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filfo. AL THIEE 1.60kg, TWHT XK=
(FERE) s S48, iR, iR (WA ha),
KRBT R ERF) 5 R, RF IS (BRI
an, KREMEARRAR: S (rd), b=
8 A R A F; AR . LB (Luria-Bertani) K7 7% 2 |
PCA (plate count agar) ¥57edk CAEWIAHD, F&HEF
F Tl e g ARG IR A ] JE[RI2H DNA $#2 50K
A&, RIBENEE bR ARAH .
1.2 {4F|ig&

Jipad-20 #1197 N W B B85, FIHEIRICAS AR 2
Al; Scan4000 4 H 3 # = I WK H A, EHE
Interscience A 7] ; Micro 17R ¥ % = il & 0L, 3£
Thermo Scientific A& ; K9840 HahHLKE R, HEEL
WA IR AT ; YZB/GER 1700-2013 14 s B bl
TR RBIE (FED ARAR; pHIF, MRFEI-HE
Mz ds (Lig) ARAF; Infinite M200 % I e bR
1%, Jfid: TECAN /A #]; Stable Micro Systems TA.XT.plus
R, BHEAESE PR A ] ; HunterLab UltraScan PRO
W, FREBREERTAHRAR; synergy HTX
FRAX, GeneCompang 3£ [K 75 R 247,
1.3 R AE
13.1 RArHaE

VLR 2R 5, WA 2B AR, AITEK
P, T aESEH, BT 4810 °C FEIR
T8 o
132 BB

SRR 2SN 5, AR A, AR, R
MR 4 N7 AT IR, S IUHRPRH 9 15 75 K
HIFARED R 1.

*1 REWEER

Table 1 Sensory evaluation index
il=| R EE LD S
Scoring item Sensory index Score
PR TR, 2 y REE ~
Appearance W T 1~5
Sk BRugmEEEAEK, TR RS 11~15
Smell PR B, WA RS K 6~10
AR E Rk 1~5
P WL BB, Hidk, SMERFETELF 11~15
Toxne WUARASK, SPEROE, SMBRISEGE 610
MR, T, SMBRRERE 1~5
Bl ‘iﬁﬂ)ﬁv Tnijﬂii@z 11~15
Mucus BRI, LAt 6~10
X ) 1~5
133 Jn M

S MR U TR R PR . KA e R L) A
20 mm>20 mmx10 mm K/ 5, FBURE AR 52 1 P Y )5t
Rk kM5 P50; Al B (texture
profile analysis, TPA) o Wl & Z#: W AT & 1 mm/s.
T 2 mm/s 53 E 5 mmis.

SRFR M€ 50Kt s POALURE ST DL FEE L
LT a*. S b, FIE W A0

W= 100- \/(IOO—L*‘)2+a*2+b*2 (D

13.5 pH{&

%% GB 5009.237-2016 (£ 5 %2 4 [EH F v &
pH B HIIE Y A )5 725300 52 o
13.6 HEEHK

Z i GB 4789.2-2022 (i A KAnifE & A
VISR BT SO e ) AR VR E
137 #BEMHEERALSE

Z @& GB 5009.228-2016 & fh2¢ 4= B K brdE £ i
PERMESRF R EY F A7 5E . B 10.00 g F1 A%
Wla, FKHA A YLK E B A e 7 & M 5 A (total
volatile basic nitrogen, TVB-N) # .
13.8 AW SHH

HY 0.50 g fil fa YL ZH ZRFE A, SR 2R R 4H DNA ik
FIEE, T BRI 58 U IR IR B . A3 FH BAR SO IR
HEAT IR FERG I, I8 514 27F (5'- AGRGTTTGAT-
YNTGGCTCAG-3") Hl 1492R (5'-TASGGHTACCTTGT-
TASGACTT-3") # 14K 16S rDNA FERH Y, T L& Hght
X B (polymerase chain reaction, PCR) 2kff: 95 C
A 2 min; 98 'C A2t 10s, 55 CiB-k 30s, 72 C
ZEfH 1 min 30s, FHG 25 NME; 72 °C A€ ZEH 2 min;
TE 4 °C FRAF. T35 PCR P28 FHIR E N 1.8% 1B
P E B AT F BRI, 75 & A R S AT VR AR

