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Effect of Transglutaminase on Texture of Restructured
Fish Steaks
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Abstract

Restructured fish steaks by adding transglutaminase (TGase) can improve the value of the fish by-products. The
objective of this research was to study the effects of adding TGase and salt concentrations, and setting conditions on the
texture such as hardness, springiness, cohesiveness, water capacity and color of restructured fish steaks. The results showed
that by adding 2% salt concentration and 0.3% TGase at 4C and 25°C required 16 hours and 60 minutes to reach
cohesiveness of 0.5 or more, respectively. However, the restructured fish steaks with 0.1% TGase only required 40 minutes
at 50°C to have the similar texture. The water holding capacities of restructured fish steaks with salt were higher than the
control. Moreover, adding salt significantly affected the brightness and the redness of the restructured fish steaks, but there

was no significant difference in yellowness of the restructured fish steaks.
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*Corresponding author E-mail: sdchen@niu.edu.tw

127



A LT A

I =

EL (CoryphaenaFg]i{)purus) (& FQEEI’”’%@}}T“
e f“\igﬁ '/Jﬂiﬂbﬁj f“JlE.au@‘e uflﬁﬁﬂ?'ﬁjiﬁﬁ:
£ ﬁlF{ (O o 2 RURD RPYEIE e BTG TR Y
WA AP I SR SISO E B
*fJf‘lij“ Qe - A RN L SO SES  F
@imflﬁf P FHEE (R 4 AR BBV TR
CF G (AT CSAORRERL I USRI RL F ol
.ﬁ?ﬁﬂ%iﬁ“ﬂ'?ﬁl’% Bl gﬁi 2004 # K TERFIA
PAPRIA [ I < AETEY IR - R
A @*"E%JW‘*E‘T AR - T ﬁ £
Hlfiﬁ SR i v['ﬁ PAFWE',IE[J Fie s e A
RS T RlE o ARV Eifﬁ‘/??ﬁﬁ“ﬂilﬁl Fl

7H Al JE@F»]%;}TE iﬁt"(Pletrasﬂ( and Li-Chan, 2002) -
Lfﬁ—ﬁ;ilezﬁifi{« ?FJ,FEEJI&E& Sf VEVRLET > B2 i”ﬂ*'j

SPIBE T 8 TR uﬁgﬂﬁw 1
SR e R ﬂéﬂiﬁiﬁfﬂflﬁf AL *Jr'l‘% u?ﬁf

=T

> RIEHlPURLE' T L‘ﬁgﬂffklfbﬁr quLI' ii‘SLJjE.LL‘I
ASEAE 1 ﬁiy«ipﬁﬁ;&& %13 SR A U@‘WFLILI'

SEF A A fﬂ‘% e+ %7 TS B HF] (Tellez-Luis et al.,
2002) -

[ AT SO WA OO
F 14| (Kuraishi et al., 1997) #1573 fr[ | (Hongsprabhas
and Barbut, 1999a, b) > %I”F‘[‘_i’%ﬁg'i/[l,}j W (Berry and
Bigner, 1996)F It 8= (Boles and Shand, 1998; Boles

and Shand, 1999 3 §/3"» 1998+ ¥+ 2005) » ke
(R P SRS ALY o ISR P A AL O AT (e
BSERT -

%@ﬁlﬂ@%@(TGase) , ?ﬁﬁ'ﬁ?‘ F‘(LEJZ?Q . ){v}j‘#a .
PR AR o RV PR LE TR ' TGase &
A R DA PR S B <
E{ 1980 & SEEAHL L | Ul S PURIF 1 E ] o-(r- A TR -
B TR H f’%?ﬁ;ﬁ,(GL bond) % 7t > TGase W'*[ﬁJE\JJ‘?Ti‘fi o i
fiﬁfﬁ'ﬁzﬁ ?@éﬁﬁwﬂﬁﬁiﬁﬁélﬁﬁ[l?‘}ﬂ@ﬁélﬁﬁ@ﬂ%@?
HI*F'FI‘@ % TGase (Ando et al., 1992) » =" (it Po2d &
OB P MT Gase) » &' [EV&LIE U ~ pH.
1 [ ?’_l KSF Ca?tE R '““[ %!TTellez -Luis et al.,
2002 ; A 37> 2006) o FI 4D S (Ajinomoto Co. Ltd)==
SEERIBE T IR 1989 F PN i Pus G E S T
(B + B W Y TOK - i
Ff#,pu TG-S '} bfﬁ% Ff[}[pj TG-B = ﬁ‘l;;m@:ﬂ

PGS EPE TR R oz U TS ~ pH ST
?T F’T%ﬁ%ﬁf TGase %ﬁ%ﬁ;["'&E‘JE\JJ“ [fl(Asagami et al., 1995) -
Jiang %*(2000)#{[&' '?TJJ[I 0.2 unit MTGase/g » " S[1 fo'F“
EERR i g ]~ RREIN R F"ﬁ 15/\9“4" RIL
H o Jarmoluk and Pietrasik (2003)?@:5;%' MTGase Ji* 5]
YR ORI RO« TGase [ Jibily™ Eif)
A DETJ?[J(%’\’EE PrdJRIREYE% > Y[ Tsukamasa et al. (2002)

