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Effect of Ice Storage Combined with ClO, Preservation on Dominant
Spoilage Bacteria and Quality of Large Yellow Croaker Muscle

WU Di-di, LI Yong-yong,SHI Yong—mei, WANG Bei, ZHANG Deng-ke ,LOU Yong-jiang "

(College of Food and Pharmaceutical ,Ningho University , Ningbo 315211, China)

Abstract : In order to maintain the muscle quality of the large yellow croaker and extend the shelf life , the fresh yellow croaker
was treated in three fresh—keeping methods,such as cold storage,ice storage,ice storage combined with ClO, preservation.The
microbial changes and quality characteristics of the muscles of large yellow croaker were used as evaluation indicators,and the
changes of the dominant genus of the large yellow croaker, which were treated by the above—mentioned three methods, were
analyzed by the high — throughput sequencing technology of the macrogenome.The results showed that the total number of
colonies and TVB—N increased with the increase of storage days,and the three treatment groups showed an upward trend , while
the ice storage combined with ClO, preservation had the smallest change with respect to other treatment methods ; The hardness,
elasticity, and chewing property of the three treatment groups first increased and then decreased, while the pH decreased first
and then increased,the change of the ClO, fresh—keeping group was the smallest.In the early stage of storage, the oxidation
degree of fat in the ice storage combined with ClO, preservation group was higher than that of the other two groups.The
difference was significant after storage for 5 days(p <0.05).The muscle flavor analysis of large yellow croaker by electronic
nose showed that the ice—cold combined with ClO, preservation group had better flavor retention. High—throughput sequencing
results showed that the dominant genus of the three treatment groups were both Shigella and Pseudomonas,but the structure of
the flora was different. The combination of ice and ClO, could reduce the genus kinds of yellow croaker muscle.
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D78k TE AT AR ORR R T R R R mED R R
fiof 0 A AR A (E DR Ay T I AR R B B R
JRAR 12 5 ) FAR AN RE 58 4 B o KRR fif 7"
DL LR EE 7 v, AH I B £ 1 UL IR B s Dl A P 4=
Yu g A . — 44k 44 ( Chlorine Dioxide, Cl0, )
Vi Ry — T 28 1% O 5 A 5T, o) 7K A v A% 55 1) 95 TR 4k
PEW SR 2R TR ER A A 5 A SR KA, BB %
ICHR R RCR R R ARSI R, S H AT
b 2N DA ) 1 255 T ) R S A fe ) IR T R
B C1O, XF 13 A= 4 1) 40 JH B A5 58 4 1) s 3 7/ AZ A
AE, FEM A W BT & R, T R 1 B R AR S0
G HEIR e Mz AR IS 7, A B B TR 43 Fr IR | e 26
SECMAEYIET Y L BT, B P CLO, 7E SR i 7
AT B2 WF o BT ST ClO, X R 3 £ L Y A3 6
Ab PRI HZIE E D

ASHIF ST 3 B K B 0 UL IR AE S I A R, DL =F AN
[w] g By = 2 AT O i Ak B, 000 5 G A A P A8 Ak
BT AR L I R A v B R I R 3 A O A UL
PSSR , B e — B4R et i LY L i, S
7 AR TR, S FE R A CLO, vk R e £ L P B
PRI & PR
1 #MRl57E%E
11 BRI

R W TR T I PR T 37 10 ) B 7R 5
FH OB, PEHER B OGEETC P , Ml 5o B It A
IR, A 2], B R 24 (450 £50) g/ A5 i

IR B £ ClO, 350 (A 58] B 50]) 2l BRAE 2
wl s FEPZH DNA R GH & 29 L m S A= Yk
HA PR 2y 7] 5 Qubit3.0 DNA Ag 5w & L {F

IR A BN 7] s Tag DNA A SR80 KR
Bl 4\ F] s MagicPure Size Selection DNA Beads Jb &t
X EEYHARAFRAT

