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Effects of Ultra-high Pressure and Carrageenan on Gelling Properties
of Surimi from Silver Carp, Hypophthalmichthys molitrix
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Abstract

Surimi gel added with carrageenan from silver carp ( Hypophthalmichthys molitrix) processed by
ultra-high pressure (UHP) and a two-stage heat treatment was formed. The gel strength, whiteness and
pH values were measured, respectively. The effects of pressure, time and carrageenan addition ( mass
percentage) on the gelling properties of silver carp surimi were studied. The single-factor experiments
showed that gel strength decreased significantly when pressure was more than 300 MPa, while there was
no significant change in gel strength when time and carrageenan addition were more than 10 min and
0.8% , respectively. The optimum conditions were optimized with orthogonal experiments as follows:
pressure of 300 MPa, time of 10 min and carrageenan addition of 0. 8% . UHP treatment conditions had
an effect on gel strength in an order of pressure, time, carrageenan addition. This study indicated that
UHP treatment with carrageenan addition could well modify the effect on the formation of silver carp
surimi gel.
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Fli 0 B A6+ AR L 52 D g T X 4 B R 5 1Y %2 165

T OB D IR, A 485 58 o0 B M Ak 1Y JBE % HG
i AT BLAT R BB R 95 RE ARG 1 JRORT A B R
B F o 8 H A B BE IR A Y T BTy s e AR AL B,
B 6% & T i X BE B AL (suwari) | 5 BE i 95 1L
(modori ) ff fi | A 2 ek 35 B 452 5 OB MG 1 i R
S F A £ SR N T 5 A

# 5 JE (ultra-high pressure, faj 8 UHP) £ AR W
TR o T BA SO, e A 2l A At
T, T 2R AR A T AR A B, S A B R A
I, B B AL IR RE IR ) 5 W AL
NS AR G L A R
B BAT SO 01 B OGPRRE R DA B
SN RT3 R B (carrageenan ) J& M £T 35 H
PRI A — Pt g I, R — M B BRI R 2
B TR S 0 A e B R L B AR R RS E R
U7 3 Bk B Bl AR A 5 B IR S AR U 4 AR
F A B T 8 5 BE R P R .

g 5 AR BTN A A R R A R R A i
SR ) — R A BT B R AE S PR AR P R B T AR
B B 5 A 1 B R RS S T R . T
TR 2l v T AR B ol Ak B AR R
AR HATIE 2 G A R AR AL T7 0] K i o % Tk, AR
SCUA % 48 58 R JEURE B R RIS i He b P[]
JEAL RS, 15 282 — BohnPA Ak 38T 1 £ 58 BE I , T 5% 1k
T3 R Fs I T8 R 407 8 J5T 23 00 1 4 0I5 5 MG 5
JEE R AR S e, 38 5 1 58 52 56 0 Ak Hh R A T

LA
1 M5 %

L1 #i5iRKF

P15 0 355 1 8 0 5 A T L R T AR
(0.8 £0. 1) kg, A+ (34.0 £3.0) em, FHE: 117
A TN T 4 B R ST BRZAS Wl o REE LAY, &
R A BRI O & . HoAth N Ok
Hrati,
L2 E5EE

UHPF — 750 BUE & FE 9250 & (A Sk BHR B 8L &
HAR G MALA PR 5T 4E /A F ) 3 TA — XT Plus 5 i #4
AL (#[E Stable Micro System 2y @) ) ; WB — 20001X A
Ba s 20 (b R EE A R A A ;
CTISRT B 5 2 Ry 2 48 VR 150 BIL (b7 K 356 A A Y
#n LRARAA) %,
1.3 XWHE
1.3.1 LZw

A e £ BE (SR A )G 2o 28 o B TS K TR VAR S
— R K R JE B K ) — RS B PR

I CREME 4% (1L BLEE 3% A2 G WEIREE 0.2% ,
JRRE Y B0 D AL R Ve R 1 B — R R —
FECHE Y 3 min, SRJ5 A BT & 73 80 3% &
HhAkSEER T 8 min” ) — i f— g Ak (2 R
BRL10 1) —hnFse e L (1 5 40°C /K i i #4 60 min
fifi £ BE B S AL , SR IS 90°C /KT T 44 30 min fif £ J§8 #5E
JRE AL ) —4°C Vi 24 h— A&l
1.3.2 HPIRIE

(1) &h

58 R AL B HE e B 0.8% , [ J1 0 100
200,300,400 500 MPa, {# JEf[E] & 10 min, A8 3§ ff1
JBE U5 JKE 114 B S 5 E PN 5 R 1 BE LR S TR ) o X BREH
R H RAL I SR IR RS ) £ B8 A (1 1 X R
1) 5 TRALBE TS0 5T 23K 0. 8% R i i 1Y £ BE
HEE (TE/EXT R4l 2) .

