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ABSTRACT The volatile and semi-volatile compounds of
5 accessions of domestic scented and 25 accessions of
introduced scented were extracted by solid phase micro-
extraction (SPME) and analyzed by gas chromatography-
mass spectrum (GC-MS). A total of 156 volatile and semi-
volatile compounds were identified from 30 accessions of
aromatic rice, including 32 alcohols, 25 acids, 25 ketones,
21 hydrocarbon, 18 esters, 16 aldehydes, 4 ethers, 5 amines,
2 phenols, 2 bases, and 8 miscellaneous compounds. By
UPGMA/Neighbor-join tree analysis, the thirty accessions
of aromatic rice could be classified into seven groups
according to the major odor or aroma compounds. Group
I included indica type of Basmati varieties. Group II and
Group IV included japonica type introduced scented. Group
IIT consisted only Hyangmibyeolho in domestic scented.
Group V and Group VII included indica type of Basmati
and non-Basmati varities. Group VI included four of domestic
scented of seven accessions excepted Basmatio129, Basmati
6311, and Seratus Malam.

Keywords : Aroma rice, GC-MS, SPME, volatile compounds,
flavor, odor
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AUtk 22 =A| FHo o] Mk} gEe] U wHoAd
T Akt ®iste] Fakel =t =1l 191 A7 A AnjEF
o] FA3% TIAE Ho|il Q) om(Korea National Statistical
Office, 2008), TEAZEE 20034 7|2 26.9%2 uj& Lt
CHPark et al., 2002; WTO, 2003). £3] DDA(Doha develop-
ment agenda)@/4; ZAvto] wE TASHFO =2 Ao
w2 % AL skt A 5 W Ao AgAF o
o] A Asl= HEo v Aete A Waksta glct

whepA Hof| et ALo) Wk WO FAThrA H
FEY] NdeoA A, ] T 7HEE 5
ST A7) A W R AT R A e
F7F FAE T QtHKim et al., 1994; Park et al., 1993;
Kee et al., 2000; Song et al., 2000; Kim et al., 2008a)

59| Ful= FWHA] F23 22 o] WAEE BEA
o, Qle, 7| A% 5 FEoRA o A YoA LA EE
Aufstal Q= agu|E ¢EA  QUtK(Tripathi and Rao,
1979). S-eubeh 19704 o] FHel Aoluf Wike] 54
Al 715 o A7 A EHA e (Lee er al, 1991,
Lee and Kim, 1999; Lee et al., 2003), 19934 2E] gFu]u
1375 HZ23 FrEdS 54 HGshA = U3(Choi et
al., 1995) TheFet gFolu; 2, Mz Zh= nEse A
o8 FAA AG7F el 9ick(Heu and Park, 1990;
Park et al., 1993; Kim et al.,, 1994; Ahn et al., 1992,
Jeong et al., 2002).

Frle] Ry sHghEol ek A= GC(Buttery er al,
1986)2F GC-MS 9| 417/ e] &]sto] oF 200015 o]<]
3 AlBo] B &9 tiIshitani and Fushimi, 1994; Tsugita

601:1:!
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et al., 1980; Yajima et al., 1978; Lee and Son, 1991). 71 ReRa
Zo| A= roasty note2 &% a-pyrrolidoned} 2-acetyl-1- it
pyrroline®] ¥Fm|o] 54L& AAsh= Aoz d#A ok
(Yajima et al., 1979; Buttery et al., 1983; Grosch and = 2 dhH
Schieberle, 1997; Lee and Kim, 1999; Moon et al., 1996;
Kim et al., 2008c). H
s 2 AP AP AoA w4 FHo] $5t of Ak H &% Table 19 Uepfglon, A3is
3(Kim et al., 2008a, 2008b), 2-acetyl-1-pyrroline(2AP)<] As ATl =94 FA(1,00085, E47))0] 435t
o] =2(Kim et al, 2008¢c) Fr|-FAALS Astol  2APERO] w2 =W SA4 A 5E5E, AU =Y
SPME _7F§Ht4] oz H]—‘Cﬂ:/\é Q:cﬂ—c' el =23 }_,_ GC-MS® 7zt zﬂ:u] x} 9% \g_g Z}:L_IJ 7]-0:] E‘QS‘:U]Z}--‘?—J 6Z% GC-
Ao 7HA = W B4 HuEA W skl &% MS 49 o] g5ttt Aol AR RS 2007 &

=
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Table 1. List of 30 accessions of aroma rice germplasms were selected based on their agronomic characteristics and
2-acetyl-1-pyrroline (2AP) concentration.