{5 A % A 77 & ( SMRTbell Template Prep Kit) X
RAT W TIBE KGR, BAAEHEE (AMpure PB)
ali b [l A3 B ML SC R fd 45 & R & (PacBio
Binding kit) *f_EHLSCEHAT EHLRTHISS &, fCESS G
1% (primer)  DNA R &0 (DNA polymerase);
B (0 SRS B AT HE Rk (AMpure PB) 44k 5 B T
AL (Sequelll) kATl Fpl>-1ol,
1.3.9 JBWEA 69 B 5T

H5.00g7% 8 (4 °C, 7d) B FES, A
45 mL Jo B A R KAAFT IR, R B . B R
PR RS, HL 100 pL 38 49 B 60 FE 10 1 2 R4 T LB
A R, £ 30 'CEIRA P8 9F 24 he HEEAH
TEAR R IE, FPARRI k0 B aitb @ sk, [,
W PO e R B MR ISR T8I LB iR R E, BT 4C
B9, DARIEMCIRIB IR . K 4 °C B KW B VA 2
PhE| LB iR IR 5, FEIR (30 °C, 150 r/min) 555
Jei > AP H I R R AE T80 C UKAE & . A
o B S AR A . EARIE 4 DNA FIREUR
F B B vEl . IR 16S tDNA 3@ H 51 #1347 PCR
P3P R I RO I S5 2k A A T AR TR
(L) BAERAR AT, 5458 NCBI
M3k Chttps://www.ncbi.nlm.nih.gov/) ] BLAST 2%
BEATXF LT
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13.10 H&ERGH &

S S R S (TR RS . K AR B
R 7E LB AR ISR, HeFi3] LB AR 7R,
PIRIE 3575 (30 °C, 150 r/min) ZEXTECH . W5 s
> (8000 t/min, 10 min) YA, FJC B A 2 Ak
WA R B AR AT BB, RIS R FE R4 10° CFU/mL,
DUEF J5 2Rk
1.3.11 AE &3k H& 534+

SR RS {0 5 v £ T T B K B fl £
SEA, IWEHVITEBRAMEE, F IR A K T
18 FH TG B T R U0 £ 7 38 R D) B A 50.00 g PRI
K IR 75% BIERE IR 1~2 min, DARROR IR
O REREER, BJER LW ARG, LLRBRIEE M
WK A AT BEAETE B A= Y5 G, o W A e B 5 T8
B 6 AN RS 15~20 min. I 5E fE 1 B K B UM T
10° CFU/g, AIRNTEH o K5 A BR 4T i T0 B f R TBON 1 4
WL B IR Smin f5, HBUHE TR EL L
T, DME S SEEUE A8 1R 5%

1.3.12 EJE 4

S AR S 5 2 AN R A P BB R
B 1300 MR AR H TR ST, 4°C e
10 d JE HCH, I 52 FE & B Y% S 20 (total viable count,
TVC) FITVB-N &, #% (2) 115,

YTVB—N/CFU = —]CVj :]C\;Z @D
X G NWIEEH) TVB-N & &, mg/100 g: Cy N4 RIS
f TVB-N & &, mg/100g; N, N ¥ U KB 7% & 5,
CFU/g; Ns NZ5HRI R 8%, CFU/g.
1.3.13 SSOs t44 %k A%

# SSOs L EEAN T 10 mL Y LB WifkR; 95 3E b, 4l
ALAR 2 2%, B 1.5 mL WA TTIRE(E1S ODgy 1H (H
TRAE 600 nm P KAR IR IEE) TE 0.6~0.8 18], H4iHT
Ja P BRIE 2% BIER A T-50 mL [ LB AR RS 752
i, AIE T 4. 104 15 8130 C R R 5E, &
B — 7€ IS [R) BRI 7€ L ODygop 1, 1CsREHE, AR
AT T K2R

JE W A K Bl 7 2R R S IE ) Gompertz J7 #2140
X 3 Rk,

X(A-1)+1 }
(3)

e NEEFRIFE], hy N, N ¢ BFZI ODgy 153 N, NI
U4 ODgoo 1H s Nypox IR ODigop 185 e SN A K IH
F, bl 1LNERY, ho
1.3.14  #¥E5% 5047

