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Abstract: Gassy pouch is a common quality issue in the shelf life of bag-packaged Zhacai. In order to obtain
data of species, physiological and biochemical properties of microorganisms causing gassy pouch, this
study isolated and purified the bacterial strains from swollen bag of packaged Zhacai samples, and the
strains were subjected to the trisaccharide iron agar slant and brilliant green lactose bile broth (BGLB,

with inverted tubes) test to screen the gas-producing strains. The strains were verified through contamina-
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tion experiments of Zhacai, and detailed physiological and biochemical characteristics were analyzed to get
the basic knowledge of the strains. Through the experiments, a strain cq8 was identified to produce gas in
BGLB medium. A contamination experiment was conducted by artificially adding the bacterial culture of
the strain cq8 to the bags of Zhacai and sealed the bags with a vacuum packaging machine. The strain
caused swollen bag phenomenon, and the gas components inside the package were determined to be CO,,
H,, NH, with the gas tube method. The species of cq8 was identified by 16S rRNA gene sequencing as
Enterobacter asburia. It can metabolize arginine to produce gas, metabolize sorbitol, produce protease to
liquefy gelatin, and produce catalase. This study can provide reference data for controlling gassy pouch is-
sue of Zhacai through the actions on microorganisms more precisely.
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BRI oK A 55 2 I PN 6 20 ~8 %0 R . XCRMESEMRIE Lm) EEE M B 5 3 IRIMA 10X A E
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ERER MRS L ER L RN, RS . REE BRI AT REE IR AE KRB, RA G EERE
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A DA REAS B, SR 2 A AR A B 5 R P A% B4 00 B W R A AR B AR AR DL R pp AR
YETE T 2 MR TRBR 43 ) R R R EF AT TR RN R ZE R AT B, BRI AR A E . AR AR TE 200 AR W Rl 28RN
AR R A B L RO AR R A A Y DD SR AR N SR Y AR BT R AR 5T N B A B
S oy B A AL AR Y, RS O R T A AR . TS R SE IR R R R AR I G . TR — 2D 3 AT R PR
A B AR AL PR R AN, SR FH TH 23 [ AR 30 2K B (HS-SPME) #1458 €6 3% B 3% (GC-MS) Bt FH #6  1F 4%
3 RN BE 4% M8 38 B0 45 &k 04y . X B A3 B a0 1 25 S I
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N 37 | SR B 42 3% T 1 S R P AR M SR i 4% 5 1F
1.1.2 £&XA

ERWHNB), Jbat iR Y ARA RA R YM B35 5 CRE 3 ABEBE A 0 8 1 3R 50, Bl ik
WHARABRA A RERA82.5 L)y, BHARZEAA s =W FR A (TSD , Jbatflitr 8 AR A R A
JEGE LB ER A ( BGLB) , 75 50 A A IR\ & 3 2 X Hieff Canace® PCR Master Mix (No Dye), %%
AR R B A BRA A s AR 4] DNA 2 BUKH &, RIRAEEHE AEaO B RA R AR
B, At at e e R R A IR A A s BIBAL AR (CERTRD . S AW EARARA A iR
YT A A S Y 2 E A, LRt R ROR G BRS A) s 8 B B DNA BIOAR &, KRR A LR (ka0
A RAF.
1.2 FENEF

BE W A% B 58, $E Syngene 23 ] 3 PCRAX(T100 #6825 E 1A 4k Bio-Rad 2 & 5 UM (3% - 1%
B¢ AL (GCMS-QP2010Plus A1), H A& SHIMADZU /A #l; 75 pm # BULF 4 3k (CAR/PDMS #1) . 3 [H
Supelco 2 H] .
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1.3 A%
1.3.1 MEEXTHREDG B

B 25 g PEASMERRES , TETCHE A1 T B FEDLAT I, B A U8 W I SR ¥ 48, A 225 mL G
AEBRER K AR B, 04T 5 min, JEWEEBIH 10" 546 BV, 4k 22 FJC 1A A= 3 /K ik 10 £ 80 BE AR BE &2
10 °. B 100 pL 10 %, 10 °, 10, 10 ° MM BRIEAA T YM 85353 . NB BRSP4, A R &G b
AR =S4, BB 37 CREIR S FE/ 5 3% 48 h'Y . B 75 40 30~300 A9, MR 75 1E
BSFESRBUR PV, RIZr 58 3 L b, B E 4l VLS A B AR 19 1R 95 T8 S ML OB 48 (22 [R5,
1.3.2 A A D6 ik e ik 5 3

