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Jidapa Ajarayasiri 2008: Volatile Compounds from Thermally Processed Taro
(Colocasia esculenta L.) and Black Glutinous Rice (Oryza sativa). Master of Science
(Food Science), Major Field: Food Science, Department of Food Science and

Technology. Thesis Advisor: Associate Professor Siree Chaiseri, Ph.D. 116 pages.

Taro (Colocasia esculenta L.) and black glutinous rice (Oryza sativa) are important
ingredients in Thai desserts. They contribute unique aroma and that can be used to provide
sweet aroma for food industry. It was of interest to study aroma compounds of taro and black
glutinous rice. The volatile compounds of cooked taro and cooked black glutinous rice were
extracted using diethyl ether. Quantification and identification of volatile compounds were
performed by gas chromatography-mass spectrometer (GC-MS). Aroma active compounds
were identified by gas chromatography—olfactometry (GC-Q). Cooked taro had 11 volatile
compounds, that were 4 alcohols, 4 alkenes, 1 alkane, | acid and 1 phenol. In taro, the
compound that had the highest concentration was 2,3-butanediol (11,579.0 ng/kg). The result
from GC-O indicated that aroma active compounds in taro were 7 unknowns. One of the
unknowns had the highest FD factor = 9 and 1,2-propanediol (sweet) had FD factor = 3. Black
glutinous rice contained 12 volatile components. They were S alcohols, 1 aldehyde, 2 alkenes, 2
terpenes and 2 phenols. The compound that had the highest concentration in black glutinous
rice was benzaldehyde (1206.4 ng/kg). The most prominent aroma active compounds were 2-
acetyl-1-pyrroline (pandan) and (E, E)-nona-2,4-dienal (sweet, fatty) that had FD factor = 3.
Other compounds that had FD factor=1 were 2,3-butanediol (sweet, balsamic) and 1-octen-3-ol

(straw and earthy).
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Y o Yy A 4
WnuazgadmnIsunszl MacLeod (1990) lashimsanansTinauluioniug

. . o 1 Y 9 A 9 Y] 4
Colocasia esculenta var antiquorum WdunszuIums lianusou lasaenlsnoauil
=] 3 a ] Y I a a 4 9
BP20 1ag DB5 Wuansseielinarua 62 yia uielaily ezavhanlalasasuey Gowvaz
9 J Y ] ~
29.29), N5A (5088 17.00) Lazioanodoa (30082 5.5) AEAIIUAITINN 1 Lag 2 a3
A
TN 3 NQUINADINMTOONFIAFUNTONTAA1BAIUD LU (Grosch , 1982), 21NNTADLA]
Tuluil§nsen Strecker FUAAMINMTAAWAIUDINGY (valine), 923FU (leucine), o TyarFn
(isoleucine) sazdansaliu (phenylalanine) (Bradbury and Holloway, 1988), N13& AYAIVOI
Y
waaluien 1dun nglnadosas 0.4, ignInadesas 04, ylnsaioesas 0.1 nazuoalng
Aaaa 4 1 a {
$oaz 0.1 (Will et al., 1983) tazjisouuan1sa (Maillard reaction) Nam1Inna lann
Y ' v
[WuTuYeIaIAIdua AndilSuna Tisaunaziihaaiealszinasesas 1 lwien (Will,
A g Y A Ao w A A
1983 118z Bradbury and Holloway, 1988) eisziisiiluais Innaundngueunonnaiiu
A3zuIUM3 1HANUSoU Ao dimethyleyclohexane (F08az 2.3) Falinududud

a1stlszneuinulullSinauiniigane octane $ovag 21.10 1o pyridine $ovaz 18.60 lu

v o = =2 L A ' a <3| ) o
‘ﬂi]i] udaluilimsfnpassemamart luiondirialaily aroma impact compound @41HIU
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~ ¥ A A A ) P
ms19an 1 asldnaulumenneumslvianusou

Component RI,,,, Relative area
diethyl ether 590 -
hexane 600 -
octane 800 21.10
adimethylcyclohexane - 2.30
methylpropanal 800 -
2-methylbutanal - 6.20
3-methylbutanal 937 0.60
butanedione (i.e. diacetyl) 963 -
2-methylbutan-2-ol 987 0.30
2-methylbut-3-en-2-ol 1016 1.70
toluene 1001 -
pentane-2,3-dione 1044 0.50
hexanal 1084 2.00
2(or 3)-methylthiophen 1123 0.20
methylpyrrole 1139 0.30
pyridine 1180 18.60
3-methylbutan-1-ol 1184 0.30
2-pentylfuran 1229 0.20
pentan-1-ol 1213 0.20
hexan-1-ol 1316 0.20
hex-3-on-1-ol 1351 0.20
nonan-2-one 1377 0.09
nonanal 1382 0.20
oct-1-en-3-ol 1420 0.20
2-furaldehyde (i.e. furfural) 1449 0.80
decan-2-one 1480 0.10
benzaldehyde 1502 0.50



- :
MINNN 1 (79)

Component RI',,,, Relative area

linalool 1506 0.10
3,5,5-trimethylcyclohex-2-enone - 0.02
2-acetylthiazole 1639 1.80
phenylacetadehyde 1646 0.40
thiophen-2(or 3)-carboxaldehyde 1702 0.04
thiophen-3(or 2)-carboxaldehyde - 0.05
2,6-di-tert-butyl-4-methylphenol (i.e. BHT) 1870 0.09
benzothiazole 1873 0.08
5-methyl-2-phenylhex-2-enal - 0.40
v —decalactone 2101 0.02
d—decalactone 2144 0.09
2-methoxy-4-vinylphenol (i.e. p-vinylguaiacol) 2160 1.90
nonanoic acid 2200 2.10
diethyl phthalate 2303 0.10
2,3-dihydrobenzofuran - 0.30
hexadecan-1-ol 2320 2.40
indole 2351 0.20
tetracosane 2400 2.00
di-(2-methylpropyl) phthalate - 1.00
pentacosane 2500 5.60
dibutyl phthalate 2630 6.20
octadecanoic acid - 3.20
eicosanoic acid - 11.20
cyclohexane 677 -

2-methylheptane - 0.02
2,3-dimethylhexane - -

2,4-dimethylhexane - 0.10



- '
M9190 1 (§19)

Component RI s Relative area

octadecane 1800 0.05
nonadec-1-ene - 0.02
nonadecane 1900 0.05
eicos-1-ene - 0.05
eicosane 2000 0.10
heneicosane 2100 0.10
octadeca-9,12-dienoic acid (i.e. linoleic acid) - 0.50
tetracos-1-ene - 0.10
VRN * Jennings and Shibamoto (1980)

31 : MacLeod (1990)

@ v A @ ~ A o 9 A A A 9 2K o [ A
HuUASUdunsi Nevvzlianbusuazd1s IMNANUNTHANAI1I8AINUNULIHDN

Oruna-Concha ez a. (2002) ldd1imsdanmians InauliudssnoudieluTaso wuaisld

v
a

4 v
paUNIMNAY Tz 80 ¥ Aaadlua1sen 3, 4 wag 5 TagauITaULNaNEYUENITUDY

v ]
a

nanld s nqu ldun asldnauiinavinaiia (lipid) 60 ¥ia, ensldnauinasinlgnse
s A nm Y a a Aa o 4 a [ o a a
waasan lilamannnsaezd Tunigamles s sia, a151seneudames 4 wila, wnens n
= . a I a 2 Y A o o ' dy
51%U (methoxypyrazine) 1 ¥HALAZINOTNY (terpene) 10 ¥HA BIa15 Ivnaulududsunaiil
a ¥ aan o &% aaa o o g}
maduanlgasemsaatedivesludy, UfAseunamsa  wazmsaatealveiiaig
2
) IS o
(Whitfield and Last, 1991) 4on1A1 Cherif and Abdelkader (1970) l@¥msfAnyimsinusam
v (& v a 4 . v oa e (b < 22 v
TurFanuninmslasuudasvesseaunsa luduluiudss  saudemsnuiuvesszay
Y
11A1a (Finglas and Faulks, 1984) uagnsaezilu (Brietley er al, 1996) 1hl¥iiAans
~ Y A &% o = 1 ~ 1 v v A 1 a
nasunilasvesans lMnautudsa sawdaraimsmzlgniuananiudilinadolSaves

a3 linauluaTurF @y (Ulrich ef al., 2000)
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a b Cutivar’
Compound RI i s cn RI

M D KE F N PS S C
Derived from lipids
hexane 602 600 94 163 282 273 298 2143 634 624
2-butanone 606 604 1088 - - - 1726 - - -
2-methylfuran 615 606 57 61 111 180 275 - 192 127
heptane 699 700 - 33 - - - - - -
2-ethylfuran 701 704 - - 93 41 - - - 107
pentanal 702 707 309 185 361 249 228 271 221 142
methyl butanoate 730 724 85 111 120 127 96 118 108 104
2-pentenal 745 754 113 50 76 75 19 - - -
toluene 766 766 115 174 434 206 130 160 119 125
methyl 2-methyl butanoate 779 775 17 13 22 - - - - -
octane 797 800 51 - 67 29 - - 26 22
hexanal 801 809 657 995 2256 733 728 468 631 748
butyl acetate 816 - 8 - - - - - - -

ethylbenzene 860 865 14 37 124 52 33 34 - 34



M3519N 2 (A9)

b Cutivar’
Compound CPSiI & CB RI .,

M D KE F N PS S C
1,4-dimethylbenzene (p-xylene) 869 865 21 69 375 34 82 22 - -
1,3-dimethylbenzene (m-xylene) 871 - 20 25 195 42 28 - 44 73
1,2-dimethylbenzene (o-xylene) 890 - 18 - 387 66 124 42 - -
nonane 897 900 78 45 111 100 66 69 57 82
heptanal 903 902 90 69 72 76 66 80 102 115
propylbenzene 953 959 - - 82 17 - - - -
2-heptenal 959 954 5 - 51 - - - - -
trimethylbenzene 960 - 25 - 282 39 13 - - 21
alkylbenzene 964 - - - 120 - - - - 12
benzaldehyde 967 - 282 201 363 341 179 526 379 220
trimethylbenzene 969 - - - - - - - - -
ethylmethylbenzene 977 - - - - - - - - -
2-methylvinylbenzene 983 - 67 53 131 110 41 59 138 99
6-methyl-5-hepten-2-one 984 987 19 17 - - 17 - - -
2,2,4,6,6-pentamethylheptane 985 992 - 14 68 - - - - 12

