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B Ak Y x4 £ £ R ORE AT A 1 Y R i
WA, HEE, B &, WAX

(L IRAR%RR SEY TR A RBELERLRE BT M 310035)

BMEAZBHEEN REHEBREBEES BR, MARMAN,GE T e & BREFEE #
M AR R M AR R R R R S R, P DB R B A B A T M R R LR B
FEEHATT R, B ERRBHEE T A AT ELEL M, W& 300 MPa, R & B ] 15
mmn‘im/ B 20 °C, Frigd e B %363, 15 ge-omo 47 %k o4 e 45 R 45 21 : & 47 % 200 MPa
EaL Mot O RTFAET R RE BHE 5 min WL, BB T R SR Y MERFALE

BEH IS, RS EEERR. A RERE W F R E 3 B R TR E R P A
EiJ > EERE > RERFE. &N AT 300 MPa, k& B B K F 5 min #, 8 & & 4L 2 xt &
BRABRELRERD W HFABREAT20 CH, ARBEEAZEREEN AT T EFRK,
AEESHABERERRA, ZHGER BN B BRKBEER THAE, ERALE Y
2.2, 28 AL 2 S5 W B S AR T R B B RE R AL EE 67% B R
MRS AR ARELEN G TARERRER, L REE AR, hRAEN
Lof, AREPARBAMAGCAETAERZV AFERELRREANERE W
BERBRSESE - HAARR BT REAEL, WAL BEZERLEEELEN
e BRRRENEFTE, HEERZN ATERRERE & BRERWPR, RCETN &

B BT A R RAN R,
R e AT E; & 8BRS
43S TS 254.1; S 917

g ( Collichthys lucidus) , X4 “HEA" 1K
Bk, AinhRe T aR, HRRFEE K
&5k, RA BRI EFNE, 2B THEZER
B MEEEHEARMANERERZ —, EE
B PgE i L R S AR, F EBUR T
BEROBERC AR o B, VB AR A R G
BARXE, REad AR EER A B
AN, BB O R SR S E

BB, 6 BEBE AL I R B i R b H (B
o T ¥k X T 00 A BE R AR M A 5 3
# P-4 #EE FE (ultra-high pressure, UHP) 3 A
RITSAE R RN — R B g R M Tk, H
F LAR ST AR 30 50 b B9 05 L SRR RUBR AR 8 7% L
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8 PYTE R i B O B EBER o {EL Il YO 7 TED O B 5
BEARIE R AR UHP XH & BEBER R Y
MBS,

AICHRGE T s B AL BB B g ek I K B3 )
AL PR P X A £ £ B B R AR P B R TR, JFE A IE
AN TEAMEAT T 004k, LU v s B3
ARZEFKT= i L B AR — R B BRI AR

1 wRETk

1.1 {%g8§

HPB. A2-600/0. 6 #85 EAL BRI &, KB4k
RARFA FRAF ; TA. XT Express B IRAY,
i [H Stable Micro Systems 23] ; Sigma 3K30 &
BB DML, fEE Sigma 437 ; CHROMA METER
CR400 ¥ & 21T, H 4~ Minolta /A &) ; CM-14
RIS PEL . EM-20 B B 1L, A3 27 MAINCA 2
Ao
1.2 ##

VR A B8 WL DO B A PR A R #2485
g TEERS DRERL BN EEERE
A RA R RIREABAK (d=20 mm) ; L5 3F
RMB TRARAA,

1.3 RKEHE

M o B V5 BE A5 B 2 min
Ja , BN 3% &3 15% KK HTRE 2 min, B /g @
15% Sy MAk 82T HE 15 min, Hriead i R
FAERNEEMRT 10 C, REER, AHKEAS
cm A4,

B 5 & & BB A R =17
#|F 100,200 300.400.500,600 MPa #B & FE 5
T,20 C, 4R K 10 min, BUH J5HE kK %40, 4
CHUE 24 h J5HATEERAF 2T

PR R B 1) S M . & R R A AR MRS ol £
FA7E 400 MPa 20 C&M4 T, 23R E 5.10,15,
20,2530 min, BUH G R vk K B H 4 THUE 24
h 5 B TR AT

