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ABSTRACT: The work aims to introduce the research progress of microbial time-temperature indicator (TTI) in food in-
telligent packaging, to provide some reference and theoretical basis for the application of TTI in food quality monitoring.
The research progress of microbe TTI in intelligent food packaging, the composition of the TTI, including TTI microor-
ganism, culture medium and pH indicator were overviewed. The response mechanism of TTI based on total color differ-
ence (AE) and titratable acidity (TA) was summarized. The TTI model of microorganism was established, and its applica-
tion and development trend were analyzed. It is proved by large number of literature that microbial TTI is an effective tool
for monitoring the temperature history during food storage and transportation. It has vast potential for future development.
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Tab.1 Composition of microbial TTI

" N ) H {8 5 AT i & o
LY B dk pH #7571 i sk PHACRITIE 4y e
[ivd:
. . REF I EaNEL . B
3 - ££2[28]
Weissella koreensis 3554k 1 SELT Bk 7.5~5.7 Lim 5§
Weissella cibaria ~» e ST Kim &1
CIFP 009 Bigrdes  WHmEE . HIRLEhER 0%-~0.67% park 4514
T 9 LT WKt 4 SABRLL 6.5~5.2 Hariklia 25"
Weissella cibaria e WL FE I LLT btk o 0 £2[31]
CIFP 009 i 6 IRHIME . WAL HhEE 0.1%~0.7% Jung %
Weissella cibaria o TR 5 IR .
CIFP 009 W7 . 6.6~3.8 Rahman %
T FLAF A B E IREBE . Al - 7.5~4.5 Hsiao 413

T BRI R 2.
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Tab.2 Medium components of microbial TTI

B gk R IR E Ly

P | 25%MRS W7 . 0.3%F W . 2% . 2%AM . 1.25%H il . 8.5% pH /7R

FhaRdk 2 MRS A%

B R 3 W 300 g, BEAES5.0g, MEHZEY 7.5 g, KH,PO,1.0g, Tween 800.5g, MgS0,7H,00.2 g,
o MnSO, H,0 0.05 g, BEEREN 5.0 g, Frigimeil 5.0 g, MK SRS 10.0 g, Z%0%7K 1000 mL

it 4 BRWD AR K BEERE N 0.1 g/mL BE F A 0.85 g/mL 1Y NaCl) | B8 R K A 7 ( Merck )
" MRS (A%, -GS0 2 R

Kigdk s MRS W, 15%H i

B gt 6 A BERREEIY) . BEEE UM . BERR AU . Tween 80, R (1) BMREL—K W . LKBRRREE .
HoreE FRERREN . SR . RS s B IR W

B gt 7 R IEFRIE (MIC; 2% 400 . 1% IR . 0.25%BEIR — 4. 1%BEREE | 1% %50 . 1% L8, 0.01%
" WiFREE . 0.005%BIR%: . 0.3%FFEEIREN ) . RIHKEF 3L

HEF it 8 2 g/mL # %A 0.5 ¢/mL BEEEE, MRS BUiS
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Tab.3 pH indicator and its range of variation
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Fig.1 TTI label of CRYOLOG company
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Fig.2 TT Sensor™ label for fresh fish packaging
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Fig.3 TTI structure and experimental sample
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Tab.4 Model and formula of TTI model

A PRI Ny EEPEN
AE — AE =[(L' - Lp)* + (@ —ay)* +(b" —by)*1"? Vaikousi 2513
Gompertz A= K A5 Y b*(t)= {Ab* . exp[—B -exp(-s-ky ~t)]}+b{; Zabala 2144
1
o norm(a+b)=—— e (35
logistic 772 [kl —tJ Vaikousi %51
1+ exp T
K Y 2
TG S E y=k-t+y, Tsironi 2514
— R Iny=Iny,+k-t
p o Inl % i [46]
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1-X
Ink = lnA+(_E“ j(lj
R T
E
k=A- -2
exp ( RT ]
£ _pdink(T)
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E. AT —

. A4 [30
afood Choi *ﬁ?[ !
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K =exp B (®)
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JFRIRL e g

T TTI RN BB 25 A B R AR A
—ERETER N Arrhenius, FEFHSEALAY T FEA]
PIZ A F(P)FT F(R):

HPFH=M&@LE%£G_;j} 9)

ref

F(R)=kt=k} exp[—%(%—_rl j:lt (10)

ref

K Kt Ml K'er 20300 P I R FES B RE Tt
TR Earood M Eqrm 2001 4 B il BT 5 A8 1L 1Y
E, A1 TTI i i A8 L1 E, o
2.3.4 E.HIBA

TEAS R A TTI B E, )5, T B EHTEE,
KA TTL AR S B VCELREE o 38 5 A ol AN T &
SR TTI M AE = (11),
Eqtood — Earn| < 25 kJ/mol (11)

XFRUAEY TTL R ES, A E IR S50
SRR Ay, TTI AR 55 W Hh i g FH O 8] 4

3 WEMTTIHNAMERER
3.1 W TTI BB A

BEERIEMSERE L EA SEM . AR 5
B (R O SRR A Y BT I TR
AR TTIL 3 5 A] LA AE 20 i i o PF A
FEMTRHA AW G RSERG, BRYSEZLE
VAR BB, 02 i e R v D e v o £
JIT 28 07 W st R —RLRE D7 5B o 2B TTL R 1 I O A
ZiEk s,

‘ |E, tooa—Earrl < 25 kJ/mol
TTUR A i~ B iR A R

P4 TTLAE R B I A A% B2 7 T

Fig.4 Schematic diagram of TTI application in
food quality monitoring

3.2 MAEYTTIHRSFB/RE

WUEY) TTLAE NI RRBEFe bR, B &4 A
i, TR, SH AT AR E Y TTI
I, A TTI W 5 L 3AAE T8 LA o] 33 1) 25
AR NIRRT TTI (e 9 A KRS o
R, AT Z B (LR EA AR
fh ) B SERR TS AR i R T

£ TTI BIARZI NG A —L& R BREd AT
ZALEY, I, SRR SE B AR Ab 1) B SRS bR X
(EN=RIONEE P SR ZEp -0 & B R R Ao T A )
IFE R, 8RR, X RS R 2 4 (n)

L, RARI B A Fe R RIS R E, NiRE . 42
WAEY) TTUAE RH X4 R RER A, & —Fh o] AR (R B (54 78 79 10 7 Bk — A T & Y
x5 WEW TTIHIMNB
Tab.5 Application of microbial TTI
Wy TS bR M 7 245 744 TTI ¥ E, B E, %7 ik
4R LAB AE 112.77 106.90 Vaikousi %33
LAB 106.22 116.65
4R TA Kim %:012
AMB 106.22 110.35
oA AMB TA 106.22 104.90 Kim %011
LAB 106.20 101.60
R A TA Park 214
CB 106.20 106.40
£ VBN AE 116.80 117.70 Hsiao 25033
4105 LAB TA 106.00 107.00 Jung %01

H: LAB NFLBRK, AMB NIFrEPiRE, CB M KHEEE, VBN MERMERE, AE MA@, TA Wi ERE.,
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