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[HE] TR TR R SRR, SRS RGBT T 5 2Bk 2/ (TGase) X
T TR SRR P M o I S ), 7 B D)2 R ity 3R D 7 T A R S WA R SR Y 3 AN RN &R
(TGase Wi . fEHIEIR], MERREE) #EA700fk. SR ER . PBHERFIIGHT, Wi TR AR H 005 8 B
1 TGase WNMIERE 18.0 U/g, YEFARTIE 5.0 h, YEFIEE 40. 0 CHABIEAK; Midm i E ik, 75205 1K
JB2 Jer 2 P i i AE TGase WS 3 18.00 U/g, YEFIBTIE] 5.13 h FIAE AR B 40.30 C BT iR B\ K, A
6473.98 g - mm, JERMACHEERREE 5511.50 g - mm B9 1. 17 7%, RREN TCase FIEELRE 1118. 88 g - mm
1 5.79 %, BI TGase REMSIEHEER AT Z MM ACHRAER, 0 4 g TR IR 2 U IGR . Zad B e it
B, A3 ENL AT TR AR PR N 6428.36 ¢ - mm, SELS(EHAALL, RZE{TH0.70%.
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Effect of Transglutaminase on Gel Strength of

Acaudina molpadioides Collagen
GUO Shu-pu, WU Guang-bin, CHEN Fa-he
(College of Food and Biological Engineering, Jimei University, Xiamen 361021, China)

Abstract; In order to improve the gel strength of Acaudina molpadioides collagen, for better processing
and utilization, the effect of transglutaminase (TGase) on its gel properties was evaluated in this paper. Effects
of TGase addition amount, reaction time and reaction temperature on gel properties of Acaudina molpadioides
collagen were analyzed. Results indicated that the best gel property was achieved under the conditions of TGase
for 18.0 U/g, reaction time for 5.0 h at 40. 0 °C. On the base of single factor tests, by means of response sur-
face methodology using gel strength as an index, the extraction conditions including TGase addition amount, re-
action time and temperature were optimized. Results showed that the concentration of TGase, reaction tempera-
ture and reaction time affected the formation of collagen gel significantly. When the concentration of TGase was
18.00 U/g, and incubated at 40.3 °C for 5.13 h, maximal gel strength (6473.98 g -+ mm) was obtained,
which was 5. 79 times higher than that without addition of TGase (1118.88 g - mm), and was 1. 17 times higher
than that have not been optimized (5511.50 g « mm), suggesting TGase could enhance protein interation and
increase the gel strength of the product. After proving trial, the gel strength of the final products was
6428.36 g - mm, which agreed well with the theoretical value with an error of 0. 70% .
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MR (Acaudina molpadioides) JEMGFZ—M, XHHEZ ., &S, Wi+, P EMEE. LR,
WL, R SRR A, SIRARE B R, T T BRSNS, BRI ZE, [
WAsARaR, SAKRIEEN ., 28, 21, TYBRTRELZMERY, ERALTHZS. KEEHRZ
Ve TR RE () B SRR 2, EAT 2R AE S v T ST P S AT AR B SRR 1A 56. 56%
HEREARMN 77.18% 2. BT, WG TA = 5 b, TR SR A 322 45 i
JRAE RS | B OB AR SRR A BB Tk A HOK | B B, R LS PR
SEPRIE, HOKSRIE UL BEAX A AR R A HEAIR R AR B Iz

PR B AW (Transglutaminase, TGase) X FRFEAT & WEMcHE, &—F LB A TSN,
Gy FIRILA S AR 2 i 5 & LR 2 6] Gln Gk AE y— IR LN I 5 Lys 3R e -2 5 & A= S8 HRAE HITE 1
e—(y-Gln) LysICHr il o TR G A, B0 H TP sUs0E 28 R = 4R g5, Bz 8 A
FRZER, BA R LAk WSRO AR R, DA B A T A R R R
R, BEEBEIR T EEORVIE A, IR A EE A P O AT MOGE B9 . Gudmundas-
son 25k A1 H I TR A A BE RS N B ) R ZE AT TS ; Sarabia SRR T LR R X
2 I SE I, R SR BN AT (A ) B I SR R . (B T O T T b TURE 2 1 B e 1 1Y)
WA A, A SCRAPOKIE SIS TR IF I, WE9E TGase 15 250 1 TS S5 28 141 B e
FEYERYSZ 5 A T TURE U BRI & 1 e A e A 4fs

