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The study aimed to investigate the differences in microbial growth and metabolites between co-culti-

vation and individual cultivation of JQ-1 and JQ-2 from different pit mud samples, with a focus on
the interaction of caproic acid producing bacteria communities. The results demonstrated that co-
cultivation of JQ-1 and JQ-2 significantly enhanced caproic acid metabolism, with caproic acid con-
centrations being 26.0% and 43.0% higher, respectively, than those observed in individual cultiva-
tion of JQ-1 and JQ-2. The dominant bacterium in JQ-1 was primarily Rummeliibacillus, while the
dominant bacteria in JQ-2 were Clostridium sp. The microbial community structure of the co-culti-
vation was comparable to that of JQ-1, as determined by high-throughput sequencing analysis. How-
ever, the abundance of the dominant bacterial genera in the co-cultivation was increased, which in-
dicated that Rummeliibacillus might be the crucial functional microorganism promoting caproic
acid metabolism in the co-cultivation. Therefore, seven strains of bacteria were selected from JQ-1
and JQ-2 based on their high production of caproic acid. The highest yield of caproic acid was ob-
served in Rummeliibacillus suwonensis SYS-1, with a production of 6.9 g/L after 12 days of cultiva-
tion. Following the co-cultivation experiment of SYS-1 and other strains, it was observed that SYS-1
had a promoting effect on the production of caproic acid when co-cultured with the majority of
strains. The most significant effect was observed when SYS-1 was co-cultivated with Enterococcus
saccharolyticus subsp. SYS-2. Furthermore, the hexanoic acid concentration reached 8.5 g/L, repre-
senting a 30.8% increase compared to single cultivation after 12 days of cultivation. This research
contributes to the existing body of knowledge regarding the metabolism of Rummeliibacillus suwo-
nensis SYS-1, and provides a framework for the industrial production of caproic acid using Rum-

meliibacillus suwonensis SYS-1.

Keywords: Caproic Acid Producing Bacteria; Individual Cultivation; Co-Cultivation; Rummeliiba-

cillus Suwonensis



CEOS Publishers

=S10EDS oo

/ EXCELLENCE FOR
OPEN SCIENCE

Introduction

The diversity of microorganisms present in pit mud plays a

pivotal role in the formation of flavour compounds in Chi-
nese strong-flavour baijiu [1,2]. Caproic acid-producing bacte-
ria represent a significant microbial population in the brew-
ing process of Chinese strong-flavor Baijiu [3], including
Clostridium, Bacillus, Pseudomonas, etc [4-6]. This is because
ethyl caproate is the principal flavour substance of Chinese
strong-flavour Baijiu, and its concentration determines the
quality of Baijiu [7,8]. Concurrently, the main metabolic prod-
uct of the caproic acid-producing bacterial community is
caproic acid, which serves as a precursor for the synthesis of
ethyl caproate. Consequently, caproic acid-producing bacte-
ria are regarded as a pivotal functional microorganism in the

brewing process of Chinese strong-flavor Baijiu [9].

Microorganisms exhibit a high degree of diversity and are
widely distributed in natural ecosystems, playing a pivotal
role in maintaining ecological balance. In natural ecosystems,
microorganisms typically interact with a multitude of strains
and species in intricate ecological networks. During the pro-
cesses of ecological succession and evolution, microbial inter-
actions can influence the distribution of communities
[10-12]. As shown in figure 1, Chinese strong-flavour baijiu is
a product of pit mud fermentation. The structure and abun-
dance of functional microbial communities in the microbial
community inhabiting the pit mud are of great consequence
to the fermentation process of strong-flavour Baijiu. The pit
mud can be regarded as a small-scale microecosystem in
which complex microbial interactions and metabolic process-
es are carried out. The research indicates that the yield of
caproic acid produced by caproic acid bacteria when cultured
alone was typically low. The majority of the existing high-
-yield caproic acid systems are mixed systems, and there may
be extensive interspecific interactions between different spe-
cies [13-15]. Currently, Chinese strong-flavour Baijiu general-
ly exhibits the characteristics of a low ethyl caproate and a
high ethyl lactate content. Consequently, an investigation in-
to the interrelationship and utilisation of diverse caproic
acid-producing bacterial communities is of paramount impor-

tance.
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In this study, the caproic acid producing bacterial communi-

ties JQ-1 and JQ-2 from different sources were co-cultured
and separately cultured, and the mutual mechanism of
caproic acid producing strains in the microbial community
and their adaptability in the ecosystem of Chinese strong-fla-
vor Baijiu were explained through the analysis of microbial
community changes, acid producing metabolic capacity,
strain identification and microbial community adaptability,
This study provides a theoretical reference for the interaction
of caproic acid producing bacteria and its application in the

production of Chinese strong liquor.

