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Abstract: To explore an efficient and low-cost temporary rearing method from the perspective of the quality assurance of

raw materials, we investigated the effects of the temporary rearing of Micropterus salmoides on gallic acid on its oxidative

stress level, muscle quality, and storage quality at 4 “C. The results showed that after the temporary rearing of this fish

species with 5 mg/L gallic acid for 7 days, the serum superoxide dismutase (SOD), muscle SOD, and catalase activities

were reduced and the protein content of the muscle was increased along with its color, hardness, and water-holding

capacity. When stored at 4 °C, deterioration of the muscle texture slowed down. The water-holding capacity increased. The
pH, whiteness, and malondialdehyde content decreased, and the activity of cathepsin B+L was inhibited. Therefore, short-

term temporary rearing on 5 mg/L gallic acid for 7 days reduced oxidative stress in Micropterus salmoides and prolonged

its freshness at 4 °C by inhibiting protein degradation and lipid oxidation.
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TEFR FE K O 2B (Micropterus salmoides ) J&-E 5
PR K ST U FRFA A IS 2 —, 2023 AFEIR /K 5 FRAH
FEEE A 888030 tH, JEFRIH ;A i R MU RE (IR K £h
PRI PR o4 IR i B SR R ) i e 5%, B
B 1 R s DU B o 3, (R T E s &
RE TR FEFE BUR S SO By slis fr i v & e
AT R B BN ) N RN, B AR R T AT . A B N
ARBTEEREL, SEILA ST S5AE . BEETH 23 X 5
B BT ZOR AL, 257 — P ARA ) I k%
FHR E ALY ST .

B IR O i A AT A RS S A A, IR R 2
ISP T RICER, [ s 2SS st T H S
B A MR Ry R IR AT [E] BEAE S fiR 0 2
PSRN T, SR BB S ILAL BT i B Y5 Ak, B
FEad R PR IR PSS 2 NRGS N, angs
P . RARPUAALTGE, Bt iE—DARF LA R T, ¥
KSR 6 d, B R A P SRR AR R B, (5
BIFERIZEEE 7 d, SRR B3 TR, e F7/K
RSN 20 mg/mL A+ R A1 30 mg/mL A 2 B 1R
G, B ER IR A B T i A AL A ( Catalase,
CAT) . #8 & 1k ¥ 7 1k if§ ( Superoxide dismutase,
SOD) . BPrsE AL BE 1 (Total antioxidant capacity, T-
AOC) . B H M E ALYl (Glutathione peroxidase,
GPX) FEAIL, A RS2 TC R AR BT S 80 i Fa A P 45
AR A ™ B 25 8T FE B[R] i ZE R, 65 ATLY AP A
WS S BER m FL A R B i3 =

HETFIRE P RRZWIbGY, BAEY) T8k
KIS IZ IRz —, BA BRI PTE LS, 68
I IT% Keap 1/Nrf 2/ARE 3 [ 8 5 b A AL E R 1k,
TR BRSP4, PR AP A Ak RR IO, BFSREER
B, R AR 1/ BEOK B B R E G g 24
REEAREIN 8% BT, Hefig g2 & JE LA &L 545
b, SER RSN /0 2 4, HIEE TR A 4E
2. AR E R E LD, X R B T IR
ISINEssenm o R 0T, Bl T SEnd s & e, R H

PRI T SIS, R EmE AN T2
—, B f0 5 TG T 28 0 L W JBT 45 78 T R R AR )
I E NE A TR N = i || S U (53| L (R =S
AT SRR AR HE f5 S A iyt sl fa )y PR e, 3
TSRt JBT A B T 2R 5 £ = D8R, ST ) AE G
MR

A SCHE S P AA AR TE T, SRR TR N
K BB IR0 MR G I FA, B o O R R R 7 d
Ji, A LI I3 UL T B A AR RE JT . ULIRL S BT
PP AHICTERR, THBE B SR 7 d J5, Xk 1 SR 2%
SE AL PO AR UL P R A RO B T IR IS &
BAEARBOEE FRREINE NI 50RO B it 5
HEAT 4 °C Wk, W R LA & TR bR . A FE R
BEWT B AL I B b, IR B F IR X
T R fey Al B R A B i B2 . AR R —Fh e
2 ARBAS B FE 7 2, MUk JBT (R e £ R e
TR B ) v o T T S A A L O T S DR AR A
K=
1 #MR5R%E
1.1 M5

KOS (Micropterus salmoides) i 394.45+
47.32 g, KJF 30.44+2.69 cm, 2023 4E 10 A 4304TFH]
Jbag RO T Aerh b R E K = R S Ve & TR
W RAYRHAA RAE; LR RILEER. R
HHER LR AERHA R A E]; 3-2J ERH R
Z g H R & iR £ (Tricaine methane-sulfonate, MS-
222) B GEMRAEACRHE A RS F]; SOD, CAT,
GSH. MDA i &  matd i) TR
Feor | RSt fEE Sigma 2NF] 4E4EE CL B