1 MRETE
1.1 #R5iEH

K, T, WTERSTRIEEmARAR; TG B (B§IE ) 119.2 U/g) 18T VLT3 £
iR R A IRAF] ;. WA . JOK O, W2 Al T E 28 B2 A R A Al ;. Weight
BRARZER | R, VG Gl Tt st B AR A MR A PR A .
1.2 FE5i&&E

TMS - PRO Fi#J{¥ ( Food Technology Corporation, 3&[E); i K50 %24 ( Sartorius. FE[EH ) ;
KDC - 1044 i .0HL CRERANHT, W) s F APl (LEICA RM2235, f8[E); #4855 (Nikon
ECLIPSES0i, HA).
1.3 SEB/FE
13,1 )RR A B R dil e Rk 12 h 5, EEREYS . WIERL R Ts 3,
PIYek e g FAOK SR BOE T SR R (1, Wi TR AR . BB AR 6 mL/min, i HRE
170 °C, X 3 m*/min, H IR 65 ~80 °C, KFM S5 45 A4 kL IR 2R 1 I 5 2 0 80k 15% RO i
W, PFCHIHREERRRTE 30 °C, A TGase JFHHES), fpde, — IR HREVE ] —EmfE], 90 C
TR 20 min JFUKKR A, IF 4 C il 55 I E A BERC R E TR BR.
1.3.2 TGase BN K TGase TSCHFAE 3 5 IUZEIAK Y, VM, SRIGHCEEOKF, FF
s FEBSINmS PR WG v B R OB, AR LR OO A 2 A BT
1.3.3  BERIREEMIGE 787 °C TR TMS - PRO B/ ASCRHRE St R SR 5 E AT L) 455
RSB 5R FE RINI B B, T (R e AR AR B e 80 . BRIRIR S, 5 mm, T 3 5 R ko 52
8 30 mm/min, (Al A2 T3 2R A 100 mm/min, FARE 15 mm, %W 17 0.05 N. RHHTT 6 A FBAT5E
By, BEASPATIRENN 2 KR, B AR T IE
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1.3.4 @RAEHALDI N SBHARSENS Wk, waksh, BT, mEEgK—10% (&
BUM0) W 4 C T EE-H50% . 70% . 80% . 95% . 100% (AFUEL) CBERREE K ——
F 2 1035 W — 23 S 52 ~54 °C . 54 ~56 °C, 58 ~60 °C A7 R HE 1 h—58 ~60 °C A7 M #4740 48—
4 CHB—YIR S wm BHR—65 CHAFHIL— —H IR —100% . 95% . 80% . 10% (T340
LB —Weight BRA R Y 0 TRE ML VE PRI B —95% . 100% (KR ED) LB
PR K — = H 2R 08 W — P AR i — o't Bl G 4%

1.3.5 FERKERT B0 R FRES O AR, 78 30 CKIEFRREET-fi, FR—e &5,
25 LV RANEE . 1) TG BN 0, 3.0, 6.0, 9.0, 12.0, 15.0, 18.0, 21.0 U/g, YE/HiRE
40 °C, VEFIRTE] A 5.0 hy 2) TG EEA NN 18.0 U/g, YEHIREE 40 ¢, fEHEE 2% K 0,
1.0, 2.0, 3.0, 4.0, 5.0, 6.0 h; 3) TG AN 18.0 U/g, EHETE R 5.0 h, 1EHEE 5]
30, 35, 40, 45, 50 C. FHE X EEEAZT AT, SRIG7E90 C T APE 20 min, A4 6 4-F
ITFER B VKOK R H S HCETE 4 CHEBIAEE SR, BUHETE 7 °C NI E SRR L.

1.3.6 WANIHTIASE ARHE Box — Behnken £1 MEELREE5KTE
qj't‘éﬂéigﬁﬁi+ﬁli’ TERL N 3R Tab.1 Factors and levels of response surface methodology
GEIRILRE [, DA TGase ¥SfliE (X,) . 1E RTKT: Coding Tovel

FIELEE (X,) . PERIRTE] (X,) M A I3 Factors T o0
%’ @i&mﬂfiﬁﬁéﬁgﬁﬂfgﬁ‘ﬁ ( Y) j‘j TGase U8 TGase addition amount/ (U - gfl) 11.0 15.0 19.0
uﬁ@ﬁ, %FHE%%E7KSIZ|]@@E%*E TGase ’ﬂz}zﬁﬁd‘l‘ﬁj TGase reaction time/h 4.0 5.0 6.0

&j&ﬁ?iﬁgﬁﬁii‘ ) ?ﬁ\:$ngﬁﬁ%7qum% L. TGase ’VEFH(EE TGase reaction temperature/oc 35.0 40.0 45.0
25532 H Design — Expert. V8. 0. 5 #fFF01
SAS BRAFHEAT A Ak BRI 1z i 1S3