Materials and Methods

Microorganism and medium

JQ-1 and JQ-2, isolated from the pit mud of different Chinese
baijiu factory, was used in this study. Clostridium diolis, Rum-
meliibacillus  suwonensis, Lacrimispora celerrecrescens,
Clostridium sp, Capriciproducens sp, Clostridium butyricum,
Enterococcus saccharolyticus subsp were isolated from JQ-1
and JQ-2 and stored in China Centre for Type Culture Collec-
tion (CCTCC NO. M 2020881), was used in this study. Before
the experiment, culture purity was tested through 16S rRNA
sequencing (Ye 2020). Pre-cultivation was performed anaero-
bically in Ethanol Sodium (ES) medium at 34°C for 7 days,
then the obtained culture broth was used as inoculum for fer-
mentation. When cultured in solid medium, anerobic condi-
tions were achieved by using the 2.5 L round bottom vertical
anaerobic training bags (Qingdao Hi Tech Industrial Park
Haibo Biotechnology Co. Ltd., China) and AnaeroPack (Mit-
subishi Chemical Corporation, Japan). Because Caproic acid
producing bacteria is an oxygen-tolerant microorganism
(Fang et al. 2021), the anaerobic conditions provided by
liquid submerged culture (set the filling capacity to 90%) can
support its normal growth and metabolic activities. The ingre-
dients in ES medium included (per 100mL): yeast extract
1g, MgSO,7H,00.02g, K,HPO,0.04g, (NH4),SO,0.05
g, CH,COONa 0.5g, CaCO,1 g, and 2 mL ethanol was add-
ed after sterilization. The medium was sterilized at 115°C for

30 min.

Fermentation and sampling
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All fermentations were performed in 30 (mm)x200 (mm) test
tubes and each sample containing 100 mL of fluid nutrient
medium. JQ-1 and JQ-2 pre-culture (5% v/v) was inoculated
into each test tube. Other strains were cultured in the same
way. All the test tubes were sealed with sealing film, incubat-
ed statically at 34 °C. Each experiment was performed in tripli-

cates.

Fermentation performance test of JQ-1 and JQ-2

In order to study the caproic acid production of JQ-1 and
JQ-2, JQ-1 and JQ-2 were added to the test tube containing
30 ml sodium ethoxide (ES) medium according to 5% inocu-
lum volume, and were placed in 34 °C anaerobic culture for
12 days. The contents of acetic acid, butyric acid and caproic

acid were determined at 0 d, 4 d, 8 d and 12 d, respectively.

Interaction of caproic acid-producing bacterial com-

munities from different sources

In order to study the interaction between caproic acid produc-
ing bacterial communities enriched from different pit mud,
JQ-1 and JQ-2 were simultaneously inoculated in ES medium
with a volume ratio of 1:1 for co-cultivation, and compared
with JQ-1 and JQ-2 cultured respectively, with a total inocula-
tion amount of 5%. cultured for 16 days and regularly sample
for detection of ODy,, and the concentration of acetic acid,
butyric acid, ethanol, caproic acid, and microbial community

changes.

Screening, identification and interaction of caproic
acid producing bacteria communities in co-cultured

ecosystem

In order to further explore the contribution of microor-
ganisms in co-culture ecosystem, The isolated and purified
strains were subjected to morphological observation and cop-
per sulfate color test, and the strains were co-cultured. After
10 days of culture at 34 °C, the caproic acid content was mea-

sured.

Analysis of cell growth and metabolites

2 mL Fermentation broth were taken each time from test tube

to measure cell growth and the concentrations of metabolites.

CEOS Journal of Microbiology

Cell growth was measured using a UV-spectrophotometer (U-
V-1600PC, VWR, USA) at 600,,,. The pH was measured by a
probe (MC125, Milwaukee Instruments, USA) inserted in the
test tube top. Ethanol concentrations were measured by an
SBA-biosensor (SBA-40D, Shandong Institute of Biological

Sciences, China).

Qualitative analysis of caproic acid. Qualitative analysis of pit
mud fermentation broth by Copper sulfate chromogenic
method, take 2 mL of fermentation broth, add 2% copper sul-
fate solution 2 mL, dichloromethane 1 mL, set aside after full
shaking and mixing, preliminary identification of caproic
acid production based on color changes in the
dichloromethane layer of the lower solution, the deeper the

blue, the better the effect of producing caproic acid [16].

