. According to our
investigation in a fermentation plant, 14%, 16%~18%
(m/m) salt is added in the moromi fermentation and
pickling of red chilis, respectively. Another 1% (m/m) salt
is added at post fermentation stage when moromi and
chopped chilis are mixing. Moreover, part of water in
PBCP was evaporated during the post fermentation. For
these reasons, PBCP is usually very high in salt content.
In our study, salt contents and @, varied dramatically
among three groups of samples (Fig.1a). The average salt
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contents for BM, PC and PBCP were 12.20%+1.24%
(m/m), 18.99%+4.98% (m/m) and 18.90%=+2.81% (m/m),
respectively. This is generally higher than the salt
contents in Chinese soybean paste (9.71%~16.71%) and
Korean doenjang (9.01%-~18.78%) that are produced
with similar processes™). In moromi making phase, BM
was fermented indoors for 3 months with frequent
stirring to guarantee the uniformity in the fermentation
pools. Therefore, the salt content of BM was stable. Also,
BM group showed lowest salt content and highest ay
value (0.795+0.008). Compared with BM, salt content
and a,, value of PC and PBCP showed larger in-group
variations. PC was made by covering salt directly on
fresh or dried red chilis for months without any mixing.
PBCP, on the other hand, was usually made through post
fermentation in the open-air for more than 3 months after
BM and CP being mixed. These are in fact very arbitrary
operation processes that were influenced by many factors
like weather condition or quality of ingredients'", making
salt contents varied greatly among different samples.
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Fig.1 Salt contents, water activities (a,) and gas production of
samples
Notes: (a) is boxplot of salt contents and a,, in different
samples, (b) is salt contents, a, andgasproduction of samples.
Although there are various low molecular sugars,
organic acids and amino acids exist in samples, salt

contents may be the decisive factor to @, values

considering relatively low amounts of other components
(data not shown). Fig.1b showed that a, was negatively
correlated with salt content (R=-0.83). BMs were
distributed on top left in the plot, in which salt contents
were lower than 14% (mYm) and &, higher than 0.78.
Most samples in PBCP group were higher on salt content
and lower on a,, and appeared on central and right bottom.
As for PCs, they scattered on the whole plot from top left
to right bottom since salt contents and a, values were
widely dispersed in this group.

Based on the amount of gas produced in vacuum
sealed bag after 15 days of incubation, samples were
divided into three types, namely, not aerogenic, mild
swollen and swollen (Fig.1b). Almost all samples in BM
group were “swollen”, which produced large amount of
gas that made package bags expand significantly.
However, only few samples produced gas in PC and
PBCP groups. There were 4 “mild swollen” samples in
PBCP group that only made package expand mildly.
Interestingly, all acrogenic samples distributed on top left
area in the scatter plot which stands for low salt content
under 18% (nYm) and high &, value above 0.76. This
trend was seen particularly in BM group in which almost
all samples scattered on top left corner while made
vacuum bags swollen. For aerogenic samples in PC and
PBCP groups, they were also lower on salt content and
higher on a,, compared with the average level in the
group. It can be deduced that activity of aerogenic
microorganisms were strongly related with high a,, value
of samples that may be caused by low salt content.

2.2 Screening and identification of halotolerant

microorganisms

Despite lower salt content of aerogenic samples
compared with the average level in each group, they still
contained over 10% (m/m) salt, which is not suitable for
growth of most microorganisms. Some samples even
produced gas with salt content higher than 16% (m/m),
indicating  strong  halotolerance = of  aerogenic
microorganisms in samples. Therefore, we used culture
media supplemented with 12% (m/m) NaCl to screen
halotolerant microorganisms from samples. According to
NCBI-BLASTn comparison, Zygosaccharomyces rouxii,

Tetragenococcus  halophilus  and  Oceanobacillus
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timonens's were identified. Z. rouxii were screened from
aerogenic samples of all three groups. Colonies of Z
rouxii were found to be round, yellowish white and
smooth on the surface with size vary from 0.5~2.5 mm in
diameter (Fig.2a). Light microscope observation showed
that cells from colonies were spherical or ellipsoidal with
buds attached to the parent cells. T. halophilus was a kind
of Gram-positive coccus isolated from BM and PBCP,
which  formed round yellowish  white and
smooth-surfaced colonies less than 1 mm on MRS plates
(Fig.2b). O. timonensis, a Gram-positive bacillus that
formed round and whitish colonies on RCM plates, was
found in BM and PBCP (Fig.2c). All of 3 microbial
species were halotolerant and could grow on media with
12% (m/m) NaCl.

