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bacteria in cellar mud of strong-aroma white wine. Methods In this study, cellar mud from a winery in southern
Sichuan was used as the research object. In the experiments of isolation and screening of caproacidobacteria in an
anaerobic workstation, 120 experimental strains were finally obtained. These strains were screened using bacterial
morphology analysis, gram staining, spore staining, physiological and biochemical tests, gas chromatography-mass
spectrometry, and agarose gel electrophoresis of polymerase chain rreaction products. Results Followed enrichment
and streaking screening, 8 target bacteria were selected and designated as SY1 to SY8. Further analysis identified
SY4 as Clostridium kluyverii, SY1-SY3 as Bacillus Belesenii, and SY5-SY8 as Bacillus siamicus. Subsequent
cultivation revealed that the fermentation products of these 8 strains contained caproic acid, a key organic acid
component that significantly influences the flavor of liquor. The results demonstrated that these 8 strains were core
producers of organic acids in the aromatic substance skeleton of strong-flavor liquor. Optimal fermentation conditions
for SY4 were determined to be 34 °C, initial pH 6.0, ethanol concentration 2%, fermentation time 14 days,
inoculation ratio 5%, with a caproic acid yield reaching up to 10.1 g/L. In co-culture fermentation experiments, the
co-culture of Aspergillus fuchsinensis produced higher levels of volatile compounds compared to pure caproic
acid-producing bacterial fermentation broth, including 10 kinds of alcohols, 21 kinds of esters, 9 kinds of acids and 3
kinds of aldehydes. Conclusion These findings not only provide a scientific basis for the screening of high-yield

caproic acid-producing strains and the application of co-culture fermentation to enhance the flavor of strong-flavor

liquor but also offer new insights into the research and development of volatile flavor compounds in liquor.

KEY WORDS: strong-flavor Baijiu; caproic acid bacteria; mixed bacteria; metabolic analysis
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AR MES 0.5 g, SR 10.0 g, 2R 10.0 g,
MEEERY 3.0 g, FHAME S.0 g, AIIATETERY 1.0 g, FALHIS.0 g,
RN 3.0 g, LK ad R b iRl 0.5 ¢, 3R 0.5 ¢, WHRK
FH(IIKFH)3 mg, M4k 1000 mL, pH 6.5+0.1, & &
25°C,

i et R R — 0.5 g, BRIRAN 0.2 g, A4k 1
g, MgCl, * 6H,0 0.2 g, LR 3 g, MR N 1 g, TR
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SRR ZRPN 20 pL, M FHG DNA 0.5 pL, 2xTaq PCR
Mastermix 10 uL, PrimerF 0.5 pL, PrimerR 0.5 pL, X 4fi7kK
A% 20 pL PCR & 5] 2544: 94 °C 4 min, 94 °C 30 s,
58 °C 30's, 72 °C 1 min/kb, fE¥F 30~35 YGLEA] 5 min, ¥
HPPIEL 2.5 pL SV BERS P YENR G, 1% BE i B
BB R UEAT 15 min HLPKIRES, XF L Trans2Kplus DNA
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B RR ORISR
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KR, CIRIEARE 14 d J5IE REER T R & &,
153 CETE®E R YH

ORI D QBRI AR 2338 0.5% . 1.0%.
1.5%. 2.0%. 2.5%MTE0LT, & BMA 2% VMV C R
Fh &, PH 6.5, 34 CHTTIRARETR, CIRIAARE 14d)5
WE R BRI R & .
1.54 #FExC]RE F RO 0

TERGFREE D R SR 231N 2.0% . 3.5%. 5.0%.
6.5%.7.0% (V)G OL T, R IR ) LAt % 35 S 44 ) 2
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JE e KR PR A
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1.6.1 ABRAERIALE T &
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RV, TR R, Rk BT IR A (R A A
4£20)0.22 pm 2EUE, RAEG ARIE GBULEE . ZRRIKER . 2-
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SRR AR ST
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PR TR . CRRAN 2-Z 08 TR AR 40340 0.01%.
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320 pm, 0.25 pm). #EFE MR E N 240 °C, FID #ill#R
IREEEE N 250 °C, AN R A S A(99.999%), FiikH
| mL/min, RESHRFFEIER, AR IIGEES 10:1. FHR
A WIHRIREDE 40 °C, 25E 4 min; SRJ5 1L 8 °C/min
BB TFZE 180 °C, 180 °CHaE 2 min, % U
10 °C/min FFEF T} 230 °C, 230 °CE5E 9 min,