128

R YR

T [l |fl#l VR ORI R 30T ~
55°C - Streptoverticillium S-8112 ']~ Sterptoverticillium
ladakanum ' TGase ™ TlEE £ 50°C (Ando et al.,
1989) - {11 Walleye pollack V5V TGase » i~ Tikl %
£5 50°C (Kumazawa et al., 1996) »
ﬁgr?[??fl?}“ﬁ?]@['fiﬁﬁ' TGase » *ﬁkgﬁ ﬁfﬁfﬁﬁﬂ@

(4°C 25CHISOC)FI ™ > HFEIAE fLPFﬁJ@J’E‘éﬁ?“

I§J|iﬁ TFURIRE RS BT P TR R LAY
FIT QU

PR

- ~ R

E'QF 1(Coryphaena hippurus) {#7 £ nggl” ﬁ?tf (AR
i 1 R AR R AR D E L L A "J%[Jff FLA s
%‘(ﬁ@ 4 lkg E(EH'*NHI RO RE - AE S
FIE U % M0 13 F LS il o 2 R BPE H) (Sodium
tripolyphosphate ; [ I 4 2837 3 fk+ \‘FATJ“ kBT o %F
ﬁﬁg@@%@(TG-K) EEIEIAEY F HJ(Ajmomoto Co.
Ltd) -

* PR
ﬂi“f‘tﬁ a ﬁw@ R 2% A
0.2 FAGTLS] » T A FAIEI01% ~ 03% -

0 5%) TGase I'] & [ 30ﬂ:1 g%j“’J*—F A F 153 YIS 47C -
25CHISOC [T ™ » [T 10 53602 24 /| B4 IS i
U 20T RV TGase BEBEIRET + 57b+ fUBHE
fﬁf SR o ALEROEE > ST I 1% ~ 2% 3% >
i{ﬁ[l 0.2%= ﬁ?%:@zﬁq #10.3% TGase > ?@?[’V:\ 25°C ~ 60
STEH o SITRIPRE AR -
= < HERE
(- ) FERE BRI
Fﬁ}” A P % W 55 (TA-XT2 Texture Analyzer,

stable micro system, England) » £7fit FUE1 (load cell)£% 25
kg IR ﬁFﬁ%H VLT 25 CAE - P 35 mm
Al fzﬁgﬁ%gp };K\agﬂ [ 3 60 mm/min > Bk b
EJ@ b 50% fyhoo IHIEH T@‘rﬁ’jﬂfu}ﬁ(TPA) HIEY
= [l Eﬁ*%g#“ fLFﬁ“iﬁ’ K% (hardness) »
SV [ I RT Y [leiEd gﬁ@ﬂﬂjﬁt Fy =i
I |4‘%<1E'|1“ f[#[ﬁﬁiﬁ! ﬂ%ﬁ[ﬂ: (springiness) > pJ:)J_ RS
RS AT [ SR T A Y P A EL RS FEE
ﬁiﬁ[{[;[/ [’|7& 77 (cohesiveness) (Tellez-Luis et al., 2002 ;
Urstil et al., 2004 a, b) » 5777 fif2¢ke 6 Fitl -
(Z )R ~f74(Hongsprabhas and Barbut, 1999b ; Uresti et al.,
2004a)

}-{ﬁ’ 5 fj’h ?f?,iif[!‘“*['if/‘ﬁx {"EHRGEH](Whatman No.

,#FLE' £% S0mL i1 > 4 4°Cfp 1500xg [
*P“Eu 555E > FIEN T S F TR



A LT A

Wf
EW (%) = — x 100%
Wi
Wi BRI () § We s B BB

(Z) B (™ (= 2004)

=] v'17% By (Hunter Lab, Color Flex, USA)] \_;'I-T '
F‘(L[ijj/ L*, a*, b*ffi - FIEF Y L*=92.93 » a*=-1.26 »
bA=1.17 o L* PR FET(0)~F 1(100) » a* PRk (+)itk
() » bR EAFIERC) - B 1 -
(P4) pH

&Eﬁ Moiseev and Cornforth (1997) 43 ’}{ﬁ’ 10 g Fi
AT 90 mL FAERT o I SSTTRSAEIE » SRR TR
Y pH ifi -
P ~ S 5T

R = R 00 | g o Fe o A

I Eﬂ%ﬁ@ H | Statistical Package for Social Science (SPSS,
SPSS INC. 4 f] as«'ﬂ%pﬁ?%?ﬁa@” HJ%UIJJ FIEL D140
%ﬁﬁé‘%ﬁi HE TR Nﬁ I'} ANOVA [t By
JIATER S = Mgl T’T(Duncans Multiple Range
Test) » I'JEEH Y=, 0=0.05 » Fofef B 32 Bl 1 BEH % o