Accession Number IT Number' Varieties Origin
WARI19 203705 Arahyangchal Korea
) WARI17 191971 Hyangnambeo Korea
Domest.l ¢ aroma WARI8 191962 Hyangmibeo2ho Korea
fiee WAR20 196276 Mihayangbeo Korea
WARI16 192023 Hyangmibeolho Korea
WAR24 207636 Goolarath Australia
WAR23 102310 Seratus Malam India
WARO06 213081 Iranbeopshi Iran
WAR28 136185 TALLI Nepal
WARS2 155906 Basmati213C Pakistan
WARO09 207665 Basmati370 Pakistan
WARG67 155925 Basmati5854 Pakistan
WARG68 155927 Basmati5875 Pakistan
) WARS84 K056308 Chahoral44 Pakistan
foigi‘gaazllfa Orfce WAR30 155899 Basmaii107 Philippines
WAR31 155915 Basmati405 Philippines
WAR32 155924 Basmati5853 Philippines
WAR33 155926 Basmati5874 Philippines
WAR34 155930 Basmati6129 Philippines
WAR37 155934 Basmati6141 Philippines
WAR3S5 155932 Basmati6311 Philippines
WAR36 155933 Basmati6313 Philippines
WARS59 000347 Binicol Philippines
WARI10 KO037775 Jasmine85 USA
WAR21 043511 A-2 Butan
WAR22 113892 A-3, Choh Chang Butan
Japonica type of WARO3 K037323 Jahyangna861 China
foreign aroma rice WARI15 177080 Shiyayuuine Japan
WAR26 165761 Daw Dam Thailand
WARI14 K016876 415 X Ir352 Vietnam

Korean genebank’s identity number (K- is means of temporary IT number)
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2437 ST TTATY FAAL FHEAA A A
W, eete] S ol 1%} HEE SAXA 4T
g

Asho] Aldlo] AFREFGTHKIm et al., 2008b, 2008c).

waty sigtgel 2al

TAAE 3022 A48 Fu]7|(SY88-TH, Ssangyong,
Incheon, Korea)= E‘“*]ﬁ HJu|2 U= oL BH7|E 5
Z 7 B3 dn|7E 200 mgS 1 mL screw cap vialo]
937 0.75 mL 100% ethanol% Z7Fste] 90°C Water bath
of 3027t 7hdstar Wk sk <,
AAE 714 12,000 rpm O 2 30%27F YAE st A
Sojg 1 uLy 240 o) gasick

drard sheiEel 2

GC-MSE EZ0]23} 7J=7](Flame ionization detector,
FID, Shimadzu, Japan)” } H2E] GC-QP2010 Plus(Shimadzh,
Japan)& A3l o, 44 columns ] & W DB-WAX
(30 m x 0.25 mm 1.d., 0.25 um) capillary column2 AR
atglom, GC oven &%= 40CoA 187 §Ag o
120C 744 B 9C &5z w2 29 120Co|A 157}
L23 oS 230 C7Hx] B 25C £52 222 28 58
7+ §-A5ke] A4 oven?] run-timeS 20.29R0 2 3}tk F
@] K(inlet-SSL) 2] &%= 155, injection mode:= splitless
o] split flow+= 10 mL/mino]3l A]7+& 150|%it}. FID
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Fig. 1. A typical chromatograms of volatile constituents of domestic (A) and foreign aroma rice (indica type (B) and japonica

type(C)) analyzed by GC-MS.
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helium& ARE3}e] 1.29 mL/min®] §&o] HEs &35}
1 AlgEE LA F5kaL split ratio= 1:100.2 3} ch
Aol AHEE GC-MS #47]7]= GC-MS(QP2010
Plus, Shimadzu, Japan)E A5} A& 9] 0] &3k= electron
impact ionization(El) W' o 2 3}t GC-MS BEA2A S
ionization voltageE 70 eVZE 3}1l, ion source temperature
£ 2300 shalck B3 4T EARe] Welmi)k 41-
450052 A 3}o] Labsolution program(Shimadzu, GC-MS
solution, ver 2.50)2 o]-83}o] 7} peak?] Al EH-S &¢Il
t}. Total ionization chromatogram(TIC)ef 2% Z} peak
o] ABREXO mass spectrum library(NISY21, NIST107,
PEST-NCI, PESTICD, and WILEY7)2} mass spectrum data
book®] spectrum}o] UX|F H|ste] IS}

A
1

=

n| o] vk e 2o wWE 30EF0 gt &
2LX matrix Q424 GC-MSA A 3Ho1% AJE 9] peak
area(%) 2 AFESHo] A% 8- = Wards minimum variance
cluster analysis(Sakakibara et al, 1990)E A2 3}
UPGMA/Neighbor-join tree WHO 2 7|2 matrixE &
of HABIATL, A BET WY Sk ZENE o
3t S-AHAE PowerMarker v3.25(http:/www.powermarker.
net) g ©o]-&sf4 A5k

MY

F%3}19) GC-MS(Shimadzu, Japan)
total ion chromatograph-2 Fig. 13} Z+o]
GC-MSE ol gato] 4 Wapy shae
2rlo] A4kA] 9 A g (Ecotype) 2 EF3}0] Table 29}
Table 33} o] Yehfich

