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Applicability of a chemical time temperature indicator
as a quality indicator for table grape
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Abstract To investigate the effect of a chemical time temperature indicator(TTD) as a quality indicator for table grape,
physicoche-mical index variations of table grape and the color change of TTI through different charging times(2 and 4
seconds) were carried out at different constant temperatures(0,5,10,20,25,30 C). It was identified that the overall
color change of TTIl was correlated well with the change of the grape quality at above mentioned temperatures when the
charging time of TTl was set as 4 seconds. Furthermore, the effect of application for TTI was validated under non-
isothermal conditions. The results showed that: 1) The firmness change of table grape followed the first-order kinetic
reaction equation,and the activation energy was 63. 54 kJ/mol;2) The activation energies were 73. 96 kJ/mol and
69. 14 kd/mol when charging times of TTI were set as 2 and 4 seconds, respectively;3) The difference between the
activation energy values of the TTI and the activation energy value of grape quality losses were less than 20 kJ/mol,
and the error(<C15% ) of the TTI prediction was proved acceptable. Therefore the chemical TTI could be considered as
a good candidate to monitor grape quality losses.
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I 8] Y B 38 7 2% (time temperature indicator, Sl RAE 75 B WD 7 5 0 R Ay DT SR L P
TTT) o — Tl &35 4 T B0 AN A% fEL L BEAS S i 3 ALGE S TTT 06 28 Ak B0 e ™ it B it
RS T A 7 5 A A 3 A R e s ) I AR A TTT 4 3 TAE J5 3 43 o Ak 2 80 | filg 7\ 49 $HL RS
REbRZE . TTI WG IS . A8 0% 3 i AN A] 33 (4 4 66,78 4k R AL H AT E NI T ) A LR 3

WeHR H A . 2013-03-15
e H . HE WMt L itH A4 R0 H (NCET-11-0491D
—VE#  HEFEE B, EENF LR TR  E-mail : {2t@cau. edu. cn
WIREE . sk e Bl 2047 . B8 N4 (o) R 4 TR 515 BALE R #F5E . E-mail : zhxshuan@cau. edu. cn



5 6 9]

oI A . R T Ak 2 TR D3R R 4 7% 4% 1Y 2 4

I 187

ATJ5 D as B AR F & BT TTL:2) #g  TTI
M) 137 20y 3 24 AR 55 Jp W I 7= i 114 S I Bl g 2 A
FIWE = 22 6] B RS A Pk WEAS TTT A0S M 3)
B TTUEGE S50 8 TT me By 8 g 2% 42 4 5 B i
T 7= it 5 3 ) 2 A8 AR 3 N

e TTI 5] AR 0. BE 96 A a5 i e & 78
fift 4732 4B 65 P B ol 38 52 8 A 19 2R AT 8000 4
SHE B R FEESNC 213 802 T
FERUN . AN TTT 4 R 45038 - [ P9 20 8 0F 5% 4%
Z R T WHI S R BRSO
A P R B B R R S R R
sty 5 T 28 1 B2 o IR 1 SR 28 1 i Bobelyn
SEHV N Z R sl 2 6 B A BT O TR AR T A
TTT X F £ 7% 2 it 38 o 2 b & 5 A0 0 00 v 8
HAGOETF TTT H A X 2 K SRR 5 & AR Ak Wl
A BIF 58 R L ARGE

AHIF G400 L 6 £ A N I G, — O T L
R TR T 45 A2 58 1) A5 b 3 N7 2 g 70 3 i
BRI R AL, R RS H s 286 5 —
T8 & BF 5% ) 56 I 5 2% 40 T A TR 0T B TR OnVa™
{2 TTT ) Sy 2R 1k L AR IBOH 3l Jg 2% 2 50, 30
TTT g FH - fif 6 80 4 b S0 2% T T 7y 338 4

