Transglutaminase *2|2 A=3F &4 +29

58 54

94 = 9

SR TN LT
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Transglutaminase X 2|2 Az x| £

A5A B4

4 A 4
A FNEe T

I.M E

Pourel-El (1981)2 4F9] 7154 (functionality)S 2 Foly 1 7L 9% FHE A
% 1 9o BE o8] S vA= AR HYsdch /5L AFEY FAE AAHAE
U 2% €S @38 AFY FAAE T dAL J5AE dHAE L% UAoIth
AEFDNA Y 7154 FEFHLE S TAS e ofukAte Il B X
o 7z wet gzt = AFgUAo] £i], AZY gx AXNA He 98 7R FRE
71549 9% AN A AFo o]48 g9 &5, pH 7 937 290y tE AF
TRZEHY FEFELE JF AZX A 7154E /A8 st N=A] TBsjor & Abgtolt)

A e AL AFeAY %8 54 A 9% A7 E e o)
st Y AsHA AYHL Uk o)F @A FRE WIHAA 1 7154L FANIEE AR
= FFE OIFL Atk @A 22 WP WS A EAAIE o)L Wi B
2] 35t A2 E ol &dte WHLE TR 4 AUk s M) 8 2P 22 WYL
E3Fol s} AF A EAE HANG £ JQoBE QN FHE FAE 0|2
WHlo]l A3HI AE dAelch o] 4FDNAY 7)5AHL W] g8 ALFL s &
& F 7 F5 23 e AL transglutaminase (TGase) o]t} TGaser @A 9] glutamine 2+
719 amine Ato]ollA] lysine Z717} acyl 719 A2 ZEstE A 9yl Exhy T2 g
7kl e-(r-glutamyl) lysine cross linke] A& Zvjst= TAZA] (Nonaka Z, 1996), 1990 ]
Eol n|PE wio) oJsf Ca’-independent TGaseo] thZAIAte] 71537 o]F 2 TGase: T}k
& F & 7HeAE AN

@A o] TGaseo| h3t w342 glutamine 27]¢] X EWe olrjz} diA 9 2, 33 TR E
Y Heo Matsumura 5, 1996). B A S casein TGase7} 24317 4¢ 7132 ¢
A Qe +RHEYHE L TGaseZ MFYsto] +HaM A A JASY Ao AL WA
7iEe A7t AgYso] gk (Dickinsonz}t Yamamoto, 1996; Faergemend$} Qvist 1997a;
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Faergemend ¢} Qvist 1997b). A3} ¥ Ao 2}3lH TGaseo] &) A Z-& cross linke] £ &
2] A Y45YS PAIIE A2 A Aoy B4 (water binding property)el] ®]
AEe o U 23E YR Aot HS&YPL A matrixe] A DHE BAE /A
A matrix®] TR AAo] 4TS v = TGaseo] o) @id F2o] WIS B4P W3S
2T A2 AZHA) 4] o3 /A BEPLE Q2 E A2 A VENE syneresis
of e A4S Hgeny & & YoER P4E BS4YL syneresis AsHE 0T = gtk

AZIA dFE9 dFc 288 F99EE /AT AYHY ko TGase A& o] &3
o F4E 7154E 71 EAHF £ (TG-SMP)S A X3t AZE olFolz vt gick ghef
TG-SMP7} €A]f-¢ TGaseE WZ M@ A ¢ 7154& Vepdthd TG-SMPE TGase
& 7E A" A 8% E4FEATIY AN F A4 BEAYSE A% /MM ¥
foe 2de /M & At B 979 53 TG-SMPE AX3tY 1 71549 ¥s & A9
A5 ¢ 244 vAe EFE FAeZA AA Y

0. "z o gy

1.5 &
Ajinomoto U.S.A.o| A A28 Ca*ol] H]2)&HQl microbial transglutaminase (ACTIVA TG-TI)
- & o] &390 TGase?) declared activityy= 2 100 units/g o]tk