W E R A S & BB R PR R 5
A7 400 MPa. f£ JE 10 min &4 F, 4+ 31F 10,
20.,30.,40.50.60 CHpFEIAH, BUH & s vk K%
1,4 CHE 24 h J5HITEERARF T

ERGK IR & & B E R LA
DLBEICR B A e AR, FE R Rk 2 |, 317 =
& =K Ly (3*) ISR, i Ab i £ £ BE AR

FEMTE&MH,

H 5 RS HAHFF BRARAEAT o
THARAFBEAI, A4 40 THRIBML
40 min, 85 T/KIENHE 30 min , R IKKAH,
4 CH 24 h JGHAT R R0 . R R T
- Si ol S CE S Ty AR S
1.4 SHA*E

#BRT HEBYBER2 om, 52 cm
BIRETE A, DA BEA TR e 0T o

TR e K, TR RN P/S(HER
29 5 mm BRI FREK) , WA KR TPA (texture
profile analysis) , B &l i 2 ¥ T % & 3
mm/s, FERE 1 mm/s, BIEEE 3 mm/s, jj3E
30% , AR FE4E Z IR S BR B ] 5 s, il T 5 g5

BEEEREMNK  EANERN P/Ss(HER
5 mm BERIEHEL) , WA E48 18, B
RS T EREE 3 mm/s, FHE#EEF 0.5
mm/s, [ & 3 & 3 mm/s, ZBJE & 15 mm, &L 5
5 go Mo B A BB B, BERCSR R (g~
cm) =EETERE (g) x MEEHEE (cm),

BHACR(WHC) g9l 2™ 241 g fpBEsE
BEFELEP,7£4 T.3000xg BLATEL
10 min, IS G BERCE & SIRERNE 2 Hith
WHC,3 17,

g At A M a1 e B
L" () o" (ARE) fb” (HERE)
B, EAR:W=100-[(100-L")* +a"? +

b #2 :| 172
2 HREWE

2.1 EhxitEasBERRISEARm

FE 7% g £ Fs B8 6 J et ) S il 45 SR L 3%
1, B3R 1 o] 0L, B8R | giitk | P BRI A L e ik 24
EBENFAEBHRE A (P <0.05) ,7E 400 MPa f}
RE B R E, 4 3N 136. 82.1. 69, 0. 83 I
191.41 g FEE ALFRIE ) R4k 208 K, B8 5 FTE g%
PN EZ W (P <0.05) , BN R TTH 2
LI A

MR 1 WAL IR, BB AL R S 3K, M
£ BRBEIRCR B 2 B Se I R RN B e, BER
SRETE 300 MPa Bf A B KMH, X2HTARW
FRAAEE L (BB ER) 2 B K
FEBST, A LB ESNBEEE R, B ETRRA
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ANBREARE N, GBS AR SRS ke
BT, R i s R AL B P R R F T
SRR, AR BN, (8 A B B
2", BEAHGRBRISNEAMIHRE
B, IFRER R LR | A, SRR B R
i, ATRE S MY R T RS ST, T EURE
N NN DN ) 2t e L A
BER 5451, o B e . (BRSE N HE—
TR, AT B 8 R M PR T BER Y

P S8 S A SR BE ARG, BT e B R 5 B 0B
2.2 REMEEEEEERFENRT

2K 2 F i T AR EE I AL X A £ B BRI SR A
PRI, SRR /N 10 min B, Fig e
WEE (R R TR S IE S B & B8 (P <0.05) , R
FEb [H)ad 10 min 5 , B A RMA —ERE
BT HE, (BB (P >0.05) , ik RH:
MITEH AL

®1 [EHxitE&ERERFEARE

Tab.1 Effect of pressure on the surimi gel properties

BEBRrIE
&1 (MPa) gel properties
pressure BE(g) b PSR PEREE(g) BERRE (g-cm)
hardness springiness cohesiveness chewiness gel strength
0 30.35 £0.58° 0.96 +0.00¢ 0.74 +0.01¢ 21.47 +0.23° —