(2) PRJE A

iR R R BRE B 0.8% , TR 1K
300 MPa, f [/} [E] & 5.10,15 .20 .25 min, A3 5 £
JBE W5 JKE 1) BRE 5 5 R P 5 R 1 R R S DR TR I 1) o %o
HEEH Sy < AR B AN - e 1 £ BB € e (I A
XFRRZH 1) 3 TEAL B S0 BT i 53 51 0. 8% R RLIK i)
#BEEE S CICAEX IR 2) o

(3) RHLE

i R R R BN 0.2% . 0.4% |
0.6% .0.8% .1.0% , J& Jj 24 300 MPa, & J& W] [i1] Jy
10 min, AR £ 58 55 M A 35 I 5 J3E = R 1 R A
E P BT  43 A . X BRALh H TRAL R ORI R
oL e 1) #0 B E S (A A X BRZE 1) 5 Hs Ak B 98 o Joig
B8 0.2% .0.4% .0.6% .0.8% .1.0% £ I )i
1) f0 JBEE I CICAEXT IR 3)
1.3.3 g

(1) B L

WETACKEME TR, 75 RAE T #
ZAA VIR 2.5 em 5 1Y BIAE A, 6] B AR S mm 5K
TRk (P/5S) M A Jo A A3 L 00 2 H 068 I 5 1 ,
5 15 W7 71 (breaking force, g ) I M1 B R J5E (s Wy B
breaking distance,cm) . E AL 2500 - TR 3 )E
3mm/s, FEEEE L 1T mm/s B2 HEE 3 mm/s A2
15 mm JEW 7715 g BEBEIRE (gel strength,g-cm) gl
W 1 5 MR TR BE ol R o RREHAE S AT I ES K

(2) TR HEMH

A PR R R A A S DD 2
Lem W, 4 B 3 I 68 68 22 31 00 K 6,22, 45 40
R 6 BRI 6 U, 36 AR, o, LT
ZER AL (lightness) ;@™ (redness/greenness ) 1F {H 32
ML, MAE R R 2k; 6" ( yellowness/blueness ) 1F
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HE o e, ol R . /M| W

(whiteness) " 3 FE AR W =100 - [ (100 —=L")* +
(l*z +b*2]1/20

(3) pH{H

FREURE S 5 ¢, A 50 mL (1: 10, Ji & 5 &
B BGE K BB 1 min (#53% 1.5 x 10° r/min) ,
Sz RPN E pH AR, B AN A B 3 IROFAT .

(4) Wity

W5 £ A R 23 V) T 4% 20 mm, B 10 mm fY [
R G R 3 A AL B TPA (texture profile
analysis ) #6040 H b o 0 8 S 808 @ 0 - ik &
5 & Button, JIf { # % 1.00 mm/s, & [1] H 3K
1.00 mm/s " FE B 2§ 4. 00 mm, 2 3R & 45 2Z [ (1) 45
BIE R 5 5o AR S A A B N P/36R FHTE
AR 5 K
1.3.4 Hdsibr

SCHG HCHE HE AT B R 25 40 M1 ((one-way
ANOVA) Filfe /N i 2 25 53543 7 (LSD) , 24 p <0. 05
22 5 W . Gt SPSS 16. 0,

2 ZERaOWm
2.1 BREEMNGEREZRKEENZIN
2.1.1 [

J 3 %k #61 JBE SRR IR 5 BE Y S22 1 BN o 3R
AR, e e e Ak P A £ B R S (R L B By
B0 0. 8% ) BENESR 235 KT X AL 1 Xt R4 2
(p<0.05), XFHEL 2 A% 5 BE 25 K TR IR 1
(p<0.05) . fhug ] UL, i iy e Ak B30 8 0 L i
RE % S0 35 8 O 0 B BRI 1) B MR E o K PR Al
IS INDR LBl B2 & - = e S D K B A = DI
Jo AL F 35 1R S R B e b, TR A T B AR
B DT S8 9 A R I PERE . Ak, R
A JE U5 ) T DA A R S L R L I
A B PR O L R AT Bl T I M 5 E ) 3