01



M3519N 2 (A9)

. b Cutivar’
Compound RI (psiscn RI .,

M D KE F N PS S C
2-pentylfuran 989 994 176 203 856 293 149 224 135 281
trimethylbenzene 994 - 78 49 616 96 223 77 71 25
decane 994 1000 16 21 18 54 7 14 19 5
alkylbenzene 1021 - 43 9 113 75 207 - - -
3,5,5-trimethyl-3-cyclohexene-1-one 1044 1059 - - - - 17 - - -
methylpropylbenzene 1051 - - - 82 36 - - - -
4-methyldecane 1054 1060 - - - 16 - - - -
ethyldimethylbenzene 1051 - - - - 54 24 - - -
2-methyldecane 1059 1064 - - - 34 - - - -
(E)-2-octenal 1059 1060 - - 50 - - - - -
decahydronapthalene 1063 1057 - - 26 - - - - -
methylpropylbenzene 1065 - - - 22 34 - - - -
acetophenone 1071 1087 - - 83 - - - - -
ethyl dimetyl benzene 1076 - - - 51 13 15 - - -
ethyl dimetyl benzene 1078 - - - 39 17 25 - - -

I



M3519N 2 (A9)

a b Cutivar’
Compound RI (psiscn RI .,

M D KE F N PS S C
ethyl dimetyl benzene 1085 - - - 23 - 10 - - -
undecane 1094 1100 28 13 60 140 54 18 25 28
nonanal 1104 1107 792 387 434 605 519 593 747 678
pentylbenzene 1157 1158 10 - 8 6 6 - - -
2-nonenal 1159 1161 21 - 13 23 - - - -
napthalene 1186 1192 - - 100 15 65 - - 9
decanal 1205 1204 799 317 329 415 310 305 400 277
tridecane 1290 1300 7 - 16 17 36 - - -
undecanal 1300 1305 67 - 11 10 7 - - -
tetradecane 1393 1400 13 - 22 11 41 - - -
dodecanal 1399 1408 22 - - - - - - -
pentadecane 1490 1500 60 24 38 17 27 - - 13
hexadecane 1589 1600 56 22 16 12 26 - - 11
Sugar degradation and/or Maillard reaction not involving sulphur amino acid
3-methylbutanal 663 659 2693 2001 2333 1878 2396 1360 1381 1003



M3519N 2 (A9)

a b Cutivar’
Compound RI (psiscn RI .,

M D KE F N PS S C
1-methyl-1H-pyrrole 741 747 - - - 40 - - - -
2-furfural 835 830 129 77 130 185 - - 30 -
phenylacetaldehyde 1048 1046 136 45 105 38 39 - 72 9
Sulphur compounds
dimethyl sulphide - 505 1463 264 780 - 4340 362 784 109
dimethyl disulphide 744 744 134 78 28 27 26 - - 73
dimethyl trisulphide 972 984 221 88 75 - 96 - 102 183
dimethy]l tetrasulphide 1223 1215 12 - - - - - - -
Methoxypyrazines
2-isobutyl-3-methoxypyrazine 1174 1176 - 6 - - - - - -
Terpenes
a —pinene 931 937 7 - 45 - - 12 - -
3-carene 1013 1013 - - - - - - 17 19
D-limonene 1030 1033 164 82 332 320 175 1332 254 644
camphor 1151 1147 225 - - - - - - -

€l



M3519N 2 (A9)

a b Cutivar’
Compound RI (psiscn RI .,

M D KE F N PS S C
cyclosativene 1382 1368 - - - - - - - -
copaen 1383 1376 33 - 6 - - 82 - -
longicyclene 1392 1373 - - - - - - 22 -
B —gurjunene 1442 1432 - - - - - - - -
a —aromadendren 1477 1483 - - - - - 171 - -
B —curcumene 1526 1512 - - - - - - 8 -
HAEHE) " Oruna-Concha et al. (2002).

® Adam et al. (1995) 1 Kondjoyan et al. (1996).
‘M, ﬁuﬁ: Marfona; D, 'ﬁ’uf Desiree; KE, ﬁuﬁ' King Edward; F, ﬁuﬁ Fianna; N, ﬁuﬁ' Nadine; PS, ﬁuﬁf Pentland Squire; S, ﬁuﬁ: Saxon

uag C, Wug Cara.
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14 dgnsenildinanausaluiion

Y o =2 Yy A A Aaaa ~
MacLeod (1989) llﬂ“n’]ﬂ’]ﬁﬁﬂH'lﬁ']ﬁﬁglﬁﬂiﬁﬂauﬁﬁ%@%ﬂﬂﬂWUﬂgﬂiﬂ’]ﬂ

e

[ [

1 Y a Q‘ A d‘ o =
nolvinanausaveuNenNd 1A AIHl

9

1.4.1 Ugnsereondiaduues lugiu (Lipid Oxidation) UfA3e100nFatuna

Y
%

= ™ A o & A a o o &
vurunsalviu'lidudn Falina lamsiie 3 Tuaou (Owen, 1972) fail

I 3 a a
1. Initiation Lﬂumuwaumimﬂa%aaﬁsz (free radical)

RH —> Re +He

< aaan 1 d a
2. Propagation [JUU{N30901H0IUB0UYADATY

H H H I’-I
R-C=C-R' + O2 — R-C-C-R
0-Oe

[

I Aaaa { o a A a [ I~
3. Termination tHulgnsengameniIinaasuainnaduliididueyya

d5% (nonradical products)

Re+ Re —» RR
ROO®*+ ROOe —> ROOR + 02
RQOe+ Re —» ROR

ROQe+ Re — ROOR
2RO + 2ROO — 2ROOR + O2

Aaaa a % a d? Y [ 9 1 a 9
ﬂg]ﬂ‘iﬁn’e‘)aﬂclsm*vummmmmmllﬂcluWmmzNa"lmzmwmqummzﬂuulﬂ

wunu manaeendasu ludnuazma liansanald 3 uuy fe

9 a v q aaa Aa o a d? o
1.4.1.1 !,‘]Jﬁv'n-ﬂﬂﬂclflﬂ‘lfuLﬂu‘ﬂ@]ﬂifﬂ‘mﬂﬂﬂﬂ acetyl-CoA Taatnavyuluin
9 Y 9
9 k) aaa v a aaa o [ a Y
uazwa‘lnqﬂ ﬂigﬂﬂﬂﬂ’lﬂﬂ{]ﬂﬁfﬂ 4 mu@ﬂuiﬂﬂlﬂﬂﬂaﬂifﬂ“]ﬂﬁﬁ%’lﬂiﬂ NANIILANAT

wnsznunamslizney asdszneviinannudr-sendadu e a1slsznoulunquuan
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o 4 I3 a
Tm@, DHINDT, 1BANIDA, ANTUDUA LALNIA (Aguedo et al., 2004; Graham and Eastmond,

9 Q‘ = 1 a aaa 9 a o d" [ d‘
2002) TﬂfJﬁ"Iiizm81ﬁﬂﬁﬂ!ﬂ@ﬂﬂ1ﬁ]$kﬂﬂﬂ§]ﬂi‘EJWL‘]J@]']-’E)fJﬂ“BLWD'uu aaaadluning 1

B-Oxidation cycle

Aliphatic lond-chain acyl-CoA

Several f-oxidation cycle :}\y Loss of C, unit per f-oxidation cycle

e Shortened aliphatic acyl-CoA —— = gaturated and unsaturated lactones, esters, fatty acid

acyl-CoA oxidase ¢

— unsaturated lactones, ester, fatty acids

enoyl-CoA hydratase ¢
unsaturated and hydroxylated lactones, ester, methylketones

3-hydroxyacyl-CoA dehydrogenase i (after decarboxylation and oxidation)...........

———» methyl ketones (after decarboxylation)
3-ketoacyl-CoA thiolase l

Fatty acyl-CoA

a1 msdatedrvesnsa luiulaelfnsenudr-oondmdunazaislsznonli

A A a dy aaa [ 9
ﬂ'ﬁu‘mﬂﬂﬂluiuﬂgﬂ'iEﬂ"UfNNﬂLL'ﬁgWﬁl’bJ

131 : Aguedo et al. (2004).

3 3 { o w a % 1 [l
Acetyl-CoA 1iludsamsduntianudingatianilalugaamnssua q wu

3| n’j 9 o J J
Lﬂuﬁ’]i@m@u1uﬂ15ﬁﬂmﬁ’]3ﬂﬁ?ﬁﬂigﬂ@‘]_lmﬁ!‘ﬂai (Horton et al., 2003) lycopene ag

polyketides Berrios-Rivera (2003) wuilgnsenmsulasumilasues NADH lunalnlwgimi

o Y 9 A A dg’ [] [ Aa o PPN d? 9 1 .
Waﬂ’li‘ﬂﬁ’lﬁﬂigﬂﬂﬂiﬁﬂﬁut‘W‘JJ"lluL“]fuﬂu wamﬂmmmﬂ@ﬁuu”lmm 1,2-propanediol 8¢ ethanol

na lnlwgrmaaaasluning 2
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NADPH
NADPH
NADP+
NADP+ Pyruvate Malic
Malic Pyruvate Pyruva te Enzyme
Carboxylase Dehydrogenase
Enzyme Acetyl-CoA M}la‘[e
NADH Oxaloacetate }(ﬁloacetate
NAD+ Ci
Malate 1trate
Fumarate Glutamate Isocitrate

oy N

-ketoglutarat
FAD Succinate o-ketoglutarate

\_’ NAD

Succinyl-CoA
NADH+

muii 2 nalnlfnsenlngnuezezdialawe
1301 : Ravishankar ef al. (2004).

