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Preparation and Stability Analysis of a Transglutaminase-porous Starch Composite System

ZHANG Ying'? MIAO Ming"*

(1. School of Food Science and Technology, Jiangnan University, Wuxi 214122, China; 2. State Key Laboratory of

Food Science and Resources, Jiangnan University, Wuxi 214122, China)

Abstract: [Objective] This study aimed to investigate the impacts of enzymatic immobilization strategies on the
thermal stability, pH tolerance, and storage stability of transglutaminase (TGase), thereby extending its
application range in the food industry and related sectors. [Method] Porous starch (PS), prepared by enzymatic
modification, was used as a carrier to immobilize TGase. The immobilization process was optimized by response
surface methodology. Fourier transform infrared spectroscopy, differential scanning calorimetry, and enzymatic
property experiments were employed to characterize the structure and test the performance of the TGase-PS
composite system. [Result] Under optimal conditions (PS at a mass fraction of 12%, pH 7, and TGase at a
volume fraction of 42%), the encapsulation efficiency of TGase was 73.93%. Immobilization significantly
improved the thermal stability, pH stability, and storage stability of TGase. The TGase-PS composite system
retained the relative activity of 69.99% (3.41 times that of free TGase) after incubation at 50 °C for 1 h. After
14 d of storage at 25 °C, its relative activity was 71.01% (1.84 times that of free TGase). Furthermore, the relative
activity was still 81.20% after the system was placed under pH 10 for 2 h. [Conclusion] This study significantly

enhanced the stability of TGase by constructing a TGase-PS composite system, providing an efficient and green
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solution for the continuous catalytic application of TGase under high temperatures or extreme pH conditions.

Keywords: transglutaminase; porous starch; immobilization; stability
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Fig. 2 SEM images of NS and PS

HEZHE pH b= & T . HIE AT TGase 5
PSS [ 3% [ FE faf AH ELAE FH L PS 3R 17 fLHEL , 24 pH £
N7, TGase i 5 7 1E HL, 0] 55 PS 7= A2 45 5 1)
LW B, R 2E T B 43 LR AR AL B R e [
SEP IR pH 2618 K, R TGase IEHLfif 3 £,
HOR & H 2 v R PS 3R 1 1 4 HL AT, ) 55 WP 3K 3
77510 24 pH 34 K 2 i TGase 1955 H 55 CA B 5%
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Fig. 3 Effects of various factors on the encapsulation efficiency of TGase
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2.3.1

R1 TGase-PSEAWRFIETZMMEERBERKER
Table 1  Factors and levels of response surface experiment on the

preparation process of the TGase-PS composite system

PS TGase
K o pH N
L5y % ARG /%
-1 8 6 30
0 12 7 45
1 14 8 60

Wi S T 455 284 (%) J7 22 43 B A AT A5 BE 43 A 45 R A
F3. HEMERE R, Z W IENE R LI 5 %
(F=109.61,P<0.01), K 4UTT P>0.05; 1 K RE R*=
0.993 0.1 B J5 R*,;=0.983 9, CV=2.7%, i} W] ##i 7!
LA FE AT RE 77 R4, LM, B8 U M s ek

K RS TGase Wl A 2 AR R . WHM
oy 4E R B, PS & 7 30 . pH . TGase 15 1 4 %4
Xf AL R 2 BRI 3 R (P<0.01) , 5% i B AR
RN A>C>B ;38 B AB 52 2 3, 22 T AC 521
W %%, 52 HIi BC WA B 3% s — IR 4> B>, C*
SRR . DR G AR B B A A R R I T A%
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WA -
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= o 8 T P et T A R S S R 4R R AE
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F2 MEEREREEITSEHER
Table 2 Experimental design and results of response surface

methodology optimization

PS TGase
5 mmawmm P S T
1 11 7 45 71.37
2 11 6 30 53.93
3 11 7 45 71.25
4 8 8 45 43.92
5 8 6 45 47.28
6 14 8 45 64.87
7 14 7 30 61.66
8 8 7 30 39.77
9 11 7 45 69.85
10 11 6 60 41.46
11 14 6 45 57.83
12 11 8 30 56.57
13 11 8 60 51.16
14 11 7 45 70.63
15 8 7 60 38.62
16 14 7 60 49.64
17 11 7 45 72.55

SR DR 2% IR 5 AR BE A e 2R AR K YD T . 3
ER NN = R S O T VR R A (R AL
R R AR R R ORI R A TE R
A8 H AR, % v 2k 2 TR B 3R OR A8 BAE A B
- PSR EN M pH M5 S & BMIAE, &
BN & 22 BAE B %, X TGase 0 1 35 52 10 558 K
PS Jii & 77 %0 5 TGase 74 F1 55 £ 1 55 5 2k 240 15 %
Hi s, R HAEH & 2% 5 TGase
R B K . pH 5 TGase 7K F 2 $ i 25 &5 26
AN, VLA A BAE 55, W R 4.
233 REIZAHARIERXE

i 3 8] U5 A Y T A £E TGase-PS & & 1K &
] % 2144 N : PS i & 43 $0 12.29% . pH 7.20.TGase
AR 7 $42.33% , 15 1% 56 T 1) TGase £33 %
73.41% . N5 IF 12 A N TH VR AT AT M [ B AR T
S bR R AR R B H U R - PS & A B 12%.
pH 7.TGase & F1 73 % 42% . K H &1 4% 2 b AT
3 E R, W13 TGase-PS & & & & 1 TGase
£, RN 73.93% , 5 B {E i Z 10N 0.52% . 1%
el QIR Rtk el = BN YATTRC S
W L2505 LA LHMNE.

25
EIK[]
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®3 ERERNFESH
Table 3 ANOVA for the regression model

75 KUK Rl H ¥1o7 F P I 23
gt 2307.28 9 256.36 109.61 <0.000 1 ok
A 518.58 1 518.58 221.71 <0.000 1 ok
B 32.08 1 32.08 13.72 0.007 6 **
c 120.51 1 120.51 51.52 0.000 2 o
AB 27.04 1 27.04 11.56 0.0114 *
AC 29.54 1 29.54 12.63 0.009 3 o
BC 12.46 1 12.46 5.33 0.054 3

A 464.76 1 464.76 198.70 <0.000 1 ok
B’ 215.18 1 215.18 92.00 <0.000 1 ok
c 733.78 1 733.78 313.72 <0.000 1 ok
Tk 22 16.37 7 2.34
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Fig. 4 Effects of interactions between various factors on the encapsulation efficiency of TGase
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Fig. 7 Optimal reaction temperature and thermal stability of the TGase-PS composite system
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