SPSS Statistics 26 {1401 HER RS 45 AT B3 1
53 #r. Origin 2021 =4l & B . HEE . FHik B
Pearson AH 73 M. AHF 70 AR ARG 5 3 4 FAT,
TR 1 LA Ar e 2 T 2

Minax X 2.718

Nt:N0+(Nmax_N0)XeXp{_eXp[ N N
max — £Y0

2 BRESH

21 REFMN

HRRFE T LUE B, SR S R E R T
7K P2 W T B B, I B i s A2 A B e
BEHA R 7. BEPEOMET 30 4378 W i £ 77 )8
BRI 7 T AN BRI AL T B B 3B RN D S AR R
w1 B, R G B E VT mk 56.8 4 Gl
4560 41D, WURMESL, W ER, ARRMERK,
THAMA RA0K, ARSI, WRRLG. MED
SHCEST [R) AU BEn, 8 R R P B R R R B, (R
W, e, HBUERMR, HLUNE, Bk, Hf
4°C FHEREIEDEE®T 10 C FREREES, H4
KIS, 10 °C FRIf0 A RIEE T O L% E 204 497, N
ATEH, M4 °C &M FIEEVES N 303 4y, MBI IE
WA XAIR EEREERN . MEDES. &A
JoRG A A R g i S A R 10 P 8 SR

AU Appearance
20

ZhliMucus Sk Smell

Jfi Hi Texture

a. HikK
a. Radar map

[o%)
(=}

J& B P43 Sensory score
(3]
(=)

—_
[=}

(=}

I 7] Time/d

b. HHIE
b. Bar chat

Ee KRG FEAFRZRSMFEI N BN, AREGEREEREE NEF
EARF AR, R LR 8% (P<005), FF.
Note: The difference of capital letters means that the difference of storage
temperature is significant in the same storage time. Different lowercase letters
indicate the same storage temperature, and the difference is significant for
different storage times (P < 0.05), the same below.

B 1 f8é kSRR LRI 69 KB T
Fig.1 Sensory scores of channel catfish during storage at different
temperatures
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JR R BESAE — B FERE b S M fi A R IR
TE 4 F110 C W st~ , ML (& 2a) Al
MHIERE (B 2b) 2P NEEESE, AR BT rER
W (AR, WUE LR 4E S5 Mo mi R, LA 40 A 7] 2%
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HEA%: M e 4 00 1A P ot 5 A2 A R I8 5 068 TR 23 # 301

BT B LAN 2554 55 SR SP-2 5 eh R 78 5 72 o
BERSE R AT EL R JSE ) BB P AR, X S AT 45 R — 5
Horft, 4110 °C 4TI 8 d J L PA IEL IR FEE A L T
R £ 3 5 R T 37.88% A1 42.50%, fE 4 C A
AT Sl JUL DAY LR R £, 3 R T L R
% 1 P P LB ER AR AR SRR P A A 2,

4000 =4C 800
35000 §% . =10°C o
<3000 ab Ap apab £ 600
g 2500 z
E 2000 f:( 400
i 1500 %
= 1000 = 200
500
0 0
0 2 4 6 8
i 5] Time/d 5 5] Time/d
a. g b. 1L IE i
a. Hardness b. Chewiness

B2 fed KRS e R R A 4 AL
Fig.2 Changes of texture of channel catfish during storage at
different temperatures

23 B F

P, 2 e 52 i £ 7 T 3 b R 82 5% FE I B L L SRR AE
WK 2~3 Fizn, 4 Ff110 °C WM, AR a*.
b*. L*FI W AR AHIT . Bl E R R K, a*
HETFREEH, HGZLNAE, RO RIETRE,
TXTT RE A BT VLA 2 2 S A DL R K B AR ) ) B AR
BT EBNMaEANER, BB EAZEG, (15
a*{H N>,

®2 BT 4°C TIREMERENTEN
Table 2 Changes of color of channel catfish during storage at 4 ‘C

fmed a b v
0 49.56+2.90° —237+0.20°  0.46+0.33°  49.50+2.89"
2 49.81+1.48° —-3.16£0.24°  0.74£0.60°  49.70+1.47°
4 50.37+1.00° —3.49+025*  2.3440.50"  50.19+0.98"
6 51.7043.17"°  —3.68+0.34° 2.38+£0.63"  51.49+3.16™
8 53.46+1.33" 4254044  2.63:0.76"  53.19+1.37°

W LRORGEE, a*RORASHE. b RORTIEME, WRRAE, TH.
Note: L* represents lightness, a* represents the red-green value, b* represents the
yellow-blue value, and W represents the whiteness, the same below.

