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F 100 CZEIEINI 30 min, HIREHFIE .

DFEEHN ., AR, SH LR, =M WG
W T [ 24 4 A1 Ak 2 a0 A BR 2 ) 2 26 T s 1 T T
T Sigma AR BRI BARMER W T Amresco
O3 w) BT B UE VR T 2 A AT A A R A B
Al LL B o dr sl s L E

3) EFALLE B A5, 835-50 B LR A 3h &
B, B A B S22 7 5 600E BT AH (38 A%, 56 [ Wa-
ters A Al 3 Spherisorb OSD {2 £ (5 pm,46 mm X
250 mm) , 3 [E Waters 2\ 7 ; Supelcosil-LC318 A,
JEAE (S pm,46 mm X 250 mm) , 3 E Bellefonte 23
A] 3 FJ-2000 7Y i 8 43 WO B AL, B AR dEREE T
A U B0 Bl 9 T 22 52 AR 3 T 5 BS-2102
RUGr AT RV, 21 Sartorius 2wl i R A%, L
T 22 B JERE 2% T 5 VISTA-MPX 1 A SRS 4 46
B TR & 6 (ICP-AES) , 2 [ Varian 247,
1.2 REHE

DR E. 2% 8 %5 Wirdk,
KT A 8 5 B A3 # .

DA TR M LA I E . 2 IR Aubourg
U T WA AE L, BRI  HERRFRE 5. 0
g P, BT 50 mL B.O AT INA 5201 s IR
W 30 mL, & 3 43 B8 B AL &) 9% 2 k(10 000
r/min,2X20 s), &L (4 °C,1 000 r/min)10 min J5
W B E VS, 4 0. 50 mol/L #1 0. 05 mol/L #
NaOH RS pH R 6. 5, 1 K B F/KE %
% 100 mL,# % M 0. 25 pm U U8, & 5 HL 20
pL BEWR PERE Y M. HPLC %45 KR 2 %0 Spheri-
sorb OSD i, 25 “CAER , 543 ek il 45 (215
nm Al 254 nm) ;PR A:la) 3.5 mL 8RR A
7.2 mL =& 4B A 200 mL K, . EXE
1O L EEM =M pH o 6. 5; VLK B: I
B, VEMEME A 0. 45 pm (4 U8 B 2 08 5 B 7 U
PR F =R TR 30 min, MEBRIRE A 1.0
mL/min; PEBEFR P« SR FH BB B VR B0, VR A H O
P E 5% IR 20 min. SRJEH 2. 5% B F 1
10 min,

3 /NI E ., 2 M8 Bauchart 258 1 J7 s, wg
e, BRI N:5.0 ¢ MRS 25 mL 0.6
mol/L [ SR 4 5 (10 000 r/min,3X10 s) , &L
(15 300 r/min) 10 min 5 H €45 (Whatman No. 54)
g, 30%0 8 KOH 345 pH 2 6. 0, 85 IR 4K
F10.25 pm B8RO 8 FHGLFL AR AR WCHR 20 L

JEW T HPLC 40 #r, HPLC EZH ARS8 Su-
pelcosil-LC318 (4% 4,30 CH:IR , L0 G A6 2%
(214 nm) s PEMBL I A 0. 1% 1 = FU S IR /K 15 80 U
R B:0. 1% = BSOS . VeI £ 0. 45
pern 19 U085 DB S P RE A I T R AN T A TR AR A R R
530 min, VB HLE A 1.0 mL/min; 5B .
KBS EVENL , e W1 A 3. 2% B30, 5 min £4.5%;
5min% 8. 5%; 10 min £ 11. 5%; 19 min %
26.5% 322 min 2 99 % ;99 %4445 12 min; & F T
I 3. 2% . &3 DA T AR5,

DT PRI E . S 08 Beyza 1[5 1k L 1%
YEME U, R ICP-AES Ml 52 1 A th g™ 49 5 1) 2 &
ICP I RS H . TR N 1.2 kW, 58 TR i &
A 15.0 L/min, B BIR K 1. 50 L/min, B % %
= H R 200 kPa AN #5F8 E SERT 20 s, EFEIERT 20 s,
A 15 r/min, HPBERTE] 20 s,

5) VG WA I R B WRORT XY i TR VR T
(B CTAV) [ B £t P v % bk 3 4 0 o % 5L 30 ok 1) 2
BRFERE , TAV /NTF 1 R8T 8 W 16 M40 50 % £ 1R %
BRSTRR AR E AN % s TAV KT 1, F a8 0% 8 W 3% 1k
Py 0% £ PR Y% R o R R B R FLBR(E R, TR R
FERR . % R 0 TR S RS Y & (EUO) i3 2
M8 Chen &0 J54k
1.3 HELE