2. TGaseX{2|oj] 2/} x|=& Ex|F 2Y(TG-SMP)9] H=

FHINAN FYE AL SARE 3087 40C F2FRAAN FAF F TGaseZ H7te}
Stk TGased] 47t & gAY EHE A%t 3087 EXf& THEHALH Ak Ea0S
¥ 85CelA 587 7HE3t TGases EZASHA A2l AR $AAR F EH3qch
27 C-SMPE 71 WA AR TGaseE o] &3t FUd AF22 AZRHAh

3. 7teol| 2fsf HME e Zxeot By (WHC)S &F

TG-SMP9} C-SMPE 33le (6~10% protein, w/v) 10 g & 30 mL9] beakero] €3 vacuum
chamberoll A} F71%&E& AAT F 90T F2F3RAM 3087 71dste] 4L FAs A 7}
EF¢ aluminium foil2 Yol FE5%4E AL, 71Y F AEE 8~10T9 FEd) g W
2% ¥ A9 ZEE 3] A7A 5T ALUolH BBt M) FEE Instron
Universal Testing Machine2 ©]-&3}d 80% penetrationA] L}EMG peak forceE Ao A2 &3
Btk Byge A4S 1 g AxY JARPe 2 A £ v FAE AT JAA Y &
F 10,000 x gollA] ddEe stk AL Al %A 9ol polyester meshE o} A|E9} o3}
Aote]l AHHA HEL WAL oot fEE FEU) 43 Y2 FFHEE gk B
T2 o3 o] AdsAct

WHC (%) = (Wo — W) X 100 / W,
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Wo = 27 A& A (g) , Wi = 943X 74 37t (@)

4. Aol ofs HME H(acid ge) S 2T FF

TG-SMP$} C-SMPE 759 g foll 22 &3t 3T 1PE FFol 12, 14, 16% (W)
39 448 WS glucono- § -lactone (GDL)E 2.9~3.55% H7ate] 42°C 272 A 40
7+ A 2 AR pHE 405 AR o) 935l 6.65~6.723E 4.6~4.552 F23le A
Atk WHCE 3,000xgol A 1587 94%2] F 4C) A54E AAE F &9 A4
8 Attt

Lo go Mz o

WHC (%) = (2488 ¥ Al89 F4/ 9488 A A& F7) x100

5 e 24

Aol FeAL Bohlin CVO RheometerE ©) 43t FA3Ach 7Hde g AL 13 mL9
10% (w/v protein) A]E-89)L Couette cell (C25)0] 22 £ 90C7HA] 1C/ming] &=2 713}
I, 90TCoA 2087 §4 F ohA] 25CE Y3l FAAT Fa4de 32 =71 70C
of =9 Al 0.1 Hz8] FH4E 0] 43819 1%2] maximum strainell A A A8kt 3ol % A 9
BEAL 16% 13 ¢S 7R A 8L 3.55%2] GDL 37} ¥ 2 87 &3t Couette cell
(C25)0l] 23 42°Coll A} 40 ¥7F 0.1 Hz9) Fub52} 1%2] maximum strain®. 2 =X 3le] pH ¥}
of w& storage modulus (G')¢] WstE FASATE EAY SHTU ANEY EHL @& I=E
7141 silicon oil2 Qo] EHCZREHS] FEFLE A A

6. 2} £4
SASE Ab&3te] BARAS g T 5-9A S Student-Newman-Keuls testE 3} o}y

.

o &= 9 1

1. TGase2| X2zt Jidoll o8 HMHE He| 2ot H4-Ho o|xs I

7hEel A3 FAHE A9 e A2 TGase =0l 93te] FA WaE Jehl A (Fig.
1). TGase®] ¥ F%Z7} 5 U/g protein Bt} & A$ TG-SMP= Al89] T¥iA §eko] 7%0] A}
8 AZ 34 99, C-SMPE &3 7H5d AS dA5] Hstd 10%9] Aggydo] B
3tk TG-SMP9] A AT TGased HEEE7}F 10 Ulg protein oA HAXE Jeldon 1
ol ddAME 2318 FAHA o9 e 73 FL Sakamoto 5(1994) o s R1H v glon
Hoiet 7he] P2 FAHQA gel protein matrix®] FAE AHY e Aoz AdA