1 #HE5RE

1.1 FERRRTSHBILREERE

AT F D 5 B 0T 6 32 11 Bt R A W
G5 — (bR e BRI R A R A R AE S5
PR AR AR . A B 78 B XA ) 9 R 8% A 4y
fIE 36 5 20061 K o 5 RE s Y A W AR
Pt AR A O e 2 0 A R I L T A B A
ASTIF T EE 0T Ir 8 5 1 2F £ 4 24 5 R A 2R RRAE L R
B 5 F B AT 7o 7 d B M T
fieF £ 4 25 11 R K R AT M R ) L T E TR
T 5 45 2 B I Ui B 9 A8 Ak E Arrhenius 3l ) 2 05
IR Z b HEN T A 46 bR 5 s ) B b R
Ji Z 81 (4 8y Ty 2R oy BT 38 B — A2 R0 8 g
SR Arrhenius J5 78 6B 3 (14978 10 BA B EF 1Y
PUEHEEE I EARE X — 2l ) 450 50 00 (1 4 45
Jo A% Ak 55 4 2 1 S B b T AR A e B3, T AR G
T8 WU i A Sy £ £ 2 T AR R I RAIE S HL
1.2 MRS NE

WAL B AR RSB R R
J7 X R & R, 2012-07-15 SR I,

{XEF : OnVu™ B1 Ak 2% BB ] 3 B2 48 7R &% B
1+ %€ /K BASF 24w 4 775 CT3 i i 4%, 36 =
Brookfield 24w A4 7 s T gl An 45 58 AN G I % B
[ ZE/K BASF 724 w) A4 7™ 5 CR-400 89 8, 22 31, H A
Konica Minolta 24 Al 4 77 ; LHS-150HC B {8 R E B
BFA . Bl e T e A RA R A,

1.3 REHZE
1.3.1 #FHe#kA TTI S

Pk 52 4 B HORL /N S 1 4 L 5T BRIk
BB AYCH B4 (520.5) kg .2 h J5iE [H 9086 =
AT IR . AR TR0 25 5, 43 K 12 A
TE B FRA AR JE R (90+1) %) T 0,5,10,20,
25.30 C T

K OnVa™ B1 B TTI A/ fof £ %5 25 19 5 i
WM bR 2 . % TTI R T 3l b 2 58 40 6 BT 2
T 5 T B (B A A 75 TTT ) 4 6 8 25 ANl e ¢
il TTT 995 fb R AR €2 0 (8] . 38005 7 ok 1
bR 2 LML A 5 TTI [6] 0 e A 2R JE
(440.5) CRVe L E b, BE TTL B HOE W E 4y
WIR 2 A4 s FRERIOE .

M4 Tsironi ZF5 (HFSE, 1% TTL i K 80E
WP RN L 5 s AW BOE TTT B BE B[R] 53
Wk 2 A4 s, %F 120 A4 TTI#EFT 2 AR ) 4186
PTG . K 2 M OE AL B W TTT 5 4 % 8] IR I
HEAT RS, B I IR RE A% 08 T 6 A % A8 AN [ A 8
B BRG] A 2 F0 4 s B9 TTI 4 10 4.

1.3.2 WMEF*k

AR, SR CT3 BT 4%, % B TA3/100
TSP MR S 0T 25 K I 04 A 2 AT R 4 i3 . oA AX
IR S B B R RSB T 1 mm/s, JSLAR
Bht25% ik ) 5g. BAALE 5 MEE . IRAI
V- SR Ay Bl AR

TTI @it @8, i i Hunter Lab & 4t, %
Minolta CR200 & 22 i1 & L.a.b 8. HH¥.L %
INSETE va Fon F R (Hunter) bR EE Y o Bl{E .0 R
RERE(Hunter) AR B A 1) b Bl {E ; +a RN,
—aRIRGRE; T 0 RoRBAA, — b0 Ko A; AE K
R 2E B TTTEHE R A2 46, 5K 10 A4 TTT By 4 227
PUE LB TTI @2 (L D,