Aas d’Q Aaaa dy a 42' LYY
1.4.1.2. "lﬁWBﬂGlﬁ]mﬁ ms‘ﬂizﬂa‘u‘wm@mﬂ‘ﬂgﬂimu%mmuﬂuwmmz
9 A A ::21 [ a = T A [ v 9 1" v A o
NalliJ?;,(fWi'ii’)l,ﬂﬂﬂluﬁﬁﬁmﬂlﬂﬂﬂﬁ!ﬁﬂﬁmﬁﬂwcﬁ msﬂizﬂaumﬂmﬂmm aaﬂ'lammz

HOANDIDR

9 a o [ aaa a v A a 9
1.4.1.3. aaimaaﬂ%m&vu Lﬂuﬂgﬂiﬂ?f]’f]ﬂ“]fmalfuﬂLﬂﬂiﬂﬂﬂ'liﬂi%ﬂuﬂi@

Nasfu liipuda Taeen lad (Chan, 1987) i ldinanaasasininlalaslesoon laa

aungueIMsinaeengadu Idun sondou, ue, UV uazeyyaddss ms
Aa 4 Y A A Yo 9 1 = o
pon% lagueansa lviiuluanmnlionmede lasuanudounumsisznoulungudad laq,
Y
= o a J . o a aaa a [
Alau tazasTIwIn Inawes (Yilmaz er al., 2002) Honanilonsimsnailgnsesnsas

[

Yuogiugangl, Anud, Anududuvetendiou uazuouAvonFuAUR
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v Aa A ~ 3 o v a Y A A
Tt luinonidies 0.1-0.4% annsoduansasdulumsmaes linaun
@1y (Will et al., 1983); Bradbury and Holloway, 1988) #131#naufitiaainignsen
a o A ] Y 1 a a 4 J o
pongatuveudonullAilunquezavhanlalasmsvou, nia uazueanoaod awdasly
v v ' 9
M5190 1182 2 (MacLeod, 1989) Ufnsevengmduniliinaais dnautinoluiayia

Usznndu 1 Ui danaasluasan 3 1az 4 (Oruna-Concha, 2002)

. I Aaaa @ a { o ]
1.4.2 Strecker Degradation Lﬂuﬂgﬂifnmsﬁmﬂmmmﬂmawiuﬁmgmm
4 a a aaa 1 a . = a
msveila Taanalnsenszninensaozl lunaza131sznou a-dicarbonyl Fansapzil Tue
o Aaan . v a v A s o
“I/H“]Jgﬂiiﬂ decarboxylated L11¥ deaminated wnsTNUNAEIIUsENeUsan lannisuiu
J 1 a o '
M3veutioanINTAezd 11 1 oLnaw (Strecker aldehyde) 11a% a-aminoketone AataAdlun N
3 n3nozd lulwieniilinudyaon1sina Strecker degradation AD 118U, A%, 1o Tvd7
@ naziaoza1ily (Bradbury and Holloway, 1988) a1352tMeina91n1lfnsen Strecker
degradation Twiien laun methylpropanal, 3-methylbutanal, 2-methylbutanal L161&

phenylacetadehyde (MacLeod, 1989)

Schiff base

o H H
%4{ H, COOH O\C?H ¢ -oH N Ti co, (
A Ss e S e T O
R, R, R R, RZH COOH R, R R, y C

OH

OH
H,0 N
NH, NH, « R - NN R
amino ketone Ri R, \ I
amino ketone O R
R, 2

R,

R o)
f 2H,0

R NH,

R N R, A R
X 20X
SN Nk, RO R,

Pyrazine

Strecker Aldehyde

MW 3 ‘]Jﬁ 1361 Strecker degradation

31 : Mottram (2007).
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1.43 myaanediveaiiag (Degradation of Sugar) 1fuiGAzenAidealFau
%’auquﬁ@ﬁmﬂmaqamaqﬁymmﬁlﬁ’uaﬂ@aﬂ wazannsananedwe lsfuvesanslszney
m{uewldsiuensdiaa (Deman, 1990) ihaafwuluien 18un nglad 0.4%, WinIna
0.4%, 5 1A3e 0.1% uazuoa Ind 0.1% (Will et al., 1983) msaaesavenhmaluiion il

119 butanedione, pentane-2,3-dione 8¢ furanoid (MacLeod, 1989)

v
aaa =

aaa 4 I a 3’ aa 4 a A
1.4.4 ﬂgﬂimmamm L‘]JL!‘]JQﬂiEJTVILﬂﬂi]TﬂuTWTﬁﬁﬂlcﬁLLﬁgﬂﬁﬂﬂgﬂiumﬂ

4 a =<

Yo Y a v o ] 1 a ° Y a A
"1mumwmauﬂzmﬂmiﬁam’JﬂummwgmiuauauawyjazuTu G]f\WI'lGl’ViLﬂﬂﬂauLm&'ﬁ
FY

~ Aaaa J A A I
waaluems esszmennunnilgnservamsalwien ae Wudsisznouamols ly

fan 1¥Y furanoid, thiophenoid, thiazole (18 pyrrole (MacLeod, 1989)
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£ = o . .
2. NAYUEIN (Black glutinous rice)

Y =~ o AA A e . o Al A A
VAN UYIANNFDINIFTNTI Oryza sativa (nAUgLazAMY, 2545) NIBLTYNATY

'
1 [ A o

A A A Y o = o = 3 Aaa
MY INULBIVBINIUN LD 9190 WumsGenauanyus FvoundanuaN1961 nouaan
a =) [ = =) dyw S
newlgnuinlumanitio uazninaziueeniieutiovesszmalne uenviniidaiidgn
Ml ludlszmamsisuigdsznsl laolszansuann sssusgioaun dwde giju uag

o A

@ v JY Y 3| 9 [ 4 | Y
M5 glszanauiu Wugiamieadlidnsazidudriug hogwazidludramiion dgn

P
o o JdA

9 = dyﬂi = A = 9
Vlﬂlﬂ‘l"ﬂ%i]ﬂuﬁJ uﬂﬂMﬂu"UTJ!WUEJ’JﬂWWH‘ﬁWHLN’EN%$Nﬂ31hﬁ13JWiﬂslUﬂ1ﬁﬂu1LﬁQLLﬁ%ﬂﬁ

E]

& o Y gy v ' 2 v b oaa
‘V\Iuﬁfﬁnﬂlla\illﬂ@ ATUNUABDINAYINIUTFLVYD
[ 9y = o

2.1 aNHUSVDIVIUHUHIIN

o A

9 = 1Y d‘ 1 9 o‘f 9 1Y a1 d'
Irumdiediliansuzmmnziuanais landna i Sreanvazdiiilsng
! ! a v ' 1 a A 3 A 9 S 3 9
VUAIUAN VoUTNUAY 15U MUy uruly nduaen nlasnwda taziperuwda udu
a 1 [ 1< 1% o o Jd 1 o ! @
Ysmnawesdazuanarenu ) fudnyazmmzdsgdiug wu ramilead 15 wwlanvazd
[ 1 A 9 <3 1 ng; Ay = o A o s 1
WummzaINvR B HUmaAM1IY Tuvaizidrimieddnn sglidnyuzduialiingedlu
y A D, ) A o my y A 4 9 g v A o
daudue aae wenandduniinumiiead Idoinanyuz dvesgoRumaavosdumiiead
A A Yy A 1Y o Y S Y A & <3 o Y o 1 S A
TaglroiTanauNeId U 119MaU (waad1LFNINIaNaa) M 9190/ (NaaNaNI9

= 1
INEIUWAIU)
s = Y = o
2.2 99A152NPUMUANVDIU IR HEIA

9 ~ o A J A A zﬂy 9 a9
Tmteismienlszaeumanil fe aAnusuieosas 12.0, Tilsausesay 7.5,
] o
Tavsiufesas 1.9, 1815e8az 1.2, 1iduledesaz 0.9, 5 lu'lamsasosas 77.4, wd1-unlsiu
3.58 Haansu/ 1 nlanswy, meziiu 0.34 Uaan3u/100 A5V uag Iuezdy 4.7 Haansu/100 A5U

(AUHULAT AN, 2548)


http://www.ku.ac.th/e-magazine/ september 45/agri/color.html
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A 9 A A 19 )=\ o 9 ~ o R &

augiilyaiesdudendrumiieaduiluayuIns madgndmiierdnaiu
=1 zﬂ' 9 [ 1 09/' d! d‘ Y9 =\ o (% =\ A

mstgaiieaie 1o lumssnuTsamiiu Galsanlsanamtieddr lumsine Aemsanidon

a 1 % 1 =) =S = A 1 o Y
YyoIngaaeagn nannulueda mindei lanaeagnuazimsaniaon lirga aziinerdu
9 =\ o Y o ~ Yo [ 3 9 =\ o A KR an Y
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Jezussek et al. (2002) lakimsdAnasIinauludindecs wug ldun

Malagkit Sungsong (IMS), Basmati 370 (B 370), Khaskhani (KK) 42¢ Indina (IND) NHY

ATzUIUMI IHANNTou nasnms ldanudounuasszive 47 vila aauaadluaisian 6

'
A Ao w 9

v v v
(Jezussek, 2002) e3l¥nauidaueatiandesits 3 Wus Ao 2-amino acetophenone (AAY
AAN88), 2-acetyl-l-pyrroline (AAUAA1BT1I TNANT) aTTeiedy o ANUSuan Taun bis
. A Y A o e . A
(2-methyl-3-furyl)-disulfide (NAUAAYLUDAN ), 3-hydroxy-4,5-dimethyl-2(5H)-furanone (NAU
Y A 1 A Aa A 9 A Y A A a ::? 9
ARl 395 d) uazas nswydaniinduadiemiouna @1sldnauinaduludieg
v Y
annduvesaassiogludnagtihimiwnyadu (Nagaraju er al., 1991)
. I Y A Ao o 9y =
2-acetyl-1-pyrroline 1uas linaund A Tud12%9gn (Buttery er. al., 1982) N
A o = g Y A Ao o v Y o
threshold 16111094 0.1 nL/L wonvnazuuIuuasIdnaundvgluduardany
' 9
9111391 ) 15U V13 InanNUNIiled (Buttery er al., 1994), vunilaila (Rychlik and Grosch,
1996) 1Laz¥oVY04UUNTNA (Zehentbauer and Grosch, 1998), 173 (Schieberle, 1996), LHiBAIA
(Lee et al., 2001, Cadwallader and Baek, 1998), 5iurl53@1 (Mutti and Grosch, 1999), 1118a
W2l (IPVingia gabonensis) (Tairu et. al., 2000), #O81U195Y (Kim, 2000) tazuuds1#1n