Table 204 GC-MSo|A HEH 55T =W &4 0
Aol Y3t WA SaABe] & I EEH total peak area
of sl A, Ft 38702 W 3ol AEE 4
S 1, Hyangmibyeolho(WAR16)2] H3FA] 315HE-2 3670
2 S 40 AY F M AL 47k AEEs
Mihyangbyeo(WAR20)2] WaFd 33tE-2 41702 =W &
A% M F 7P B T AEEE o s S o
X Q] 4t total peak areat 61.08%9¢]™, Hyangnambyeo
(WAR17)7} 51.59%= 7} @2 3HS 249, Mihyangbyeo

U
Eha
1%
9‘_15
a
ne

>

e 3]

¢

N O]

(WAR20)7} 7931%5 7b4 =2 S molch

ESE 6Z3F9] japonica type = 0|2 GC-MS9|
A AEE S 3HEY 4 4 total peak area] thsf 4
HEW, P 39719 ek shEe] dEEson, HAt
Z]7} China?l Jahyangna861(WARO03)2} €AFZ]7} Vietnam
ol 415 X Ir352(WAR14)] H}sk4 sFat2o 7b2) 3670
japonica typeT=¢] Fu|AF T 7P AE 7F HEEHAL,
AEA] 7} Japan?l Shiyayuuine(WAR15)9] H3FA] 3lsHE
L 457)| 2 japonica type =% Fn|AFY & PR W & 4t
AZE A} E3SE japonica type = dFu| xR} 9] Ht total
peak are+= 63.21%9|™, Butan©] ¥4FZ]2] A-3, Choh Chang
(WAR22)7} 40.95%=% 7P W2 712 H¥ o, E31 At
A7} Butan®l A-2(WAR21)+= 81.86% % 71 =& & &
At

GC-MSoA HEH =W S4 oA =9 |zt
A7) WA SRR 4 U total peak areagl>-  AO|E
Holx] okgkA|ut, =] gmjAto] tha =& g UEhel
ok o3t dits WS4 FrIAEE 2E50] indica
type©| L 3%E5-2 japonica typeo| B2 = Q1EFu|z}u} AY
B o] FAfskar, AeE ARA v o] Wk IdES
35t 2APS] Hat o] =Y mjAkde] s 54
oY R =2 Ao g BUEQHKim et al., 2008c¢).

Table 394 19%59] indica type =% o]z 2] GC-
MSoA A& WP 22 4= 2 total peak area(%)
of i3] AwEw, Ht 39.6702 WA sEo] HEE
Qlom, USA7} YAkA| 2l Jasmine85(WAR10)9] ®akA s}
=2 267 = 7 A 7F HEE AL, Pakistano] ¢
Akl Basmati213C(WAR20)9] HeFA SlstE2 53702
71 B 7 AEE ok E3 indica type =9 )AL
219] H4t total peak area(%)+= 72.78%°] ™, Philippines©|
LAEA| Q] Basmati5874(WAR33)7} 33.78% 2 7AW 7k
S Hon, Australia7} ¥€AF%|¢] Goolarath(WAR24)7}
98.75%%= 7% =2 ZFe HYr}

GC-MSoj|A HEH Fn|A-A9] ek akhEo] 429} total
peak area(%)9] ¥l W3o] AR M= UX|5HA] gko
U}, indica type =%} 0|z} 0o] japonica type =4 dFu|x}
A3 ) £4 FuALnT B TS e,

Table 22} Table 39] UEH 30&2£9] sfujxlY o2 HE
A2 GC-MS spectrum= Mass Spectrum library(NISY21,
NIST107, PEST-NCI, PESTICD, WILEY7)ol x| 73t 2
15 YEbd Zlo|th Table 23} Table 304 305-52] v
Aol gk 156%9] Wk s 5 EdRIE7E 50% ©]
A W e datA W AR EE A EgTh
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Table 2. Composition of 156 of volatile constituents of domestic aroma rice and japonica type of foreign aroma rice analyzed