100 39.86 +1.89° 0.96 +0.01¢ 0.69 +0.01° 26.45 £1.17° 15.30 +0.85¢
200 103. 18 +5. 724 1.18 £0.05° 0.79 +£0.01° 97.18 £5. 43¢ 244. 41 +36.94°
300 128.86 +2.17° 1.62 £0.02° 0.81 +0.01° 170.30 +1.92% 370.29 +32.07°
400 136. 82 +7.50% 1.69 £0. 042 0.83 +0.01? 191. 41 +6.192 345. 44 +27. 50°
500 131.38 +2.32° 1.64 £0.02° 0.81 +0.00° 175.33 +5.54° 206.21 +26.87°
600 122.68 +1.46° 1.67 £0.02% 0.81 +0.01° 166. 02 +6. 68° 303.26 +15.03"

B ARFRHEFRREREE (0=0.05),“—" FoRRERL, TR,

Notes; different letter shows significant difference (o =0.05), “—” means no gelation, the below is same.

R [ B 1] o 44 £ BRI A e A SR M)

Tab.2 Effect of time on the surimi gel properties

BRI
{5 FEEF 8] ( min) gel properties
time TE(g) B PR PR () BRI (g-om)
hardness springiness cohesiveness chewiness gel strength

0 29.53 +0.36° 0.95 +0.01° 0.67 +0.02° 18.83 £0.65¢ —
5 97.07 £0.96¢ 1.22 0. 02° 0.84 +0.00* 91.69 +1.96° 303.91 +27.18*
10 136.03 +1. 627 1.64 £0.02° 0.86 +0.00* 135. 60 +2. 08* 309. 43 +28. 73*
15 131.67 £0.91° 1.66 £0.03% 0.84 +0.00* 132.97 +2. 06° 323.32 +28.07*
20 132.13 +0.78° 1.67 £0.01° 0.84 +0.00* 127.67 +1.51° 311.33 £17. 72
25 128.37 £3.38% 1.67 £0.01° 0.84 +0.00* 123.59 +2.37° 305. 78 +34. 33
30 125.33 £1.22° 1.66 +0.01° 0.85 +0.00* 123.58 +1.76° 291.55 +25. 72

172 2 B BRIESR AL I L AT, RS R
PRI E K, BERCTR A BT , 7E R /R 15 min
R BI B A , B (R R IR SR A4S | SR TR
H—E T M, B0 FE B )Xo B B 58 B B R M S B
#(P>0.05) ,3% 5 Takeda &' WP ST 45 A A
— B, TR 45 B K A A R B AR P
B T D) HE R A R BRI O B B, R, il T 300
MPa (15 ) FHI%E 1 5 PN VR AR 1, B
T AT AR S T S e A e ) 5 — S H
{85, B THSE AR KRR &5 5, aEEH

HREEHRGUKE, TEERMEERNEH
JRK G TEETR, BE IR s K A AR A =
TRERINIAREBCE BER R BT, 3 MHC (LK
EHES) B3R T 6B E H B R IER
I, £ BRBERCER FEI AN , [ 2 I B A BRI S
PR
2.3 WhEIREXESGEERFENRIT

b RV AL B oA A R B R M B RO 25
R 3, H3 3 7 H,10 ~40 T, FEH bR AL
TR TR, B S/ E 38 K, (B AR AL Vi Rl LA
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/IN,40 ~50 T 58 B FIH @44 SURIE/D , BiJE XA
B F (B F 40 C At f B8 B A 0E gk 5 e B
FRER TR, Bt R UHRE T, BEEAE
10 CiABEKMH 138. 35 g, BdkqE 20 TH A
BKMH 1.65,

M3 HEERGRE S RTER . BRE

T, PRI B TR A A T BERGER B HIE0CE , S5
[FEBE KT 20 T, BERRE R ZE TP <
0.05) , FERHFTRERH THREERET , &EH
A5 BRI , BEE U Rl B T, R R R
7E 50 ~60 T, 8 R BEE P 4% S W) 25 5 B R
SERBA 2R TR

