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Influence of transglutaminase on soybean protein gel
preparation and structure

ZANG Xueli'* ,CHEN Guang'
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2 Changchun Medical College ,Changchun, Jilin 130031, China)

Abstract: [Objective] The effects of soybean varieties,enzyme types and reaction conditions on prop-
erties of soy protein gels were studied in this paper. [Method]) Six high-quality soybean varieties including
Jinong 34,]Jinong 28, Jinong 18, Jinong 17, Jinong sprouted broad bean and Beidou 28 were selected, and
protein content and gel strength of soybean were analyzed. The effects of adding transglutaminase,alkaline
protease,neutral protease and papain on the gel strength of soybean protein were analyzed and the control
group added no enzyme. The preparation of high-strength soybean protein gel was also optimized by re-
sponse surface optimization and Design-Expert8. 0 data processing software,and the conformation of soy-
bean protein gel was analyzed by scanning electron microscopy and circular dichroism before and after
transglutaminase treatment. [Result] The contents of protein of Jinong sprouted broad bean were the high-
est with the strongest gel characteristics among the six soybeans. Among the four proteases, transglutami-

nase was the most effective to enhance the gel strength of soybean protein isolate. The optimum conditions
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for preparation of high strength soy protein gel were enzyme concentration of transglutaminase 34. 67 U/g,

reaction time 2. 21 h,reaction temperature 60 ‘C and pH value 7. 22. The obtained highest gel strength was

181.779 g « mm. The apparent structure, secondary structure and tertiary structure of soybean protein

changed significantly after transglutaminase treatment through scanning electron microscope,CD map anal-

ysis and Reed fitting calculation. [Conclusion) Transglutaminase could promote the formation of soybean

protein gel by changing the structure of soybean.

Key words: soybean protein;gel preparation;transglutaminase;response surface optimization; CD map;
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The factors and levels of response surface methodology on preparation of

high strength soybean protein isolate gel
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Table 2 Main components of six selected soybeans g/kg

KEL Jig Wi K4x #=HA KEFF i Wi K5y #EH
Soybean varieties Fat Water content  Protein Soybean varieties Fat Water content  Protein
FHK 34 Jinong 34 216.0 108. 0 329.2 FH4 17 Jinong 17 209.9 115.3 343.1
¢ 28 Jinong 28 200. 8 106. 0 341.1 AR 182. 1 108. 9 383.9
H ; g : . : Jinong sprouted broad bean : ' o
FH4 18 Jinong 18 224.1 109. 4 324.6 Jt & 28 Beidou 28 203.3 111.4 353.0
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Fig. 1 Comparison of six soy protein isolate gel strengths
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Fig. 2 Effect of different proteases on strength of soy protein isolate gel
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soy protein isolate gel soy protein isolate gel
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Table 3 Result of response surface on preparation of soy protein isolate gel

LIM.Q% X1/ o Lﬂ{ﬁ% Xy/ o
Experimental _ X,/h  X3/C X, Y /(g * mm) ||Experimental _ X,/h  X3/C X, Y/(g + mm)

number U-gh number U-gh
1 36 3 50 8 170 16 36 3 40 7 173
2 42 2 60 7 158 17 30 2 50 8 160
3 36 2 60 8 178 18 36 3 60 7 172
4 42 2 40 7 167 19 36 3 50 6 166
5 36 2 50 7 180 20 36 2 50 7 182
6 30 1 50 7 145 21 36 1 60 7 164
7 36 2 50 7 181 22 36 1 40 7 164
8 36 2 40 8 174 23 42 1 50 7 152
9 36 1 50 6 160 24 36 2 60 6 174
10 42 3 50 7 145 25 36 2 50 7 180
11 30 2 60 7 170 26 42 2 50 6 158
12 36 2 40 6 172 27 36 2 50 7 180
13 30 2 40 7 160 28 42 2 50 8 160
14 36 1 50 8 162 29 30 3 50 7 164
15 30 2 50 6 156

T X0 BN AR s Xo. ORI )5 X0 SOV IR BE s X pHGY. BEIRIRIZ . £ 4 [,

Note: X;. Enzyme amount; X;. Reaction time; X3. Reaction temperature; X4. pH;Y. Gel strength. Table 4 is same.
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Table 4 ANOVA analysis of quadratic multinomial regression model
TR A i i F i P [Ean
Source of variance Quadratic sum DOF Mean square F value P value Significance

