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Development of a novel time-temperature indicator based on tyrosinase

XU Feng-Juan, GE Lei, LI Zhen-Xing , LIN Hong, MAO Xiang-Zhao
(College of Food Science and Engineering, Ocean University of China, Qingdao 266003, China)

ABSTRACT: Objective To develop a new kind of solid-state time-temperature indicator (TTI) based on enzymatic
browning principle of tyrosinase. Methods In order to confirm the value ranges of different factors, single factor
experiments were studied. A mathematical model was established according to response surface experiments. The
dependent variable of the model was the instruction time of TTI, and the independent variables of the model were
tyrosine content, tyrosinase concentration and polyvinyl alcohol (PVA) concentration. Results The value of each
independent variable could be determined according to the forecast of the model when TTI achieved the longest
instruction time. The values were as follows: tyrosine was 30.08 mg, tyrosinase was 0.30 mL and polyvinyl alcohol
was 15.18%. The longest instruction time of TTI could reach 50.48 h under these conditions. Conclusion This
research confirms the best recipe of different factors and determines the longest instruction time of the TTI, which
lays the foundation for the application of the indicator.
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TS SRR (ISR 2EANART); 78-1A TR 7 g £1 4%
(A IE T ABESL I AR ), SHZ-TEME IR K EL28 52 (T
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Fi% S BRI 1715 U/mg(3EE Sigma A #]); BEERALE
Solarbio /A Fl); EDTA(43-#4li, b Solarbio 24 H]); 7K
B . KA BERR SN . Hh (e, E2i5E
H AR BR A R ); R OB (fhspat, [ 2545 b2

RAARR A D,
22 RWHE
2.2.1 BERBRABE R BREE G B AL

FREU— & B 2R, A 30.0 mL BUE/KH, 95 C
KB B ATR TR AGE 2 R 29 B (polyvinyl
alcohol, PVA), dF&/KIRIEM, B PVA HR2&EH L
RIS (AR ) KV A T I R R AT PVA IR G4 T 30 C
TSR 20 min, FIBIBERE 1 mm), FRfET-40 Cik
W, 30 EHUE, B TER TMAE 3h. KE 5K, ¥
MY PVA T, FFTFLEHTH ERZ 1 em B9 PVA
W, 1A, DAL 5 12 4 181 A i 2 PR G 1Y PVA 2%
PRHEIE, (FRAE ) £ B T 2258 PVA IE IR 5 B A
& SRR, LA IR RGOS
222 TTI#1&44 6938 B E iK%

(O &=k

FESEIG P [ SRR AR A | ISR I R
0.2 mL(2 mg/mL). PVA YE R 15%. &R UR-fRHRTEER
BFE 36 h, MAFSTEEEER S =Xt TTI 35 /R B[R] 52 ), i
SR SRR BGEE Y 10, 20, 30, 40, 50, 60 mg/30 mL
WFEIK o

() AR & = ik

[ SRR &, AR S 2R 50 mg/30
mL XK AR 50 mg BEZRIA A 30.0 mL XEEKH), PVA
WEEHN 15% . RE R UR-FRURIEIAET R 36 h, BiFoT k24
Bt X TTI 46 5[] (4 520, i 2 R G 5 2 0k S T oy
0.1, 0.2, 0.3, 0.4, 0.5, 0.6 mL.

(3)PVA #k EEHuflifk

B2 & MR A= . BEZMR & & 50 mg/30 mL
WK, BRETRIESE N 02 mL. [ B GR-RIGIR
8] 36 h, SAAFSE PVA MREEXT TTI 35 /R[] 952, PVA Ik
FEREBGEREN 10%, 13%. 15%. 17%. 20%.
223 TTI %1 &4 49 -f 5 @ HAL

TERN R LR F, #¥5 Box-Behnken H.l»
WAL TR, DA SR & i (Factor 1, A), FE2MRET
Prim(Factor 2, B) )2 PVA ¥ & (Factor 3, C) b B 748w, DA TTI
FeoRBF IR A N (E, BE 3 K 3 KL . RAEAREI
{4754k (total color difference, AE)JIWr TTI 5§ /7&K, rfa
SEHRAE 4 CF AT, SEH R M ILACFEUE LR 1.

®1 ZBREREKFRESD

Table 1 Levels and coding of experimental factors

SES i -1 0 +1

1% 2 B2 (mg) A 20 30 40
1% 22 BRI (mL) B 0.2 0.3 0.4
PVA(%) c 13 15 17
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AR Sl 58 7 A SRR BE AR AT

0h 12 h 24 h S 36 h h
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Fig. 1 Color changes of the tyrosinase-based TTI at different time
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FER, JE I TTIHE A5 B ) SE 4 ) F2 B2 A {H 2 T S R
ErERL R, B T S AR e A R ) P B S A T
AFIT TTL 4878 B ] R85 T 24 s 2 B2 % it i IR,
TTL B ALY HUE HA T2 8, ®AFF TTIHR
TN R R o &5 Tk, 3 B R SR o Y R A
20~40 mg.