CR

Fig.2 Colony and cell morphology of halotoler ant

microor ganisms screened from aer ogenic samples
Notes: (a) is Zygosaccharomyces rouxii, (b) is
Tetragenococcushalophilus, (c) is Oceancbacillugtimonensis. T.
halophilus and O. timonensswere Gram stained. Microscopic

photos were taken on a glass calibration slide, 1 div.=10 pm.
According to previous studies, T. halophilusis a
halotolerant lactic acid bacterium that produces
proteinase and flavor compounds in traditional fermented
condiments such as soy sauce, doenjang and fish!'*"'.
However, T. halophilus seems unlikely to induce package
swelling since it is not able to produce CO, from
glucose!"”). Oceancbacillustimonensiswasfirst isolated by
Senghor, et al. from human stool and reported as a

Gram-positive, rod-shaped bacteria that was able to grow
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with 0.5% to 20% (mVV) NaCl1""¥. It was also screened by
Lu, et al. from PBCP!".. As for Z. rouxii, it is strongly
osmotolerant and can grow not only in high salt content
but also in environment with sugar content as high as 70°
Brix"®!. Z. rouxiimetabolizes sugar and amino acids into
various of volatile compounds such as fusel alcohols,

[17'201, which contributes to

esters, and furan derivatives
the flavor formation of traditional fermented condiments.
However, Z. rouxiiwas also frequently reported as a
spoilage yeast in concentrated fruit juice, syrup, and

[20-22]

bakery products , which usually lead to the alcohol or

21221 Therefore,

ester odors and evident gas production
we suspected that Z. rouxiicaused the package swelling of

PBCP.

2.3 Aerogenic test of screened strains in culture

broth and autoclaved samples

To test whether the isolated strains can produce gas,
Z. rouxii, T. halophilus and O. timonensis were inoculated
into broth media and autoclaved samples. After
inoculation of Z. rouxii strains in test tubes with Durham
tubes, significant gas production was observed at 6th or
7th day of incubation. However, T. halophilus and O.
timonenss did not produce gas in corresponding media
broths. Strains were then reinoculated into autoclaved
samples with different salt contents adjusted by adding
NaCl or sterile deionized water. It is showed that
reinoculation of Z. rouxii induced package swelling of
BM, PC and PBCP. However, volume of gas produced by
Z. rouxii decreased with the increasing of salt content
(Fig.3). Packages of BM and PBCP with 10% (m/m) salt
expanded greatly after 5 d incubation, while there was
only little expansion for samples with 16% (m/m) salt
(Fig.3). For PC samples, only small bubbles were
observed in packages after inoculation of Z. rouxii,
though amount of bubble was larger in low salt samples.
There was no gas observed in samples of all three groups
when salt content exceeded 16% (m/m). On the other
hand, T. halophilus and O. timonensis strains were not
able to produce gas in samples of any salt content.
Therefore, Z. rouxii was the aerogenic microorganism
that induces gas production and swollen packages in
PBCP with relatively lower salt contents.

Gas production in foods caused by Z. rouxii was
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previously known in bakery products and fruit juice™*).

However, Z. rouxii was scarcely reported to be
responsible for package swelling of fermented
condiments. This may be due to the prevalent application
of pasteurization and preservatives or the low content of
substrates such as glucose in these products. Study by Liu,
et al. demonstrated that bottle leakage and explosion of
soy sauce was caused by Clostridium butyricum, which

was also isolated from PBCP in our lab by incubating

sample dilutions in Gifu anaerobic medium (GAM) agar
plates in Anaerojar with AnaeroGen 2.5 L atmosphere
generation system”. However, aerogenesis of C.
butyricummay only occurs in sodium reduced products
since in our study C. butyricumwas totally inhibited when
salt content of media higher than 5% (m/m), which was

confirmed by previous study”. This indicated that C.

butyricum is unable to induce package swelling in PBCP
of which the salt content was over 16% (nmym).

10% 12% 14%

S
16% 18% 20%

Fig.3 Aerogenic test of Zygosaccharomycesrouxii in BM (a), PC (b) and PBCP (c) with different salt contents
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Fig.4 Growth curves of Zygosaccharomyces rouxii

Notes: A: Z. rouxii (about 10* cell/mL) was inoculated in YM
broth media with different salt concentrations and incubated at
30 C. B: pH of YM broth media supplemented with 12% (m/m)
salt were adjusted by 1 mol/L HCl or NaOH solution after
autoclaving. Z. rouxii (about 10* cell/mL) was inoculated in YM
broth media and incubated at 30 °C. C: Z. rouxii (about 10 cell/mL)
was inoculated in YM broth media supplemented with 12% salt and
incubated at different temperature.

