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Effect of transglutaminase on the heat coagulation of egg white

LEI Ming-hui, YE Jin-song* , ZHANG Ming-rong, LI Zhi,LI Rui,
XTAO Meng,ZHANG Zi-li,LI Xin-yang, ZHENG Bo-hong

(College of Food Science,Sichuan Agricultural University, Ya’ an 625014, China)

Abstract: The effect of sodium chloride concentration,pH,enzyme acting temperature,time and its adding amount
on the gel hardness and water holding capacity of egg white treated by transglutaminase were studied in this
experiment.The SDS-PAGE electrophoresis was used to analyze the protein crosslinking after enzyme treatment to
explore the mechanism of transglutaminase on heat coagulation of egg white. The results showed that the gel
hardness and water holding capacity of egg white was increased significnatly after TGase treatment( p <0.01).
When sodium chloride concentration was 0.4mol/L, pH was 6.0, temperature was 35°C, acting time was 3.5h and
the TGase addition was 10U/g protein, the value of gel hardness and water holding capacity of egg white reached
their maximum value of (134.73 £1.79) g and 93.83% =+ 0.58% , which were 58.87% and 29.38% higher than that of
control group, respectively. The SDS - PAGE electrophoresis analysis showed: TGase could contribute to the
crosslinking of protein molecules in egg white under certain conditions, which improved the heat coagulation of egg
white.
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FFEAK S22 Db, BF 900 B 2R 1 1 BRI (] 7 X
WouR HAE & s Tk ey Jm A dEW EZE
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2.3.2.13) , fdjFK TGase , B R U #E2 5E ME A1 22K HE,
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X R 15 i T R PR K s e . I3 i SDS -
PAGE HLUKXT TGase Ab ¥ 1) X 25 3 r 85 11 )53 #4745
BT, LARIZE R IT TGase Xt 3 25 28 P #1BE 151 4 (19 52 1
HLEE
1 MREFE
1.1 Rl 5 EE

EXS R DU )12 T R 3% X2 SR M X B AL 7 R
PRl AN A BTG 100U/ g, /i 5L R T AR )
BB F) s bR MUVE 2R 1 e BERE IR EN (SDS) |
TEWR I NE (hydroxylamine)  Sigma 4\ & 3 % D58 s
R250 e ER TR L Tl s UM mERE (B 4l) %
FLBE Amresco AN, H T 4B Al

TA—XTplus2 BIYPEM 24X PL[E Stable Micro
Systems 72\ ) ; Millipore Milli — Q %Y {f 3% #8 4fi /K &
gt P B AR A IR A F] s DYCZ-240 A Jk
X EHYE L T 7S — A AR T s UV -2102PCS #l %¢
Sh=TT WL E e T DU AR A BRA F .
12 FJFHGHOE&E
1.2.1  SeBeimife

[t | s oo mesing o] waimo || suemm |
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[ it it v o] socokiin e Taaserts ol vk Jof Frarni

I sy 1|
Fig.1 The experimental flow chart

1.2.2 SRR AYBRE  Phidt 58 40 7 G B v B R XY 2R
TEIR 7K (30°C) rhr e, ] 0.4% NaOH ¥ 3% U3 Smin
JEWET . OB EN S EE SR ER,
2= Fi7 , FHAUZ 20 A PR B8, 2o J1 38 31 e 4 F1
10min , -7 o U8 5 25 S A 2 35 5 e 2R T o
123 @SEEIGSEAEE NN SRS S
G-250 Yt k'™ g 8 H R 100 4% )5 H % T i 2
W G—250 i BEw e AL B, 0] UL 4306 06 BE P
595nm LZbFHATINE , Lot AS ARV T AR TR
1.2.4 SEEFHTLAE o LR rS et s H—
WY NaCl G BE R R R EE N 8% , ¥ HI &R
i B P NaCl ¥e B2 IF 9875 pH, AT 445 3] NaCl ¥ BE
N pH — 58 M B IE W o
1.2.5 TGase ZbFIFEIEWR ¥ 1.2.4 FrigEIEWRINMA
HIHELY TGase WS W, 1R 21 %5 B 10 1R /K W 4 o b 2
—ENTE] 15 2] TGase A4k ¥R )5 19 3 i+ &, IF BEAT TS
BRI SE o
1.3 HEHERXW