KH] SASV 8. 1 B A i A7 8y A, R
ANOVA #1775 22 50 #f (SAS Institute Inc. , Cray.,
NC,USA,2000) , i 2 ¥ J5 25 43 B35 2 LSD, 4 Il
FR M 0.05,

2 ER55MH

M A0 hn #A 3 55 ALY R S | E ER R &M

&L 1 AR, Glu J2 i 0 R o 52 6 iR 0 3 2 50
FPR , His & 2% R R 2R, Gly 1 Pro &2
B R 0 32 B AU BER T ff  JUL PR v R R S R 1Y
TAV 2y 6. 2,18 KT BB IR Z IR TAV (0. 3) Hl
MR ERR M TAV (0. 8), 15 B 72 i, i s
R 2 R LB R 2R R RN R T R LR A TAV
BTG K CAESE 7 KA 0.9.1.3 Al 7.5, #ifif
{5 AL PR AR T S UL PAD v e S S R | R R
Rl S Wk S LR TAV ¥ B 2 TR, 409k
0.2.0.7 F1 5.6, A 2 F R 6 4 I B4 686 JIL PR) 32 ok
1) BTk DA R R 35 O 25 5 Wk AH B AR D | i o i
WA T A DT RRAS B i A A ) AE K, i AR R

21



110

N PNEEE

A B
1.0 158 EmCly EThe
0.8¢ |:|Clu -ASp Ala HlP:ro

RC RC RC RC RC
0 1 3 5 7

¥ A [E]/d Cold storage time

RC RC RC RC RC
0 1 3 5 7
¥ JET E]/d Cold storage time

TAV

6
A b
2
0

C

RC RC RC RC RC
0 1 3 5 7

¥ JATEl/d Cold storage time

TAV BTG TE(H Taste active value; R ¥ G B4 65 LA Fish flesh with different cold storage time; C: ¥ 38 A [w] B 8] i F5 i #4 )
HEENLN Fish flesh with different cold storage time followed by heating. I [i] The same as below.
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Fig.1 Taste active value of free amino acids in fish flesh after refrigeration and heating
B JIL IR S R 2 R SR IR B A Sk D, 11,0 mg/100 g, 7E ¥ it B, =B AR
ﬁ%%%nw&%mﬁmg 1 CATP) F 8% 2 IR 1 CADP) % it 3% 7 1% 1%, AR
22 REFMMANEANNZERREEBSYH R AMP) & &S5 FEAL, IMP & & 5152 5%
A1) I Hx & 5 00 5, vk o B8 e A% 1 (HxR) & &
L R (IMP) J2 5 6 85 LA v fie 2 2R SR OR SB35 e AR, OB & B8R LY A5 L IMP % B 2
E@ﬁﬁ@ﬁﬁkﬁ’ﬁ&%,Aiﬁ 529.2 mg/100 g, & RIFEAL. AMP & & W BE AR, Hx & iﬁ%‘iij}ﬂ
ST 63. 0% (R D, oy — M ORI MR ER Bl A VU [R] SE S, O By &5 LA o IMP A
(AMP) &8/, 12.9 mg/100 g, B &K BEFEAR, AMP & &8 nj5 BT, Hx & ggﬁﬁ%%
TR R A 7 X v I CHx) 7 5 fF £ P b & AR 39,
x1 ABMMARHIAPZTREUEYEE)
Table 1 Concentrations of nucleotide compounds in fish flesh after refrigeration and heating mg/100 g
iR %At 8] /d Cold storage time
Nucleotide 0 1 3 5 7
S H R 11.040.7 eB 13.340.6 dB 29.8+1.1cB 62.5+5.1 bA 159.5+5.2 aA
=4 X
C 15.94+1.2 eA 19.740.9 dA 34.8+2.1cA 71.2+2.5 bA 132.2+10.9 aB
. R 529.2426.1 aA 478.4+16.6 bA 387.2410.2 cA 161.8+12.1 dA  98.7%6.5 cA
WL R IMP
C 228.0+1.7 aB 173.4+8.2 bB 145.7+3.2 cB 50.8+4.2 dB 19.540. 2 eB
YOS B HxR R 250.1£4.6 aB 261.1%12.4 bB 318.8413.4 cB 345.6414.2 cA 196.8+12.8 dA
C 316.8+15.7 bA 353.8415.3 aA 371.7+£12.5 aA  318.4%16.7 bA 178.14+10.6 cB
2.940.¢ .3+ 1. 5.7740.: +0. :
W R AMP R 12.97+0.9 aA 14.3+1.2 bA 15.740.3 cA 7.2+0.2 dA /
C 10.340. 4 aB 12.443.2 bA 8.04+1.0cB / /
32.21.4 2 +2.: 3.2+1.0 ¢ /
A — B ADP R 32.2x1.4 aA 29.64-2.3 bA 13.241.0 cA / /
C 25.4+1.3 aB 19.14+1.1 bB 15.040.8 cA / /
9.941.0 a .3£0. 5.0£0. / /
I = B ATP R 9.9£1.0 aA 7.3420.8 bA 0£0.7 cA /
C 9.1£0.3 aA 7.54+0.7 bA 3.7£1.0 cB / /
. R 845.2422.2 aA 803.9431.1 abA 765.54+25.1 cA 577.1431.1 cA 455.1+24.5dA
411 Total
C 609.6418.1 aB 585. 9425.5 abB  578.8+16.1 abB  440.4+18.4 aB 329.74+21.4 dB