®1 EANGREREENZNE
Tab.1 Effects of high pressure on gel

strength of surimi gel

) F R 5 £ R B IR
/MPa A % 1]/ min /g+cm

0. 1(XfHR4 1) 0 0 77.52 £3. 10

0. 1(XFHEE4 2) 0.8 0 110. 28 8. 40
100 0.8 10 117.21 £14.72
200 0.8 10 132.01 +10. 21
300 0.8 10 230.45 +8.75
400 0.8 10 197. 45 +15.31
500 0.8 10 198.70 +6.20

58 B JC 1) R G 5 B B A TR T T R A R K
TE 300 MPa [ 8 e 5 B2 Gk B e KAE ; Z 5 Gk 2t
JFE 7, kW R AR (p < 0.05); JE 1 1
400 MPaFll 500 MPa B %t % 58 FE 22 % A 8 2 (p >
0.05) . HEW HE Jy 32k AT i 2 35 Al £ 58 4 1 748 1k ik
IR TR 0 B X 25 55 R ) AH ELER 2 L 1 Y
HEWCR FE W /N, O A 15T R I, 300 MPa [ J7 3f
VA 2 AR P GO 3, ST 9 R I M £ g
GA=PS 0] (R A = Pl L Sl e e R 3
FEREAE
2.1.2  fRJE W]

A5 S I ) X B8 J5 JC 3 35 0 8 T B 2 2 7R o
% 5k R v T b B A £ B O TR (R LK R Y B
0. 8% ) HEIE B B L T X FRZH 1 X IR 2H 2 (p <
0.05) . X IR 41 2 fry s Jge o i 5 3 K T ek I 41 1
(p<0.05) . Fifi 5 8 J& B[] 35 T, £ 58 B i 1) 356 G
SRR 2R T R, Y AR B ] GK B 10 min B 3E A 5
JE IR F (194,27 £11.58 ) g~ em, [ifi % 4 [ i i) 4k 22
HR B E AR B3 (p>0.05), XEHT
B 7K B RN A B 2 R) A A AR AT DG K £ R BE G
Si PO I R B A AE 10 min BF 2 22 8] A B
YEFH B 238 2 -1 RS , 4k Sk 38 Jin 4 He it [, £a g
G i T 32 ) A5 Ak RS B 4 (p > 0. 05)

* 2 RIERE X £ BRI AL 58 FE O 5
Tab.2 Effects of time on gel strength of surimi gel

FEJ) R P T B B JE B JBE
/MPa A % &)/ min /g+cm

0. (X RRZH 1) 0 0 77.52 £3.10

0. 1(XHHER4] 2) 0.8 0 110.28 +8. 40
300 0.8 5 138.28 +17. 34
300 0.8 10 194.27 +11.58
300 0.8 15 199.56 +6. 47
300 0.8 20 202.78 +9.87
300 0.8 25 197. 87 +10.23

2.1.3  RALRBE 2R

AR SR OO0 £ B8 U M B JRE A4 W A 5% 3
s o XFRRZH 3 A 55 i 9 B A I 3 R T IR 1
(p<0.05) . it A WL, @SR 5 AT 2L 35 38 K
BEICIRBE o 0 ML 3 s n 5t B 70 4 0. 8% R AL
21 F) BB 58 T (B R, O H S i 0 B 1. 0% R AL
JER L A B MR BE 2 S AN 3K (p >0.05) o Rl
He b PR, LA 5 0 A L B8 11 45 2 55 M it 8 AT Y =5
KT 1(p <0.05) , H HAP L EH KT X4 3
(p<0.05) HIBLAT UL, 76 7% i BB 17 B0, 4
g s BB 6 I 35 404 O A B B JISC 1) BB U SR BE o oy TR ALk
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HZH PP 05T 220 0. 8% % L MK 2 1Y) BRE R 5k
HRT IR0 %00. 6% RHife4H (p <0.05) {H
JE SR 3E 1. 0% KA 26 A B3 (p >
0.05),
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Tab.3 Effects of carrageenan addition

on gel strength of surimi gel

EJ) R AL B PR By 15 I B JBE
/MPa A % [&]/ min /g+cm
0. T(XTHEZ 1) 0 0 77.52 £3. 10
0. 1(XfIE4H 3) 0.2 0 82.52 £3.10
0. 1(Xf IR 3) 0.4 0 87.44 +11.41
0. 1(XHIE4H 3) 0.6 0 107.30 +12. 80
0. L(XFER4L 3) 0.8 0 110.28 +7. 39
0. 1(XHE4H 3) 1.0 0 111.39 £7.90
300 0.2 10 157. 83 +3.90
300 0.4 10 162. 00 +3. 86
300 0.6 10 173. 50 +23. 61
300 0.8 10 190.22 +15.17
300 1.0 10 182.44 9. 51

