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Abstract

The time-temperature indicator (TTI) has been attracted attention as a technology that can
visualize the changes in the characteristics of growth, quality, storage, and food processing for
agricultural products. Therefore, in this study, color change characteristics were analyzed and
a reaction tool was developed as basic data for producing a time-temperature indicator based
on the Maillard reaction. The color of the Maillard reaction solution was changed colorless
through, light blue, and brown to black and showed a very pronounced color change.
And the rate of change in the reaction solution was increased in higher concentrations.
Moreover, the time for the optical density to reach the highest point was shortened in the
high concentration condition, and the slope of the change curve increased. Therefore, it
was determined that the color change characteristics of the reaction solution by reaction
concentration control could show a similar trend to the quality characteristics of agricultural
products. In this result, the color change of the Maillard reaction-based time-temperature
indicator would provide a lot of information about agricultural products such as ripen quality,
rate of change, and storage deadline, etc. In addition, the prepared reaction tool was easy
to manufacture, and the Maillard reaction solution was efficiently protected and the color
change was clearly confirmed with high transparency. Therefore, it was determined that the
developed reaction tool could be used as a time temperature indicator based on the Maillard
reaction.
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Introduction
SAFES] Al 8 A% 7H 5 thFs ol Qlo] 2= uj- S Q5 Q Ao|th AARR o] &0l sAREo] 4~
2 5 B0 28718 ol 55k YA H1E 4 U3, S4H20] 27 Fof Qlofi o oA o= 7 gt

Seliu ZA7AgstA o] thal 2l 2 ofjZ0] 7155 Th(Maciel et al, 2012). 0|2} 22 AR 0] S913- 9|5t =] SHLER A
h2 = QIty7|o]E|7} itE]o] @ 11 gtk AJZk-2 T Q1T 7| 0] & (time-temperature indicator, TTT)x= A|ZF 3! 25=2] A 4to]
e} A fo] Hststo] R ol o] kA a7k st A2 A BFekA, AJEERA ol Theet A 7F 285|311 Qlth(Pavelkova,
2013; Wang et al,, 2015). 12{Lt A3} & 0] 20| A|gH o] ALt QP A, HI-§ 52 &A7F k. 18 ug ARk
ItiAlolElol] A-&5}7] SJ5t Az A A Fe] ZREg oA & 4= = vholok2 ¥h(Maillard reaction)& ©]-8-5FTH
(Maillard, 1912). BFo]oF2 ¥H3-2 AlFollA] Uehd A== QFYAol Qloji= W8=9] f-E0l= /o] gloH, ¥h3-&
o] FI, A2, pH 50l osf B3 Al7ke] 27 o] 7hdte] T Bl /ol wet 2fol & 7H thefdt wakEol A4t
50| 7HA| g}l mpojof2 kg 7[Hko] A7 QIYFA|o|B S A 88 4= Q& A o' WSt wEhA 2 Lol A]
< Atojop2 HHg-7Hke] ARE-2I= QIT|F|o|El S 75l 913t 7| 2ALE 24 nfojof2 Hhg- ol o] Mg} £/4d-5 24
st QltjAo el 24 ARG BHS o] 7 R 2 okt

Materials and Methods
HISEZ

ofojof= wkS-718E TTIS] A|2FS 913t YT O Z A= D-Xylose, OFF] AN 24 GlycineE AHE-oFATH YT
Glucose, Fructose, D-ribose, D-xylose & THAet S 57F 2A5HL Q1 oL Dxyloser= 59, ST OZ 5= o8doz
Lo dhg A nko izl o] AAJERS Ho|2 2 nlo]op2Hk-g-o] 3Hln) £ 2 0]-25}% Ch(Laroque et al., 2008). ©FH] =
Aol M &= Glycine, Glutamine, Lysine 5 HF2F &-577F QLo 7H =& W32 7HA = Glycine S 417g5}o] mhojof= 1E
gt 7|HhE2 2 A Z-2-51 9 ThKwak and Lim, 2004; Laroque et al., 2008). 3, D-xylose 2! Glycine©]] 2]} bjo]of= 1t
oM e 4 dol AE 4= QAL Ao = L RREE7} B1E m2|uf, AR AR QITjA|o] B & &85
E—OF?_] SAHEY] A%, 7HE SollAe wEAlE RA T A M SE0] 7|7to] A Q Hin) wehA] Arste] £ 5
Q7 &R & §h3AdE =0]7] 9o ¥HSE XA 24 ¥ ] pHE A sto] HhE- £ & o], A F3d7}

o] AR8-E]+= Disodium hydrogen phosphate (Na,HPO,)S- ©]-8-5}31t}.
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Ofojof2 f3el MiHst £ E4

st EAS BHES17] QS iS22 Doxyloset Glycine2] 1 mol/Le] £-9-& | 23to] A& H| 1:12 &35k,
Disodium hydrogen phosphate=- 0.1, 0.2, 0.3, 0.4 mol/LZ U-F0] B-g-8-olo]] =159 th Al ¥ HH-2-8-94-2 96-Well ofo] =