I Model 2 924.56 14 208. 89 68.62 < 0.000 1 % % %
X1 18.75 1 18.75 6.16 0.026 4 * %
Xz 154. 08 1 154.08 50. 62 < 0.000 1 * % %
X; 3 1 3 0. 99 0.337 7 *
X, 27 1 27 8.87 0.337 17 *
X1 X, 169 1 169 55.952 < 0.000 1 * % %
X1X5 90. 25 1 90. 25 29. 65 < 0.000 1 * ¥ %
X1 Xy 1 1 1 0. 33 0.575 6 *
X2 X5 0.25 1 0.25 0.08 0.778 6 *
X, X, 1 1 1 0. 33 0.575 6 *
X3 X, 1 1 1 0. 33 0.575 6 *
X? 1 858.09 1 1 858.09 610. 40 < 0.000 1 * % %
X3 884. 14 1 884. 14 290. 45 < 0.000 1 * % %
X3 1. 96 1 1. 96 0. 64 0.4355 *
X? 165. 42 1 165. 42 54. 34 < 0.000 1 % % %
%% 2% Residual 42.62 14 3.04
ST Loss of fitting 39.42 10 3.94 4.9 0.069 0 *
21 2% Pure error 3.2 4 0.8
B Sum 2967.17 28

T FIORTEREF P>0. 055 % * FIRFEGI R FE  P<L0.05;5 % » » LRGP F , P<0.01,
Note: * Means insignificant, P>0. 05; * * Means significant, P<Z0. 05; * * % Means extremely significant, P<Z0. 01,
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Fig. 7 Contour map and response surface map of soybean protein gel strength under the interaction

between transglutaminase concentration and reaction time

20 B A S T M Tl AN 0 5 B R i R 1Y) 58 AR

e P 8 I 7E SR B — R B AR AT KRR



92 PU LA AR} 2 2 4l CH SR RO

46

AP 5 U5 1 T2 B T 45 0 94 o e 1 K 0 » A
WS EE 36 U/ g Ik 21 deg g {H . 10 7E Bl 8 R —
TE WY 25 AE T 5 K 5 EE 1 R ) 5 G i I B i

60

wn
wn

= N3 T
Reaction temperaturre
W
o

EEARINE/(U-g ")

Enzyme amount

BIAS A HE AT ANTR] o AR TR mp 5 27 2 I e 16 A 8
5N R B A8 HAE RN R LA P e 5 R A A
ES AN

Gel strength

e 3 FE/ (g + mm)

P8 I A S T e VA I 5 Sl 94 5 EL AR TR DK R I T R R R TR ) S5 R R % ) v, T T

Fig. 8 Contour map and response surface map of soybean protein gel strength under the interaction

between transglutaminase concentration and reaction temperature
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soybean protein without addition of transglutaminase
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Fig. 10  Electron microscope observation of

soybean protein with addition of transglutaminase
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Fig. 11 Near-ultraviolet spectrum of soybean protein/soybean protein with enzyme
D 301
°
£ 20 o~ e K& & A Soybean protein;
N ? —— K5 % A N Soybean protein with enzyme
5E 10t
SN
T8 00 NG e
=T | RN e
i S—10F
=
ﬁg—zo
g —30
H_ _40 1 1 1
190 210 230 250
# K/nm
Wavelength

12 Ay o It I WAL PR J5 R 86 B T ES MY I 5 SO I

Fig. 12 Far-ultraviolet spectrum of soybean protein/soybean protein with enzyme
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Table 5 Change of secondary structure of soybean protein/soybean protein with enzyme
KEEH o WRTE/ Y A&/ % B 1/ % JE RN i/ o
Soybean protein a-helix f-sheet f-turns Random coil
JiEF With enzyme 18. 31 37. 64 25.10 18. 95
KInEE Without enzyme 17.50 28.35 20.02 34.13
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18 R AR 1 5 [ il [ 3k ]
[1] Visentin A N,Drago S R,Osella C A. Effect of the addition of

2) i BT A A 2 R 3 BT A U R R
34.67 U/g Wi [8] g 2. 21 h O i iy 60 °C
L pH Oy 7022 IR B H A BE S R OA B i KA
181.779 g » mm,

3) 18 i H T OB A e B B A G I Tl X
R 2 T B 1) N T A A A =2 I ) A B A A
A5 H E AP

soy flour and whey protein concentrate on bread quality and
mineral dialyzability [J]. Archivos Latinoamericanos de Nutri-
cion,2009,59(3) :325-331.

AR KL B S5 R AT A R B SE (D] )N AR
T K2%,2013.

Jin Y C. Control study of soy protein gel texture and structure

[2]

[D]. Guangzhou:South China University of Technology,2013.



94 P AL AR AARRE R 22 22 4l CH AR B O %46 %
[3] Gekko K, Li X, Makino S. Competing effect of polyols on the city,2010.

[4]

(5]

(6]

(7]

(8]

9]

L10]

[11]

[1z2]