2.2 ZEEMEEAEENEME
2.2.1 &Ny

T 1 % 0058 1 (B R S IR AN 2 4 TR . el
5 b £ JBE I (e S R 43 B 0. 8% ) AN
XPREAL 2 B (B R T4 1 (p <0.05)
AR JE Sy Ab B2H 2 ) %R ABE (p >
0.05) {HLBf % JE 748 K, (4 B8l W A5 38 fm i g T
VR0 SR 22 Bk 0. 8% LK BE 8 4R v
B8 11 B (L, {FLAS ) g % 00 6 11 13 (D 5% ) R L
B RRR B B R EEE S B A B
B P F) T TV BB I , A JFG B €0 7 1k, O T 44 B
(BB 95 b, TR 1 45 Fi AT RE 5 00 8 LBk &%
(W20 ) FAb M S & B R k) 7 ix
2o 5 0 BE 1R (EA T

x4 ENMEEREAEENRNE
Tab.4 Effects of high pressure on whiteness

value of surimi gel

K H KL B PRIE -
/MPa BA/%  BE/min .

0. T(XfREZH 1) 0 0 70.12 £0.23

0. 1(XFHE42) 0.8 0 71.74 +0.28
100 0.8 10 71.09 £0. 21
200 0.8 10 71.78 0. 36
300 0.8 10 71.94 £0.13
400 0.8 10 71.41 £0. 12
500 0.8 10 71.25 £0.13

2.2.2 {5 R ]

P He B[] % £ 58 (1 BE(E 2 ma N2k 5 iR . &
b Ak B Y fa R RS (R LR BT A Bk
0.8% ) FIXTHEAL 2 0 /1 B 0 2 R X IR 1 (p <
0.05) o {HJ& A [F) £f Fe B e 4k BE2H 2 (8] (5 38 AE 22 5+
AR (p>0.05), oL al WL, &% 0 it & 5 50k
0. 8% < i i et ik 35 48y #8811 FE A, (RS TR AR
i [i) o) #6181 3 (B 52 el S 2 (p > 0..05) , BV 5
FEAE H2 e #BE 0% B 5 T ORI o

RS RENBNEEREENZM

Tab.5 Effects of time on whiteness value of surimi gel

i} LB T PR -
/MPa R % [A] /min )
0. T(XfRE4L 1) 0 0 70.12 +0.23
0. L(XFHR4 2) 0.8 0 71.74 £0.28
300 0.8 5 71.94 £1.12
300 0.8 10 71.82 £0. 51
300 0.8 15 71.76 £1.03
300 0.8 20 71.47 £1.13
300 0.8 25 71.81 0. 38

2.2.3  RRRBE K

LB AR 23 JO0) £8 58 L ELAR SE WA A 6 B
TR X HERZH 3 N iy He Ak B f B BRE R 1Y 1 R 1 T
BERTHIA 1(p <0.05) . MM HEAL 3 F1HE &
JEAL PR Z (8] B 22 A B35 (p >0.05) o filiy
AT L g R £ SR LR R BCR A 3 R
LI B A% {0 35 30 O A 8RR IR A0 R fEL. BV b
A, AR B LT R RO K 5 (L Ho A
I3 K, HIE R B # I A 23 (p >0.05) .

x6 FTHERREHSBIEEAEENZMN
Tab.6 Effects of carrageenan addition on whiteness

value of surimi gel

i} R AL e o PR 1 (i
/MPa B % ] /min -
0. T(XFHRZH 1) 0 0 70. 12 +0.23
0. 1( X4l 3) 0.2 0 71.38 +0.23
0. L(XF R4 3) 0.4 0 71.38 £0.91
0. 1(%tHE4 3) 0.6 0 72.61 +1.36
0. L(XFHE4L 3) 0.8 0 72.99 £0.79
0. 1(XfHe4l3) 1.0 0 72.43 +1.00
300 0.2 10 71.21 £0. 31
300 0.4 10 71.43 £0.05
300 0.6 10 72.62 £1.03
300 0.8 10 72.97 £0.70
300 1.0 10 72.65 £0. 41
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2.3 FEEMEE pH ENFIM