The concentrations of acetic acid, butyric acid, caproic acid
were measured by gas chromatography-mass spectrometry
(Agilent 5977B-7890B, USA) with a flame ionized detector
(FID) and DB-WAX (30 m x 0.25 mm x 0.25 pm). 200 pL fer-
mented broth was adjusted to pH 2.0 using 3 M H,SO,, and
extracted with 2 mL CH,CIl,, followed by drying with anhy-
drous Na,SO, [16]. The organic layer was filtrated through
0.22 pm filter and 1 pL resulting solution was then injected in-
to the gas chromatograph. Helium (99.999%) was used as the
carrier gas at the flow rate of 10.7 mL/min. The split ratio was
10:1. The temperature program was as follows: the oven tem-
perature was held at 45°C for 1.5 min, and ramped at the rate
of 8 °C/min to 225 °C and held for 1 min. The injection port,
quadrupole mass filter and ion source were set at 260 °C, 150
°C and 230 °C, respectively. The electron ionization of FID
was 70 eV. Scan range was m/z 50-550 [17].

Statistical analysis

All the determinations were performed in triplicate and the re-
sulting mean value and standard deviation were displayed.
The statistical significance of the data was evaluated via

variance analysis by comparative averages (ANOVA).

The results of fermentation performance test of JQ-1
and JQ-2

Volume 2 Issue 1

www.ceospublishers.com

|31



CEOS Publishers

c E 0 S CENTER OF
/ EXCELLENCE FOR
¥ OPEN SCIENCE

To study the caproic acid production of JQ-1 and JQ-2 in the
ES medium, the concentration of acetic acid, butyric acid and

caproic acid on day 0,4,8,12 were showed in Figure. 2.

Figure. 2 illustrates the concentrations of acetic acid, butyric
acid and caproic acid at days 0, 4, 8 and 12. As illustrated in
Figure. 2, the patterns of acetic acid, butyric acid and caproic
acid during the fermentation process of JQ-1 and JQ-2 were
largely similar, with the concentrations of acetic acid and bu-
tyric acid initially rising and then declining, while the content
of caproic acid exhibited an upward trend. With regard to the
trend in acetic acid content, the acetic acid content of JQ-1
was consistently lower than that of JQ-2, although the rate of
decline was marginally faster than that of JQ-2. With regard
to the trend of butyric acid content, it was observed that the
butyric acid produced by JQ-1 began to be consumed on the
fourth day, while that produced by JQ-2 began to be con-
sumed on the eighth day. With regard to the trend of hex-
anoic acid content, on day 12, the hexanoic acid content in
JQ-1 and JQ-2 was 9.4 g/L and 8.1 g/L, respectively. Further-
more, the rate of hexanoic acid production in JQ-1 was found
to be significantly higher than that in JQ-2. This is because
acetic acid and butyric acid are precursors for the formation
of caproic acid. Consequently, the depletion of acetic acid and
butyric acid implies the formation of caproic acid, which oc-

curs earlier and in greater abundance in JQ-1 than in JQ-2.

The interaction results between caproic acid produc-

ing bacteria communities from different sources

In order to study the interaction between caproic acid-produc-
ing bacteria communities from different sources, two groups
of caproic acid-producing bacteria, JQ-1 and JQ-2, enriched
from pit mud of different distilleries were co-cultured in this
study, and compared with their separate culture experiments.

The experimental results are illustrated in Figure 3:

When JQ-1 and JQ-2 were co-cultured and individually cul-
tured, the change trend of the OD600 value was found to be
largely consistent, exhibiting an initial increase followed by a
decline during the culture process. It is evident that the
OD600 value of JQ-2 in monoculture is considerably lower
than that of JQ-1 and the co-culture. The OD600 value of

CEOS Journal of Microbiology

JQ-1 alone reached its maximum value of 0.88 on the fourth
day, while the OD600 value of JQ-2 alone reached its maxi-
mum value of 0.41 on the eighth day. The OD600 value of
JQ-1 and JQ-2 co-culture reached its maximum value of 0.66

on the eighth day (Figure. 3A).

When JQ-1 was cultured alone, the overall change trend of
pH exhibited a biphasic pattern, initially increasing and then
decreasing before returning to an elevated level. On the
fourth day, the pH increased to 6.6, then rapidly decreased to
5.7, and then returned to 6.0. Thereafter, the pH exhibited a
gradual stabilisation. When JQ-2 was cultured alone, there
was an initial increase in pH, followed by a subsequent de-
crease. On the fourth day, the pH increased to 6.4 and then
gradually decreased to 5.8, before stabilising. The change
trend of pH in the co-culture was identical to that observed in
the JQ-1 culture. On the fourth day, the pH increased to 6.4,
then rapidly decreased to 5.9, and then rapidly recovered to
6.5, and then gradually stabilized(Figure. 3B).

