¥aSde 20174F11 A 532 61

JOURNAL OF LIGHT INDUSTRY Vol. 32 No.6 Nov. 2017

5| A& AR BT, R R R, I e, 45, ST HS-SPME-GC-MS (1) 7 784 11109 25 I ] K5 5%
Clostridium spp. Y& R PRI 53 #7132 15441 ,2017,32(6) :1 - 11.

HmESES . TS261. 1
DOI.:10. 3969/j. issn. 2096 — 1553.2017. 6. 001

ERARINAD : A

MEHRS 2096 — 1553(2017)06 —0001 - 11

J:F HS-SPME-GC-MS [ # 75 %4 [ i 53 e b

n[523¢ Clostridium spp. ¥ 5 PEACH 998K 5 79 P

Component analysis of volatile metabolites of culturable Clostridium spp. isolated
from pit muds of Luzhou-flavor liquor based on HS-SPME-GC-MS

KA .
RAERGIEH; ZR; R
B; ME B MM FE
B—- A REBA; L
PR

Key words:;
Luzhou-flavor liquor;
pit muds ; Clostridium
spp. ; HS-SPME-GC-
MS ; volatile

metabolite

%5 H #3:2017 - 08 - 30

> e | 1 »p 71 wlo 2
FTREH, FRREE A, RE, Dk, 3R
HE Pei-xin' , LI Cong-cong' ,HU Xiao-long' ,CHI Lei' ,MA Zhao',GUO Yan-feng’

LAMNBTY¥R d G EN TR, MR M 450001 ;

2. MEFR RY 5 A TEER, LK FF 274000

1. College of Food and Bioengineering , Zhengzhou University of Light Industry, Zhengzhou 450001,
China;

2. College of Agricultural and Biological Engineering ,Heze University , Heze 274000 , China

FEE A RS ERBAT S B LI, 1T 5] 88 pham i 43 e dh, B aL 163
tRNA & B 75 st fm R AR F AT, L7 75 sham MRS H 8 M ARARK A 4
(cluster T —VI) , & SAaMLHE 2 3 A C. tyrobutyricum , C. butyricum , C. indolis ,
C. acetobutylicum , C. bifermentans , C. sporogenes , C. cadaveris = C. kluyveri. 5% J TR
= E A I — A48 635 - i85 A ik (HS-SPME-GC-MS) 2+ 8 MK £ KR B
T AR 09 AR LR BEATA M, AR B TS AR R, B BE & 23 AP B
K20 AP BEE 14 BEE 2 AP BAK 2 A A AL M 14 . 8 E RS
&I, Bk RLL(C. tyrobutyricum) F= EL7 ( C. butyricum) %5 L8 4= T B &
A A4 0 T m A % E146 ( C. kluyveri) . R120 ( C. acetobutylicum ) #= RL10 ( C.
indolis) %5 Tk e TR LB F A8 R A % ; EL12 ( C. bifermentans ) #=
RI23(C. sporogenes) £ &5 R EEBR S — WS 1 — REE A EF A % ; M EL43
(C. cadaveris) £%&5 % F Bs Z A 096 A XK.

HEWMB: TERILRARGBEAILBE ERZEET AL B (2017]J012) ; #6042 T b F 4 L4125 4 F 81 R
B (2016BSJJ018) 5 % 1 42 T ik 5 2 BF % A A 41 #7757 8 (2016030)

YEE B 473247 (1970—)
BIEMEE S (1984—)

VBT R RAREA AN T F B, W, ERR G B A A TR
A

P AAT BN KON EE T IR W, R @A G R TR



© 2. Fa5t 20174F11 A 532 % $6 4

Abstract : A total of 88 pure cultures was obtained from the pit muds of one wine corporation following separa-
tion and purification culture. The 75 strains of bacteria were assigned into 8 phylogenetic clusters ( cluster
[ —VI) based on the analysis of 16S rRNA gene sequences and phylogenetic tree. In them, the most similar
bacteria were C. tyrobutyricum, C. butyricum, C. indolis, C. acetobutylicum, C. bifermentans, C. sporo-
genes, C. cadaveris and C. Fkluyveri, respectively. The volatile metabolites of 8 representative Clostridium spp.
were analyzed using headspace solid-phase microextraction ( HS-SPME) method followed by gas chromatogra-
phy-mass spectrometry ( GC-MS). A total of 75 volatile metabolites was detected, including 23 alcohols, 20
acids, 14 esters,2 aldehydes,2 ketones and other 14 volatile substances. The principal component analysis re-
vealed that the representative strain RL1 ( C. tyrobutyricum) and EL7 (C. butyricum) were mainly related to
the generation of acetic acid and butyric acid, and E146 ( C. kluyveri) , RL20 ( C. acetobutylicum) and RL10
(C. indolis) mainly contributed to the formation of caproic acid and ethyl hexanoate, and EL12 ( C.
bifermentans) and RIL23 (C. sporogenes) were mainly associated with the S-methyl acetate, 1-Decyl alcohol