JILJE£F 2 2 O 0 J5E PRI B T ) T 25 W) I
1 pH X H AR M A B2 R i, LIS 2T 4E 2
REAZAE pH (i 7. 00 245 LI HE B Ae s iR AP 7, it
T B R AT eI o A BT R, A0 B A R
B I 1) i pH (B L2 6.5 ~ 7.5 L JE 1 AR
e B I8 37 5 5t 43 O #a88 pHL (I A 5% e n 3% 7
7R o H AR AR, 25 ey s A B 4 A A% 0 B A1 £ JBE
BEC A pH ELARLE 7.1 ~ 7.2 N, B REIE Al R 47 114 5E
JBZ o A% e T Ak P2 £ JBE MK pHL R 25 S A B 3
(p>0.05), 7% X Mi2H f BEBENC pH H 22 R WA BFH
(p>0.05) . Fh g u] 40, o gy e Ak A0 8 o 4 4L i
RS BEREIE pHELRE WA 5
®7T EHREME.FEBERESHEX & pH EH 00

Tab.7 Effects of high pressure, time, carrageenan

addition on pH value of surimi gel

' 47/ MPa Rz B P JE I oH ff
B % [f]/ min
0. 1(XtHE4 1) 0 0 7.12 +0.01
0. 1(XtHE4 2) 0.8 0 7.17 +£0.03
0. 1(XTHEE4L 3) 0.2 0 7.12 £0. 00
0. 1 (X R4 3) 0.4 0 7.13 £0.01
0. L(XFHR4L 3) 0.6 0 7.14 £0.00
0. 1(XFHE4 3) 0.8 0 7.12 £0.00
0. 1( X4 3) 1.0 0 7.14 £0. 00
100 0.8 10 7.13 0. 00
200 0.8 10 7. 14 0. 00
300 0.8 10 7.13 0. 00
400 0.8 10 7.12 £0. 00
500 0.8 10 7.12 £0. 00
300 0.8 5 7.10 £0. 00
300 0.8 10 7.12 0. 00
300 0.8 15 7.13 0. 00
300 0.8 20 7.13 0. 00
300 0.8 25 7.11 0. 00
300 0.2 10 7.13 0. 00
300 0.4 10 7.14 £0. 00
300 0.6 10 7.12 £0. 00
300 0.8 10 7.13 0. 00
300 1.0 10 7.16 0. 00

2.4 EXRBMRL

AR R 3R S L I PR SR S i b
Ly (3%) IERS R HATIER K . RS
FAKF IR 8 R .

®8 EXIWEEKTE

Tab.8 Factors’ levels of orthogonal experiment

K- £ R I oL A
A/MPa ] B/min 5%k C/%
1 200 5 0.6
2 300 10 0.8
3 400 15 1.0

IEACSEER RN 9 Fron . i Rl A, B W fix
LM 98 5, B JE ) 300 MPa, & H i} i)
10 min, < $7 58 50 20 50 1. 0% o 38 3 i) 22 43 B 1)
SR, A TR 2RO £ JBE G M 5 R S W) R Ry DR B /M IR
NA B C Ty R TR ] R B %, P
VR R T 2 40l ALB,C,  BILE J1 300 MPa {5 [
IFE] 10 min 37 i i B %2 0. 8%

£9 EXRRER

Tab.9 Results of orthogonal experiment

S A B c 2= BRI/ g em
1 1 1 1 1 109. 42
2 1 2 2 2 172. 04
3 1 3 3 3 143. 04
4 2 1 2 3 198.79
5 2 2 3 1 232.74
6 2 3 1 2 189. 29
7 3 1 3 2 178. 34
8 3 2 1 3 189. 49
9 3 3 2 1 201.33

K, 141.500 162. 183 162.733 181.163
K, 206.940 198.090 190.720 179.890
K, 189.720 177.887 184.707 177.107

R 65.440 35.907 27.987 4.056

Tr AT AR 10 s, F R AR R,
T 3 0 £ 8 BB JC 5 J3E 5 W) S 2, R S I ) RS A
Jo ek 73 0N 0 B O ¢ i R A I 2 R L X 5
AR SR B 4 T ST 4N R — B e IR R O
F10 FEFWER
Tab.10 Results of ANOVA