ARSI R B AR PR [ B B 1) B B L UK
LA R B UK 43 1T D 25 5848 R, LA NaCl ¥ B2 Bl A5
WRLEE . pH [ AE FH B TR . TGase ¥ Il i Shy 52 Wi B8 22 F
ATHLRI 2R S5
1.3.1 NaCl ¥ I %} TGase AbHH i X 85 25 P T 5E [F
FysZm B 2H AR I R, TR AR RS pH Sl 6.0,
TGase & 12U/ g #5157, B AE F R & 40°C , g5 Bk
(] 4h, 8 4% 45 20 NaCl ¥k 243 514 0.1 .0.2.0.3 0.4,
0.5 .0.6mol/L, #£47 NaCl ¥ B (1 B[R 22 5256
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1.3.2  [EEHIREXT TGase AbHH )X 35 85 1 #15E [
PERFZ T BN AR, AR AL RE S pH ol 6.0,
TGase &4y 12U/ g 5 5T, BEAE BT[] 4h, NaCl ¥R 52
0.4mol/ L, YR 4& 43 2H B FH IR R 43591 > 25 .30 .35 .40,
45 50°C , R J5 4T TGase VE R BALIR 2 1 5256
1.3.3  pH X} TGase 4b¥H {309 5 AR FH AEE 4 14 52 i)

BN LH TR 15 W, VR 3K AR 4H AR T TGase H:oh 12U/¢g
AT, Bl AE P[] 4h, NaCl ¥ F 0.4mol/ L, fifffE H
HHEE 40°C , Y% 4540 pH 4351k 5.0 .5.5 6.0 6.5 7.0,
7.5, 3847 pH LRSS
1.3.4  JEAEFIBT R X TGase Ah B RS 85 28 4 #EE [
MRz BOSLETE W , VIR R LAAE 5 TGase 2R
12U/ g & 14 )i, NaCl ¥ BF 0.4mol/L, pH6.0 , fifg /F FH 75
JE 40°C PR LA EAE R 2 0.1 .2 .3 4 5h, #1T
it A/ P s 10 ) B R 38 S
1.3.5 TGase ¥l X} TGase 4b B 43S 85 85 [ U EE
I VERI 2 B ZH AR T, VR 2L A AR &S NaCl 3k
JE# 4 0.4mol/L,pH K 6.0, Fiff£E FH it )& & 40°C |, B fE
FHBTE] f 4h, Y8 9% 55 40 TGase 54 0.4 .8 .12 .16,
20U/ g B A, 3647 TGase B HNEL 1 BRI 2 525G
1.4 ERXLI

e R TR T3 T L ik TGase X 39 7R 8 1

PREE EPEVE M & T K. DIXS BRI VEE [ )5
BRI (A B RE AN K M R 25 8848 bR, SR Ly (47) IR
ST (W 1) AR R E S AN EE VT IR
SIBG , IFAS H A5 IR K B R

F1ELERNFRFER

Table 1 Factors and levels of orthogonal experiment
SEX

KF AR CTCase st DA E NaCl
cor P e UM RE

(h) (mol/L)
1 30 5.75 10 3.0 0.30
2 35 6.00 12 3.5 0.35
3 40 6.25 14 4.0 0.40
4 45 6.50 16 4.5 0.45

