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1.1 #ME5iKF

JEORk . ORHE 0 I T BRI PR R 4 2k b
(WL M), DARR PR Rt 1Y) 07 208 F IR AR 2 h
P iz ] 52 56 % O3 R T -60 “CrkAfi .

AR ECBUIE (PCA) R B2 S 2 11 B IR 15 9
L (TSA) VEFRBURKT R M CFC 5
Fi e K BRI AR B 5% 5L (TSB) \VRBDA- %
B AR TR MRS IR 7R3 . BRBUIR R IR
55T B A B R A 52— T 22— |
2— L 22— B 2—=F i 2Tl B ER AR IR L £
e AL EE A ALEN (NaCl), |- 42 52 kA 4 il 31
AR,
12 BESNE

SW-CJ-1D LW #EAE S, WiiLonddfbiz &
H RS 7] 5 BSC—-250 f8 i fH V2 B 24 , 1 AU HL
FAH A A LC-11L ¥ RFAFTHL, T B A
A IRA T ;P290 B, R5EE ML LK
A B W] 5 K9840 2 H 2l L K BAY , 1L AR Vg e 4
RALEA PR E ;XW-80A IR &8, biEib
J 7 A FR 2 7] Flavour Spec S B GE L RS
Flavour Spec GC-IMS {X, 7& G.AS A Fl
19091S-433UI-KEY E 4145 @3 4 (HP-5MS Ul,
30 m x 0.25 mm x 0.25 wm) , 32 [ Agilent 22 A ,
1.3 Fi&
1.3.1 FEARALFR R f IR K A R IS e T K
VEFR RN, 2B fa g sk 0 R RN IEER 4y, T
FHZEBAIE VE T, UK A F LA VI AL 3 em x
3em x 1 em il JHTCHE KB UE T4, WK 3R
AR A A% (20 22)5 Tt 100 °Crpil ) #4725
%6 (-0.02 MPa) , W A% 4 O AF b A 4 CoK AR i
17 8 d L
1.3.2 4PEsr B alife e b IO R 1 Y
KRR S g B T4 A TR A B K
45 mL, PEATHIRAAET 1 min J5 B LW AT 10
1506 B2 R, PR 3 A 3 (4 B 2 B 100 pl
WA AT 5 ORI E R RO | Kh R shik %
R F LM EWT . CFC MRS 5573 30 °CHs
F% 48 h, BKENRETIRIL 25 CCHEF% 72 h, VRBGA

FE g3k INPrLr 37 CHi 9% 48 h, M BEFEHEHE 57
FE A PR IO 2 SR (Y R VR BE AR E TSA B
Frdk AT 2 o B A5 B A AL BT VR . PRI
TR VE AN E TSB ISR IR 37 CHEIR K 77
FXFHCE R A — & H ) H A TR R AR AT
1.3.3 P34 iy % o

1.33.1 WHWIESSWIEFIEMEE 76 TSA Hi5%
BEVE I S 1Y TR 9, EAT B 2 R T AR
B AT I FRIE LSS

1.3.32 fEgAdmAbiks Ry (W W4m R
40 55 78 F W25 (I 708 20 B 48 7 T )USIXeT  ak
(A R R AW Eiki A AU R e N
Je 5 1 AL A A AL S R
1.3.3.3  16S tDNA 43 #1 B0 ik H (1 L Fh B B
HEAT 38 AL W LR B i 4 AR & R A R =) kA7)
B, g st NCBI B k47 W) U8 1 43 #r
T8 HC [ 9 1 e 5 ) B AR Y 9 ) MEGA 5.1 3 i
T HEKIT I IR RGEEBTW .

1.3.4 DL 365 W vl B0 RE 01 AN T XU 4 o )
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1.3.4.1  WRAEMAHI A ORI 0 B A A Y
JLRN AR AE B RR AT 37 CCOKIB TG AE 15 min, JE i
T TSA $5 5% 5 b R 4 85 5 S20HE | 7k SBCER 1 7 42
FlvF TSB ¥ A K5 77 3% 37 CHE PR 85 9% 2 1 B TRk
FEiA#] 10° CFU/mL, FH JC & A= 31 £k 7K 89 0 Y U
(5000 x g,5 min) BRI 18 2 B 1A 20k 5 Ry
10° CFU/mL £ H .