Tusiunruanudou (Karaguel-Yueceer ef al., 2001)
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Wongpornchai et al. (2003) Anpytatazlsuaves 2-acetyl-1-pyrroline Tu
aond11linTe d1ameuNza 105 13gn MIANAAIY solid-phase microextraction (SPME) W1
a [ U a o { 1 o
a1559me 50 vila iungumesiu 23 vila dwaasluaseh 7 daumsanadie continuous
steam distillation and solvent extraction (SDS) WUS155Z18 40 ¥HA FIU 2-acetyl-1-pyrroline

MnYMNaiadIe SPME wuseesay 0.37 uay SDS wWusesay 2.71 Usuaves 2-acetyl-1-
. A 9 A A Y 2 1Y 9 A A 1 ) A [
pyrroline VIW‘Uiuﬂ@ﬂﬂn'ﬂﬁN3J‘]J§111m1ﬂalﬂﬂﬂﬂﬂ1uﬂﬂ’3%uﬂﬂu 9 a1 NUTuaNanaIg
o ¥ A I A 3 o IS o
ﬂuhlﬂ Lu@ﬂﬂ"ﬁ]”lﬂﬂ"liLW"lg‘]JQﬂ, NITNUNYI, NMTIINUINEAN, L'Jfl"lil!ﬂ?i!ﬂﬂiﬂyﬁ uae
Y 9’0.1 U a aan 4 9
ANuAmTa TuMsTad HoNvINHEINUIN 2-acetyl-1-pyrroline 1A NURATOUVAAITA F4

P
a Y 9 9 .
Lﬂﬂﬁuﬂ’lﬂﬂaﬁﬂ’lﬂﬂ’li@NW%‘ﬂﬂ'ﬁﬂ\mﬂﬁ (Daniels et al., 1998)

= A Yy a Y A Y a o v 9
Yang et al. (2008) Any1¥HavestIHatazas linau ludta Mmsanaaie
a I
INAUA dynamic headspace Iﬂ&lslﬂaf} trap 101 Tenax-TA (Alltech Assoc. Inc., Deerfield, IL) W1
a I 1 a a a
d1332Me 35 e Wumsszmolunquez 1sinan 10 siia, asdsznoululasou 4 vila,
< a v A o a = a = 4 a A
19aNDda 6 ¥UA, ’E)ﬁﬂulﬁlﬂ 10 BUA, ﬂiﬁu 3 YUA UATINDITNUDYA 2 FUA (AT NN 5) LA
a3 Inaundnn luditia 2-acetyl-1-pyrroline 1182 guaiacol (15199 6) Tagiing

S euReun U odor threshold, ANMTNTULAZIINMTANAAUN olfactometry



M990 3 mﬂﬁﬂﬁuﬁwﬂm’l’nﬂgmﬁuﬁ Malagkit Sungsong, Basmati 370, Khashkani (la1¢ Indica

. R’ FD factor’
Compound Odor quality
FFAP DB-5 DB-1701 IMS B 370 KK IND

butan-2,3-dione buttery 985 <600 700 2 4 2 2
hexanal green 1089 800 885 2 2 2 4
(Z)-hex-3-one green, leaf-ike 1143 800 884 - 1 <1 <1
octanal citrus like 1284 1000 1087 1 2 2 2
oct-1-en-3-one mushroom-like 1300 981 1076 4 4 8 2
2-methyl-3-furanthiol meaty, sulfurous 1319 - 917 1

2-acetyl-1-pyrroline popcorn-like 1330 920 1017 1024 512 512 2
non-1-en-3-one mushroom-like 1396 1084 1164 - 1 <1 <1
2-methoxy-3,5-dimethylpyrazine earthy 1423 1054 1117 4 <1 1 <1
acetic acid sour 1443 600 790 1 1 <1 1
methional cooked potato 1454 902 1042 4 8 8 2
decanal soapy 1492 1206 - 2 <1 2 <1
(Z)-non-2-enal fatty, green 1500 1146 1254 2 4 2 1
2-isobutyl-3-methoxypyrazine earthy, green bell pepper 1512 1180 1240 16 8 4 <1
(E)-non-2-enal fatty, tallowy 1529 1165 1272 8 8 16 8

€C



M319N 3 (90)

. R’ FD factor’
Compound Odor quality
FFAP DB-5 DB-1701 IMS B 370 KK IND
(E,Z)-nona-2,6-dienal cucumber-like 1580 1155 1262 1 2 <1 <1
(Z)-dec-2-enal fatty, green 1605 1253 1357 2 2 2 1
butanoic acid sweaty, rancid 1625 815 995 1 1 <1 <1
phenylacetaldehyde honey-like 1642 1040 - 1 1 1 <1
2,3-methylbutanoic acid cheese-like, sweaty 1660 858 1057 4 2 2 4
(E,E)-nona-2,4-dienal fatty 1698 1217 1349 4 4 8 2
pentanoic acid sweaty 1724 926 1104 1 1 1 1
unknown medical, metalic 1734 1187 1285 8 <1 2 <1
(E,Z)-deca-2,4-dienal fatty, green 1753 1292 1407 - <1 4 <1
(E,E)-deca-2,4-dienal fatty 1800 1318 1448 16 16 32 16
hexanoic acid sweaty 1832 1005 1194 - 1 <1 <1
2-methoxyphenol smoky 1858 1088 1230 4 2 2 1
2-phenylethanol honey-like 1908 1116 1278 8 2 4 1
y-octalactone coconut-like 1921 1260 1472 - <1 <1 2
B-ionone violet-like 1934 1491 1603 - 1 1 -

14



M319N 3 (90)

. R’ FD factor’
Compound Odor quality

FFAP  DB-5 DB-1701 IMS B 370 KK IND
4,5-epoxy-(£)-dec-2-enal metalic 2000 1380 1555 128 64 128 128
4-hydroxy-2,5-dimethyl-3-(2H)-furanone caramel-like 2027 1077 1260 8 8 8 2
y-nonalactone coconut-like 2033 1361 1574 - <1 <1 1
4-methylphenol phenolic 2076 1091 1313 - 2 2 1
3-methylphenol phenolic 2089 1102 1329 - 1 <1 <1
unknown spicy 2132 - - 2048 64 256 <1
bis-(2-methyl-3-furyl)-disulfide meaty 2150 1527 1615 2048 256 256 <1
3-hydroxy-4,5-dimethyl-2(5H)-furanone seasoning-like 2197 1122 1370 32 1024 16 32
2-methoxy-4-vinylphenol spicy, clove-like 2203 1313 1484 32 32 16 32
2-amino acetophenone medicinal, phenolic 2222 1306 1478 2048 1024 1024 512
3,4,5,7-tetrahydro-3,6-dimethyl-2(3H)- sweet, spicy 2235 1456 1683 8 4 1 <1
benzofuranone
5-ethyl-3-hydroxy-4-methyl-2(5 H)-furanone seasoning-like 2263 1227 1436 1 <1 2 <1
4-vinylphenol phenolic 2397 1237 1500 16 <1 1 1
unknown fruity 2400 - - - 4 <1 <1

Y4



M319N 3 (90)

. RI FD factor’
Compound Odor quality

FFAP DB-5 DB-1701 IMS B 370 KK IND
indole sweet, burnt 2456 1300 1542 4 8 2 1
3-methylindole mothball-like 2504 1394 1622 2 4 4 1
phenylacetic acid honey-like 2557 1267 1524 16 32 4 32
vanillin vanilla-like 2573 1410 1640 128 128 64 256
HINYLTe) * Odor quality perceived at the sniffing port.

® Jezussek et al. (2002).

° FD: Flavor dilution factor. An FD factor <1 means that the respective compound was not detected during sniffing of the undiluted extract.

9¢
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M3190 4 NI5eHeVeInent 1 lUNMIATanAdIY solid-phase microextraction (SPME) Ltaz

continuous steam distillation and solvent extraction (SDS)

. b
Relative area %

Compound KI

SPME SDS
ethyl acetate 589 - 16.02
3-methyl-1,3-pentadiene 606 0.24 -
4-methyl-1,3-pentadiene 609 0.37 -
3-methylbutanal 615 - 0.22
benzene 629 - 5.56
3-hydroxy-2-butanone (acetoin) 661 - 0.12
3-methyl-1-butanol 744 0.58 2.04
methylbenzene 776 - 31.42
hexanal 919 - 0.16
2-acetyl-1-pyrroline 930 0.38 0.71
B-myrcene 992 0.54 -
(Z2)-p-ocimene 1022 0.05 -
(E)-B-ocimene 1030 1.46 -
benzyl alcohol 1033 - 0.06
limonene 1039 - 0.04
(Z2)-linalool oxide 1071 1.23 0.42
(E)-linalool oxide 1082 7.21 3.87
benzeneethanol 1091 0.14 0.2
nonanal 1094 - 0.46
linalool 1095 62.24 10.32
epoxylinalool 1136 1.66 6.72
naphthalene 1151 0.47 -
a-terpineol 1208 - 0.23
nerol 1239 - 0.05
geraniol 1262 - 0.48



M3519N 4 (90)
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. b
Relative area %

Compound KI

SPME SDS
4-vinyl-2-methoxyphenol 1295 - 0.32
a-copaene 1361 0.14 -
B-elemene 1399 1.02 0.01
tetradecane - 0.16 -
(E)-B-caryophyllene 1445 5.99 0.54
(E)-B-bergamotene 1457 0.07 -
a-humulene 1469 0.77 0.11
germacrene-D 1479 4.03 0.70
2,4-bis-(1,1-dimethylethyl)-phenol 1492 - 0.06
pentadecane - 1.80 0.12
y-elemene - - 0.07
ethyl phthalate - 0.76 -
heptadecane - - 0.33
nonadecane - - 0.52
hexadecanoic acid - - 0.43
(Z,72)-3,6-cis-9,10-epoxynonadecadiene - - 0.09
nonadecadiene - - -
heneicosane - - 1.10
docosane - - 0.35
tricosane - - 2.14
hexanedioic acid, dioctyl - - 0.54
tetracosane - - 0.19
pentacosane - - 1.67
hexacosane - - 0.07
heptacosane - - 0.98




HINENTR

a . .
Kovats indices.

b Wongpornchai et al. (2003).
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M31990 5 shauazlSuavesasszveluiiiila

. . b
Relative concentration

Compound RI',, s Method of identification”
(ng/100g)

