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B FEHIIE R BUR AR 1 1 2Rt L, oK ik 4k
HURESUAR 7 S 0 B, OB R O, 28 3 v R TR
FE I 20 B B it o T IR 802K 7 i 0 12 ) 1
JEE R U AR, R A R 3 o T 5 B
R[] BRI NS IR 2 0T £ U 17 Je i 2 1 4 B
PSR P RE (14 52 W) , J57 P W) 7 T8 3% 1 A W SR
Jrtlign B s i in T2, G ad 4R B BEAR BT K
— T AL B LIRS JR T SR K 7= i, DA I
AR5 8 5 A O T A S TR AR S5

1 M55k

1.1 #R5iRHF

I SR Bl 1 iz pl VL v v 4 T R A B
Oy al AR s L35 il R AR o X R S OR
B FPEEIRR VP T.NaOH 250 [ [ 24 48 141 fb 2
A RS w3528 4 48 5 5250 K 3400 £ 8
FIK
1.2 NFE5E&

L-8800 H 722 A shor i, H A r (hE)
AR F] A 775 DF-101S 7 42 P 1 1 #4 % )
PidkEds , L 5 T AL A B 5T AF 2 /A
T6 itk 20 S AP AT UL A e EE T, A6 538 B id FHAY
ar A PR DA 28 7 Az 775 TA-XT plus B8 B A 4%, ¢
[E] Stable Micro System 7\ &) 4= r= ; #8{KIEVKFE, H
A SANYO S A4 7= DZF-1B 155 T4 46, Ll
KAE Y7 ZR AT PR 2> 7 4277 s METTLER TOLEDO
pH i1, g wEAAS) E™
1.3 7k
13,1 WESUR Iy fifi fi Jz BEAS 43 (R0

K43 D S - fE I T L (GB/T 5009. 3—
2003); JK 4> W 52 KAk 3 (GB/T 5009.4—
2003) ; & ({5 o B K E A %k (GB/T
5009.5—2003) ; g i 5 - &R AR HL % (GB/T
5009.6—2003) .

1.3.2 TZ2H

1R AE T UK AR R T DR B AR, B
F£2J0.5 em x0.5 em, g HRB T /K. A
—E Ll 2 B oK, FH 8 A 4R 1 7 1k oK 7 4%
R, e B B R ORI B AR K
PAT R B W, 3 2 DA R e fa R BRI K
WA ZE A AE 4 C Y iR rh B VR 1, 9140
15BN, RIS SR 7 il f R
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1.3.3 RIS E L 50200 E
LB R J5ORE, 23 0 IE 5 5 IO B RHB L
SIS (] X0 £ 7 v e i 2 R R FR ) Y 5
Wi o HEAR A SRS E] 2 b $R I BE 80 °C B}
W R 1:3(g/mL) o &P SR [E] 1.2
3.4.5 h; $2HUE A 60,70 ,80.,90 100 °C ; BHE Lt
1:2.1:3 1:4 1:5.1:6 ,1: 7 1: 8(g/mL) ,,
1.3.4  $EESBUR LA (i TR
FEFRIN R S il I, 455 Box-Behnken [
HU A IR BT IR, AT 3 IR 3 K 1
PR HTE . W1,

x1 BYFRAHERFHNELZ
i) 62 T 43 #7108 Rl 2R 7k
Tab.1 Test factor level of response surface
analysisof fish jelly from the skin of

T. fasciatus preparation process

K% Factor
KF: Ly JE Sl 7 1 N
A BERRIL G B
Temperature/ °C Solid-liquid ratio Time/h
-1 70 1:3 1
0 80 1:4 2
90 1:5 3
7S S22 BAY 27
1.3.5  JRJsAR 4R IR Al

PRI K B i T2K AR, A 2 mL
i 6 mol/mL HCI 5 A 130 CHEEH , K% 3 h,
WHIEERM pH 2k, E45 % 100 mL, W 1
mL 7K AR S 3 mL LB K Tl g, 1 2 mL
S T, 2 i AL 30 ming, T A g kR
1, UER S, JFAE 60 °CF 7K 20 min, Y4458 AL
JE WK 1 min, FEJRHCE 5 min J57E 560 nm
AT ECWE S BE B s o it A5 S I 2 R v
T2 I 2 I e I D 2 1 )RR TR