DA /NG T R R TR A [7) v ST (1] T A 858 L PA) 20 fm 1) 5 UL PR 222 1) A At 35 22 53 (P<<0. 05) AN [ R 5% B 3 7 78 A 7] ¥

AR SELP AN A B BENLIA Z A 22 5 (P<C0.05) /7RO B A R I E L R R I .

represent significant difference between the raw or cooked fish with different storage time. Different capitals in same column repre-

i I [1]

Different lowercases in the same row

sent significant difference between the raw and cooked fish with same storage time. “/” represents not detected. The same as be-

low.
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Fig.2 Taste active value of nucleotide compounds in fish flesh after refrigeration and heating
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Fig.3 Equivalent umami concentration(A) and taste active(B) value of fish flesh after refrigeration and heating

B e B AL PR L IMP X 5 R TR B R (TAV =
4.5, 18 2A) , AMP X} i bR 5T B 2 (TAV =0. 3,
EZBLme%w*ﬁﬁXWMQGAV:al,E

T%ﬁtﬁ¢1MPﬁAMP%TAV%m%
ﬁ}hmIAv%mﬁm B 7 d JE . Hx X
PR BTk B2 (TAV =1. 3), 5, IMP Fi
AMP [ TAV & % A%, Hx B TAV 2R3 .
Asp.Glu, IMP 1 AMP & A 88 2 1 fef R 4 ot
EATZ 2 7= A U ] SR, R 3 A K 4 A e R ) 1R
FH o B A 3 2y ST % B ff i UL PR ) B R TR IR R B
2,EUC & 1. 0 g MSG/100 g, TAV ik #| 33. 0
(FE 3) . EUC Ml TAV 7Efa R AT 5 d Z#7 T B,
RS T R ER . Bt s LA T, TAV
SR TR, 13,8, AR R EE A LN TAV £
Vel 3 d INGZ1E NI, T ZEVR S 5 K200 T R,
2.3 AR 0 # X &4 AL P9 /)N K 490 R Y B2 M

550 B SRR — N IRAR B A A KUK B

A3« T LI J2 Al XU 6 5 W 0w . i AL PR
K E] 12 FpNK (& 2>, Bk 7 Ry s sE LA
A /N IR B, ARV AT 3 d 1 2 T AR AR, AR
JEPRREANAE . S R AR A R 10 B ¥4 FECET ) 4E K 5
I TES 7 RIS &AM SR 12 5. ik
Xof fie L PR /N K2 o B 52 ) B A K 7
it B RRAR LK 5 B SURIEE I, AN R T
W 52 B A2 SUIR I AR e R B
2.4 Y EEE AR &% AN A A R A0 &2 I