1.3.42 WM AE &M 2 8e R
S U Ty il T TR A B R i AR B IR 1.3.1
7, B JE B KT Ve b A 75% £ AR
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B — Ik, 70 A ok T 0 R A TR T B
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BT 4 CCIREE T v e, WA P 2 d 3B fkE i1y
W5 BEC(TVC) 38 R PEER FE A (TVB-N) #8 #r il
SE DA 2 P TR VR0 A R AE R X BRAL (C 41)
1.3.4.3 TVC &atiyillE 28 GB 4789.2-2016
(B EZARME BT I P2 K 0 T v BB
N PUSIe (g 7 v HEA T 2

1.3.44 TVB-NHmMlE Z M GB 5009.288-
2016( & i E R e iR ER AN
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1.3.45 BRI E SRR S Ty ik
PEAT B WG RE 1 i 54 BT, LA™ 5 B (YTVB-N/
CFU) AE R PFph i R 8 i i b, 115 A=
(Hanr .
TVB-N,-TVB-N,

NS_NO

P TVB=N, TVB=Ng 435Il > £ A% I 58 0] 1R
JRIZE S TVB-N & &, mg/100 g; Ny Ns 5351 K
0 FE I B0 R RN Y B 95 B, CFU g
1.3.4.6 FERMNRY Tife S B A E#E S B
SCHRAEUSIY 7, O 1A AR 5 DR ME A AR
B 2.0 g INEETRA 20 mL B TR ZS /N A RE B
YEWTLLEAT . BB A R R /INILTE 60 CAc 1 T i
A 15 min DIFAF R %50, 85 CHTH %5 #E k£ 4T A 3))
T 23 gERE 500 L, PLE4lfE N, fE 35 7E 60 °C
R AE T L 2,10, 100 mL/min A1 150 mL/min (¥
T2 B RE S 26 A S B AN AE AT R0 s, HE
FERFE] 4350 4 2,8,10,5 min, 23 B Jm 094 R gk A
BTEBEERERE, mANETHIERRRL
PIEEF (K 9.8 ecm) , 7E 45 CCHHIE AT 5 kV & T UF
TR E, Mol N, A U 150 mL/min, 6
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Growth of spoilage bacteria on different selective media

B QYL TR S R R R IE VLSS W5 45
LI 2 F 1,

mtuns . * A
/ S . e ° . ¥ 0
o » °
e & ' c -4 Lo 1 ;5 -
‘ r '~ L o g
< 2 v "y ! ,,( >
¥ N Ui » 2 « 3
[ X % T ',.
it g N 1 w
""r’;‘ P . :’-’ v':
’ 7 iy ) 7 '{"
% & AT g < 12y g
\ =



332 OE A IR 2024 4E55 6 1]
. @ 'é '\"_,. ‘\. g’ b "
o ’,\' 3 ", :. - .,ﬁ \%\ \ ~

et A SRR D

- ST i PR o R e

CE A T R R

8. AR - J
. gl ATES TS (/’ -
G S G Pbar i RE AN =
I a—g KK N E1,E2 . P1.P2 .P3.S1 L1,
B2 7THEKMNEZRERBER
Fig.2 Gram color results of 7 strains
1 THERNECESHEEHEARER
Table 1 Observation results of cell morphology and colony characteristics of 7 strains
. ES N RS ¥ 18 % % AE % % AE S
5 . . . . EYE
F & & K2 2 e KA 2% F i HAF R

El FA AT Y x AL E T aé AL 5 HE P D ARE RiE W
E2 A b A x AMBEH  EZwéE AL REF HE F ] RiE R
P1 FA b AT % AL iLa & 5 X F e DAL &M
P2 T 1A £ AUEF  mxe  hA K5 E b R FEN
P3 FA A x AMNBY wmaé Ja F E- i HE & i ARE F &
S1 FA 2 A 7% x M EH Ead AL 5 HE Fa A FiEW
L1 izH2 Y x AMNEY e é & 5 FAE & ] &

222 YNEEAFRAALSRIE X 7 R AR RS T A2 B
AR S MESE U 2 s, IR LS RS
A B AR ZE AR W25 X e B E2 NG AT

W& ,P1. P2 P3 A&, S1 A IR,
L1 HFL AT JE .

x2 THERHNEERELEESER

Table 2 Physiological and biochemical identification results of 7 strains

) IR 3 AR . N OF £t % OF £4t# .
%5 VP & % MACE R RACER X LR A e K B
JR AR B (AR (R feA)