IR E 2RI R 7] HA4xiaGr)
¥k srpalio
T18 ml sty il 5 E IKA £ H]; Spark

BEARY Tt Tecan {XEFNF]; 3K 15 = B0 AIL
fEE Sigma 2 F]; K9860 H Pl ERAL LA
BB AR A RN F]; G2-B [EH#E=N pH 1+ MpfRih-F0H]
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ZAUZS (M)A BRI F; TAXT plus JEHAY e
Stable Micro System 2\ H]; CR-400 {4 251 H A
Konica Milotia 2\ #]
1.2 XWHE
1.2.1 LS AR E 2.4-hE 2R PE(2,2-
Diphenyl-1-picrylhydrazyl, DPPH) &R HE 7. 2,2°-1¢
Z W (3-Z T8 I e K ik 6%t 152 ) ( 2,2'-Azinobis-
(3-ethylbenzthiazoline-6-sulphonate ), ABTS™) i&4HE
J1 . BE TR JE P A AR BE 7 M 5 (Ferric reducing
antioxidant power, FRAP) . &L 41 4 1k 6E J7 ( Total
Antioxidant Capacity, T-AOC) PU P ALEE J1¥EFR
PP AP RAR PR T QR IR . JLASER . ERIL
ZKE . FIEHE . 4B R O, itk i T BAT SR bR
TERE T —R TR RS FASRI InE (0.
5. 20 mg/mL) & & T E A B F=2 /K56 (- IR /K 58 HL
##%: 2.0 m<0.8 mx1.8 m, NI AZK: &< 7K 200 L)
M PSR FRGE TR R]— U B 18 R 1T B
60 B, BH/KAH 12 5 22 F24H % G2 FrBT 8] : 5 min, 2%
5. 500 m), B3 7 d, 470 4 H: REFRA(T0-0) .
0 mg/mL ¥ EFHRREIE SR 7 d 2H(T7-0). 5 mg/mL
EETERBINEFE 7d4H(T7-5). 20 mg/mL & & T
FRESINET IR 7 d 4H(T7-20) . B IR B AR YERr
VIRAR., TR 7.85+0.15 mg/L, pH N 7.63=0.06,
TR EE K 19.39+0.45 °C, 2 A {H K 1.34+0.12 mg/L,
G e 1/2 BY7K, FEAEK i SR AAH IR R RY
P TIR(IBAS 2 d B TIRSEaTIb) o

BURE AR 9. A 200 mg/L MS-222 Ffdi
SRS T RRIRCIR A, £ B TR vK e D T R s ik
B, #% 1 h J5, 4676xg 50> 10 min BUM T, £8W
FUH RIS T80 °C UKFA TR-AFAF I i 75 e S A i i 5
BT R A L, #1555 FH T A LA B R AR L 5
Sy W R R T —80 °C VKA AT 137 M bt S AL il
o ZUFEE, HE 5 mg/mL & TRREINEIE 7d
H Bt

$ 5 me/L B FRREINZEK b, B3R 1 Ry
7 d, B HR A I JEZ) 2 cm, BEZ 20 g MOfAT, 2L
ZEALPRT 4 °C W, 43555 0. 1.3.5.7.9.11d
HEURE I 2 UL PR s B HE e, SRS BV B IR AN Tt RS

1 SRy £ IR TR IR A o ASSEES R T AR
SRR

1.2.2 RERPLEALFIG

1.2.2.1 DPPH H HIEIEREE M E  RYE Zhang
GO IR IFREAVEAE R, B SR BT AR A7 e B P o)
Sk 7.5, 10, 15, 20, 30, 40, 60 pg/mL BIIR-S4, I
A DPPH [ H3L7EMREE S -

1222 ABTS'H HEWEKRE I E MHIE Kut
SEUT BT R I ME A, HE R SR BT A AR 7R v B A i)
S 20, 30, 40, 60. 80 pg/mL 1 IR & ¥, W &
ABTS™H HIEIEFREETT S

1.2.2.3 FRAP EKEFIAJREEESIIE  HR4E Sarabandi
SED 7 PR T — BB YR, B ISR PR R
Fofhil >4 50, 100, 200, 400, 600, 800 pg/mL IR G
), ME FRAP 268 TR IRRE ST o

1.2.2.4 T-AOC MlxE W4 RERPLAE LTI HR E HC ] Ry
20.50. 100, 200. 500 pg/mL RS, SRR HI&
M ERE S S PTE A RE ST o

TH 3 TS 6 S R SR e SR A TR A R R SRR G

R, PR ALRE J1IA B 5 9 (RIFS bR B A PR
e EE RN S 2E AR ) B A B AR B, A Ak B X ]
P e e TR 3

1.2.3  Iis ZWLR AL GE J17Ffl - SOD. CAT.
GSH. MDA 2R AARRNAAF & 7 3 T E .

1.2.4 WURAIEARBSTHERR  WURZEAS S OK S F1

BT HEE A . K5435 GB 5009.3-201 6 & %
S ESARER S KA E Y GB 5009.6-2016
CE &b 22 4= 1 bR e B & T Ig s il 2 YU, GB
5009.5-2016 CEL i 28 4= FE SR v B 5 Hh 8 8T il
FEN . GB 5009.4-2016 & i %8 4 B AR HE R i b
TR A3 PRy s YUV s, AR « R . KA i A
THEEHS TR

1.2.5 JULPAS BT il e

1.2.5.1 pH AyxE  BIEAE#ES pH 11, BV
3k, B IR S B AR & AR R = A 1y R4 T
pH IIE .

