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Table 1 The change rate and fitting parameters of yogurt

at acidity different temperature

IR /C k™ IS
4 0.000 8 0.994 3
20 0.004 5 0.992 0
37 0.0153 0.988 1

HIER 1A, SRR T B0ha i A &R
B0 916 0.95 LA E, X UEIT RS 1R B 5 1 ] £k
MIRPER . KR 1 AP AR T FRYIAR L i) AL A

1
REARAKX (2) , KB Ink, X Ink- 7 Eidls
BTN, AN 3 PR

-3.5

Ink = —9.09x10° %+25.2

o

[}

0 355 330 333 3.4(1) 345 3.50 3.55 3.60 3.65
/10
B3 Ink- %mem&
Fig. 3 The linear oflnk—%

T 1 4P E R AT AR 40 B R B ] A
Bk 252, BB -9.09x 10°, HAITFERN:

lnk:—9.09><103%+25.2 . (3)

e (3) , BAREE T InkfRAK (2)

AE W5 =K A5 DU IR W R JE AF Sk A% 53 48 5 19 36 fL BB E,

} 75.54 kJ/mol, Ink, b 26.6, $&TiIH T k, H 8.79 x
10°h™, SRR AR AL R i 2 (4) .

-7.554 x10*
RT>< o ( 4 )

k=8.79x10"e

2 TTIWHFERSHERR

2.1 TTI BY%IME

] 5 AL B AL G Y TTI 2 56 T b B R A A2 il 22
TR R A KA, 2 T I 3] R B o A7
Ao % TTI H [ 2 AL B A S (LR AL, WniEl 4 Firs .
BEE B LB R ARWT 8, SR AR AT
o, ] USRS s [ A B 1 SRBURONE, AR K
FERARAL, M TS i R S

WEf

B4 TTIRERK
Fig.4 The composition of TTI
PRAECTTI NE AR PFINR . 1) B, =il
T RE RIS AT AN AR 2) SO ()58
AT 223 B AR S B AE S8t , BEHC T 2 4
TTI B4 77387, HRCT s 2 fros
x2 BEECELCEE TTIRES

Table 2 The formula of immobilized
glucoamylase TTI

TTI 45 BALEE /mL SRREEAS /mL 22 ZPWPRS e /(g L)

1# 1.25 3.75 40
24 1.00 4.00 30

TTI B R INT - R —E BEROBE LB AL
RO 3% MBUREI . ERGHLERS
15 min, 4 C¥%# 12 h, BIGISEE R
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Table 3 The reaction rate and fitting parameters of
TTI at different temperature

1

TTL 45 IREE/C km™! s 7 Ink
4 0.1187 09907  0.0036 -2.1312
14 20 0.5359  0.9958  0.0034 -0.6238
37 16059 09915  0.0032 04737
4 0.1163 09965  0.0036 -2.1516
21 20 04371 09965  0.0034 -0.8276
37 13262 09980  0.0032 02823

ﬁ%3$mﬁﬁmmdlﬁﬁ WK 7 iR, £k
HALA E SR E TTI 8 12 %ﬁﬂ%4‘ﬁﬁﬂﬁ%
(52 RS 28053 1M 0.995 9 F110.998 7, #4175 0.99 LU I,
VLA RS R ARGY,  [BIH A3 B K.

MNEABRTLL LR, HTTIIELAEE, N
54.14 kl/mol, HAGHIK T4 1.97x 10" h™", # 1# TTI
SN R (6) -

~5.414x10* . ( 6 )

k'=197x10°¢ & °
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Table 4 The Kinetic parameters of TTIs

TTI % 5 5T ” kyh™!
1
1# Ink,=—6.52 x 10’ 2 +21.4 0.9959 1.97x10°
1
2# Ink,=—6.06 x 10° —= +19.8 0.9987 3.97 x 10°
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Table 5 The activation energy range of immobilized
enzyme TTIs and yogurt

! PR, 1#TTI 2# TTI
E,/ (kJemol™) 75.54 29.14~79.14  25.59~75.59

HI I 1, 6 A0, 2 2H TTI B9 RO 2% s S B 5 1) 4%
TGN 6 v, 3 6 AIAHl, 7E 4 CHI20
CHE, 1# TTL B SN2 5 SRR A B 2R 75 A 2 i Ok
A—3, 137 CHPEMHZEDR/ N 15%, # 14 TTI
W SIZ PRIV LR 23K 5 T 2# TTIALAE 4 CHIFZ
JEAHZENT 15%, 1620 CHI 37 CHP& SR EH K
T 15%, AW RVEELECK, KL GEH TR Yy
R

K6 TTIMRMESREBHHERENES

Table 6 The end time of immobilized enzyme
TTIs and yogurt shelf life

, R, TTI 25 /h W /%
TR /°C AN S AR L
TRITF a2 /h 1# 24 W#TTL 2#TTI
4 336 336 345 0 2.68
20 74 75 90 135 21.62
37 22 25 30 13.63  36.36

ZE B RTIR, 1# TTI B 36 AL RE RN S 28 #05 T
WAAAVCHC, DRIt AT LR LI R g iy it AR Ak, BT
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Fig. 8 The process of non-isothermal test
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ATt I R R (8) BY
E
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48 72 78 102 130
[ hedr+ [ Chogde+ [ kgdr+ [ Uk [ kydie
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Wk, koo, kg, s 2390 R WY TR A 4, 20, 37, 15
CTB A, AR e (4) , MR
[Fi) T B SR AT PR WA R B2 ARV AR A i, BB ke
7 FR .