[13]

thermal stability and gelation of soy protein [ J]. Bioscience, Bi-
otechnology,and Biochemistry,1999,63(12) :617-622.
AR A AT I AR TR M R X R R T R R R M R w1 Y
[D]. K& Mhfll K. 2014,
Li DY. Study on the gel properties of the coagulation by trans-
glutaminase producing soy peptone [ D]. Changchun:Jilin Arg-
ricultural University,2014.
e E B REEANSHIIESERMEMCRE (D] K& H
Al K4, 2015,
Long G H. Structural properties of soy protein and its relation-
ship to the nutritional value [ D]. Changchun: Jilin Agricultural
Univercity,2015.
B aRBLL T KL 2R 1 A S A i R H X A s
TRerEry s [J]. £ f Tk BlH42,2007,14(2) . 71-73.
Qu L,Zhang C H,Liu C J. Comprehensive modifications of soy-
bean protein isolate and their effects on its functional proper-
ties [ J]. Science and Technology of Food Industry, 2007, 14
(2):71-73.
A/ BRI KK R 65F 7 R Nisin 76 5785 £/ 8f B /Y
B BESE (1. £ LAl B, 2004,38(11) :130-131.
Shi X Q,Rao H M. Study on the application of natural food pr-
eservativenisin in preservation of tofu [J]. The Food Industry
Science and Technology,2004,38(11) :130-131.
Dias K, Myers D J. Functional properties of the acidic and basic
subunits of the glycinin (11S) soy protein fraction [J]. Journal
of the American Oil Chemists’ Society,2003,80(6) :551-555.
L. R EAMREST N ZHHLEWFSE (D] )M A w2
ToR2:.2010.
Yuan D B. Heat-induced aggregation of soy proteins and its
mechaism [ D]. Guangzhou: South China University of Tech-
nology,2010.
Lakemond C,Grupen H, Hessing M. Heat denaturation of soy
glycinin: influence of pH and ionic strength on molecular
structure [ J]. Journal of Agricultural and Food Chemistry,
2000,48(6):1991-1995.
Yuan D B,Min W, Yang X Q. An improved isolation method
of soy B-conglycinin subunits and their characterization [J].
Journal of the American Oil Chemists” Society, 2010,87(9):
997-1004.
2 TE MW . Few J R AR OR G E A
BERME RN [T, R RH#.2011,32(6) :32-37.
An J.Yu G P,Chu Y B. Effect of transglutaminase on charac-
teristics of soybean protein gels [J]. Food Science, 2011, 32
(6):32-37.
S . A BT R AR A5 R AR RCE BT 2 (DL
TLIR G 8) : TLR K% . 2010,
Wu W. Effects of protein oxidation on structure and gel prop-

erities of soy protein [ D]. Wuxi, Jiangsu: Jiangnan Univer-

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

oM. RELEARRBET N RS m AL (D] )
M AR K%, 2012,

Wang ] M. Thermally aggregation behaviors,interfacial and e-
mulsifying proterties of soy protein [ D]. Guangzhou: South
China University of Technology,2012.

M IR REEAEHRIE K A (D] .2 AR
29010,

Tian K. Structure characterization and application of soy pro-
tein [ D]. Shanghai; Fudan Univercity,2010.

TERERR X 53 Alcalase it 7R BTG AT K 240 85 28 FK i1
s (1], &5 Tk RH% . 2002,23(1) :35-37.

Wang J B,Deng Y. Studies on the isolated soy proteins hydro-
lytic action by alknline proteinase-Alacalase [J]. Science and
Technolog of Food Industry,2002,23(1) :35-37.

Kang H J,Wang Z,Zhang W. Physico-chemical properties im-
provement of soy protein isolate films through caffeic acid in-
corporation and tri-functional aziridine hybridization [J]. Food
Hydrocolloids,2016,61:923-932.

Gao X Q.Hao X Z,Xiong G Y. Interaction between carrag-
eenan/soy protein isolates and salt-soluble meat protein []J].
Food and Bioproducts Processing.,2016,100:47-53.

Boatright W L, Crum A D. Nonpolar-volatile lipids from soy
protein isolates and hexane-defatted flakes [ J]. Journal of the
American Oil Chemists” Society,1997,74(4) :461-467.

Puppo M C, Sorgentini D A, Anon M C. Rheological proper-
ties of emulsions containing modified soy protein isolates [J].
Journal of the American Oil Chemists” Society,2003,80(6) :
605-611.

R L 2B R AR G U B R SR LA A R B
WF5E (D] 7M1 A g 30K 2%, 2013,

Zhang ] B. Interfacial emulsifying and gelation properties of
soy protein modified by polysaccharide [ DJ]. Guangzhou:
South China University of Technology,2013.

Deak N A, Murphy P A, Johnson L A. Characterization of
fractionated soy proteins produced by a new simplified proce-
dure [ J]. Journal of the American Oil Chemists’ Society,
2007,84(2) :137-149.

Wang C, Pagadala S, Sherrard M S. Changes of isoflavones
during processing of soy protein isolates [ J]. Journal of the A-
merican Oil Chemists” Society,1998,75(3):337-341.

Lagrain B, Thewissen B G, Brijs K. Mechanism of gliadin-glu-
tenin cross-linking during hydrothermal treatment [ J]. Food
Chemistry,2008,107(2) :753-760.

Li C, Wang C L, Sun Y. Microencapsulation of lactobacillus
rhamnosus GG by transglutaminase cross-linked soy protein i-
solate to improve survival in simulated gastrointestinal condi-
tions and yoghurt [ J]. Journal of Food Science,2016,81(7)
1726-1734.