1.2.52 AHEMNE @EITHSERHERNERES, A
PR TG

HE =100- \/(IOO—L*)2+a"2+b"2

1.2.5.3 BYYIIE RS ERILPI - U ATE R . B
IR SR, T2 BiPK: C-LM3 505 =L 0%
OB, FAFESEESE 3 K,

1.2.5.4 JEIIKZE S EERMEENT () )5 19157
EMEDR . B 5E09HL 4 cm=4 cm BZVAR IFFREE M, FR
HY 2+0.02 g AFER I AT L ZEFRE M, 7EREM Y
0058 R JES 368 43 B i 8wk AR/ IN B AH [R] B9 U& 4K,
P B A0 A AU RE S B AE Y YW-2 AU A b al
B, IR R SN 145 Pa ZEAES A4S 5 min.
ML o1, KRS I 2b A SR AR E I 0 5%
M, A BIERAKRHALL R AGHE:

X(%) = I\I\:IIZ :ﬁ‘ x 100

1 0

1.2.5.5 HAGHMWNE =% Wu F 7 U7
i B 4L, J17E Nikon EclipseTi-SR {38286 W i%ks
(HASJE MR EH ) SR 24544 .

1.2.5.6 BAR/KEFR ARG Li U #iR 6907k,
RE A RFE IR KR, HETRFREL 2 g, JERAEE
IAA, i8-8 M1; FREL 4 cmx4 cm 20 B BN
M2; s Y, FEE 4 284063 1E, A
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50 mL BE.0%EH, 4 °C F 4000 r/min 550> 10 min, HX
HFREE, 108 My BRI MG I E
sribEos, FHUA T AFGTE.

oo M1+M2-M3
X(%) =~ X 100
1.2.5.7 K440 ARHE Xia ZEP R 097 RS

PRI g 0. P 7K 5353 AT o F4RE L fa R I AAZ G
PN, AR B 5 PR T 3R B SPA, K O A A R A
PRAPHTA T, FEAT T2 55 R A S MRI AR I & o
Hoir, T2 (55 R4RH CPMG 731, A% 50R:
PRG=1, NS=4, TW=3000 ms, TE=0.5 ms, NECH=
7000, AL 5E % MSE J¥31), #0250 8 Slice
Width=4.5 mm, Slice Gap= 0.5 mm, TE=20 ms, TR=
1000 ms, Averages=4.

1.2.5.8 JEHgREE  HRYE Wang 2RV fiR iy 5F
FInRIME R, KA TA-XT Plus JEAA{SCINAE £ 23 B4 JSTAE
k. HF 2.0 cmx3.0 cmx3.0 cm B R TLE P/36R
BSLTR, AT R=2 mm/s . JI] 7153 3=0.5 mm/s .
JEHR=2 mm/s ., MXIREF=5 mm,

1.2.5.9 ZHZUEAR B+L G Il HEUE M
B-+L M 0 il 55 AR Wang 25122 1 5 308113
InLMES, FAaE R (S g) R, INA 20 mL e 4%
R [100 mmol/L NaCl, 50 mmol/L NaAc, 1 mmol/L
EDTA, 0.2%(V/V) 3 Z, — 35 3 58 FL ik ( TritonX-
100), pH5.0], LA 8017xg 23 2 min, Bl /5 2B
TE 4 °C T LA 13361xg B0 20 min, FHZ AT IR 22
EVERRE, TS M R A ZH R AT B+L B
ZHAVER B B+L 99% J1 002 . BBCHESYE 0.5 mL, jin
A 0.25 mL JZ W & #p ¥ ( 4 mmol/L Na,EDTA,
60 mmol/L HAc, 340 mmol/L NaAc, pH 5.5, fili FHR{
BB 8 mmol/L DTT MIBHEHIAE W), F57E 40 °C
FYZKIE T TR 5 min, TR SE S DA TR 5 min 1)
20 pmol/L YA AN (Z-Phe-Arg-AMC)0.5 mL,
IREHIEET 40 °C 4k 30 min, A 2 mL & 113
7 ( 100 mmol/L CICH,COONa, 30 mmol/L NaAc,
70 mmol/L HAc, pH4.3) Z¢ 1E [ 7, 5.0, (13361x%g,
10 min) , B 7 W F 3 &2 1340 nm, & 57 K

1.2.5.10 TVB-NEMME MHRHE Sun 52 HiA MY
Ird AT T —2 . SR A L s AZ 0w
o RIS R PEER T A UE . MERRFRAL 5 g iefa )
5 75 mL ZEIR/KFESMIRG S AE 4 °C Fi295 30 min.
TYE/SEL 5 mL JEMAS 5 mL 10 g/L [ MgO HIR G,
PLECAE A ZEME 6 min, WK 30 mL R A MK

(20 g/L), FE7RF5) R A IELT - LS (1 /L) AR R )
LR-ZBEH (1 /L) BIRA W (1.7:8.3, viv) o UK

W 0.01 mol/L Eh P bR v < W A2 , T 2 28 550
WD, TVB-N{ELL mg/100 g o, AT

(VI-V2)xCx14
m

TVB-N(mg/100 g) = 100

Horpre V1 SRR S T AR R R R T 2 T MR AR
B, mL; V2 b CK THFEER R BN 1T 8 7 AR,
mL; C S ERRARUET R, mol/L; m A i 5t
o, go
1.2.5.11 BEH%E &% (Total Viable Count, TVC) [l
SE - MRYE Zhang SR R ARG, D B T
BB BEESERRE(1:9) IYATRAEESY (1 mL) 5574
HE S (PCA, 15~20 mL)IRE . BRAGEER =, 78
30 °C THEIEREFE 72 he WHLELL 1g CFU/g 3275 .
1.3 IR