Aromatic
toluene 760 47.7+4.7 MS, RI, STD
pxylene 859 60.3+£ 0.5 MS, RI, STD
benzaldehyde 952 64.1£ 3.8 MS, RI, STD
2-pentylfuran 992 180.8+8.4 MS, RI, STD
phenylacetaldehyde 1043 13.4+0.5 MS, RI
guaiacol 1086 68.9+2.8 MS, RI, STD
1,2-dimethoxybenzene 1148 6.0+0.3 MS, RI
naphthalene 1172 21.7+£0.4 MS, RI, STD
2-methylnaphthalene 1281 14.74£0.2 MS, RI, STD
4-vinylguaiacol 1311 16.8+0.5 MS, RI, STD
Nitrogen containing compounds
2-methylpyridine 816 2.9+0.7 MS, RI
2-acetyl-1-pyrroline 918 169.3+6.3 MS, RI
benzothiazole 1213 10.0+£0.5 MS, RI
indole 1289 41.9+£0.2 MS, RI, STD
Aliphatic alcohols
3-methyl-1-butanol 771 5.5¢0.2 MS, RI
(2)-2-methyl-1-butanol 772 9.0£1.3 MS, RI
1-pentanol 787 21.4+1.6 MS, RI, STD
1-hexanol 870 20.3+1.3 MS, RI, STD
1-heptanol 969 4.6+0.2 MS, RI, STD
1-octen-3-ol 984 57.1+4.2 MS, RI, STD
Aliphatic aldehydes
hexanal 803 440.2+13.8 MS, RI, STD
(E)-2-hexenal 857 7.5+£0.6 MS, RI, STD

30



A
MT19N 5 (7D)

. . b
Relative concentration

Compound RI,; s Method of identification”
(ng/100g)

heptanal 903 41.0+1.3 MS, RI, STD
octanal 1005 46.6+1.5 MS, RI, STD
(E)-2-octenal 1058 35.0£2.1 MS, RI, STD
nonanal 1106 258.3+0.2 MS, RI, STD
(E)-2-nonenal 1160 16.1+1.0 MS, RI, STD
decanal 1206 34.5+1.1 MS, RI, STD
(E)-2-decenal 1262 6.0+0.5 MS, RI, STD
(E,E)-2,4-decadienal 1315 15.2+1.7 MS, RI, STD
Aliphatic/alicyclic ketones
3-octen-2-one 1036 8.7£1.0 MS, RI, STD
2-nonanone 1093 6.8+0.8 MS, RI, STD
(E)-geranylacetone 1449 17.8+1.4 MS, RI
Terpenoids
d-limonene 1024 7.9+0.7 MS, RI, STD
(Z2)-linalooloxide 1069 7.9+0.2 MS, RI, STD
LENRE NG| “Retention index based on a series of n-hydrocarbons.

® Yang et al. (2008).

‘ Method of identification: MS, by comparison of the mass spectrum with
the NIST/Wiley mass spectral library; RI, by comparison of RI with
those from the literature; and STD, by comparison of retention time and

spectrum of an identified compound with those of an authentic compound.



M9 6 ANUTNTY, AnBaZNAY LazAT threshold voeans Tinauludiiangn

\ . o . . Odor threshold
RI s Odorant Identification Intensity Odor description

(ppb)
760 toluene MS, RI, STD 2.4 paint 1000°
787 1-pentanol MS, RI, STD 34 fruity 4000
803 hexanal MS, RI, STD 4.0 green tomato, green 5"
857 (E)-2-hexenal MS, RI, STD 1.0 green, apple 17"
859 p-xylene MS, RI, STD 3.6 medicinal, solvent 530°
903 heptanal MS, RI, STD 3.9 fatty, rancid 3f
918 2-acetyl-1-pyrroline MS, RI 4.4 popcorn 0.1
952 benzaldehyde MS, RI, STD 2.2 almond 350"
969 1-heptanol MS, RI, STD 0.6 green 3¢
984  1-octen-3-ol MS, RI, STD 3.7 mushroom 1’
992 2-pentylfuran MS, RI, STD 2.5 floral, fruit 6
1005 octanal MS, RI, STD 3.8 octanal 3f
1036 3-octen-2-one MS, RI, STD 4.0 rose -
1058  (E)-2-octenal MS, RI, STD 2.9 nutty 3
1086 guaiacol MS, RI, STD 3.2 smoky, black rice-like 3f
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M3137 6 (7D)

\ . o . . Odor threshold
RI s Odorant Identification Intensity Odor description

(ppb)
1093  2-nonanone MS, RI, STD 3.7 fruity, floral 200"
1106 nonanal MS, RI, STD 4.2 citrus 1"
1160  (E)-2-nonenal MS, RI, STD 43 beany, cucumber 0.08"
1172 naphthalene MS, RI, STD 2.5 naphthalene 5°
1206 decanal MS, RI, STD 22 citrus 2"
1262 (E)-2-decenal MS, RI, STD 2.3 fatty 04"
1281 2-methylnaphthalene MS, RI, STD 2.2 naphthalene 20°
1289 indole MS, RI, STD 3.5 mothball 140"
1311 4-vinylguaiacol MS, RI, STD 3.4 clove 3f
1315  (E,E)-2,4-decadienal MS, RI, STD 3.8 fatty 0.07"

€¢



HINENTR

* Yang et al. (2008).

® Method of identification: MS, by comparison of the mass spectrum with the NIST/Wiley mass spectral library; RI, by comparison of RI

with those from the literature; and STD, by comparison of retention time, spectrum, and odor description of an identified compound with

those of authentic compounds.
° Average intensity of compounds that were detected by all three assessors.
¢ Odorants were described by assessors during GC-O.
° Odor threshold in water by Van Gemert and Nettenbreijer (1977).
"Odor threshold in water by Buttery ef al (1988).

® Odor threshold in water by Fazzalari (1978).
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2.4 Ugnseiildinanausaludinegn

A3

[ [

] Aaaa A Y a A 9 Y aaa A o =1
awnsoulalfnsenne IMinanausavestnvegn Idiu 3 Ugnsendnnaail

o

Y v
2.4.1 Ufnseneongiadu msasduiniliinemssamelulgnsen
a v Y Yy .. . . . . . . A o % dy
29NTATUVDIT1 Taun palmitic acid, oleic acid {ta¢ linoleic acid Weorhamveansa lusiudi
Y} Y 9 J a g v A s Aa 4 a4 4 Y
nlianudoulaslylev swnaluasisznevdad laa arssumeninatuiinaundient
a o dyw = 3 J S A dg’ ..
vaznau lvdu wenvintidali laTaswuda lva uazuenTuiionady (Rijkens 11ag Boelens,
a a % A o o a a (% o 1 4
1975) Msnavendadunsaezil lutaznia luiuszildinandasua lunquuoanosed
o I o s a g { a '
wazdan lag laedan aauaiaiuarsildnaniiuludng 1y hexanal 11ag nonanal (Yajima

etal.,1978)

Aaaa 4 3’ a o 4 Y]
242 Ufnsenvamse waasaaduaz Tsduludide 1d5uanuion
a v o [} J a a o a [
WINAMITINAINUYEINYMS Uetanaznsaozl Tu hldinedsdsenounguaislsznoy
a da 4 - - P P s
oo 15 lyndn AUNAUTARNIZ 199 pyridine 1A pyrazine ITUAY M135zvomariiiu

a13lsznonluTnsnuniinudnuagnaundionaun nied 1

. I Aaaa A A 9 @ aaa rd
2.4.3 Strecker degradation 1w senineidesnuilgnseunaniia lag
I Aaaa ~ a A o ] 4 a Aaaa dy o Y a
Wwlgnsenaaienseesi Tundwmismsveia Ugaseiiilinamslsenouniniame
T5lwaanluTasiou wenandesauda 1-pyrroline, pyrrolidine, 2-acetyl-1-pyrroline LiQig 2-

acetyltetrahydropyridine

. | Y A Ao o 9 Aa a A

2-acetyl-1-pyrroline 1uasInnaundingludnrians q Tasinaainniaozil

TuTnsaunaz laasond Insan 1Qn3e1 Strecker degradation vonsaewd IuInsause luna
g

a o o a = (% {
NanNUNH 1UA Iau 1lag Strecker aldehyde AdUaASIUAIND 4
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(0]

o =
O\‘/ * — — 1 B _— Z /X
N 7 N* NF
H OH \
0

7 l O
N =Gy o

0 0 pyrroline

pyrrolidine

\

Nt

1-aetonyl--2-pyrroline

N
2-acetyl-1,4,5,6-tertahydropyridine

N+
=
7
Va
N 2-acetyl-1-pyrroline

(0]

-

M 4 U031 Streker degradation Y9INTAON 11 INTAU LAZMIINA 2-acetyl-1-

pyrroline
131 : Hodge et al. (1972).

2.4.4 MIdaAIOUTDININNANNTOU ANWTBUMINMIIANNTONS
M) :} o a . . a . . - B {
nau o1 M l¥nsaguisn (p-coumaric acid) taznsangan (ferulic acid) Fuilunsailuoadn
a A @ A < = 1
wulusssumnamnamsaansantaswiluasdsenouiuea ¥y p-vinylphenol 1ag p-

. . & A a Y A g a 1= I
vinylguaiacol #Felanvauznaundieiluea dedndunauluieseasn
Aaaa o 1 9 < ~ g o
wenannseraanaidal mamizilgn, manumed, msnusne, na1lums
3 o v A o A Y Y A a A A
NUSHET tazaNuanso lumsyad dalinalvas lvnawnamadasundasvesnausalu
17 I darn i (Wongpornchai et al., 2003)

Y v o 4
3. MsanaasImen R IMNazaeduUNId (Direct Solvent Extraction)

[ 9 v o a 4 Y o ]
miana lasasialenlIniazaledunigaInsn l¥ lumsuenassesonINAIBEN

Y H
9113 mAailathigedegaauiavesnnuannsalumsazaenuananiuyoIdsszivelu
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5. MIAATHANIszmelinaudnATA Gas Chromatography-Olfactometry

a 4 A I
MIIATIEH a3 W NAUAIY Gas Chromatography-Olfactometry (GC-0) 1iumsa
. A v A Y I A o
(sniffing) N3 3211BNUBNIINADINUUDUATOI GC TaglFaynatilunioansiada (detector)
Y . £ o Y A 1 ~ ]
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Y [
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v ] ) Y
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Ferreira et al., 2002)
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Extraction Dilution Analysis) {82 CHARM (Combined Hedonic and Response Measurement)