F3 & 10 °C FIEHEAE & ENTL
Table 3 Changes of color of channel catfish during storage at 10 ‘C

0 49.56+2.90™  —2.37+0.20" 0.46£0.33%  49.50+2.89"
2 48.05+3.54" -2.53£0.75"  2.14+1.05° 47.933.50%
4 46.97+0.84° ~3.40+037%  2.81x£1.12%  46.78+0.84"
6 50.57+2.08"  —3.77+0.75° 3.72£1.01°  50.27+2.07
3 51.44+1.43° -3.85+1.10°  5.01+1.28°  51.00+1.42°

2 P ST T a*EMZA K, RHEFEX 2 5%
E RN fERAHOLRE T, b EE LT &S,
R T ETE, 4 °C R B LA bR,
TXRT BE A £ T e A R I A B YN (8] A T A,
H 4°C TR EAR. BEE R HERS , LHE AN
WIS BTSSRI A ST A A IR ET .
Rk 301 0 10 €4 ) A2 A0 W] e 2 P T R SRR SO ) SR AT B

fif, AE G ISCRIT B R AR T kAR, A PR AE T L
WEE A, AR A, B BRSO,
2.4 pHI{E

pH B A2 i e fe B B 5 () — A E R AR a3
Fras, 4110 °C W&, ML pH Y 2k
TRJG BT AR LS. 550 KEF, pH N 7.36, £ 4
10 C &M T 4d 5, pHE FREZEHAKS, 73
N 6.87 F1 6.92, X2 BT R A B A ok R b = 2R T LR
RS RR IEAC U =, pH A RIS, HTE&EA
JRAENIREEIIVE R N RS, PR RS
RPN, {645 pHAE ETF. 4 °C 00N, fillta pH {E _E TRk
FEAEXT LS, X AT e B TR IR A G T A B A A
3, WIREEITEEARR, B AR R R, B
AR R D

7.6 e 4T
——10C
74+
5
mE 72
T -
e
=)
7.0+
6.8
0 2 4 6 8

I 1] Time/d

B3 fe & RE R RN pH 1469 Tk
Fig.3 Changes of pH value of channel catfish during storage at
different temperatures

25 EERH

EE DI AR S 3h 2 S BUK = AR R EE RN 2
—. W 4R, BUSERE, BB A 00 T 82
(TVC) A 4.441g(CFU/g), 2 FHEFE R 2 d J5 34
iok [ B A A A 22 01 2 0 5 TR K= i i A P BIR 1 s 4
(<7I1g(CFU/g)), X2 Ml o A & F & s 77
YR, NRAEVIR AR E ARG T 4, REERE
A J B0,

TVC/Ig(CFU-g ™)

H 1) Time/d
VB R K R B T S B BR B AR

Note: The dotted lines in the figure show the limits of the total viable count in
aquatic products.

B4 gaéfE RERZERME TVC 69 24
Fig.4 Changes of TVC (total viable count) of channel catfish
during storage at different temperatures

ANFMRIRI &R, it i TVC ¥ % BT,
2 PRI 8 d I [ TVC $2i, {H 4 °C 4144 N TVC
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KA 08, HAE g R TVC KT 10 'C, R
IR AT LA 250 ) ok A P P i e DT PR Al 2 A 16
FIEFA M E =R
26 TVBN &£

PR MR (TVB-N) 2 5 2 i K 7 o i
M —IOCETR bR, BRI T EREAER I SLRER R,
| A A AR RS B G S E . W 5 R,
B 1 VLA 1 TVB-N &80 7.23 mg/100 g, TEA K
AT, TVB-N & & LT ECNEE. R, 76 10 C I
AT, HE&E B EREMR, W 4de 2k #
12.96 mg/100 g, TMi{E 4 C W41 T TVB-N & &R
9.45mg/100 g, KBAZNE, X R PRIE LA 20 H|
TS, HELREWMGERED,