B SCue ¥ ph ST B A 3 IR, UG SE R 1
(B AR HEm 25 2753 ) Excel. SPSS 20.0. GraphPad
Prism 5.01 X SCUGECPR HEAT AL BE | BA.RI 3R 7 225081
(ANOVA) I GEIT 25 . 4 F, WK Pk e
“h P<0.05,
2 GREHH
2.1 RAMENTTHIE

e 1 a4, W EEAE 7.5~15 pg/mL YL P, 3%
B8 DPPH A HEIEFERAEE ST WM TILAE &R .
JFAET R RILFNE . i FE C(P<0.05); k)JF7E
20~60 pg/mL JEHIN, & F ik DPPH H L7155k
BE AN IR T 443 Co HE 205, E TR
ABTS" [ |1 L35 B 5 7E 20 ug/mL 515 ] 86.49%,
JLESER . RILAEEA ABTS' H i HLiE 53R BITEHE
JE 2k 30 ng/mL. 40 pg/mL 5 X5 R i BE U3 TR

440 nm RN EZEIGAE, X RZH M e in AZ ki i ABTS" H HESESRFIC N E 27 (P>0.05), [FAET
AN, G2 AT F.4EAE C 19 ABTS H i 378 3R e e ke 3
1 RABPUAFIN DPPH H HALEBR S
Table 1 Free radical scavenging rate of DPPH in natural antioxidants

B ) e (ng/mL)
Bt RIRUAALH
75 10 15 20 30 40 60
AT 93.57£0.025°  93.45+0.00% 93.57+0.00°° 93.52+0.00°° 93.90+0.00°™ 93.84:0.00<™  94.24:0.00™
ILEEE 88.86:0.00%  92.04+0.00°  92.01£0.00%  91.75+0.00°*  90.95+0.00%®  91.15+0.00%*  91.52+0.00°
DPPHHA HEWEIRHE(%)  FHEER 35.64+£0.00"  54.94+0.00"°  62.41+0.00"°  87.64+0.00*  89.10+0.00"°  89.53+0.00*"  90.08+0.00
FILKE  89.86+0.00°  90.11£0.00%  90.15+0.00%  90.02£0.00%  89.29+0.00"°  89.13+0.00*°  88.47+0.00*
et FEC 74.46+0.04%  89.35+0.01% 92.86+0.00°  96.30+0.00%  94.00+0.00°¢  96.17+0.00>  96.06:£0.00%

T ARKRE FREFOR A — W BT A RIBURAH AT 2 122 57 (P<0.05),

ARV ING FREF R AN R BE R [l — P AL A 4 25 57 (P<0.05) .
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Table 2 ABTS" free radical scavenging rate of natural antioxidants
. . . e (ng/mL)
Eitn RIRBU AT
20 30 40 60 80

BETFm 86.49+0.00™ 86.26+0.00* 85.92+0.02¢% 85.42+0.03 86.39+0.03¢
JLEE 73.61+0.01™ 85.524+0.02° 85.96+0.03% 85.86+0.03¢ 85.3240.04°
ABTS" A 3G BR R (%) FAEH#R 27.19+£0.025 32.0120.02% 43.4240.04% 65.02+0.10%¢ 72.54+0.04%
FILKE 48.19+0.00< 70.95+0.01 84.29:£0.02¢ 84.99+0.03% 85.25+0.03%¢
A rEFRC 15.38+0.03 38.89+0.03"° 52.69+0.04" 78.36+0.03% 78.51£0.03%

T A RE FRFR W ARG BA P25 (P<0.05), AR/NG FRFRR AR E TR i M BAT #1225 (P<0.05) .

£ 3 KRARIUEAMFIR FRAP 258 145 6E T

Table 3 Iron ion reduction capacity FRAP of natural antioxidants
- . e R (pg/mL)
£zt RIRBUAAALT
50 100 200 400 600 800

BETFR 0.47+0.01% 0.92+0.01% 1.58+0.01 1.6240.01¢ 1.62+0.01% 1.62+0.00%
ILZEH 0.36+0.01 0.630.00° 1.32:£0.00% 1.63+0.01% 1.62:£0.01% 1.61+0.00%
FRAPERE TR 5 E 11 (Abs) JFAEE # 0.12+0.01 0.23+0.014° 0.4240.01% 0.72+0.00"¢ 1.1420.00" 1.57+0.00""
FILEHE 0.24+0.00™ 0.43+0.02% 0.810.02% 1.570.00™ 1.60:£0.00™ 1.59+0.00
He#EC 0.41£0.00™ 0.76+0.00™ 1.62:£0.00™ 1.69£0.00% 1.70+£0.01¢ 1.70+£0.00%

T A RE TR FR [E— W T AR RBUEMR BAT B3 M2 5 (P<0.05), ANA/INE F-REFRAIF M T ) — B8 L RAT i 225 (P<0.05)

x4 RAPUEMGTIRY T-AOC fiE
Table 4 T-AOC capacity of natural antioxidants

. " e (ng/mL)
FabR RARPUEA AT
20 100 200 500

WETR 11.1044.27% 44.1542.74 76.22+1.54%¢ 161.32+4.00% 247.16+4.41%

LA ZE 12.09+0.89"° 6.17+£0.24% 4.95+1.50 21.95+7.35% 52.29+3.85™

T-AOC(U/mg) FAEH & 4.93+0.14" 6.41£0.514° 6.17x1.247 18.25+0.86" 45.38+0.49
FKILAZER 19.98+0.31< 27.62+0.30%° 93.22+0.37™ 68.57+0.80° 123.05+1.14%