El - + - - + + + +

E2 - - - + - + + +

P1 - - - + - + + +

P2 + + - + - + + +

pP3 - - - + - + + +

S1 - - + + - + - +

L1 + + - - - + + -

TE "R R =" FRoR 8 R I

223 HT%E MK 3 REREWILE A K
T KA BRA AR IR T 0 TR E E1 SR B IR
(Serratia liquefaciens ) ) [A) Ik 5 i , AHARLEE A
99.84%; Wtk B2 5 Z WA i (Buttiauxella a-
grestis ) 1 A JEE 5, AHARLEE 1 99.86% ; T # P1
5 4GB M B (Pseudomonas  gessardii) 11 [A] 5
P AL N 99.71% 5 Tk P2 5 3O < HL
W (Aeromonas molluscorum ) ) [a) 5 14 £ & , AH

£ 9 99.79% ; B Bk P35 BB (Pseu-
domonas weihenstephanensis ) i [a] J5 4 % &5 , AH {2
N 99.85% ; Witk S1 59 2 B Aiv FL ERTAT (She-
wanella baltica strain) B FRPEf R, AU R
98.83%; T bk L1 522 25 B PN B 4T I (Carnobac-
terium maltaromaticum ) /¥ [a] Y5 B =, AHLEE Ry
98.68%
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Fig.4 Changes of TVC value of rhubarb meat inoculated

with spoilage bacteria during storage
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ZLFN KA R ) TNB-N A= E AR, 7w i, 233 JEWHE ST AT T AY 20U BE vl

RS TNB-N B AR bR K, T Al 2 40 B 4
FB R ARG, R AR AT R AR K BT, X 5
W TVC 2G5 0 — 2, Bl G TP 1] 19 2 | R
BRTE RS 4 K, 45 LR JF 4R o 8 3 Pk 25 5
TR T ALY TNB-N PR 38 0, 2% B AR 7 88 T
FEEE AN FE AR ] , EL P2 ST KE S 4 A TNB-
N {2388 i [ A EBR 30 mg N/100 g, i3 B 3% JL
PR AR B A B0 D BUE BB 77 . R 2 ST AR 4 ik
F| 54.22 mg N/100 g, &b T 5¢ 4 JE WOR 2, R W S1
RO 0 (R A3 i R AC R, 7 A /N o AR
(R RE SRt 848 P 9% & B0 ARCBA B B S A
B PG TR 2 K 00 14 A S0 ) R 35 R DT

TR M A S VR B A
7 R YTVB-N/CFU i@ mE#AE, mZE 3 7]
U, BEBE ST M 5 I A s ik 46.58 x 108 mg
TVB-N/CFU, H SR Wtk E1 A1 P2, BRI A 1) it
iy BL TR AT A 25 0 2B O o s ) ) 7 0 4 ik
P, FLEUE R R TR ARV T G TR AR A S R
PR, 32 FH T A U LG Ay etk IR 4808, AR JE 4
ST AR Bl BROGE £ PR 2R P A R b
O A W55 2 B A U LR B2 7K™ v i UL 1 £ 34088 Tl
R 2, 7F FL 25 A0 25 R AR = S P 2y £
SRy U B VG R i

x3 BMEMER TVB-N=EREF

Table 3 TVB-N production factors of various spoilage bacteria

. s w5 % R EWEM ks TVB-NM/ W% TVB-N 1/ Y v/
10° CFU 10° CFU [mg N/(100 )] [mg N/(100 g)] (10"*mg TVB-N/CFU)
El 1.32 0.92 5.90 42.32 39.59
E2 1.10 0.42 5.57 9.37 9.05
Pl 1.27 0.51 5.77 9.64 7.59
P2 1.03 1.07 5.64 32.99 25.56
P3 1.05 1.02 536 12.94 7.43
s1 1.26 0.85 5.63 4522 46.58
L1 1.13 1.72 5.84 14.71 5.16

2.3.4  FEANASIR] R PR S TR W r AR 4 R M
SrUEGE 3R 4 WoR X BR A0 ) AR LR S R
UL PR AE i P 4 M XU 2R, B 55 1 3 0 24 K
CAS %5 370 PR B3 45 85 LR BE I [a] AR AL I 1]
M GC x IMS JE v 3t 55 i 81 AN Ug 73 A4 4%
(15 A 2& 12 P2 9 FhEE2s 9 FPESE 9 Fh