AE = /AL" + Ad® + AV (D
K AL Aa FAb 53 51 Ry HE 058 0 (8] 50 Lo Al
b AE S A MG 22 5% . 24 AE=13 i}, TTI




188 I [ O T N 2013 4F &5 18 %
B FH R 3 28 45 InA, = InA, — kt (3)
1.4 HIESH AP A IR ¢ A S PR AL FE AR S s A N K

K Orign8. 5 Fll Excel2007 X i 56 4 4% 1+ 47
I HT AL B

2 HBRESW

2.1 BEEERNEHNHE
EA MR 2% SN 3l T 2 155 R BR A% AL 4T
SR i BT S A - K 22 B0 i o JBE ) 8 Ak T
8 ] — G g 3 2 AT B — 2 B
1% O J5 B X4
A=A, —kt (2)
10

i FE/N
Firmness
o
e
N

25}
~=
-

3.0}

HALSR PRI RD 46 5 s & O SN R L d s
DU P ) o 76 6 SR i T 3 I iy RS A2 A 4]
SRS I L A R S A R S R B L BAR AR
— BN 24 B A A A R R A 2 ) BR BE B 506
L U 5 SRS O (6L A2 BT A RS A T A8 B2
A P T] £ 32 7 AN BB 3 A0 L a2 vy 2
e I 38 B e ) 2 o ST 2 L IS B AT 1)
E 0 “C T Ml J3E 78 Al 2 22 48 L I 50 d Bk RO
50203 MAE 30 “C R R TR 55 2.5 d Wi 2k %3k
500, X F I b T 2 A R AR o P
-1.0;
—1.5¢
2.0t

351 Ink=-63 536,17 +24.14
40l R=09748

0.00039 0.00040 0.00041 0.00042 0.00043 0.000 44 0.000 45

1/RT

E1 #HEHPEEENETWN(a)RE Arrhenius B (b)

\é
4
i : ~
0 10 20 30 40 50 60
A BT /d
Storage time
Fig. 1

U B R AR R S (] 1)

SR 20 (2) 0 C3) X A [w] 1 82 i ik e o 4 2 1Y
it s (60 ) A% Ak 147 0k DI S A5 2 1 A
J R F R e RIS TR REUR Wk 1. 5
TR B T3 2 s — RO B F1 24 ) O R R
RBR BTE 0.9 LA L, LA — 0 B sl 2 07
T T R S5 Bl 2 D o R v 5 R 1 AR 4K

£1 FRN—RREOBETUEREH L
MBEHBRERY R

Table 1 Coefficients and rate constants of zero and first
order linear regression respectively
. . TR — R
T /C N B :
Zero order reaction First order reaction
Temperature - -
k R? k R*
0 0.1019 0.9795 0.0172 0.9901
5 0.2910 0.9653 0.0422 0.9005
10 0.2994 0.9655 0.0548 0.9637
20 0.9223 0.9959 0.1539 0.976 4
25 1.3120 0.8618 0.2375 0.9487
30 1.716 5 0.9553 0.287 3 0.9918

Change of grapes firmness during storage(a) and Arrhenius plot(b)
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Fig.2 Total color change of the TTI stored at different temperatures for the charging time

of 2 seconds (a) and Arrhenius plot (b)
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Total color change of the TTI stored at different temperatures for the charging time

of 4 seconds (a) and Arrhenius plot (b)
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Table 2 End quality value of grape and response time of TTI

TTImg i BfJE] /d - Response time of TTI
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0 53.0 57.0 52.0
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i . BEA% T4 2 o JoT g S
2.5 HiERTE 4 s TTI B AR

Ry it — 2 AR OIS I ) 4 s 19 TTT X T fif &
25 BT WA R E IS TTL S 2 M &
HEFENE T 0 C,4 d—>10 C,2 d—>25 C.2 d—
30 °C.2 d My AB R R BN ) fif £ A 4 6 R A TTI
1) B AT A