#EFRC 54.76+0.55 37.99+0.51 47.36+0.25% 70.05+12.60% 141.09+1.55"¢

T AFRE TR R — R T AR MR BT R 122 53 (P<0.05), ARV FRFoR AR EE T 7] — i (L BAT #5122 5% (P<0.05)

60 pg/mL B} B LT & TR ABTS' A 315 5%
R(P<0.05). HF 3 nJJ0, BeE-FrRA4gilEZE C Y
FRAP BB TR JEHEESI7E 200 pg/mL FHAEITAS, JL
458 FILESE LT FRAP 08 F 0 5 RE I I (H 19
/N E R 400 pg/mL, Bl S AR IE B &R
b2 C. LA EMFEILILE FRAP 2 A5 ER
J17E R EEI K (P>0.05), JRAE T 2 FRAP 285 F
i JFRE JT7E 800 ng/mL ik FH Kl 1.57 HAR T I
fib 4 Fhyt A AT 4 B KAE (P>0.05) . 12 4 A4,
YUH A AT AL T 200~500 pg/mL B, £ iR
PP AERBE J1 . 257 1, B TR X hAh R AR
YT P EALRE T R, YRR IR MRS InFm
ATKH,

22 HEFEARMETFE

2.2.1 IMEHPEEAMN AR A EFS R T
LISz B AT A7 = A BRI, AU P s iR
PIRemARAIE U . AAARTE E R AR BRGL T, 164
A HH 35 5 Py AR A TR AR R A TSP AR (H 2 Y 52
FNHPFLIABESE ], HAAR PN 7™ A= I 1 P4 A R 2, AR

HNEE—IB PR AL SOD Wi R, KA PN 72 A= i v AR
] 350 Mt AR, CAT Fil GPX FE Rt LA
TR, W HA R 54T RIK, MR LA Y 1E
HANE PO, AEASIISH, T7-0 2H) SOD 5 GSH
ETRETAREFRAE R V), X el TR IR
T TR BErE RN I . S FRAN T, B
£ 1) I PP TR LS M (CAT . GSH. GSH-Px) 3
TRERT, ERFRA P, R TSI 5 me/L BT
BRI, J< I B i 1 FH SOD 1% ik ) B /)ME, GSH
W IR B (& 1); 7E 20 mg/L P& TRRUS N4
IR IE, X AR T 5 meg/L IR EF1R
Zerd 7 d B FEEY R O 2GBTS BEAS A ROH
B8 H RS A 3E, TR RS A e RE T S
BUAE AL B IE TS RIS A 3 B R RE 1A IR R 1Y
AR FIRZS, RInTREREfE ARG RSk R G E
A7, 1M1 20 mg/L B TR IG5 A — S R N
VL, fHi45 SOD B IE s 1 SR P48 F 38

2.2.2 ALAHTEILFNE A8 AL, MDA
SEIEMEA 3 B RGERR T AR AR B A AT,
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Fig.1 Effects of different levels of gallic acid on serum
antioxidant enzyme activities of largemouth bass )
reared temporarily for 7 days %
#: A: SOD; B: GSH; ARl 7R 22 7 L 2 (P<0.05), & 2~ 8
&l 3 [
EHUAEAS I EZFEAR . T7-0 4 MDA & &
R AR IR, H T7-20 1 MDA &1 T7- T0-0 T70  T75  T720
5 Z1(1& 2D), MDA & &5 M Hhfe e fe i Ae fh D
— 3, UL IR AE S th 4l 557 | 4z i i il 9 A AR 2
W, FL 20 mg/L G 938 £ TR Tk 1 S f 2 &
R, ZENLA Y SOD. CAT Al 251k s fig £
HESzI— A 24 8 2B) . feeid 7 d BRI, K £
=3 E D E 7 4] <
H ARG R R G S PR R SR B ERIRES, B g
R A RE B, S8R S AN SO, (AR INERZS

IEH . WE TR T84 T &0 Wt sy &0

SEFLH, RS IV B e T A LA T AR Y B

BV ViS4 T HXT I 3] P4S0 AR o
0 AU T PR AR FH D R S8 L ) K A T TR 1 1

SREYS 5 me/L R T ER R IR AT AR P A Ak Bl RS
Y)-E H RS, WE TR A SS H IR, 68
PR S AR BT R ARIRAS; {H 20 mg/L W& TIRE
FEH TR, RS2 8 —E R, KETE MR
H IS4, B TR S I RIS A R IETEA
A L7442, 80 SOD 1. CAT #With:. GSH &%
TR 2B TR E TE A E 3L, (B %T 4R
M= g2 ), A5 LA MDA & & B2EL(E 2A.
E 2B, & 2C. K 2D).,

2.2.3 JLRFEEASH AILA S BT YAS L a3k 5 57
IR, BFRE, WU K S8 5 e i #2851k (P>0.05) . 1iff
ST, TEAG LY | R HH 2R A AT AR SRR AR A
RN R FRFEAR SR S O A L K4y TG e 3 22

TO0-0 T7-0 T7-5 T7-20

K2 &EFRARGMENETR 7d KA RBYLIAGT
SE AT )R
Fig.2 Effects of different levels of gallic acid on muscle
antioxidant enzyme activities of largemouth bass
reared temporarily for 7 days