As shown in Fig.4a, Z. rouxiiwas strongly
halotolerant and evidentincreasing of ODg;y values was
observed in YM media with 0~14% (n/m) NaCl. Highest
growth rate at exponential stage (Fig.4a) were found in
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4% (m/m) NaCl although there was little difference on
ODg;, values at stationary phase among groups between
0% and 12% (m/m) NaCl. The increasing of NaCl
content prolonged time of lag phase and decreased ODg;y
value in stationary phase. This is consistent with a
systematic study by Yong, et al’.. In fixed NaCl content
(12%, m/m) and incubation temperature (30 ‘C), pH
range of 4~6 was optimal for the growth of Z. rouxiiwhile
it could not multiply in media with pH of 2 or higher than
8 (Fig.4b). In some previous studies, pH range for Z
rouxii growth seemed to be wider. For example, Yong, et
al. investigated dry cell weight of Z. rouxiiincubated in
YM broth containing 10% (mYm) NaCl and found that

yeast was able to grow in pH of 2 and 91, Restaino, et al.

also reported a wider pH range of 1.5~10.5 for Z. rouxii
incubated in 2xpotato dextrose agar (PDA) media
(m/m)  glucose®™.  The
discrepancy may be due to the different culture media,

supplemented with 12%

pH regulator and incubation time. For yeast incubated in
different temperatures, growth rate at exponential stage
increased with the rise of incubation temperature under
35 “C. However, ODg;, value at stationary stage seemed
to decrease when the temperature was above 30 C
(Fig.4c). This was also in line with study by Yong, et al.,
in which showed that doubling time of Z. rouxii was less
at 37 C during the exponential growth while total
amount of growth was greater at room temperature
(28 ‘C)*!. In summary, Z. rouxii strains screened from
aerogenic samples were able to grow in wide ranges of
salt contents, pH and temperatures.

2.5 Volume of gas produced by Z. rouxii

After 72 h incubation, volume of gas produced by Z.
rouxiiwas measured. As shown in Fig.5, obvious gas
production (gas volumes over 0.7 mL) was seen when Z.
rouxiiwas incubated in broth with 0~16% (mym) NaCl
and pH ranging from 3~8, while gas production was
significantly inhibited when the pH of broth higher than 9
or lower than 2. Broths with 8% (m/m) NaCl and pH of
5~7 were optimal for gas production of yeast, in which
volumes of gas produced were more than 1 mL. Although
similar ODg, values at stationary phase were observed at
salt content of 0~12% and pH of 4~7 (Fig.4), volumes of
gas produced by yeast were different, which may be
related with their adaptive behaviors in different salt
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contents. Also, it is showed that sub acidity environment
(pH value 4~5) promoted gas production of the yeast in
higher salt contents. However, not like inoculation in the
samples, gas production was completely inhibited when
inoculating Z. rouxii in BM, PC and PBCP with salt
content more than 16% (Fig.3). This is probably due to
the different sugar contents in samples and broth media.
Moreover, no changes of ODgy values were detected
after seeding Z. rouxii in YM media with more than 16%
(m/m) NaCl (Fig.4). Tt is indicated that in high salt
environment, fermentation of Z. rouxii sustained even
though their proliferation was inhibited. According to our
preliminary studies, pH value of BM, PC and PBCP were
4.67, 4.06 and 4.20, respectively (data not shown),
making the package swelling induced by Z. rouxii happen
when there was enough substrate exists.

Traditionally, salt content in PBCP were not strictly
controlled. Some previous studies have also described
wide ranges of salt content in BM, PC and PBCP !'*°,
Nevertheless, gas production by Z. rouxii in PBCP was
scarcely reported. It may be because the production of
PBCP was used to comprise a longer fermentation time in
which the activity of Z. rouxii was inhibited when water
was lost and salt content was increased. However, with
the increasing demand in the market, post fermentation
time of PBCP have been shortened greatly in order to
reduce the lead time. In some production plants, post
fermentation of PBCP was less than 2 months. Moreover,
introduction of vacuum packaging highlighted the gas
production and swollen packages that are considered as
“spoilage” by customers.