®3 EEXNGaGERRESEHRE
Tab.3 Effect of temperature on the surimi gel properties
BERREE
HECT) gel properties
temperature BE(g) b PR MHME A (g) BEBESR B (g-cm)
hardness springiness cohesiveness chewiness gel strength
0 29.33 +2.57° 0.95 +£0.01° 0.67 £0.02¢ 18.84 +1. 64f —
10 138. 35 +2.23% 1.65 +0. 022 0.85 £0.012 133.82 +1.06* 354. 14 £50. 102
20 133.20 +2.89° 1.65 +0. 052 0.85 £0.012 133.10 +0. 87* 323. 03 +32. 40*
30 125.80 +1.28° 1.64 +0. 032 0.83 £0.01° 106. 57 +2.06° 209. 10 +42.95°
40 137.27 +0.90* 1.50 +£0.01° 0.79 £0.01° 102. 12 +0. 70° 131.41 +41. 46°
50 57.93 +1.40° 0.95 +£0.01° 0.62 £0.01° 32.57 +4.05° 49.27 +12. 604
60 82.77 +2.18¢ 0.91 +0.01° 0.56 +0.01f 42.01 +0.82¢ 20.93 +4.14¢
2.4 EXHBHRL A>C>B,/: K7 > BFENEE > RER A, #Hid

ERAB AR R 4, HR 4 T, afH
B B WL B A 1 P AR D 6, B IR 7 300
MPa  {RFE ] 20 min YR 10 °C, BEAIH 255
A HT 0, 2% B2 Ao o M R E I R T R I AR

BRAERYE R RN A8 A.B,C,, Bl FE 77 300
MPa, R [E] 15 min, {2 & 20 C. XA&MHFS
BRERARKERBERMR, XK 4 KIiRRESR
HAHTES F R, SR IEK S,

*4 EXHRBER
Tab.4 The results of orthogonal experiments
RES K77 A(MPa) {REB (8] B( min) WEEE C(T) BERRE (g-cm)
ordinal pressure time temperature gel strength
1 1(200) 1(10) 1(10) 129. 56
2 1 2(15) 2(20) 200. 96
3 1 3(20) 3(30) 88.02
4 2(300) 1 2 311.97
5 2 2 3 228.77
6 2 3 1 333.10
7 3(400) 1 3 234. 66
8 3 2 1 311.78
9 3 3 2 284.25
K, 139.513 225.397 258. 147
K, 291. 280 247.170 265. 727
K, 276.897 235.123 183.817
R 151. 767 21.773 81.910
RS AENWER
Tab.5 The results of ANOVA
HE HEE REFEI b2y F F i fE BEH
factor df SS MS F ratio Fooa/Foos significance
A 2 42 114.182 21 057.091 24.964 P<0.01
B 2 713.808 356. 904 0.423 18.00/6.94
C 2 1 2291.653 6 145.827 7.286 P <0.05
R 4 3374.015 843. 504
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F RS RR W e BB, ) X fa
8 B B B R R 2 R TR, I 7] 9 X
SRR BT, T ORI 18] o 58 FE 58 B F) 2 T
ARE, % ERERRERMF, 83 HFTAR
HATHIE, R R 6, WF6 \ILIEH,EEN

300 MPa fRER}E] 15 min B 20 THRMET, B
¥y BEBEIE IR O 363. 15 g -cm, BE E
156.59 g, 34 1. 58, Py B4 0. 81, NHIE-H: 191. 54
g, EH e AN R S i T &M

x6 EXHWLERBIE
Tab.6 The verification of the orthogonal experiments results

e BRI B (g-om) TE(g) B PR PR (g)
ordinal gel strength hardness springiness cohesiveness chewiness
1 367.80 157.65 1.57 0.81 195.05
2 368.57 155.88 1.60 0.81 190.21
3 354.59 156.25 1.58 0.82 189.37

2.5 BREESHRLEEFFRRSEXLL

g I IR AL B LA R IR Ab B 0 RS A B9
FERERPOR AT AR, 4 P B9 A 07 Ko
7 O AL (300 MPa/15 min/20 T) ;@
PALF(40 C/40 min + 85 C/30 min) ; QB B
FE(300 MPa/15 min/20 C) + 4L (85 T/30
min) ; @ AL BE (40 T/40 min) + i#f & FE (300
MPa/15 min/20 C) . -5 RAN B S B
FAEST L R AR 7o R 7 WL, 78 4 FiAbH

T, B e P Ak L R A R L P SR L TH
MR L BERRC 5 BT (PR L EE R B B0 T HoA Ak
B, Soilm AL B P A BE G O SR B A
FAEPAEE— R AR BRI AL BT A5
B By 5 FE 7 JBE 39 A T B0 ol e vy s AL L OB MG 5
o XPFRERETN S , A s e Ab BLA Je s i 34
AT ST s e Ak PG P R AL B SBOR X T R
REEERELEFBRAEANEARERE
o

