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Abstract: The effects of storage temperature and duration on the freshness of three kinds of freshwater fish (grass

carp, tilapia, and bighead carp) were analyzed. The changes in several physicochemical indicators [including color, pH, and

thiobarbituric acid reactive substances (TBARS) and total volatile basic nitrogen (TVB-N) contents] during storage at 25 C and

4 'C were monitored, and sample freshness was evaluated on the basis of electronic nose measurements and biogenic amine

(BA) contents. The results showed that with increasing storage time at 25 °C and 4 °C , the 5" and total chromatic aberration (AE)

values and BA, TVB-N, and TBARS contents gradually increased, whereas the L and a” values decreased, and the pH value

first decreased and then increased. The TVB-N amount in all three types of fish exceeded 15 mg N/100 g after storage at 25 C

for 12 hand 4 °C for 6 days. Putrescine and cadaverine were detected, indicating that the fish had begun to deteriorate. Notably, the

electronic nose response signals could accurately distinguish the freshness of all fish samples. In conclusion, storage temperature

and time are key factors influencing the freshness of freshwater fish, the quality changes of which can be accurately determined by

evaluating characteristic BAs and electronic nose response signals. In addition to verifying the feasibility of these evaluation methods,

the results provide a theoretical basis for the freshness evaluation of freshwater fish products.
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Table 2 Color difference analysis of three kinds of freshwater fishstored at 25 'C

e & Zon
H;; ;f?h 87 = ~ > AE
i 61.05 £0.95* -1.18 £0.03"° 2.11+0.04" 0"
0 Fia 57.32+1.10™ -1.45 £0.02" 2.86 +0.04™ o™
4% & 49.80 +0.81™ -0.83 £0.10™ 1.37+0.02% 0™
a 56.60 £0.51™ -1.38 £0.04™ 2.36+0.04™ 4.48 +0.51™
12 Fia 55.39 £0.81° -1.59 £0.05™ 2.99 +0.07% 1.95+0.81
ok & 46.40 £ 0.66" -1.03+0.07™ 1.57 £0.03™ 3.41+0.67
Fa 53.21 £0.48% -1.58 £0.03%° 2.59+0.05° 7.86 +0.47%
24 Tk 51.31+0.80 -1.72 £0.04% 3.07 £0.07* 6.01 £0.80"
% & 4527 +0.48 -1.18 £0.04% 1.69 £ 0.04% 4.56 +0.48%
Fa 50.34+0.71™ -1.66 £0.03% 2.83+0.04" 10.73 £0.71%
36 Fis 50.29 = 1.00* -1.81 £0.03% 3.12 +0.04> 7.05 +1.00%°
% & 43.15£0.70™ -127£0.07% 1.81 £0.06™ 6.67 £0.70"
Fa 46.24 £0.66™ -1.79 £0.05* 3.01 £0.09™ 14.84 +0.66™
48 Fiks 46.89 £ 1.27™ -1.86 £ 0.06™ 3.21 £0.04* 10.44 +1.27*°
% & 41.84 +0.90" -1.34+0.05™ 1.97 0.11% 8.00 % 0.90"