Bk 6 M ER S A AT 4 M TS Y
KA FRFY ), Hoh 2-F B-1-T B N R .2-1%
il a—JR M AIFUEME OIS 2- 2 HE kIR 4-F TN
SRS S MEA Y i T H RAR A AE7E I H B
XU

x4 TREEERFTENEIEZELZRULEYD

Table 4 The main volatile compounds produced by different inoculated fish pieces

i o ith 4 A CAS 5 R ELE P8 AR /s it A% B 14 /ms
1 + =% C1120214 11174 638.405 1.3436
2 12-=Fa ki C110714 650.7 172.588 1.28517
3 JE R C110623 698 190.961 1.42703
4 (E)-2-%M (C3913813 1257.1 1023.314 1.46101
5 It A ier M (€586629 1089.2 580.727 1.30214
6 3 M C79925 957.6 381.217 1.64169
7 o= (1K) C80568 933.1 354.11 1.33062
8 =R H (= RMA) C80568 933.7 354.693 1.19138
9 M 7 AR C109751 652.1 173.063 1.24728
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(£25= 4)

Jr 5 o th 4 A CAS &5 L ELE %@ BF A /s i A B 18] /ms
10 4-5F "R TR () C99876 10304 479.049 1.32007
11 4-5F R R (ZRAK) C99876 1025.5 471.55 1.16416
12 IE R BR—(Z)-3- T K B (C35852461 1247.7 991.175 1.47953
13 W AL & A B C105215 11523 718.278 1.25915
14 LB 2-Jk (B ) B C112061 1117.5 638.739 1.44483
15 LR T B C142927 1009.4 447.964 1.36025
16 5-¥ & -2(3H)-rk " &R C108292 957.3 380.925 1.41653
17 3-WA-1-T 8 T BB C123922 887.1 309.514 1.30988
18 7 M IR -2-# Tk B €97643 818.6 256.324 1.55489
19 L ER T B C123864 821.7 258.422 1.20107
20 Wk R M B B (C80626 714 197.966 1.38962
21 LB T C141786 595.3 154.935 1.33359
22 3-F ATV By (C556241 776.1 229.753 1.53391
23 VB L B C109944 604.9 157.709 1.20654
24 T B 5+ T B8 (€539902 958.3 382.124 1.35991
25 3-s 0k T T g (C136954206 12479 991.914 2.01336
26 B-FATHRNL) Zw B A B C67634008 12438 978.244 1.94078
27 4-F+ R RV BE C122032 1243.6 977.713 1.33147
28 (E,E)-2,4-F =t B¢ C30361285 1117.5 638.739 1.79381
29 B C124196 1103.9 610.104 1.47615
30 (E)-2- )& ¥ 8% C18829555 956.3 379.759 1.25063
31 B C98011 834.3 267.312 1.33949
32 2-F R T Bk C96173 649.2 172.036 1.40667
33 2-F A& A B C78853 565 146.772 1.20654
34 (E,Z)-2,6—% = Jis B C€28069729 11604 738.18 1.17414
35 IE R BE C110623 716 198.872 1.42637
36 2-TmE vk (24295032 1020.1 463.412 1.4432
37 4 R vk €693958 819.1 256.623 1.35865
38 v vk (C288471 737.5 209.117 1.26101
39 ORI (4R €95169 12159 890.376 1.17135
40 Rk (ZRAR) C€95169 1216 890.687 1.59328
41 v Sk C110010 819.2 256.716 1.31344
42 2,3,5-= % Ak C14667551 1008.8 447.133 1.62495
43 E TR (C142621 982.6 411.822 1.65354
44 IE R ER C109524 886.7 309.223 1.21212
45 2- kAR C79312 779.9 231.949 1.40466
46 RER () C79094 693.6 189.093 1.26541
47 B (= TRAR) C79094 712.4 197.249 1.25551
48 3-F 5 (C589980 983.8 413.279 1.40765
49 2-F A -1-T B (B2 45) C137326 742.6 211.652 1.20848
50 2-F K -1-T B (= RA4K) C137326 737.6 209.128 1.22809
51 3-FR-3-TM-1-8% C763326 734.7 207.703 1.44841
52 2-Y A -1-m B C78831 647.6 171.488 1.36457
53 1- %, B; 3B C616251 682.9 184.714 1.35391
54 1-vA 8% C71238 537.5 140.141 1.24403
55 2-R B C67630 516.7 135.587 1.23693
56 4N iy B (C562743 1181.2 791.907 1.22745

