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Study on cryoprotective effects of three cryoprotectants on
trachinotus ovatus surimi during frozen storage
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( Guangdong Provincial Key Laboratory of Aquatic Product Processing and Safety ,Key Laboratory of Advanced Processing
of Aquatic Products of Guangdong Higher Education Institution, College of Food Science

and Technology , Guangdong Ocean University , Zhanjiang 524088 , China)

Abstract: The single factor method was used to respectively investigate the cryoprotective effects of trehalose,
xylitol and compound phosphate on trachinotus ovatus surimi during frozen storage, found that the three types of
cryoprotectants had affected on surimi gel strength, whiteness and water holding capacity, and had inhibit on
surimi protein denaturation. Furthermore, response surface experiments were used to obtain better cryoprotective
effects.The results showed that added 4.48% trehalose,6.72% xylitol and 1.26% compound phosphate,the optimal
surimi gel strength was 8618.47 g - mm; added 4.5% trehalose, 6% xylitol and 1% compound phosphate, the
optimal surimi gel whiteness was 71.79; added 3.5% trehalose,7% xylitol and 1.09% compound phosphate, the
obtained optimal surimi gel water holding capacity was 96.7% .The results of response surface experiments was
better than single factor method.

Key words ; rehalose ; xylitol; compound phosphate ;response surface

h E 43S TS254.1 X EkFRIRED A 3 E 45 5:1002-0306(2015) 19-0336-07

doi:10. 13386/j. issn1002 —0306. 2015. 19. 060

4 f ( Trachinotus ovatus) J&—F & 8 A AKIE

5 11 FLRE R ARk PR B T [, S i) £ JBE ity JB AN 1R PRI,
Wit R EE B, 8 TR R, S AS S A, B 57,

BSITATR, By Lk 85 1 B AR, SIE v VAR 0 JBE 1) ¥ VR

PR R R 4 R A 0 T v R R, AN AU AT DA ok
oy JEE A ity B XU, 17T _EL AT A ke A 3R K A A 7 £
JBE K o JRE ] ity A 7 A A e o A BRAR R) AL, [N I
K BRI T v R 0 B8 B AR W 4 AT 5o IR
iy JBE S I T A 5 0 JBE A B v ) 7 e BE L
FROARN R E R A JEORE, T W SR BT k. i 4R
AP ] V& VR i JBE Y 1T B AR AR RGN, 32 N Sl T 2 Y
Hy E 2RI A (B < 48 0 £ JRE AR R A v R i
G AR, S5 B S A ARV, T S B R iR R

s HHA:2014-11-13

A I] 2 Tl A 7 v 2 CER R R

B [E Tl BAL G BRI H 4% BEREAT 4% 1115L
BERHIR AW T BA B W 0RO (LT R
RS, A A B G SR IR EH AR 13 2
PRI TT 07 09 507 ) S 6 SR a3 . IE AR RIFIT 45
SRS, U PEOE LG R B A W 4R N R A 3 ) IR
PEBEK T 5 5 A VR B IB A TR S5 R BOEREE Ak
TR IR B T aE T BAIRE AR AR . A
M PR R AR T, 1 A IR B 10— R, B

TEZER N 20 (1990-) , %, M EHF 5 A, HF R F 6 : K= Fahe T TA2 E-mail ; fighting098 @ 126.com,,
« BWEE A2 (1962-) , B , 4%, FF 5 7 ) : K = do e T 42, E—-mail ; zjhahe@ yahoo.com.cn

BHEWH . &R 45F 5 MBI 7 B (A201101F03)

336 20155 51941



@ésﬂﬁl’&l

CAER

RETBT g 14 , M58 A W8 R om N B T, B AR 4 i) iz JFH
RS AR ER vT LR &5 A w5k e, 4 HF
PR IORE , I SE bR AE r= v, BB A e Eh 2 5 HoAth
Pz —E A W o P IS OB ST O AR
PR B S B REh = B PRSP R,
A Tk A 7= 2 e B kA
1 #elEF*

1.1 #HRENEE

et R g (ER%) BITTWEKRKER
T B AR TR (59 BN () RBE
(B TR AR A BRAFE .