32.2 BERBRBES-F A5 w0 E 69 % m

Ji% SRR 2 X TTL 487R B R) A2 a1 3 0T o Bl
T A TR R,

TTI W F8 /R I AN W4 46 03X T RB S Hh 224 I
A B, R S A A BGPTSR N )
R HJE R E BR A 2 R (0.1 mL)A, TTI W ER 48 1k
MY BB AR E, AFF TTI H5Rif B AL, 284
H g, RABEMUN AR & B E I E N 0.2~0.4 mL
(2 mg/mL),

A& & (mg)

&2 BEERR S X R 7R I ] 1 50 (n=5)
Fig. 2 Effect of tyrosine content on corresponding time (n=5)
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Fig. 3 Effect of tyrosinase content on corresponding time (n=5)

3.2.3 PVA REXT 8= 9693 A

PVA HREEXT TTI 578 B (8] 52 m 11 4 fT 7 o DA o
AL M, B PVA WREEAUHE N, TTL A48 28 B AN 4
Koo (HE2Y PVA W 1B AN 20%), TTI AP BB TR/,
XEZRH T PVAMRE RS, FEOE A PVA BRI PR
SERYECE PO, S T g s R 7E R P RL, 34, PVA
WRERL L, PVA B il B K2, I FLAE Vs s f e
W 5y I PRBELE R4, Y PVA HeE i Iknd, RIREfEES
PVA RS8R EHAL, HIUMEMMSE . &5 Bk, EEn
PVA ¥ EETE B E N 13%~17%.

R4 B 5 28 S0 25 TR, A 0T ) o7 TG S 5 A%
RZEWTEREN: BEEIR & & 20~40 mg, BXEFREGE 0.2~0.4
mL, PVA ¥ EE 13%~17%.
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Fig. 4 Effect of PVA content on corresponding time (n=5)

R2 ZRRITRE
Table 2 Experimental design and results

g AR RERS PVA et

A “EB o C #(h)
1 0 0 0 51
2 -1 0 +1 31
3 0 +1 -1 32
4 0 +1 +1 40
5 -1 +1 0 34
6 -1 0 -1 33
7 -1 -1 +1 32
8 -1 -1 0 29
9 0 0 0 52
10 0 0 0 50
11 0 0 0 48
12 +1 -1 0 38
13 +1 0 -1 30
14 +1 0 +1 32
15 +1 +1 0 28
16 0 -1 -1 30
17 0 0 0 51

K R SR B AR AL R Wi e R A . LY
AE=38.21£2.00 B, TTI iEFIFE/RA S EM, FIFH Design
Expert 30X 2 BAREATEIHLG, @ Feaminl, 14

BT R
=50.40+0.254+0.50B+1.50C-10.334%-7.83B%-8.83C>-3.
754B+0.754C+1.25BC-

332 FFABR G R AT

BRI )7 2200 ISR 3. NFRHBATUIE W, B4
JE A% B R B Y 0 35 1 (P=0.0003<0.01),
RAIAE ¢=0.05 KF FFFREE . (P=0.0638>0.05), iXFH#
I B A AR B LA AR B AT, IR ZEAMNT /N, AT RLRTR
TN TTI FIFE 7S BT R] o X HLG B AR 70 S5 2 AR 0 1) 25 SR
W3 4, ZCHIT AB W2 B35, X RBALE TTI Al £ Fit
TSR O R SRR X TTL A48 /it (Rl %
FHRHAEH

®3 ERKRBFESHK

Table 3 Analysis of variance for regression model

SRR A HEE ¥ F {8 PfH
el 1239.33 9 13770 20.00  0.0003
FROUN 39.00 3 13.00 5.65 0.0638
2 9.20 4 2.30
Gl 1287.53 16

F4 EERBRFHPEEHEE

Table 4 Significance test of regression model coefficients

BRZEE  BUNRE bRz F1H PfE
A 0.25 0.93 0.073 0.7953
B 0.50 0.93 0.29 0.6066
C 1.50 0.93 2.61 0.1500
A -10.33 1.28 65.19  <0.0001
B’ -7.83 1.28 37.44 0.0005
los -8.83 1.28 47.62 0.0002
AB -3.75 1.31 8.17 0.0244
AC 0.75 1.31 0.33 0.5854
BC 1.25 1.31 0.91 0.3725

R 335 0 7 TR I A 52 56 BT A5 455 SR Rk 2 0 )5 7, A
H Design Expert {4 Hi15 2] TTI 8RBl ], St
JREFE R 50.4763 h, iEEIX —F8 R B E] A 3 AR 2 A EBUE
A BEEER RO 30.08 mg, BEEREFSHCN 0.3 mLQ2
mg/mL), PVA ¥Rl 15.18% 0 T B UEAS BRI T5 I (4 v e,
FESARMIN 50T, 3 41 AT S50 B il ik 2 i e KA s it
& 43500 50, 50.5 F1 49.5 h, SChRE-SHUME AT, AT
DL AR AT LU TTI G R i ] 5 35200
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TTI 35 3 B A B[R] B 4% B 2 A LA 1K 278 30.08 mg, ¥
MR 0.30 mL, PVA 15.18%, LI} TTI (A5 /R 5} ]
Al LA E] 50.48 ho
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