TGase A 2| Table 194 Uebd vhe} 2o] REx 3 ZANZ o0 A JEs} R4yt
Ae = ABAA (= 0936)7F FAHAT. WekA stde) o8 AAHEE A Ao By
g9 A& st oA YA HAT TGase o) AFEE 10 Ulg protein® 2 A
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Gel hardness (g)
8883

8 Concentration of

Control protein (%)

15

20
Concentration of TGase (U/g protein)

Fig. 1. Hardness of heat-induced gels as influenced by concentration of sample and pretreated TGase.

Table 1. Effect of TGase concentrations on hardness and WHC of heat-induced gels

Concentration of

Gel hardn WHC(%

TGase (U/g protein) el hardness(g) (%)
15 33.7d 41.60
10 98.3* 69.7°
15 743" 64.7°
20 63.5° 57.9°

Means with different letters within column are significantly different (P<0.05).

Gels were prepared by heating reconstituted TGase-treated skim milk powder (10% protein, w/v) at
90 C for 30 min,

Aot an, olF2 Ay AHE-d TG-SMPY Az A8t

2. NaClz} CaCl; 2717t 7tdEd Mo Bzt T30 olXs %

AFolY ZFE S Folv oy Ae] T3] H3A HE FH22A, o5 EXA UE
Ue A9 7zt By 0% 9njE Adrh Table 291419} 7o} TG-SMPE &35t gt
E A9 Az 7FEA NaClely CaClgl s%7t Z713d wiat Z7kstdoh

#H TG-SMP9] B8 NaCle] Hrtel QdsiME oAl wstE vehlA) gsten A7t
d CaCl9 F=7t Z7igel wat ZAadte 23S vehlidith o] 22 A3 calcium bridge
o o3t dwiAZke) Aa e o AFAE N 5 o A dwAzte] Afd] 9%
SR B33 protein matrixe] FAE AT 4 ot Barbut (1995)2 &2 %71 10 mM
A2 ¥ 7§ whey protein isolate®] $-E 27t & €& RIS Ay 3
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Table 2. Effect of NaCl or CaCl; on hardness and WHC of heat-induced gels

Concentratino TG-SM C-SMP
(mM) Gel hradness (g) WHC (%) Gel-hardness (g) WHC (%)
NaCl

0 99.7° 65.2" 7.3° NM

50 104.3° 66.2" 7.0° NM
100 125.3° 67.5° 9.3 NM
150 134.0° 67.4° 8.7 NM
200 157.7° 66.4 10.3* NM
CaCl,

0 96.3¢ 65.3° 7.0° NM
10 114.0° 66.4° 20.0° NM
20 139.3° 61.2° 69.0° 58.9"
30 153.0°® 59.9% 88.0° 53.4°
40 169.7° 56.8° 101.0* 50.1°

Means with different letters within column in each group are significantly different(P<0.05). NaCl or
CaCl, was added to the samples prior to heating at 90°C for 30 min. TG-SMP: TGase-treated skim milk
powder (10% protein, w/v), C-SMP: control skim milk powder (10% protein, w/v), NM: not measurable
because the gel was too soft to be retained on the mesh upon centrifugation.

Ao AL 2 3RS Yo

rlr

oo ERo| A o BEYL A}AAGT Sk

3. 7tdoll o8 HHE o 24

Ao BYEE vk storage modulus (G)E TG-SMPS) Ao]A wWE AZhie] 8% =
7He YRl e ™ C-SMPe] 79 I F71= wnsisdtt (Fig. 2). TG-SMP$} C-SMP7} 25 £
AT 74 €S /KT JdoH A 4L 98 HARA A $98 FE 7etsbd TG-SMP
978 34 YL CSMP ujate 453 F4HUT G FE WatE 7tY F Ygsis
¢ Ut o] Ade A2 I Yol F7HetE BT $aAYe|U JHSH AP
o] Ao FATE ZUHATIEH FAFE onsig.