1E: A: SOD; B: CAT; C: GSH; D: MDA,
x5 EETERAFEGMETESE 7d KO RBGTILA
FEALH Y 5 0

Table 5 Effects of gallic acid levels on muscle composition
of largemouth bass after 7 days of temporary rearing

e Koy MR GikA= 5y
(%) (%) (%) (%)
TO-0  73.96+0.75°  7.03+0.11"  55.58+0.05'  5.560.10°
T7-0  74.89£0.35"  6.77+145'  56.0340.69"  5.42+0.08"
T7-5  77.17%0.29°  5.75%0.07°  56.79+0.01"  5.640.17°
T7-20  76.28+0.5°  8.31£0.33"  58.56+0.02°  5.51x0.11°

TE: W — S RNG 5B 28 57 .25 (P<0.05)
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PREAARL, 33X T B2 i Tt i AR N S bR I R Gedb
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FUEAH AR PN SEAIAR R G TR RIRAS, A2l FER
HRER, SEUAPRE RIS E, KA S AR
Ji . B ER . 5 mg/L YR TR IF AT ARG i £a
PRI 7K 3 B AR AR 15T, FEARIE D 5 , eAs e
LS OIS Ty e
REFFEH pH BAKR(E 3A) AT RER th THiiiakiz
NS , U= A2 0 BT FE e R, S EOTC AR
ezt r= A, FLIRHEFRD; B 3% /5 K L 2B 65 LY pH ik
F LFH(P<0.05), B IR fHNIFL . D> T FLERHERL
B IR ) B2 PR IR (E 3B), HAE
T7-5 2B @, v RER TR B IR asflifa
PINLLT AR A & A0k, BRAS (PE, B BEMERS N, {5
R PE R INEESE . AR S EE AR DY FERF GG IR
TKBFFEXT A Sk 7 UL A O 0 B AR — 380, TR
Jin 20 mg/L & & TR 1] BB S 2O M B &7 1) = R ULLT
P AHEE K, LA Y 6T R AR, AT (A PR AR I
KRB FEWLA BT Y] S AR (& 3C), ATRERZEH T
FOARTER BT T 3 RRAR LA Sl 5T, S 3OUL I v L M
L T IR . AE T7-5 hvb, 35 ) S SRR, AT
AESE T A IR BE AR, WLET 4 S Rk S )
HEF, 5 Li 2505 WA BT 97 R 11 B oAy 4
PERBFFEEE IR —2 . 5L IR IR R I 45—
F (& 3D), Utrera %50 58 & B AL F 105 25 BAIR 2R
PABFR AR E o K 1 805855 -5 LA A 26 F1 0 as (A 4%
FEEUIAHDG, BFoE 2R, ARS8 T SC B S 2L
2z [a) FE AR, LA HR a8 7K 43 DAL ) BE A AR R T 2k,
FEEKRESIBRARET . FEWLA R, LR ZE 8 R

AT5r B 50f
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S BV B T T SR A R 1T S T PR O S5 44 11
R g B an & 3E R, AR IR AT RE 2 h T
5. s OE W LLT 4EZS Bk, 8 3R )m, LT
YL L5 5EHE | A5 B/, (U T 20 mg/L W&
BRI AT BEXT TR 1 PSS E A MIE N L, PR S8
LA R . HEZASKLI]

Kk, #6152 5 mg/mL & FRREINE IR 7d 4
T, FET AR, B R R I B, B ES R Uk
JEZy 2 cm, EEZ) 20 g W, EESANHTF 4 °C T
JEC, S TEE 00 1. 3.5, 7.9, 11 d BUREDIZE LA &

JSHERR, PRI BB T FRUS IS T R £ I
B A2
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=AU
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THIE 4(A)) . FEWEE 0~3 d PN, UL okl i & A= 0
AR, A CELER . R ER S5 DLIR, A LR AE LA
h R BUFEL pH P FEIEL S~11 d PN, P
Y 1) A B RIS A S O 1 TS0 A I R AEUAR T A
Jiig . Z . MRIWRAERRCAE D) I, B pH T I
(1~11 AW, T7-5 LAY pH BT T7-0 4H, X P fiE
ST 5 mg/mL B EFRR B INBERSAD 6 P9 R B IE
PERE RS, Song 57 ISR A SR A B 8% &
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Fig.3 Effects of different levels of gallic acid on muscle quality of largemouth bass reared temporarily for 7 d (100 pm)
7E: A: pH; B: HEE; C: 8591 7; D: IR KR, B LA DI A,
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Fig.4 Effects of 5 mg/L gallic acid supplementation on storage
quality of largemouth bass fillets temporarily reared for 7 days
T A: pH; B: HEE; C: B0 KK E; AR FHRRZR B 3F
(P<0.05), K'GFREFOR AR 1922 52, /NG FREFIRA

[Fi A 8 ) 19 2 7

([ 4(B)) . FEWEEES 0 d, T7-5 4L P RE(E R T T7-
0 (& 4(B)), A 5 mg/L & FREEF 3% 1T it
FESILP T 7K 53 8 B AR INA, S350 BEE Y
W, FE LR, R U E R AR R TR
JAEA . BE USRS AR sl A AV E S TR 7K 43 T e,
BARK T LA 7K, AR S f= B AE LR 2R, S 200
SSRGS, T 550 BEE R IS, e (1~11 A,
T7-5 LAY A BE(E/NT T7-0, AT RESEH T 5 mg/L 3%
BT RRRENEAI Tl 1l 2= 40 1 B0, 2% it B P o A ok
2, NS4S 1 BEAE G N2 gt

