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Effect of Processing Parameters on the Properties of
Transglutaminase-Treated Soy Protein Isolate Films
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(1. College of Light and Chemical Industry, Guangdong University of Technology, Guangzhou 510006, China;
2. College of Light Industry and Food Science, South China University of Technology, Guangzhou 510640, China)

Abstract;: Effects of processing parameters such as transglutaminase (TGase) concentration, pH
value of film-forming solution and air-drying temperature on the properties of TGase-modified soy
protein isolate (SPI) films were studied in this manuscript. Tensile strength (TS), elongation at
break (EB), moisture content (MC), total soluble matter (TSM), surface hydrophobicity (S,)
as well as transparency of TGase-treated films and control films were evaluated after conditioning
film specimens at 25 ‘C and 50% relative humidity (RH) for 48 h. It was found that (1) low
concentration of enzyme significantly increased the TS values and S, values, but decreased the
total TSM values,(2) TGase modification made the EB values decrease, and the higher TGase
concentration, the lower EB values,(3) The S, values and TSM values of TGase-modified films
increased with TGase concentration increasing, (3) The pH value of film-forming solution
significantly affected the TS values and S, values of TGase-modified SPI films, (5) The TS
values, EB values and S, values of TGase-modified SPI films decreases with air-drying
temperature increasing from 18 C to 50 C.
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FEARBEAAERNMER.OBF . BHRES
WSS R ETRBEMNIFR LRSI T EASH
HIEEREBREMXE. AWM. 5608 FHE
HEEARBEAVAEGRER . BKERERE KT
WA = bR M M R,

BEBEERIE(TGase) W UL EE K ZE
FERMZHERNEEEHSTFRAOREY . &
MEHIELADEEBEEMBAFATFEEORNE
S, o BRES AFEA. KES4EEARY
HIUSHEA.FABELA.ZHEEHECSF. &
BEEABYH A ENTRRA, TGase WK I T
BEABEATPREMNE, BRTEDPESNER
E.BRTEEXNERARMEE LOE . AW,
7 3 T g o e A T ol Ak b 7 FH T R Tl 2 R, 43
REVENHBTEERR. FEEEMRTEK
EREABRM P HAEA. TREEZFTZSEX
TGase M £ KX T4 B E A (SPD MBI W .

1 MH5F*E

1.1 ##

BEABREBE(TG-B) . X —EHL T
AH B A 8 M CBZ-l-glutaminylglycine #1 L-
Ghuamic acid r-monohydoxamate: Sigma 2} & 7=
S KEABEA(BEARES M. 20000 KA
BEMEABR =S HHATHER.
1.2 XBAH*
1.2.1 TGase 8§ & H ey E  TGase B IE ¥R A
Folk #1 Cole(1965)5 # i #9143 ¥ Hydroxamate 43
WreEm R, KA (0.1 mol/L Tris-Hcl 28 v ¥,
pH { % 6.0, 30 mmol/L CBZ-l-glutaminylg-
lycine, 0. 1 mol/L hydroxylmine) F 37 ‘C 58
BB 10 min J5 , BN FALEK/ = REERRIXH (0. 7 g/
dL) & 1 B8 & 7, B0 (8 000 r/min, 15 min) F R IT
RE MO 6 EEBT 525 nm §i E R R
B, L-Glutamic acid r-monohydoxamic acid {E {7
Hefi2k, 175 18N TGase JE#E (U) & X N FE 37
‘C,pH 6.0 #y &4 T 8E4r8rf=4 1 pmol hydoxamic
acid IR EMMBE.
12,2 EeHE HEORMHWBET 0.05
mol/L Tris-HCI(pH f& 8. 0) B W E W F, F 70C
KM 30 min, FFRBEHRBERHZEERE WA
TGase(4 U/g), ##HY, BEGEREHRENH
ARZAMEAOT BRI 37 emX 21 em) ¥, KRG
BEE W25 C)F T4 24 h,BE., LR TGase
B B4 Ay %t R

ARG THEESBERERENT .

D AR AEBEZH % TGase 1A
FEZLVHBER Q51 ONBRBEERPHE
TGase ¥E 49353 4.10,20,30.40 1 60 U/g, B
5. HERED ERFR,

2) AR pH H&G - HEARAEWETFARRE
pH # 0. 05 mol/L Tris-HCI (4} %] & pH 6. 0,7.0,
8.0.9.0 M 10.OZWEBT HERRER. H
EREN EBETR.