MS 4 BB R EL HFRER 70 eV, HTRFHE S
HLJE: 1086 V; B TURIEE 150 °C; PUMATIREE 250 °C; Ji
REFIETE R 45~550 mvz,

17 CERESEIMERRERLFEELZESGE
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T5 F Y S €0 TR R FR U A, RS B 8 AR
Ak, WMk SY1~SY8 MIZRMEDLHE, EFEER, WIEIRA
A BYIRHUNIEAR, 7% 8 SR v N . RARTE
ATEILE 1, SY1 I SY3 bR Jy 4 22 [, Hoa bkl
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BRI, HA LR EE S KM, 8 b
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Fig.1  Color reaction chart of colony
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¥ s Gelagt SRESEE \" FIERG 9 DNA $REC, SR AR 2 Al S48 1 51 4

S " e TR e pnmermRJ&TPCR PRI, § L A 1%

W B e AT BB IB R St b L KR0S, A E Y 8 R bR
b A, YRE T T TN TR B R R R P, L 3.

DNAmarker 1

B2 SYI~SY8 fURMEH MR AHIE A
Fig.2 SY1-SY8 representative strains of bacterial morphology

TETRR A T A AR ARG VRS E, SY4 BIRRZT 7 T4 R -
B, Eé%[il*ﬁk/\ﬁ 6 TR R B, LR SY4 kAL 2000 b — .
74 DP -
FREOL T HoAb B, HARZS R 1, 1000 bp - L A A K

R1 EREEERLEEER -

Table 1 Strain physiological and biochemical
identification results

Z1F  SYl SY2 SY3 SY4 SY5 SY6 SY7 SY8

Bl 3 SY1~SY8 & B IRMHEE R Uk 5]
Fig.3 SY1-SY8 bacterial agarose gel electrophoresis figure

FRker
e 0 - T T 07 HUREL 3 MURR, 5 Marker #E47HOXHR, AT A6
v-PiEE o+ o+ - + + - + 4 16S rDNA L ) PCR 43474 5 B K JE 2428 1500 bp, iX
?ﬁﬁﬂ@@ ) P N . N N . SIEH &M T EUNA R0 HER B B EAARE, Rz A B
e FELFTIRSE 165 tDNA BUIF TAE . WIF45 4% 5 3
J%;%ngﬁ o+ o+ + - + + + E R AP ARG B L0 GenBank B 4 7147 [R5
TR K it Br, #EIT BRI S, #E 8 MR F 2
R A YRR | USRS ALFT RS 2 T B,
ARRAE + o+ o+ 4 + 4+ + - FIFH MEGAG6.0 3 F 3% FH 4R 11 (neighbor-joining, NI)#4#
BRI + - + + + + + + ARG KT I, LR SY4 B ERALLAY & AR RN (E S
VE: B B JLIE 4.
91 LZ301 (KR018739)
0.02 97 Bacillus subtilis ATCC 60517 (AJ276351)
80 Bacillus siamensis KCTC 13613 (AJVF01000043)
L7502 (KR018738)
100 100 Bacillus licheniformis ATCC 14580T (CP000002)
88 LZ707 (KRO18737)
E Bacillus altitudinis DSM 216317 (AJ831842)
100 100 Bacillus pumilus ATCC 70617 (AY876289)
82 Bacillus safensis NBRCT 100820" (AF234854)

62 Bacillus cereus ATCCT 14579" (AE016877)
—E Bacillus thuringiensis LAMT 120777 (D16281)
100 LZ508 (KRO18736)

49 100 LZ102 (KR018734)
fazczllus szméJlex DSM 13217 (AJ439078)
62 E
100 Baczllus circulans /-{Tcgf 45137 (AY724690)

LZ209 (KR018742
100 |_|: Clostri(dium homopropionicum DSM 5847" (X76744)
Clostridium novyi JCM1406" (AB045606)
100 Clostridium butyricum VPI3266" (AJ458420)
100 75 ’i,—': Clostridium saccharobutylicum P262" (U16147)
Clostridium bovipellis B30" (EF512134)
LZ104 (KR018743)