~ ~TGase I8 AR KT HIER FIPR R

[P 5 4CH » S

s l/§l,j

A= F10.1% TGase ?T‘JJ[ IERY

FIAL FUPE IR 24hr o PR 0.4 %7 (
1) » SRR LSS » PR %ﬁ“*}”sr%\'jE?ffELﬁ
ﬁr #YEUTI iR TJ[FIJTGase QIHJ/ e M

(“FIFUA Hugﬂfiq'ﬂ UPVRGERE S s | iL ﬁ%ﬁ%w
S 1 5 Tellez-Luis et al., 2002) - ([} TGase Vi 1k
S 0390+ RS 16 1 FOIRIRERS - I R
[IZ)E 0.5 1] B VAR » PN TGase (B ™ FLA & 1FT
9= AP T 7R 3L (glutamine residue) > 55
~ Jl(acyl-transfer reaction) » A= AR ARERY e-(y-
P THED-BE T P (GL §5) o [0 7] TGase
ﬁﬁp 12 0.5% > H|l |§r 8hrf!?FF| B RETE FLPE{“ )
0.5 fEE Eﬁf lJ’rgﬁp ) gﬁ 'F\LFFFU = i ’rgﬂp—f
06 % oIt gl p&fu AR (L G
# I*Bffﬁ['?'; ISR FF#J@EL“V 1% ”@?ﬁ
R B ngs-ziuf/pzmvf% T %ﬁﬁﬁ%{»
AP EEY T SEAH A B A RY 2% (Nielsen et al.,
1995; ?fzﬂfiﬁ »2002; Jarmoluk and Pietrasik, 2003 ; Uresti
et al., 2004a, b ; Ayo et al., 2005 ; Beltran-Lugo et al,,
2005) -

fj:;gl;ﬁ' F}\JFILJ?J@F!E[I?B@ £ 25T Eﬁ(ﬁgﬁl 2) » ép:j—ﬂﬁ;lw‘gﬂ[

0.1% TGase I i1 » ASHH 150 S1# % » FH)b e

RN 4R E A o3t - 77 0.1% TGase 1 E
[N ;vspfjggﬁpqu e I 0.3% TGase

:?@'FF' 60 53T ffl Fue 3R]0 0.53 ???‘f* {90~

129

R YR

120 A1 150 5348
) lift?%[ 90min [*]
|ﬂfﬁﬁf 120 558z » PJ

PHEEEE £l (p>0.05) © [} 0.5% TGase
» 22 0.3% TGase = JHEE £
U= 0.6 S

4{ jl:[

1.0
——0.0%
. 0.8 -5 0.1%
2 06 0.3%
=
% 04 0.5%
O
0.2
0.0
8 12 16 20 24 hr

[ 1 TGase ¥ /pIRE 5 4°C ™ fRIEIRE FIPH IR
FUR
Fig. 1 Effect of TGase concentration on cohesiveness
of restructured fish steaks at 4C.
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Table 1 Effect of temperature and TGase concentration on texture profile analysis (TPA) of restructured fish

steaks
Temperature TGase (%) Hardness (kg) Springiness Cohesiveness

0 2.22+0.15° 0.76+0.05" 0.43+0.03°
4C 0.1 1.91+0.13° 0.86+0.02% 0.37+0.05"
16hr 0.3 3.11+0.21° 0.97+0.04* 0.560.05°
0.5 4.00£0.45° 0.88+0.10% 0.60+0.02°
0 1.74+0.26° 0.67+0.15° 0.38+0.10°
25°C 0.1 1.63+0.08¢ 0.78+0.12" 0.44+0.11°
60min 0.3 1.86+0.29° 0.85+0.02% 0.53+0.01°
05 1.93+0.08° 0.8240.09" 0.4240.06"
0 2.03+0.29° 0.75+0.10% 0.43+0.03°
50C 0.1 3.85+0.99° 0.87+0.08 0.53+0.06
40min 0.3 3.78+0.62° 0.78+0.05" 0.58+0.08°
0.5 3.074£0.35° 0.8240.05" 0.59+0.02°

*¢ Means in the same column followed by different letters are significantly different (p<0.05)
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Table 2 Effect of salt concentration on texture profile analysis (TPA) of restructured fish steaks

Salt (%) Hardness (kg) Springiness Cohesiveness
1 1.73£0.03* 0.68+0.03° 0.38+0.01°
2 1.86+0.29* 0.85+0.02* 0.53+0.01*
3 1.86+0.04" 0.80+0.05° 0.47+0.05

*¢ Means in the same column followed by different letters are significantly different (p<0.05)
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Fig. 4 Effect of salt concentration on water holding
capacity of restructured fish steaks. Values
with different letters are significantly different
(p <0.05).
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Table 3 Effect of salt concentration on color of restructured fish steaks
Salt (%) L* a* b*
1 46.43+0.44° 5.80+0.18P 14.55+0.15°
2 44.99+1.16° 7.03+0.13% 14.80+0.39*
3 44.2340.96° 6.84+0.68* 14.63+0.62

** Means in the same column followed by different letters are significantly different (p<0.05)
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