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A Novel Printable Time-temperature Integrator with Anthocyanidin,
a Natural Coloring Matter

Han Dong Jang, Yang Jung Hwa, Do Hyeon Kim, Seo Hyeon Han,
Myung Hyun Ahn, and Seung Ju Lee*

Center for Intelligent Agro-Food Packaging (CIFP), Department of Food Science and
2Biotechnology, Dongguk University-Seoul, Goyang 10326, Korea

Abstract A novel printable time-temperature integrator (TTI) composed of a natural coloring matter, anthocyanidin,
was developed. The anthocyanin was biochemically modified to change in color over week scale, compared to the orig-
inal anthocyanin over month scale change. The anthocyanin extracted from strawberry was converted to its aglycone,
anthocyanidin, by the treatment with B-glucosidase. The print paste was composed of the freeze-dried powder of antho-
cyanidin, pullulan, glycerol and distilled water, which was screen-printed. The TTI performance were examined in terms
of kinetics and temperature dependency. The activation energy of anthocyanidin TTI was 86.92 kJ/mol. Compared with
the activation energy of foods, the applicable food groups were found. Applicable food groups were chilled meat products
and fish. The major benefits of the TTI were the printability to be practical in use and the eco-friendliness with the natural

pigment.
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Alopde] Bo] "ol WA} QEEAloRd ] Fhajo] 3 th
A} B ISP, SrEAoPde FE|FA= A (glycosi-
dic bond)®] 71iall e} ZET-3(chalcone structure)e] M3}
of olste] WiZzste YHBE FEAZ wno), o9} 7he
HAUZOZHE QHEAoRd EQFYslol] 7]osl= H#Y
2 F9] A= 7S S . SEEAloRd 9
TZxol| EAlske Gl 7EslE ol AAE, FgAol
woprA o] Wshyh Wyl e QEEAlORd &, OPE"]
ofldo] dojd AoR o et} o] 7P 27 43@4, 2t
EXoldS ehd3}(deglycosylation)t]| 7] B0 3be of
Aot o] Az7F 7l . QFEAJopd €] %}%
M= skt 7REl, a4 7RElE A8slof sk
o), 318737 BHelNE Eh 7R o H}W‘fs}t}”
QFEAlOR wiFAol] EAE ARGAIA QHEAJORIS] BE A
Ak 5 Aol o83 ARIZE Ak Anna 52 AEolA &
2 QtEAJoPde| BZFFAA| oA (B,D-glucosidase), a-Hie
A|t}olA (a,L-rhamnosidase)S ©]-&-5t] ©33}3k v} Uiy,
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257 9lom0 7 2w wo] sakEoe] 1 x}gle] B
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1. 88N &

EAOI] FES 93] ¥E 27](E-mart, Republic of
Korea)s ARE-3I3ATE QFEAlOI Y EEAZE 3l p-=2F
S to}Al (Sigma-Aldrich, USA), 22412 (Sigma-Aldrich,
USA), 48P} EH(Samchun Pure Chemicals, Republic of
Korea), $94H(Samchun Pure Chemicals, Republic of Korea),
oM ELH(Samchun Pure Chemicals, Republic of Korea),
€h-&(Samchun Pure Chemicals, Republic of Korea), &5
ZHES Food, Republic of Korea)S AR5} T,
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3. QtEAOIL T 22 M &

7] FZoo] 2 QHEAloR FHeRS AOACS] pH diff-
erential method W} 2483, 0] AMgsls RE &
N2 F FEAoPd 3he] 40 mg/Lo] HEE 54513t
B-FFIAIT A E A s7] Mol 25| 02 N 74ks}
YEFH 02 N G4 o]&3te] pH 52 Bl o] 5
Z99) 0.01 UmL®] B-ZFIATAE 715k & X" 3
LZE o] 83814 35°C, 80 rpm AL ZE [A|7F WESA]
HYE FEAOPI QIEAOPE S Al ZsIGAT). p-=F2A
1:],0].1-]] Hkgo ] X—]}\]—Z-l Hog o]_ro]xﬂ‘:‘;q 0}7] _,,]o}oq g
2 A2gk QtEAlORd g9e] URE TLCE #4313t A
7= 5&, Heke, 52 7H2F 10:95:5 (viviv) E3HI=
AT BAE F7eA 82 QEEAloRd Begk Z7iA
T, ZH7F UV 25 o]gale] ERIsIGITE QEEAlop |
2S A7) 98 pEFAATHE Mgk QFEAoR
Aol Z2T 1% (WS 52 5 oH]5ZZ(PFR-1000,
EYELA, Japan)s ©]&3le] 10827t <543t 2 &,
$Z474%7]1(FDU-2200, EYELA, Japan)= 01&%}04 -86°C,
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S At P el Y Fake AAZ FXslo] Y
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%»% -36°ColA 35 RIS