TMS—PRO JEHMI{Y %[ FTC 4\ ; JP7T100F 4=
Al a2t HA Juki 257,
1.2 LWH*E
1.2.1 S6EmaBEEE I T AMAZEA et 4
B0 25 3 BT AL S, VE A 8 5 vkoK Ik 2 ¥k, FEH
0.2% 1B EKEGE, B0 K, ZE AL FE 1 min, #%
FEG VTSI ER N I 5, SRS A - 18 C pk
FER VR 15 d, 15 d J5 K% R BE IR | ff R o 2
VRARES , 2548 10 min, JITA 2% B9 & h ( DL EE &1
B JERE B 10 min, 55 I 40 1) A BE SO 2 em x
2 em x2 cm AL TTMR, FETA KR H 24 °C in i
10 min, F§- 85 °C fip#% 10 min, B 1Y 57 B vk 7K ¥ 200
15 min, RIA #BEEERS , LA 4 CCVKFHE 24 h & H .
1.2.2  faBEBEICSR B (e ] IS AA 4SO R £ 8
B TSR BE () AR MR EE (mm) o PR 551
PWHEAK 5 mm L, P E H 60 mm/min,
TIEBEE N 25 mm, 5007 02N, R4 & 2 M & 3
W CBOF- Y o faBEBE S5 B A A 2 Sy

BERCTHREE (g -mm) = MEWTIREE (g) x N MR
(mm)
1.2.3 o BREE RS H I a2
HEME 3 K, IE5k LT (a”
EE A AT Ny

W =100— /(100-L")> +a*2+b"?
1.2.4 A BEERERCFE /KD E 25 2 1 BE BE I VI oy
5mm & FiEN om W, ETR&E 3 ZEEMEE
40, H B & 10 kg i EY,20 min J5, FRIBUR &
my AR PRI AR R

%m@mmz%xmo

1.3 L%t

1.3.1 PRRFETLIEIT Al ssh A B.C =4,
A AT HIRA 0 2% 4% 6% 8% 10% )i 3t ; B
HA RN 0.2% 4% 6% 8% .10% W AR BEEE; C
ZHAT A 0.0.1% 0.2% 0.3% 0.4% 0.5% 424
BRI R, Sr M RIAE S £ BE B IR , EA T B8 IS 5 3 L 1 B
R PEDIR o

1.3.2  ma oy s e it B R 3R S g A9 £ B8
BRI e B g A S G A, B0 Ay i N TG 92 06 4% A Rk
IHC A o SR Box—Behnken SZEG 11 HY 4 R fh
BEEE W B AR PL AR TN 7, R 3 A ST
AR, T E AT 525 T ik BURY R 32 7K 4

) €8, 22 1 X 4 21 £ B8
bR, BCEEIE .

Vol.36,N0.19,2015

(EE . N
Z 1 Box-Behnken 3256 [K 2 7K -4 36
Table 1  Factor level coding table
of Box—Behnken experimental
it K-
ISEN LTS /S N o/ S (1
(-1) (0) (1) X [1]
NS (% ) 35 4 45 0.5
AHHEE(% ) 6 7 8 1
EEBRE (%) 1 1.2 14 0.2
1.4 BiEAE

K IMP 7 ZRAFI Origin 75 BAF XS 8 AT 53
Hrah B
2 ZBRESW
21 BREAEXWHERESWH
2,11 f JBE R 5 1Y ST
5, AN BOBE R BE RS 2 S B IR R Y AR

T i B S B 4 AR UL IR 1
6000

SR Ko g Sk
i JBE

5500 -
5000 -
4500

4 - b.c
000 $\$/§/
3500 -

3000
-1

kIS T (2 mm)

TR (%)
4800 - a
4600 -
4400 -
4200 -

4000

eI i E (g e mm)

3800

3600 .
ABETE(%)