2 HRESH
2.1 TGase iRINEXT R E B BKRERN N

i 1 TS S 2 1 B IS 5 B2 52 TGase S NI ER AU S B E Y (P <0.05) . WA 1, [l TGase WShlE:
FRREIN v bt TR Jir R 1 60 S 1 O DR ek 5 M B L R 35 e 5 32 3% S RS 5 R AR i e g, Y
TGase TS JINEESE: 18. 0 U/g B, Vi TR [ AR 11858 e A A T o B | 1101 o B L R o M o P (L 1 38 Bl e
539k 372,10 g, 14. 64 mm F15447.38 g + mm, S5l RUIN TGase Xf BEAE LI 2. 73 %5, 1. 85 £ H
5.05 1.
2.2 TGase {EF R E 3 it IUR R 5B B 52 B3R FE O 221

Vg b TR S5 B L BE RS BR 37 TGase YRR T A2 A 2 i 21 (P < 0.05) . W&l 2, EdIn—xE
() TGase ZJ&i, W& VEFIBFRIAAE R | FF & BB B | U156 B LA R B e ook B S22 35 388 o = R 1 8
P AE5.0 h iy, v TORS SR FEER BRI BT B2 | T B2 RN E R i FE TR B e K, 0 il ko AR i (1Y)
2,72 4% 182 A% 4. 93 £, PRURSIERAE I E], BERCFEME R MBEAR. 76 6.0 h BF, @WmsEs . M
B4 B LA KR BB B 43 ) 2 5 h IHAY 93, 10% . 96. 78% F1190. 12% .
2.3 TGase {EFIR BT TN R & B 5 AR FE 220

Vi b TR S 2 IS5 JE 37 TGase VEFITELEE B2 2 B3 (P < 0.05) . WK 3, FERIN—E
() TGase ZJ&, 4URJE R 30 ~40 CHF, VEFIWEIE M Th 5 6 RE S 00 B rom 5 | 19163 8 R0 i it J32 48 22
BRI, FEITE 40 CHBARIRAAE. SXTREA L, 7EI0R T MW | 1[5 32 R o i ok 5 #60
HNE) T XFREM 1. 61 f5 . 1,25 F5A12. 03 5 IR R 40 ~45 CHF, IR AR 2 AR & 0 Bk o
JEFIE R o B WA S AR, T [T 74 B W BRI s IR BE Ry 45 ~ 50°C B, I B2 (%) 388 im 2 s ot 1 Tl D
SEREE M1 R LA R R e e S B b IR
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ExBitNKEEBEREEREE,
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Fig.3 Effect of reaction temperature on breaking force and deformation,
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2.4 ZRFEIXRBAREHROASEIT
2.4.1  [BUASHT K TR Y ) ST

VIR SRS (V) MM NAE, LA TGase #iE (X,) . /EH
S BCFARRY ) AT N AT AL, SCER T A A AR L 2.
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SRE =K GE e o A ATk F2 R TGase FRINE X5 b B IR 2B 9 R BR
ﬁ% XWKW%ﬁ% %wﬁ%ﬂsﬁ#Rﬁmcﬁﬁm. BERMNRELTSHER
L= 4 PN /8 AP TA ; s Tab.2  Box-Benhnken design and experimental
CESHUIEE) *ﬁ’ FHIEL3 A4 1ﬁ3ﬁ.%ﬂ’]ﬁéﬁ%{ﬁj{l A2 results of optimizing the addition of TGase and its
EEE TR Y =6050.58 +1115.06 X, +182.56 X, +  effect on gel strength of Acaudina molpadioides

140.61 X, —42.16 X, X, +35.65 X, X, + 154.04 X, X, - collagen
758.75 X,, - 635.35 X,, — 1839.09 X,, . [IHJTFEA)T Ep%??mh X, X X V(g mm)
ZESPHT UL 3, [MIA A PR I3 4. . T 0 wsi
23 AT, KA P o= 0.0002 < 0.01 2 110 3992.26
VR A 25 el i 3, RIS [ b 4R ] ) 2 S 3 I -1 0  5405.02
F, R P = 0.2358 > 0.05 , ZRARE, % ‘5‘ (1) 1 (1) gé::;
PRI BOR A T ; @Jﬂﬁ&ﬂﬁ{j&m%‘z& R* = 0.9663 , . 0 1 1 semol
ﬁEE%R@=0%w,m%ﬁmﬂmaéﬁghﬁ, 7 0 1.1 315218
i HA G ARG, B, 28Ry BT LU T X5 I 8 0 1 1  3806.52
%E%EB@@%W&TEiﬁﬁﬁﬁﬁﬁiﬂu. B LNy 13 :1 g —i iig;
M —RI, RIS H R E (P <0.01) , 3¢H I U0l v
Iﬁﬁﬁxﬁ% (P >0.05) . 0 U o 1 aessm
HIZE 4 AlA1, EPTREIE I, X TZmDE R, ff: 13 0 0 0  5855.00
FHUREE (P < 0.0001) X &0 152 i d5e R, 1 HLX 14 0 0 0  5999.46
BRI 3R B 1 52 T 0 AR B T AR B 25 OKF (P < 0.01) 5 iz (O) g g gggggi
B INE (P = 0.0232) Wz ; fEAIIE (P = 0.0706 - 0 0 o  ssmi