A96FS70TI BIAR S yK 6 1% [E Siemens X0 A
FRZSF] ; TX=XT plus BiAg4L  JE[E SMS 23 H] ; PEN3
I T & fE[E Airsense 2\ & ; Pico—21 & & .0 HL
Thermo Fisher; & JIK 12 2 50 = UVP; Q32866
Qubit ® 2.0 7% it Invitrogen; TI0O0TM Thermal
Cyeler PCR 1 BIO-RAD,
1.2 WHIE
1.2.1  ClO, pkiy il 4 =ML EAE Cl0, 327 U6 B
45, Bl e B S 300 me/ L B S MR BE Y C10, %W, %
MR 5 mg/L W WCE T W vkAL Y, il 28 K/ Ny
(0.75 £0.25) em’ F&E ClO, Rk,
1.2.2 &L FHARR MR Is BRI E S,
JRAEVKAK Y 30 min ¥& ENELBE S AL =20, v& B
PR (CK ) . Rt AW FLIIRAE 5 & T 0~4 C
IR 5 vk AR (1C 2H) - Rps M e A FLULIRAE S
A B R VKAE W, BT 0 °C~4 CHEET 5 VKBt
ClO, {RfEE (CD £H ) : Kot 0 2 A FLI IRAH /5 A
ClO, WKk 3%, 8T 0 C~4 CHEET , R E vk
TR ALY (3.0 £0.5) em, BEFE 24 h A FE—IRIEVK
VEBUOC B T FRAIL Y 226 | 25 2 A T8 50 2 , T AE
%0.1.3.5.9.13 .17 21 d JEA7HE S E 5387 o
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1.2.3 il a7 4 5
1.2.3.1 FESWIALEE S BESCHR[15-16 ], B A [F) 4b
FRLH A A A R LR & 0~4 C 4510 Ao
7 d JEABUULED 200 mg, FERESOA 2 mL BLOE T,
A 70% Z, B 1 mL, ¥£75, 5.0 (10000 r/min,
3 min) , X LR, A1 x PBS W, R5 1R
SR E L (10000 v/min, 3 min) , Z )5 X )2
WA o 2 mL B0 E B TR oKR4E L 1 min EI0HK
Rt ik, B0 T 55 °CHLAR H AR B WK o8
¥R
1.232 P40 DNA W32 E % E.Z.N.ATM
Mag—Bind Soil DNA Kit A5 & ( OMEGA 2 7] ) 42
B DNA I FH 88 i F Uk (MR BE 2l 1% Bt ig 0% ) X B
PRI DNA () S8 4 M A 7RG I, AGr i) e 3 >R FH R Ak
4366 1T (ThermoNanoDrop 2000) o HAG I & 4%
A DNA F-20 C 451 T A7, H FIe 225556 .
1.2.3.3 PCR ¥ 44 M)y £ PCR 1, {f
JH Qubit3.0 DNA K575 & 1173 P 41 DNA ¥ g
i, T PCR ¥ ¥ 155 Miseq )77 & 19
V3-V4 s 5B &l &, 341F 5] 4. CCCTACA
CGACGCTCTTCCGATCTG ( barcode ) CCTACGGGNG
GCWGCAG; 805R B[ #J: GACTGGAGTTCCTTGGCAC
CCGAGAATTCCAGACTACHVGGGTATCTAATCC
LEWI%e PCR ¥ G 58 ik P9 %42 . PCR 45
NG, e R HE RSB TR VK S, 2 )5 1T DNA
alifb i, 3 Qubit 2.0 DNA I 5 2850 ok i o 1
ELA S DNA, DIMERL 1: 1945 B R S a7 o
AFERM SRR A S 10 DNA B 10 ng, H: 28 LA
P S 20 pmol,
1.2.4 FEHIESEC RYE GB 4789.2-2016 B %% M5y
M E o
1.25 pH {K#E GB 5009.237-2016 £ 5 pH [
M E o
1.2.6  JRMHSEIENGE  Z% B s i RAE T i
MEAEME A, 5 = 4H K ¥ £ 2= 1 N % 7% 20 min YJELES
FRWLA 2.5 em x2.5 em x 1.5 cm BICHIEE S, JH TX -
XT plus FEA AT AE . BRLEHEHAZ NS ecm 1Y
FIFEIEER Sk . Egn BREF B 7 1 mm/s, 38 R 45 B
o 50% AT AE 6 IR .
1.2.7 FERPEFHRILA (TVB-N)
—2016 Jyikidt il .
1.2.8 TBARS E Z% L& gl ok
WEAEMS L, FREX 10.0 ¢ TEFNLAMTAN)S , B F 100 mL
NS, T A 50 mL 7.5% i) =44 21 (&
0.1% EDTA) IR5))5 , ZiRHCE 30 min, 32 750 % FH A
JEUELad nE . MR EE HHMNE 4 g — R, B
5 mLIEWHNA 25 mL B0 F, 1A 5 mL 0.02 mol/L
A RS U, 7 90 °C /KA 40 min, Z )5 /K
B, BINA 5 mL S5 H 385 )2 R LIS W
Y SI7E 532 nm A 600 nm A b, iT 55 OG R (E I
LT A =0013 TBARS B,