RT BEESRLGENILRER
Tab.7 The contrast of UHP and heat treatment

BEBRF LB

My the contrast of gel properties
weatment  EjF(g) Bt MEEE () SRR (g-om) HkhE T
hardness springiness cohesiveness chewiness gel strength water holding capacity  whiteness
@ 162.08 1.33 0.81 193.24 361.49 98.73% 75.56
® 241.43 0.85 0.54 110.82 164.67 90.35% 71.86
® 245.20 0.79 0.54 106. 61 167.65 92.58% 72.32
@ 68.32 0.95 0.58 38.56 52.21 76.23% 73.62
o A, FEH7E 200 MPa B, #5a £ B B 22 7F 1A T AL
3 ik

R R 2 B [R15E L REAEAIS, REEX S0
PRFEFA B XBER , A 2K —F BB K 7= o T
Fo Mt BEREE R E I TA&M M E S 300
MPa , { FEH} 8] 15 min, PpEVREE 20 T, &6 T
BRI EERGRE N 363.15 g-cm, B F156.59 g,
Pk 1.58, PIEEHE 0. 81, MEIEHM: 191.54 g,

o0 R PR AL H Mg £ £ B R KR B A BAL T
PACHERCR, A R R B ERE 3 & Xt
Y RS BE B B MR o R > B RIIELE > R FE A

BEB . KT 300 MPa B, Fi ) % A SR PR REA LR
W s PR B ) K F 5 min B, P9 SRR BEA TR 5
PAERE AT 20 TR, Y RMEREE AL BIR B T
T T 2 A

RSB LA PR E R, B R
G B RIAT EL: , {EL R B 1 R AL B AR B O A
A BREEI AR A R b AR . Bk, FRA
8 PR 3 58 7RIt — 2 R e M £ £ R ) BRI AR
M, ARt — 5.
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Effects of ultra-high pressure on gel properties of
big head croaker ( Collichthys lucidus) surimi

HU Fei-hua, LU Hai-xia, CHEN Qing, LI Jian-rong "
( College of Food Science and Biotechnology, Zhejiang Gongshang University ,
Food Safety Key Lab of Zhejiang Province, Hangzhou 310035, China)

Abstract ; The objective of this study was to evaluate the effect of ultra-high pressure (UHP) treatment on
gel properties of Collichthys lucidus surimi. Three factors of UHP treatment which were pressure, time and
temperature were investigated. The textural parameters such as hardness, springiness, cohesiveness,
chewiness and gel strength of surimi gel were obtained by texture analyzer. With the gel strength as index,
the optimum UHP treatment process was optimized with orthogonal test as follows; pressure of 300 MPa,
time of 15 min, temperature of 20 C and under the above conditions, the gel strength was 363. 15 g-cm. It
was found that surimi formed gelation at 200 MPa, gel properties had no significant difference when UHP
time was more than 5 min, and as UHP temperature increased, gel properties decreased significantly. The
effect order of UHP treatment conditions on gel strength was pressure > temperature > time. When pressure
was higher than 300 MPa and time was more than 5 min, gel cohesiveness had no significant difference
under those conditions. Cohesiveness decreased significantly with the increasing temperature when the
temperature was higher than 20 C. Compared with heat treatment, we found that the gel strength of surimi
by UHP treatment was better than heat treatment, was 2.2 times of heat treatment. But the hardness under
UHP treatment was lower, only 67% of heat treatment. As for the springiness, cohesiveness, chewiness,
water holding capability and whiteness, the effects of UHP treatment were better, the springiness was 1.6
times of heat treatment, particularly. From the two cooperative processing methods of UHP and heat
treatment, it showed that the effect of heat treatment after UHP was similar to the two-stage heat treatment
while UHP treatment after heat treatment could damage gel structure obviously. Those results indicated that
UHP treatment had an effect on the formation of surimi gel. UHP treatment could modify the quality of
processed muscle-based products. This study suggested that UHP treatment exhibits a potential for surimi
processing.

Key words ; Collichthys lucidus; ultra-high pressure; surimi; gel properties
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