1.5 $EwRilE
1.5.1  fEEEME SRR B9 9T 7 Bk E ek
B 1 TGase 4bFH A i 28 PREE [ T 415 (A BE I T8 1
(25°C) T TA-XTplus2 #y P 0) 5€ {LTE TPA BT
5 B e A8 B (Hardness ) o I % 2 %40: 4% Sk B 5
P/0.5 8] A% Y £k, {3 2 2 1.0mm/s, i o >R
5.0mm/s (Y 3 B, M 5 2R BE 2 5.0mm/s, ) 32 57 7%
10mm, fitt & 71 5g,
152 fRokvEME AR BT B 9 7 vk 0F ik
B, FEN 80C /K ISALTE 1h J5 ¥ #1 2= 5 iR.(25°C) ik,
BEREFREL m, , R )5 F 3000r/min 2544 F 250> 10min,
BRZAK ST IR T E m, , IR KE(WHC)
WHC(% ) =[ (my,—-m)/(m;,—m) ] x 100
K em— B0 B i (g) 3 m, — &0 HT BT i
(g);m,— B0 e i (g) o
1.5.3 SDS—PAGE kST 218 Panozzo' " (1 75125
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SR HH B8 DN J75 Tk B 58 g HB K ( SDS—PAGE ) #E47 HaL UK 53
BT o 53 BB RN AR IS W M B2 43 530 h 12% Fi1 5% o %
AN[F) TGase ¥R fieE: \NaCl ¥& B HEAE IR . pH (iE
JFH B [a] b B S 0445 &b FH R 2l K R B S5 i AR & A
IR IR VE T, SR )5 — & 5514 T 54T SDS—
PAGE FLVK , £ AR I 43 B 85 1 BT 109 26709
224k
1.6 #HESH

SN R SPSS A AT ST AR 4 BT p <
0.01 ZERMEFE,p <0.05 HxR W3, HInss
FHEHIME = bR 228 20, P4k 1B £ °% FH i) 18] -
Origin8.1 £ .
2 ZHER5HH
21 BERIRERSHF
2.1.1  NaCl ¥R BEE X} TGase &bTH YRS HE & 11 AEE [# 7
FosZmn fHIE 2 20, BE NaCl ¥R = A28 N, B &b O EERS
T S FOLR K P 22 S T SR 5 2218 B 1 a3 (NaCl
A1 0.4mol/L B} 55 K ) , Al E i1 F NaCl ¥ &l 0.1 ~
0.4mol/ L Bf BEJE I TGase XX 25 A 0 S AR FHTE
AT R R AR 5 T 24 NaCl ¥e B2 1of 0.4mol/L
B, AT HE PRI il 25 5 56 3 o vy A2 o A 1 o A8 P BRI
T TGase 3 PE" , ANH]F TGase X x4 2 & (1 19 15
FH A S B SR RE R AR K P 28 T 5

140 - 7 100
B0r Los
120 —— BROKTE ~

= >

@ 110 + 490 :ZH

~N

E 100 ®

185
90 |
ol gy
00 01 02 03 04 05 06 07

NaCl#& S (mol/L)

K2 NaCl ¥ X} TGase LbHH K
5 2 P BRI B 2 AR A P P S
Fig.2 Effect of sodium chloride concentration
on the gel hardness and water holding capacity

of egg white after TGase treatment

2.1.2  [§AEREEEXT TGase b ¥ 1) X% 85 8 U EE [FH
PERsEI & 3 WA, Bl TGase £ R RS 35,
T it 1 5 g T8 R R R K M 22 S T R ) e B (iR
S 40°C BT IR B KR) L X Al BESZ IR 25~50°C #)F
KT TGase XX H5 11 14 S WRAE FHIE B 43— S AH X
WRKHE A, Hd TGase Xt X8 2E & 14 1E A B9 fc ik 15
BER 40°C, B il 3 P e R, %o X 2R AR 1 A2 BRAE HH
A2z 5 T VRS W5 T 40°C AT B2 (1 3 1 B PR AR,
SENE TGase X XY 25 85 1 1 32 BAE R, DA L AE o 16 e
i B RN AR TR B
2.1.3  pH X} TGase Ab3H 14X 85 85 [ HREE [&] 14 i) 52 i)
H L 4 TN, R O 00 B8 RS A BE R K M 7E pH R 5.
0~7.0 B 55T J5 BEAR i 4 35 (pH 28 6.0 B ik 2] 5
), pH Ry 7.0~7.5 BF E BT X AT REE AR T
pH 76— E L H WA F T TGase Xt H HIRZHLAE
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K3 IRBEXT TGase 43RG 3 8 FIBEI Y
T AR 5 R
Fig.3 Effect of acting temperature on the
gel hardness and water holding capacity of
egg white after TGase treatment