3D AFTHREE. FEEHRBEERSHNE
18.25.37 1 40 CF ¥4 24 h, KB ¥/ FBATR.

4) PRI BE VR P A B 18D R TR) - FE AR BT 0
TGase(8 U/g)MABREC LA HPIZR(25+1 C)
MREAET BEHS. 29 ERIBHTHER
0.30.,60 #1120 min, HEERENEBEFR.

BHF R FENERER, LR E
X R 50X KB P EE 48 h £ A,

1.2.3 EREHEARNE

1) JEHEH 8. IR HE T 4K 3% OF % Bl 0. 001
mm)ERFHE LSR5 A S, WEE, ’RT
¥,

2) HLIHE BE T 5B « # Rhim (1998)0 ) F 8%,
KRR M 43 AT AL TA-XT2i W & & B S hL 8 &
(T FE R WK EER), SHEMNE 6 4,8
AEERK/NK 2.54 cm X 10 cm,

3) KAERESRME - RMERL3cm F 4 cm
B 7 i O SRR A 3 g T4 CaCl, , i H AR
HRE7cem FEMHSR, SAKD  BERZEMED
FAASEME, MEHEHEFEBMA 1000 mL
MR AKMFREH QS CHH3HEE 100%), &
12hHRE 1R FELE., EXHFENENEHE
KESHE LR, % ASTM H &% (E96-93,
19931 AR KB HE(WVTR) HIKESE
FHRWVP), #iK7E 25 CHIBAMKESER
3.1671 kPa,

) AKAERBMOMETBERYEE (TSM)
WE. BEECmX2 cm)E 105 CEGTFRE
HE.REGRETEREZEHEASSE. A
¥ EBABH 30 mLKRHEHR P  EZBTHR
24 h, BRE 106 CEHTTREEE.KE. R
BRERKTEZEZTHKEE. 30 BaE#E
WHRENTEERASTENEREERALRH
30 mLAKMBENR P, EZHTHER 24 h, BHEE
105 CRAUTFREMEE . HRE, LR T KoL 3@
RENEYTENESMGETEEAERE.
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5 BHAEME - HEBZAER (1.2 cm X ¢4
cm), BT H B M A —M, 7 500 nm EKTHE
H#EXR USLEamER R,

6) REH/KY:(SHWE . RHEBKELIKES
BREMART., EUARKABBRE R EN
ODG 20 AMP #4248 Larré(2000)™) J5 gl 2 .
1.2.4 % ¥ 4% X B Microcal Origin V.6.1
software HTH E D HrFI B EHIT.

2 #REit#

2.1 MR B X TGase Bt SPI BR 14 88 &Y % I
AFEIWRE TGase 5 SPI /E R Fr I B i & & B8

PR E I B E IR 1 TR, TGase B #

f5 SPI EMMBIRE (T EMRABE LK TR

HRAKNBKRE. 5 BEML (RS TGase ¥ £
B KW B TGase(4~10 U/g) B EHMT
SPI B89 TS {E(p<C0.05), i 7 ¥ & TGase(=20
U/g) st B EMEET TS (p<0.05)(E D,
XNMEREVREEMBRBKENEZMET, TGase if
SR RS SPT AV .

BE % BEYR B (0~60 U/g) (I8 I, TGase B4
Z AR T SPI M HMKEE) (p<0.05, &
£0D.

FE KM (S, ) LUK IR 55 5 0 82 fil F R, B
K EZA R REH KGR, FEHERERE
g4 U/g#ME 60 U/g, TGase M P& #i {8 SPI j&
BB il f L X BE RN T 64.5% ~134.5% (p<<
0.05,AFE 1),

%1 BREX TGase B 14 SPI R4 gEH R M

Tab.1 Effect of enzyme concentration of TGase on the properties of cast SPI films

BREON
&5H/U

e/

mm

PSR BE/
MPa

Wi R K

x5

Y

0
4
10

20 -

30
40
60

(0. 0820.004)
(0. 08810.002)
(0.09210. 002)
(0. 10610. 004)
(0.11310.003)
(0.119+0,003)
(0.129%0. 002)