According to the report, the pKa (acid dissociation constant)
of butyric acid is approximately 4.82. At pH levels ranging
from 5 to 5.5, a significant portion of butyric acid exists in an
undissociated form. The undissociated form of butyric acid is
highly lipophilic, easily penetrating cell membranes, and ex-
hibits strong toxicity to microorganisms [26]. This toxicity
can inhibit the synthesis of caproic acid. However, at pH lev-
els between 6 and 6.5, butyric acid primarily exists in a dissoci-
ated form, which is less toxic to microorganisms. Consequent-
ly, the inhibition of caproic acid synthesis is relieved. Notably,
during the co-culture process described, the pH of the entire
fermentation remains within the range of 6-6.5. This pH
range is more favorable for caproic acid formation(Figure.
3B).

When JQ-1 and JQ-2 were cultured individually and in co-cul-
ture, the trend of ethanol concentration in the fermentation
broth was consistent. Initially, there was a rapid decrease in
ethanol concentration over the first four days, followed by a
gradual decline thereafter. At the end of the fermentation pro-
cess, the ethanol concentrations were measured as 3.6 g/L for
the co-culture, 5.2 g/L for JQ-1, and 5.4 g/L for JQ-2, respec-

tively. Notably, the coculture showed the lowest ethanol con-
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centration, indicating that the ethanol consumption rate of
microorganisms in the coculture system was higher (Figure.
3Q).

Acetic acid and butyric acid exhibited a pattern of initially in-
creasing and then decreasing when JQ-1 and JQ-2 were cul-
tured respectively and co-cultured.The changing trend of bu-
tyric acid and acetic acid was consistent with the study of P.
San-Valero [18]. According to the reverse -oxidation reac-
tion, ethanol was oxidized to produce acetic acid and acetyl--
CoA. Acetyl-CoA combined with acetic acid to generate bu-
tyric acid. Then butyric acid combined with acetyl-CoA to
generate hexanoic acid [13,19]. The initial increase in acetic
and butyric acid concentrations, followed by a subsequent de-
crease, can be attributed to the synthesis of hexanoic acid
from ethanol, whereby butyric and acetic acids act as interme-

diates (Figure. 4).

At the end of fermentation, the concentrations of acetic acid
and butyric acid were 0.26 g/L and 0.97 g/L for JQ-1 cultured
alone, 0.3 g/L and 1.25 g/L for JQ-2 cultured alone, and the
lowest concentrations of acetic acid and butyric acid were
0.18 g/L and 0.72 g/L for the co-culture, respectively. The de-
crease in acetic acid and butyric acid concentrations corre-
sponded to the formation of caproic acid (Figure. 3D, Figure.
3E).

The concentration of caproic acid in both JQ-1 and JQ-2 ex-
hibited an initial increase followed by a gradual stabilization
as fermentation time progressed, whether they were cultured
respectively or co-cultured. Within the first 4 days, JQ-1 de-
monstrated the highest production of caproic acid, which cor-
responded to the highest ODy, value, highest pH, and highest
ethanol consumption observed on the fourth day. This pat-
tern is consistent with the reverse p-oxidation pathway,
which is involved in the metabolic generation of caproic acid
by caproic acid bacteria [18,27]. However, after 8 days of fer-

mentation, the caproic acid production was gradually sur-

CEOS Journal of Microbiology

passed by the co-culture. At the end of fermentation, the co--
culture exhibited the highest concentration of caproic acid at
11.9 g/L, while JQ-1 and JQ-2 alone cultures showed concen-
trations of 9.4 g/L and 8.3 g/L, respectively (Figure. 3F).

Rummeliibacillus in JQ-1 dominated the entire fermentation
process and increased with the fermentation time. The abun-
dance of norank_f Ruminococcaceae slowly decreased after
gradually increasing from 0 to 8 days. Lysinibacillus dominat-
ed in the early stages of fermentation, but its abundance rapid-
ly decreased after 4 days. The abundances of Clostridium_Sen-
su_Stricto_1 and Clostridium_Sensu_Stricto_18 significantly
decreased on the 4th day, then increased significantly on the
8th day, before gradually decreasing thereafter. Clostridi-
um_Sensu_Stricto_12 and Clostridium_Sensu_Stricto_10 grad-
ually increased from 0 to 4 days and then slowly declined.
The abundance of unclassified-f-Ruminococcaceae started to
decrease slowly after gradually increasing from 0 to 8 days.
Lachnochlostridium had a relatively small proportion through-
out the fermentation process, with little change in abundance

from 0 to 4 days, followed by a decline(Figure. 5).