B i 2 A H i F i B
O I3 A P
EH 6 904. 090 2 267.341  19.000 %
it ] 1944. 058 2 75.278  19.000 G
R BB 1302, 241 2 50.426  19.000
el 25. 825 2 1.000  19.000
B2 25.82 2




#1224

Fli 0 B A6+ AR L 52 D g T X 4 B R 5 1Y %2 169

HET A (Jk J) 300 MPa, £ Ji i ] 10 min, < 41
JE BT 73K 0. 8% ) AF 3 AL AT B Ik 52 50, 45 £ B8
% B (228. 43 £26.37) g+ em, BEECHE AR /)
T80 5 (H 77 300 MPa, ff He i 8] 10 min, - 575 5

HOYEL. 0% ) Y 232.74 g+ om , {H I 41 B dls 2% 5
AR (p>0.05), H B4 AFHR, £
SR AR A BRI A, B, C, o 1E 58 525 Bk
g 11 fros.

11 EXIHRBIEER

Tab.11 Verification of orthogonal experiment results

L% M EEAE pH & K 1/ % PP N R NELAE M/ g W/ g BRI B /g cm
A,B,C, 74.85 £0.08 7.14 +£0.00 90.94 +£0. 12 0.94 £0.02 0.83 +£0.01 283.57 +23.9 323.67 +28.7  228.43 +26.37
A, B, C,y 73.95+£0.12 7.09 £0.01 90.57 £0. 57 0.92 £0. 14 0.84 £0.03 288.64 +18.2 314.09 £15.4 232.74 +£18.9
3 oz (3) 6 i A 33URN S N = oz Je X 11 5 £ J58 3
a7t

(1) oo s Ak BRI o - 57 5 42 BE A — R Vi [
PN 3 56 B 1 2 [ A SR e 2 K B B Y
BEICSRE o 215 J) 1K 51 300 MPa i £ J58 5 J5 56 S5 15
B RAG, ARSETH ey IR 7, B 5 8 86 S T A 3 IR
I B 2> Bh 0. 8% A% L Y B M5 B {H B oK,
ZJE BRI R A RS

(2) oo s Ak BRI Jon % 37 i RE {6k 1 5 #4058 5

7 pH EE WA B2 ET.1~7.2 4,

(4) #MIER LA H IR Rl T EAM R
JE77 300 MPa ., f J& B [A] 10 min - $i7 5 T 5 53 %X
0.8% . FefE T 41N 1) f B8 BE fS 5 3 Ay (228. 43 =
26.37) g-cem HCSZER S (JE J7 300 MPa, {# JE A [A]
10 min, K 4 & BT & 70 £ 1.0% ) /Y &k i 58 B
232.74 g-cmb /N HWAHBEZ S H AR E ., FiL
TE S BR A 77 o 78 v @ ORI BE B AR ) T2 %A

HEE A 1A 2 3 O, (R R I B B/ o
z £ x #

LB G, £HE T . F R E B A R R A K PR R B e A [T ] P [ R 241, 2006,6 (1) 189 ~ 192.

Hui Xinyi, Wang Xichang,Tao Ningping. Analysis on water-soluble components of off-flavor in silver carp meat[ J]. Journal of
Chinese Institute of Food Science and Technology,2006,6(1) :189 ~192. (in Chinese)

2 Xu Y S,Xia W S,Yang F,et al. Effect of fermentation temperature on the microbial and physico chemical properties of silver

carp sausages inoculated with Pediococcus pentosaceus[ J]. Food Chemistry,2010,118(3) :512 ~518.

3 EHE EZM. AEEHNRI TEOR[M]. JER0: P E R Tl A, 1997.

4 KA, kIR, B NAMIRE K AN T 5 T OB A g pr s AR L], B a5 A B R 5 4, 2006,25(5) - 115 ~ 120,

126.
Zhang Min,Zhang Jun. A research review of low value freshwater fishes processing and their discards utilization[ J]. Journal
of Food Science and Biotechnology,2006,25(5) :115 ~120, 126. (in Chinese)

5 Jiménez-Colmenero F, Borderias A J. High-pressure processing of myosystems. Uncertainties in methodology and their

consequences for evaluation of results[ J]. European Food Research and Technology,2003,217(6) :641 ~ 645.
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