by GC-MS.
RT Constituents Types of volatile Dometic (Peak area %) Japonica type of foreign (Peak area %)
Wi6 W17 W18 WI9 W20 W03 WI4 WIS W21 W22 W26
6.032  3-methyl-2-butanol flavour - - - - 0.03 - - - - 0.04 -
6.039 n-Hexanal fruit flavour - - - - - 0.04 - - - - -
6.062 2-Methylpentan-2-ol toxic gas - - 034 - - - - - - - -
6.168 Butyric acid rancid butter odor 7.65 1.6 - 034 - 9.55 - - - - -
6.187 Decamethyl-Cyclopentasiloxane unknown - 575 646 2.19 6.2 - - - 337 255 3.61
6.203 2-Methyl-2-pentanol aroma - 021 - 0.08 0.44 - - - - - -
6.412 1-Methoxy-2-hydroxypropane characteristic odour - - - 0.01 - 0.11 - - - - -
6.478 n-Butanol strong odor 023 0.12 - - - - - - - 4.62 0.07
6.580 Tetraethoxysilane silicone - - 021 0.05 0.22 02 954 477 02 - -
6.597 Silicicacidtrimethylsilylester unknown - - - - - 0.03 - - - - -
6.654 2-Methyl-3-pentanol medical aid 0.03 0.02 - 0.01 0.06 - - - 0.04 0.21 0.02
6.752 3-Hexanol mowed grass odor - - - - - - - - - - -
6.772  4-Methyl-2-pentanol unknown - 0.1 0.18 0.05 02 - - - 0.16 0.23 0.06
6.831 2-Hexanol mowed grass odor - - - - - - - - - - -
7.068 Crotonal penetrating odor - - 0.04 - 0.03 - - - - - -
7.126 1,1-Diethoxy-2-butene nicolet - - - - - - - - - - -
7.200 2-Heptanone fruity odor - - - - - - 36 23 - - -
7.203 n-Heptanal strong fruity odor - - 0.02 - - - - 084 - - -
7.292  1,3-Propanediol aliphatic polyesters - - - - - - - - - - -
7.546 5-Octyn-3-o0l ketone - - - - - - - - - - -
7.794 4-Ethoxy-2-pentanone beer aroma - - - - - - - 0.14 - - -
7.840 n-Pentanol strong odor - 0.02 0.02 - - - - - 0.07 - -
7.868 1,1-oxybis-Decane unknown - - - - - - - - - - 0.03
7.904 3-Octadecyloxypropanol unknown - 0.06 - - - 0.08 - - - - -
7.920 Diisodecyl ether odorless - - - - - - - - - - -
7.966 n-Octadecane unknown - - - - - - - - - - -
8.234 Carbonmonoxide odorless - - - - - - - - - - -
8.483 3-Hydroxy-2-butanone pheromone - - - - - - 0.38 04 - - -
8.545 Acetylpentacarbonylmanganese unknown - - - 0.04 - 0.14 132 - - - -
8.585 n-Octanal odor - - - - - - - - - - -
8.662 1-Hydroxy-2-Propanone unknown - - - - - - 0.27 0.15 - - -
8.733 Hydroxyacetaldehyde unknown - - - - - - - - - - -
8.897 (Z)-2-Heptenal fatty aroma - - - 0.01 - - - - - 0.03 -
8.902 Glycolic acid flavoring agent - - - - - - - - - - -
8.960 N,N-Dimethylformamide odor 0.03 0.03 0.04 - - - - 0.07 - - -
9.135 2-Acetyl-1-pyrroline flavour 0.23 0.04 0.05 0.04 0.03 0.17 02 022 023 0.01 0.08
9.178 n-Hexanol odor 0.03 - - 0.01 - - - - - - -
9.437 2,4,4-Trimethylbut-2-enolide unknown - - 0.05 0.04 - 031 - - - - -
9.470 2,3,6-Collidine heterocyclic aroma - - 0.13 - - - - - - - -
9.481 2,4,6-Trimethylpyridine unpleasantodor 0.1 - - 0.03 0.17 - - - 0.1 - 0.15
9.542 Methoxy phenyl oxime aromatic 0.3 - 0.07 - - 0.05 0.13 0.18 - - -
9.742 2-Ethylhexyl acetate sweet odor 012 - 0.02 0.01 0.03 - - - - 0.1 -
9.896 n-Nonylaldehyde unknown - - - - - 0.2 - 021 - 024 -
9.926 n-Nonanal odor 051 - - - - - 0.05 - - - 0.15
10.089 Nitrogen odorless - - - - 0.19 - 812 - 0.07 - -
10.089 2-Propenoic acid, methyl ester pungent odor - - - - - - - - - 0.12 0.14
10.106 2,3-Epoxypropyl acrylate characteristic odor - - - - - - - - - - -
10.187 Ethyl glycolate unknown 028 - - - 0.03 - 0.04 0.1 0.04 - 0.04
10.471 (E)-2-Octenal green odor - - - - - - - - - 0.06 -
10.622 1-Octen-3-ol odor - - - - - - - - 0.07 0.06 0.01
10.744 Glacial acetic acid vinegar ordor - 0.17 049 - 0.49 021 0.16 092 0.72 0.9 -
10.880 Dodecamethylcyclohexasiloxane odorless 16 1095 15.06 3.6 7.68 18.72 031 - 0.66 08 6.41
10.896 4-Hydroxy-4-methyl-2-Pentanone mild odor - - - - - - - - - - -
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R.T Constituents

Dometic (Peak area %)

Japonica type of foreign (Peak area %)