24

é" —=—4TC
= ——10C
‘%ﬂzo-
&
@D 161
®E 12}
iz
o
E st
o
-
ER
g . . . . .
= 0 2 4 6 8

B 1) Time/d

B 5 fmé KRB TVB-N &%) 24
Fig.5 Changes of TVB-N (total volatile basic nitrogen) content of
channel catfish during storage at different temperatures

2.7 Pearson fHXEH

Pearson FH ¢ 5 4] LU & AN [A] 48 A ] (19 28 14 A DG AR
o iR, WA . WEl E S TVB-N & &,
TVC. BEFE. MHIBRE. a* &% b*SREMK (K6,

VPSS
Correlatioan
Temperﬁu% <001 033 015 | 014 011 00052 048 016 | 039 05 :)ZZ
I ] Time 056 095" 097 —087" 0" 065" 093" 058" 061 )
TVB-N / 093" 085" —024" 063 -088% 084 059 0.40
TVC /‘/ —085" —067" 052 091" 088" 047 0.20
O ONN o o o o | o
Ch;&?f?ei \ \‘/ -0.51 0.69% 0.7 048 -0.20
L* .’ ' ‘ —065° 028 1.087 —0.40
JENONNZIN ol
T4 T 445 T WSl ™
D7 XA o
@@“5;&\‘& @i&b’% &40 ,\&@%% 4&&@% voE e
SFEE T FF
A_@\g* 62\ ¢ @‘%ﬁé}l

TE: *3RIK P<0.05, **F8 P<0.01, 72 MM I KN R RAR S
TR, SA EMBUEX R METERTT MR R IE AR, Trrh ¢ R
AIEMR, RZ AR,

Note: * denotes P<<0.05, ** denotes P<<0.01, the size of the ellipse in the lower
left represents the degree of relevance, which corresponds to the value in the
upper right corner; the direction of the ellipse represents a positive and negative
correlation, and the direction "/" represents a positive correlation, and vice versa
is a negative correlation.

o6 HEARHAALE

Fig.6 Pearson correlation

AN, pHAE S a™E W AH KM R E N 071 (P<
0.05), X2 H T ARG VLA pH {E 2 5 S Bk LLL
HARKEEGME, SEanditerETHt, Tve 5
TVB-N ZHREIEMK (HKXRHN 095, TVCiES
a*. b*. BRI E U R A R AR OO, X RER T
FELCAEY) CRFERRE . e EAINERD KR
WA = A= (NH) FIH i (MA) SRR, {8
4 TVB-N & & B, 1 DA AN IR FRER T,
HERAEREW, SEEVZIRER . PR R,
i1 TVB-N & BB ARt R A2, i,
D e, T R A, A T 55 A R
2.8 HEHEN

SRR ST f TE A ek Ik D B A A A A, AR
B FCIEHE 4 °C AF IR BEBEAT 20T 4 C 2R kv8 i
e R IR, AT A ) 2 RO SE B A R B LR
B RS WO R R A R AL, ik
PRI 7 d BIFE AT B M . DL, e Y
TR R, WUAEIRER B T AR, Rets TE I th e B p
BIFME . W3R 4 Fros. BRI, TR ]A
AT B ) T B R W) LR T A T R i
FR, AR S 19 FEE RN, 20 K EM 30 KM
w2 5 Fios, ¥ATHE AL (Flavobacteriaceae) 17 H. i
£t (Aeromonadaceae) 2 filil 1 ¥4 il 1 [A] T B0 W iy 3= 22
BERL. M JEAKSEo AT, il £ A s 0 TR A W0 = 5 4 v 1 TR
J& A K EH K EE Myroides (39.68%) « < i H @
Aeromonas (28.74%)~ ANEFTHIE Acinetobacter (16.33%)
A LK & Shewanella (6.34%) « MWFF7KF4rT KL,
AEXTFE BEHEAZHT 3 1 £ EARERE (Myroides
profundi) « A ML E (Aeromonas salmonicida) F
JE WA FLIRE (Shewanella putrefaciens) , HAHXS = & 4y
N 38.91%. 28.74% A1 6.34%. &5 IR AS FL IGHE Al MK
K= E R, B LPAE HS, SNAEAYSA,
fli o AR GR, IR A BLXS R  AE f Ak S Y S
BRI JE RE % 32 35 38 07K R TVB-N A= i 7= &
X LA R AR R 2 T 3 L A R e kDY e A A
YIRS 2 5 i AR VA e R e R ST R )
K.