The Clostridium genus in JQ-2 dominates the entire fermenta-
tion process, Clostridium_Sensu_Stricto_12 holds the main ad-
vantage in the early stage of fermentation, with a significant
decrease in abundance from 0 to 4 days, increased rapidly
from 4 to 8 days, and gradually began to decline slowly;
Clostridium_Sensu_Stricto_1, Clostridium_Sensu_Stricto_18
and Clostridium_Sensu_Stricto_I. the Abundance shows a
trend of increasing first and then decreasing during the fer-
mentation process. Among them, The abundance of Clostridi-
um_Sensu_Stricto_1 and Clostridium_Sensu_Stricto_I18 has in-
creased more significantly. The abundance of norank_ f Ru-
minococcaceae and unclassified_ f Ruminococcaceae shows an
overall upward trend; Lachnochlostridium has a relatively
small abundance in the early stage of fermentation, but gradu-
ally increases and occupies a certain advantage in the later

stage (Figure. 5).
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Table 1: Sequence homology alignment and acid production results of 7 strains of caproic acid bacteria

. . A Copper
C d
Name Strain mciOl}?(ﬁ); Mlii:zfgplc ipr(;nc(az) sulfate color
phology content g results
\
SYS-1 | Rummeliibacillus suwonensis \ ). 6.9 ++
-4
SYS-2 | Enterococcus saccharolyticus subsp - 5.5 ++
< ' . :
—
SYS-3 Caproiciproducens sp 1.3 +
”~
.. rl"‘ ;
SYS-4 Clostridium sp i S ; 0.2 -
I A
SYS-5 Clostridium diolis . 0 +
SYS-6 Clostridium butyricum : 0 -
4 —
e
- M
SYS-7 Lacrimispora celerecrescens { bi 2.3 +
o

"o, "o

Note: "++" indicates that a lot of caproic acid is production, "+" indicates caproic acid production, "-" indicates no caproic acid

production.
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During co-cultivation, the genus Rummeliibacillus dominates
the entire fermentation process, showing a trend of first in-
creasing and then decreasing. The abundance of other mi-
croorganisms is relatively small, and the trend is as follows:
The overall fermentation process abundance of unclassified_
[f_Ruminococcaceae and norank_ f Ruminococcaceae did not
change significantly, Clostridium_Sensu_ Stricto_10 and
Clostridium_Sensu_Stricto_I genus significantly decreased
from 0 to 4 days, and then gradually increased; Clostridi-
um_Sensu_Stricto_10 and Clostridium_Sensu_Stricto_1 genus
decreased significantly in 0-4 days, and then increased gradu-
ally; Clostridium_Sensu_Stricto_18 abundance decreased sig-
nificantly from 0 to 4 days, and then increased gradually;
Lachnoclostridium was low in the whole fermentation pro-
cess, and increased significantly in 0-4 days, and then de-

creased gradually (Figure. 5).

Isolation, identification, and interaction results of
caproic acid bacteria communities in co-cultured

ecosystems

Because JQ-1 and JQ-2 co-culture has a positive role in pro-
moting caproic acid production by caproic acid producing
bacteria, in order to further explore the contribution of these
bacteria, a total of 7 strains were selected from the co culture
system for molecular identification, and the total DNA was ex-
tracted, then the 16S rRNA gene was amplified by PCR and se-
quenced. They were named SYS-1,SYS-2 to SYS-7,and the
16S rRNA gene sequence of the tested bacteria was submitted
to NCBI for online comparison and copper sulfate color anal-
ysis (Table 1), there were Lacrimispora celerecrescens, Entero-
coccus saccharolyticus subsp, Clostridium diolis, Clostridium
sp, Caproiciproducens sp, Clostridium butyricum, Rummeli-

ibacillus suwonensis.

When Rummeliibacillus suwonensis co-cultured with other
strains (Clostridium sp, Clostridium butyricum, Enterococcus
saccharolyticus, Clostridium diolis, Lacrimispora cellerecres-
cens, Capriciproducens sp). Results as shown in the figure, co--
culture of Rummeliibacillus suwonensis with most strains
(Clostridium sp, Clostridium butyricum, Enterococcus
saccharolyticus, lacrimispora cellerecrescens) can promote

caproic acid metabolism, but the effect is the most significant

CEOS Journal of Microbiology

when co-cultured with Enterococcus saccharolyticussub, with
caproic acid concentration of 10.5g/1, which is 50% higher
than that when cultured alone. Rummeliibacillus suwonensis
belongs to the genus Rummeliibacillus. This result once again
proves that JQ-1 and JQ-2 co-culture promoting caproic acid
metabolism is directly related to the increase and stability of

Rummeliibacillus genus(Figure. 6).

Discussion

In this study, the caproic acid producing bacterial communi-

ties JQ-1 and JQ-2 from different sources were co-cultured
and separately cultured, and the mutual mechanism of
caproic acid producing strains in the microbial community
through the analysis of microbial community changes, acid
producing metabolic capacity, strain identification and micro-
bial community adaptability, and focused on the contribution

of each strain in the co-culture ecosystem.