HIE RS> T HERE H , 24 pH 24 6.0 B, TGase Xf
X EEE A FE B 24 pH Sy 7.0 B, A BB UL AT Y
pH 7 Bt R T2 1553 B HE RS 6, i TGase i
AR — A e A2 A2, AN TR A e ) B T A
#4524 pH sk 7.0 B, AT BB AR 14 0T H far g >
MEELEIEZE T, A IR AL TR 1 5 ] SE T I, Wl
REJE U A B A4 FHOT4f™ i, ELEI TGase A9
W RARAT T T KEAEAR SR AT LA XS 85 28 11 28 1,
A ity BB S R PR TR AR PG i

140 100
130 los
120 _
110 190 £
2 100 z
= 10 185 E
90|
180
80|
70 s
45 50 55 60 65 70 715 80

pH

K14 pH X} TGase 43R AY G 8 FIEEK Y
REf JEE R DR IR R 52
Fig4 Effect of pH value on the gel hardness
and water holding capacity of egg white after TGase treatment

2.1.4 PV A X TGase Ak 4 X 2 25 P P 5E &
PERFEIE B 5 AT A, XS R R R A R LR K
P B A P B[] 718 184 52 2 T v e T 1 22 1
(IF[E 2 4h PP B s ) o nl BEJE T TGase fE—
FE I [R] AT A2 26 X9 85 25 1 S BRIE 1l 437 B AH X R
B B, A it 25 S 2 AR P 7K M S 35 0 o 5 25 A
JHIFTE] A 4h i A2 BRAE FH 35 B4 AN, 4k 22 1 hm B 4E
s T %o SR o A 52 AP LR 7K P 5 Wil A i 28

2.1.5 TGase ¥t Xf TGase 4b P (1) 25 25 1 4 5E
B sz B R 6 WA, X AR AR 1 i RE BE AN
PROKPERE TGase %5 i1 19 55 7 52 56 T e KA B9
e (TGase #s Jil ik 2y 12U/g & H J5 I ik 31 f
K)o AIRESE 1 T i 4 TGase BBAE il XY & 45 1132
IR 1 43— B A R 85 R B R A s T R A JRE
PROKPE S 25 1 5 5 g B O 12U/g 25 11 BT TGase
XX S BRAE T B AR, (H AR ZE B0 TGase, AT
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filE 23 45 11 o & A S8 ks JEE T WA T O i A )

FAR K 1 o
140 1 7100
130 Jos
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i 190 £
2 10t é
100 f 18
s : : : s s 80
N0 T 2 3 4 s 6

fif 11 (h)
WIS VR LG TGase &b T X 8 2K 115 Y
R 2 R LR A P 5
Fig.5 Effect of acting time on the gel hardness

and water holding capacity of egg white after TGase treatment

140 - 7100
130F  —e i 195
ol ™ PRk -
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ey 185 =
To00F s =
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fil it (U/g)
FI6  TGase S XM 48 1 BEIE A8 52 AR K AR (52
Fig.6 Effect of adding quantity of TGase on the
gel hardness and water holding capacity of