T £ volatil
ypes of volatile "W W17 WIS W19 w20

W22 W26

10.977 Dimethoxydimethylsilane
11.771 (S)-4-Ethenyl-1,3-Dioxolan-2-One
11.832 2-Oxo-pentanedioicacid

11.879 Benzaldehyde

11.960 Propanoic acid

12.045 Methanoic acid

12.078 (2S,3S)-(+)-2,3-Butanediol
12.132 n-Octanol

12.161 2,2,6-Trimethyl-Cyclohexanone
12.199 6-Methyl-octadecane

12.218 Nickel tetracarbonyl

12.307 2,3-Butanediol

12.365 Ethyl tert-butyl ether

12.378 5-Methylfurfural

12.383 2,6,8-Trimethyl-4-nonanone
12.437 Propylene glycol

12.442 R-(-)-1,2-propanediol

12.844 n-Butanoic acid

12.858 Dodecane

12.956 vy-butyrolactone

13.445 (S)-(-)-p-Menth-1-en-8-ol
13.669 1-Eicosanol

13.679 n-Octadecanol

13.703 n-Pentanoic acid

13.744 Silicate anion tetramer

13.864 Naphthalene

13.942 Hexamethylcyclotrisiloxane
13.943 2-Ethylcyclohexanone

13.949 2-Methylcyclopentanone

14.017 3-ethyl-3-methyl-Decane

14.018 2-(2-Butoxyethoxy)ethanol
14.033 n-Hexanoic acid

14.105 (E,E)-2,4-Decadienal

14.259 4-Ethylcyclohexene

14.295 Ethyl ester 3-Pyridinecarboxylic acid
14.296 Ethyl nicotinate

14.421 n-Heptadecylcyclohexane
14.441 n-Undecanol

14.492 6,10-dimethyl-5,9-Undecadien-2-one
14.592 1-[(1-ethynylcyclohexyl)oxy]-2-Propanol
14.593 Benzylalcohol

14.743 4-Methyl-2,6-di-tert-butylphenol
14.796 n-Heptanoic acid

14.815 Butylhydroxytoluene

14.834 Acrylamide

15.237 Oxybenzene

15.248 Phenol

15.254 4-Hydroxybenzenephosphonic acid
15.289 2-Methyl-1-cyclohexanone
15.302 Hexadecamethylheptasiloxane
15.332 2-Pentadecanone

15.337 n-OctadecanoicacidButylester
15.358 5-Methyl-5-propyl- Nonane

volatile silicone - 232 1.2 1.82 0.37
unknown - - - - -
unknown - - - - -
almond odor - 0.04 - - -
pungent odor - - 0.13 - 0.07
unknown - - - - -
odorless - - - - -
odor 0.08 - 0.04 - -
alcohol - 0.04 - - -
jasmin component - - 0.06 - -
toxin - 4.6 - 0.8 1.82
odorless - - - - -
odor - - - - -
caramellic - - - - -
unknown - - - - -
flavorings - 0.03 0.03 0.02 0.04
odor - - - - -
putrid odor - - - 0.02 -
mild odor - - - - -
weak odor 0.03 - - - -
green odor 0.04 - - - -
flavor - - - - -
odor - - - - -
odor - - - 0.05 -
unkown - 1.74 9.76 0.12 443
odor 0.81 - 026 - 0.33
unknown 024 - - - -
unknown - - - - -
unknown - - - - -
unknown 021 - - - -
faint odor 0.38 0.06 0.17 0.02 0.25
unknown - 0.1 - 0.02 -
fatty odor - - - - -
unknown - - - - -
unknown - - - - -
unknown - - 024 - -
unknown - - - - -
odor 0.65 0.1 - 0.04 -
rosey aroma - - - - -
unknown - - - - -
fruity odor - - 0.17 - -
phenolic (slight.) 0.68 0.18 042 0.1 0091
unknown - 0.13 039 - -
phenolic (slight.) - - - - -
odorless - - - - -
olive oil - - - - -
tarry odor 0.89 - - - 0.49
unknown - 022 038 - -
minty odor - - - - -
unknown 1.56 2.55 142 0.03 2.76
flavouring agent - - - - 0.75
unknown - 023 - - -
unknown - 042 - - -

5.4

0.03

0.47
1.21

W03 W14 W15 W21

4.66 3.65 0.02 0.07 0.16

- - - 0.09

- 0.17 - 0.1

- - - 0.08

- - 023 -

- 0.07 - -
4.00 0.01 0.08 0.11

- 0.56 - 0.08

- - 0.33 0.22

- 0.07 - -

- 0.05 - -

- 0.1 003 -

- 0.03 - -

- - 0.1 -
027 035 - -

- - 0.07 -

- 0.09 - 0.1
028 096 0.7 0.59

- - - 0.17
0.13 034 - -

- 0.17 - -

- 0.4 - 0.11
0.05 036 0.4 -

- 028 0.53 0.21

- - - 0.37
028 - - -
0.15 023 - -

trace trace 1.47 1.19
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Table 2. Continued.