BB RS O A P A R R R R 4.
HAr 9 1304, 8,969, 8.135. 9 mg/100 g, 3 A"
i e AR BT YRS A 95 0% Ll I
(2 3) AP P 02 AR G B AR e A
3 (P>>0. 05) , 1M i 44 25 5 800 ) Jot & it 1 35 B¢
flR(P<<0.05), Ml 4 AT K A Na X i AL P e i
TERBA R (TVA= 1), Ca i i UL A R 57 ik A B 2
(TVA<D),
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Table 2 Concentrations of peptide in fish flesh after refrigeration and heating mg/100 g
IN KT ¥ It E] /d Cold storage time
Number of peptide 0 1 3 5 7
1 R 9.0+0.4 ¢B 13.2+1.5 bA 24.7%£1.4 aA 26.9%1.1 aA 27.0%£2.1 aA
C 11.8+0.7 cA 13.54+0.7 cA 22.7%11.8 bA 23.8+1.3 bB 26.8+1.9 aA
9 R 29.5+£2.6 aB 32.9£1.7 aB 33.2%2.4 aA 33.3%£1.0 aA 32.4740.6 aA
C 35.4=+1.7 abA 36.7+0.8 aA 35.0£2.2 abA 32.9£3.0 bA 32.27+0.6 bA
5 R 22.340.7 abA 23.2+1.5 aA 19.74+2.1 bA 16.3+1.0 cA 16.440.4 cA
C 9.5+0.7 bB 9.6+0.8 bB 10.5+1.1 abB 9.3+1.6 bB 11.8+0.7 aB
4 R 0.27%0.0 cB 0.2740.0 cB 0.1£0.0 ¢B 1.54+0.2 bA 2. 610.1 aA
C 1.940.2 aA 1.040.0 dA 0.840.0 dA 1.3+0.1 cB 1.540.1 bB
5 R 4.3+0.3 cB 0.140.0 dB 0.4+0.0 dB 8.4+0.3 bB 9.5+0.7 aB
C 54.7£1.6 cA 61.2+£2.5 bcA 63.7£5.0 bA 68.6E2.7 bA 78.6+7.1 aA
6 R 6.3+0.2a 6.0£0.3 a 5.04+0.2 b 5.0+0.1b 4.0+0.1 cA
C / / / / 1.34+0.0 B
7 R 195.8+16.3 aA 170.2+12.1 bA 101.4£3.8 cA 95.6E8.7 cA 107.8+8.6 cA
C 93.5+7.2 bB 115.7+4.8 aB 83.542.5 cB 63.7+3.0 dB 46.245.5 B
8 R 7.24+0.1 bA 2.9 £0.1dB 2.4+0.1eB 3.8+0.2 cA 8.8+0.3 aA
C 5.4+0.3 bB 5.6£0.6 bA 3.92£0.4 cA 2.6£0.9 ¢B 8.8+0.6 aA
9 R 6.940.4 a 6.9+0.4 a 3.7+£0.3 b 2.8+0.2 ¢ 3.1£0.1 be
C / / / / /
. R 10.14+0.7 eB 49,1+1.6 dB 64.4+2.2 cA 96.6+2.2 bA 128.8+7.1 aA
C 53.9+2.8 cA 61.9+4.8 cA 59.4+6.75 cA 73.8%5.9 bB 121.9£7.6 aA
N1 R / / / / 0.840.0 A
. C / / / / 0.6£0.0B
1 R 5.940.2 aA 5.4+0.5 aA 3.27£0.2 bA 5.47+0.4 aA 6.140.2 aA
C 4,240.1 bB 3.8+0.3 bB 2.3£0.2 cB 2.7£0.1¢B 5.0£0.5 aB
A1 Total R 297.3420.2 bA 310.0416.3 bA 258.248.8 cA 295.8414.2 bA 347.0415.8 aA
o ota C 270.346.1 cA 309.1+11.1 abA  281.9£16.4 bcA 278.7417.4 bcA 334.9423.9 aA
x3 REMNARHINAGTTHOREE
Table 3 Concentrations of minerals in fish flesh after refrigeration and heating mg/100 g
RN At E] /d Cold storage time
Minerals 0 1 3 5 7
K R 1304.84+45.0 aA 1283.5+£78.8aA 1329.6+43.3aA 1291.2435.8aA 1210.5446.1 aA
C 1106.5+33.2aB 1085.3£52.5aB 1116.6432.2aB 1057.14+52.1 aB 964.9+36.2 bB
N R 969.8+51.6 aA 918.8448.9 aA 931.3437.0 aA 933.7429.3 aA 905.2 £29.1 aA
e C 809.7439.5 aB 786.7+14.6 aB 801.9+12.2 aB 748.4434.8 bB 716.6429.4 bB
C R 135.9£8.8 aA 126.949.9 aA 120.3+9.4 aA 121.7+8.7 aA 130.5+12.4 aA
“ C 98.2+7.5 aB 90.4=+5.4 abB 91.84+4. 3 abB 83.846.3 bB 82.0+2.9 bB
M R 68.9£6.0 aA 64.3£6.6 aA 66.9+4.8 aA 61.4%4.0 aA 61.5+t4.4 bA
& C 53.9+4.0 aB 52.1%£4.2 aB 53.0%3.4 aB 48.643.1 bB 45.443.5 bB
F R 14.2+1.2 aA 14.740. 8 aA 14.24+1.0 aA 16.3£1.6 aA 15.940.7 aA
¢ C 11.0+0.6 aB 11.9+0. 8 abB 11.8+0.7 abB 11.0+£0. 7 abB 10.6+0.3 bB
Al R 1.940.2 aA 1.840.1 aA 1.640.2 aA 1.740.2 aA 1.840.2 aA
C 1.440.2 aB 1.240.1 abB 1.3+0.1 beB 1.1+0.1 beB 1.14+0.0 cB
C R 3.440.3 aA 3.0£0.2 aA 3.37£0.2 aA 3.240.2 aA 3.0£0.2 aA
" C 2.4+0.1 aB 2.34+0.2 aB 2.1+0.1 aB 2.4+0.1 aB 2.14+0.2 cB
7 R 8.6+0.4 abA 8.740.3 aA 8.340.3 abA 8.240.5 abA 8.140.3 bA
" C 5.2+0.3 aB 5.5+0.3 aB 5.1+0.4 aB 5.9+0.0 aB 4.3+0.3 bB
M R 0.6+0.1 aA 0.5+0.0 abA 0.540.0 abA 0.5£0.0 abA 0.5+0.0 bA
" C 0.4£0.1 aB 0.4%+0.0 abB 0.470.0 abB 0.4740.0 bB 0.3£0.0 cB
R 2507.94111.9 aA 2 422.4+122.8 aA 2 475.9482.7 aA 2 437.8457.6 aA 2 336.81+92.6 aA