®7 BRVREEARBETHELRE
Table 7 The reaction rate of yogurt acidity at
different temperature

IR /C 4 15 20 37
k! 0.000 5 0.001 7 0.003 0 0.016 4
B 7 HOREIRELRE T BR WA B 1738 Al A8 A S
(8), BEAT LA BT 2L 2 S N R DT Bt O,
4 0.249,,

MR LREZ IR R, SRR L, IfeREt
W2 U2  FE SN A B AR T 5 A TTI SRR VLR,
SR AL AR B R AL R SR S A REEA T IL S . 45
BORPE T WTRAFR L (9) 272,

_ E,/R
- ln[kA /Q(A)r] ° (9)

KRR T 0,,=0.249, HHIHF k,=8.79 x 10"
h', WEALRE E,=75.54 kl/mol fRAR (9) , 155i%
TR T R S50 T,,~288.8 Ko
IR, TTI 3k SO 4 i i BT i an =X (10 )
Oin= | K'd =

48 ’ 72 , 78 ’ 102 ’ 135 ’
[Chide+ [k de+ [k de+ [k de+ [ kdre

eff

(10)
Kk, ko, k5, KA THTTIAE 4, 20, 37, 15
C RN R, ZR B EFR LR (6) , HIEAR
R SR A TTI AR ) S i, HARBUE L 8.

F8 1#TTI EARRERE T REEE
Table 8 The reaction rate of 1# TTI at
different temperature

W /C 4 15 20 37
km 0.121 0.298 0.438 1.482
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W52 8 ORTRIRJE N 1#TTI AY S R AR A K
(10) , ATRIFSH] 1#TTI AT R4 s Qo =
37.357. BHZEME S 14 TTIHERT R F kL =1.97 x 10°
h™', WEALAE E,=54.14 k/mol fR AR (9) , 155)i%7%
AT 14 TTI S R0RE T,,=286.7 Ko

TEASR S, B 1#TTL N TR A
VERCEs RN 9 Frn .

*9 TEEHT HITI SBINEERLER
Table 9 Comparison of the results of 1# TTI and

yogurt under variable temperature conditions

e T./K SR A5 /h

RS 288.8 130

I#TTI 286.7 135
IRER % 0.7 3.8

M9 [ LIE, ARSI, 14 TTI 5
WIS R IE RN 3.8%, T FIIRZER N 0.7%.
FRAEVCECFEI], 1# TTIL S i FE AR 5 %) S AE ik
IR —EAY, B 1# TTI o] U Wi B s i i i

4 GiE
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AV RE A5 (1 (1 22 2R WA &2 AR K RO, 45 Tl 1Y)
[ 5 A B EL R AR T . AR T A TTI )
B, b T TTI RIS, i HORE TR RAR e I
T BRAIE TTI (o] SE 1k & 5 BR WS DE IS (A Rk, A%
SCHIFSY T IR WY K TTI (3l Ji2#kfg, HHIitHE T =
H G ACRE L) SN 28 55 25 RS PR BT 8k,
ARSCABFFE T BR W5 AN TTI 7648 I8 AR I 4 1F T B
AR, FEPEAT T VCECPERTSY . SCERSE AR, 1#
[ 2 FEME AL TGRS TTT 6 fE DC i Jsi ], o FLAF & 28 T
ZAF R BRI, AT L R W A B a i v R
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Application of Immobilized Glucoamylase Time-Temperature

Indicators on Yogurt Quality Monitoring

WANG Lin', MENG Jingjing', LI Yuanjin', LING Chen', QIAN Jing"’

(1. School of Mechanical Engineering, Jiangnan University, Wuxi Jiangsu 214122, China;

2. Jiangsu Key Laboratory of Advanced Food Manufacturing Equipment and Technology, Wuxi Jiangsu 214122, China )

Abstract: The kinetics of immobilized glucoamylase time-teruperature indicators ( TTIs ) was studied, the

activation energy and reaction endpoint of TTIs was achieved, with the research on yogurt activation energy and shelf

life. According to the activation energy and ending point matching principle between TTIs and the perishable, the

matching experiments were set up both at constant and variable temperature. As a result, 1# TTI was verified to predict

the shelf life of yogurt more accurately with the activation energy matching yogurt and the errors of reaction endpoint

within 15% based on experiments in yogurt quality monitoring .

Keywords: immobilized glucoamylase; time-temperature indicator; activation energy; yogurt; acidity
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