4. A3 Q& HOAE, QMY TTI M &
AAE TTI ARE 913 238 A so|2Exs U=
MLWJ B3 g FYAE 05 mL, TF5 4.5 mL H)
= lé’é}"il AR Falo] Ho|2EL] EAS g
ﬂo}MD}. AzE Fo|2Ex Aasad r|E o835t
of TTI®] vpe FEA]el QA=A A= 23719 HjA|
7] (mesh size)= 250 meshZ SIR o™, A3 2T A
AT E 20 N/'mm 2422 st &27=e] o4+, Zhe
4 £ 2 FHslste] dHE] QIHFol 30 m7t HEE
ST olF TTIE] FREEEE A 871 flsted
10°C, 60 %RHS] HAIACIE A 30E7F BAsIATE A
Aol Wi-e] diisEs Aiadla (Mg(NO;),) 318
AS o] gate] AT TTIS FRIAHESE A vt
E T A 58 €, ouE Xk E sk d3dst
ok TTIS] Mx=+= AAA(CR-300, MINOLTA, Japan)E
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A(DV-IT Rheometer, Brookfield, USA)S ©|-&-3}<]
Q& FHlo|2EL HEE =453t Fo]~ES]

HAEE= RV-2 spindleS ©]-8-3}] non-geometry, geometry
WS o]8-3te] E231 T Non-geometry ¥H ] Z710]
A= 25°C, 10 rpm Z27AIA 10% 7HH o2 5§ 53t A
E=E Z431tE Geometry W] Z76M = 25°ColA] 3]
AFE 1020 1 pm¥ F7HAZ1 F 20 rpmol] E=Eshd
THA] 102 ZHAC 2 1 mpm® ZAIA 1 pmel] =2 of

Kl Ak

7T AEE S0 S-S 2 AT
S AHSY, AdETHAdoZ BHsY

A& Hrreelth. J=20] #3542 37 S787] (Fisher
Surface Tensiomat Model 21, Fisher Scientific, USA)S
ol-gsted St T AP 25°CollM AAEHRU
o™, dyne/cmz F AT

6. MEI TTIS 2 9EY H|u

T2 SollA QtEAloRH ] A wist ARS8t
71§13k 5, 10, 15, 20°C =7 3kellA TTI®] CIE L*
a*b*, AE 72 SAsIth S8 TTI A Hsls 2=
UERAAL ofelu-¢-22 W 4S o8-8l TTIe] /g3t v
AE ARt 28 TTIe] 243} oUAE 2%e] &
A3} TR e} vwEle] AL 75 AZSe AAEIT

7. SHUEN

BE A 3y Fsiih SA 242 SAS Statis-
tical Analysis for Windows v9.1 (SAS Institute Inc., Cary,
NC, USA)S o]83l tha% 3] A4 (multiple linear reg-
ression analysisyS A5+

4n o 0@
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Fig. 1. The color change of anthocyanin TTI with different tem-
perature. ®: 5°C, m: 10°C, A: 15°C, V¥: 20°C.
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o thgt F2]AdS ERN= p-value(error probability)S
Z3te] AlZkl Uisk 7 e povalueE 2= A RS
T TTI A W A %= A48T Table 19 Wbt 2134
zol L*} a*e FHHOE £ pvalues 7HIL, b*ot
AB7} 22 p-valueg 7= AE RIS o= AdTiE
O 2 pvalueZt B2 L3} ate Al Y A 94
L, JHH OS2 p-valueZt R b*e} AEZ}F A7l IS
wrom AAAA7}Y ke AL ov|gith. A% b*= AE
Ko} pHeR] A/do] Yolx] AEE QPEAloY 1

Table 1. p-value (error probability) of multiple linear regression analysis with dependent variables (CIE L* a* b* values, and AE,

respectively) with independent variables (time and pH)

CIE L* value CIE a* value CIE b* value AE
Time 1.36x107° 1.82x10713 3.16x10713
pH 0.585 2.26x10716 8.58x1072 3.94x107
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A etk FFolA Fe]
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Fig. 2. The properties of anthocyanidin ink. (A) viscosity - shear
rate, (B) shear stress - time, (C) shear stress - RPM.
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Fig. 3. The color change of anthocyanidin TTI with different
pH. ®: pH 4, m: pH 5, ApH 6, ¥: pH 7.
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Fig. 4. The color change of anthocyanidin TTI with different
temperature. ®: 5°C, m: 10°C, A: 15°C, V¥: 20°C.

5. HEAOILHH TTIS| M B3} kinetics

pH 6 2702 A3k kAo TTH: F-34olM <
SF Ao 7 Wit pH 604 UFEAOPYL] FZ2= H
A Ueplie Eehde s (flavylum) ol 739 FA15
vehl= %*]-%ﬂ(pseudobase) TRt HEE olFL 3
wEbA], FoA gt Aol F7] g AS VR, °PE
AlobUde] ok miAYSl met 7] 2gtzolA HxE 24
shteg IS Hol Akl wieh Hap A4S vekd
E}Zé).