Y { . P ' v
2. M3IAAND (detection frequency methods) URANINNI 2 AU TABAANIZ I
_ o , 4 a4 4 oo v
odor active compound 7LLHNIN sniff port NIAUABINY FIAMTDVOAHATUTIUIUY

dyy A & Y o K
NAFUN IANAUTINLADANADINUANNLTIVBINAY (Ruth, 2001)

a 9 & o @ v A 9 a . . . !
3. ﬂﬁﬂi$!1J1!ﬂ’NiJHlll°]Nﬁ1JWU‘ﬁﬂ°1J33El&’]ﬁTV]llﬂﬂﬁu (Time intensity) (%4 OSME,
. . . v & . . .
cross-modality matching, flavor impact values Tagorauen lailu posterior intensity 0% time-
i i Ay Ay Y ANy A o
intensity (Ruth, 2001) Iﬂﬁmlﬂﬂuﬂ%‘i%unﬁTﬂqﬂ uazmmuﬁw”lﬂﬂauﬁaamuaﬂymmm
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1993)

a

A o ll Y o Y 09: Y v
2. ﬂ1§ﬂﬂ§]’)ﬁ]fJ'NIﬂﬁlﬂWiiﬂfqmﬂﬂhﬁﬂfﬂgﬂ'lelﬂﬁ'liiglﬂEJVNWII@?ZL’HEJ]‘],“]J‘WiﬂiJﬂu

U U

1 a

FAANUUANANNTNINIT WS UUszMUIMsNTganglngurgiveds 19Ny

~ o Yy Y A Y a = A

3. MIANANTAITILANNTLAUANUTUIUNUNTA az TTeansdUTUAIU (Ruth,
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cross-adaptation 3401991114 I lananLredia Tasmmznsdinansyseneuninnii 1 viad)
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(Abbott ef al., 1993; Grosch, 1993; Ruth, 2001; Burfield, 2002) 48n9InMIndUAUBIADNAY
9 = v ' A a 1 1 . dy Ay
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v A ' < @ a Y] a '
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5 1345 a-copaene 0.70
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10 1752 1-octadecene 0.07

HIEIHA) " daunvesasasanuIasnlaunsylunwpuini nl



52

d’ Y T A A Y 9 ~ o as . 9
MINN 8 ﬁ'ﬁiglﬁﬁliu{?’]’mfJN!,NE]ﬂ‘VINTUﬂﬁiﬁﬂﬂﬂJi@uﬂﬁﬂﬂIﬂﬂ’Jﬁ solvent extraction 9178

laofiadmes
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d' a [ A Y 9 Aa o o [ A A Y 9
MI9N 12 ¥HA, ANHULNAU LAZANMUINIUYBIATTLHY (ng/kg) NIATIEHND IUuAIE1HRNARIUMS THANNTOU (pH 10)

RI AN .
. - o o s Threshold .
' GAPEENIE anvaznau AUNND OAV’
HP-5 FFAP (ppb in water)
(ng/kg)

1 1,2-propanediol sweet 989 1277 6,671.4+11.3 340,000d <1

2 2,3-butanediol butter, creamy - 1489 11,579.0+18.8 >100,000° <1

3 2-butanol fermented, yeasty 1037 - 620.7+£5.2 40,000 ! <1

4  1-pentanol tropical fruit 1044 - 27.843.6 4,000 ° <1

5  l-tetradecene - 1387 - 777.0£6.3 60° 13
6  phenol phenolic medicinal 1419 - 584.9+15.2 5,000 " <1

7 I-hexadecene - 1582 - 660.348.1 - -

8 I-octadecene - 1783 1766 690.4+6.7 - -

9  5-octadecene - 1797 - 282.1+£9.6 - -
10  propane - - 1797 1,815.4£12.5 - -
11 acetic acid sour - 1337 710.3+£9.8 22,000i <1
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*greunvesasasanu Insu launsulunmeuinn n7-ng
b 91N 11.!5191)634”?1 Flavor-Base 2004 484 Leffingwell (2004).
° A1 threshold 14111 910 ¢ Alexander ef al. (1982), *Buttery et al. (1999), ' Schnabel et al. (1988), * Tamura et al. (1995), " Dietrich et al.

(1999) 118 ' Buttery et al.(1998).
' @1 Odor Activity Value 117 1891039199815 4115828A1 threshold Yo 9a3¥HALY

LS
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MINATIEHF AT UETTLHEN NN 2,3-butanediol THanYULNAL
a g A o ' A A v ¥ Ao Y Y o o A
asudlumssemenny ludid1unenmILMI 1HANNToUNTANUTNIUTUHNTU NN
A9 11,579.0ng/ke a15UT2NOUNNUTOIANAD 1,2-propanediol THANHHULNAUNIU AN

1YY 6,671.4 ng/kg , 1A propane [UUTU 1,815.4 ng/kg (A13199 12)

v
A Ao w

9 1
asasaulumsinamsTinaundngTuien ldun lududgaliogyszanm 0.1-0.4%
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v

(Will et al., 1983) Tagmmignsa lugiu lusudeaunsamnasensiatu ldaslsznoulunquey
a a 4 4 dy
avhanlalasmsueon, nsa uazueaneddad (MacLeod, 1989) lumsnaassiiansilsznouly
' s o ' A A v 9 A Y A @
nauueansgoanwuludediunennmIuMs 113 oUAD 2-butanol 1¥NAUNNN 1-pentanol
Tnaunalsl 2,3-butanediol 1¥PAUAT AT N LAY 1,2-propanediol 1HAAUNNU (A15190
1 4 1 dyd a o PR IPN Aaaa 9 a [ a
10) @15 lunquueansgeamatiilunandunninanlgnsenui-eongiady Tagnain
{ o
m3ildsuntlasveslauvlames NADH Tunalnlngin (Berrios-Rivera, 2003) a1513znol
a d' d' o (] A d' ] Y 9 =) 1 Y 9 1
siaounwuludedraionndiumsIianuioude arsdsznoulunguoanu laun propane
uaxﬁluﬂ’cjué’aﬁu 1&un 1-tetradecene, 1-hexadecene, 1-octadecene LAY 5-octadecene @19 19

nauludledruioniiin OAV gefigqafie 1-tetradecene (OAV= 13)

A % 1 A dyd a a ' Aav
asszmiennuludediaienlumsnaasstiisdatazUsnauanaeonluauide

A 4 A A 9 1 @ a 4 Y A
¥4 MacLeod (1990) Lummamwuﬁmmmeﬂ%“lﬁm,mnmmu MacLeod 1A512H 15 1inau

A 4 . . 1 dy A Y A 4
VOIUNDNNUT Colocasia esculenta var antiquorum mu“lmmmamuLaaﬂiwgmaﬂwuﬁ

. & J A A a a o

Colocasia esculenta var exculenta FuduHononnimMImzlgnuaztouys Inalaena l

Y [
Tutlszimalneg wenaniimsanaves MacLeod (1990) 1¥msadaaIsseiMea18nTeq Soxhlet

2

extractor H3® Soxhlet apparatus 824 luaunaassiiidenlsmsadaassamediediiazane
Tasase LﬁﬂQﬁ]Wﬂllgf‘ﬁWﬂ”li‘i/lﬂaﬂﬂﬁiﬂ”liﬁﬁﬂﬁ}’ma% Simultaneous Distillation Extraction (SDE)
P v A 9 A v Aax o VA oA Y
Futlumsananlndineenuisves MacLeod tg linuassivela uaiie@en1dds solvent
extraction 7l pH 10 WUEI5ZMoaaadlua1519n 12

Vv Q' d' o W A
3. mslvinaunaasluden

o

9
= A

J a {o o A, .
Tumsnaaesil ldunsgdes Idnaundny lwionTael935 Aroma Extract Analysis

(AEDA) WUN@1558MeNIA1 FD factor 11U 3 A® 1,2-propanediol (MAUIHBNLAZ W) LAY



]
IS Y=

Y A A A 9 A A 1= A [ 1
TIITLNYNUA FD factor (NINU 1 (M1TNN 13) AD mﬁﬂul@ﬂaumm"luuﬂﬁmamq ATDYN

1@uA 2,3-butanediol (NAUHIU) 1AL 1-pentanol (MAUIHBNLATHIN)
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H a [ a' 1 4 1 y [} 4
M919N 13 FiA anHULNAY tazal FD factor ¥93en3szreludonneums Iianudou Nusnlasaoduil HP-5

Compounds Odor description” RI’ 1P RI’ FFAP Odor description ref.’ Average FD factor’
2,3-bu‘tanedi01f sweet 852 1489 butter, creamy 1
unknown A taro 900 - - 3
unknown B taro 936 - - 9
1,2-propa1nediolf taro, sweet 990 1277 sweet 3
unknown C taro, sweet 1003 - - 1
1 —pentanolf taro, sweet 1044 - tropical fruit 1
unknown D taro 1117 1390 - 1
unknown E taro, sweet 1124 - - 1
unknown F taro, sweet 1130 - - 1
LENRETN Y] * Odor description at the GC-sniffing port during GC-O.

® Retention indices (RI) were calculated from GC-O results on HP-5.
‘ Retention indices (RI) were calculated from GC-MS results on FFAP.
‘ Compound tentatively identified with the reference compound on the basis of comparison retention index (RI) on HP-5 and odor

quality at the sniffing port from Leffingwell (2004).