6000

b.c
5000 -

4000 ~

3000

FE I (g e mm)

2000

1000

010 013 016 Oi9 1i2 1'.5

RO EE%)

BT =T o xo £ BRI 5 52 14 52 )
Fig.1 Effect of three types of

cryoprotectants on surimi gel strength
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Table 2 Effect of trehalose on Surimi Gel whiteness

5 BN (%) L" a” b” w
1 0 78.3667 +1.0786" ~9.0000 +0.1000" 16.4000 +0.3000° 71.3854 +0.2659""
2 1 77.9333 £0.2517" —8.7000 +0.2000*" 16.4667 +0.3528" 71.1187 +0.1069*"
3 2 77.6667 +0.2887" -8.9000 +0.2887"" 15.0667 +0.8333" 71.6076 +0.4869°
4 3 78.2000 +1.8771*" -8.1000 +0.1732*" 16.9000 +0.3480° 71.2518 +0.6778"°
5 4 77.1667 +0.2082"" -8.5000 +0.2887"" 15.9333 +0.2028"" 70.8848 +0.1794" "
6 5 75.8000 +0.4359" -8.3000 +0.1732" 16.1000 +0.1732*" 69.7697 +0.2444°

F3 AR BEBEI 1 JEE (5 )

Table 3 Effect of xylitol on Surimi Gel whiteness

(%) L"

a” b* w

78.3667 +1.0786°
76.4000 +0.5033"
75.0333 +0.5783¢

75.8333 £0.0333"°
75.6000 +0.1732"¢
75.2000 +0.2309"*

-9.0000 +0.1000*
-8.2667 +0.2186"
-8.7000 +0.0577*
-8.7000 +0.1528"
-8.9667 +0.0667*
-8.8000 +0*

16.4000 +0.3000°
16.1000 +0.5508""
15.5000 +0.2517*"
15.3667 +0.2603"
15.3667 +0.2186"
15.3333 +0.2729"

71.3854 +0.2659°
70.1033 +0.2755"
69.3467 +0.3601"
70.0700 +0.2022"

69.8000 = 0.0586" ¢

69.5400 +0.2084°*

K4 QTR 0 BEREIRE 1 R

Table 4  Effect of compound phosphatel on Surimi Gel whiteness

P55 Wi (%)

L*

*

a

b*

W

1 0 78.3667 +1.0786"
2 0.3 80.3667 +0.3528"
3 0.6 76.0333 +0.2603°
4 0.9 77.3667 +0.2404"
5 1.2 77.2667 +0.3667"
6 1.5 75.4333 +0.1333°

-9.0000 +0.1000"
-7.9667 +0.0882"
—8.7000 =0.0577"
-8.7333 +0.0667°
-8.5000 +0"
-8.5333 £0.0333"

16.4000 +0.3000"
18.6000 +0.2887*
16.0667 +0.2404"
16.2667 +0.0882"
15.8000 +0.1000"
16.2333 +0.4372"

