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ABSTRACT 

TITLE CHANGES OF 2-ACETYL-l-PYRROLINE CONTENTS AND QUALITIES OF 
KHOA DAWK MALI 105 IN RELATIONS TO DELAYED PADDY RICE 
DRYING 

AFTER HARVESTING, STORAGE TEMPERATURE AND PERIOD 
AUTHOR SUPANNIKAR PAKKETHATI 

;'"" 
DEGREE MASTER OF SCIENCE , 
MAJOR FOOD TECHNOLOGY 
ADVISOR ASST. PROF. WEERAWATE uno, Ph.D. 
CO-ADVISOR GRITTAYA UTTO, Ph.D. 
KEYWORDS KHOA DAWK MALI 105, DELAYING MOISTURE REDUCTION, 

2-ACETYL-l- PYRROLINE (2AP), FIRST-ORDER KINETIC REACTION, 
MILLED RICE QUALITIES 

Paddy rice may not be dried immediately after harvesting because farmers 
wanted to quickly sold the rice to rice mills to minimize rfsks from storage or 
improper weather condition that could cause delaying in sun-drying, a traditional rice 
drying method of the farmers. Limitations of moisture reduction have drawn 
attention from stakeholders because these could be the main causes leading to 
losses in fragrant aroma and qualities of paddy rice. This research was conducted to 
study the effects of delayed drying of Khao Dawk Mali 105 (harvested in 2016 and 
2017 seasons) as well as storage conditions on kinetic changes of 2-Acetyl-1-pyrroUne 

(2AP) contents, a key substance attributing to rice fragrant aroma, and some physical 

qualities of milled rice. Moisture reduction of the paddy rice was deLayed for 48 h 
before was sun-dried until its moisture content was 14% (w.b). The rice (denoted 
DEL-paddy rice) was fiLLed in a 20 kg sack, and later kept at 10, 24 and 27°C for 12 
months. Changes in 2AP contents and the qualities were determined periodically and 
compared to paddy rice of which its moisture was immediately reduced after 
harvesting OMM-paddy rice). 

The results showed that initial 2AP content of the DEL-paddy rice was 16.72% 
lower than that of the IMM-paddy rice. The 2AP contents of all types of paddy rice 
decreased approximately l-1.S-fold from their initial values during 1-2 months of 
storage and the 2AP contents remained relatively unchanged for 7-8 months. 
However, the 2AP contents decreased with faster rates thereafter. The contents 
measured in the 12th month were in a range of 0.03-0.1 ppm. The changes of 2AP 



contents showed similar characteristics of first order reaction between both treated 
paddy rice samples. Rate of the changes were elevated when the storage 
temperature increased from 10 O( to 24 0(, However, there were no apparent 
changes in the rates when the temperature was further increased to 27 0(, The 
kinetics of the 2AP reductions could be reasonably predicted by the first-order 
fractional conversion model of which root mean square of error (RMSE) and R2 values 
were in a range of 0.16-0.29 and 0.88-0.94, respectively. 

The results of the physical qualities showed that whiteness and milling degree 
values of milled rice gradually decreased over the storage time but there were no 
significant differences between the moisture reduction methods. Transparency values 
of milled rice from the IMM-paddy rice were significantly higher than those from 
DEL-paddy rice during 6 months of storage (p<O.OS). However, there were no 
apparent effects of the drying conditions and temperatures on changes in the 
transparency values. In addition, hardness values of cooked milled rice slightly 
increased, while stickiness values decreased during storage. 

Information and knowledge obtained from this study will be important 
approaches for KDMLlOS rice postharvest management. In particular the kinetic 
changes of 2AP contents of paddy rice couLd be utilized in supporting further 
decision-making on paddy rice storage and marketing plans of entrepreneurs and 
relevant organizations. 

http:0.88-0.94
http:0.16-0.29
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I.I.vd 337.98 14.00 6.72 2.40 72.37 64.13 3.35 1.16 0.98 
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335.86 14.00 5.93 2.30 72.87 65.89 3.73 1.18 0.69 

..;'Vl'l4 330.01 14.00 8.07 2.20 69.48 61.70 4.96 1.29 0.89 

8.00 2.25 70.73 61.75 3.78 1.24 0.62 i 

341.92 14.00 6.89 0.37 77.76 70.53 0.62 0.36 0.06 

I.l.vd 339.51 14.00 5.57 0.31 78.62 70.45 1.14 0.37 0.09 

339.94 14.00 5.92 0.30 78.39 75.28 1.04 0.35 0.15 

338.90 14.00 4.98 0.23 79.22 72.04 1.17 0.40 0.17 

14.00 7.62 0.17 76.37 66.02 1.47 0.37 0.17 

14.00 6.84 0.20 77.56 70.71 1.02 0.38 0.20 

2.3 • 
flru.n1'W'!J€l.:loOTJ L L oOTl L, , 

I "" .... tI"" • 'I .,'" tid tI '" ....... I L"tI'U 01'lflVlL"tIeJ'l1'!J€l.:l'!J11L a€ln at:J'ULL 

L'ii'U 1 1'!JlJ'U 'U€lO'iil1n;lm'l Li)'J'ln'1!!10011L 

(Marshall and Wadsworth, 1994) 
(I.'ii'U 20 ut:Jn) a.:lt:.la1

.., qc:ti d I II d Q tV cJ .K oJ • " OJ 

(PhiLlips et aL, 1989) m'lLnU'ln'1!!1 

0011 I. 1 a.:lt:.la1 'Un€l.:l 

0011 L I. 1
QJ ,..., czI !II 0 I • • 

(Tngo-Stockll and Pedersen, 1994) 'U€ln-.u1n'U 

Champagne (2008) 'l1t:J.:I1'U';h 16-26 

http:a.:lt:.la
http:a.:lt:.la
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(metabolite) L"1i'U ?l1':i 

3-methyl-butanol ?l1':i 2-methyl-butanol ?l1':i acetic acid ?l1':i 2,3-butanediol LL(;lt ?l1':i 

ethyl hexadecanoate 

-D11 L L L

2.4 
2.4.1 (moisture content) 

-D11L '\IIll 1 18-26 

L nm':iL L LL(;ltm':i 

L (L LliJ) t L t 

tla€ln LL(;lt-D11?11':i L '\IIlJ1t?llJ t 'Um':i 
'II • 

12-14 (Phillips et al, 

1989) 20 15 l'U t11-D11LtJti€lnlj 
4.r II "Q,I 1" II1:II "I II G 1 .::of S II '" 1'"24 6-7 1'U 29 Ln\J 

4-61'U (San and Thanh, 1984) 

Aspergillus Spp. LL(;lt Penicillium Spp. (mycotoxin) 
, 'I ... ,'" .1....1"" .r '" ...Barber (1972) 14 , 

..,j "" .r... ..,j • I"" "'" '" '" • 1....1"" .r,... '" L"ll€l'S1'UeJEJlJ1n LlJ€lLu':iEJ\JL u(;l€ln'VllJfll11lJ"lJ'UL 18 

Trigo-Stockli and Pedersen (1994) 

14 18 22 Lb(;lt 26) 25°C , 'II 

14 18 

LL(;lt 22 

26 BaLdacci and Corbetta (1964) 

L"1i'U Fusarium helminthosporium LL(;lt Pyricularia sp 
Mettananda et al (2000) 

polypropyLene (PP) 3 
.1"" .1" .1" .r..l '''' ... .1..1 ....... "' L "ll€l'S1'VlLL{;ln{;l1{jn'U tJ(;l€ln 0-5, 20-25, 

45-50 LL(;lt 70-75) t (29/23°C n(;l1{jl'U/f)'U) 'V'j\J11, 'II 

-D11 Ltla€l tla€lnt 20-25 ijL

-D11LtltieJn L 2 L• ... 'I ..I OJ .1"" .1"'" .1'" , ... '" ... 13 L u(;l{j?lLu(;l€ln L'Vl1n\J':i€lEJ(;l::: 45-50 70-75 II 
2 LL(;lt 1 

Misra et al 

(1990) Lb(;lt Ou (1985) 
.r.r ..... 1"' .rQuerijero et al. (1993) 

'" , 
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G'i.:Je.JG1L 39 L

I I Q.AA 4",11u'Ub Ua'UG1.:Je.J G1lJlaflruG11JUIJlVl1.:Jmmn-., • 
bn'tiIJl':im 

G'i1'UL LIJlEJIJl':i.:JL

Allameh and Alizadeh (2013) 
gJaflru.n1-,,-H11L'U-u11G1a.:JG11EJ-n'Ut5 Hashemi LLG'l:-; Khazar) 

-"U11 G11EJ-n'Ut5"IJa.:J-H11 G'i.:Je.J G'l gJaLtla ib LIJl tJL'UG11 tJ• 
QJ S .. .., t.I d 3 i II 3 IV II cv II 

-"'U5 Hashemi b Khazar• 
Allameh and Alizadeh (2013) 