(3.1240.25)*
(3.75£0.30)*
(3.98+0.20)*
(2.29+0. 30)¢
(1.95+0. 25)¢P
(1.7540. 27)°
(0.95+0.18)F

/% aR/% FRAH/ % EBAS
(167.1%£22.8)*  (23.540.4)* (39.7£1.8)%  (30.4%4.6)°
(124.5+11.8)®  (21,340.2)® (31.3+0. )%  (50,0£5.7)¢
(108.1+9.1)®  (21.6+0.5)® (33.6+1.2)°  (59.5+4.3)"°
(84.4115.6)°  (21.240.7)® (38.010.6)¢  (61.9+4.1)®
(82.0%8. 8)¢ (19. 740.6)¢ (42,6£0.7)®  (67.3%3.1)A8
(83.3+12.1)¢  (20.1+£0.2)¢ (44.5€1,4)%  (71,3%+4.8)4
(57.4+7.8)° (19.140. )P (53.8x1.1)*  (70,3%2. 74

EA-ERRFA—FIMBEZEFAEREHER(p<0.05), » B &K SPIRE MK 5K H SR 0.4 ¢/g;pH 8.0;

FHREE 25 C, B—TREBREREXG~10KFHEM LIRERE .

XA ERERH TGase HIE X B EBEERE T
SPI M REHKtE, B MM BEEES TGase
MBI, XTEES T TGase HEHE
B R P E 2R KoL B R B USRI

B#% 1 AT, TGase BLtE#Y SPI IEAIK 3 & B
(MOC) B % K5 % 57 (4 1% Jn T 72 87 T B (p<C0.05)
XG5 TGase B iy SPT B i 2 T8 B K ¥ B
EFEWMWEMNEMTES EAM—-B, TREHT
TGase G SPI RS H B AEBEEEQRAR
Mgk A Rk, kR, 8k E X
SPl M AT HEYRBE(TSMOMEZ MWK HE
., KBBWREKF (4~10 U/g) B, B & Bk 1
N TGase 56 SPI ) TSM H L BIERET
21. 1% ~15. 4% ; Wi & BB ¥R BE K ¥ (=30 U/g) B,
TSMERTiA K., X458 R 58 KEX SPI
& TS KW —B R T RAE ¥ E TGase K
#,SPl EHM &MU BB B RR . X2 F
BEAFRRITH ., KESKERN%ZHT, TGase T
SPI L4 30 Bk 7= 25 bo %ot R B0 25 B9 5 4 5 TG 15 1 2
EUNFEEORRI AT SHERAR EHENARY—

MEW  BRETEEYRSERBRERENES
JEEEH .
2.2 BIEATA pH H3 TGase 2 1& SPI BBk
#98% MR

R W pH (X SPT SR+ 88 i 8 ma fn %
2 fi/R. % pH 6.0 Bf , BRI R F &R TGase, R
RESEAR. XEEN pH6. O BEEHAN S
8 (pH 4. 5~4. 8) , KB & A JRIT I Wi Xk R
AR pH T, TGase B HERARM, B HE
MTGase B8 pH #iE & pH 6.0~7. 5,5 % pH
JiE&E pH 5. 0~7. 0, K F pH 4. 0 MIEHF pH 9.0
FRARES, HER, REBEBRY pH EW
BB B E W TGase Mt SPI A B

KM TGase B, ZE W KM TF (pH 8.0~
10. O Ry SP1 B TSIEM EBE B E R FPi
KUTERABRAE 2, EHEpHE . HTE
HEHHEAZABEENHEHAFER. EERR
PHREMAT S THRE WOBRASBERERE
.
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Tab.2 The properties of control and TGase-modified SPI films formed at various pH values
Xt R TGase % ¥ i
pH7.0 pHS8.0 pH 9.0 pH 10.0 pH7.0 pH 8.0 pH 9.0 pH 10.0

TS (MPa) (1.54+0.27)A (3.1240.25)B (3,19£0.28)8 (3.511£0.28)C (0.5940.06)4§ (3.75+0.3)B4 (3.811£0.26)B4 (4.46x%0.21)C4

Eb(%)  (86.6+16.6)A (167.1+22.8)B (178.5£61)B (175.8+17.1)B (19.543.0)A} (124.5+11.8)B§ (134.9£20.3)B§ (154.0%12.9)B§
EMAC) (20.015.004  (30.414.6)B (28,01+1.3)B  (30.3%2,0)B  (68.3t4.1)CH (50.0£5.7B4  (32.1%1.4)A4  (28.414,.0)A—