i Bl =3P AR SRR THEELEEZRF (P<0.05), KAOBFEIHAFTAHANANEEZF, &3, 4.
R 3 4 CHEEAETIFKKkBRESH

Table 3 Color difference analysis of three freshwater fish storedat 4 C

& 27 ks
B 1A /d L a b AE
B 61.05 £ 0.95" -1.18 £0.03% 2.11 £0.04%° o
0 e 5732 £1.10" -1.45 £0.02% 2.86 £ 0.04% 0%
o & 49.80 £ 0.81™ -0.83 £0.10% 1.37 £0.02% o™
B 58.61 +0.82™ -1.36+0.10™ 224+0.10™ 2.46+0.82"
2 PR 54.55 £0.74™ -1.58 £0.05™ 3.07£0.07™ 2.78 £0.74™
G 48.83 £ 0.94% -0.95 £ 0.04" 1.47 £0.03" 1.65 £ 0.94™
aé 56.44 £ 0.42° -1.57 £0.03™ 242 £0.06™ 4.64 £0.42™
4 b 53.92 £0.56°" -1.71 £0.04% 3.21 £0.05™ 3.43£0.56™
4k 46.17 £ 0.65™ -1.06 +0.04" 1.55+0.03% 3.70 £ 0.66™
B 54.89 + (.89 -1.68 +0.04™ 2.64 +0.05™ 6.21 = 0.88
6 T @ 53.13£0.27°° -1.84 +0.04™ 3.34 +£0.05™ 424 +0.26™
4 46.36 +0.73° -1.14 £ 0.04" 1.62 £0.03™ 3.73+0.62™
Ha 53.28 £0.28" -1.77 £0.06° 2.80 £0.02° 7.83 £ 0.28™
8 PN 51.91 £0.35™ -1.94 £ 0.05 3.44 £ 0.04" 5.46 +0.35%
ok 4527 +0.61°% -1.21 £0.04 1.71 £0.03% 4.61 +0.54%
B 52.70 £ 0.41% -1.91 £0.04% 2.91+0.04% 8.42 £ 0.41™
10 Tk d 50.89 £ 0.26" -2.05+0.04™ 3.58 £0.03™ 6.50 £ 0.26"
b B 44,52 £0.65™ -1.29 £0.02" 1.81 £0.04 5.50 £0.61%
Hh 51.55+0.43™ -2.08 £0.03" 2.99 £0.06™ 9.59 £ 0.43"
12 TiEh 47.96 £0.61™ -2.12£0.03% 3.70 £ 0.04™ 9.42+0.61™
o 43.33 +0.87" -1.36 £ 0.04™ 1.88 +0.04™ 6.54 £0.85"
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2.4 TVB-N{EfaTBARSTE 4 #r

TVB-N #l TBARS & £ it 1 5 A~ F ()55 i 52
AL FE PR . TVB-N {H A2 5 PRI P il o 6 T A0 T T4
AEIRONE R PR AR S B A B e 3
fiion, TEFEAE AR, TVB-N 1 TBARS 23K
BIREH . 24 TVB-N fHiAH] 15 mg N/100 g B, A
SR PAT 1) i P Ak A 0 g TR A8 T T 38 A W 4532 1R 7K
SR, B 3a AT, FEEIR 25 CTRIK 12h, &
e 1 TVB-N {E M 7.93 30 E] 17.50 mg N/100 g,
fif £ M3 W1 160 7.00 34N E] 15.17 mg N/100 g, i B
WG I 20 | A R B RE LR AR TR, S 24 h S, BE
11 TVB-N fH#E T 15 mg/100 g, AT 224 J& WL
B 3b mI 0L, 7E 4 CIREBUE RE A, Bl 25 I gsk it 1] (1)
ahn, =Rk AR TVB-N S 2 (P<<0.05),
Z AR TVB-N A 18.43 mg N/100 g (4 d),

R £ %) TVB-N B AT 15 mg N/100 g (6 ),
FF G PR Z AR IR, R H T 2 I K
BRSSP A T AR, 25 CIVE 24 h
iiF TVB-N & & N 36.53 mg/100 g, ifij 4 CI7jiE 9 d
if TVB-N it 30 mg/100 g, 3 WK IE A5G AT
1) g v R AR ) AR B, B BUIRI TVB-N fE
TVB-N {85, Ao OBk ™ =, i sk 22
TBARS {H 1] DL U B G Wi AL AR B, A8
et B 3¢ 1 3d fros, B R ¥ TBARS & &
N 0.22 mg MDA/kg, 25 ‘CI"j# 24 h 5, TBARS &%
il K % 0.87 mg MDA/Kg. AHELT 25 CIFjigi s
fF, 4 CH) TBARS {EIGKARX ELE, 1] BE2 FIAMK
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Table 4 Biogenic amines contents of three kinds of fresh water fish stored at 25 ‘C (mg/kg)