WAL 5 B BRAR A AD T Mk IR B R e b i L JE S AL BE IR AR A (B . 30 CHiFE 48 h )
WS, R I MG, W — DTG RS k. RS2 20 g /4%, T 121 CTF KK
15 min, Hl#&TLEER. ¥-EHKRER T NB R FRE DR ZXNEE . 5 000 r/min 80 5 min JLIE
A0 M, I JC T PBS 2% M VE R AN, FEIn A PBS BIF WA E OD,, K 1.0, M 20 pL b3 W i
AR (20 g/4%), fE =% E, T 30 CRFMPIEIR, TE 5 K, AR M HAEER S, WAl KHE
R TR A PR, R R AR RS DA AR D B e AR B R AR SE, dE CO, . H,» NHy, H,S, CO,
NO, ., CH,OH % 7 fi 5 .
1.3.3 HMAMHFFELER

0 BN T 3 P41 DNA 2 070 & b i) O vk S OPEAS B PR 1) DN, LI 514 27 F(5'-AGAGTTT
GATCMTGGCTCAG-3)Hl 1 541 R(5'-AAGGAGGTGATCCAGCC-3") ¥ 1 16S rRNA £ H. PCR 2 I
RKZE K. 12.5 pL HUIR 28 vh i (2 X Hieff Canace®), 0.5 pL 5% (10 mmol/L), 2 pL DNA, 10 uL
ddH,O. PCR W R F A 94 CHAEYE 5 min, 94 “CAEPE 45 s; 55 ‘CHEPE 45 s, 72 ‘CHEM 90 s, H£ 30 &
PEFE ;5 72 C ZEMH 10 min. FH SanPrep 3 PCR =¥ 4ifb ik F & aifb ) . £ 24 TAY TR (R A RA
A AROBL ] 0
1.3.4 A Me AR 27

K HIE75/15 J AT B Rk TR A: Ak g B %6 8 A8 R TR R 9 15 AN ZEAR T B, S BROSCERC11-14 189 J7 A6
SO AN N T R AL R S
1.3.5 REMEFELELAKRRS> N

SR FH IO 235 [0 AR o 2 ORI ACAR €335 T 3% 5 T 40 A7 A S R S v (0 3 Rt . B IR AR A 45 I O 1 0F
R B, U5 g MESEREAL . BEMR)S B T 20 mL M TS M, A 10 pL 28R B8 (5 pg/mL, & T LB
FE R bR, T2 i AE 80 °CHE IR K I H -1 5 min J& o 4 H2F 48 L W B 35 min, i A GC #EFE TFE 250 °C
M 5 min. GC & F: 1 40 C, f#£45F 3 min, A5 C/min AU E E T & 10 °C, ££F 2 min, W
10 ‘C/min EFFZE 250 °C, fAFE 1 min; AWM LAEE AT, HREN 1.0 mL/min, A5, MS 54
PR EE 250 °C, B FIRIRE 250 'C, i FHMWE 35~200 m/z ik NIST 17 3§ E 47 A sh kR DL
X S e A AT . RS/ IE R MR SERE Y A 5 fE, EEASRES A 3 W, S 2t R,
fifi FH SPSS 25 B X Bl dEAT B ST REAR ¢ K5, p<<0. 05 RN ERAG G E L.

2 HREHSH
2.1 FREMEMHIFEEMEREIEXRER

B A ME S R AR WY BEAT 1 37 L oy Bl . ARAT 45 BRTERE. Zoad =B BRBRUIG B 57 L R ¢ 3L AR
A (BGLB) G5 I I2 5, i )™ Rk 1 Mk (cq8), TS RS IR cq8 RER TR AR 4.

OB BRUIR B AR R LI A R AN 1a. BROIR RS> AL, AR > R B, BEUI AR cq8 HAE
AR AR . AN REAC FURE A RIONE . DR O o i v B D L L MR B 1710 BRI RR HUBE A A A 4 A D
B RR AL B IR B AR B, R N s AR b SRR 0 T A O AR ) B 7 R T S 2, R DA ik
EARERCAAL T PR R 28 (. BN B 8 BRI UL B AR A7 AR HL S UK. &R FLRE LR A (BGLB) L 5
ORI b, WM OO B A IF EIR M, WA R, B B0, U BR cq8 RENE A L BE
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PR, AR, BB RUE Y.