Dometic (Peak area %)

Japonica type of foreign (Peak area %)

RT Constitents Types of volatile “HrTWI7 WIS W19 W20 W03 Wi4 WIS W2l W22 W26
15.444 1-Methyl-2-Pyrrolidinone samine odor 1.5 - - - - - 095 - 122 - -
15.446 Hexyl n-valerate mangosteen - - - - - - - - -

15.446 1-Indanone unknown - 022 - - - - - 132 - - -
15.454 n-Octanoic acid unknown - - 1.37 0.63 0.86 - - - - 1.09 0.32
15.456 n-Tetradecanoicacid unknown - - - - - - - - - - -
15.487 Ethylmyristate waxy odor - - - - - - - - - - -
15.550 1-Cyclohexyleicosane wood smoke 1.06 - - - - - - - - - -
15.616 Dihydroxyacetone dimer odor - - - - - - 0.9 - - - 1.31
15.652 1,3-Dihydroxy- 2-Propanone, unknown - - - - - - - 197 - - -
15.878 6,10,14-Trimethyl-2-pentadecanone volatile - - - - - 0.88 0.63 1.47 0.6 - 0.69
15.975 n-Nonanoic acid unknown - 0.66 - - 1.5 126 033 076 0.7 091 -
16.028 Ethylene glycol odor - - - - 2.08 - - - 092 13 043
16.123 2-Butyl-1-Octanol flavor - - - - - - 032 047 - - -
16.163 Triglycolmonobutylether unknown - - - - - - - 0.63 - - -
16.187 2-Octyl benzoate unknown - - - 0.09 - - - - - - -
16.269 4-Ethenyl-2-methoxy-Phenol smokey odor 0.68 021 - - - 044 - 1.17 - 0.77 0.44
16.351 Methyl palmitate unknown - 047 - 029 - - - - 0.55 - 0.17
16.449 Hexadecanoicacid,ethylester unknown - - - - - - - - - - -
16.546 Ethyl palmitate waxy odor 255 - - - 2.18 1.77 095 19 182 1.7 1.01
16.691 3,5-Dihydroxy-2-methyl-5,6-dihydropyran-4-one  oak aroma 096 - 148 - - - 0.5 - 1.08 1.26 10.81
16.766 Octadec-9-enoic acid odor - 1425 - 292 - - 12.9
16.831 Glycerin odoelwss 17.57 - - 13.16 3221 826 8.02 828 4549 16.75 523
17.276 Alfol 14 unknown - - - - - - - 034 - - -
17.386 Citronellol floral odor - - - - - - - 024 - - -
17.453 2,3-Dihydrobenzofuran unknown - 1.04 - 20 241 1.07 0.04 0.15 3.71 293 0.89
17.546 13-Heptadecyn-1-ol zingiber - - - - 0.02 - - - 036 - -
17.651 3-(4-Hydroxybutyl)-2-methyl-Cyclohexanone unknown - - - - - - - - - - -
17.698 Hydroquinone aroma - - - - - - - - - - -
17.870 Retardex unknown - - - - - - - - - - -
17.909 Benzoic acid aroma - - - - - - - - - - 0.27
17.974 Methyl 9-octadecenoate emollients - 0.7 - 0.71 1.06 0.61 - - 0.67 - -
17.982 Ethyl stearate unknown - - - - - - - - - - -
17.982 Linoleic acid ethyl ester unknown - - - - - - 0.04 - - - -
18.045 Lauric acid faint odor - 032 031 033 1.25 - - - - - -
18.162 Ethyl Oleate unknown 1.13 124 - 0.81 235 .01 - - - - -
18.197 Palmitic acid unknown - - - - - - - - - - -
18.239 n-Hexadecanoic acid unknown 033 - - - - - 857 - 1147 0.78 20.27
18.379 9,12-Octadecadienoic acid (Z,Z)-, methyl ester —unknown 0.72 0.52 - - 1.78 1.18 - - - - -
18.417 5-(hydroxymethyl)-2-Furancarboxaldehyde unknown - - - - 1.28 - - - - - -
18.470 Benzophenone rose-likeodor 03 023 041 0.12 0.53 - - - 1.5 - -
18.535 Methyl ester 8,11-Octadecadienoic acid unknown - - - - - - - - - - -
18.619 Ethylesterlinoleicacid unknown - - 144 0.78 - - 0.71 - - - 0.51
19.012 Pentacarbonylmethylmanganese unknown - - 1518 - 0.09 - 0.19 2485 1.7 - -
19.068 4-Methyl-2,5-dimethoxy benzaldehyde unknown - - - - 1.52 - - - 0.17 - -
19.182 Vanillin vanilla-like 023 - - - - 0.06 037 051 021 - 1.48
19.213 2-Isononenal orange aroma 0.5 - - 0.03 0.17 - 0.09 - - - 0.12
19.228 Xanthine riboside unknown - - - - - - - - - - -
19.244 5,5,6-Trimethyl-hept-3-en-2-one unknown 0.12 - - - - - 0.17 0.14 - - -
19.325 Linoleic acid ethyl ester unknown - - - - - - - - - - -
19.333 9,12-Octadecadienoic acid unknown - - - - - - - - - - -
19.348 2-Ethyl-2-(hydroxymethyl)-1,3-propanediol faint odor - - - - - - - - - - -
19.746 Nicotinamide nicotinamide - - - - - - - - - - -
R.T: retention time (min); W_: W is abbreviated from WAR ;-: Not detected in GC-MS spectrum. trace:
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of 156 of volatile constituents of 19 accessions of Indica type of foreign aroma rice analyzed by GC-MS.