*4 &K FRIRE AR

Table 4 Microbial composition of channel catfish at phylum level

KT AT BRI 1] JEEERET] AT
Phylum level Bacteroidota Firmicutes Proteobacteria
FEX 40.11 2.83 57.06

Relative abundance/%
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Table 5 Microgenesis of catfish at family, genus and species level

BT AX A A x5 HAT X
Family level Relative Genus level Relative Species level Relative
abundance/% abundance/% abundance/%
S H MU E B Aeromonadaceae 28.74 REIATFH & Acinetobacter 16.33 Celticus NENFT B Acinetobacter celticus 1.22
AT Al Enterobacteriaceae 0.99 SHIUE B Aderomonas 28.74 WILABIFTE Acinetobacter haemolyticus 5.90
# AT # %} Flavobacteriaceae 39.68 KL & Brochothrix 1.03 WA JRVEANBIAF I Acinetobacter harbinensis 5.00
ZHTRF BB Listeriaceae 1.03 i B IR 8 Buttiauxella 0.99 LY RABNHFF B Acinetobacter johnsonii 4.14
LR ICH #F Moraxellaceae 16.50 FERR B J& Morganella 1.32 AES FMIE Aeromonas salmonicida 28.74
EEMR B} Morganellaceae 1.56 KEWE & Myroides 39.68 it ¥4 1 BEAR B Morganella psychrotolerans 1.32
A A} Pseudomonadaceae 1.16 RPA PR B Pseudomonas 1.16 KFEREE Myroides profundi 38.91
75 FLER# &} Shewanellaceae 6.34 W K& Serratia 1.28 FERAR TS Pseudomonas azotoformans 1.14
EIFERE Rl Vagococcaceae 1.27 75 FLICH & Shewanella 6.34 APV TR KW Serratia proteamaculans 1.28
HR/R AR A Yersiniaceae 1.28 2R B R Vagococcus 1.27 JE WA PLIKTE Shewanella putrefaciens 6.34

e PRI S AEHT 10 AP K.

Note: The table shows the top 10 microbial compositions in relative abundance.

b. F6

c. E1-201

d. F4

.

!

¥E: B7. F6. E1-201. F4. W2 K& W4 ¥ NE S .
Note: B7, F6, E1-201, F4, W2 and W4 are strain numbers.

B 7 EMHESFEESA (40x) IR
Fig.7 Morphological and microscopic observations (40x) of the
strains

2.10 16S rDNA MFLER KR M FRE

AR T %8 45 SR IR 60 DL WA 0 LA M iR R
AHFFRAL s B e 6 kT, GG 1 AR AR R A
(B7 N Pseudomonas psychrophila) « 1 #k %8 S5 510 B
(F6 A Pseudomonas fragi) « 1 ¥4y FLIGHE (E1-201 A4
Shewanella baltica) « 2 FR4E IR LB (F4 f1 W2 2R
Aeromonas veronii) UL} 1 HRZ RANFFHEH (W4 K
Acinetobacter johnsonii) . Tk 45 K5 2.8 H il fa il 4= 4)
SRR AR B o, (RE B R L
WGV PEBUR T, AT LA A= il P 1 2 3 1 A R s Il
Xif #2128 R L B A DY A BRI AT
b K&, SBOK” RPN EB KL, X
AL R i, B A P RS E
PIRCT . i AT R )2 A R R AR M R
FEEMBUREC . ARSI JE R0 R 2 B
ANB, RN DR R B g 1 O . X

S R R (14 075 3 g 33— A5 AT 0 0 WSO i) B A 35 5 D
HIBUE Re 1 Pe it T EEZARL.