AR AT R A A AR RS AE 8.5 d B IS F|
WA B 50 %6 (T8 4 Ca)) s i &R . TTI i B fh
250 15, 3 AR TTT me hiz {8 A2 b #a 5 DL 18] 4 (b)),
Sy tE A TTT X B W D0 £ ot 3 PR 23 s 5 | A 380
JE T o YRR S 5 A [ B [8) BN 8 o 7 3% 18 e T
R AR R AR AR AR B R AR TR AR A T ROR
MR . AR kY

E./R
In(k,t/QCA))

A QA I B B I 15 T WA BRI KS E,
N RN AECRE - T/ mols R UM 4. 8. 314 ]/ (mol »

Te“ = (7)

—
(=]
i

\l\.
ﬁ.\j\

T EE/N
Firmness

N W A U O N 0 ©
T — T T T

0 2 56 § 10
T/
Storage time

& 4

Fig. 4

KO s D9 il 18], d s ko DA 07 R A5 AT A 1o K 4 4 S
I35 A BE 1 Al A T A2 S5 I 7] B A2 S P 4 it 5T R £
(R AT L RIERATAZ LR 58 2 4 19 A 2800 B
308 K. [f] s nl sk TTI 7i e A8 i il 56 v 19 A 2%
IR 314 Ko FIH TTT GBS A 5060 T A9 Hi 42 02 1R
JE BT A A Y S NS AL BE S TTT Y I AL BEAH 55 . P
T WA AR BEAR R L D TTT F00 i fi £ 3 4 1
J i J5 A% AT DL R

E,
A) = [Puupe _ _Tagrape 8
QUAY = [hyeexp(— g™ )] (8)

T 2 g Ry B8F £ 0 45 1) R H A A7 5 E e
Oy £ 45 45 1 RV S AL BE . T/ mols Turrn A TTT /Y
AR . BB AR T L A3 8] TTT 10 1Y e £ 7
%) BT JI 7 B

;= QLA) )
kg, \exp(—@)
o RTeff.'I"I‘I

B Trrettd AZUCO)  BIV AT FH0IN 6 £ 7 % A 2 35 21 W)

45 I\.

40 ey

"
A2
Total color change
N W W
o S G

—_—
wn O
—
=
=

—
(=]

4 6 8 10
T e 18]/

Storage time

(=)
(3]

TEREGTHAEEEE (a) X% TTLINEE (b) B B EL

Table grape firmness and TTI response value change with time under non-isothermal condition



%6 fE 3 FH 45

H g 2 R I ) 338 A 7 i A S £ 4 A 5 191

URHE T 50 %6 MR IR] Oy 7. 37 d T S B 0 25 A s ) Sy
8.5 d.iR2E<T1500 ., il WG IF ] 4 s 9 TTI A6
A e I i £ ] 26 F) iy JTAE AL

3 & i

1) fief 3 748 287 0 Ao R b, B R L BE 1) T R D
b st V) P A2 4 7T e AT o A R 2 I AR Ak 38 6 — G R
N3 72 OV G AL E A 63. 54 k] /mol,

2)OnVu™ {2 R i 8] 3 B2 48 7 25 76 K [ 1L 3
T B 1] A A A AR A B AR O 2 ST (A
2 M4 s 19 NG AL BE 3 A 73,96 Fi69. 14 kJ/
mol,

3D PR B IE) Sk 4 s 1) B I I B 4 S 2% 16 RO T
b B 55 £ 45 1 B0 T b B 22 (E /N IF B L AR
8 I (1] 55 i £ 7 2 it o AR Ak AR DR — B0 T
I B )3 O 4 s B[] I B2 i 75 2 B 6% A 20k s ) i
157 A T AR A

2 % X #

[1] Taoukis P S, Koutsoumanis K, Nychas G J E. Use of time-
temperature integrators and predictive modelling for shelf life
control of chilled fish under dynamic storage conditions[]].
International Journal of Food Microbiology,1999,53(1):21-31

[2] Ellouze M, Augustin J C. Applicability of biological time
temperature integrators as quality and safety indicators for
meat products[ J]. International Journal of Food Microbiology,
2010,138(1/2):119-129