57 B-K LB €60128 1119.8 643.58 1.5083
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(&% 4)

A% o 4 A CAS % T BB £ /s
58 2-m e (930687 932 352.944 139283
59 5-WA-2(3H)-kw M 591128 884.1 306.891 137802
60 A 120923 785.7 235.346 133027
61  3-BA 2T C513860 7234 202317 1332
62 2-RE(EA) 107879 682.3 184.458 13917
63 2-AEM(ZR4) 107879 693.7 189.141 1.36799
64 3R 96220 693.7 189.141 1.34409
65  2,3-K=m 600146 694.3 189.415 1.22917
66 ~ 2-TH 78933 585.6 152203 125159
67  2-RTIFM 930687 934.6 355.629 1.08624
68  3-%¥m 106683 983.4 412,744 133253
69 2-WE-3-% E-4-vkuh C118718 11009 604.061 115276
70 2,3-K=mM 600146 710.6 196.435 122122
71 2,5-= 9 kekv 625865 710.8 196.515 135288
72 2 ek (EAR) (3208160 736.8 208.754 1.30861
73 -z Akn(ZRAK) (3208160 718.9 200.218 128447
74 TR 628739 885.4 308.057 155578
75 TH(ZRAK) 628739 882.8 305.725 128026
76 —PAEE 68122 777 230.251 1.24805
77 REZFE 91167 11943 827.853 157688
78 * 7349 207.8 138586
79 * 360 110.832 156732
80/ * 482.8 128.902 124314
81/ * 390.9 114.617 137359
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Fig.6  Characteristic flavor fingerprint of different inoculated fish pieces
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The Spoilage Ability of Dominant Spoilage Bacteria in Large Yellow Croaker

and Their Impact on Volatile Flavor

Chai Tingting"?, Zhu Xingtong'?, Chai Baochen®, Chen Junhui*, Chen Yuewen"*
(“College of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou 310018
*Donghai Food Research Institute (Taizhou), Zhejiang Gongshang University, Hangzhou 310018
License Review Center of Shenzhen Municipal Administration for Market Regulation, Shenzhen 518000, Guangdong
*Zhejiang Xingwang Aquatic Products Group Co., Lid., Taizhou 317000, Zhejiang)

Abstract To evaluate the putrefactive potential of dominant putrefactive bacteria in refrigerated large yellow croaker,
seven putrefactive bacteria were isolated from fish meat at the end of storage, and analyzed the total bacterial count
(TVC), total volatile base nitrogen value (TNB-N) and volatile component composition of fish meat samples inoculated
with 7 types of spoilage bacteria. The results showed that there was a significant difference in the TVC values among the
fish samples inoculated with different strains (P<0.05). Among them, Pseudomonas wethenstephanensis, Shewanella baltica
strain and Carnobacterium maltaromaticum grew slowly at the end of storage; The TNB-N values increased rapidly after
inoculation with Serratia liquefaciens, Aeromonas molluscorum and Shewanella baltica, with increases of 7.31%, 4.92%,
and 7.03% compared to the initial stage, respectively, while the control group only increased by 0.98%; The yield factor
results showed that Shewanella baltica was the dominant spoilage bacterium during the storage period of vacuum packaged
large yellow croaker, with a final value of 46.58 x 10® mg TVB-N/CFU, followed by Serratia liquefaciens, Aeromonas
molluscorum; A total of 81 volatile flavor compounds were identified by gas chromatography—ion migration spectrometry
(GC-IMS), with the control group mainly producing ether, alcohol, ene, and thiazole compounds. Obviously different
from the control group, The volatile components under the action of 7 types of spoilage bacteria were mainly esters,
aldehydes and ketones, hydrocarbons, and nitrogen and sulfur compounds. After inoculation with different bacterial
strains, the types of odor compounds in fish pieces showed significant differences and different inoculated fish pieces pro-
duced their unique flavor compounds. This study provides a reference for further exploring the spoilage mechanism of
stored yellow croaker in the future.

Keywords large yellow croaker; 16s rDNA sequencing; specific spoilage organisms; volatile flavor components