I B WA =77 BN T Yivecry 2o SURRE T o
6 751, 6k SSOs ] Yivpery A Al R BHAS [R5
VBT T B 1 R R AR 2 R, 3K 6 BRAIR OB 1Y)
HURRE I K/MKUCA: F4. E1-201. F6. B7. W4, W2,
H 4 IKS BB (Aeromonas veronii) F 7 TG K
(Shewanella baltica) WIEUR e J1 55, £ IRA ST B
(Acinetobacter johnsonii) WIEUE Ge JIFXTEES. AR
F 2 B SCEA M B JE AN A BL IR JE 2 K R L A AR
W, eI w55 R A A4 g A TR A
K. A LI 8 AR R & 2 B m AR e 21
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&6 HE 16S IDNA FHINERRHFRE

Table 6 Results of 16S rDNA sequence analysis for bacteria and
decay-causing ability

[ELS IR

) e % IR .
G BEB RO AWM Yo
Strain Highest similar Homology/% (10 *mg-CFU™")
. GeneBank
number reference strain
Pseudomonas B
B7 psychrophila CPO49044.1 10000 485094
F6 Pseudomonas fragi  MH463554.1 99.93 6.73 +2.10%
E1-201  Shewanella baltica ~ MT516290.1 100.00 7.08 +0.75°
F4 Aeromonas veronii  MG063203.1 100.00 9.66 £ 1.62°
W2 Aeromonas veronii  MT226399.1 99.93 1.08+0.21¢
W4 Acinetobacter johnsonii CP068206.1 99.85 2.27+0.20°

e Yivpowery RARBUERET,
(P<<0.05)

Notes: Yrypcry indicates the ability to cause rot, differences in lower case letters

indicate significant differences in decay-causing ability (P<<0.05).

2.11 SSOs BEKENHFES

R TS A TE A TR 2% R I A K B A
EREEUR AE 1B RN 2 Ak (F4 1 E1-20D), Il FAE
ANFEE FEK L. WE 8 iR, 7630 °C H3:2h
JEREAX B, 18h EIEKEEE, NFEM, 26h 5
ANFIEW. RAMBIER Gompertz S AI%T SSOs KA K HH

NGFRAR, RoRBUE R ER S
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4
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o o 2
! 1
0 0
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) 8] Time/h [} (8] Time/h
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AR FOIREE, R

Notes: ODg, represents the light absorption value of the bacterial solution at the
wavelength of 600 nm, F4and E1-201 stand for Aeromonas veronii and
Shewanella baltica, respectively, the same below.

A8 BKEERERETHAKYL

Fig.8 Growth curves of spoilage bacteria at different temperatures

R7 TEEFEE TABRYENEKDNFEH
Table 7 Growth kinetic parameters of specific spoilage organisms
at different incubation temperatures

TREE RS S
Temperature/'C  Strain number
E1-20I 0.064 3.495 0.361 1.834  0.981

Ny Npw o/ b R

30 F4 0.065 3.013 0.299 1.386  0.988
15 E1-201 0.046 3.429 0353  9.671 0.981
F4 0.043 2705 0.147  9.299 0.997
10 E1-201 0.040 3.875 0.128 13.735 0.981
F4 0.051 2.621 0.066 19.344 0.999
4 E1-201 0.045 3216 0.129 53.544 0.951
F4 0.045 1.822 0.017 54.753 0.994

TE: Ny I ODgo (s Ny FIIK ODgo {5 0 NIRRT, 10
W, R NA REL

Notes: N, is the initial ODg, value, N, is the maximum ODy, value. u,,, is the
maximum specific growth rate, 2 is the demurrage period, R* is the fitting
coefficient.
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Analysis of quality changes and specific spoilage organisms in channel
catfish during cold storage

LI Wang , ZHANG Sufang™ , JIANG Hongyu , GONG Haonan , LIN Xinping , JI Chaofan

(School of Food Science and Technology, Dalian Polytechnic University, SKL of Marine Food Processing & Safety Control, National
Engineering Research Center of Seafood, Collaborative Innovation Center of Seafood Deep Processing, Dalian 116034, China)