" flru.n 1-"fl111J'Vta1J"lJa • 
2.4.2 (Temperature) 

m'SLnui'n'ti1-H 11 L tI a a ru'Vt.nil '" a1 'OJG'i G'l gJ a m'S a 1J tJVl1.:J m tJ.n1-" LLG'l bflm;) , "" 
Juliano (1985) 1 U
aru'Vt.nil 2 200

( , " 
35°( Villareal et aL (1976) . " 

Ln'lJ'ln'ti1 6 29°( iiPi1f1111J"lJ11 (wh iteness) 2°(ct (ij q 'U 

10 15°( (28°() L'U5.:Jbnu 
q 'U 1 

6 -nG1m (2546) . " 
(Pi1 b*) 28 O( ilbb'U1Lti1JL

• " 'IJ 

'Uamnn;j (hrastil (1990) 
1 v • 'U 

(Pi1 b*) 2.1 U'UL1G'l1 

10 4 25 37°( 8.6 9.7 LLG'l:-; 11.3. " 
b L.nVl Maillard reaction , 'U 'U 

LnlJl'OJ1 nfI1'Svi1t1[j L 'UnuJ11Jl1G'l1 11G11JlG'l.:J 

(Primo et al, 1970) 
2.4.3 (Storage time) 

.., "" () • ..t """" • I"" I ""-"G1f1'S b'OJEJIJl':i:::nG'l 2546 uG'lan1J1nm1 5 
" 

fjru.n1-.,"Ua.:J-H11G11':i Mahatheeranont et al. (2001) 
'S1CJ.:J1'U11 105 34 LLU11ilfl1':iLnU, 

4 O( LU'ULdG'l1 12 
• " '\j" 

(2526; 2528) YiU'l1 5 'UL'S.:J 

Lnuv(11tiL 8 ilfl111JG1n -H1vi1G'l1CJ LlJlfJU n1'Vt1'" 'Out: 'U ut: 

fl111J 'U'li'U1Jl a'Un 1':i Lnu 'In'ti1L U'U'U L ':iua>3 tl'UbLm

L fI1'SG1 1 LnU'ln'ti1 G1.nVl':i LbG'l::fI rut (2537) 1;)" . " 
1'UhLm 7 YiU11 
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a n U
\I 

1I1nn';h 5 

2.5 it1')toMA1111'V1vllt'Uf11 

100 Bj 
Yaiima et al. (1978) '.i1m1'U11 J • , 

(hydrocarbon) 13 "I1-U1il (alcohol) 13 "I1-U1il 

(aldehydes) 16 "I1-U1il (ketone) 14 "I1UIil (acid) 
14 U'.i:::L.fl'VIYJ'Uafl (phenol) 5 (pyridine) 3 "I1UIil 

(pyrazine) 6 Bj 8 "I1-U1il 105 
Mahatheeranont et al. (2001) Vl'U11 140 

70 "I1UIilLIilEJiif1'.i 2AP 'Um'.il• 
... OJ '" 'I tI 1 I "':'1iif1';i 2AP 11116'1 Lu'Uiif1';i 'Un'lll pyrrole 

LLVl1'U 5 2.1) 
:'1 '" '" I.J .... I'" 1 ,''' d it ....t. I(non polar) u'UL'Uiifbfln'UaEJ '.i:::b'VI m1EJ'VIa ruVl.fl 11 11 EJ'.iLlIa€JEJ 'U'.i uiif1'.i'U'.iiif'VI'B 

• \I \I \I • 

d '" 1'" .1...1:'1'" "":: '" OJ::'" '" '" 'I • I ""IV1'U1'Uiii:::L "!Ill 

iif1'.i 2AP C6H9NO 111.14 g/mol
\I \I' , 

2AP 
l'UL\J1EJ (Buttery et al., 1983) 

1l1'Wvl 2.1 2-acetyl-1-pyrroline (2AP) 
...I  
'fI1I1: Bradbury et al. (2008)  

Buttery et al. (1986) Vl'U11 2AP 1'UofiTl'VI€J1I 

0.1-0.2 ppm LLflt 0.04-0.09 ppm 
0.006-0.008 ppm 'Uan\11nVl'Uiif1'.i 2AP 

ci{)iif 1111'.itlVl'Uiif1'.i '.i::: nfll'U EJ Iil an"l11111:::'U11il LLfl:::1 'Ut:.lflIil1t111il::: 
\I 

(Wongpornchai et al., 2003) iif1'.i 2AP LIilEJiif1'.i.Q\1:::tlmn'U 
\I \I 

Yoshihashi et al. (2002) LIilEJ 

Bj 2AP aan1l1 

105 Vl'U11 mlila:::nL'U proline yhl\1 

2AP 'U€Jn\11n.Qci{)ijm':ili'611':i stable isotope 

http:0.04-0.09
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.. " 
praline 15N-L-proline peak 2AP 

L -proline L 1'U'NLL'VI1'U"lleJ-l 1-pyrroline 
proline L"1J'U fl1'j"ll1(;l,11 f'l111J 

'" '"Lf'l1J Ul;!tf'l111JLI:.J'U 

oM .., ..I... •2.6 
n1'U L'VIf2ll'VI LLIJl L

" cu "t ' ,K d Q ;f ocfI 

'VIl;! 11:.J'll 'jt f'l1 11J'VI eJ1J "MbLIJl n1Jl1-l n'U 'UUIJl l;!tV4'U'VI ('IJ'j\J'jClJ bl1J'1'V1iHLl;!tf'lClJt, 2540) 
"..\!'1 ..I .. "" fl d 1 .1 2AP 'VIr! 1.(;l-l11:.J (;lmL'll'ju'j1'U I.'ll 

n'U5m'j1J (n1'jLn'U'rf1'li1 "ll(;l"ll111Bf11'jLL'll'j'j'll LLl;!t . " 
n1'j'VI-lI'l1J) '11 1'U1J1'V4'IJ11 ,j '1 1ClJf'l111J'VIeJ1J"lleJ -l<U11 11J1 

2.6.1 
" :'1'" d.... )II f'l111J'VIeJ1J"lleJ-l"ll11 L 2AP Qnbl-lLf'l'j1t'VI 

polyamine (Arikit et al, 2007) 2AP proline LtI'U 

badh2 2.2) " , " 
8 1 Ei'U badh2 gamma-aminobutyraldehyde (GABald) LtI'U 

gamma-aminobutyric acid (GABA) 'lll;!-l 

GABald 2AP (Bradbury et al. , 2005) 

Glycolysis 

Functional 
Badh2 

YAmino butyric acid 

..I 1!1 " 2.2 f11'I1UfI'1Z'VIfl1' 2AP (2AP biosynthesis pathway) 
..I 
'VI1I1: Wakte et al (2016) 
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2.6.2 1f1aiJ2J 
QJ I '" d2.6.2.1  flT:ilil"m';iflm.Jm';iLfltJLflErJ 

1 L"li'U 15t1\1fl 
, u  u 

i'lm'WLL ., I  

f1I11lJ'V1tllJ"lItl.:J-D11 t:J I.'V1\.llv1-l1'" L 1"10u'U nl'V1'U"f1Iruill'W f1I11lJ'V1tllJ 

1 tlG'I.:JtI\1fl (2551) 'WtJ11 105 'UL"lI\.ll 

l-sm1i11"fJ15 fl LL fl11 fl1';itl8fl 1.10tJtJu b<U'i'lI';i
CI q \J  \I '\j 

1'W 1010 'Vli'lL;fJlJ 1B ltl1" ,,1'Ufl1';i-ll'm!Ibi1-if11 Ln"f1I11lJ 

I. 1'WLL'Vli'lL;tJlJ1tllB1"t1 Goufo et aL (2010)
'IJ 

'WtJ11 LdBtl8fl1'Ui'lill'Wf1I11lJ'V1'UILL 2AP 
•  'IJ 

., .,j "'.,j '" '" '" "tI"" .,j 'l"'tI""b'U"lIru:::'Vlm';iLfltJLfltJ1"l111'Vl 10 LL\.ll" ';ilJlru 

(2559) 

b'ULLtlG'I{ltlG'lfl'WtJ11 71'U 2AP 
'IJ  u u 

105 bLG'I:::fl"ll 15 " . 
2AP M-202 " , 

Champagne et al. (2005) 'WtJ11 

•  
(2547) 'WtJ11 -D11 

105 1 i1 \I 41 41  , 

1 1tJ L"li'U h1\n"fl1';i 

proline 2AP 

mn'U 1 tI 1 i1 b tlBibtij'UIJi fJ i'lilI1:::f1I11lJ

2AP l'U-D11'V1BlJ"lIU"1iI11t1um (Japonica) 3 Gay et aL (2010) 

'WtJ11 i'l1':i 2AP 3 40 
'IJ  • 'IJ 

1 1 1

'UB fllill flil fl1 fJ bu'Uu m, B':i:::iltJ f1I11lJ'V1BlJ"lI B{I-D11 

Yoshihashi et aL (2004) 'WtJ11 • 
Yang et at. (2012) 