egg white after TGase treatment

22 TGase B ZEZE H1EA K SDS-PAGE Hik
S

2.2.1  ANJF] TGase s & 4b B A 39 25 &5 (1 SDS -
PAGE 3k & 7 70, Bl TGase i (14 ¥4,
HE AT a.c.d 2 7 W E ARSI B T 2%, v BE 2
EHEHFT acc d kAT HFRERINZZBIZENR T 40 F i
TR T T Hl 5 24 TGase 528 12U/ g & H R
B, BB a JLPER R ¢ FIEE BT d Vs M
FEAIR B eIk, T BB AR T a O AR SE 2200, iR
AR ¢ A1 d PIACHRRR B LA IR B Fl . T fE TGase
PRSI, 85 BT b b AR 28 i AR 15 V5 BT, RT RE SR 45
N TFREEAKBEIER T HE A E b, 7R 12U/
FH T I e Y BT, 3% BH s N8R B 3 BR AR B
IREMEAD , k£ N TGase i, 75 H i b L #4815
PR EE 2 H K FTRESE B T AR A I b Xl TGase MIAE
R T AZHE, X 5 F IR LE TGase HIWFSE T
S5 AL

2.2.2 ARJa] NaCl #¢ BN SDS—PAGE HL3K M H
&l 8 I, Biti s NaCl ¥k B /938N, 25 F1 )50 a 7 NaCl
WeBE S 0.2mol/L B VH 2k s BRI BT b 45 B0 JL-F- AN
AT UL T AR BT ¢ FH VS W AR A3 AR E NaCl ¥ 3 2
0.3mol/L Bsh FARR , B J5 Mg A 3 5% SR (iR d H AR
WIASA5 % T, 7£ NaCl ¥ B2 25 0.4mol/ L B ¥ BT 3 i
1=, BifE SCASARORT . T B B T EAR M E NaCl f£4E
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Fig.7 The SDS—PAGE electrophoretogram of egg
white treated by TGase in different TGase additive amount
TE YKIE 1~6 7351024 TGase Bl 2

0.4.8.12.16 20U/g TR H i,
T, TGase REfHEE 15T a . c.d K EACHRIE R 145
EIREE, M E B b Al gee T e BNy TR
FI7E TGase /£ F 2R & M 1l 24 NaCl ¥k & i
0.4mol/L B, A BB /2 1 T & 5 5 B A R A M
FYASPES 2520 TGase AU, il TGase Xt 2 i
BRI AE S o

a—»

ku b—

94.0 ——
—— G G ) Sy Sy

66.2 -

Bl AR s i i a
504 D D G - e
330 wep BOF B Bd b BR B
26.0 -

20.0 =

Marker 1 2 3 4 5 6

Bl 8 AN[F] NaCl ¥ F TGase AbBEAY
R H SDS-PAGE Hi 3k #l
Fig.8 The SDS—-PAGE electrophoretogram of egg white
treated by TGase in different sodium chloride concentration

LE YKIHE 1~6 735124 NaCl ¥ 2

0.1.0.2.,0.3.0.4.0.5.0.6mol/L,
223 AFEVEMREZEMT SDS-PAGE HLk 53 BT
F 9 AT, AR BT a 7EIRBE Oy 25 °C I 4577 5 i M,
MM E 30~50°C i 25 45 3% Wi, He v 45°C B S5 AN 1
M7 5 35 P18 b TR TR JE Ay 25 °C I 2555 B AN Vs T, T i Vi
JRE A HE I 257 38 W A8 A5 17 WA, TR iR B2 S 40°C I 2%
T FRC T AT, T ViR RE 2 52 1 o HG 25 SOOT IR A50R 5 5
JT ¢ FEIRRE D 25 °C I 257 Fe 1 I, 1T il 7L 2 A 18
HEON WSS , 76 IR SR 45 °C Bk 55717 185 7 8 e {1
HEHBT d TEIREE g 25~40°C I by A5 AR 4537 M7, 45~
S50°C I} SCE WS . AT REJE i T TGase M Y fikid
WRLEE A7 40°C 50 2415 B2 7 F 40°C B, vl BB bl A 4
HarFRGE s R AR B R T R A, Ik
TE TGase WYAEFTT i BL T 2B %
224 AF pH 2514 SDS—PAGE HLyK43-#T  Hi &l
10 AT, SR BT a 76 pH Sy 5 B 45417 B i M, pHS.S
) 2571 JF R AR AR, 76 pH 2y 6.0~7.5 I 25717 A
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Fig.9 The SDS-PAGE electrophoretogram of
egg white treated by TGase in different acting temperature
TE VKA 1~6 73531 0 A it B 2
25.30.,35 .40 45 .50°C