and octanol, and EIA3 (C. cadaveris) was mainly correlated to the biosynthesis of various esters.
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Fig.1 Phylogenetic tree analysis based on 16S rRNA gene

sequences of 75 pure cultures isolated from pit muds
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Table 1 Analysis of 16S rRNA gene sequences
of representative strains

ARG S AT L bR HARLEE B
RL1 C. tyrobutyricum 99% NR_044718.2
EL7 C. butyricum 99% NR_113244.1
RL10 C. indolis 95% NR_026493.1
RI20 C. acetobutylicum 96% NR_074511.1
EL12 C. bifermentans 100% NR_113323.1
RL23 C. sporogenes 99% NR_113245.1
E143 C. cadaveris 99% NR_104695.1
E146 C. kluyveri 99% NR_074165.1
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Table 2 Analysis of volatile compounds in fermentation broth of representative strains using HS-SPME-GC-MS

e N7 RLI EL7 RLI10 RI120 EL12 RI123 EI43  EL46
CERZIHE (V1) 0.01 0.01 0.01 0.07 — 0.02 — —
LR (V2) — — — — — — 0.07  0.03
TMRCH (V3) — — — — — — 0.23 —
LR TG (V4) — — — — — — 0.10 —
TERTHR (V5) — — — — — — 0.06 —
R XT R B e 0.01 — — — — — — -

ke B TA@'E*}LEEE 0.02 — — — — — — —

AHEREN (V6) — — — — — — 0.49 —
3-KNMLHR (VT) — — — — 0.01 0.01 0.09 —
3-RENELEER (V8) — — — — — — 0.27 —
TCHEATR O — — — — — — — % %
ACEEER S - HTE (V9) — — — — — 0.13 — —
RAMES] AT — — — — 0.02 0.01 — —

4 - FIL R 21 — — — — * — — —

1 - 2% (V10) — — — 0.01 0.03 0.06 — —

3 - RN (V1) — — * % * % 0.04 0.02 4.37 —

s TEE (V12) — — — — — — 0.18 —

BREE (V13) — — — — — — 0.07 —

4 - RHETEE (V14) — — — — — — 0.13 —

5 - OpFE -1 - B (VIS) — — — — — — 0.08 —
B — — — — 0.02 0.01 — —

IE=EEE (V16) — — 0.10 * 0.32 0.23 — -
3-"HH-26-Fd-1- — — — — 0.01 — — —
T f i — — 0.02 — — 0.02 — —

FH 2 2, it F i — — 0.01 — — — — _

23 -T — — 0.01 — — — — —
(2R,3R) -(-)-2,3-T P — — 0.02 — — — — —
i — — 0.01 — — — — —

3 - HAETEE (V17) — — ok — — — 0.18 —

4 - HE R mE (VI8) — — — — 0.04 0.02 0.53 —
3- O (V19) — — — — 0.02 0.01 0.47 —

9 — &4 — — — — 0.01 — 0.03 —
W7 0.01 o 0.01 0.01 0.01 0.01 0.01 —

ETHE (V20) % 0.01 — 0.01 0.03 0.01 3.21 -
IEGREE (V21) 0.01 — — o — — 0.64 —

2 - ZFO — — — * % — — — —

ZR (V22) 0.36 0.26 0.03 0.04 0.05 0.01 0.01 0.03

THE (V23) 10. 61 2.18 0.01 0.57 0.03 0.05 0.45 0.05

2 - THik 0.03 — — — — — — —

T 0.01 0.01 — 0.01 0.03 0.01 — —

Wi 25hR (V24) 0.16 0.08 0.01 0.02 0.32 0.08 0.18 —
4 - HERER (V25) — — 0.01 0.02 1.93 0.93 1.07 0.02

JRER (V26) — — — — — — 0.08 —
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IR — — — — — — 0.01 —
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Tofk :ﬁiﬁg:ﬁ _( V34) — — — — — 0.02 0.08 —
TR =R — — — — 0.03 0.02 — —
LIPS — — — — — * — —
HEp — — 0.05 — — — — —
4 - LKL -2 - WA — — * — — — — —
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F SRR I 0.01 — — — — — — —
2 — 2Tk ke — — — 0.01 — — — —
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