2 Bejo|Eo] FUsto] 25°ColA A3 EAS ZaI5Ich Ashs S 5 7Pl Alafe) sk ShelatL,
BB 7A|(168-1130, Bio-Rad, USA)S 0]-8510] S8 415 nm & 620 nm Z2710j| 4| 9] S35 Wsts %Zg—a—]-g'}\:}

S4E S8 & Hgto] tis] -A15kska, oS40 7S 9I5 7| 2AtR = A B8] Yl A Sg o AlRPE |
S8 T8 4 (12 AHBElo] Bl e AT

Optical dencityzm (1)
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[r

o714, a,b, et 714, v AIREE QJmlgieh 4] (1) Al LR o|E 4R A sAH S41S hepick, w8 A o]
o) 242 Alzke] Walol] whe} 7h&satlckr WAl RIS ) A4Sk dele Lehtle] Q134170 74,
A1) 1R, 38t Z A ofl tigh &5 B8 A = 5ol ARE-E th(Fadipe-Joseph, 2013; Yin et al., 2003). 5, H}o]oF=
B A2 A7k] wistol| wa} wakico]d olo] S St 714skE 3, whS o] 8 Aol 14w}
Shm e Al LR ol = gh40] ol fARE 70 2 w0l 4] (1) o] 85i3iT.

oY T ool
W oo mr 4

N
=

Otojof= HEZ 7|k AjZH-2 & QIC|H[0|EIS Slot BIS= 7HE
mfojo2 52 &= $R9| |2 ol 3ot sk, 429 Bol ufet §olo] SErt Hebd 4 OB E Hea g

= flsidE HiRel §o] R 2 FEEAY FFHA e 2AE ARgSloF fitt. 3t = A7 ok FAlof R

SOl AIRE B R o] 85}7] Kol F HA|7F 2] = o] QIokrk AHS-E w) = -§Ho] 23] w5 A &tE ofof Sl A/t
H3}E gholgljof 522 ErAjo] olof it} whelA] nfojof2 HES 7|HF & Qlt]A|o] Bl T 712 Q] HH|S &5}s)
H}o

of HESAI7|= Al QR B2 ) Raby, =2 R84, A P/ S0l 27t oloh 22 24 & 7Rt R Hhe e

= 7Hsiqit

Results and Discussion
HZ=E! 0fo|of2 Hr22olo] MiHs| EM

Qo2 & S0I7hE3k e A SRS LR ITE Table 191] Dxylose 1.0 mol/L,

rlr

opolof2 ukS-goto] Ayuis}

Table 1. Color change of Maillard reaction solutions

Concentration of Disodium Reaction time (hours)
hydrogen phosphate (mol/L)

0.1

0.2

0.3

0.4

Glycine 1.0 molL8] -5 & ) 2% nfo]of2 Hk-S-808 0] Disodium hydrogen phosphate®] 5-E0f| T} H3}2 B oic}.