TE 20 g R AR cq8 T (X E . ODg,,=1.0), A E S % 3, 16 30 CHE AP %
14 d, HERESE, IESZR R MRRE SRR R (K 1o, RASEB W E RN, CO,, H,, NH, i 45
RRHME, W H,S, CO, NO,, CH,OH By I 25 5 0 B, ansk 1.

a. —FEEKm b. BZA BRI A ¢. FRWIFRE
1 FEREYHFKEMTLIEIEIHER
SRAWIEXLEPHRBISERETRVER (SEEXR)
_ SRSy
Ve YL Y T
TS BT H, H,S CO NO, CH,;OH
cq8 + — — —

e 0 — BBk,

2.2 FEEHRHESEMEEENEE

cq8 M FEIESEE(F 2a): B HAATE 0.5~2.5 mm, BB, THEOGH . HKEO ., FEIME. cq8 1
BAUOESRHE(E 2b) . B RGN, R, 2 2 51 T cq8 AR AL IR 45 H . © A e H &
M2 MR N2 . AT LURI TS 202 . JF HL AT LA S 200 7= A U< 7ERECIHRR I b BERIT 1L AL EE , AN BEA
FHEE 0 4 3Bl AR 0 7E77 R PE b, W LU A R AR W R A . e AR AL A, SRR

A AL TG
FERE g8 MAEBELTRER
AT H EEE S A H S
ZIpi| + 1AL +
1 - g —
155 + 10 4 =% 15 % —
PR + T o
FALR - ey ) -
RE - o A n
LS - W e V1K +
vep + GE _
KN AR - 5L R -
H g - A ity —
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a. BEEA b. EXRJBEMTL

2 EEEK S WEERSNELRACRHES
2.3 FREMNEMERE
XF cq8 WRERY 16S rRNA FEFE 3% . MY, 52575 1 342 bp, #)¥51{5 8% A NCBI i Blast #1, 5
GenBank $CH8 FE v %) b7 1 B R 5 5 HEAT HU X AR A5 08 i 65 2 45 5L 0 ) [ #F 78 (Enterobacter asburia) »
FEEN 99.99% , AARLEEHy 99. 7820, R MEGA 6. 0 #/F X cq8 T Bk FIAR ME R BE A9 16S rRNA A ¥ 571
ARG LR (B 3), R HI4R A7 3% # (Neighbor-Joining, NJ)J7 4, Kimura B %S 50 A1 e 3154 9 AL FE
BHEFE . 1 000 4> bootstrap H A BRI M A8 4 25 4 1 B s

76_|-_Enterobact¢r cloacaelNZ CP011581.1

Enterobacter cloacae]NZ CP018814.1
Enterobacter cloacaeNZ CP009854.1
95 [— Enterobacter hormaechei subsp oharae][NZ CP012165.1
95 '—— Enterobacter cloacae complex Hoffmann cluster IIIINZ CP017186.1
99 Enterobacter hormaechei subsp steigervaltiiiNZ CP012167.1
93 cq8
Enterobacter asburiae|CP014993.1
Enterobacter cloacae complex sp ECNIH7NZ CP017990.1
85 L— Enterobacter cloacae complex sp 35734NZ CP012162.1
Enterobacter cloacae]NZ CP019839.1
Enterobacter sp HK169NZ CP017087.1
i [ Enterobacter sp ODBOIINZ CP015227.1

Enterobacter cloacaeNZ CP018785.1

88 | Klebsiella michiganensisiNZ CP008841.1
9 | Kiebsiella michiganensis[NZ CP023185.1

- E Klebsiella aerogenes|NZ CP011539.1
95 Raoultella ornithinolytica]NZ CP017802.1

Lelliottia sp PFL01|NZ CP018628.1
Lelliottia amnigenalNZ CP023529.1
Enterobacter sp 638]NC 009436.1

—

— 74

3 FEEE cq8 B 16S rRNA EE F 5 & G L
2.4 BEEFEFFEELZESERSEN
KA GC-MS Kl BE4S . IE 8 MR ) E 2 Z ARy, d5 gk 3. L3 b 10 R i, Hirp it
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MR BRI HA T A 1 1, 4, 4 B X HCIE WA SE RN REAR MRS, #8103 14 22 S B AAELTE

RRYEFE Y by I TbelR . /UK IR . T BRME R AE R AR 2 b O AR DO 5 B T OE W M, AT RER:
A= Oy e JRE A M S vh M 3 SR W 5™ LR R PR WD 0. e AP SR AR M S b i & i L B S T i X 9 e S