09



¢ Average of FD factor (n=2) on HP-5 column and FFAP column; FD factor = 0 mean odor detected before diluted
aroma extract for AEDA.
! Compound positively identified by comparing with retention index (RI) on HP-5 and FFAP column, mass spectra obtained by MS and

odor quality at the sniffing port on the same column.
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MSD a1511a13 181 unknown A-F 11194910 FID ttag MSD Uanu T lumsasiadtaas 1é

o o A g A @ -12 o 1 QsJ‘ A [ L=

lusgavmnTunsuvsetiosgalusean 107 nsumniy Tuvasnlssamduiavoanpon

v 9 v v v
anu laeaslinauluszay 107 nsu daiuasszmenaia ldniian threshold §1119% i
A ] 1 3 3 1

udvziifsinannududuiosuazasioialildare FID waz MsD Niilulddnadeus:
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£ Y Aa A a I A 1 A A Y
1-pentanol ¥4 lvinaumenaznaun Iy Wuasidsenunny luienidiunms 1
9 aw = A ~ Y A Ao o

ANUToUTUUIToUDI MacLeod (1990)  Tumisnaassil wudnkonias nnaundiagy
09: a ~ ~ [l (Y] Y Y a £ ] I A
NauA 9 ¥ila Jenshn luansansiadalddie MSD 6 e Farvziluasniia threshold
1 v Y v
& vaziasszmennunalumsnaaeudie GC-0 tag MSD A9 2,3-butanediol 1AM

, AN LA 1,2-propanediol Tnaunu
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4. ﬁ1§1ﬁﬂﬁu!ﬁl@ﬂ‘n]ﬂﬂ]§ﬂ]

a 4 Y A { o ] FY a o @ [}
M3 AATIEHENS IR NAUADNNIIMUIENNTAVOIUTEN A 2 @290 Lag B
o ! 1A Y A HAq YA o Y A A aow o oA
2 @001 wuniasinaunlndifesin dsszmielinauiennnuTEn A @108199 1 Wy
A Y Aa a . Y A egq-
A1552ve 5 ¥ila a13szvieldnaudl 2 ¥ilafe 1,2-propanediol 1iNAUNIY LAY vanillin
Yy a A o = Y A A
propyleneglycol acetal Tnaurnuuazay aaaslumsen 14 wazasszive Iinauion

NVTHN A @206199 2 NUA552INE 6 Fila assemielinau 4 sila Ao 1,2-propanediol 117

a v =}

2 . . Y o egqe y A a
NAUNIU, tetrahydroquinoxaline Tvina SYNBLASDT, ethyl vanillin Tnaurnuaziian
11ag vanillin propyleneglycol acetal 1#nauHNULAzATY Aataasluasan 14 anssemely

A a o 3 Y 1 I A @
AAMNBNIINUTEN A 119 2 #2961992 19 1,2-propnadiol 112 vanillin (Juans 1¥nauvan uay

1% propyleneglycol dudiazae

sz l¥nawien1nuSm B §10619H 1 wuassemve s wile 9lvnau 2 wila
Ao 1,2-propanediol 1ﬁﬂ§uw31u 118 vanillin propyleneglycol acetal Glﬁlﬂéu‘ﬁ NULAZATH
Inddosiuans dnauionueusim A dwaaslumssi 14 nazarsszmelinawionain
USEM B §eeneii 2 nuasseme 11 siie 3al¥naw 3 via e 1,2-propanediol 1ﬁﬂ§uwa1u,
vanillin I¥nausiuuagiiian 1a vanillin propyleneglycol acetal 1¥nanunIMUIazaTY §a

tanaluaisnan 14

a 4 <3 1 9 A A :J' A v = Y A o A
NHANITAATICHILHUI @15 MNAUNDNVDING 2 UTHN Wes Inaunani
A @ 1 a A . £ Y A eqqe
MUBUNUBDY 2 BUAND 1,2-propanediol #91HNAUNIY 1AL vanillin propylene glycol acetal
£ Y A A A Y A v e A A A Ao
galinaurnutaznaunsy lun1eansaiten ]y vanillin lunauEentoawnUanyay
A v A 9 [ A A 1 nm Y A 9 . = A a
naunNuiuNadetunauveauren ua 1i'ldidenly 2,3-butanediol Fawu luionssTNINA
[ A { o 4 a [ 4
W51 2,3-butanediol I anvaznauasunuw Mldienauasllundasasidelsd

SIERTRLTTGR



H a [ A {a 4 LY L] Y A a o
M5190 14 ¥ Lazan¥ALAAUVIATIZMEN ATz N IUA19819a5 IR NAUINUTEN A 1ay B

%DPeak area

i RI,. A1552NY Snvmznan’

A, A, B, B,
1 982 1,2-propanediol sweet 47.27 21.33 40.06 28.50
2 1036 ethanone - - - - 0.84
3 1062 bezenemethanol - - - - 8.08
4 1118 2-cyclohexen-1-one - - - - 11.07
5 1162 pyrazine - 1.08 - 5.8 1.39
6 1203 tetrahydroquinoxaline nutty, cereal - 1.57 - -
7 1249 4H-pyran-4-one - - - - 7.85
8 1254 4-butylbutan-4-olide - - 1.00 - -
9 1298 5-thiazoleethanol - 9.48 - - 3.13
10 1334 benzoic acid - 1.54 - - -
11 1346 isobornyl isovalerate - - 9.83 25.92 3.74
12 1406 vanillin creamy, vanilla-like odor - - - 28.51
13 1451 ethyl vanillin sweet, vanilla-like odor - 6.69 - -
14 1646 4-octylbutan-4-oilde - - - 12.11 1.70

$9



M519N 14 (99)

%Peak area

' RI,, A1552INY anyuznau’
Al AZ Bl BZ
15 1657 vanillin propyleneglycol acetal sweet, creamy 24.63 31.47 10.34 4.50
M@ *@aunvesansasaiu IasunTaunsylunmnuini no-12

b v Q' d‘ d' a <Y
ANHUTHAUNNUINBIAUATIEHRAIY GC-O
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Y = o v = o 4 Y Y
5. myszmgludnauvteadiegn, amtieaiugdedg vazdaaldyegn

Q Q

] ~ o Ao a A A I
’(?f'liigl,ﬂﬂrlu"ll13Lﬂu83ﬂ11’jQQ'ﬂ3J‘l/]\1W3Jﬂ 12 ¥UA (G]'liN‘V] 15) ’ﬁ1§§$!,1’?ﬂ1/]‘1/‘lﬂlﬂu
1 14 a v A 4 a v A a L= a =
ﬁ1§ﬂ§$ﬂ@ﬂ1uﬂquuﬁlﬁﬂ®e"l@ﬁ 5 ¥UM E]ﬁﬂul?lﬂ 1 ¥UA DAAU 2 FUA INDINU 2 ¥UA uaz%l
a < A o "y ~ o A Yy v
UDA 2 YUM benzaldehyde LﬂuﬁWiiZLﬂﬂﬂWUiuﬁ’JE]EJ'NGU'l'JL’VquJ'Jﬂﬂ{NEIﬂWJJﬂ'JHJHISJGUH
” o A A Yo A o s A . ~
ﬁiJW‘I/]ﬁiﬂﬂ‘V]’q@ﬂf] 1206.4 ng/kg 1waﬂymzﬂauaanauﬂ ERNGMVRIG 1,2-propaned101 ANy

WU 457.2 ng/kg THANBAULAAUNIU

9 ~ @ c’dy 09.1’ a 9 1 1
msszieludnamileniugilergnagnianua 14 vile 1dun asdsznonlunguy
4 a 1Y) a o a a a
11BANBEDE 2 ¥HA daAU 4 ¥Ha dalAU 5 ¥ia N3a 2 ¥Ha taz arsdszneylulasnu 1 ¥ila
Aa Y Y o o o A Y ~ o o4 A
msszmenlanudududuinsuiniigaludrmiieniugilergyagnie pentadecane 1,785.3
ng/kgT09A9NAD 1-butene VANMVUYY 1,569.0.1 ng/kg (13199 15)
A 9 Y = o’/’ a 9 (= 4 a a
assziefwy ludraen liegniinamua 13 ile 1dun 0ad lea 1 wiia, nsa 3 wiia,

a a [ a 4 a 4 a
Wuea 2 wia, Alnu 1 ¥ila daAu 3 ¥Ha, AN 1 ¥UA LAZOU 9 1 ¥HA 4H-pyran-1-one

. . . :
Wumsszmeniinnududuannigaludruar 19vegnie 1602 ng/kg (A15197 15)

a3 1inauludn drunianannmanasendgaduved luiiuludnswiums
° P .
MU u lad (Bhattacharjee et al., 2002), L8 Lmzﬂ’ﬂll%}@u(Chaudhary, 2003) ANusou
o Y a ' J .. dy ' <3
Mmlinamstsznovlunquueanosod (Yajima er al, 1978) Honnni luseninmsiny
§A11 lipase 110 lipoxygenase B1uN5anszaUMIINAoonFatuve lutiuludIdsui
. sa o vy = o A Y 1

(Suzuki et al., 1999) Lmaﬂaaaa‘wwﬂumamwnmummmqﬂ (119 19N 15) 1aun 2-
butanol, 1-propanol 48 benzene ethanol Tagl¥ naumiin, nauaen 18thnsesals uaznau

9/ o 1 S 9 ~ :j a A .
wa 131 awdey arsdszneulunguueaneseannyludamiienis 2 wiiafe 1,2-propanediol

1ag 2,3-butanediol (NAUMNULUALNAUATY ANRIAL)

A o J @ 1 ~ o 2
benzaldehyde Tnausanouanyludtedistnmiioaduazdrua linegn Taaina
nnmsdfnservesnsaezi Tulud1i 1Aun proline, alanine 118 phenylalanine (Cynthia et al.,

1968) agANN3 U (Hayashi ef al., 1990)
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Wueanazasisznoviluednlunmiannl)nseroondHadu-3ansu (Tressl and
Albrecht, 1986) #3901910A11NA1MNS oUTh 1FIAALN581 decarboxylation ¥99n5@ phenolic
] a I {
carboxylic 1¥U N5A coumaric tNALTJY 4-vinylphenol (Maga, 1978) @15Useznaunnylu

Mvdntumilerdnegnuazdiaa 1iyagn1aun phenol t1ag4-vinyl-2-methoxyphenol

PN Q' a { { I~ Q‘
vanillin Jnauntaamwuludrue 18 @sen 15) duenslinaund Tasaada
a a Aaan Aa o v W A o J a
WUBY AN nUfnseeenddu-sandu Tasisunnmsinuveaeu laduazing
1 ' Y 1
99NFAFUNVS 1IN functional group NABAVLLUFY ETAIAUVDA vanillin A1 ferulic acid F
3 = A 9 a a . Y iiq- . .
WunsaWueannuluinisssymna e acetylation %u"lmﬂu vanillin (Heath, 1981; Reineccius,
] = ~ 9 Y = a Aaaa 9 a @
1994) drud Inuwnludra 1iyegnae 4H-pyran-1-one a1l nsenudr-eongiadu

Yon5a luiuszrI9MIedn (Yajima et al., 1978)