4. ofl ofsf HME H(acid ge) B4

Acid gel®] 242 TG-SMPS} C-SMPAlX B% 18R o) Z715td) wat I8 2
33kl ZtA A 3t FUlstAh E& FYLuE ALL3 A$ TG-SMPE %HE 4o 7}
A 20N EFC-SMPET #9402 £ 848 Uehldoy, 9§48 gg8rjoz
AHgstel IPERFE EY Adle THE FFo] 12%2 AS- BEPel 279 spo)rt
WEREA @StTh (Table 3). BAAQA #4o) o5} ES FALu)2 A28 7S, a4 He
AF7t Bedd Q%S nXE /by 2 2oz Agsigon TYPEFot Ay SR
T FAHA EHE Ve God SRS BALHOT AL THEFBL £
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Storage modulus (Pa)
Temperature (°C)

0 20 40 60 80 100 120

Time (min)

Fig. 2. Changes in storage modulus of reconstituted skin milk prepared from TG-SMP
and C-SMP upon heating.

Table 3. Effect of enzyme and heating on WHC of acid gels at three different solid levels

WHC (%)
Treatmen Powder solid level (%) Skim milk + powder solid level (%)
12 14 16 12 14 16
C-SM 34.17° 40.10° 47.76° 33.40° 34.86° 41.43°
Heat + C-SMP 37.50° 45.91° 55.14° 43.32° 48.05° 57.82°
TG-SMP 50.32° 58.89° 67.83° 34.30° 41.78° 52.15°
Heat + TG-SMP 5531 66.94* 78.16* 44.85* 56.95° 59.47°

Means with different letters within column are significantly different (P<0.05). TG-SMP: TGase-treated
skim milk powder, C-SMP: control skim milk powder. Acidification was done by adding glucono- ¢
-lactone (GDL) at 2.9~3.55% and incubating for 40 min in a 42°C water bath. The pH of samples after
incubation was 4.6~4.55. Heating was done at 90°C for 30 min prior to acidification.

Aol TRV 9RE A%} 25 894 EFE Jehldo.

5. 4tof| olsl HME He| 8M

TG-SMPE A 2% acid geld] BAEE C-SMPd] ulsle ®E X\ 7to] 27 Z7bsigden, 7t
QA T G'9] F7HE HA] C-SMPe Hlste EA Yebgtth 71l g3 dojd G'9] Z7t
T ¥R FrA9Ydol FAHY Aol YAt Alo)|E AF3H protein networke] ATALS B
Aqst7l MELR F5F 4 Ak Acid gel®] B4 TGased AE A9 BALE YR T
vty a#Fo 2 ZAHAG (Fig. 3).

Fig. 42 Ate] A7t 9@ phase anglee] ¥3}E Wehd o) Phase angled] W3l R3] G
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Fig. 3. Changes in storage modulus of TG-SMP and C-SMP during acidifion.

Phase angle (degree)
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Fig. 4. Changes in phase angle of TG-SMP and C-SMP during acidification with or
without prior heat treatment.

o] W3} olde} FFAHULH TG-SMPY A ¢ C-SMPo| Hlgld Bt W& £z m=A A
Atk 99 A= TG-SMPY 74 &A4E A network2.22] Ago] C-SMPo Hlsted A&
A dold 9wtk Phase angle®] M3l 7HEel st} E WstE YeIAE SRS
v TG-SMP¢] phase angle2 7t ele] {5 AAC) 4z C-SMPRYT  2A JElyit

N.E &

TGaseo] Ao 23t A2F SAFELLE dA3 Z713 4 A5 2548E JeE
o, TG-SMP= A &% 7} (cross linking)e] E9dl 93ty Bt e&eE AL
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TGase Aelol oJstel AZY BARE BTH £ 71540 275 AEd 088 & ow,
e g WIEE PR NS4S FAT § U4 R SgHEn.
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