71.3854 +0.2659""
71.8000 +0.2686"
69.8600 +0.1504°
70.7900 +0.2003"
71.0333 +0.2333"
69.3367 +0.1364°
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Table 5 Results of the response surface test
75 g A RN BEBERE (g mm) L FikbE(% )
1 -1 -1 0 7354.2517 70.97 95.2436
2 -1 1 0 6768.7347 70.70 97.2382
3 1 -1 0 8091.4541 71.03 96.5995
4 1 1 0 7135.7143 70.52 95.2793
5 0 -1 -1 5696.8623 70.53 95.3363
6 0 -1 1 6994.5727 70.53 95.8640
7 0 1 -1 5622.8571 70.34 96.3553
8 0 1 1 5835.9503 70.08 96.2076
9 -1 0 -1 6182.7551 70.59 95.6927
10 1 0 -1 6265.7143 71.13 94.5786
11 -1 0 1 6326.5306 70.92 94.9618
12 1 0 1 8011.6709 70.40 95.5544
13 0 0 0 8720.8163 70.38 95.8700
14 0 0 0 8688.8265 70.46 96.1636
15 0 0 0 8142.4490 70.32 95.9358
100 1 2.2 oM TESEIEER R T
5 1 3 J<F B DR 3R S50 A B, BRI i — T o R X
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- . 22,1 fu SRR (9 SE IO L SR AT R IMP
o5 | 7 BAFHEAT R Ot RNA LG, AT A5 f0 B8 8 I 58 5 i)
< 3 ab ; VI SRR A LR 6
N I T 22 6 AT AIBIRAY p = 0.0008 , b i % , 7T fi bk
E Ufo BRI IZ A S FREL R =0.9816 , BLAUAH S MELT,
96 - b MJH%E R® =0.9484 , Ui W AR Y 1] 4R 3% 94.84% 1) 4>
£ 171 JBE 5 I 5 I B Mk, R LG p = 0.8465 >
95 (') 2' 4'1 6' é 1'0 0.05, 4 i 25, YL BRI R U6 0 K4, IR 22/,
ABER%) W, AT A IR Ty R Xk JE R R R RE AT 4 AT R
%7 X W T LV R 5 A W TRk 1 3 T AR R X T 1 L
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Fig.2 Effect of three types of cryoprotectants
on water holding properties of surimi gel
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Table 6 Mode analysis of variance of surimi gel strength

LE2S 5 Al A B ¥s FAH p1E
A 15797785 9 1755309 29.6198 0.0008 e
X, 1031250.1 1 1031250.1 17.4017 0.0087 %
X, 961804.3 1 961804.3 16.2299 0.01 *
X, 14454554 1 14454554 243912 0.0043 Kk
X, X, 34266.2 1 34266.2 0.5782 0.4813
X, X, 641746.1 1 641746.1 10.8291 0.0217 *
X, X, 294098.9 1 294098.9 4.9627 0.0764
X,? 250289.9 1 250289.9 42235 0.095
X,’ 3132543.7 1 3132543.7 52.6742 0.0008 K
X’ 8989484.5 1 8989484.5 151.6922 <.0001 .
B 296307 5 59261
Ja 84953.17 3 28318 0.268 0.8465
i 211353.52 2 106000
syl 16094091 14
o FREFWEE(p<001), *» FRERTE(p<0.05) R =0.9816,
T ADBEBERE R AR Ty 22 BT
Table 7 Mode analysis of variance of surimi gel whiteness
J5 25K FJ5 il A ¥y FAH p1E
LY 1.2411495 9 0.137906 41.1442 0.0004 -
X, 0.00125 1 0.00125 0.3729 0.5681
X, 0.25560893 1 0.25560893 76.2612 0.0003 o
X, 0.05390194 1 0.05390194 16.0817 0.0102 *
X, X, 0.01400317 1 0.01400317 4.1779 0.0964
X, X, 0.28266767 1 0.28266767 84.3342 0.0003 .
X, X, 0.01604529 1 0.01604529 47871 0.0803
X,? 0.60314103 1 0.60314103 179.9477 <.0001 *
X,? 0.00065649 1 0.00065649 0.1959 0.6766
X,? 0.00332326 1 0.00332326 0.9915 0.3651
B 0.0167588 5 0.003352
Sl 0.00689212 3 0.002297 0.4657 0.7363
i 0.00986667 2 0.00493
A 1.2579083 14
TE: v FORERMEBE (p<0.01), = IRERBE (p <0.05) ,R* =0.9863,
2 9000 RS IS5 R LK 7,
S H1 3 7 AT AL (1 p = 0.0004, By b 35, AT ik
B 7500 I, AT S AR SC R B R® = 0.9863 , BEALUAH G MR 4,
@ éggg M R =0.9616 , Ui W L5175 AT 4 36 96.16% 1) 4=