1'U 1 1 'WtJ11 1'U 1

L -proline 'Um':il.'1-S1{1l.'11':i 2AP 

(2559) 'WtJ11 L ., ";11 i1 
\I It I III 

2AP bL\.ll LbG'l:::'WtJ11fl1':iL 10 -nBi• 
2AP 

(2559) b"li'U fl1':i";1Q  'IJ 

Lf1IilLLtlG'I{lL'V1qj 2AP 1 
.,j 

\.ll1';iI{1'Vl  2.2 
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2.2 2AP (VlU1tJ ppm) 

n1".i'Vhn11Lm.... "I 

2.30 2.38 1.65 1.74 1.55 

2.63 2.43 1.68 1.82 1.66 

4.90 5.10 1.72 1.95 1.72 

2.39 N/A 1.45 2.07 N/A 

OJ ... '" d2.6.2.2 
Q: .c::::J iI Q,J a.:J.«::iIl I "I 61fl'j"t'U1'Ufl1'j"Lfl'U Lfl Lfl fJ1 LL U'j" 

(hampagne et aL (2005) l1'U11 

LL 'IJ t fl fl11 24 'U"lJ el 11 [J""h L 

3-methyl-butanol, 2-methyl-butanol, acetic acid ethyl hexadecanoate 
Wongpornchai et aL (2004) 

l1'U'l1 [J15 elruVlilil 30-400( 'li1 tJ 1 1'j"VlellJ fl11 fl1'j"el'U
q '\J 

Park et aL (2001) l1'U11 
• '\J '\J '\J 

L el tJ (54O( 21. 9 ) el 
• '\J '\J 

rn1lJVlellJ"lJel LVi tJ'Un'U (33O( 

67.8) (2559) 105 
l1'U11 35 LVltJfl1'j"fl1flLLVlVlL 2AP 

11ll1'U'j"1 LMI:n-u 1lJilJ";'U L'IJ elflnel'Ufl1'j"Y]1 

LL 2AP tJd 

t 1'j"L t 

L t 'U'U';i'j"tJ1fl1fi1Y]1L flTSLn'U 

L L.., '\J '\J 

l1'U11 m'j"Ln'U-u11V1ellJ1 1 15°( 
q 

'U1'U 10 11lrn';iLn'U'U1'ULn'Uq 

4 L L

2547) Widjaja et al. (1996) 
11 3 

el1 il1l1 ry 1 Vl 40-50 fl1'j"1 Kongkiattikajorn 
(2008) LU'U fl1 fl1'S Ln'U i'm·.n-u11 ::-U11"lJ11 Vlel fllJ::a 105 1 1 fl 

q 

polypropylene (PP) 
'\J 

25°( 2AP q d 



13 

37°( Tulyathan and ,  '\J 

Leeharatanaluk (2007) 105 'I.t.lfI.:J'I'ffi fl PP, 
30-35°( 'nu",h 2AP 2 LWiat.lLL1fl"lla.:Jfl11I.nU ,  '\J 

 8 , 
Wiii 1 t.I"lid CJ 11V1 alJ'I. t.I oij 11111 t.I t.I 'I. t.I ru,] "11il oriented 

polypropyLene/Aluminium/linear low-density polyethylene (OPP/AVLLDPE) 

Tananuwong and Lertsiri (2010) 

hexanaL 2AP 
AI '" QJ 4: d QJ I 4 q 4 I flY 

12 L

high moisture and gas barriers) NyLon/LLDPE 

1 ru,]LLUU'1t:yt:y1fl1f11 'I..  . 
OPP / AVLLDPE • 

2.7  2AP 
LG'I'U 2AP "IJa\loij11iifl11 L 

'\J 

'I. (kinetics) "lIa\lfl11 
'\J 

2AP 

1 'I.

I.oij1'I. tltl1::: m fl11..[

L 1.1. f'Jru.n1'n 

1 mm fl11lJL fl11 b 1.1.

L"lit.l €IruVl.nil 'I.
•  '\J ;"J 

VI 'QruVl.IJijfl £llJoW'U 1Jl11 fl11 Ln m fl11lJ b 'U 

(differentiaL 

equation) 2.1 

dC2AP ,j In 
dt =-/{,\C2AP - C2AP,oc; } (2.1) 

= C ZAP 2AP (ppm)  
C2AP ,oo = 2AP ru infinity (ppm)  

t L1m (s)  :::; 

kZAP  Clt.lLL rua11 2AP (VI'th 

= n  (L"lit.l n = 0, 1) 
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n 

fll1b'Vhn'U 0 1 (Robertson, 2013) 

0 LLt;'tt: 1 

(anaLyticaL soLution) (integration) (initiaL 

vaLue) 0 1 t'l1In1';i 2.2 Lbt;'tt: G'l1In1';i 2,3 

(2.2) 

C 2AP - C 2AP,,,, _ -C k t)-----'-- - exp\ ZAP F (2.3) 
C 2AP,O - CZAP,,,, ' 

= C 2AP,O 2AP (t =0) (ppm) 

k2AP,Z = 2AP 0 
·1 

tl';it:1I1ru'OJ1n G'l1In1';i 2.2 (ppm-time ) 

= 2AP 1 

t'l1In1';i 2.3 (time 
l 
) time 

n1';if1n't;;1.Q week month 3 

bbt;'tt: 12 

• 'Il "t: 

tlt;'t.!l 1 tJ'U LLtlt;'t.!l 

Arrhenius (Arrhenius reLationship) (G'I:Un1';i 2,4) 'OJ1n 

d;J It \J 

exponential Ea 
• 'Il 'Il 

2.3 Ea 

u'OJ'OJ,j''UiI.!l11li1n1';i';i1tJ.!l1'Ufll1 Ea '/ltl.!ln1';iL 2AP 
'Il • 

1 Ea 

'OJ1nn1';if1n't;;1t'11111'S(1ur lltJt G'I:Un1';i 2,4 

2AP 1 1 '/ltl.!lnl';i"ii1t;'ttl.!lG'lm'Unl';iru 

(simuLations) 1 
(what-if scenario anaLysis) 

k2AP =k2Ap ,ref exp - REa [1B (2,4)( J] 
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..  

..  

= 2AP ru f} ref (VI'W'Jf) 

Ea (energy of activation) (j moL-I) 

R (gas constant ill"l1L'Yi1n\J 8.314 J moL-1 K-1
) 

(J •eJru'VI .. (K) 

Reactions Energy of activation (Ea; kJ mole-I) 

Diffusion-controLLed reaction 0-34 

Lipid oxidation 42-105 

FLavor degradation in dry vegetabLes 42-105 

Enzymic reaction 42-126 

Vitamin degradation 84-126 

CoLor degradation in dry vegetabLe 67-147 

Nonenzymic browning 105-210 

Robertson (2013) 

ala 1 cj.,j 0 ...2.8 filuu'j::Lfl'UVJfi1f1qJ 

fln1'l'VI"'{ln1'lLn\J L fJ1-U11 Ltl eJnLLiil t1! IJI eJ'1rufl1'Vi"lleJ{l-U11L'U'lZ'VI'l1{l 

n1'lLnUlmn L-H'U L'U\J'l'lfJ1n1f11 

ru'fi L 1fI&'I1'lLl"lil'VIiil1fJ"l1UflL'U 

LllLiilfliil "lIm-U11 LflfJil&'l1'l 2AP L &'Ifl11Zn1'l eJ 

m1l1ru"lleJ{l&'l1'l 2AP 1f1n1'l1JI'l'J LeJ fI&'I1'lv1 fJ'J-UeJ{l'Vi\J11 El{lbi'Vi\J 'l1 m1'Ut-J fl1'l"l1Ziil eJ n1'l 
o II I 'IV I II Go 1.eII d:'1 G I 0 4 I '1 >Q 4.1 .:

'Vl1LL'VI{lfleJ'Uf11'lLfI\J'lfl'l!t1IJ1eJ'1rufl1'Vi"llm"ll11 L uiileJfI tij{l L u'U u'lZ fI'l!t1lJ1eJ b fJ'U 

1'U\JVJlJleJ1tl1v'lflJ;i1'Jt;{l'lZL mm'Uf11'lp;fI'l!t1• 



d 
'U'VI'VI 3 

3.1  
105 YU1. 2559 

" \J VI 'U 

'1!ll b nv11m'W m·nd'Yl1 di'U 'Wl'Wbb(;l bb'tJ EJ1 n'W mrW..

16'1'1 1'tJiT-:)1 'tJ 
.,j • • 

(mvfvl 3.1) 

(n) 
dAd II "I. 'i "I II d II dAd '" 

.fl1'VfVl 3.1 n1':ibnUbn m'tl11 b'UbbUr;'l'l'U1 b'!l':imntJ1 (n) n1':iU':i':ilil'tl11'V1 • 
('tI) VieJ':ieJnl':i'tl'Ut:i1tJluv'Ih'l (fI) 

Q QJ' I II
3.2 'tI'UlJIeJ'Unl':iblJl':itJl1V11eJtJ1'1't111 

, 
1 2 1 

14 ... 
(50x75 12 1 20 nL(;ln-r:u 

A€J IMM 

2 2 (50x75 btJ'W,.. " , 
nm 2 1'W 14 .. 