LX) & Ap il
0 12 24 36 48

Fa ND 2.47 £0.30™ 12.04 +0.53% 16.68 + 0.68" 24.60 = 1.63"

NS Zi& ND 1.72+0.29" 13.16 +0.60° 21.44 £ 0.89™ 29.83 + 1.70™
o & ND 1.28 +0.22" 9.46 +0.72° 15.65 +0.75 25.11 + 1.57"

E 131+0.25% 6.03 £0.55™ 14.90 +0.61° 22.19 + 1.48" 32.64 +0.98"

KU Fiks 4.82+0.25" 11.51 +0.93™ 21.94 +0.87% 26.49 +0.95 30.46 +0.76™
o & 1.08 £0.31™ 9.23 £0.58 21.25+2.25 21.83 +2.66™ 25.94 +1.22%

E ND 6.12+0.41™ 18.94 +0.96 25.89+1.41% 33.94 + 1.42%

J& P Zia ND 7.83+0.23™ 23.76 + 1.06" 29.33 £0.78™ 40.05 +2.14™
o & ND 7.50 +0.29™ 17.67 +1.05% 24.19 +0.38" 32.93 +1.78"

Fa ND 11.22+0.83" 18.37 +0.69° 2476 +1.37% 39.73 +2.22"

F R Fis ND 14.02 £0.76™ 24.00 +1.72% 28.96 +0.37™ 39.36 + 1.30™
o & ND 9.72 +0.70™ 17.37 +0.68° 25.77 +0.98" 32.44 +0.70"

¥ 226+021% 8.79 +0.87™ 20.25 +1.45% 27.41£0.11% 35.75 £2.84"

il T 4.06£0.71" 10.72  1.00™* 15.53 +0.98 2441 +2.01™ 3111+ 1.78"
o & 3.85+0.49™ 12.14 +1.32% 13.16 + 1.49% 18.73 +0.74™ 2559 +1.21%

;’:’ﬁ 1.83 £0.27% 8.35+0.92™ 30.74 + 1.07% 35.18 = 1.49™ 40.19 +0.83™

B Fis 3.05+0.37% 12.37 £0.65™ 19.91 +1.34 27.80 + 1.36™ 32.28 +2,95%
o & 2.18+0.11% 10.46 +1.00™ 16.99 +0.94% 22.88 +1.09 28.79 +0.80*

E 1.29 +0.07* 10.52 +0.68™ 16.49 = 1.16°° 2438 +0.71% 2835 +0.60""

A Fia 1.88 £0.07" 8.17 +0.43™ 19.20 +1.75% 27.13 +0.72% 31.85+1.31™
o & 4.94+0.11% 8.70 £ 0.45™ 15.97 +1.45% 24.28 +0.75% 29.62 +1.23"

) 4.04+0.21% 1131 +0.99" 2248 +1.11¢ 25.59 +0.82" 27.40 +0.50*

Ay Fias 3.72 £0.38" 13.22 £1.01™ 21.68 +0.83 24.94 +0.99% 28.75 +0.61"
o & 3.59+0.19% 10.94 +0.66™ 17.25 +0.34 19.66 + 0.88" 24,01 +0.68"

E: “ND” ARt H.
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Table 5 Biogenic amines contents of three kinds of freshwater fish stored at 4 C(mg/kg)

YRR aAf A
0 2 4 6 8 10 12

Fa ND 524+125% 6.99+0.10% 11.68%0.46™ 13.31%0.24“ 19.00+0.30™ 27.92 +0.20™
NS Fia ND 1.01+0.23" 2.68+0.19* 7.88+091™ 13.21+0.12% 17.92+0.27% 25.00 +0.46"
o & ND 1.73+0.17" 3.38%0.13" 4.59+036 7.78+0.55" 12.96+0.28" 19.70 £0.01*

