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Development of Intelligent Label Prototype for Indicating Vigour of Stored Rice Seed Under Insect
Infestation
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Abstract

A prototype of an intelligent label having capability to indicate vigorous of stored rice seeds under insect
infestation was developed. The label was made of agar and paper containing indicator solution (methyl red 0.1 %
(w/v), bromothymol blue 0.1 % (w/v) k&% sodium bicarbonate 3 mmol/L) giving darkish green colour appearance.
Under CO, atmosphere, label colour became changed within 5-10 minutes and was apparently stable thereafter.
Levels of redness such as pinkish red or reddish orange significantly were dependent on concentration levels of
CO.,. In contrast, extents of colour changes became limited when storage temperature was increased from 2 to
30°C. Given same temperature and CO, concentration, a" values at the steady-state condition of both agar- and
paper-based labels were comparable. The label illustrated its colour changed in responses to CO, changes in
headspace of package containing rice seeds infested by insects tested including Rhyzopertha dominica,
Sitophylus oryazae, and Tribolium castaneum. There were clear correlations between changes of «° values of
labels and reductions in (i) germination percentage and (ii) total phenolic content of rice seeds infested by R.
Dominica at day 30 of storage period (for example Pearson correlations for agar-based label as -0.56 and -0.51,
respectively). However there were no clear correlations found when labels were tested with other insect types.
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Figure 1 Kinetics of changes of a* values for both agar-based and paper-based labels kept under 2, 10
and 30°C (A) and varied CO, concentrations: 3-4%, 5-7% and 15-17% CO, (v/v) kept at 30°C (B)

AN ¢ 199RANTNAessEinn t 2 uay 10°C HAnlndlAsaii usiAgandn au 30°C (Figure 1A) Nsilasud

%
=

Tudnmuzianans analamedAtyainnisgadufinn CO, tnedummmaiuuaain Waauldtesasilogumnigaau

a

(Carroll et al., 1991) %'\1Lﬂuﬁﬂwmmmﬂﬁﬁ?mmimﬂmw%’@u ﬁq{%um'a‘@msﬁu CoO, Aafntuldnnnin o BOUNNH
fin denaliiianalasudfitaaundt malasuduazan o weseainmeldauaesie Co, ﬁﬁmmﬁwﬁuﬁhm
(Figure1B) 34@m:rmmmﬂrmmiLﬂaﬂuLLﬂmmaimmmumm LL@V"I,mJﬂﬁﬁ‘l,ﬂaﬂualumwmmmurﬁm naulaed
Aatladeiay Wesziunnududuaes CO, sty (Figure 18) Lummﬂnmﬂ@wmmamnmmmnmmmu Co,
waziiAN1sazane mﬂﬂmmuqmwmmmm hydrophilic (ifu @anfuuaznszae) wazaiunsaanfUaiiady G
nsaAnfuetiauazeyiug 1 lalandangeen (H,0) Mujfieiuualuguinmnes inldasazaedunsa (Hin)
dualfiinnsulasudsesasn (Mook and de Vries, 2000; Sabnis, 2008) Wail A o” Aiannzasiivesasnfuuas
asnnazenmilanIndideeu o gnimgfiuazaanaidadu co, fwiniu (Figure1A and 1B) uazsinlsingudn Ungen

sende CO, uar dudtamaf ilunalndrAgyresnisilasud Inadannliinaainliignswasanalnsangnn

2 msulAruRraseaniduiusiuanuuiusaaaniniugaalinisiasyaawan

MsulAEnAuasAn o 1eseanniAtuatdnuiieian ‘EmmﬂﬁlﬂmmﬁﬁmLﬂi’J’mﬂuﬁﬂmWLLm YIRdNLA
Tueing 30 Juusn (Figure 2A) LL@VLWmiLﬂmuaslmvuumwm WAAN 4" 0 ST 60 lunnszuudAIanas MFaNALTE,
nsnnTulatennzsrULRTNeadnans iesannnnsmeeseninll CO, ANAY emLmﬂwmmmqmma‘wwm
aannsielilifielsduesaannAsfiugidnanu i CO, anad N19LA3TR IaaNanin19ananas A1 o o4 Fufi 30 104
aanlussuUfiNendnaaeniiauduRug UsLduntssan TagAn Pearson correlation () 18428 NFULATNIZAL
WL -0.56 ua -0.13 ANANTL wamsdnssentosaniieaaniiuduas wid r sessruuitnensu Tifiaenu
Foan Taeien r 1essvULRiinendIsLaanutlawingy 0.03 LAY 0.45 AASIEL FeanaifaaNnANNLLsLTe
AN 4 0990 ANNNTANETBINEN 138 NsvENTIaNAlEFLHANIEILANNNaAT AR ATRENda AT Ren



'

9. MEAARTINEAT T7 44 2177 3 (WiAw) FUENE-FUIAN 2556 NITHALIAULLIL 529

ATluaARanailaiin1sIastyIeNen (Figure 2B) TeARuUadATIINA 1 TU7 30 Haonuduiusiuunndu

AuAn o 2e9aanfuuaznszane Tnadan r Wi -0.51 uaz -0.56 Auady dedayasenaiatiuayuaaudniug

| | ¥ o 9 = a 9 Py | A A r

i " TesaaInfiunisentesssuunendaaenisneudnesiu doudn 1 Tusruuninentszinnaw) Tl
ANTALAL

S. oryazae T. castaneum R. dominica S. oryazae T. castaneum
Agar-based label Agar-based label Agar-based label

R. Dominica
Agar-based label Agar-based label Agar-based label

Germination (%)
TPC (mgGAElg)

Paper-based label

Germination (%)
TPC (mgGAE/g)

germination (A) total phenolic content (TPC) (B)
Figure 2 Relationships of germination (%) (A) and total phenolic content (TPC) (B) with a* values of label

(n=6) and storage days kept at 30°C
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