9 ~ o L= 1 dyd' @ (] 9
Tudhamilendmuasdsznoumesiv msdsznoulunguiiinyludlediedn
milendmagn laun p-bisabolene 1R anyugnaueeldl uaz (£)-beta-farnesene 47
A4 A v 1y S o A o A P
mstsznovduinuludedisdnamiiendegnie msdszneonlunqueadu laun 1-

dodecene (NAUHIU) L1AZ 1-tetradecene

A A % 1 9 =\ 4 dy 9 [
ﬁ"liﬂi%ﬂ@ﬂ’é)u gl ﬂwuiummsmmnmumwuﬁwmg"lmm 1-butene, nonadecane,
pentadecane, heneicosane, butanoic acid (ﬂﬁuﬁu), indole (ﬂﬁummw?aﬂﬁu"lwﬁw%ﬂaﬂllﬂ),
2-tetradecene, 7-tetradecene, benzoic acid, 5-tetradecene, octadecane, 1-octadecane Ling

nonadecane

a131lsznoudu q Anuludediestnue linaan1diun heptane, propanoic acid (nAw
J A <
L!?JL‘]EEJ’J), nonadecane, methoxyacetic acid, heneicosane, hexyl hexaote (ﬂaummm%m?a
A P A A 9
AAUH Y HTDNAUTAN HTonauna 1), BHT uag 1-octadecane
A A Y] ~ ° A .
mITEININUAT OAV qwqaiumnmummm@ D 4-vinyl-2-methoxy-phenol
(0AV=133) 15nauaTy 509093179 1-tetradecene (OAV=2) §115UA OAV ¥BIATILIHEN
Y = o o’dy A A A . . Y A A 1
Wy ludmileiugueIgnNaIgINgane butanoic acid 1HANAUAY (OAV = 1036) A1 OAV

599891170 indole 1 naunNUNSonau lndwSonauaean 1 (OAV = 5) Tasansszmenny
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a 9 Y

4 Y v
naeriail luauIseas 1inautInde us Uiy (Jezuessek ef al., 2002) HAZA1 OAV V99

asszienny ludnuen liegniliaigeaiigafe 4-vinyl-2-methoxyphenol (OAV = 31) 910

U
Y

a 1 9 = Y a Y Y 19 ~ o 9 Yy
NITNIITUIAT OAV UDIVTUNUUYINN 2 G]fuﬂllﬁzﬂl’]')!,ﬁ'lllwwu’)'l Gll']'JLﬁUEJ'Jﬂ']LLagsUTJ!ﬁ'IUlWM

asszeniinnudrnn lums1inauldun 4-vinyl-2-methoxyphenol



H {a 7 o o 7
Ms1eh 15 anududuresasszve (ngke) Minszinuludamilend (BG), 1ramileriugiliony (WG) nagdraen'ld (Wr)

' ' RI ANUANTUFUANT (ng/kg) Threshold OAV'

" A1552M0 anvanau’ (ppb in
c d e
HP-5 FFAP BG WG WR water) BG WG WR
1 heptane - 815 - - - 52.2+4.5  50,000° - - <1
2 propanoic acid pungent, sour milk - 1405 2,000h - - <1
- - 10.1+£3.3
odor

3 benzaldehyde bitter almond-like 975 - 1,206.4+15.7 - 36.6+6.9 350’ <1 - <1
4 1,2-propanediol sweet 984 1413 457.2+5.9 659.7+6.1 - 340,000j <1 <1 -
5  1-butene - 9387 - - 1,569.0+21.5 - na - na -
6  2,3-butanediol butter, cream - 1489 169.0+4.3 876.4+7.3 - >100,000° <1 <1 -
7  2-butanol fermented, yeasty 1037 - 163.1£2.5 - - 40,000l <1 - -
8  phenol phenolic medicinal 1089 - 157.7+7.8 - 12.5£2.8  5,000" <1 - <1
9  1-dodecene sweet, hydrocarbon- 1186 - na na - -

209.5+13.8 - -
like

10 1-propanol floral balsamic - 1356 57.2+2.4 - - 306" <1 - -
11 benzeneethanol fruity - 1769 87.6+3.3 - - na na - -
12 pentadecane - 1251 - - 1,785.3421.5 - na - na -

0L
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M1919N 15 (§19)

' ' RI ANUTUTUFUINT (ng/kg) Threshold OAV'
" A1552M0 anvanau’ (ppb in
HP-5  FFAP BG' WG WR’ wate) ~BG WG WR

13 methoxyacetic acid - 1279 - - - 16.7+4.0 na - - na
14 butanoic acid sweaty, rancid - 1501 - 250.8+8.4 - 0.24" - 1036 -
15 Indole sweet, burn, floral 1287 - - 705.9+5.2 - 140" - 5 -
16  4-vinyl-2- sweet, spicy, clove- 1309 - 0.75" 133 - 31

methoxyphenol like, smoky 101.3£9.2 - 22.945.1

(p-vinylguaiacol)
17  heneicosane - 1323 - - 624.2+12.3  81.844.2 na - na na
18  2-tetradecene - 1364 - - 318.0+2.4 - na - na -
19  7-tetradecene - 1378 - - 66.8+7.1 - na - na -
20 1-tetradecene - 1382 - 131.1£10.6 - - 60" 2 - -
21 hexyl hexanoate green, sweet, waxy, 1385 - 6,400" - - <1

- - 21.0+8.8
fruity

22 (E)-B-farnesene - 1446 1562 65.6+4.5 - - na na - -
23 vanillin vanilla-like 1471 - - - 21.6£3.7 20° - - <1

IL
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M1919N 15 (§19)

' ' RI anudududusing (ngkg ~— hreshold OAV'

" GACEENL anbaznau’ (ppb in

HP-5  FFAP BG® WG WR® watey ~ BG WG WR
24 B-bisabolene balsamic 1498 1628 49.5+3.1 - - na na - -
25  4H-pyran-1-one - - 2118 - - 160.2+5.2 na - - na
26  benzoic acid balsamic 1500 - - 307.2+13.0 - na - na -
27  5-octadecene - 1555 - - 324.145.6 - na - na -
28 BHT - 1583 1890 - - 25.146.3 na - - na
29  octadecane - 1677 - - 159.6+8.7 - na - na -
30  1-octadecane - 1754 - - 656.9+10.8 - na - na -
31  octanoic acid fatty, rancid, sweaty - 1711 - - 34.8+6.6 1,405 - - <1
32 nonadecane - 1850 - - 1,152.5£17.9  22.548.0 na - na na

@) " dhduiivesansaseiulasin Taunsuluamauand 13-18

* 91ng 119 01a Flavor-Base 2004 U0 Leffingwell (2004).
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" @1 Odor Activity Value fn7a1 1491AA MUY UV0I8N5115A8A1 threshold VOIaNT1IU
¢ A1 threshold 11131 910 Buttery et al. (1986) " Buttery and Ling (1998)i Pyysalo et al. (1977) ! Alexander et al. (1982) k Buttery et al.
(1999) "Schnable et al. (1988) ™ Dietrich ef al. (1999) " Leffingwell (2004) ° Buttery et al. (1998) P Sugisawa et al. (1991) Y Tamura et al.

(1995) " Karagul-Yuceer et al. (2003).
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M3199 16 ¥iiA ANBULNAY 1aZA1 FD factor ¥ode3szme luiumtieId (BG), 1t diugiveng (WGazda 1w (WR)

. RI Average FD factor’
Compounds Odor description . : : : .

HP-5 FFAP BG WG WR
2,3 -butanediol” sweet, balsamic 865 1413 1 - -
2-acetyl-1 -pyrrolinei’A pandan, cooked rice 922 1321 3 - -
1-octen-3-ol straw, earthy 978 1289 1 - -
nonanal"” flour, sticky rice, fatty 1108 1406 - 1 -
unknown A sticky rice 1116 na - 1 -
ethyl octanoate" sweet, cooked flour 1192 1430 - 1 -
(E,E)—nona—2,4—dienali'D sweet, fatty, cooked flour 1218 1684 3 3 -
germacrene-Di’C cooked flour, woody 1478 na - 1 -
unknown B fatty, cooked flour 1534 na - 1 -
methyl dodecanoate waxy, sticky rice 1525 na - 3 -
unknown C milled rice na 1127 - - 9
(Z)-hex-3-enali’D cooked rice, straw na 1143 - - 9
unknown D milled rice na 1163 - - 9
ethyl sec-butyl ether”” milled rice 830 1189 - - 27
unknown E flour 940 1194 - - 9

9L
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. RI Average FD factor’
Compounds Odor description . :
HP-5 FFAP BG' WG WR®
unknown F sweet, cooked rice na 1202 - - 9
3 -methyl-2-butanoli’C flour na 1220 - - 1
ethyl hexanoate™" milled rice na 1235 - - 3
dimethyl pyrazinei’G waxy na 1304 - - 1
unknown G cooked rice, cooked flour na 1367 - - 3
ethyl acetate”” cooked rice na 1391 - - 9
unknown H cooked flour na 1437 - - 1
(Z)-non-2-enali’D waxy na 1500 - - 1
(E)—non-fz-enali’D cooked rice 1162 1529 - - 3
phenylacetaldehydei’D sweet, rice na 1638 - - 3
2-acetyl—Z-thaizolinei’G milled rice na 1785 - - 9
(E,E)-2,4-decz:1diena1i’D milled rice 1314 1800 - - 27

LL
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* Odor description at the GC-sniffing port during GCO.

® Retention indices (RI) were calculated from GCO results on HP-5.

¢ Retention indices (RI) were calculated from GCO results on FFAP.

‘ Average of FD factor (n=2) on FFAP ; FD factor = 0 mean detected odor before diluted aroma extract for AEDA and — mean no detected
odor.

“* BG = cooked black glutinous rice, WG = cooked white glutinous rice and WR = cooked white rice.

h Compound positively identified by comparing with retention index (RI) on HP-5 column and FFAP column, mass spectra obtained by
MS and odor quality at the sniffing port on the same column.

i Compound tentatively identified with the reference on the basis of comparison retention index (RI) on HP-5 and FFAP and odor quality at
the sniffing port from A Karagul-Yuceer ef al., (2003), B Yang et al., (2008), “ ESO 2000 database of essential oils (1999), P Jezussek et

al., (2002), : Czerny and Schieberle (2002), " Fritsch and Schieberle (2005) and ¢ Rychlik et al., (1998).
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