> 0.05) M E/N, XFEEIC R B R I AN I8 3%

FT3 R TCase RMEXTEH/AKIEEHERKEEZME T FENFEST

Tab.3 Variance analysis of regression equation of optimizing the addition of TGase and its effect
on the gel strength of Acaudina molpadioides collagen

[F] 5 Regression H HJE Variance S5 1 Square sum R F P

— K I One term 3 10 371 594 0.3298 22.82 0. 0005

ZYRI Quadratic term 3 19 906 183 0.6330 43.80 <0.0001

A2 H I Interaction term 3 107 109 0.0034 0.24 0.8688

LY Model 9 30 384 886 0. 9663 22.28 0. 0002

S Lack of fit 3 655392 218 464 2.16 0.2358
4% % Pure error 4 405 142 101 285
SV IR 22 Total error 7 1 060 533 151 505

F4 R TGase HRMEXEMNKEEQBRKREZMEPR RN EEEHKRIE

Tab.4 Significance test of regression coefficient after optimizing the addition of TGase and its effect
on the gel strength of Acaudina molpadioides collagen

%ﬁ Parameter DF @Uﬂ %%ﬁ Regression parameters 7!:/]?{’%% Standard deviation t P

RN Parameter item 1 -137 983 16 524 -8.35  <0.0001
X, 1 1 682. 811 563 581. 696 255 2.89 0. 0232

X, 1 5461.853 125 2 563. 959 239 2.13 0. 0706

X, 1 5 732.436 650 654.521 731 8.76 <0. 0001

X, * X, 1 654.521 731 11. 855 640 -4.00 0. 0052
X, ®* X 1 —-10. 539 375 48. 654 518 -0.22 0. 8347
X, * X 1 —635. 354 500 189. 690 233 -3.35 0.0123

Xy =X 1 1. 782 500 9. 730 904 0.18 0. 8599
X, * X 1 30. 808 500 38.923 615 0.79 0. 4546
X, X, 1 -73.563 680 7.587 609 -9.70 <0.0001

http : //xuebaobangong. jmu. edu. cn/zkb



26 - FRREM (HRBERRD %21 %

2.4.2 WS4 EOUL R
T Design — Expert ZAVERI TN/, M Design — Expert 3442 500 B 1 SE AR ATE, 0

Kl 4—I% 6 FR.
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I3 5.50 17.00. . . T T +
/%9%7 eas L 450 13,00 1500 080" 11.00 13.00 15.00 17.00 19.00
AClip,, [1}21;}150 4.00 11.00 iﬁ)ﬁ“% TG i Jin & TGase addition amount/(U-g™)
16 B ot
a M 7 [A] &l Response surface plot b Z 2 & Contour plot
4 TGase 7 Fn1E A B iE) 3 5% B 32 FE 22 M Y i R T [