(Asn=Aw) 1

TBARS 1H = 155 XEX72.6X100

5 TBARS [ YW Jit i) 5 (TBARS) FA37 K 7R
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1 HETE/KFE EFEA EZE rank reads 3 H
Table 1  Number of major rank reads of the sample at the genus level
LR, JPE%H FERI L E (%)
CK IC CD CK IC CD
A BLICTA & ( Shewanella) 3.9 x10° 1.3 x10* 5.7 x10° 774 79.2 86.3
1R 20 i J& ( Pseudomonas) 14 x10* 7.2 x 10 7.4 x 107 2.8 4.6 11.3
AT 8 ( Psychrobacter) 2.1 x10* 1.1 x10° 6.8 x 10" 4.1 6.8 1.0
FEFFE 8 ( Flavobacterium) 5.7 x 10* 1.1 x10° 3.9 %10 0.1 6.7 0.6
BEAR [C @ ( Morganella) 3.9 x10* 0 0 7.9 0 0
S )& (Aeromonas) 23 x10* 7.3 x 10" 1.8 x 10! 4.7 0.5 0.3
4> B KT T J8 ( Chryseobacterium) 5.2 x10? 2.1 x10° 1.8 x 10" 0.1 1.3 0.3
12 i ER 4 J& ( Vagococcus ) 8.2 x 10 2 0 1.6 0 0.0
IR ( Vibrio) 42 x10° 0 0 0.8 0 0
KB (Arthrobacter) 0 6.810" 1210 0 0.4 0.2
N H 8 (Acinetobacter) 0 7.5 %10 1 0 0.5 0
KT I (Myroides) 1.4 x10° 0 0 0.3 0 0
2 M 7 & ( Tolumonas) 4.7 x 10* 1x10' 3 0.1 0.1 0

T CK 21 1C 41N CD 2RI 7 o Je s o LA D34 W o oy i s 45 2

A mg-MA/kg,
1.2.9 HFEGN  S%EmE" iERyE T kg
VEAB T, AN [R) Ak 35 2H i) i £ JUL P A ), BB 5 1)
— &AL 0.50 ¢ T 10 mL TRZS b, Jin = 25 3=, ik
A 4 CHES AR, B i A B[] 20 min, S5 I3 B
35 °C, BUFFARFR 3 mL; JEFRHE 25 mL/s, JEFE MR
J& 45 °C .
1.3 HiEaE

{fiFH SAS 8.5 ;% Origin 9.0 47 Hr i 45 #7 Ak #1 ,
BPEas W LL “ mean + SD” 2R KR, ALK ETHE 5
Wo El—FNHAFR/NEFRERRBFEZR (p <
0.05) .