H6 o 131£025" 2920747 653051 7.81£031™ 9.52+026" 1222+038" 15.01+0.80"
For TAEs 482+025% 6.58+028" 8.60=0.18" 10.14=0.36™ 11.37+0.62° 14.72£0.77" 19.83 +0.12*"
e 1.08+031° 2.18+028" 4.51+0.13% 7.60+0.18™ 12.810.50° 20.20 = 1.00* 26.01 +0.68"

¥ ND 45120207 5.65+1.07° 844%0.12° 18.07+0.24 24294009 30.59 %025
J P LI ND 3.67+0.25" 541+0.14"  7.13£028” 891+0.32° 17.19+0.59% 23.03 +0.36"
o & ND 4.02+021" 590+0.14" 7.13£0.17™ 929%0.15" 14.49+0.33" 19.82 +0.84"

E ND ND ND 635047  9.11+0.48% 1332£031™ 16.02+0.56"
F e Fiks ND ND ND 3.60 £0.42™  7.99+025% 12.58+0.72% 15.07 +0.39™
o & ND ND ND 232011 513+031° 9.75+0.37% 13.49+0.58"
F8 2264021 2614044 435£027F S41£0.11% 785+0.50 11.73+0.57% 17.73 0.54"
il FEE 406+0.71% 631£0.60" 8.66=0.30" 10.84+0.97™ 14.20+0.38 1581 £0.86™ 18.12+0.22"
She 3.85+049% 508+0.44"™ 10.14+0.47" 1435+097™ 18.55+0.64 21.03 +0.37* 23.57+0.33"

F& 1834027 376+0.56° 638+049% 0.16+039™ 12.16+0.22% 13.79+0.30™ 17.40+0.54*
B4 e FaEsE 3.05+037" 516+0.55" 7.01+1.14" 856+0.45"" 10.87*0.16" 12.03+0.17% 14.67 028"
e 2.18+0.11%° 4.52=081™ 6.22+026™ 7.92+0.29” 9.88+0.25° 12.42+0.53% 1533 +1.00"

F86 1294007° 1.63+0.13° 2.63£006° 378010 557+0.11C 11.01+040% 1625+0.59%
TAEE:  FAEE 1.88+0.07" 227+0.13" 3.57+0.09" 4.96+0.18" 6.06+0.25° 10.34+0.25% 14.82+0.66"
s 494+0.11" 556+0.19" 7.84+0.30" 10.84+1.46™ 14.570.26" 16.57+0.30" 20.19 +0.74"

Hh o 404£021% 629+027° 7.76+033 995£035™ 1134027 13.88+045™ 16.86%0.56"
A e Fas 372+038" 553+036" 693045 7.76+038™ 935+x0.11° 11.72+020" 14.66*1.15*
e 3.59+0.19% 433+020° 8.17+0.44™ 10.28+0.18™ 10.98+0.09 13.39+0.19** 15.16+0.13"

Z: “ND” RFAH,

2.5 AT

e (BAs) J&—Fi B A 77 & W, e i sk
FIREM T ENAEY, FEELEERBE
AP B BAs AR A Th B AR A
fER, (HEANEESSBURE N EY &5, 8
H R A2 o SR 3 R AR, I ) R
FEXT A ARSI R ISR 4 AR 5 o o

B O I ARSI B . RN R, T 25 C
5% 12 h AT 4 CEAFE IR 6 d e, #AIF] 8 i
AW (k. k. Bk Pk Bk Ko
Jie s A G RO AR i ), 130 BH I A 9% 7K £ U g I A
i, W FURREAR, MR, 425 T
i 12~48 h, Fifn, DR A kS &5
i 6.12. 7.83. 7.50 mg/kg 4 i F| 33.94. 40.05.