The above results indicate that the highest concentration of
caproic acid in JQ-1 was observed during the first four days
of fermentation. This occurred concurrently with the highest
values of OD600, pH, and ethanol consumption of JQ-1 on
day 4, which is consistent with the involvement of caproic
acid-producing bacteria in the trans-p-oxidation pathway of
caproic acid production (Figure. 3). Eight days later, the
caproic acid production of the co-cultured bacteria exhibited
a gradual increase, exceeding that of JQ-1. At the conclusion
of the fermentation process, the highest concentration of
caproic acid was observed in the co-cultured bacteria, reach-
ing a concentration of 11.9 g/L. In comparison, the JQ-1 and
JQ-1 produced a greater quantity of caproic acid than the
JQ-1. In comparison, the individual cultures of JQ-1 and JQ-2
exhibited hexanoic acid concentrations of 9.4 g/L and 8.3 g/L,
respectively. The concentration of hexanoic acid in the co-cul-
tures was markedly higher than that observed in the individu-
al cultures. This phenomenon suggests that the observed dif-
ferences may be mainly attributed to changes in the microbial

community.

According to the sequencing analysis results, the microbial
communities in JQ-1 and JQ-2 are significantly different(Fig-

ure. 5). The dominant bacteria in JQ-1 are mainly Rummeli-
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ibacillus, supplemented by Clostridium. The dominant bacte-
ria in JQ-2 are mainly Clostridium. However, when subjected
to the same culture conditions, the caproic acid yield of JQ-1
was markedly higher than the caproic acid yield of JQ-2. This
is because Rummeliibacillus, on the one hand, is involved in
the production of caproic acid itself [28]. On the other hand,
Rummeliibacillus is a facultative anaerobic bacterium with cer-
tain aerobic capacity. It can not only consume oxygen in the
early stage and rapidly reproduce, but also provide an anaero-
bic environment for Clostridium, which is more conducive to
promoting the formation of caproic acid, Moreover, the high
abundance of Clostridium in JQ-2 may lead to the low pH of
fermentation broth, Previous studies have revealed that the
neutral acidic environment was more suitable for caproic
acid-producing bacteria to generate caproic acid [20,21] also
reported that the rate of caproic acid formation was reduced
at a pH below 5.5 and its production was completely inhibit-
ed below pH 5. further inhibiting the caproic acid formation
pathway of Clostridium, which corresponds to the low pH of

JQ-2 fermentation process.

Following the co-cultivation of JQ-1 and JQ-2, a greater simi-
larity was observed in the distribution of microbial communi-
ties in JQ-1 and the co-culture (Figure. 5). The co-cultivation
of JQ-1 and JQ-2 resulted in an increase and stability in the
dominant bacterial genus Rummeliibacillus in JQ-1, while the
genus Clostridium also increased; however, the overall change
was not significant. The only discernible difference was that
the abundance of Lysinibacillus in JQ-1 during the initial fer-
mentation stage was considerably higher than that observed
in the co-culture. Both Lysinibacillus and Rummeliibacillus
are capable of producing caproic acid [22]. However, Rum-
meliibacillus is a facultative anaerobic bacterium with certain
aerobic capacity. It can be hypothesised that this microorgan-
ism may primarily utilise oxygen for reproduction during the
initial stages of fermentation, which may prove to be an obsta-
cle to the production of caproic acid. In the initial stages of
fermentation, the genus Lysinibacillus in JQ-1 is likely the pri-
mary microorganism responsible for the production of
caproic acid. This is the underlying reason for the higher
yield of caproic acid and accelerated ethanol consumption ob-

served in JQ-1 compared to the co-cultivation system.

CEOS Journal of Microbiology

The above results showed that compared with JQ-1 and JQ-2,
co-culture was helpful in increasing the abundance and stabili-
ty of Rummeliibacillus suwonensis, and promoted the interac-
tion between Rummeliibacillus suwonensis and other microor-
ganisms (Clostridium diolis, Lacrimispora cellerecrescens,
Clostridium sp, Caproiciproducens sp, Clostridium butyricum,
subsp), thereby increasing the concentration of caproic acid
by 21% and 30%, respectively. However, the interaction mech-
anism between microorganisms in the co-culture ecosystem

needs to be further analysed.

Through the liquid fermentation experiment for the first
time, this study verified that caproic acid producing bacteria
from different sources can promote each other, and deter-
mined that Rummeliibacillus suwonensis is the main function-
al microorganism that promotes the interaction, which pro-
vides a certain reference for the follow-up study on the inter-
action mechanism between Rummeliibacillus suwonensis and

other microorganisms.
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Figure Legends

Figure 1: The fermentation process of Chinese strong flavor

CEOS Journal of Microbiology

Baijiu.