(50x75 12 1 20 nL(;ln-r:u 
0 " d .1 1 ' A.,j '" .,jb bn'U bn 

H1 A€J DEL 

.f11 b'tJ €I -:)'1!1-:) 1 en EJ €I 1-:)
\J 

10 25°e (27°e 
'I' \J " " 
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55.93 70.86 61.04 3.2) 

2AP '1 

3.3  2AP t
b eJ;ai m b tJ bbtJ ru'tJ eJ.:) , 

2AP 2 

(1) 12 (3 

2AP 'Vln '1 , 
2AP Hll'U... 

2AP 1

nm'Ul'U) (2) 12 1 tJ) 
1'lJ'tJeJ':)oUl1 b tJ b tJ 'U bb ru 

2AP VJn '1 
2.2 2.3 

2AP n'U, 
2AP 

2AP 

linear non-linear regression 2.2 

2.3 regression '!'U b 'U1 Microsoft Excel 
version 2010 mllJb oUt
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(goodness of fit) (predicted data) 
'" -D€ll;jfl·'innm":i'Vlflfl€l.:J (experimental data) (visual) 

(1) 1"11 root mean square error (RMSE) (£1lJm":i 3.1) '1..1 Yang 
and Chinnan (1988) 1"11 RMSE vnn 

1"11 RMSE 2 
(2) rh R2 

tJ":i"U€l.:J-D€llJfl 
'II 

1"11 0-100 b-111lmH€l 

100 bL6'lfl.:J11 bL tJ":i"U€l.:J-D€ll;jfllv1L btJ'W 
R2 '1..1 Microsoft Excel version 

'II 'II 

2010 

RMSE - l: [ ( exp .) - (pred .) ] 2 
(3.1)t n 

nil 

RMSE = root mean square error 
o " n = 'OJ1'W1'W"U€ll;jfl 

exp = 
pred. = 2.3 

'II 

regression bL 1fl€l.:Jfl f1116'1 

m":iL Cl'WLL 2AP 'OJ 1 Cl bLflt 
'II 

Cl Arrhenius (6'llJm'j 2.4) fl11lJL'VIlJ1t£1lJbLflt 

eJ'1"U Cl1flCl1-lfbL 1;ti bL m n'Wfiu Cl LB Lb£1fl.:J1

3.4 n111Lfl11:,.hn1l1Wfl11 2AP 

2AP '1 
headspace gas chromatography (HS-GC) Sriseadka et al (2006) 1'1..1• 

1-D'VIfl11£1LLIJI'Wbfl£1 3.3 n) 
'" .

ntL'Vl1t L tJ €lnbbflt-iTfl"U11 (.n1YlVi 3.3 "U) 
" .

1093, Foss, Sweden) 150 J.lm 
(.nTt'lVi 3.3 fl) 
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.fl1 n n l'HJ 'V11 m 111 1V1-Un 1 g 111:!J11611'U'1J1 b'thr 

(headspace vial) 20 2, 4-dimethylpyridine 1000 ppm 

b'U'U internal standard toluene (aluminum cap) 

VI'UVl (aluminium cap sealing machine) 

b bU'1J 'U 

U"1I u1 bbm:w (gas chromatogram GC) 
, " 

Bruker's i'U 450-GC (Netherlands) Headspace sampler Elmer 

i'U Terbomatrix 16 (Singapore) 3.4) GC 3.1 

3.2 (column) (capillary 

column) Agilent liquid phase HP-5 AB 5% diphenyl 95% 

dimenthylpolysiloxane b'Vhn'tJ 30 m (internal
'\J 

diameter) b'Vhn'tJ 0.53 mm liquid phase b'Vhn'tJ 1.50 J...lm 
(detector) GC nitrogen phosphorous detector (NPD) 
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(NetherLands) Headspace sampLer Perkin ELmer • 
Terbomatrix 16 (Singapore) 

3.1 GC Bruker's 4S0-GC • 
2AP 

bbn?l'W1 (carrier gas) He 
-1 

7.0 ml min 
230 0 

( 
I V 1 v 

50 O( 20 O(. " 1 ., '" 
min 'l'Uaruvl.f1lHi\l 80 O( 

q \I " " 
iJ Q..I • 1 .Q..c:f II 0 .oCIit. 15 O( min 'l't.mruVl.nlJm 160 O( mnVl1f11'ab'WlJ , " .Q.": II Q.I -1 4 .Q. 

35 O( min 'l'UtI\laruVl.nlJ 230 O( 
" '\J " '\Jd , .. 

0.19 'U1Vl 

285°( 
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3.2 Headspace autosampler Perkin elmer 1'U 
Terbomatrix 16 2AP 

el.:lflth::neltJ 
0 

6'I.n11::m';i'V11.:l1'U 

"'" 120 0 
( 

., 
125°( 

transfer line 130 0 
( 

II , Q.J I 

10 'W1Vi 

1 'W1Vi 

0.4 'W1Vi 

d " A"," tJ""3.5 m';i\"l tJ".:lfl W.n1"fl'tlel.:l'tl116'11';i:ij1 n "el n • 
Bci1'li11 b 1'li11?I 1';i1\J tl1i SB, 

900 (Steinlite moisture meter, USA) 3.5 n) rice 
moisture tester (PM-410, Kett, Japan) 3.5 "11) 

I\J Bci1'li11 b b btJ n dJ'Ui11 Bci l'li B'lVl n , 
(whiteness) (transparency) (degree 

of milling) 1'W MM 1 D Rice Milling Meter, Satake, Japan 
3.6 n) 

(n) 

.n1"flVj 3.5 58 900 (Stein lite moisture meter, USA) (n) 

tester (PM-410, Kett, Japan) ('tI) W 
" 

rice moisture 

l'Vl1 VI'Wtl1Vl'W ('Vl1f11 tI 
'U 

50g 
(1 : 1.5) 1000

( btl'Wblm 20 'W1Vi 
q q 'U , 
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(TA.XT plus Texture Analyzer, Stable Micro 
d 

3.6 '(J) Systems Texture analyzer, England) , , 
.d a Q./ .0:::0..0:::0. I <Q, d 

'<ill'WTW 7 cylinder probe 0.5 :lJ6161b:IJ(JIWleJd'U1Yl 

contact force 5 g 

(n) 

3.6 (MM1D Rice Milling Meter, Satake, Japan (n) bbt;l::: 
d OJ Jl OJ OJ • (TA.XT plus Texture Analyzer, Stable MIcro Systems 

Texture analyzer, England) ('U) 

.oCIt. .oCIt..oCIt.3.6 
t:.J61'(JeJ\I m'J'61 b 2AP bb61 , 

split-split plot 

'<ill'W1'U 4 41 (replicates) 

bb'lb'tJ'J'1'W (analysis of variance; ANOVA) 

Duncan's multiple range test (DMRT) ru SAS 

CJ 1 b 'W'W 1"\'1..1 CJ-ifl1eJ'\J 61 'J' l"1lDl-U m:IJ nl'J'-if 11 'J' bb61 ?I'V!m ru bb61 " , 
'W 1

tJ 2559-2561 

3.7 , ... 
b.QeJ'V! 11 b?l'W b{j m11'V! 1'\J m'J'Pi CJ t:.J 61'(J eJ\lm'J'"1l eJ n1'J'61 m 

"VeJ\I-ifl1 b eJnlJieJm'J' b CJ'W bb 2AP bb(;1 CJ1'(JeJ\I-if11611'J''<il1 n, 
m'J' bn'\J-ifl1 b eJn1'W bb '\J'\J IJi 1\1 11'W'\JYlIJi eJ1'tJill b?l'W eJt:.J(;1 nl'J'Pi nl'J'eJil'tJ'J'l CJ'(J eJ\lt:.J61 CJ 

, 



..,; 
tJ'VI'VI 4 
.r III a 14  "" 105 

2AP 

4  1 . ".1 1.1 Q .!I .... I""u'j'1EJ U L

lJleJm'j'L EJULL 2AP ;.:! L fl1 m'j' 
• 1 ... () Q OJ "" ( ) Q1 3 LWleJU 2 m'j'Lfl'U 

 12 EJm'j'1iLL

1 2) 1tJ.Q 

4.1  L 2AP 
"I ' ... 13 LfleJ1.I 

2AP IMM-paddy rice 3.31 ppm 
2AP DEL-paddy rice 0.78 Lvh 

•  2.59 ppm) 4.1) 2AP DEL-paddy rice 

IMM-paddy rice 48 U 
I .d .r d .K ..::: .., .., ) "". I"QJ LflEJ1 (fl11lJ"l1UL 25 u EJfl lJu'j'lJ1ru 