2 HRE5HH
2.1 A[EAE X K & AL P R A 8 4 A R
SRR m

32 1 AT LI Y, CK 21 v (7 S I o 2 %5 BL LG B
JB R AET)E AT R R B S SRR
JEo FEIC A, A FLICHEE (AN E AR
AT, TAE CD 20 v AN AT Ay B LG T s A I3 2R g
BB RN EE . Ge 25 WF T I Wk 3 £ UL A Fh
SyESH 10 BREE, HoA 8 dkr=A: H,S MIRAR S5 A FLES
PRB B VA G, S5 A1 4 R AR 43 5 1R 43 390) 0 8 28 Sy o
SR PO T AN P.fragio vk AbFE X EE AR G 3 @ R
[ EESE N I Rl R A S E s S e =4 =S i
PRACERPD G T g A A AR, {H CIO, AhFLE K
A AN IR B B S B REAK, T Clo, 4 F
SR EA —FF R T BTG VR B A BT, BRI
PSR BE AT, IR 2 i ) 5 4, DA TG RO A 3 2 4 B
TELS My o it OB R
22 AFELEFAMAKEEINAEE DL

B 1 SRR B A () ) HE K, 45 2H PRV BB
Yo A, 1C ARTH A a3 CK 4R i 2
(p>0.05) ,J5# FFHEaRA BE2EF (p <0.05), M
I R A SRSk E, CD 4H > IC 4H > CK 40, B3 ClO, vk
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7 TR S A0 248 T R B A Y SO A T vk, €O,
S TFHNZERA X R A IR R A T, B
AR5 B S AL BE J7, AT DU A= 9 v o A B9
(i) Hh B2 LR (0] B9 B AL T 2L, o 385 11 3 2k 220, 1k
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Fig.1 Effects of different treatment groups
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on the total number of large yellow croaker colonies
T AR AR B[R] — KA R NG 7k
FoRFES WE ;K 2~ 1815

23 AESEHFXWMKREER pH BI0E

2 5 R oS, FEW i A b, FR2H 0 pH 2250
TR ETF-#as, Hrpb,CD 4 SHTNA LR f T35
P22 (p <0.05) o Wiewl] , faAAR2e DR | B i ™
AT AR AR ) S A W A A ATP 3 figt = AR FL
PR BEPR , fE L H A BR RS o, 53 pH TR, B
W pH JT4R T, i T LA AP R 8] 1 500 i D 2 ik
PR FNA] 7 P B B, X R R W e R R I T 4%
PF® . pH IR MOTF R 2% 1 1 T2 iy T LY P9 TR
P KA ) oA U, P Tt I i 2 R 192 7 A e 28 A5 i A
P ITECT o CD 4l pH R BEZE 1S, Cl0, JLAT L
T B 5T (B ) TP i 2 R A A T 2L, AT i A
FUBTOR 25 06 P, fie 2K Ad00E S5 AT ATP ) figg 7= B2 ek ol
AR EIE, ClO, b BRJE T MR LE AR S T A 9
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Fig.2 Effect of different treatment groups
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on pH of large yellow croaker
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on the texture of large yellow croaker
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JUL PRI P4 JO e P 2 R 11 BT /K 4 g T 2 R 0 R g
I ], ALY P K 40 E e 2 sk /b, g s A 2 1 )
TR A AN o i 2 5 Bl R R PN YR 2R E RS K
AR B R T B 1 43 A5 A R AR B AL, kT R
BORE R BAPE H IR LSRR AR R T, 45 CD
ZHAE T B A AR RO T CK 4HRE S, 3 2 TR £
f ClO, Ah3 5 X Bl A= B i 0 il A/ e o, S4B T
12l o AR TS S AR Sh X R A UL PR Y B R
FEAE R Y 5 [R]ISE vK G B Ak B D7 S A A T T
T, F I HEZH 2 DY R T %) 1% PR B A i pd AR, MATTT S
B R AR BRI EH S
25 ARELEBAXIKEEINR TVB-N K=Y

PNIE 4 FRal i, [ 25 0079 s TR 69 SE 4, AN [R] A4 1
i TVB-NH¥ 2 LF BB AR B E (p <
0.05) . FEWJEHHE], IC A1 CD dHFEM Y TVB-N {H
BT T CK 4, WF5TER A8 vk Clo, AT L
AR P 0 2B A BB I R AR P U B 0 AR, AT
SIE 2% 2K 1T A0 43 i, AP £ A A9 IACRE B2 . €D 2.
A EEF IC ZH BB B 4 Mo d il TVB-N (EH 1Y T, |
T ClO, @ i A Wy 4 H BT ARG SR 2R B Y, A/
FFREAK TVB-N 194 sl %, B C10, 7] RAA3 243
WM E A P