Figure 2: Fermentation performance test of JQ-1 and JQ-2.

Figure 3: Results of the interaction between caproic acid pro-
duction communities from different sources: OD,, (A), pH
(B), ethanol content (C), acetic acid (D), butyric acid (E), hex-

anoic acid (F).

Figure 4: The metabolic pathways of caproic acid producing

bacteria when using ethanol.

Figure 5: The distribution of the microbial community in the

fermentation broth.

Figure 6: Interaction results of caproic acid strains in co-cul-

tured ecosystems.

Volume 2 Issue 1

www.ceospublishers.com

| 9|



CEOS Publishers

c E u S CENTER OF
/ EXCELLENCE FOR
¥ OPEN SCIENCE

References

1. Fu ], Chen L,Yang S, Li Y, Jin L, He X, Zou L (2021) Me-
tagenome and analysis of metabolic potential of the microbial
community in pit mud used for Chinese strong-flavor liquor

production. Food Research International, 143: 110294.

2. Jiang B, Wu L, Wang Q, Yang L, Zheng J, Zhou §, Liu K
(2022) The microbial communities in Zaopeis, free amino
acids in raw liquor, and their correlations for Wuliangye-fla-
vor raw liquor production. Food Science & Nutrition, 10:

2681-93.

3. Zhao L, Wu Y, Zhao Y, Li X, Zhang M, Li X, Gu S (2022)
Deciphering the intra-and inter-kingdom networks of micro-
biota in the pit mud of Chinese strong-flavor liquor. LWT,
165:113-703.

4.Ma H, Yu ZQ, Wu WY, Fu P, Xia C, San S, et al. (2022) Ef-
fects of ethanol addition on caproic acid production and ru-
men microorganism community structure from straw fermen-
tation. Fuel, 327: 125142.

5. Hu XL, Du H, Xu Y (2015) Identification and quantifica-
tion of the caproic acid-producing bacterium Clostridium
Kluyveri in the fermentation of pit mud used for Chinese
strong-aroma type liquor production. International Journal

of Food Microbiology, 214: 116-22.

6. Weimer PJ, Stevenson DM (2012) Isolation, characteriza-
tion, and quantification of Clostridium kluyveri from the
bovine rumen. Applied microbiology and biotechnology, 94:
461-66.

7. Zhang G, Xie M, Kang X, Wei M, Zhang Y, Li Q, Chen Y
(2022) Optimization of ethyl hexanoate production in
Saccharomyces cerevisiae by metabolic engineering. LWT,

170: 114061.

8. Zhao C, Yan X, Yang S, Chen F (2017) Screening of Bacil-
lus strains from Luzhou-flavor liquor making for high-yield

ethyl hexanoate and low-yield propanol. LWT, 77: 60-6.

CEOS Journal of Microbiology

9. Yin Y, Wang ], Zhang Y, Karakashev DB, Angelidaki I
(2017) Biological caproate production by Clostridium

kluyveri from ethanol and acetate as carbon sources. Biore-

sour Technol. 638-44.

10. Choi K, Khan R, Lee SW (2021) Dissection of plant micro-
biota and plant-microbiome interactions. Journal of Microbi-

ology, 59: 281-91.

11. Cheon JC, (2021) Omics-based microbiome analysis in mi-
crobial ecology: from sequences to information. Journal of Mi-

crobiology, 59: 229-32.

12. He G, Huang J, Wu C, Jin Y, Zhou R (2020) Bioturbation
effect of fortified Daqu on microbial community and flavor
metabolite in Chinese strong-flavor liquor brewing microe-

cosystem. Food Research International, 129: 108851.

13. Cavalcante WD, Leitao RC, Gehring TA, Angenent LT,
Santaella ST (2017) Anaerobic fermentation for n-caproic

acid production: a review. Process Biochem. 54: 106-19.

14. Dong W, Yang Y, Liu C, Zhang J, Pan J, Luo L, Yan B
(2023) Caproic acid production from anaerobic fermentation
of organic waste-Pathways and microbial perspective. Renew-

able and Sustainable Energy Reviews, 175: 113181.

15. Wang H, Gu Y, Zhou W, Zhao D, Qiao Z, Zheng J, Xu Y
(2021) Adaptability of a caproate-producing bacterium con-
tributes to its dominance in an anaerobic fermentation sys-
tem. Applied and Environmental

€01203-21.

Microbiology, 87:

16. LiJ, Zhang C, Xu QS, Lin S, Liu Z, Dong X (2019) Prelimi-
nary Study on Caproic Acid Production by Compound Bacte-
rial Agent of Luzhou-Flavor Liquor Pit Mud. IOP Conference
Series: Materials Science and Engineering, 677: 022120.