2AP (2546) 
fl1'j' L L eJ.:!"il1 fI WI EJ 1 LnWlfid L, 

Lflij 'l111 2AP 
L'liU 2AP 

"1JeJ.:!LeJul'1!l1 (Widjaja et al., 1996; Yoshihashi et al., 2005) Yoshihashi et al. (2005) 'j'1EJ.:!1U 

2AP (lipophilic) Ul"1JlJU 

1 1 (free form) (starch bound 
form) lipid oxidation ;.:!Lt]um'j''Vi'1 

L"ilU fleJ'U1"1JlJu) L 1 LtJ'U mWi 

1"1JlJU (free fatty acid) (carbonyl compounds) m 

L m'j' m'j' LnWltJ5 EJ1eJeJ EJ1ieJ.:! ti'U LeJul'1!l1 

L'li'U (lipase) (lipoxygenase; LOX) 
L'li'U (Yasumatsu et al., 1964) 

"  \J \J " CLI 

2AP "il1fli11 2AP 

1 17 'iftel'TU'if 
i 

a. 'iftei1 n.l) 

http:Qm'j'~fl~1~1U.QL
http:LL~~fl1'j'eJ.fl
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4.1) ,x.:].QG'11'a 2AP 
(odor threshold in air) 0.00002 

'IJ 

mglL (ppm) (Schieberle, 1991) 
nlil n 'a 'a:IJ"IJ eJ.:] LeJ'U1 'IllJntJ eJruvr.nijG'11:IJ1'aOeJBtJ1 tJ tJ f111:IJ Lil fJ G'1 0 

• 'IJ 

2.3) mh1fieJ l'1llJihL'U11,j':lJL tJtJ 
.." 'IJ 'IJ 

LeJ nmtI L'U'U L 1 t 'IXLn f1! Li1 fJ 

1tJ LI.&1 mntJ-H11 L eJ 'U G'1.n11 Iil L tJ1 

1"tJir'U'vi1t blY;\ltI':i "Ii'Un'U 
!' 

LOX 

lipase ... 
LOX 

(n) 

4.1 lipase LOX ntll't1:u'U1t{liim11 

2AP (free form) (n) vr;el eiflilflntlLLih (starch 
bound form) L'UoU11V1el3J3J::m ('tI) 

Yoshihashi et al. (2005) 

2AP 2AP 
2.2 2AP L'U 

105 (t1&1nt'UfII'U6i-.5'tJ-H11 .yf':i1fJ\l1'U1vw KonokiattikaJ'orn 
" " q 

(2008) 0,41-0.56 ppm 2AP 
5-6 I.vh 2AP • 

L"Ii'U (eJruvrllij LiJ'U(;)'U) 
• 'IJ 

('jru-tltJ 2559) \J11':i1':].yf 4.1 2AP 
2AP• 'IJ • 

http:J11':i1':%5D.yf
http:0,41-0.56
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... II 
il1V'W'U5'l111• 

Basmati 

Malagkit Sungsong 

Milagross 

Seratus Malam 

Azucena 

Hieri 

Ir841-76-1 

Jasmine 

Della 

YRF9 

B5-3 

Aromatic (Fowler Gourmet) 

Jasmati (Rice T ec) 

Kasmati (Rice T ec) 

Texmatic (Rice Tec) 

Aychade* 

Fidji* 

Giano* 

Kala Bhat 

Kali Kumud 

Amritbhog 

'lfi3J1Nil11 2AP 

(ppm) 
3.31 

2.59 

1.55-2.63 

1.72-4.90 

0.41-0.56 

0.30-0.35 

0.06 

0.09 

0.07 

0.06 

0.04 

0.04 

0.07 

0.156 

0.076 

0.67 

2.746 

0.999 

0.526 

0.496 

0.266 

0.575-0.638 

0.045-0.475 

0.028-0.336 

0.920 

0.732 

0.787 

II .. 
i.l1.:1 iH 

Kongkiattikajorn (2008) 

Yoshihashi et al. (2005) 

Buttery et al. (1983) 

Buttery et aL (1983) 

Buttery et al. (1983) 

Buttery et al. (1983) 

Buttery et aL (1983) 

Buttery et aL (1983) 

Buttery et al. (1983) 

Tanchotikul and Hsieh (1991) 

Tanchotikul and Hsieh (1991) 

Widjaja et aL (1996) 

Tava and Bocchi (1999) 

Bergman et aL (2000) 

Bergman et aL (2000) 

Bergman et al. (2000) 

Bergman et al. (2000) 

Maraval et aL (2010) 

Maraval et aL (2010) 

Maraval et al. (2010) 

Mathure et al. (2014) 

Mathure et al. (2014) 

Mathure et al. (2014) 

'VI111m'VI'l: 2AP 12-14 
Gas Chormatography (* 1bFl';j1:::vr1
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3 Yl'lJ';h tJi:JJ1ru"'11 2AP 2 

L1 L (if] 5-80 

4 'ii)1fl'!'UtJi:JJ1ru"'11 2AP ijLL'U11u:JJ 

fll-!lm 4.2) 2AP 

eJ\Jl11 L -!lfl11 L I:J'ULL L W"lJf]-!I'"11 2AP 1'Uih1 

fl1'lL L 1 eJ\Jl11 L

fl1'lL tJ"-!lL'U"111-!1LL 1'U -!I L -!lijfll11:JJ L
'II 

LLtti L 11 L L I:J'U LL tJ"-!I 
'II 

(Labuza, 1982) 0 ij 

f]-!I fl11 L tJ tJ" -!ll'U eJ\Jl 11 L fl'U fll11:JJ L

(Labuza, 1982) 1 L 2AP 1
Wongpornchai et aL. (2004) 2AP L 10 

2AP 25 

2AP 1 'U"111-!1LL1fl (t-3 'tJmfl11 
'II 'II' 

fl11L 2AP '!'U L 1 

fl11L tJ"-!lfll11:JJ Li:JJi'U'tJe:J-!l1\Jl1ii'UiI. 0.1" L"11'U Vlf'lL ("'fl11U , 
Yl'l:JJfle:J-!I, 2555) U'Ufl1'lL tJ"-!ll

1 1 -!If]flL L11:J-!ll'tJ-!I 'VI1'U'" 

W;I1-!1 (2559) 111:J-!l1'U11 fl11L (fli1 a*) 

LL 1 \1'U11fl11 L I:J'ULLtJ ,,-!I LL'U'U tJDmm 

1 lJflYl'U (EarLe and Earle, 
2003) 2AP 1'Ui11 

fl11L I:J'ULLtJ"-!I'tJe:J-!ltJi:JJ1W"'1'l 2AP L
• 'II 

"':JJfl1'l 2.3 Yl'U11 

L 4.2) RMSE R2 e:J1:J1'U1I1-!1 0.16-0.29 0.88-0.94 
'IJ 

4.2) 2AP 
, • 'IJ 

fi1 fl11 L I:J'U LVi l:J'Utl'U.v11 LtJ e:J Lde:JVl'ii)11 
., \I , \I \I 

1Qoe LU'U 24°C) 
• • 'II 

fl11L 2AP (k2AP,F ) 'tJmi11 L (lMM) 

"':JJfl1':i 2.3 1Qoe LU'U 24°e 

llJ 24 LLi:lt 27°e 'fl'loJ1• \I , \I 

vhtl'U 27°e 38°e 
" \I .. \I '\J 

200 e fl.l) 

http:0.16-0.29
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IMM·10'C IMM·24"C IMM·27"C 

4 4 4 

a a a a a exp.dals 

3 3 3 pred. data 
a 

a 
a a a 2 a 

a a 

a a a 
a a o 

o 
a o o o a o o o 

DEL·1O'C DEL·24"C DEL·27"C4 44 

33 3 
o 

o 0 oo 

22 2o 0 a 0 aa o 

oa ooo o o ao o o a.. a o a 

o1 2 3 4 5\;7 8 II 1'0 1112 o 1 2 3 4 5 II 7 8 9 101112 o 1 2 3 4 5 1\ 7 8 9 101112 

Storage time (weeks) Storage time (weeks) Storage time (weeks) 

Jl1'Wvi 4.2 2AP ,!91tfi£lLtY'U) LLa:: 

UU\l1a£l-1fUll91f11f191i (fllIn11 2.3) Jl1'W!i£lfl n-f'l LLi'l91-1 

(lMM) il1'UJl1'W!i£lfl -1-0 LLfl91-1 
III 

'IJ 

'" "" III u'" ..I... 0 III ..I ...fl£ln'VIllm111::a£lm1'V11LLVI-1 (DEL) 'VIilWVI.fJlI 10 24 