B d T ARSI — 2
R3 BHEMEERXPEIEELZESENMS (n=5)

RS AR A EEER/ % AR MESE/ Y
RRE IS 1.2140.12 1.6240.10""

T\ Bk =0 R G RRR) 3.3740.34 3.7840. 26
e o 72 1.0940. 24 1.8740.25"

T NI R 0.4640. 14 2.56+0.23" "

T Juke 2.56+0.13 3.00240. 64

Eg/N 1.3240. 25 1. 784-0. 24
2,2,4- =W IH-1,3- % — B — 5% T R R 0.85%0. 34 1.124+0.15
THi T 1.824+0.13 2.6040.35"

A5 2.3340.74 3.5440.53"

EHE =5 0.9840.15 1.1240. 26

e o* % x 3 p<<0.001, * %K p<<0.01, * K p<<0.05, ZRAHLIH¥E L.

3 HREER

AHIEFE A HE S h 3 B Al A AR B SR L TS YIRS S 1 PR (cq®) RET R E A
AREE LS, IF B T e B A b . BBR cq8 78 =Bk BROE 1% 3% 26 CR i Hp mT DA I A 4 0
ANREACT ZUB R, A7, SR E AR S AR 1R 17 35 57 b R A AR ZL B 7 R MR SIS e S i vh
ABSAER CO, s Hyw NH,. 4208 16S rRNA BRI T 4344 cq8 1Y 1 Flt 45 58 4y ] [ W #F 18 (Enterobacter
asburia).

BT R A R T AT RS A R . 22 IR RSB, [ o i fe i) . B3R, 22—
T S AR SORG TR, A8 M B AR S K TR, R I 722 RELES SRk D R B K 6, R . LR
. GRS HAN 0.2~0.3 mm MEFAOR/NEETED T I KT T JE 1 A PR LA SR A T, 2
BRES MK il T A3 B 2 MR LA SRS SRE T TR KR, 2 9 h PE SB FF B (Enterobacter aerogenes) M f
BR 1% (Enterococcus faecium) ; 3540 58 3 55 3206 70 B 1 kP2 UM AT I (Enterobacter aerogenes) 15 Y
L ARG R A SRS TPEAED o e — At Ak B A A S ORE R 43 S S I AT BB (Enterobacter sp. ) [T
PR, TR RS AR RE 05 MEURL L I TEREE LI TN BAE 2 AR AR A SE A, ST SAEAE L S
| R S 11 i A% 72 o

BB cq8 T LLF) FIRS 20 7 Ak NH,. BlCZE W X4 IR 1) e Ak A7 AE 2 R A, FL vPoRS S0 1R I 0 e 1t
(Arginine deiminase, ADD R 12 B R SR 4. K S0 16 RS 2002 I 0 e 18 1) i Ak R 5% 1k U &
M2, RO A, WA SRR, JF HAE U W BERE R . )5 A 7E 20 R R R AL R AR LR R
et , 8 R AR RA SN T =4 CO, MNH, (K 4), 33X 5 58 Bk 76 il B2 4025 5 M 38 75 e S 86 v fig 7= 2
CO, 1 NH, HHW) 4.
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EEE
fEER
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q5
LEBE
hEL
EERER
BLE %k RS
B RE
s ////ﬂ_
SERR
[P \-}
=R RRE
Y

Rk 012
B4 BEMHTEHEE™
[ FF TR & (Enterobacter) W TR AR H UL & WEHI Gl b, FLEAHBE R, A KGR E, AR AT A8, Jf
[ 7= A CO, o AT 7 B S AS R b TR & e 7 A 32 2 40 455 R A 3 72 1 NADH i 42,
PR 2 ik v A RV 49 0 22 2k EMP 3R A2 7™ A DR R . PN TR 198 7 P ) T2 P Ak T 1 4 DT 2 i Y TRR R 2 T
Bl A(Acetyl-CoA) » HIMRTE H R S 2 Mt Tl 22 O HEAL R 58 UL ZE L CO, I H,. 55— 2% 488 NADH 7
AR, BTEMMIRAR RS EEMEM, 2HWMABRBENINAARNZ, RGN ER, BH . b
T A% e A AR H A B
T AT T B B TR T AEAE T AR IR b, FEIRE AR ME R RS AEAE, EHIR MR, REOE A Z R RUIK,
SR A G, E1 X FF B8 TR R 00 A W A R o AR FG TR A AR SR R A, SR T T R A A IR
JEEAR TR LAAE I T TR R R T R
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