B

6000

B3 il 5 525 R O £ JBE R I 5 52 EL R
Fig.3 Interaction diagram of rehalose and
compound phosphate for surimi gel strength
JRE5iE B2 My 8618.47 g+ mm , 5 BEIEAA2E 2% .
222 MEERERC B A SE IR S5 R S oA R IMP
7 BAFREAT R Z TG, AT A £ B R A RE i
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Table 8 Mode analysis of variance of water holding properties of surimi gel
J5 ZE KR 5 FIH B FH s
FRETRY 6.2927988 9 0.6992 31.8428 0.0007 e 3
X, 0.1580521 1 0.1580521 7.198 0.0437 *
X, 0.5186639 1 0.5186639 23.6208 0.0046 ok
X, 0.0488121 1 0.0488121 2.223 0.1962
X, X, 2.7469377 1 2.7469377 125.1003 <.0001 * %
X, X 0.7281676 1 0.7281676 33.162 0.0022 ok
X, X, 0.1140587 1 0.1140587 5.1944 0.0716
X, 0.3822837 1 0.3822837 17.4099 0.0087 ok
X, 0.6579281 1 0.6579281 29.9632 0.0028 ok
X,? 0.8195734 1 0.8195734 37.3248 0.0017 ok
KRz 0.1097895 5 0.021958
RIUE 0.04745274 3 0.020779 0.8758 0.5722
afiiR 2 0.04745274 2 0.023726
Jviil 6.2927988 14

Vs FOR2E BRI E (p<001) , + AR E (p<0.05) R =0.9829,

71.2

71

I~ 70.8
H \

o 70.6

70.4

70.2

U500
100 -Lop P&.jfa\;w

P4 R S S G BEIR EL X A BEBREIRE 11 A HL S
Fig4 Interaction diagram of rehalose and

compound phosphate for surimi gel whiteness

4 R LU R ST S 11 BE b 5V e 1 1
i £ B S vk D B N B EE B, Bl 2 A BEIR SR 1Y
BEANTEG N . R IMP B 4387 ) 45 1 S I i) £ 58
BRSSP RE B S BC N - YRR 4.5%  ARBEEE 6% (2 4H
BEIRER 1% , BRI 0 BEEEIRE 11 BE O 71.28 5 i I8 Tk M
SLEAR I EERE B 71,79, SHNSEAE 22 0.71% .
223  fOBEEEIR R PE RO SL IR 45 R K A hr R
IMP 7 A4 T R Z ot NS HLE , 7T 75 6 B8 B s 17
ZR P i N TSI 6 475 R UL R 8

B2 8 AR iy p = 0.0007 , % ik 35, 7] 8 Pk
f-, BT AR OC R R® = 0.9829 , B AH ST,
M A% R* =0.9520, 1 B A5 RS i) [R5 95.20% 1) 4=
8 BEBE IS FEK PR A k. R BLE p =0.5722 >
0.05, A g 35, UL BHASE TR vpun U6 BE R AT, iR 220N,
i, AT FHAZASE T 7 R X 0 B8 B RS 455 K P AT 43 AT A
T T LM PR SRR R P S S Rk
[ 3 EAE FH A7 55T mii o (B A+ Sk 25 2 il (p < 0.01)
JIT LA A5 5 i ] 252 55T w17 A8 149 5 i) AS AN AR T 2R 2K
PESEFR . IR 22 o0 Inl 3 L& 45 3] 14 (8] 13 7 F A5
HHy

Y =95.97-0.14X, +0.25X, + 0.078X,-0.83X,X,

+0.43X,X,-0.17X,X,-0.31X,> +0.43X,>~0.46X,’
MRE 7R, B — DR E AR KT L, WE5T
5 AP R 22 8] 19 38 BAE A Ao v i &, aniEl 5 (&1 6

7S o
97.5
97
S
596.5
¥ 96
% 955
95
1.00 \\/10
i -00
50 00\ /ﬁ_fo
0. .00 .
By, 050 ~0.5, ks
%ﬁff/@ 2100 ~Lgg OP‘..‘;‘E’S@“

KIS gl 5 AW R i BEREI R K M2 HLRE R
Fig.5 Interaction diagram of rehalose and

xylitol for water holding properties of surimi gel
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