RT Constituents Types} of Indica type of foreign aroma rice (Peak Area %)

volatile W06 W09 W10 W23 W24 W28 W30 W31 W32 W33 W34 W35 W36 W37 W59 W67 W68 W82 W84
6.032  3-methyl-2-butanol flavour - - - - - - - - - - - - - - - - - - -
6.039 n-Hexanal fruit flavour - - - - - - - - - - - - - - - - - 017 -
6.062 2-Methylpentan-2-ol toxic gas - - - - - - - - 019 - - - - - - - - - -
6.168 Butyric acid rancid butter odor - - 22 636 - - - - - - - - - - - - - - -
6.187 Decamethyl-Cyclopentasiloxane unknown - - - 331 362 176 - - 265 - 378 932 252 - 6.06 - - - -
6.203 2-Methyl-2-pentanol aroma - - - - - - 10.88 - - - - - - - - - 804 0.16 10.96
6.412 1-Methoxy-2-hydroxypropane characteristic odour 7.42 - 0.02 - - - - - 002 - - 004 001 - 002 - - - -
6.478 n-Butanol strong odor 0.05 - 009 - - - - - 0.1 - - - - - 007 - - - -
6.580 Tetraecthoxysilane silicone - - - 022 012 - 869 9.83 1.34 005 03 0.04 8.05 - - 552 149 693
6.597 Silicicacidtrimethylsilylester unknown - - - - - - - - - - 017 - - - - - - - -
6.654 2-Methyl-3-pentanol medical aid - - - 004 0.02 - - - 002 - 003 - o001 - o001 - - - -
6.752 3-Hexanol mowed grassodor  0.24  2.91 - - - - - - - - - - - - - - - - -
6.772  4-Methyl-2-pentanol unknown 021 - 0.08 016 011 - - - - - 016 033 - - 008 - 3.06 006 -
6.831 2-Hexanol mowed grassodor - - - - - 0.07 254 - - - - - - - - - - - -
7.068 Crotonal penetrating odor - - - - - - - - - - - - - - - - - - -
7.126 1,1-Diethoxy-2-butene nicolet - - - - - - - - - - - - 001 459 - - - - -
7.200 2-Heptanone fruity odor - - - - - - - - - - - - - - - - - - -
7.203 n-Heptanal strong fiuity odor - - - - 003 - 214 - - - - - - - 001 - 3.68 0.04
7.292  1,3-Propanediol aliphatic polyesters - - - - - - - - - - - - - 1.11 - - - - 012
7.546 5-Octyn-3-ol ketone - - - - - - - - - - - - - 1.94 - - - 0.04 -
7.794 4-Ethoxy-2-pentanone beer aroma - - 006 - - - - 232 - 009 - - - 265 - - - - -
7.840 n-Pentanol strong odor - - - - - - - - - - - - - - - 1.48 0.08 0.02
7.868 1,1-oxybis-Decane unknown - - - 0.03 - - - - - - - - - - - - - - -
7.904 3-Octadecyloxypropanol unknown - - - - 007 - - - 005 - - - 004 - - - - - -
7.920 Diisodecyl ether odorless - - 003 0.08 - - - - - - - 0.1 - - - - - -
7.966 n-Octadecane unknown - - - - - - 272 - - - - - - - - - - 003 -
8.234 Carbonmonoxide odorless - - - - - - - - - - 1245 - - - - - 063 - -
8.483 3-Hydroxy-2-butanone pheromone - - - - - - - - - - - - - - - - 093 - -
8.545  Acetylpentacarbonylmanganese unknown - - - - - - 228 - - - - - - 148 - - 153 - -
8.585 n-Octanal odor - 0.1 - - - - - 098 - 004 - - - - - - 052 0.07 -
8.662 1-Hydroxy-2-Propanone unknown 0.03 - - - - - 149 004 - 0.1 - 002 0.01 1.0l 007 - 1.06 0.09 0.09
8.733 Hydroxyacetaldehyde unknown - - - - - - - - - - - - - - .78 - 009 -
8.897 (Z)-2-Heptenal unknown - 018 - - - - - - 014 - - - - - - - - - -
8.902 Glycolic acid flavoring agent - - - - - - - - - - - - - 107 - - 053 - -
8.960 N,N-Dimethylformamide odor - - - 0.02 - - - 0.09 - - - - - - - - - - -
9.135 2-Acetyl-1-pyrroline flavour 0.11 0.16 0.04 0.08 0.07 - 1.04 - 004 041 031 0.09 003 122 0.14 - 033 023 0.17
9.178 n-Hexanol flavor - 029 - - 002 - - 004 - - - 002 - - - - - - -
9.437 2,4,4-Trimethylbut-2-enolide unknown - - - - - - - - - - - - - - - - - - -
9.470 2,3,6-Collidine heterocyclicaroma - - - - 0.03 - - - - - - - - - - - - - -
9.481 2,4,6-Trimethylpyridine unpleasantodor - - 0.05 0.11 - - - - 004 - 006 012 - - 019 - - -
9.542 Methoxy phenyl oxime aromatic 0.07 0.06 - - 0.1 - 008 0.04 0.07 - 036 0.09 0.04 04 - - - 0.03
9.742 2-Ethylhexyl acetate sweet odor - - - 003 002 - - - - - - 007 0.01 0.02 - - - -
9.896 n-Nonylaldehyde unknow 0.19 0.12 0.03 - - 0.1 - - 015 - - - - - - - - - -
9.926 n-Nonanal odor - - - 022 026 - 006 011 - 021 022 038 0.05 0.18 0.08 0.01 0.12 0.19 0.07
10.089 Nitrogen odorless - - - - - - 205 565 - - - - - - - 001 - - -
10.089 2-Propenoic acid, methyl ester ~ pungent odor - - - - - - 005 - - - - - - - - - - - -
10.106 2,3-Epoxypropyl acrylate characteristic odor - - - - - - - - - - - - - - - - 008 021 0.14
10.187 Ethyl glycolate unknown - - - - - - 006 003 - - - - - - - - 004 0.11 0.08
10.471 (E)-2-Octenal green odor - - - - - - - 003 0.03 - - - - - - - - 0.03 -
10.622 1-Octen-3-ol odor - - - - - - - - - - - - - - - - - 002 -
10.744 Glacial acetic acid vinegar-likeordor  0.88 0.17 - 033 037 - 022 0.66 027 093 0.39 0.54 011 079 0.21 0.12 053 1.37 0.79
10.880 Dodecamethylcyclohexasiloxane odorless 11.72 9.67 572 0.08 6.95 8.06 - - 652 - - 863 454 13.89 045 - - 001
10.896 4-Hydroxy-4-methyl-2-Pentanone mild odor - - - - - - - 007 0.1 - - - - - - - - -
10.977 Dimethoxydimethylsilane volatilesilicone ~ 2.45 0.86 0.57 2.78 3.92 0.04 3.68 2.8 244 203 678 3.59 126 425 237 - 2.6 0.67
11.771 (S)4-Ethenyl-1,3-Dioxolan-2-One  unknown - - - - - - - - - - - - - - - - - 0.08 0.05
11.832 2-Oxo-pentanedioicacid unknown - - - - - - - - - - - - - - - 006 - - -
11.879 Benzaldehyde almond odor - - - - - - - - - 012 - 0.05 0.01 - - - - - -
11.960 Propanoic acid pungent odor 0.13 - 0.07 - - - - 019 007 024 009 0.11 0.18 - - 011 03 0.13
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Table 3. Continued.
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RT Constituents Types} of Indica type of foreign aroma rice (Peak Area %)