IR 1 d J5, PIZH B ES OB OS R AR 22 T a3
(E 4(C)), nTfE/&H TR IR T AP . i85
Sl BN T, PRI R L ZH 2R 2R 349 5, WILEET- i HE
HNFEFT R, Wb T KR . NG 3 d, B0
PR FRFEe BT, vl RRARAEN SR R b, K LR
WIS E SR R O Ok DA SR s AR R
M, 5 mg/L B FRRES AT LAARSE o g ih 8 15T
1Y) R 25 25 44, Wsm R 1T S K Z Rl 2s G ae 7T, i
b ) 1 = G e S 3 = (A AN P Bl N8 M T N
232 JKIPOMAE 5 mg/L EETESE SR 74 )5, kO
SRy 5 I K S A AR 2R 6 s . AEINTEL
EFR Y, BB 9 d 4, T7-0 4014 T21 70 W 27481k
(P>0.05); T7-5 2014 T21 Bl FE U7 HSF 8] B 2 < o #0
P, XAl e T 5 meg/L ¥ TR S LIA ZK A
T BT EUAY) BT AH BAE . T7-0 251 T22 ZER”
L 0~3 d AN 7~9 d FI_EFHIEEFH, SFRUITE EEd 2
HH, IR AT FHEEACHRTS BR, /K535 LR G5 = [a) A 4%
B REJ SRR, T REE R FULR TR A BT
B WA AR G TR AR . ZEV R 7~11 d, T7-5 240
B T22 BERT T7-0 4, £ S mg/L WETFIRAE
T E RV Rt A v R /K A3 A o

1% g 6 Y& 1l 15 ( Magnetic resonance imaging,
MRI) 1] EWZRAE R g BH ] H R i £ 5 PRSI 7K 43
Sy ARG L. MRI 2T A 0T %8 B i 17 DXk, i

6 5my/L W TREIR 7 d KBTI K >34 5
Table 6 Effects of 5 mg/L gallic acid supplementation on water distribution of 7-day largemouth bass fillets during storage

TR E] (d)

IiH x|
0 1 3 5 7 9 11
T, (ms) T7-0 1.09+0.23% 1.18+0.07% 1.19+0.20"° 1.24+0.16"° 1.33+0.26"° 0.81£0.15" 1.24+0.128°
T7-5 0.83+0.06" 0.89+0.094 0.96+0.134® 1.08+0.09"% 1.19+0.09"¢ 0.94£0.09" 0.94+0.124%
T,y (ms) T7-0 50.83+2.82% 51.90+3.64% 54.74+4.30% 48.84+2.45% 56.16+2.82% 49.77+0.00% 49.77+0.00%
T7-5 49.77+0.00% 47.34+3.35M 48.69+2.65® 52.25+3.73% 49.77+0.00% 49.77+0.00% 46.53+4.58*
T,y (ms) T7-0  479.15£150.89%  406.33+48.99"*  1179.32492.71%  490.35+64.98"  449.04+£30.23"*  479.15£150.89*  501.18+64.98"*
; T7-5 1052.70£164.45%  1112.41+80.2%  806.75£142.70° 1112.41£80.29%  481.54+34.76"*  451.31+61.86"*  1158.57+172.60%
P (%) T7-0 2.9140.244% 2.61£0.09"% 2.93+0.13% 2.78+0.014% 2.73+0.074 2.10+0.06* 2.44+0.034°
T7-5 3.28+0.054 2.8240.135 3.19+0.16™ 3.13+0.04™ 2.68+0.10"° 2.37+0.025 2.90+0.14%
PL(%) T7-0 96.59+0.13%¢ 96.260.1944 96.69+0.08" 96.25+0.50*"4 95.92+0.64™ 95.07+0.08* 95.77+0.017°
T7-5 97.25+0.03% 96.68+0.13 96.40+0.11 96.29+0.03" 96.00:£0.32 95.78+0.04% 96.66:+0.07
PLy(%) T7-0 0.51£0.11% 1.56+0.01% 0.67£0.01% 0.96+0.02" 1.6420.03"% 0.58+0.02"* 1.72+0.08"
’ T7-5 0.23+0.05 0.25+0.08** 0.35+0.01 0.40+0.014 1.30+0.30" 1.77+0.08™ 0.33+0.02%°

T AR TR R AR A B2 5] 22 57 25 (P<0.05), ANJA)/ING B2 R AR iR 48] 22 52 k. 2% (P<0.05)
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Fig.5 MRI pseudo-color image of 5 mg/L gallic acid supple-
mentation for 7 d largemouth bass fillet during storage

2.3.3 JFURgRREE &SR0 BT HBAR R R e B A R
PR e SR R 2R 22— 190 Bl 35 IR ) [B] 9 S 1, T7-0
BT YI Sy BEEE . [ PR, s EEME . R Ry
SR R T7-5 HAORERE | (a5 vk | sk | nHg
PR OB A T R Y A, b [R5 MR AR IR
7~11d o EZGER 7).