144

32.93 mg/kg. {HE 4 CHE 2 d 5, RKMFE S H
o B J e, LA, B R AR ONTEE R S BRI
4.51, 3.67. 4.02 mgkg, LT 25 CHE 2 d 11
WK, fE4 TR 12 d 5, Hfn. Bk
1 6 i & B N & 30.59. 23.03. 19.82 mg/kg.
HHUE RO, 25 CIi i & s K, 25 Cit
8 12 h J&, =Pk ekl g o i, SR 4 C
AT 6 KA KT INE 7 e, BB 25 C IR
12 h, 4 CIl2jk 6 d, FFUARJE M. Bl A s it A )
A, KR AR S R R E N (P<0.05),
N, 25 CRBAMT FHKAAESR, X4
5t AE S SRR, AR T LAAT 2 i A= P e i
FRAE o R TR ) A K T B T TR 2R R e e P R I
(), S K i 7 B T T/ B v s A7 SO0 T ) O 2 2
InAE VIR
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26 PHEIBEFAYHEESE. BT EBNE
5TVB-N. TBARS. pHX & 2 W4 x £

MW 6 I EH, 1F25 CIHstE T, Heark
R 5 L B AR RS WSS i A1 3R B A
MM (P<0.01), KM BiE. . .
¥ e 5 WSS i WA 2 B0 HS 8 35 A G (P<<0.05),
R R T 0.898, AWl TVB-N. TBARS.
L'\ a'\ b AE ¥3ik 8| 5 E WM KT (P<0.05).
B AR b 7 RORS e S WSS i R A R B AR
MHRME (P<0.01), KZFZ. &, AR, B &
WA NZ S WSS Wi AR R H 2 A (P<<0.05),
KRR T 0.903. i f b K 2% SRS iG55 WSS
Wi 2B 22 30 HE B O 28 AH DG ME (P<<0.01), JBSfiE. P
fiie 2RI Jo T B 5 WSS i o7 AR 2% B I 5 A O

(P<<0.05), MKXAE ST 0.890, 2 Ffif
W CR GRS 5 TVB-N. TBARS.
L'y a's b"F AE 353k ) & 2% VM 9% K F. W5S
Wi S4B 5 = Fh ik K 1 TVB-N B A5 & 35 M o
(P<0.05), 5&fff] TBARS KO ZEiehr B A B3
MM (P<0.05), 5%k fiffa 2 Bf 2
EMPE (P<0.05), {H5 TBARS Jo i 3 4H X k.
{2 =ik o pH 5 AW i Jo HL 1 B A% s WSS
i) 824 TG Y 3 ARG o 2% B RTIR, AH OG5 R A
KPR IG. FRe. HRE. MBI AE kK fafe
25 CIHEAAM T FFEA NG, RefEAEYIG X 7
BB SE WSS Wi NAE 5 TVB-N B # M 3¢, A LU
R JA W77 7K ) B AR A

& 6 25 CIE KM T3MikaEYREEE SR FRSHMAIERMEXME

Table 6 Correlation between biogenic amine content, electronic nose and other indexes of three freshwater fish stored at 25 °C

KESRAPE  FRAR & e RO & Pz F I Filizs B fiz A Af R AN
W5S 0.877 0.898" 0.911° 0.918" 0.918" 0.875 0.969" 0.914° 1.000

TVB-N 09937 09957 09957 09937 09977 09607 0984 0.955" 0.918"

TBARS 09777 09917 0968 0980 0974 0.901" 0.958" 0.888" 0.902"

. pH {& 0.427 0.467 0.362 0.411 0.377 0.207 0.332 0.15 0.303

L -0.9817  -0.9877  -0.9897  -0.993"  -0.993"  -0954"  -0.992"  -0.959" = -0.943

a -0.970"  -0.968"  -0.987"  -0973"  -0987"  -0978"  -0.990" -0987"  -0.937

b 0.982" 0986 09937 09827 0995 09657 09977 0968 0.951"

AE 09817 09877 09897 09937  0.992" 0.954" 0.992"  0.959” 0.943"

---------- WS 0.86 0.957" 0.926" 0.960” 0.903" 0.957" 0.934" 0.983" 1.000
TVB-N 09627 0994 098" 09957 09817  0999" 09927 09947 0965