A culture dependent and independent study by Lu, et
al. on PBCP reported that Z. rouxii was one of the
dominant microorganisms in all three fermentation
phases''. In accordance with this result, our study
isolated Z. rouxii from BM, PC and PBCP samples
despite their aerogenic properties. It seemed that unlike
the accidental contamination in PBCP production, Z.
rouxii was an inherent part of fermentation system and
plays an important role in flavor formation. Therefore,
activity of Z. rouxii should not be eliminated or totally
inhibited. By reinoculating Z. rouxiiin autoclaved
samples, it was found that high salt contents significantly
deterred gas production. This is also demonstrated by
incubating Z. rouxii in YM media. However, salt content
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may not be the only factor that influence the activity of
Z. rouxii, since some samples did not produce gas even
their salt contents were below 16% (mym). Studies on
other physiochemical properties (such as contents of
fermentable sugar and protein) of samples and their
relationships with aerogenic properties are needed for
prediction of gas production.

volume of gas (mL)
1.10

12

10 0.81

2 3 0.63
<
>

z 6 0.42

4 021

2 0.00

0 5 10 15 20 25 30

salt content / %
Fig.5 Volume of gas produced by Zygosaccharomyces rouxii in
YM broth mediawith different salt contentsand pH

3 Conclusions

The results from study indicated that activity of
halotolerant Zygosaccharomyces rouxii lead to the
package swelling of Pixian broad bean-chili paste as well
as pickled chili and broad bean moromi. Aerogenic
samples were lower on salt content (MYm) and higher on
ay value compared with the non-aerogenic ones. Optimal
growth conditions for Z. rouxii were 4% (m/m) NaCl, pH
value of 4~6 and 30 °C, while largest volume of gas was
produced in media with 8% (m/m) NaCl and pH of 5~7.
Gas production by Z. rouxii was be inhibited when salt
content increased both in autoclaved samples and in
culture media.

References

[11  Yunhao LU, Yuanlong CHI, Yuanping LV, et al. Evolution of

the wvolatile flavor compounds of Chinese horse
bean-chili-paste [J]. LWT - Food Science and Technology,
2019, 102(1): 131-135

[2] Yunhao LU, Linzi YANG, Guohua YANG, et al. Insight into
the fermentation of Chinese horse bean-chili-paste [J]. Food
Reviews International, 2020, 37(7): 683-705

[3] Yanhua CUI, Xiaojun QU, Haimei LI, et al. Isolation of
halophilic lactic acid bacteria from traditional Chinese
fermented soybean paste and assessment of the isolates for

industrial potential [J]. European Food Research and

[4]

(8]

[10]

[11]

[12]

Technology, 2012, 234(5): 797-806

Han B-Z, Beumer R R, Rombouts F M, et al. Microbiological
safety and quality of commercial sufu - A Chinese fermented
soybean food [J]. Food Control, 2001, 12(8): 541-547

Jihong LIU, Suna MIAO, Wenbiao HUANG, et al
Identification of Clostridium butyricumas the bacteria causing
soy sauce explosion and leakage and its control using nisin
[J]. Food Control, 2013, 34(2): 509-513

Lili CHENG, Weifeng LIN, Pan LI, et al. Comparison of
microbial communities between normal and swollen canned
soy sauces using nested PCR-denaturing gradient gel
electrophoresis, HPLC and plate techniques [J]. International
Journal of Food Science and Technology, 2014, 49(11):
2499-2505

Chengtuo NIU, Zihao FAN, Feiyun ZHENG, et al. Isolation
and identification of gas-producing spoilage microbes in
fermented broad bean paste [J]. Food Control, 2018, 84(1):
8-16

GB/T 5009.44-2016, National Standard of Food Safety,
National Health and Family Planning Commission of the
People's Republic of China [S]

Sun-Young Park, Seulki Kim, Sang-Pil Hong, et al. Analysis
of quality characteristics of regional traditional and
commercial soybean pastes (Doenjang) [J]. Korean Journal
of Food and Cook Science, 2016, 32(6): 686-695

Risa Harada, Masanobu Yuzuki, Kotaro Ito, et al. Influence of
yeast and lactic acid bacterium on the constituent profile of
soy sauce during fermentation [J]. Journal of Bioscience and
Bioengineering, 2017, 123(2): 203-208

Dowon Jeong, Sojeong Heo, Bitnara Lee, et al. Effects of the
predominant bacteria from megu and doenjang on the
production of volatile compounds during soybean
fermentation [J]. International Journal of Food Microbiology,
2017,262(4): 8-13

Natteewan Udomsil, Sureelak Rodtong, Somboon
Tanasupawat, et al. Proteinase-producing halophilic lactic
acid bacteria isolated from fish sauce fermentation and their
ability to produce volatile compounds [J]. International
Journal of Food Microbiology, 2010, 141(3): 186-194
Dicks, L M T, Holzapfe, W H, Satomi, et al
Tetragenococcus. Bergey's Manual of Systematics of Archaea
and Bacteria [M]. Athens Wiley & Sons, Inc., in association
with Bergey's Manual Trust, 2015: 1-11

Senghor B, Seck E H, Khelaifia S, et al. Description of

‘Bacillus dakarensis’ sp. nov., ‘Bacillus sinesaloumens's’ sp.