T, TE 4 °C ¥k 11 d J5, A Y 5 i 2s
R, VIR A i Y (AN AR B (4 P AR ik
At v AR AR P K AR PR 2 T o PR B P A R
IR T LA ET ZE gl 2 dH 2150 nEL g A i ek
YA DAL PR S A R L AR S VA B A R =4
A [EIE S TR, 155 IR v ) 4 ek
[ 1, BZAEAS L oK i i JS AL R ZH 2R 2544 1
W5, BT R, B TR SR 2 SR 2
HEA R/ v e fif £ f11 7 B0 BRI 7 B B, PR

REAS IR LR IR o fe 32 Ak, ;7T AR LR &T

Y RSB EEE, Y IR SRLOS, DT a5 1 5T b ™

AFZmE 3 B DRG] ] A S, SR E R ) 2=

FEELFA R PRI ERJE B 0 2 H SRR, i

Jot FER BT AL 5 PR v e AR AR BT il R DA

P 1 BT AR A 2 o B PRI PRI T o AR BTk . BURER

P, T TR AR B o e AR SR S A

2.3.4 HYUEMAAE B+L. TVB-N. TVC. MDA £

ZITE F B B+L 3G MEANE 6A s, i (1~11 d)
W, T7-5 Y2 H SRS B+L KT T7-0 41,
T HE S5 T IRAENSE K EVE T st R

K, FEBLEA AR AL i e e M e n] e S5 E R

Py JEoxt o R b i AR BT S BRI SRR

5%, [HEzHb s T ZHEH R IR ITE DO, ZHEUE R

B-+L 20 AT A4 R BRI HE SR A B S 5 I g AL,

of LR £ 4 25 1 R0 e T 2 11 0 i3, SIS 2R

Reefie>>, IS EOULPI 55 U0 J1 04 R 4o

[t 25 I 3 ) 18] 4 R 1, TVB-N (B 15, 7RI
= 9d i, T7-0 4 TVB-N & &4 19.13%£1.07 mg/
100 g; T7-5 41 TVB-N &>k 17.08+2.53 mg/100 g,
BEJSTESS 11 d, PiZH TVB-N {88 AR et vk ok £ T
AARUE(E 6B) . TVB-N {H B PR EIE B2 LRI 4H
AU TS (S, T TSN B A PR H s R g
GH, AR UE T B BT IREAHET . TVC Al LA B R Bk
A IS BT 7K I A TR DR R B DT R Y
HES, TVC {EAEN AT 7 d I A, FE
JEREAALE(E 6C), FENHER 5 d I, Bk
AT Az i EBRME N 7 CFU/g,

TERZET, BB E B E 3 B B &l A k)
AR SR R B, B BRI AR E L, B
SR P AR AR T Y SR R N, B A 2 N R g T
fig (PUFA) I RS, IF S 2807 48 RS 5= 4, an
MDA, PIZHAESE 1 d A9 MDA {ERRR KT
TS 0 d, B S BEE U Ta] I SE S, MDA {H 722

27 5Smg/L EETIRESE 7 d R IS fr Py IE e TR e A S )

Table 7 Effects of 5 mg/L gallic acid supplementation on texture property of 7-day largemouth bass fillets during storage

Fax| T gt ] (d) 581 71(g) T (g) E=Ec i REAEPE(g) JEe R (g)
0 75.56+3.61 2746.04+37.30"¢ 27.15+2.75% 51.35+1.897 611.37+£10.95 1181.52459.76"¢
1 69.03+7.65% 2217.24+627.524¢ 20.42+4.44%¢ 43.4242.417% 494.35+44 47% 1172.30+161.53"
3 50.51:£6.09*° 1972.08+290.16* 18.65+2.23" 41.48+3.14% 401.48+25.75% 601.46+38.03*

T7-0 5 46.13+4.11%° 1575.61+35.274% 15.61+2.31%® 40.65+3.71"% 332.29+11.11%¢ 413.45+42.69*
7 40.07+1.55% 1402.80:£190.80 13.42:+41.64% 39.35:+1.40%% 220.71+22.78*° 397.41+£51.90™
9 36.93+6.39M 1329.32+161.04* 15.75+1.274% 38.39+1.93%® 202.32+64.34% 345.07+£28.23
11 38.76+5.89M 832.00+£61.81 15.15+1.90* 35.93+2.26™ 109.41+£32.77% 261.65+55.97*
0 90.69+6.58" 3271.83£650.14M 39.44+1.69 56.71+3.01%¢ 901.21+74.97% 1871.73£175.21%
1 50.95:6.12° 2913.88+970.75" 29.69+2.36% 51.32:+4.02° 612.70+£96.00"° 1322.14+22.377
3 59.92+4.51%¢ 2221.12+162.48%% 22.80+2.73% 47.22+5.45%% 522.23425.11% 773.48+38.20%

T7-5 5 56.70+5.395¢ 2007.13+275.25% 20.72+4.64* 45,116,737 369.17+46.38% 589.5548.18%°
7 52.74+5.055 1892.27+52.37%® 19.27+0.90% 43.30+2.495® 322.66+23.07% 504.50+32.024%
9 49.75+5.69% 1515.14+294.93%® 21.96+1.06% 43.41+1.86%° 340.43+£72.22%° 444.41437.38%®

11

44.24+4.00%

1334.94+£122.72%

20.14£1.57%

40.16+£3.31*

219.95+29.70%

409.22+72.07"*

TE: AR TREFIR 25 8.3 (P<0.05), KRG T RN AR L2252, /NG FRERIR N R R R Y 22 57
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e A 2V E A BHL TG M5 B: TVB-N{H; C: TVCH;
D: MDA f{ii; AP REFRR 25 83 (P<0.05), KEFEFR
A A 0 22 57, /NG 5 2R 7R O [R) A% 5 K 2008] 1Y
ﬁjc"":c
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