411 Total

C

2 088.9475.5 aB

2 036.0+67.2 aB

2 083.9+£52.4 aB

1987.7495.4 aB

1827.14+72.8 bB
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Fig.4 Taste active value of minerals in fish

flesh after refrigeration and heating
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ity PR R iR S 3 R A B 04 R I ) E K
7T 380 s L i AR Ak 32 2 5 P TR R R G R R
il 5 | S 1 B 1 BOK A OGP ARG B, ATP
M ADP 5 3% 7 F# A% . AMP 55 5 58 38 0 5 A%
IMP & Er e K. Hx & = AR, HxR & &
JEIGINE BEAR . MR R T B R A AR L
RN 2GR A 1k, o3 i AR Ak 2 AT
ATP 7€ — 8% W2 I 11 B 9 /F T = i 4= it ADP,
ATP &l i FEsR RV, M 3 d J5 Ak
HT R & A — E B ATP, H 5 P 7T B8 2 = W R
TEG S D AEARIE A T B N IMP W
et 1 B D e T TR B R A Y L, — T
I ATP R ™9 AMP 76 B¢ 17 W2 020 i 7 H T
Az IMP, 55— 5 T TVIP 7 i TR TG 8 A0 A2 1 K A i
AOVE TR B0 A= 8 HxR Fi Hx™Y, [ o, ¥4 e 2
H IMP 1) 55 A8 b 52 B0 5 92 1 IS AR ) 2 R B fIG
et MM ERTED A 5 RE2HE TR, B
HbFRATHT ISR W] B Y TE 5 °C Y2 JAS [F] B 1] 5
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Effects of cold storage and heating on the taste active compounds
in silver carp (Hypohthalmichthyx titrix) flesh

YIN Tao LIU Jing-ke ZHAO Si-ming XIONG Shan-bai

College of Food Science and Technology s Huazhong Agricultural University/
Key Laboratory of Environment Correlative Dietology ,Ministry of Education/
National R & D Branch Center for Conventional Freshwater Fish Processing (Wuhan)
Wuhan 430070,China

Abstract Effects of cold storage and heating on the taste active compounds in the flesh of silver
carp (Hypohthalmichthyx titrix) were studied by taste active value (TAV) and equivalent umami con-
centration (EUC) methods. Glutamic (Glu) , histidine (His) ,inosine monophosphate (IMP) , potassium
(K) and sodium (Na) were proved to be the major taste active compounds in the flesh. During cold stor-
age at 5 °C,IMP content decreased rapidly, hypoxanthine (Hx) and Glu increased, His, K and Na kept
constant. IMP in the raw fish flesh decreased rapidly after heating at 100 °C for 30 min, while changes of
other taste active compounds were relatively small. Synergistic effect between {lavor amino acid and nu-
cleotide degradation products was significantly contributed to increasing umami of cooked fish flesh.
EUC in the cooked fish flesh was 0. 4 g sodium glutamate/100 g. Raw fish flesh was stored for different
time followed by cooking at 100 °C for 30 min,degree of contribution by umami taste active compounds
to cooked fish flesh decreased slowly within 3 days’ storage, while it decreased rapidly on the 5th day.
Degree of contribution by bitter taste active compounds increased with storage time.

Key words silver carp; taste; taste active compounds; taste active value; equivalent umami con-

centration
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