Me(%)  (24.840.8)AB  (23.540.4)A (25.610.6)% (24.1+0.8)AB (23.2+1.0)B— (2L.310.)A ¢ (21.310.6)A} (21.3+0.H)A 4
TSM (%) (36.0+1.2)A  (39.7+1.8)B (38,1£1.5)AB (41,011,908 (36.410.9)B— (31.310.)B¢ (31.1£0.5)B§  (30.310.D)*§

#ACERA—FPAR pH £H TH BBMR TGase UUMMBHZIAFETERER (p<0.09), “4"HV "RAFA—FHHF pH X4 THEEMN

TGase X MMBHZ AFEBFEER (p<0.05),“~"MEATXRFHER, « BHELMF SPIRBAB K HMER0.4 o/ MK 4 U/gy THRIBE 25

C, G HEBRERELG~IONTFHEN LRERE.

e ¥ pH &4 (pH 8.0~10.0) F, TGase #
KHEERET SPIEM TSHE, MMEMKT EBHE
($p<0.05), K, TSEHHMBBEATT 20% ~
27%,EBHH X BIEREE T 12% ~25% (A& 2),
R, 7 pHER 7.0 Bf , TGase B ERKT
SPI fif TS {H(p<<0.05, W% 2). WH,7% pH (&
K 7.0 B TGase BB ¥E{# EB MR BE (K4
R EERHTERERYE pHERXEFTH. X
A RWE N T 7 SPI B R A9 B mH B
AEMHUAAFEENRX., # pHERN 7.0 &,
TGase B ¥ T SP1 BITH B E . # SPI &
THEBRAHRAK ANTSHT TSHEMEBE
WM pH HEM A —EESENTL. AEHY
£ pH (&% 10. 0 Bf, TGase B8t /5 SPI B TS
f (4. 46 MPa) 2% & T pH 8. 0(3. 75 MPa) fl pH
i 9.0 B (3. 81 MPa) ) TGase (¥R, BT & T
pH {8 7.0 B (0. 59 MPa)H, #ATi# pH 4 10.0
B, MTGase I 16 ¥ 2 E R BT X oH H 4 &K
MU0, XAGEREXEHBE LR TGase {4
i 2% 18 3 32 3% ¥ A5 B F SPI 76 i i 2 B R
gl B

KB TGase B, ZE R &4 T (pH 8.0~
10. O B H SPI M ERMA S ES FTHPHERAET
T B B (p<C0. 05, 3% 2) . Y B 4t pH {H RS, B
BB SPI A B & 8Bk 1 2 2 5% i3k,
B TGase S ¥t SPI B 32 W i /K t 1 5
S5mawe pH EFMX, pHER 7.0.8.0,
9.0 1 10. 0 Bt TGase B #E {5 SPT B Y 3 fih £ 43 51
W RN T 240%.67%.5.4% #1 0% (W 3%
2), BHbh,BiE pH M 7.0 1 ZE 10. 0, TGase ¥ ¥
By SPI Bk m i K ¥ B 87 F & (p<<0. 05, W% 2),
X B TGase B ¥k A Tk ¥ SPI B8 2 1 i K HE B
BIFETHRMBYARETHT. THELE AR
PH 44T, TGase M ¥+ F SPI B 3% H s Kt

HEBENARTEREENAR pH ETFH TGase
ERNZBE WA AR, HE R TGase FRME
VLR R A BT A [ Tl 1 A9 .

