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Glucoamylase Time-Temperature Indicators based on Fat Oxidation of Chilled Pork

QIAN Jing, ZHENG Guang-lin, FENG Qin

(School of Mechanical Engineering, Jiangnan University, Wuxi 214122, China)

Abstract: The dynamic properties and activation energies of three glucoamylase types of TTIs (time-temperature
indicators) were investigated. The fat oxidation in chilled pork was investigated to acquire its activation energy and shelf life.
According to the activation energy and end-point matching principle between TTI and foods, matching experiments were
set up under both constant and variable temperatures. One (50 pL enzyme dosage) of the glucoamylase TTIs was selected to
predict the shelf life of chilled pork accurately based on experiments and following calculation.
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Fig.1  Relationships between the absorbance of TTIs and reaction time
at different temperatures
K1  BOAMES R PInE
Table1l The parameters of fitted curves and corresponding Ink value
400 RETK a b k g T Ink
276(3C)  1.38600 —0.04975 0.012 099662  0.00362 —4.423
I#TTL  298(25°C) 1.34646  —0.00367  0.144 099959  0.00336 —1.938
31037C) 142412 —0.06897 0.822 099890  0.00323  —0.196
277(3C) 143066 —0.11779  0.019 099889  0.00362 —3.9792
TTI  298(25C) 135024 —0.00325  0.167  0.99948  0.00336 —1.7898
31037°C) 142937 —0.12634  0.843 099856  0.00323  —0.1708
276(3C) 151356 -0.14747  0.025 099921  0.00362  -3.6969
3#TTI 285(12°C) 147432 -0.11943  0.082 099784  0.00351  -2.4990
298(25°C) 150224 -0.14526 0226 099777  0.00336  -1.4885
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Fig.2  The curves between Ink and 1/7 for TTIs
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Fig.3  Relationship between TBA in chilled pork and reaction time at

3,12 C and 25 C



346 2013, Vol.34, No.18

E6oill=

XEAR R

B3 LAGE H, 755 54 F TBA(E 15 I A] 5
LMIREBOCHR, HEEERER T m, TBAHIL 4 AH
0.5mg/kg T 5 I A AR IR A 3°C 444 F122h, 12°C4
£ R85hy 25C4AF N22h, ULBHBEE ML TR, A
PRI IR I I AL A 2 e

FH P13 1) LAAS B A [R]85 4% A T ¥4 6 AT 1) I I 4 A T
AU I A DS R AL, T AT LAAG 2008 6 A 1) Ink
W EEXT NG FR, W3R

®3  BEANInKSIE X R E

Table3  The Ink value of chilled pork under different temperatures
T/IK T Ink
276(3°C) 0.00362 -3.8167
285(12°C) 0.00351 -3.4029
293(25C) 0.00336 -1.8031
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Fig4  The curve between Ink and 1/7 for chilled pork
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Table4 Indicating time of TTIs and shelf life of chilled pork under
different temperatures
_ TR Tl /m
THERE/C A EER T4 /M
I PEERSRA] 1#TTI 2#TTI 3#TTI
3 122 238 128 96
25 22 29 24 11

MERATPLEH, ARREAICHEZ2STEHHET,
QHTTIRIFR 7~ 1) 5 74 5 A B 398 2 B e dln iy, J00
RZEIT I H4.92%  9.09% (6t i T AL AR ZEE15%
LR, B0 FRom 28 st vl LN Tz e il ). PR,
] LLIA K 2#TTII [ Y 2% 55 55 VA5 A 1) 5% 255 iy 48 ) AE e
A R .

233 AN R O 2 55 VLR

= WA U A AN R A AR D & — E AR FEE R
M4, DRI 0 BEAE AR 404 S I 2# T TS ¥4 [4 1 T
e S A T 5T

BB LT (24 T TR R AU, [ S A8 055 (R v 0 A AE
oL E T AR FR AR, T AR S, W ESETR,
SEAEIC A FEi12h, FAE23 CAMH T4 ))3h, FLE
37C4AE R4 i1h, RIGHE12°CEME FRFE5h, BJaf
3CHEM TR &Rk — BOsa], 05 TTIA 2 O
JEE FNVA-F A TB A AR AL 100
40
35
30
25
20
15
10

5

O 1 1 1 1 1 1
0 10 20 30 40 50 60

I [A]/h
B S AR Scu b i pu 2 by i I (] -0 G F2

Fig.5  The time-temperature course of chilled pork under variable

/'C

i

temperatures

TBA{H

0.20 1 1 1 1 1
0 10 20 30 40 50

i ) /h

6 ZEiR KM T &b P R TBAERER 1428 1L
Fig.6  The change in TBA value of chilled pork over time under

variable temperatures

HiEon LA Y, ARSI, TBAIEHT A
Ko UEHIREAE R A, A0 PR TR IR I S A 32 K



XEA PN E5o

AL A I TBAME )46 1110.24mg/kg B Wi AL K, &k 3]
0.5mg/kg ¥ [ 49h /Ay s M Thik i DUE 3, 3°C &AM
NAEER I TBAE AL 212, 37°C 44 FTBAfHAAL
bk, 120 23°C4MF FTBAMHARLIR 2, Ui IR FE 41
AR AN, kR s A A R AR o

1.6
1.44
1.2
1.0
R 0.8
= 06
0.4
0.2
0.0 1 1 1 I

0 10 20 30 40 50 60

N 1) /h
E7 ZERFHT2HTTI % ERER i AL

Fig.7  The change in absorbance of 2# TTI over time under variable

]

temperatures

5522 6 R R 2# T TR 2R W' 2 A A 75 0 2 P 7 B s
W LLE R, 2#TTUA RAES20 A AT, WOGERR T-0,
VLI LR TTIHA RO EE AR T, [k 2 2605
QHTTIR RAESCEAF NG RE R LR 28 1%, 37°C 41t
R R LR AR BEY, BT ARARAR R, 12, 23°C 4 A

NIRZ, XLVt A G 07 S8 A 3 8 52 30 B 10 5% T 15 10 S
— 5.

TTIR 2876 AR R 5256 7 10 R 1. B8 B0 (X0 AT 2800 1
TIRERIR, A3 M6 T AE AR S (0 B 48 T, L B3
QAR SR A AR BE T S 7R, )

F(X),= kg"exp(—EM/RTIM) (6)

X FOO,NTTI W N &% k0™ TR 48§ A
Ty ETURTTUREALES/O/mol); TR TTIZ i (4 Rk,
/K.

O4), = k*'exp(—E*/RT) ™

A Q) B AL TR BB kg ki R A
Fi ECUR WS A RE/Q/mol)s TS0k i 2 A 2
WK

TSR ISR R, 2HTTIAE A B R 2% s

FX), = J}Ocdt - {;dt + ﬁgﬂd; +f §37dz + %Zdt + jé;dz )

N kg ko Koy k3 3. 120 23, 37 C &AL
F2HTTIAR G S AR R, R4 BN BR 5 A s AR
PR AR A% BT T I D 1 I ]

FHE A (3 M 24T TIRI S R N 1 VhALAREA, nILATE
PI2#TTIT S 3 3 2R ik =

kZ#TTI: 1.48 X 1013e(77x.95><103/R7)z )

HI, T LA B2 TTIAE 293 B A 1F R (10 S B T4
WESP7R .

= 2013, Vol.34, No.18 347
*5 2ATTHEARRBEFMET MR RES
Table 5 The reaction rates of 2# TTI under different temperatures
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