45

N [9%)
- N

“A(mg/100 g)

F
—
o

AN
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Fig4 Effects of different treatment groups

on TVB-N of large yellow croaker

26 ARLEBAXITKEEARN TBARS EHF N
TBARS JZ 1P BE i B AL TR B M B 2 S % 15 hR,
TBARS {H-5 = 8 = 7= A= 14 I | Bl 455 /N 43 —F- 49 S5 Bl TE
Ft, 1561 TBARS {8 A, G JoT 4 Ah A 28 i v ™
&l 5 2 BAAS TR Ab B0 Xoh 357 51 Q2 A LA Y TBARS
PR3 WA, 0 g fr) A T £ RS BT UL ) TBARS {2l
0.26 mg/100 g Zifi, W HLATI, CD 411 TBARS {H
HyELE T H A CK 40 IC 25 R B35 (p <
0.0001) , 5 B S A5 B ™ 2 Ho e, i) 1) 1C 2K
ALY TBARS E L FHHi 2K F CK 40, W AT
HAVKIEER A C10, AbFH4H - -4 be, vl g8 i T Cl0, A
A5 S, iR T S8 Ak AN S (MDA) L[5 ClO,
HE— A0 W) TR A A R IR TBARS & F
(78 95 e SR ) o e NI 1 75 M O (O G e [
I TBARS {HA BT RPN HI R, HAKHR BE Y ClO,
SR BT TP ISR , SRR IT 45 R — 3L
27 AELEBAFATKEBGINASKTHHIZ N
FEL £ ] LA SR A5 A ) 30 A [] R o £ UL P AR
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Fig.5 Effects of different treatment groups

on TBARS values of large yellow croaker
HOAEAE , A 7 S A O 58 35 1 AR O D 1] R
A AR A A B AR v T L o DU B4 S K A
LA it BT 2 A K T8 WO B2, it B 32 00 PR 3R X6 JE R P
Pra®sgm o [ 6 T I BT AT 20 BT R T BR T A A% g
o, MR AT, A2 RS S2 (UL ) (S6 (Hke) (ST
(TeHLERACS) ) F1 SO (25 F sy , A ALEALY ) XF K 2
fa T LA H A s 5 i B AE, S AT AT ST 45 SR AR
U o VA BU R T 2 — ol L IR (1 ¥4 VA £ D
B, BA BRI ME P, 7T 774 H, S, i 5 TMAO 4%
Wy s BB B TR AT A AR R Y T L T R 1 2 AR
JEET P 7 AR AN A B AT SR R B £ T
WU L 75 PCA S5 B 45 3%, 4 A9 151 AR 2R AN [R] Ak B
2 AR 58 53 A B S A, 5 I AR 22 SRl L TR
7 B PC1 [PC2 W7 2Z 5wk R0 A 92.47% 5.17%
PC1 .PC2 ¥ BTk %R 97.64% , CK 4 (1C 4 . CD
ZHAFSNAER S d.9 d. 17 d Ji5 iiHG 5] BE B8 0 S A
(0 d) Bk, iX 5 5 ¥ S ECF TVB-N {5 —Z, SR B
PEHZIE S W 208, BT PC2 Wy 22T Bk R 2y
5.17% , BB C10, Xf R 81 £ JYLIA) DT #k 3852 0 AN RS,
LR JH BT R 5 2 B YR T L AR W W DA M AR A R
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38 Ak e BT A TR W VKGR A C10, b3 fE
BEAIC PR 7% SO BN, I AR TR AR 20 . R ALY &3t
ClO, kAL¥R )5 , H: TVB-N {H .TBARS {4 . fiffi BF  nH g%
PE PR RT pH S5 ALFE AR AHEE T UKL OR S AR A3y
/N, 2R C10, PRAT DL R 2 i L PR AR 373 4 iy ER AL
mh BT, I SE S PR 2R ], W] B, AN AZ AL AT LLE
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