L-Y2 N2 B2 W' BE BRI WOk FE (pug/mL)
A3 AR AR, 22 AR o R 15 2R
Fly=0.1963x —0.020 4, H R* =0.980 2,y Ky
560 nm A0 7 B IR BEMH, « I AR i
TS SR Ty i 0 B 15 D B R B 0 T
:% x 100% (1)

A Y OB R R W, O IR P IR R
FIE, % s W, N PR E A&, % .
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1.3.6  WRJJME

BB 107 v W sh . 478
T 4 mm JIrits BRI ) R ), Bl g0 $2IK
WAE 4 CHEER 36 h, >R H] TA-XTplus J5z#4 {3
I, P05 583k, T s 1 mm/s, |
B4 mm,
1.3.7  ZHERRH B

B SU 2 07 vk We AR sh . KRR AL B
TFOKMEE T, A 6 mol/L $h2 2 mL, F75 % #,
F130 °C /Kf% 3 h, /KA FH 4 mol/L F1 0. 1
mol/L (] NaOH H 71 pH % 2.2, B0 B FiE G
JH0. 02 mol/mL HCI 3E %5 % 50 mL, WIS , ot
0.22 pm JEMEE FHZHERR B )70 A S0 & A it 24
FERE A,
1.4 HiEsTH

ffi i} Excel 2010, SPSS 18. 0 Design-Export

10.0. 7 A3 e 7 T 6 70 A7 , B8l 6 o
FEIE = bR

2 R0

2.1 BYFRAEEERNERARRS

M2 Wl LA, W SU7R D5l #1255 K48l
65.85% , TW) & &K 33.48% , {F X LT Y it
BN E A R, 25 TR Y 90. 87% o
FEA R HE A B, IR S R R E A
73.90% , 5 A BOK HLEE, NI SUR J7 fl fhJ
— A (S U SR 1 4 SR o
2.2 REBSHNEZRESNSHE

PRI SR IBCR AN J1 o 16 A, I I
SRR, IR I AR B 2, fa R B
TRV, T B 8 R A [R] T AROK 3% 12 UK 5 3R
H, ZORBA — & MBI AR 14

R2 BOFRAHGREHNEREFES

Tab.2 Basic chemical composition of 7. fasciatus skin %
% HEH HLAR I LIV Ky s
Proximate Crude protein Crude fat Crude ash Moisture Collagens
i 30.15 +0.61 1.85+0.04 1.48 £0.02 65.85 +1.47 22.28 +0.53

2.2. 1 FRIBUIRFEXT 0 R 5 BT 1) 5 )

Qi 1 7R, 75 80 “C I, % J) ok 163. 63 ¢, 42
By 48. 04% B 38 B e RAE, W 7T & H F 5 11
60 C LA b i B80T S OS2 W AN R 2 Ut B2 T
B, Bl IR R 1) oo JUREE 384 o, KB 1] 384 in 11 58
Y0 B2 TR BS08RS85 48, i T i o i T e 3
s 24008 B Ak S b T RS VR G 25 48 & AR R
TE 22 KR BE , AN Sy S 3K %) 66 JOR e e AT ol )
ARG, FEOR TG o P BRI R )

O $EZE Recovery
W %/ Gel strength

60 180
= 160 =
~ =
3 50 140 &
$ 40 120 §
S 100 £
() %3]
~ 30 80 ~
¥ 20 60 &

40
10 % g
0 0
60 70 80 90 100

B ¥ Temperature/C

Bl REGEEMNBURAHEREREER
REEFFR N B2 00
Fig.1 Effect of extraction temperature on
collagen recovery and gel strength of
fish jelly from the skin of 7. fasciatus

FESRBURE N 80 T,
2.2.2 BRI L R TR R R

N 2 Fr s, R LS, S R AR ) #R
TERAR I N B, A2 12 2 B LI, SR BCR TR )
ARAR G, S DU A 25 4, K Wy el B 1
T8 B, T SCAN K, SRR H A e ik I T e