27°C 

(DEL) 'W'lr;hfi1 k2AP,F 

1Q°C LiJt.I 24°C 27°C 2AP , 'IJ 

'OJ1n'VIa1tJm'lln (Widjaja et aL, 1996) 
4.3 lipase LOX 

'II , 'IJ 

2AP (L'lit.l A Lt.I.f11'Wvi 4.3) 2AP 'II , 'IJ 

b'VI!;ht1 B 4.3) 'II , 

2AP 'OJ1neif11 (fl1'Wvi 4.3) 'U , \J \I 

LblilntJi1-!l'OJ1 nviLn 'Ue w'Vt.f1iJvi 'eJ1'OJ LiJt.Ina1n, 'IJ 'II 

(rate-limiting step) 2AP) 
(dissolution) L iJt.I rate-limiting step let.llJ1a L t.I 
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'VImE.Jfl':i:::'UTUfl1';i b"li'U fl1';itJ1G1.:1G11';i,hflqJ'I.'Um (drug delivery) (Kumar, 
2012) 

• 'IJ 

1tl "iJ1fleU8lJ6'l'l. 4.2 
'IJ 

';he)IJ1';i1fl1';i b E.J'Ubb n E.JG11';i 2AP "iJ1fleU11 mill'l1:::';i:::WJ1.:1q 

24-270 C r5':i:::WJ1.:1e)1J1';i1fl1';i b ru E.JG11';i 2AP 
'IJ 'IJ OIl 

'I. (G11Jfl1';i 2.4) 'I. E.JIJ181tJ1 'U8'U11"11J1 
• 'IJ 

en E.J"iJ::: fl1';i 1"11'U I"1lJ8ru'VI.nij bb6'l::: 8 fl8 m 1lJ bblJ1 fl1J11.:1 n'UlJ1fl rl bU'U fl1';i'I.'U 
\J lit lit \J lit \J 

4 Jt 
fl1';iP\ fl'M1'U 

transferred/ adsorbed 
2-AP molecules 

2AP .......  

lipid lipid 
group A group B 

4.3 LL'U'U"il1fle:J.:JLL'U1Aflm'atlflfltlfie:JfJfl1'a 2AP A (lipid group A) 
Lbt11i'f1'a 2AP 

B (lipid group B) t1'a1n!lm'acU 
III ... 1. III .d.,. .1/.., 

'U'ij11'Vlllm'a'tl::fle:Jm'aflflfl1111'tl'U'VIfl.:Jm'aLn'ULnfJ1 (DEL) 

fl1 4.2 fhfllltl'a::a'Vl LL'U'U"ii1fle:J.:J flWIJlt11 i'f 1JI;"ilfl'U'Wfl t11 fl n'ifJ 1 el'U 1 
(flllm'a 2.3) d1'V1i''U m'aL fJ'U LL t1fl.:JU;1I1CUi'f1'a 2AP 1.'U'a::fJ::L1fl1 3 

"'t1" III 1111 III ....d.,. 0 III .01 .1/(12 i'f fl1'V1) 'ije:J.:J'ij11i'f1'a1lll.:J fl"il1n'ij11 L t1fle:J n'Vl 11 m'a'Vl1 LL'VI.:J L'We:Jflflfl1111'tf'ULL'U'U 
fU fC'III Q.cJfC'III 0 II II II 1M2 

'Vl'U'Vl'VI'ae:JLL'U'U'Vlllm'a'tf::fle:Jm'a'Vl1LL'VI.:J 'W'ae:JlIfl1fJfl1 RMSE LLfl::fl1 R• 

LOX  LOX  

(Oe) 
k2AP F (month,l) 

IMM DEL IMM 

RMSE 

DEL IMM 

R2 

DEL 

lODe 0.34 0.29 0.26 0.22 0.89 0.88 

24°e 0.39 0.29 0.21 0.22 0.92 0.89 

2re 0.39 0.29 0.16 0.16 0.94 0.91 

.diI Q II 0 II 0 Q C' d 
blJ8Yl"iJ1 8.:1 bb6'l::: fl1';i'Vl1'U 1 E.J m l'.1 bb 'U'U"iJ16'l8.:1l"1rulJ1P\1G1 1J1';i (.n1Yl'Vl 4.2) 

Yl'U';h b'U"li1.:1 4 2AP 
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2.3 2AP 1'U"1f'J.:I 1-3 
(Yoshihashi et al., 2002) , 'U 

btJ'Ufl'J11J hHHi1{J1 (abiotic stress) 1, 'U 

(Toivonen 
and Hodges, 2011) 

VffJ (volatiles) (Hodges and 
Toivonen, 2008) 2AP 
m';ib 2AP 1'U"1f'J.:Ibb';ifl"lJB.:Im';ibn'U b , 

2AP 
.., .. 

fl'J11J 

'Vl'U';h 2AP 1
2AP 

2AP 1il1flflG'llflm';i 

(Yoshihashi et al., 2005) 
'U 'U 

2AP 105 10 , 'U 

25°( 300 Yoshihashi et al. (2005) ( 
'U 

4.4 1 
bb'U'J1 btJ'UbdG'l1 3 

m';i b fJ.:I b'U'U G'l G'l B.:I bbG'l G'l fl1';ivl1'U 1 fJ1'U"1f'J.:I fJ"lJ B.:I m';i bn'U -r m11J 

fl1 k2AP,F 

2AP 25°( 300
( b'Vhn'U 0.18 0.26 , 'U 

week-
1 

fl1.Q 2AP 'UBflIil1fl.QbdB , 'U 

k2AP,F 4.2 'Vl'U11 

'U 4.2 .., cu cu It cu cu 

2AP 2AP 
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0.45 

0.40 -E 0.35Q.
Q.-c 0.300:;:a 
l! 0.251: 
8 0.20c 
0 u 0.150.. 
<f: 
N 0.10 

0.05 

0.00 

25°C 

0 o Literature data 
- Eq. 2.3 predicted data 

0 

0 

0 
0 

0 o 
o 0 o 

o 

o 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8 9 10 
Storage time (week) Storage time (week) 

""..,j 0 "" tltI'" "I" ........ 1l1VfVl 4.4 1111Ni'l11 2AP LOU10'bl1Vl 

25°C LLt'I:: 30°C LU'LIL'lt'l1 10 fitlfl1\1 

Yoshihashi et aL (2005) 

.r ., tI""· tI"" tI tI'"4.2 t'lilOflil011L t'lfJ'LILL fl-IJ 1111Ni'l11 2AP 

L'LI'!h-IJL'lfl1 12 L;lil'LI 
'I ... 111 111 0 J( 111. I" I • l..,j • I • I-
I.'UVl1"UeJ 0 1."'U1 LG1'U L u,UJ'ULL ufHlu ru 

2AP l'U"li1.:JL1t'11 3 
2AP L tJii eJflt'l"t'I -:J LVi n'U-n11 L

L'lJiieJflLU'UL1t'11 12 'W'U11 2AP 
1 L tJii eJf11 ':ivl1 LL fl1 L LL11.:JVI'U Vi 

L 4.5) LL 
111 "I'" 111 ..,j" J(..,j 'I 111 .I"'..,j ." :'12AP 'VI b'UVl1"UeJ 4.1 1.'U"U11 Lu'U 

L1t'11 48 2AP 1'U-n11 q 'U ... 

LeJ'ULlYliiLLt'lt:L 2AP L"lJ1JULLt'I t: Ln" 
111 

2AP 1 12 'U , 

'VI"t'leJ-:J 2AP 40-48 1 ':in 

2AP iiLL'U11 1 7 "Ue:J-:J 
'U 

4.5) 2AP 
'U 

,..; <co....,j 1 .1"" ..,j .... , I 

"Ue:J.:Jf11':iG'l"G'l.:J ) 12 2AP 0.03-0.1 
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ppm 11Jijf'ld11J LLIJl m 1 fl1 1'U"th..:t 

1 YflrJ1 24-27°C 2AP 
It \I It \I 

oU11 L 10°C t:JG'l 
It \I It \I It \I 

Ln'U t:JG'l eJ 1..:tij,rtI ru" 2AP 1eJ tl1 tl'U LLG'l 
... • 'U 

Yl'U11 • 'U Dlj 

2AP 1 4.1 • 
2AP 2AP '<il1fl 
II QJ I QJ QJ fl'QJ .c:Irt. QJ 

"1.111 
• 'U 

2AP 2.3 Yl'U11 

1 'U"th..:t 1-7 4.5 4.3) 

7 R2 
'U 

1'U"th..:t 0.32-0.61 4.3) 

2AP 61 L'Yh,!'U 

L 1 (ooodness-of-fit) tl'Ut:JG'l • 'U ::> 

eJ..:t LL'U'U'<il1 rulJl P!1" tI'U LL'IJ 

2AP Yl'U11ij Ln'U-r ..:t;'U1'UoU11 L flVl fl'IJ L.flVl 'U eJfl '<il1 
It \I \I .. 