159



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.2

[17]

[19]

160

nov., ‘Gracilibacillugtimonensis’ sp. nov.,
‘Halobacillusmasslienss’ sp. nov., ‘Lentibacillusmassilienss’
sp. nov., ‘Oceancbacillus senegalenss’ sp. nov,
‘Oceanobacillustimonens's’ sp. nov., ‘Virgibacillusdakarenss’
sp. nov. and ‘Mrgibacillusmarsellenss sp. nov., nine
halophilic new species isolated from human stool [J]. New
Microbes and New Infections, 2017, 17(1): 45-51

Yunhao LU, Xinyi TAN, Yuanping LV, et al
Physicochemical properties and microbial community
dynamics during Chinese horse bean-chili-paste fermentation,
revealed by culture-dependent and culture-independent
approaches [J]. Food Microbiology, 2020, 85(1): 103309
Huxuan WANG, Zhongqiu HU, Fangyu LONG, et al
Combined effect of sugar content and pH on the growth of a
wild strain of Zygosaccharomyces rouxii and time for
spoilage in concentrated apple juice [J]. Food Control, 2016,
59(1): 298-305

Tobias Hauck, Fredi Bruhlmann, Wilfried Schwab.
4-hydroxy-2,5-dimethyl-3(2H)-furanone
Zygosaccharomyces rouxii: effect of the medium [J]. Journal
of Agriculture and Food Chemistry, 2003, 51(16): 4753-4756

Michael Jasen, Janine Veurink, Gert-Jan Euverink, et al.

formation by

Growth of the salt-tolerant yeast in microtiter plates: effects
of NaCl, pH and temperature on growth and fusel alcohol
production from branched-chain amino acids [J]. FEMS
Yeast Research, 2003, 3(3): 313-318

Qi Meng, Makoto Hatakeyama, Etsuko Sugawara. Formation
by yeast of  2-furanmethanethiol and  ethyl
2-mercaptopropionate aroma compounds in Japanese soy
sauce [J]. Bioscience Biotechnology Biochemistry, 2014,

78(1): 109-114

[20]

[21]

[22]

[24]

[25]

[26]

L Restaino, Bills Stephanie, Tscherneff Karin, et al. Growth

characteristics of Saccharomyces rouxiiisolated from

syrup [J].  Applied
Microbiology, 1983, 45(5): 1614-1621
James Smith, Daphne Daifas, Wassim El-Khoury, et al. Shelf

chocolate and Environmental

life and safety concerns of bakery products - A review [J].
Critical Review in Food Science and Nutrition, 2004, 44(1):
19-55

Huxuan WANG, Zhongqiu HU, Fangyu LONG, et al. Early
detection of Zygosaccharomyces rouxii- Spawned spoilage in
apple juice by electronic nose combined with chemometrics
[J]. International Journal of Food Microbiology, 2016,
217(18): 68-78

Alline Artigiani Lima Tribst, Anderson De Souza Sant’Ana,
Pilar Rodriguez De Massaguer. Review: Microbiological
quality and safety of fiuit juices--past, present and future
perspectives [J]. Critical Review in Microbiology, 2009,
35(4): 310-339

Shockey W L, Borger D C. Effect of salt on fermentation of
alfalfa. 2. treatment with sodium chloride, Clostridium
butyricum and lactic acid bacteria [J]. Journal of Dairy
Science, 1991, 74(1): 160-166

Yong F M, Lee K H, Wong H A. Study of some factors
affecting the growth of soy yeast (Saccharomyces rouxii
NRRLY-1096) [J]. International Journal of Food Science and
Technology, 2007, 13(5): 385-396

Liang ZHANG, Zhenmin CHE, Weizhen XU, et al
factors and microbial

Dynamics of physicochemical

communities during ripening fermentation of Pixian
Doubanjiang, a typical condiment in Chinese cuisine [J].

Food Microbiology, 2020, 86: 103342