B s EEFE BT b 78 pH Oy 5.0~6.0 I 55715 2 W A8 1575
B, pH6.0~7.0 fif H: 5% 417 128 Wi AW, pH7.0 B 5z AN 97
Wi, 75 pH 2y 7.0~7.5 B 5P A1 5R. E R ¢ 18 pH
29 5.0 I 2571 i i, 11 pH 2 5.0~7.0 I 45341732 WA
K1, 7.0 I B AT, pH Sy 7.0~7.5 I 257 48 5 5 8 11 5t
d 78 pH 2l 5.0~7.0 B} 25407 3B Wi A8 A AS0R , 7.0 I fRe A
W ,7.0~7.5 B SR G5 . A BEJE& A T TGase X X925
FEAEHNEIE pH A 6.0, lLB} TGase X X% 35 5 1
MVE R A i e pH S 7.0 B, A R 88 10401,
H IR B 52 pH 520 T AR, AN F T TGase X 3% 45
B MECWEAER ; 24 pH i 7.0 B, AT RE B TR AE
FHP A T B ST B BE LR AR A 1 A5 S T
B BN B BRI

w0 ]‘(;_—: L-J »J b'J E l el

940w o -_ e» e» = e
66.2 ¥
S SRS C

e w— "
w0 - il D G G P
s0-me ) 0 0 B B OO
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20.0 S
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10 AN[F pH &4 TGase ZbBE[)
X HEH SDS-PAGE H1Jk Kl
Fig.10 The SDS—-PAGE electrophoretogram of
egg white treated by TGase in different pH value
T JkilE 1~6 73502 pH 2
5.55.6.,65.7.0.7.5,
2.2.5 K[E TGase YE B E] F SDS—PAGE Hi 3K 53
Bro i 1L Al o0, SR a 7E TGase A I [E] 2y Oh
A 25t B W AR, T 2 Jim 25l S8 T AR A5 AN I I 5 4 P
b 7E TGase Y HII ] 2y Oh B} 25717 B AN B i, i bk [)
AR 3N L 2 TR T AR A I Wk, TR AR P 8] 8y 4h B 5%
i dre B X, T bk 8 1 I AR e ) G 2% Al ST 4 32
I o B ¢ T8 TGase AE I [E] 2 Oh i 2547 e 1
., B A TE] 0 4850 L S50 I8 el s L TEAE e [E] 2 4h
s 25 HT T AT PR 1 A A A, 20 02 185 T s 1) 25 4 475 A Dk
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SN 35 s S d 78 TGase AR I E] 2 0~3h B
F AR AN i 2 T AE 4~6h I A7 4R 0l 55 , 76
6h W55 . AIRESE T TGase 7E— &€ I [a] A Al fdi X4
HHE A ST il oy 7 B RO B & H 5T, SR
Ff 6] S 4h B SR A FH 32 31 die R s (ELBE G A1 I 18] 19
YRSEIEIN B 5 T RE 22t — 28 2 AR sS4 T
AR A/ INB 3 1 B e — 2P