FEAR L R 1A /N 25 b B EE 12 4 B il AE £
PR AL 251
O RE(ZE Recovery
W %/ Gel strength
60 400
=3 ~
S 50 350 2
5 300 2
g 40 250 &
~ 30 200 @
B 150 @
W20 &5
B 100
= 10 50 &
0

$2 123 1:4 1:5 1:6 1:7 1:8
B L (W/V) Solid-liquid ratio
B2 MELNBIRAHERFREER
RENEFE N
Fig.2 Effect of material-liquid ratio on
collagen recovery and gel strength of
fish jelly from the skin of T. fasciatus
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2.2.3 PRI A] XS £ 5 TR R BRI RS RE 95. 97 % i 7 {H A2 4k

WE 3 Fros , SRE R 2 h 5, %
A, i FHEBUR R & 8 B — @ i ) E , IR = ﬁ%if}eggzggth
T £ 4 B AR S5 M R IR YR G 46 4 o fi Lo }gg =
AR LU B, SRR S T Si e 90 o {wE
HURH e AR E] 2 h iR e tE 451 g 40 }gg &
2.3 RESHEMA (W X) o 80

FIH Design-Expert 10. 0. 7 4 i A 00 20 B 20 ig ;
SR K4 A SRS, w10 20 #
2.3.1  FREBCR[E] AR B 0 %0 70 80 90 100 0

B & Time/h

HRAHRIREE A, UG 3 A4~ E A2 5 R e o 48
BURE IR LW 5 Y =46. 05 + 0. 294 —
7.15B +3.17C - 1. 82AB - 0. 70AC - 0. 15BC -
8.064% — 5. 66B> — 13. 92C*, —. ¥k £ Wi =, 5 Al
R*=0.959 7 M IE &% R, =0.907 8 , A

B3 REEENEYL R e AREER
REEE AR
Fig.3 Effect of extraction time on collagen recovery and

gel strength of fish jelly from the skin of T. fasciatus

®3 BYRAHERFHNEIZMNEREZTSER

Tab.3 Experimental design and results for response surface analysis of fish jelly from the skin of T. fasciatus

Ay A I E BoRH L C R [h) FRICR il
Test No. Temperature/°C Solid-liquid ratio Time/h Recovery/ % Gel strength/g

1 90 1:5 2 23.08 34.72

2 70 1:4 1 20.29 63.04

3 80 1:3 1 29.34 158.49

4 80 1:4 2 42.14 139.20

5 80 1:4 2 47.31 136. 63

6 70 1:5 2 24.59 39.99

7 80 1:3 3 35.20 107.05

8 80 1:5 3 23.29 40.21

9 70 1:4 3 28.81 37.69

10 90 1:4 1 20.73 45.96

11 70 1:3 2 37.92 41.18

12 80 1:4 2 42.35 171.20

13 80 1:5 1 18.01 39.44

14 80 1:4 2 47.38 218.96

15 90 1:3 2 43.70 121.84

16 80 1:4 2 51.05 156. 63

17 90 1:4 3 26.43 51.41

[ X2 7 R HEAT 119 T 2540 07, W3k 4 B
1% BB R F {4 18.51,P =0. 000 4 <0.01,
Ul W R A AR B 25 R AU F {H R 0.47, P =
0.717 6 >0. 05, L WA RIS AR Al 5E . Btk
AR AR [ DA TR i A 00 S 5 S A X 4
IR o R HL— R B 48 I B — R I
A% BREA] I C? 4 R (P <0.01) i
BB o T3 IR A A I 25 A 52 i), 2 IR
IR IR [ Fr U A58 0E 2 It 7 v 41 TR 11
SRR L 2, SR R] — R 30 C AR HE Ik

http: //www. shhydxxb. com

3B R 3 (P <0.05) , LB HUR ) AR
FE R RSO A 4R U A v S T 4R BOR
A AB BC A3, SEHITESRIGE R, SR G BE |
S Il B AURHA LAY 58 ELAT ORI G FO4R BBt
(5] FR) 52 A FH A 1 B A o X T 4 R B AR 35
AR

UnlEl 4w B 25 R OKF B T TR
HARPEREBE ETVE TR S, 25 i i 4]
PJF vl R RIS 45 R A G DO N A R
fH.
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R4 BYFANERFNRREARRELAREGESH