AEAlOIIE TTIE] A WSHE 5, 10, 15, 20°CelX A17E
of W& AE®] W3lE Z7gsISith(Fig. 4). &2F A2lskA]
& QtEAlobd TTIS] A Wsk(Fig. 1)9} HlaLsls o,

FaE AR FEAHY TTiE 2=7F S71gs5 A
Hsp Wity o)2 ofy-g-2 WAAE ol8sto] 24
sl A2 FHEATHFig. 5). FEAlOP] TTI®] Eae
65.21 kJ/mol°o]™, FEAJOPIH TTI®] Ea= 86.92 kJ/mol
Atk B2A 7 GEAORIS B1PESAA wkgo] e}
AL B} oA ST As ST 5 Sk

6. M8 50t MNE EM
4ol B LEoINT A U FETE AL WMo
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Fig. 5. The Arrhenius plot between the reaction constants of
TTI and temperature. (A) anthocyanin TTI, (B) anthocyanidin
TTI.
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Table 2. Color change and Arrhenius plot parameters of anthocyanin and anthocyanidin

Anthocyanin | Anthocyanidin
Color change parameters
Slope (k) Ksoc Kjgoc ISERS [STRe Ksoc ST Kisoc [STRe
0.020 0.033 0.056 0.082 0.020 0.051 0.081 0.147
12 0.99 0.99 0.99 0.99 0.98 0.99 0.99 0.99
Arrhenius plot parameters
Slope -7843 -10455
2 0.99 0.98
Arrhenius activation energy (kJ/mol) 65.21 86.92
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EAloRd TTI®F FEAlOY TTI &87Fs 23S 9l
3171 918l TTF A& theet 2F2] 84s) duAE
TEAS B8 AT Table 32 Fahd, otEAJoPd
TTF 28 7Fs¢ E43) oA felelle 7k 432719} 3)
s Fa7)7F 23 FEAlORI Y TTIS] 49, 48 7Fs
gt EA4s) o] WMelell= 7F 23], slE &A1t of
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o7 Ho] JUFoR g F5718e 2 W SAIE
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TR Teshs Alte] AU oR #7] widel W &
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E AgoA] Azt FEAloRIT TTIO| €438} ofuix|=
Hol, g AFof] Hgo] 7bed 4 S A o= AlEHL.
TS, G EE Fol QEEAORI S E9siAlA A&kt <t
EAlOY TTIZF QEEAlORd TTIol ]3] 433} ouix|7t
F7Fo =M, TTI A87Fs A& /& g + Utk
£ AL el 5 eterod TTIO] T2 2
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Table 3. Arrhenius activation energy of some food group
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Het. o]& st fsl p-FFIALHE o83t <t
EAlopde] g3lE frEste] Hop EQFYEE SHEAoRH
A= Ak e AHF TTIZ Al#to] 2 geA|
ERIsL7] 18l JIAAEES RISk Ae7Fsst AEs ©
Atk AR, AHAL] Ag, HAERT| 9] 32|
YAl AAE veRlo] A o] A3tet Aoz IR
ATk A WH3le] A9 ke 2o} pH 27 Bjol|A SHEA]
obd TTI®] A W3l HErr) QFEAJORT TTIS| A Ws)
Eorh wE Z1S ERIE 4 ik FESE QEEAloRd 13
g TTIO) B3} oA 6521 ki/mol, SFEAJOPI Y 212
F TTI) 43} dUAE= 86.92 kl/molE SR1E ). o=
B-FFIN TS 2)2]3 SHEAloPde] Egslr} obeAlo}
o] Mg s maA & ek opyel, &3} ouA=
F7MZ Ao ALRETE TTIS] 843} oy} 2]F9
A3} A E Blwsk A, tEAloRd TTIE WY &
A Fe HgH oz AL rhssiint. Wi QtEAJoY
TTEE W SAES 9% o Foll 44 7Fesiith s,
IEAlOPD TTh= A W3} FLH| mgsl= Aol 27]
wizoll W SAIF 28] ofHg Fo= AlEHh v
EAORIY TTIS] 7, A Wil T Egshe ALt
o] &7 wiitol W SAFH W oFel A8ol s
Ao AtaHnt.

A0l 2

B ATE FURNAEN TR A5Y BHE
AT Ao Aoz Fasigon, ol A=y
ek,

1. Park, H. J., Shim, S. D., Min, S. G, and Lee, S. J. 2009.

Food Activation energy (kJ/mol) Reference number
Frozen pork 35.5 £ 6.05 28
Meats Ground beef 58.98 29
Defrosted beef 66.70 30
Chilled Boops boops 82.7 + 11.1 31
Fishes Salmon 83.72 32
Fresh turbot 86.1 33
Frozen green peas 979 + 9.6 34
Frozen green beans 101.5 34
Vegetables

Frozen okra 105.9 34
Frozen spinach 112 + 232 34
Mushroom 68.62 35

Others ; :
Kimchi 103 36
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