R T I e

« 4 !
& ) PR (Y SO
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ku

KO o e e e e =9
66.2
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B SRR S (AR S TGase AbBRAY
X3 H SDS-PAGE HLJk ]
Fig.11 The SDS-PAGE electrophoretogram of
egg white treated by TGase in different time
TE UK 1~6 735 0 EE/EHIS (a2 0.1 .2 3 4 5h,
K, B B SDS—PAGE Hi Pk 45 R £ W], TGase
B NaCl ¥ B2 5 IR pH AR FH I ] X
TAEZEH L B TGase X 45 W o4& 1 B A/E .
TE—E B ZAFAE N AT fe #E TGase X X% 45 5 11 AU 52
A IR B o 7 B AH X B R 9 o0 5~ BE WAL, T e — 5
SAF R AFIT TGase X483 45 1 IS HEAEH -
23 EXZEW
TE LN LB 1 LAl b, SR Ly (47) IE2E 5250
WAt (W D) R iE =N EE, KIE A BEK
F A B8 FNER AR AEAE g o3 B 45 A, g 45 2R WLk 2, J7
ZEor T LR 3 Ak 4,

*3 TR

Table 3 Variance analysis of gel hardness

JIERWE VIR A ¥Jr FfE B
A 15.28 3 5.09 11.05 *x
B 69.78 3 2326 5045 *
o 157.39 3 5246 113.80 *
D 265.27 3 8842  191.79 *ox
E 292.06 3 9735 21117 *
W 7.38 16 0.46

Hows FORWEE (p<0.01),

a2 2 P ZE AT ] D, TGase XX 5 2 1 5T
J i J3E 52 0 ) 45 R BRSP4 E>D >C >B > A,
Xof 8 A BER AR K PESZ i (IF S E > D >C > A > B,
H iR 3 Fig 4 vl %, 45 X TGase A5 4R [ #E
Jige By s B A AP S A 4 5 (p <0.01) . 2
K A1 K’ il AT %0, 68 B AR K ME R AE B H A ok
A,B,C,D,E, , 455 5 8 PR 28 92 58 JIT 45 f5c {4 6 3
K PEL 439 A,B,C,D,E, M4k SR —%, il fE 2
FH 45 DN 32K 22 1] B9 A0 B 52 i S 8 4 SR A — 2 /0
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Table 2 Results analysis of orthogonal experiment
S A B C D E @[ﬁ“?i@fﬁ * ﬁ7{<:fi¥i@ﬁ +
PR (g) PRIEZE (%)
1 1 1 1 1 1 114.51 £0.56 83.62 £0.42
2 1 2 2 2 2 121.55 +0.69 87.79 £0.37
3 1 3 3 3 3 117.08 +0.86 85.95 +0.44
4 1 4 4 4 4 116.69 +0.36 84.63 +0.48
5 2 1 2 3 4 118.84 +0.95 86.72 £0.54
6 2 2 1 4 3 13098 +1.17 93.47 +0.20
7 2 3 4 1 2 112.61 £0.32 83.15 +£0.29
8 2 4 3 2 1 115.45 +0.41 84.74 +0.36
9 3 1 3 4 2 118.11 £0.23 89.13 +0.30
10 3 2 4 3 1 11391 £0.72 83.39 £0.42
11 3 3 1 2 4 125.60 +0.41 91.83 +1.07
12 3 4 2 1 3 116.33 +1.07 86.78 +£0.45
13 4 1 4 2 3 127.18 +0.64 91.10 £0.51
14 4 2 3 1 4 116.96 +0.15 86.17 £0.41
15 4 3 2 4 1 114.03 +0.93 84.33 +0.15
16 4 4 1 3 2 118.84 +0.47 87.40 +£0.33
K, 117.457 119.660 122.483 115.102 114.475
K, 119.470 120.850 117.688 122.445 117.778
K, 118.487 117.330 116.900 117.168 122.892
K, 119.252 116.827 117.598 119.952 119.522
R 2.013 4.023 5.583 7.343 8.417
K| 85.498 87.643 89.080 84.930 84.020
K; 87.782 87.705 86.405 88.865 86.868
K 87.020 86.315 86.498 85.865 89.325
K, 87.250 85.887 85.567 87.890 87.338
R’ 2.284 1.818 3.513 3.935 5.305
Zes o HIEZZ 5256 20 v Al R A0 O oK VE B g 24 0k 6 POKPERIESIRE R (n =3)
A,B,C,D,E, , KA B2 X 1E 28 S 56 E A7 B0 E 52 56, Table 6 Results of water holding capacity
SLUGsER LI S K 6, confirmatory experiment(n =3)
F4 KM AR Th44E A,B,C,D,E, A;B,C,D,E; A,B,C,D,E,
Table 4  Variance analysis of water holding capacity I';;?[ﬁgj((g)i 03.83 +0.58 8898 +034 93.47 +023
N (4
IR WA AR ¥r FIHE BEN RSD(% ) 0.62 0.38 .
A 23.57 3 7.86 129.22 ok
B 2322 3 774 12731 o HHR 5 FIER 6 Y0k S ga 45 5 nl 1, TGase X X5 iR
C 57.08 3 1903 31297 o B PR A LGS Sl 5 T A e AR RO A 5
D 81.64 3 2721 447.62 * A.B,C\ D, E, BV VE )% 35°C, pH 2y 6.00, TGase
E 114.18 3 3806 62606  xx BRI 10U/ SR 5T, MRS [E] 2 3.5h, NaCl # 5
TR2E 0.97 16 0.06 Sk 0.4mol/L, 3% M %t [& T 45 %E I Al 7% £ Kk 24 R