DEL lOoC 2rc 
• 'U 'U 

L.flVl IMM t:JG'l LtJ'U LL'U11 flG'l11eJ1'<il fl f'ld11J LL

2AP 

2AP 

http:eJru'VI.fl
http:eJru'VI.fl
http:0.32-0.61
http:ru'VI.fl
http:Ln'U~eJru'VI.fl
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5 

E 4 a..e: .. 1! t 3 

S 
2 

N 

0 

5 

4 

I 3.e: 
1! t 20.., 
N 

0 

IMM-10"C 
5 

0 4 

3 
0 

000000 
0 2 

0 
0 

o 0 0 
o 1 2 3 4 5 6 7 8 9 101112 

DEL-1O"C 5 

40 

3 

0 
0000 00 2 

0 

0 
0 

o 0 0 
o 1 2 3 4 5 6 1 8 9 101112 

Storage time (months) 

IMM-24"C IMM-27"C 

:L 0 exp.data 
0 prad. data 

3 
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(fl2Jn11 2.3) L'U1::Vt11.:!n11Ln\J 

.., "'.... ... "'.. tt .. I'" ...I 0 tt <II ...1n'li1 12 IMM 'VI2J1!JO.:! 
"1...1 ... "'.., tt .. I'" ...I.. 0 tt...lOMM) L'U'lInI::'Vl DEL 'VI2J1!J04 'Vl 

10 24 27°C 

...I • "'.1 0 ... .. I""...... .., '" ...I 
"111.:!'Vl 4.3 il4U n1!J1il'UfI\JVI 1 

(fl2Jn11 2.3) 2AP 12 Lflil'U 
tt ...I 'I tt tt .1"'...1... 0 tt ... A '" ... '" 'lIil4'l111f111tzf4 Lb'VI.:! L \J\J'Vl'U'Vl'VI'il Lb\J\J 

,cjQ 0 II ., II' • I 2 
'W'il2Jfl1!Jf'l1 RMSE R 

(Oe) 

lOoe 

k2AP,F (month-1) 

IMM DEL 

4.28 6.44 

IMM 

0.07 

RMSE 

DEL 

0.06 

IMM 

0.32 

R2 

DEL 

0.37 

24°e 2.22 2.09 0.11 0.09 0.44 0.49 
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, , 
2AP 8 

" 
EJ 2AP 1 'U';i'IJ'VeJ.:J b EJ .:Jl'Ul'u 

\J v \J 'U \J 

Yoshihashi et al. (2005) 2AP 
, , 

(evaporation) 2AP (driving force) 

2AP 1 
b 2AP 1 ru?l.:J b bYiEJ'lJ61

.. '\J , \J 

n(;l'VeJ.:J 1 'VIiieJ'Ufl'U , " , 
2AP 1'U 1'U 

" 6l lEJ fl'U fl'lJ b'VI 
" 

b'VIEJHi' b'Ii'U m';i EJ1 'Vil-iJl1b 

eJ1EJ?I'V, 2556) .. .. 

.Q.. i.I .c:.. '" QJ , QJ t.J 4 QJ I 

t:n'VI'U l'VeJ.:J ru 1'V eJ:W (;I (;Ill n'lJ blJ 116'11 'oil.:J?I 'U 'lJ?I 'U 'Ufll1:W n1 bn'lJ" , " 
1 -rrl1 b eJ b'IJ eJn-iJl1 vh1 l'U 

'U 

1
" 

bdeJ'Vl1 'IJ EJ'Ubb 2AP mEJ'VI61.:J'oill 8 'oil'U 

2.3 , 
4. 7 4.4) e·J(;l 1

U.:J b bn'lJ1' ;.:J?I eJ.:Jfl'lJ bn'lJ1' b eJn U'VeJ.:J 

neJ'lJ 1'VI Ul EJ-rr11m EJ1'U 6 eJ.:J 'oil 1 n'VI61.:J 'oil 1 n,!'Ufl .:Jfll1lJ'U , 

(n) 

4.6 (n) ('IJ) 

(scanning electron microscope: SEM) 
d 
'Vl:JJ1: n Espinosa-Mendoza et al. (2012) 'V Funazukuri and Ozawa (2019) 
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4.4 1  
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•  

1 fJ flTHtJ fJ'U LL 2AP 'Y11 1'lJ 5.!:1oUmh tl LL 

2AP 1fl lil1 fl 

1 2AP 1
'IJ 

(conceptuaL modeL) 2AP 
lil1fl 1 mY 2AP lil1fl 

'IJ '" 

4.8 1

(symmetry) 1 2AP lil1floU11 L tJ'ULL

(one-dimensionaL transfer) mn1-HLtJ'U LL'lJ'lJ 

G1:U:U1 fl1 fJ1 11 LL 'lJ'lJ fJ1 tl'U 

4.8 2AP 
1tJ.Q 

(1) 1 -H.!:I 2AP 1'U 

LL 1'U"li1.!:1 L
'IJ 'IJ 

2AP 2AP 
2AP 'U"li1.!:1LL

2AP 4.2 4.5) 

(2) 2AP 
'IJ 'IJ 

1'U l"lJlJ'U (l'l.!:l1 1"lJlJ'U-G11J11i'l1) 2AP 1 tJ 
'IJ 'IJ 

2AP 2AP 
1-7 

(3) 2AP 
1 '1 L'V!fJ fllil1 floU11 L 'Y11 

Ln'J-rmn111.'U fl 
• , 'IJ 

Ln'lJ) 

2AP 4.8 tJ 

1 LL rulJl P11 tl'lJ 1fl tlJ 

(1) 2AP lil1fl1"lJlJ'U (2) 2AP 1

.fl1fJ 1 (3) 2AP lil1floU11 1 

1

vl1'U1 fJ L fJ'ULL L'U ness-of-fit) fl 
'IJ 

lfJ'lI'U1 1tJ 
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• e e e • I a UJa,hl I.e2-AP. 
a I v I 2-AP 
V@ele • I 

I I 
I I 

2A I 
______________L___________ L ___________ _ 

4.8 2AP 
I '" QI _ 

tl11fl1n1fill1flUil 1::fl:: L 1ft1 n11 nfl1 'VI n11tl1fl 

LilUL9IflfhVIU9IL\1L Lfifl1 

4.3 
2AP 'IJ 

n'tn tlflTrvi1 LL .u11 L'IJ fl'fi1t 2AP 
2AP 1m L

8 Lfitl'IJ 
'II 

1 'IJ L

2AP 1 L'If'IJ 

LL(;i:::fl(;i 2AP l'IJtJ'VI 

,jtll'IJ 'II , ... ... 

..  

I 
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Lt1fl tlfl'tl11fl 105 
fitlflNfl1.... fl'tl11t fl1'Ln'U1fl'1:lt1, 

tJ1 L LL b • 
1 b'li'U • 

bif bu'U 1 fl 
It if 

.u11'U €lfl b'VIil€l b €l fllJl €l• 
bblJl 12.i'W'U €l tJ bB €l-:J r.J • 2

1v1'111bG1'U€l t 'U1.11'U1Jl €l1 tl 

.J5.1 fl112J1f'U 

b L tJ'ULL • 
5.1 

'\J . DEL , IMM 
.f"l • '" .,; .... .f'i <i..1. 1 .1" ..I", .fIIfl11lJ"t1'U b 12-13 flj-:Jb u"tl€l-:J"tI11 L

DEL L
II • I....a ....... ... • II I"" ",.f of. "I oFl•"tI11b b 48 

'\J 'II' 

-B'11lJ-:J t n b bn'U LRm bL LL fl"lJ DEL 'U1'U• 
fl11.u11n"lJ IMM DEL IMM 

L tI tJ'U bb L t 'W'U';h jj fl1 

U€lEJfl11 1.5 L • 
IMM LLfit DEL 

'\J 

L tJ'ULL

.u11 n"11L L U'Ufl1t'U1'U 
'II 

'i .f, II "'.. .... b€l'UlJ1f1"t1 n1 fI1 mtG1€l'U"tI11LLflt"tl11 L tI fI€l fl b"t1 b'U 
'" .

U'U L;; L, . 
2013) • 

fl11lJL 1v1''li1tJ1 .u1€l€ln t 'U"tIrut 

t tG1 L'Ii'U low density polyethylene (LDPE) nt
t tG1lJ"tI€l-:J 1ml1t'Uf:l-:J'W n1v1'Ld €l €lru 

• • 'II 

2 16 b\l1'1-1gl11 

ii'll \I. n.2) " 
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L tl-!l'l1fHH LOPE n'U , 
(Robertson, 2013) 
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Storage time (months) Storage time (months) 

5.1 (moisture content; % wet basis (w.bJ) 
" .....,j.. II t1'" ...,...., ",..,j (..,. )0 II fl1t1i) IMM 

48 DEL) 
..,..,j... !'It... • ..,j ......,j • 10 24 27°( LlJ'UL1a1 12 Lfltl'U fl1LQatl ± fl1 , v 

n= 12)... 