Tab.4 Variance analysis of collagen recovery regression model of fish jelly from the skin of the skin of 7. fasciatus

pig=> 3 SEIr A R ¥y F p
Source Sum of squres df Mean squre F P
% Model 1 848.49 9 205.39 18.51 0.000 4 " *
A 0.68 1 0.68 0.061 0.8118
B 408. 84 1 408. 84 36.84 0.000 5"~
C 80.39 1 80.39 7.24 0.0310"
AB 13.29 1 13.29 1.20 0.310 1
AC 1.99 1 1.99 0.18 0.684 8
BC 0.084 1 0.084 7.579E - 003 0.933 1
A? 273.48 1 273.48 24.64 0.001 6"~
B2 135.09 1 135.09 12.17 0.010 1~
c? 816.06 1 816.06 73.54 <0.000 1" "
%72  Residual 77.68 7 11.10
ST Lack of fit 20.34 3 6.78 0.47 0.717 6
HZER Total variance 57.33 4 14.33

E: " ZRBHE(P<0.05); " " ZRWEH(P<0.01)
Notes: * means significant difference (P <0.05); * * means very significant difference (P <0.01)

H#ELE Recovery/%

$2ELZE Recovery/%

H#ELE Recovery/%

. 40 .,
Coge 1.5 3.5 vl & Sens®
QQ? Loaogﬁgﬁyé
AR

S0
B4 FERIZEEMANER SR RRIRE B REER 300§ i 5 1 E

Fig.4 Response surface showing the influence of interactive effect on collagen

recovery of fish jelly from the skin of T. fasciatus
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2.3.2  FRJyRIAREEL AT

MR e 45 L, 400Gk 57 7% £ e O )
R R EZWH AT Y =164. 52 +9. 004 -
34.28B - 8. 82C —21. 484B + 7. 70AC + 13. 05BC
—70.934% —34. 16B*> —44. 07C* , YR Wi A H7)
R =0.886 3, fXIE &%k RS, =0.740 1, LR [
R AT LADE R 88. 63% Wi i (B 1 28 Ak . I A Dk
RN 6.461 , KT 4.0, M A HMARER
It

XPIZ T R AT I H Ty 22 40 B, W3R 5 FR
B F 4 6.06,P =0.013 4 <0.05, JiHHi%
FEA 2 4Dl F 4 0.62,P =0.638 7 >0.05,

VLR A B LG A 5 AT 5E . PRI Rl Bk [l e
ABETEY 43 Ay 0 P00 ST 55 B S A6 R T B SE R . U
Sy T AR 2800 R R R R L — YR I
B ARG B kI A® M 8% (P <0.01) , i
BHB XT3 AA W S 3 s ), SR BGR EE —
xﬁf“ﬁﬂﬂ%ﬁl%‘ﬂﬁﬁfﬁE’J?ﬁﬂn*&,ﬁ\i% FEHL

TR — YR I BN IR A kI B R
(P <0.05) , 15 B 46 IR B8 R0 B2 BCRs ] 73 — R 3%

NS R FErh B E R S A CLAB AC,
BC B> A3 U ZE SR G A b, SR BOR 42
IBCHS R R EE I — R TR 3 A4S PR 2R 1 114 28 BLAE
FHF B AR o6 T8 ) B A AT 52 )

x5 BYUERFEERFERNNEITER T E 5

Tab.5 Variance analysis of gel strength regression model of fish jelly from the skin of 7. fasciatus

A T Fr g B F P
Source Sum of squares df Mean square F value P-value
L Model 51229.25 9 5692.14 6.06 0.013 4*
A 648. 54 1 648.54 0.69 0.433 4
B 9 398.20 1 9398.20 10.01 0.0158"
C 622.52 1 622.52 0.66 0.442 3
AB 1 845.99 1 1 845.99 1.97 0.203 6
AC 237.16 1 237.16 0.25 0.630 7
BC 681.47 1 681.47 0.73 0.422 5
A? 21 184.63 1 21 184.63 22.56 0.002 1"
B2 4913.14 1 4913.14 5.23 0.056 0
c’ 8 176.42 1 8176.42 8.71 0.021 4"
52  Residual 6 573.32 7 939.05
eI Lack of fit 2 083.78 3 694.59 0.62 0.638 7
MPER Total variance 4 489.54 4 1122.39