Abstract: Channel catfish is the most numerous catfish species in the world. This study aims to analyze the dynamics of
quality and bacterial composition in channel catfish subjected to various low-temperature storage. The research also revealed
the correlation between the evaluation metrics and the predominant spoilage bacteria. Specifically, the catfish was selected and
then stored under refrigeration at 4 and 10 °C. Various parameters included sensory metrics, texture, color, pH value, total
viable count (TVC), and the total volatile base nitrogen (TVB-N). High-throughput sequencing was employed to determine the
microbial community composition of catfish. Traditional sieving was utilized to isolate and identify the microorganisms. While
the spoilage capacity and growth kinetics were utilized to characterize the dominant spoilage species. The results indicated that
the pH changes of catfish exhibited the initial decline and then increased, with the prolongation of low-temperature storage
time. Additionally, the TVB-N, TVC, lightness (L*), yellow-blue value (b*), and Whiteness (#) demonstrated an increasing
trend, whereas the hardness, chewiness, and red-green value (a*) displayed a decreasing trend. Furthermore, The TVB-N
content exhibited a significant positive correlation with the TVC. There was a correlation coefficient of 0.95 (P<0.05). The
decay rate of catfish was slower under the condition of 4 °C. The sensory quality was maintained, in terms of the various
indicators. Microbiological analyses found that Firmicutes, Bacteroidota, and Proteobacteria were the dominant phylum
associated with catfish spoilage. The corruption of catfish meat involved a total of 19 families, more than 20 genera, and more
than 30 bacterial species. According to the genus level, the predominant genera with the high relative abundance of the catfish
were identified as Myroides sp. (39.68%), Aeromonas sp. (28.74%), Acinetobacter sp. (16.33%) and Shewanella sp. (6.34%). A
total of six bacterial strains were screened, including two strains of Pseudomonas, one strain of Shewanella, two strains of
Aeromonas veronii, and one strain of Acinetobacter johnsonii. Among them, the spoiled catfish muscle was taken as the raw
material. The screening data was consistent with the microbial diversity on the channel catfish. The growth kinetics was used to
determine the two strains with the strongest decay at different temperatures. Furthermore, the lag phase (1) was extended
significantly, as the incubation temperature decreased. While the maximum specific growth rate (u,,) was reduced
significantly. Notably, the umax of Shewanella baltica consistently exceeded that of Aeromonas veronii. Both strains shared
excellent growth at low temperatures, where Shewanella veronii was more suitable for the low-temperature adaptation. The
yield factor (Y1vg.nery) revealed that the spoilage potential greatly varied among the six identified spoilage bacteria strains.
Aeromonas veronii and Shewanella baltica exhibited the most pronounced spoilage potential, whereas Acinetobacter johnsonii
had relatively limited spoilage activity. The findings can offer valuable insights for future investigations into the spoilage
mechanisms of channel catfish. A theoretical foundation and data support were also provided for the quality control
technologies for the freshwater fish, according to the succession patterns of microbial communities. A great contribution was
also made to the low-temperature sustainable storage and transportation of freshwater fish.

Keywords: channel catfish; cold storage; quality; specific spoilage organisms


https://doi.org/10.1016/j.foodcont.2020.107697
https://doi.org/10.1016/j.fm.2024.104489

	0 引　言
	1 材料与方法
	1.1 材料与试剂
	1.2 仪器设备
	1.3 试验方法
	1.3.1 原料与处理
	1.3.2 感官评价
	1.3.3 质　构
	1.3.4 色　度
	1.3.5 pH值
	1.3.6 菌落总数
	1.3.7 挥发性盐基氮含量
	1.3.8 微生物多样性
	1.3.9 腐败菌的分离鉴定
	1.3.10 菌悬液的制备
	1.3.11 无菌鱼块的制备与接种
	1.3.12 致腐能力
	1.3.13 SSOs的生长动力学
	1.3.14 数据统计与分析


	2 结果与分析
	2.1 感官评价
	2.2 质构特性
	2.3 色　泽
	2.4 pH值
	2.5 菌落总数
	2.6 TVB-N含量
	2.7 Pearson相关系数
	2.8 菌群结构
	2.9 低温腐败菌的分离与形态学观察
	2.10 16S rDNA测序结果及致腐能力
	2.11 SSOs的生长动力学分析

	3 结　论
	参考文献