Fig.4 Response surface graph of TGase addition amount and reaction time on the gel strength of collagen
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Fig.5 Response surface graph of TGase addition amount and reaction temperature on the gel strength of collagen
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Fig.6 Response surface graph of reaction time and reaction temperature on the gel strength of collagen
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TEE 4—TE 6 1, SERZR AT AR S WL T 28 FL AN (R 55, [T 4Rk il 28 7R T DR 38 58 A
%EM.M@4%@%TUEM§$,ﬂhmﬁﬂiﬂﬁmﬁ@ﬁ&%%xﬁﬁm 4 TGase TR
FERS (Han15.0 Us/g), BEEVEFRIRHEAIER , BRI e 2RI PR az i Bk, 2SRRI B N 3%
FAIEL T HL A R R AR R A B AT, USRS AR AN 11,0 ~ 15.0 U/g 38 Bl Bl 5 S i 1)
BEI AR EE RGN, MAEREAR NN 15,0 ~ 19,0 U/g 36 [ I Bl 35 78 -2 1 498 o ot i o 8 A8 AR A /I8
WA R RAE. E S vTLEH, SFEAMmBEIEREE, Ui TGase W& MAEHEE 2C B AE
M. AR m s, UEWTGERe R B Bl 2V PR AR Al i A8 fb 522 ifi L > s o 2 1 e
(LEan 15.0 U/g) , BEMCHREEFEE VRIS 09 T e 2RI in i 2RI IR — e i, BRI
BB I AR IS 2 R, IR B RS RS, FIER R S5 AR, i HAE 4 &5 "I LA
Fil, Y4 TGase UM EERT (LU 15.0 Usg), AR 43 bt 1 PR E) | A P IR B4 386 o gtk
FYm, PR EREAL, mEXAEAAE TCase WS MIHIE T (LN 15.0 U/g) BIEIMBIE. K6 di
GRA TR 4 B S MEDE BN RIVE RS 06 AR 2 (8128 BVE RS @ 2, i HL 24
—ANE R E R, BERCR R A 5 — R BT e N AL i L P A v e AR
ATUEHSHZN iR, LA K 4—F 6 K F, XK R W W K/ NRE N, ERHIRERK,
TGase IR Z, YEHBEHE/N, XA 4 HEREAZ5E AR,

2.4.3  FAREINE AR E SR

B 2. 4.1 BIEIEAREATAL, 2R X, Xy, Xy, REUEYCA T, RTEAIY LN FHO, A
WRAE. ARG SAS FKAFXF [ 5 AR AU oF 77 g 80 PR o0 b, 73 P fe g5 2. X, =0.732 503, X, =
0.125 495, X, =0.050 584, Zit#®, AHEZEBUES 50 TGase INNHE X, =17.930 012 U/g, 1E
FHISIE] X, =5. 125 495 h, VERIIRE X, =40.252 919 °C. (W I 1 JTC R D 25 1 6 5 oo 2 1100 345 die R A
9 6473.99 g - mm. FEFNLPRIEILAY PTERIEE, KB IE, 251 TGase K 18.00 U/g, fE
FIEFE] 5. 13 h, FEFIRAE 40. 30 °C, LA b TORRE it A 7 68 A o J3E ) P Je KA 6473. 98 ¢ + mm.
MRS B 25 AT IR UE RIS, 20 aas 5 40, JFBCTHM(E, b 6428.36 ¢ - mm, SHE(EHAH
I, 224 0.70%.

2.4.4  TGase X Hb I 25 1 BE A W 2H 23U R 052 )

HH 7RI, TGase X it i JIURE R 1 BER O TEOR S5 F9 A W s md. X RRFES, (B 7a) =4k
W25 ZE R B PR 22, LR A B0k B R R B IR LK/ AR — AL IS M kEsy (| 7h) B T8¢
& WA AP AR M. X REE R NEZ AT, TGase BEWS R4 N, fEE T IR
HHZBIERE 20 e —(y - BRI ) BT, (3R A s FZ MM 538, #Fiie
BCEEE . YT L LR T

P b BT R R P Ao
R o X Qo 5' By
L - oY) - 'uJ v$ ‘,’ { Z

Y. - ] AT

,,4 'J ';-’,,h "'/;::/"7 5 BT N :.ﬁi\‘ ]
!‘ M /.’/"' -q}o'_ ’ J"‘ s v&‘. ~,' ) ?q
‘$‘1§*“*f*vﬁﬁ§ T S
% ~ARe N e h 2 § e L
\I' o A s L%y *ﬁ s ! - c
s e B -

. P ~058 hﬁ ;b‘ 7 !‘_ e Ty
?' L, T L OOYONL T i\
N Al T AR G
SR UM A TR e ol

a X B Control (x200) b TGase ff.fbJ5 TGase Optimized (XZOO)

7 TGase It INER JH 2 B £ RS 5 M B9 32 0m (200 %)
Fig.7 Effect of TGase on microstructure of Acaudina molpadioidea collagen gel(x200)
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3 ik

1) MRIEPAFERLGER, TGase BSINE , YEFINE] | VEHTREE S ITE 18.0 U/g, 5.0 h, 40 CHKMFTF
KRB At

2) RN T A3 BT 45 R, X T TGase P A Hb TR JFL 2R FIBERR, 45 R 3R A SR /K415
TGase WMEHN 18.00 U/g, YEFIREEN 40.30 C, YEMBIE ) 5.13 h. Lt 5 UFi g8 2% 544 T
Vit JTR e I P 0 e B 5 B OO AH 22 /N T 1%, Ul W2 ml A8 78 1 0 Ak 1 b TS T 2 1 05 e
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