L tJ'ULdtl1 180 1'U . . 
25-45°( L1fJ-!l1"lJ-!l 'VI1'UaZ'VI'J1-!l (2559) 'j1fJ-!l1'Ul1 'U11

25 LLtlZ 35°( , 
';iZ'VI11-!l-StlfJtlZ 10.55-15.03 

45°( 5.20-6.18, 
11'UoU11 L t L tlfl.f11 fJ, 
f11'jp; fl-!lL L

oU11 L 'U-n1-!lflfl-Stl'U • 

fI1'ju'UVi tlfl f11'j L'U f11'jP; tl'U fJ'U iitl 
'I \I 'I '\J "U 

nl1 300
( L L L n1fJ'U-t5'U11f'llJ 

25°( L'U'U1-!l-n1-!lL1tl1 (tlfltl-!l'l1n 

U';iZlJ1ru 3,600 Pa 300
( 2,500 Pa 24°( rJ1-!lil-!lfl1';ifi1'U1ru ..,. \I , \I 

Phungam et al., 2018) 
3 v .dI 

L 'Utl-!l'l1 n Utltln ... 

http:5.20-6.18
http:10.55-15.03


40 

CDr:: 
j 

-D-10·C 
-O-24·C 
-6-27OC 

o 2 4 6 8 10 12 o 2 4 6 8 10 12 
Storage time (months) Storage time (months) 

.01.01 •1l1'W'VI 5.2 O1'u\Jatl'ULL\JfHlfl112J1I11 (whiteness) II II 61....01... 0 IIlI£1-111111fit1'Hl1n1l11kua£ln'VI2Jn11'V11LL'VI-II 
" 41 • GlCjGl ,. cl OJ, 0 II 

40 

30 

20 

10 

IMM DEL50 

:!  

1111 L \Ja £In£ltl1-11'V1'U'VI'VIa-ll n11Ln'lnmJ1 (9I1t1£1 IMM) LLa ::n11,,::a £I n11'VI 1 LL'VI-II 

ii11L\Jfl£lmtl'UL1a1 48 i1L2J-II DEL) 10 24 
LLa:: 2rC LtI'UL1a1 12 Lfi£l'U (.hviLLfitfl-llA£I ± n= 12) 

IMM DEL4 

3 

-C-10"C 
-o-24"C 
-6--27"C1 

o 2 4 6 8 10 12 o 2 4 6 8 10 12 
Storage time (months) Storage time (months) 

.01 1.01 1 "I ( II II G ,....01... 0 IIG G1l1'W'VI 5.3 011Luatl'ULLua-llfl112J transparency) 
ii11 L n11 Ln\JLRtl1 IMM) 

ii11L\Jfl£lmtJ'UL1a1 48 i1L:lN DEL) 10 24 
27 C !'II ... ( • .01 .....01 • .01LLa:: 0 L1.J'UL1a1 12 LfI£I'U fl1'V1LLfitfl-llfl£l fl1LOati ± fl1L\JtI-IIL\J'U2J1911V1'U n= 12)

'" 

















































64 

i1ii 49 4 (iill'!!:(1 2561 FllI'lIfND1Z 269 

• 
2. fI';l11-1'!11';l 1'I';l11-11tl 

1'I'llll'llI'l (Whiteness) 
x' F. • I"".J .Yo ... .. J' G - ..!'111'l \lJ l1en'Vl i'li1lf'l'llll'll'IJJI'IJ'Vl'l.\1tl'll:: LLi'l:: mu • tlJ'I.\]J IIU,11::T::U::L'li'l11111 

'bHl1'I'lIII LLI'l nllh 11'I'lIll'llI'lil LL'IJ'ltUll t 'IJ 1Iiiufn1,;1 Liitl 
0) 42.97 LuefL'II'lJ1>i L'l'lili'u 34.68 

(Figure 1 b) (Transparency) 'ViU<Jl 0 
LUfltl (o!i1'l LU flen 1) ill'il f'l'llll 1'l mT 

F. .1"" " "J _ .. , .: "J.J • G .Ji'li1lI'l'llll'll'IJ (1I1'lLul1tlnn'l'IJ'VI 2) WlUllI'IILUII'l'IJL'!lt1U'VI 3.06% Ll.i'l::: 2.60% 1'I1t1i'l1I1lU 
Liiitl'IJ 0 6 nu 1 (p<0.05) 

2 
1m:t1 6 (Figure 1c) 

(Milling degree) 
(Figure 1d) 

3. Liftl.l:eitl'lltlft1';ltl1'mUIn•• ..J I 

W LI'1 1'1'l1ll LI. (Hardness) 'ViU 'h 1'1'l1llu,ii-l'lle-l4i1'l fl11 t 

flM!IJii ill'1:1ll u.ii-lueun'i 1 LrlU u.1li1l.l Ll.111 n n'IJflth>3 'lJ 1'l t 
.. _ q G • I"" • I .. "" 'Vli1li'le-lllu,'IJ'lI'IJll\'Vill'll'IJLt1n'IJtltJI111ll1:::tJ:::L'l111n1nnU1n't/1 (Figure le) 

(Stickiness) 'IItl1ii1'lfl1nj-lfln 
1 'li111'!1tl-li1'l LUflen'l'l nu Pi1 1'1'1 1llL 1n'i1Lnu LLi'l::il LL'IJ'l 11111.1 

:t:::tJ:::L'li'l1n11Lrl1J1n1,;1 (Figure 1 f) 
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Figure 1 Changes in moisture contents of paddy rice (al as well as in whiteness (b) transparency (cl, milling 
degree (d), hardness (d), and stickiness (e ) of milled rice. Paddy rice was referred to those of which 
moisture contents were either immediately reduced (Method 1) or delayed (Methoo2l. The paddy rice 
were kept at 10, 25 and 30°C for 12 months. 
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- .- m'"'''tltl4 
nu (F igure 1 a) 1..4'1'1 nu'h ::f1tl n 

14% 

(!l\lflU, 2561) 1'l'l1l.J'JJ1'l'LfI:: 

LllflfL'IJ\.Itlin 1 riTl'l 'rJI!l-l;r 1'1.t1 hiiif'I'l1 l.J LLIIInlli1-lnu IJ.f1::ii LL\.I'1t1llJ f1l'lfl-l"l1 n 

0) fFipure 1b-c) lJ'lJii IJ.fI::l'lN:: (2561) 
a ........ ...... ... .. 14 ..r ... ...........: ... '" • 14 If ...... J'......  

f1 ff1f1-l L"tlLnU1nl:t1'111'1 iu fI!ln\.l1\.1'JJ\.I n 11'1'11 LL"'-l'!l1'l Lufl!l n l'l'ltJ'l Il 1111 n LLl'll'l"'ffi fI l'lf'l'l1 l.J'IJ"''IJ'''l'lf1l-J IJ.,\N LLf1:;f1 l.J 

W\.I YlU11'bJjj 1'1 jq 11 1 11'1J::f1!l n 1'1 Ltl 

YlU 

1u'll'l'! 6 L1ii!lULLm'll!l-lmniiufm:t1 (Method 1) 

(Method 2) (48 .ft''1 LlJ-l) 

;r1'lLtlR!l Ln!ll n1ru fI IIItlfi!ltJ LLfI::11::11 l-J1'l'l1 l.J w...1 ... 'U11"jii N't'I'II!l-l-li1'l 'Il,
1.1...4'1 (I RRI, 2018) '''!In''l1 

(aging of rice) Bhattacharya (2011) nfi1'l1-rtu 
.. Jr .t _1.1 _ I .t.., G ..... 

n TN'II!l'! n11 LnU'lJ1'l1111 L n11L'ufltJUU.u iN L...fl n LL'11'1 L"'\.ItJ'l"''''III'IIfl-l 

-li1'll'l111 ... Yj i1lflfl'l 'WYlU11 LLlIInCli A'qJ.,,1'! Ldfl Lf;ufm:t'1u 1'l'l'1l-J LLii-ljj U.1.1'1t1llJ'

";11n'1 (2546) 1'I'l1l-Ju.ii-l'llfl-lii1'll1n"l:: 

LwlltJ'l'IJ!l-lf1'll1nl-J1nn'l1 

.nJloItlm,","tltl4 
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1u'lI'1'1 6 L1ii!lUIJ.1n 
... oJ .l , . [oJ _I .. oJ.. .:;_ 

."\.1.,, Ufln"l1nu'flN"'JJl.JLLfI::: 

n c;i1 L n 1 r'!l ::f1fl Ltl flfln tJifl11171l-i1'l'l1lJ"'!ll-J 

2-acetyl-1-pyrolline (2-AP) 

R'l'lltl1J,!nI 
'IJfl'll!lU 1'lfj'Ufln'IJll '1U nfl-3 u.n::";fII-J\.I,;r1'l n'll-J n1,.;r1'l n11L'I'I0'I nl7 

l-J"'1:j'l'ltJ1iitJTjUfl11'IJ1l1il 

u,fl::i'rmf 2561. u,fI::r.:o::mnn111rilJrmnfitl'l1W11'1'1mfil!! 
105. [r.:lJlJtltlULilU} https:llhome.kku.ac.lh/seedtechpp/Research_paperlspp07.pdf. (20 

'I'I1l1t1l11'1lJ 2561). 
liMf fllJu;i 2546. 

lJ::ii 105. 34 (4-6): 149-152. 
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www.doa.go.lh/aeriifileslKM/molsture%201.pdf. (15 'I'I'llt1l1I'1lJ 2561). 
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