TE o Rt .3 (p <0.01)

RS BERIETIEIR (n=3)
Table 5 Results of gel hardness

confirmatory experiment(n =3)

TAEE A,B,C, D,E; A,B,C,D,E, A,B,C,D,E;
7 A i
qiﬁﬂﬁg * 13473 £1.79 126.05 £2.12 130.98 +1.90
PRifE2 (g)

RSD( % ) 1.33 1.71 1.45

148 555213

(13473 £1.79) g, LR 5 2498 93.83% +0.58% ,
RSD 43514 1.33% 1 0.62% , 3 A Z ik S Ha = 1k
UF, IEAE S BG4S LABSIE

3 #ig

3.1 TGase n] i X% 5 25 (1 & A= 5Bk, oo 3% X9 25 26 1
B FRBE 1M, DA S8 325 12 vy L8 Joe i) s 3 RN K P
3.2 TGase X 4% # K 1 #BE [ VE 52 i #Y fe £E 45 1
Sk WEVE A R B 35°C, pH 2h 6.00, TGase ¥ il = N
10U/g 75 [ i, B 1F FH BsF 18] 5 3.5h, NaCl ¥k & &
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0.4mol/ Lo ZAMF T XS H 3 11BE I A 6 2 B K3k 3]
(13473 £1.79) g, /KL K 93.83 £0.58% , b2 FI4H.
AP T 58.87% F1129.38% .,
3.3 it SDS-PAGE Hiyks3HT15H1 : TGase WS |
NaCl ¥ BE FEEVE FHIRRE pH A I 1) 4> PR R AR
232N TGase XJ #18 Hh H FUTTAY SZIBRAE FH , DA T 52 1)
X T 1 Y FAGEE [ 1 s TGase X 88 7 v 2B (1 BRAE FH B9
feifi TGase BNINELSN 12U/ g B 5 dieidi NaCl #eJE2h
0.4mol/ L i BV E IR 2y 40°C (Heid pH 2y 6.00 LU
K frcidi B AR FH I 18] 2 4h, 1003 5 1 22 52 46 Fr 19 4516
(B FIELRE 35°C , TGase BMIEE: Sy 10U/ g 25 H 5T, A5
JHEF ]y 3.5h) f7E—rE 225, iX 7T HESZ T TGase 4
JHT XS 8 1 52 B WA ek 5 A Ak TR R0 s 45
e 2z (A B9 32 AR, NI 3% SDS —PAGE LUK FrfS
L5 G IEAS LU AR G5 AT AE— B 22 7

Sk
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