" ZERBFEP<0.05); " ZRWEFE(P<0.01)

Notes: * means significant difference (P <0.05); *

2 W) 7 TET 39 J5E - 5% I, S5 v e e A A (R
RPN RS BEAE /N, 2 B AN
S EAEFHOR . BB S AT, Bl & R R K-
Tt R B BT R T B A, & il
BT AT, SER A R e KB A
2.4 maRERHIE

FIF B AF Design-Expert 10. 0. 7, 7 $2 iR
J& CRH A IBOR [ 4 28 b, B R IR B R
R 15 R, A A9 ) d5e il 30 2 8 2 RO 3
81.29 C Bl M 1:3. 41 FREHLEHE] & 2. 00 h,
AR S R AT B R F A IE - SR IO B2 81 °C
BHE S 123,05 SR [E] 2 2 bR m 17 T2 A4k
13BN G O T2 A, B DR R a0 R AT Y e
(BB R0 HRZH 05 AR IBCR AN Sy, sk 6 Fr
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* means very significant difference (P <0.01)

N FEBCR UL S, 7 2 A R IR R E B
1R, VR L R R B RO R o PRI o TG
(it dEsnve S JerTIE b
2.5 REBOWN

RIS FIE IR B PR I BER, BAT R
T B SR E AT A 0 5 SUAR il £ J2 R
LR BT R IR X AT, PR B T B
LRI, A 52 98 16 FH AROK AL B, A TR A 23X
KL B £ R, 7 AT 80 ) s S0 O B #0 J
TERACH T AL 100 g £ K fz b n] il #5400
g MUK, IR KA IR B T IR A, R AR R
U B0 B I 1 FIE, 400 g I SR U Bl £ B2 R 24
10.61 g JERHEE, 5l F KRG A, 2 —
bt £ B 5 B R 07 i, IR AR SR A
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AR S RO I KB BRI SR T it e o, S B @565 i R e ol & H &R
Feah e BAREIERR G B S AURILER T, X HER AR NEAR GRS, A RS
T IR & D N RS A g R e, X W ENIER R 2 NG R B 1 Gly-x-y
Hh o SR 0 R A — o IR, IR A2 ESRMR ARSI A

i — 7 FRH B EE I i, 5 AR AT X R 4

%71 Gel strength/g
%71 Gel strength/g

%71 Gel strength/g

BS5 WERIZEMERXRESUR T EE B R R 15 0 8 0 5 53 4
Fig.5 Response surface showing the effect of interactive effect on

gel strength of fish jelly from the skin of T. fasciatus

®6 MEEMEUIZHEREZARNESENLER

Tab.6 Comparison of collagen recovery and gel strength before and after response surface optimization

USLEE| PR %7
Group Recovery/ % Gel strength/g
R EL L
AR AR 46.05 +2.79 181.50 = 18. 04
Optimum conditions for single factor test
R A S
ML S e (5 47.62 £1.99 175.25 +13.20

Response test optimal condition

http: //www. shhydxxb. com
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x7T BERFHEMERFNSEBRSESHK
Tab.7 Amino acid composition of 7. fasciatus skin and fish jelly from the skin of T. fasciatus
BAHERR WL AR Jyfalita f  Puffer fish skin fo 7 % Fish jelly
Amino acid & & Content /(mg/g) L 5] Proportion/ % & & Content /(mg/g) L 5] Proportion/ %

KA ZIR Asp 9.94 £0.05 6.72 2.21 £0.47 6.55
JZ R Thr* 3.82+0.02 2.58 0.66 +0.18 1.96
22 5 IR Ser 6.96 +0.07 4.71 1.45 +0.33 4.31
BA R Glu 15.17 £0.15 10.25 3.10 £0.72 9.20
HAm Gly 27.83 £0.10 18.82 8.57+1.74 25.44
&R Ala 18.07 £0.09 12.22 4.73 £0.98 14.02
W R Val 3.11 £0.02 2.11 0.65 +0.10 1.93