17. Kim H, Jeon BS, Pandey A, Sang BI (2018) New coculture
system of Clostridium spp. and Megasphaera hexanoica using
submerged hollow-fiber membrane bioreactors for caproic

acid production. Bioresource technology, 270: 498-503.

18. San-Valero P, Fernindez-Naveira A, Veiga MC, Kennes C

(2019) Influence of electron acceptors on hexanoic acid pro-

Volume 2 Issue 1

www.ceospublishers.com

| 10 |



(] c E u s CENTER OF
f ELLEwE o CEOS Journal of Microbiology
¥ OPEN SCIENCE

duction by Clostridium kluyveri. J Environ Manage, 242:
515-21.

19. Henning S, W FF, Birgit V, Holger Bg, Heiko L, Axel S,
Marcus M, et al. (2008) The genome of Clostridium kluyveri,
a strict anaerobe with unique metabolic features. Proceedings
of the National Proc Natl Acad Sci U S A. 6: 2128-33.

20. Pau S, Haris Nalakath A, Maria C V, Christian K (2020)
Effect of pH, yeast extract and inorganic carbon on chain elon-
gation for hexanoic acid production. Bioresour Technol.

300-6.

21. Nzeteu CO, Trego AC, Abram F, O’Flaherty V (2018) Re-
producible, high-yielding, biological caproate production
from food waste using a single-phase anaerobic reactor sys-

tem. Biotechnol Biofuels, 11: 108-22.

22. Zhang H, Zhang W, Zhou S, Zhou Y, Tan Y, Sun J, Hu F
(2023) Study on the isolation and identification of adipic acid
bacteria and acid production conditions in the old wine pit of

credit store. Modern Food Science and Technology, 02: 188-96.

23. de Aratjo Cavalcante W, Leitdo RC, Gehring TA, Ange-
nent LT, Santaella ST (2017) Anaerobic fermentation for n--
caproic acid production: A review. Process Biochemistry, 54:
106-19.

24.Xu 'Y, Sun B, Fan G, Teng C, Xiong K, Zhu Y, Li X (2017)

The brewing process and microbial diversity of strong flavour
Chinese spirits: a review. Journal of the Institute of Brew-

ing, 123: 5-12.

25.Niu Y, Zhu Q, Xiao Z (2020) Characterization of perceptu-
al interactions amongester aroma compounds found in Chi-
nese Moutai Baijiu by gas chromatography-olfactometry,
odor Intensity, olfactory threshold and odor activity value. -

Food Research International, 131: 108986.

26. Zhao C, Yan X, Yang S, Chen F (2017) Screening of Bacil-
lus strains from Luzhou-flavor liquor making for high-yield

ethyl hexanoate and low-yield propanol. LWT. 77: 60-6.

27. Liu MK, Tang YM, Xiao-Jiao Guo XJ, Zhang XP (2017)
Deep sequencing revealshigh bacterial diversity and phyloge-
netic novelty in pit mud from Luzhou Laojiao cellarsfor Chi-
nese strong-flavor Baijiu. Food Research International, 102:

68-76.

28. Liu C, Du Y, Zheng J, Qiao Z, Luo H, Zou W (2022) Pro-
duction of caproic acid by Rummeliibacillus suwonensis 3B-1
isolated from the pit mud of strong-flavor baijiu. Journal of

Biotechnology, 358: 33-40.

29. Pau S, Haris Nalakath A, Maria CV, Christian K (2020) Ef-
fect of pH, yeast extract and inorganic carbon on chain elon-
gation for hexanoic acid production. Bioresour Technol.

300-6.

Volume 2 Issue 1

CEOS Publishers

www.ceospublishers.com

| 11|



c E U S CENTER OF CEOS is an growing Open Access Publisher with

EXCELLENCE FOR diverse peer reviewed journals supported by Aca
OPEN SCIENCE demic Editors, Scholars, Physicians, Instructors,

CEOS Publishers follow strict ethical standards for publication to ensure
high quality scientific studies, credit for the research participants. Any ethical
issues will be scrutinized carefully to maintain the integrity of literature.

Publication
Ethics

Plagiarism
Policy

Copyrights

8) )

r N 7 N
CEOS Publishers believes scientific
integrity and intellectual honesty

are essential in all scholarly work.

As an upcoming publisher, our
commitment is to protect the
integrity of the scholarly publications,
for which we take the necessary
steps in all aspects of

publishing ethics.

All the articles published in CEOS
Publisher journals are licensed
under Creative CommonsCC BY

4 0 license, means anyone can use,
read and dow-nload the article

for free. However, the authors
reserve the copyright for the
published manuscript.

CEOS Publishers contact@ceospublisher.com www.ceospublishers.com