Table 10]] LFERA H}9} 7Fo] #| 2.5 njo|of2 HES-Qoho] MAMHSH 2|2 HLAlo||A] A|7to] A= ol whe} @ =) i
+ ZAo] Aol Uelitor, o] & ZHAo] ofo] §hg- ghrlz]ofl= 2o UElttt. o]eh 22 AbstE Soto R e
gholo] 7H55F%1 2.1, Disodium hydrogen phosphate 0.1 mol/L2] 5 =5 AR&-5F -80S ]| Q|5}al, 7+ MG | LFER
O, Disodium hydrogen phosphate®] 5 =7} =242 -2 0| L}elLt= AJ7Fo] 2591t} Disodium hydrogen phosphate
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4, Z0]
L RRS27] @2 et = 2 A0 Aldo] LFERGTE Miura and Gomyo (1982)+= D-xylose@} Glycine] BHE-0llA] 5
ERHFEF 2] g0 2 Hhg-%7] 0] Blue-M1, Blue-M2  Blue-M32] mHehA Al 47} Bhed el 4= )k il wfaha] 2 A
3 2] Hh-S-of| A BRg-Z A 2 AF2-H Disodium hydrogen phosphate2] UE-0l| 2] ¢t J&F0 2 Hh-3- 2 7]of| @2 upeh £ =
@2 %412 Holt Solo| Ljehd Ao 2 wekr)
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Fig. 1. Optical density variations and comparison of the measured values and the fitted values according to
solution concentrations
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nfojof2 Hkg-9] A|ZHE 3ol whE S35 += Disodium hydrogen phosphate] ==37}0l ket S4 &= ghe] 7= wh
2H2| = 202 Uepiton|, Al 2ol & Ao ofeh St Hgte] REle 2 =2 A2 AX|5IIrt. HE-SAIZE A o] w)
& g Wstel Hely ATRE Fig. 10 UeHIRl oW, ZF 5= 220|412 A(1)ell thet Al4gh B YAH =5 2RI}
2]3FRMSE (Root Mean Square Error) 4k Table 201] LFEFH Q] O, o] uf RMSE 3 He4-2 AU 7 =2 715 ojn|git,

Fig. 101] E.0]+=H}2} Z+o] Disodium hydrogen phosphate 57} -2 -8l o] Ao &1 7} wabx] FLAof| A 22 A7
A S UeRdl= Al7ko] S o w53 0] S7F S =rbE 2 0 2 YEh RS9 5Tt a4 s WS
L7t 57 ke Al o' e

3k Fig. 1914 A2 SAE 32 YU A4 0 2 o S5 ke BAIRH 21, fARSE 2412 FElE E T Table 2

d

Table 2. The coefficients and root mean square error (RMSE) values according to concentration conditions

Optical density Concentration of Coefficient RMSE
(nm) Disodium hydrogen phosphate (mol/L) a b c

415 0.1 2.7183 0.0479 82.2392 0.0269

0.2 4.0939 0.0520 73.4686 0.0417

0.3 4.4271 0.0589 65.4479 0.0413

0.4 4.4383 0.0661 58.2373 0.0370

620 0.1 0.3092 0.0856 34.2843 0.0093

0.2 0.5033 0.0611 38.9181 0.0230

0.3 0.7222 0.0489 48.6872 0.0307

0.4 0.9006 0.0472 50.5634 0.0382

off LreRd Hiek Z-o] RMSE 242 0.02~0.042] o 52 gha Ll Al L0 = S0 Hieh 4] (1)& 0§35k A2 A

12k Y7ol o] A2 ARESH] 9fgt mpojof2 RE-g-ol o] FF I Highs e 4 913 202 HHE it o]
o 22 A3k AR AuZAelE e = 5SSl sk & w2 HER &Rl 7hssiH, o549 A
L2 59l Alo] Hohs o S5tal Lol o] A = 7heH AL Sl wA1E ] HgkE o 7hssiths A AlARetth
oj2iet Ait= 7129 ARE2 I QITiFof o] et Aol M &= 2RI 4> 1T Vaikousi et. al. (2009)2 P¥= TIH A
HskE Belgsto] 24 ol A1719] RallE HUE Y 9 o S5131Th K3 Giannoglou et al. (2014)= &4~ B! FHA
d TTIS) AV ReHE RaFsto] siatge] £ 8l 57|22 BYHT Bl o524 loh= 232 Holth

Ot0|O}= HEZ 7|4t A[ZE-21= QIC|H|O|ES IS IS E 7

=
us

(a) First stage (b) Final stage

Fig. 2. Color change in a reaction tool for time-temperature indicator by Maillard reaction.
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ol &313ick PETAA 714 9 o] £aido] olg- L, SgAdo] ule- 00 2 Qlrjzo|Eje] AR 2A HAo] 24
2 2k= 7102 WE K (Thomas, 2011). =&, U7 QR PET B52] 79 Uido] ofsl 47| Ujke] glo] f54
#3lost 49 47 718 BB L340 oo pm4 LE 2 ol glo] Mg ETE ARSI

7hA $4°ﬂ 1mmT7HH OPi S o}@‘t} :Lﬂl" 7PE~T°1] Hi E}E i E%‘% 1%%$°ﬂ A2 ZEE o
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