TBARS  0.953 0.877 0.914° 0.901° 0.964" 0.908" 0.910° 0.848 0.762

Pie pH {& 0.034 -0.19 -0.107 -0.126 0.053 -0.107 -0.106 -0.241 -0.344
L -0.983" 09857  -0.998"  -0984"  -09747  -0978"  -0985" -09727  -0912
a -0.954"  -0996"  -0.984" 09897  -09717  -09977  -0991"  -099"  -0.973"

b 0.949" 0.983" 09837  1.0007 09767 09907 0977 0990 = 0962

AE 0.983" 098" 09987 098" 09747 0978 098 0972”7 0.913°

--------- WS 0.801 0.959™ 0.905" 0.927" 0.890" 0.933" 0.87 0.959” 1.000
TVB-N 09607 09717 09947 09917 0975 09957 09727  0.994" 0.924"

TBARS  0.965" 0.781 0.921" 0.915° 0.935° 0.907" 0.947° 0.852 0.706

o pH {& 0.739 0.393 0.625 0.617 0.699 0.603 0.68 0.508 0.309

L -0.924" 20953 -09777  -09917  -0982"  -0.992"  -0962"  -0.98  -0.956
a -0917°  -098"  -0979"  -0987"  -0.953  -0990"  -0.957" -0.997"  -0.973"

b 0.960" 0.957" 0.993" 09977 098" 0998 0978  0.990" 0.926"

AE 0.924" 0.953" 09777 09917 09827 09927 09627 = 0987 0.956°

AR 2 0.01 AR (RE), MXMEIEE; * £ 0.05 K5 (RE), MXHEH. LTR.
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Table 7 Correlation between biogenic amine content, electronic nose and other indexes of three freshwater fish stored at 4 C

7%;? EEE Gl Ko BB Pl W Bk HEE HE WSS WIW W2w
W5S  0.8957  0.816° 0.861° 0.840" 09457 0.825 09407 0848  1.000 0.899"  0.909"

WIW 09787 09617 09957 0979”7 0.985" 09757 09757 09797 0899  1.000 0.995"

W2W 09617 09387 09917 09607 09837 09527 0.976° 09577 0909 0995  1.000
TVB-N 09977 09837 09757 09607 09647 0988 0.948" 0998 0866 0978 0.958"

ta TBARS 0.939" 0.969" 0953 09777 09037 09817 088" 09707 0746 0948 0918"
pH/E 0319  0.166 0359 0247 0441 018 047 0236 0614 038 0.456

L -0.9317 -09737 -0.9217 -0906" -0.862" -0.975" -0.829" -0.963" -0.698 -0.907" -0.872"

a -0.970" <0995 -0.948" -0.929" -0.920" -0.988" -0.896" -0.988" -0.780" -0.942" -0.912"

b 0.942" 09807 0.947" 09537 0.892" 00988 0.866 09747 0.733  0.938" 0.906"

AE 09317 09737 09217 09077 0.862° 0976° 0.829° 09637 0.699 0907"  0.873

WsS  0896° 09107 0900° 0872 0787 08100 0943° 0876 1000 0.904" 0.929"

WIW  0.996" 09777 09797 0993" 0960" 09617 09837 09817 09047 1.000 0.992"

W2W 09827 09557 09637 09887 09197 09217 09777 09547 09297 0992”7  1.000
TVB-N 09607 09527 09337 0936 0.998" 0996 09137 0972 0765 09477 09017
Pha TBARS 0968 0.943" 0927° 09557 09927 09847 09157 09597 0767 0950" 0911
pH/E 0644 0599  0.646  0.691  0.494 0.5 0.683 0591 0775 0698  0.773°

L -0.9547 <0979 -0.965" -0915" -0968" -0982" -0.943" -0.986" -0.841" -0.946" -0.912"

a 20.953" <0947 -0.9307 -0.929" -0.995" -0.992" -0.907" -0.966" -0.744 -0.936" -0.886"

b 0.949”  0.957" 09417 09207 09917 09937 09147 09747 0756 0.934" 0.885"