[3] Clacys W L. Van Loey A M., Hendrickx M E. Intrinsic time
temperature integrators for heat treatment of milk[J]. Trends
in Food Science and Technology.2002,13(9/10):293-311

C4]  SEAEAE AT A B, SR AH 6 . 25 3 1 780 A ) - 3L 2 4 7% - A9 AT 361
[1]. B &R2,2006,27(11) :60-63

(5] A3, kL g, A, 45, T A FL 57 42 400 09 I i) 3R 32 46 7 %
FORFRI LT ). ol TR 241, 2005,21(10) : 142-146

[6] Shellhammer T H, Singh R P. Monitoring chemical and
microbial changes of cottage cheese using a full-history time-
temperature indicator[]J]. Food Science,1991,56(2) :402-405

[7] Tsironi T, Dermesonlouoglou E, Giannakourou M, et al. Shelf
life modelling of frozen shrimp at variable temperature
conditions[ J]. LWT-Food Science and Technology, 2009, 42
(2):664-671

[8] Giannakourou M C,Koutsoumanis K, Nychas G ] E, et al. Field

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

evaluation of the application of time temperature integrators
for monitoring fish quality in the chill chain[J]. International
Journal of Food Microbiology,2005,102(3) :323-336

Vaikousi H, Biliaderis C G,Koutsoumanis K P. Applicability of
a microbial time temperature indicator (TTI) for monitoring
spoilage of modified atmosphere packed minced meat [ ] ].
International Journal of Food Microbiology, 2009, 133 (3):
272-278

Smolander M, Alakomi H,Ritvanen T,et al. Monitoring of the
quality of modified atmosphere packaged broiler chicken cuts
stored in different temperature conditions. A. Time-
temperature indicators as quality-indicating tools [ J]. Food
Control,2004,15(3) :217-229

Bobelyn E,Hertog M L. A T M, Nicolai B M. Applicability of
an enzymatic time temperature integrator as a quality indicator
for mushrooms in the distribution chain [ J]. Postharvest
Biology and Technology,2006,42(1):104-114

VE S . T S SR S I g5 R v 0 B gl g 2 AR R
Fopr LY. Al T2 24 ,2001,17(3) : 118-121

FH 2906 X 75 3C . A, 45 TRLEE X 33 52 5% B8 K 4 40 5% 5 i 1Y
UM RILT ] h [ 2 42, 2012, 12(1) - 137-140

EWT AR AT R AR AF L 2R SR WS Y B R B HL AR
AL Al MUK =% 4 - 2005, 36 (6) :65-67, 64

Del Nobile M A,Conte A, Scrocco C,et al. A study on quality
loss of minimally processed grapes as affected by film
packaging[ ] ]. Postharvest Biology and Technology, 2009, 51
(1):21-26

Tsironi T, Stamatiou A, Giannoglou M, et al. Predictive
modelling and selection of time temperature integrators for
monitoring the shelf life of modified atmosphere packed
gilthead seabream fillets [ J J. LWT-Food Science and
Technology,2011,44(4) :1156-1163

T E W G B B vt B AR A R By R [T ). Rk
M TR . 2012, 28(15) : 276-280

Corradini M G, Peleg M. Shelf-life estimation from accelerated
storage data [ J]. Trends in Food Science and Technology,
2007,18(1) :37-47

Zanoni B, Pagliarini E, Galli A, et al. Shelf-life prediction of
fresh blood orange juice[J]. Journal of Food Engineering,
2005,70(4):512-517

Taoukis P S, Labuza, T P. Applicability of time-temperature
indicators as shelf life monitors of food products[J]. Journal of
Food Science,1989,54(4) . 783-788

Taoukis P S, Labuza T P. Reliability of time-temperature
under nonisothermal

indicators as food quality monitors

conditions[ J]. Journal of Food Science,1989,54(4) :789-792

TR . XA