57 Clostridium aciditolerans YJL-B3T (DQ114945)
33 L7802 KR0187403
100 LZ401 (KRO18741
64 Clostridium tyrobutyricum DSM 2637" (APMH01000060)
r— Pseudomonas toyotomiensis HT-3" (AB453701)

|_|: Pseudomonas mendocina ATCC 254117 (D84016)
LZ304 (KR018744)

4 SY4 RYUKT ALK
Fig.4 SY4 phylogenetic evolutionary tree
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PR = B TR M 1A

081 . oy

0.7} —— SY2

SY3

. 0.6/ . Sya

0.5t —— SY5

2 ——SY6

gg 04t T3y

~ 03} ——5SY8
© 0.2

0.1
0
0.1

2.3.1

12345678910111213141516171819202122
Ve S

s SY1~SY8 HitkAEK Lk
Fig. 5 Growth curve of strain SY1-SY8

232 REEBESTERE SRAYH

W 6 7w, 8 #RIA AN =R 8% (V/V)H. pH h 6 1)
TEOLT, 76 30~38 °CIX (a4 p iR, R & o R e
T 4E s ETHE %, SYL. SY3. SY4. SY5. SY7
Bk 34 °CHY LRI e RS, IRIK 6.9, 4.2, 8.4, 8.1,
8.2 g/L, It ZH 36 °C/m C IR IR 5 I 2 AHE; SY2,
SY6. SY8 AL L MEIRE A 36 °C, F=iAKKIE 5.4, 7.3,
7.4 ¢/L,

1(9).8- 130°C ®32°C ®34°C m36°C m38°C
~ 80}
—
= 7.0t ]
= 6.0}
= Sof
& 40
3 3.0¢
2.0}
1.0}
0
SYl SY2 SY3 SY4 SY5 SY6 SY7 SY8
SY1~SY8Eikk

K6 IR CRRE™ C MRS
Fig. 6 Effects of temperature on the production of
caproic acid by strains

233 pHXTEE FEE A
mE 7 R, 8 BRIEIREFEN 5% (VV)BAERE
34 °CIEBLN pH 5.0~7.0 L EIN AT O R, TR BEFl
PH (97 06 ETHE TR, pH N 7 B ERR P2 RRIY 32 2 3m
SY1. SY2. SY3. SY6. SY7. SY8 ¥k pH 6.5 it 2 %"
R, KRR 6.4, 5.1, 6.1, 7.3, 4.1, 7.4 ¢g/L,SY4,
SYS5 ffE&BE pH R 6.0, J7HAKIKZE 94 g/L. 59¢/L.
12.0
~ 10.0+
5 8.0t
B 6ol
& 40}
2.0+
0

mpHS0®mpHS55 mpH6.0 mpH6.5 mpHT.0

SY1

SY2 SY3 Sy4 SY5

SY1~SY8 itk

SY6 SY7 SY8

& 7 PHX CERE™ R0
Fig. 7 Effects of pH on the production of caproic acid by strains
234 LEITEE FBRY YR
Kl 8 Bk, 8 BRIEFIER =R 5% (VV) BTERE
34 °CHEILT pH 6.0, B ZBER & T O R - i e L T
Ja TR, LB AR IR Z 2] SYL. SY2. SY4.
SY6.SY7. SY8 W tRTE LI i 2.0%0 O /R i fw i, K
WREN 6.1, 6.5, 10.1, 74, 46, 6.1 gL, LEHRE T+
F 2.5%, CRREA TR SYS mAERBE SRS WA
1.5%, Fems 8.1 g/L, ZEIREMRS: LR, CRWEE T
M. CEEVENC MR EEMRIRZ —, B IR E L
RFEEMIEAT, Wi m CBRNA E R, Bk, c iR
) B A 2 BETS I S 2 T, M QBT
X R R A BE MR ER .. CERRIE KT 2.5%
W, T OB A m R N, R AR O R A
ARGl It R 2 I 2 s i St f 568,
12.0 - = 2F0.5% = ZFE1.0% = LFEL5% = LEE2.0% = LF72.5%
Q 10.0 +
20 8.0
I 6ol
& 40}
20t

0

SY1

SY2 SY3 SY4 SY5

SY1~SYS8 itk

8 ZEEmxt R ™ ORI I
Fig.8 Effects of ethanol content on the production of
caproic acid by strains

235 BAEXTRHE FREGP A
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