AE 0.954" 0979 09657 09157 09687 0983 09437 09877 0839° 09467 0912”7

WS 0957° 09277 091" 095" 0800 0875° 0882° 08000 1000 0.920° 0879"

WIW 0987 0993 0984" 09817 0.955" 0987 0987 09407 09207 1.000 0.988"

W2W 0967 09827 09767 09687 09627 0987 0.982" 09497 0.879" 0.988"  1.000
TVB-N 09417 09617 0963 09297 09917 09917 0988 00983 0832° 09717 0.984"

" TBARS 09027 0.9407 0918 0.908" 0992 0964~ 09827 09707 0.788" 0948 0.965"
pH/E  0.764° 0814 0713 0839 0796 0.754  0.833°  0.752  0.767  0.794  0.812°

L -0.899" -0.909" -0.937" -0.852" -0.967 -0962" -0.942" -0.9817 -0.764" -0918" -0.909"

a -0.918" -0.936" -0.956" -0.890" -0.987" -0.984" -0.968" -0.989" -0.782" -0.949" -0.960"

b 0.950" 09677 09757 09327 098" 0996 09857 09847 0829° 09757 09817

AE 0.8977 09057 09447 0848 09617 0966 0.936" 09757 0.753 09197 0.920”

MR 7 el E, =Rk Ay BT
B AL RS WIW FL W2W i 87 A FL A A 55 35 A 5%
P (P<0.01), MK RZE =T 0919, 5 W5S i
. TVB-N. TBARS. L. a'. b 1 AE #J ik 5| &
FEM KK R ARG RS RE . T BRORS
Fr4b) 5 pH AR A BZE MK (P<0.05), fHX
REET 0764, (HEAMAPIEMAEY S pH E
T B E M. WSS Wi N 5 5 ) TVB-N K o
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H R B ZEMETE (P<0.05), 5% A
) TVB-N. TBARS J% & 2 45 b 1A B ik 3 A6 5 14 /K
P WIW A1 W2W i A 5 —FR 7K £ ) TVB-N.
TBARS. Kt 235 brIE F 8 E A K WIW
i) A 5 B0 R B A () pH(E JC R A G, (H
Lt f1 pH {H R I H 2 F M R (P<0.05), A%
RN 0.767. TEFATHEEE TR, pH ANIE NS
%, TaEE AR R R bR . SRR K A K
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HL 7 EAL P WIW AT W2W i S 5 TVB-N B
AR EMLNE (P<<0.01), 17 S48 52 W5S
5 TVB-N B BEMME (P<0.05), EVlES
HL 7 EAL A WIW. W2W. WSS (i w48 m] LA
SR AT IR K F R A B A4k

3 g

IHT T AR EE (25 ‘CH 4 C) =FhigK
fo (B, PAEmAGEE) R SCE R AL
T, =M EREORE, (EFER A A, L
TRbr 8 23 T AHAR AR o BE A B TR] R ZE
TBARS % TVB-N & &iZ#E N, pH E2ILH ek
JE TR, ARG A RN, T S
MAERE 2 AF K, b AE. AEZBHIE K, WL EA o
EERARG AL N MM IR 25 CIER
PERSoK ERFAEE G (. P iE. dig. A
B i) M L7 BB KA WSS B {H 5 TVB-N &
FH (P<0.05), 4 CW&M T kK aEY I
N BT AL RS WIW AT W2W R 4 5 TVB-N
AR ZEMRE (P<0.01) ; H34E 7 Em N AY
e R W B A = Rk K M AE 25 CI A1 T
(I ER 28 12 h, 76 4 CIE A I8N 6 d,
PCA 7 H7 0] [X 43 AN [R5 ) TR (R, FL T B
A2 ) K 3 B XoF R 7K BT B B R VPR B AT AT
P F 98 45 B R vk K i i R B T AR 4t T 3
A o
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