2R Cys ™ 0 0 0 0
HHBR Met * 3.42 +0.02 2.31 0.87 £0.12 2.58
SRR e 1.26 +0.003 0.85 0.22 +0.04 0.64
LR Leu ” 4.00 +£0.01 2.71 0.78 +0.16 2.31
fi = R Tyr 1.34 £0.01 0.90 0.16 £0.03 0.48
HN 2 Phe * 3.66 +0.04 2.47 0.68 £0.15 2.01
R BR Lys ™ 5.91 £0.09 4.00 1.15+0.28 3.41
ZH4%4FR His 1.36 £0.01 0.92 0.24 £0.06 0.71
KR Arg 12.12 £0.17 8.19 2.24 £0.54 6.64
Ff &2 pro 18.82 £0. 14 12.72 3.80 +0.90 11.29
AR Hyp 11.13 £0.12 7.52 2.20 +0.54 6.53

(AR Trp ~ 0 0 0 0

T "N ASERR ; T AERRK I AE T CEARRPRIR, NI Bls 4 3ef G iuE

Notes; *

3 #5ip

I SR 5 fli £ Bz i DA O R, B IR R
i, VA SCR T i #81 Rz Oh JEURE, SR AR K S B
TR b, 85 AT S A P f O
) AR IO B FURHI EE , LA R F R ) AR Sy v
A, A3 2 A~ R 2 T AR vty S ke 2552
N P = 00 7 22 1) 4 06 3R, DRAE R B R 43331
4 0.959 7., 0.886 3,5 P KTF0.05, B/~
PIAMBETP H S7 A R PA AT B4R UKL Dy 81
C RRBLE S 1:3.5 FFE s (] 2 b, 75 251
AR 5 SR J7 il 1 B R 3 B EOGR Oy
47.62% %71k 175.25 ¢, 5HLE 3R —2L, 100
g MR AT % 400 g 7oA77 i, &5 A 29 10. 61 mg
JE IR 1, PR AR BOAS A IR £ B B A a8 FE R 41
B H R R AR R R R TR, RE A AL
A B ANOR B #0528 TR 00, I A 3 — b s
I A A AR I RE A 14 I SUAR T 0 B R
G SR T fili #6147 80P SR I B , 0T
I SCAR T B 81 B2 7 iy G SC7R D7 B 1 2 R Y T
[ A RS

WL AN SUAR 5 it Bz O 9 A 7 B T i B
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means essential amino acids; since Trp is destroyed under acid hydrolysis conditions, there is no Trp value in the data
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Response surface optimization on preparation process of fish jelly from the
skin of puffer fish( Tetrodontiformes fasciatus)

ZHOU Rui'?, CHEN Shunsheng'~
(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai Engineering
Research Center of Aquatic Product Processing & Preservation, Shanghai 201306, China)

Abstract; In order to make full use of Tetrodontiformes fasciatus resources and enhance the added value,
Tetrodontiformes fasciatus skin was used as raw material, through the process of hot water extraction, to
prepare fish jelly from the skin of 7. fasciatus, and determine the processing parameters of the fish jelly. Base
on single-factor experiments of extraction temperature , time and solid-liquid ratio, the collagen recovery and
gel strength as indicators, applying response surface methodology to fish jelly rich in collagen and with good
gel properties were optimized, and the amino acid composition and content were analyzed. The results showed
that time, temperature and solid-liquid ratio had significant effects. Based on the collagen recovery and gel
strength, two regression equations were obtained. The determination coefficients R* were 0. 959 7 and
0.886 3, respectively. The P value of the missing term was greater than 0. 05, indicating that both models
were valid. The optimal process conditions were extraction temperature 81 “C , solid-liquid ratio 1:3.5 and
extraction time 2 h. Results showed collagen recovery 47. 62% and gel strength 175.25 g, the composition
and content of fish jelly amino acids were consistent with skin, rich in glycine and characteristic amino acid,
which could effectively utilize fish skin and retain nutrients. Fish jelly was rich in collagen having good gel
properties initially obtained, which provided a theoretical reference for the further development of products
from the skin of Teirodontiformes fasciatus.

Key words: Teirodontiformes fasciatus; collagen; fish jelly; hot water extraction; response surface

optimization
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