KM TGase B, B K E R pH H 8 K 6 %
SPIM KA SR MO JLEFEEEH(RE 2),
1M, TGase HEZ )G, Witk pH %4 F (pH 8.0~
10. 0O FE B iy SPI By MC 8 % F p#: &4
(pH7.OTH BB (p<<0.05, RE 2), HHRE
W EBRHERHE T, TGase B ERET SPI &
) MC {B (0. 05) , XMNEER G TGase BAEH M
T SPI IR EG /KM —B(pH 7.0 Fl50), @
A MC {6 —#, TGase ¥ B WK T SPI B A[
WY R B (TSM) (pH 7.0 #i5b, p<<0.05, B #
2), WHERHGT TGase B4 SPI B M4 45 H
BB, AT REME T B TSM 1§,

2.3 FRBE TGase 21t SPI e E 1 %W

WEEESS BN EERR, AT
BARERDRE. ik, % TGase FHE T, REE
BETFKLEEMERENYTRAEETRSY
W SPI JE i B4

£ 3 BRT AR TREEXN TGase #F 9 SPI
B AR ERENEWE. B2, 7 TGase ff
#eat,SPIBER) TS M EBHBE TREEMN 18
CHINT 50 CZEH T, 7 18 CT#FT# SPI
B TSEMEBEHEE THERSRETRK
BEGP<0.0M ., X—&RIWHT TGase EKTE
JIFat Al ScHE Rl LB E R 8 SPT BRI HLARH: k.
THRRE T RGN THREEHMT TGase Bk
SPI BEJE B LB BB I M 48 254

REETHRIBEMN 18 CHINS 50 C, 8Kkt
SPI iy e W B K P (BB b 4B h & W R 1 (LR
3). AXMIEE T B stk SPI B R B KR 12
HlFS TGase BB EH MM MEBEML., R
{REEERT (BP 18 C), TGase BABRBWEEH, A
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WEE AR AR P AL TH KB R AL,
75,18 CT P84 SPI i MC {41 TSM {H
EFETHREEFRBERPREEN . H—FEXT
TGase B tExt SPT YLt RE M R E B K ¥EM
HHEHCR

Wk R pHERTREREB2E
FRBE LW TGase Btk SPI B ) & T FE .
ENMMERBEYS TGase BRNBILR N EFH
X. RARTH-ZHBRE.

%3 FAETFHREEX TGase ¥ 1% SPI BMiEBERIK W
Tab.3 Properties of TGase-modified SPI films, obtained by air-drying at various temperatures

w’E/ B/ HihIRE/ MK AR/ KaEg/ AIEEY R/ Bhf/
C) (mm) MPa % % % °
1 (80.088+0.004) (4.25+0.50)* (133.5+16.5)4 (20.2%1.8)® (27.7+3.8)4 (53.114.0)4
25 €0.088+0.002)  (3.75£0.30)48  (124.5+19.2)48 (21.3+0.2)® (31.3%0. )4 (50. 0F5. 7)A
37 (0.09040.003)  (3.40%0. 25)® (105. 5415. 0)® (22.540.1)* (30.0k1.6)%  (45.0110. 6)A®
50 (0.0931+0.004)  (3.2740.40)® (100. 549. 4)® (21.3%1.6)8 (30.2£1.0)* (35.0£5. 4)®

EABHERFE-FIMREZEFELEUZR(p<0.05), » WHZ KM SPLHEBSIHN S/ HMETRNO. 4 g/2: 8%
BEHX4U/g;pHEN 8.0, B— T REFREXRELZG~10WFHMEM LR ERE.

1) BEWE X TGase (¥ SPI Ktk F B E %
W, VR E A UK BE B VT B (p<C0. 05) M
SPI f&1# TS {H 1 S, {H, Wi pEME TSM{E. HE, 2
Bk =20 U/g i, TGase M A TSEFHT
Fe, R E LT R W H, BEMRENHE—5
BTN T 4k S 1% . TGase BUHEf# EB 6 T B, A%
BEHE.EBATHREBMRE, TGase KIEMEM SoE
1 TSM {H B B Kk BE A9 38 N i 5%, 2§ Gk B >

£ % 3L Wk (References) :

30 U/g b, TSMEE ZB T BEMN.

2) MBI pH B E YW TGase Y #
SPI R L. EpHEN 6.0 N FREE
BRI, B R EHEM TGase, BEERIE. 4
pH {E:4 8.0.9.0 #l 10. 0 B}, TGase A TS
EHAB N BREGREBHRE MMT 20.2%,
19.4%#0 27. 1% (p<< 0.05), 4 pH % 8.0 # 9.0
BF, TGase it B B3 M T SPI KRS So {8, W& 4
Bl X BRI AN T 64. 5% 14. 6%,

3) TGase % SPI fify TS {8 .EB (& #1 S, {&
FEETHREEM 18 CTHMB) 50 CWiZE# T M.
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