volatile W06 W09 W10 W23 W24 W28 W30 W31 W32 W33 W34 W35 W36 W37 W59 W67 W68 W82 W84
12.045 Methanoic acid unknown - - - - - - - - - - - - - - - 005 - - -
12.078 (28,3S)-(+)-2,3-Butanediol ~ odorless - - - 042 0.05 - - - - - - - - - 007 - - 031 0.06
12.132 n-Octanol odor - - - 005 - - 003 0.07 0.04 013 - 0.08 0.01 0.07 003 - 0.05 0.12 0.05
12.161 2,2,6-Trimethyl-Cyclohexanone alcohol - - - 005 - - - - - - - - - - - - - -
12.199 6-Methyl-octadecane jasmin component - - - 0.06 - - - - - - - - - - - - - -
12.218 Nickel tetracarbonyl toxin 382 264 - 036 - - 649 141 1.68 06 32 21 2.09 455 783 0.02 3.02 021 0.16
12.307 2,3-Butanediol odorless 0.1 - - - 012 - 008 - 005 - - - - 006 - - - 0.18 0.06
12.365 Ethyl tert-butyl ether odor - - - - - - - - - - 011 018 - - - - - - -
12.378 5-Methylfurfural caramellic - - - - - - 004 004 - - - - - 005 - - - 0.1 0.04
12.383 2,6,8-Trimethyl-4-nonanone  unknown - - - - - - - - - - - - - - 0.01 - - - -
12.437 Propylene glycol flavorings 0.05 - - 004 0.02 - - - - 009 0.07 003 - 004 0.03 - - 0.1 -
12.442 R-(-)-1,2-propanediol odor - - - - - - 002 - 004 - - - - - - - - - -
12.844 n-Butanoic acid putrid odor - - - - - - - 0.06 0.11 - - 005 - - - 011 -
12.858 Dodecane mild aliphatic odor - - - - - - - - 0.04 009 - 002 - - - - -
12.956 vy-butyrolactone weak odor 0.02 - - - - - - 0.03 0.04 - - - 0.04 - 0.02 - 0.07 -
13.445 (S)-(-)-p-Menth-1-en-8-ol green odor - - - 0.03 - - - - - - - 001 - - - - - -
13.669 1-Eicosanol flavor 035 - - - - - - - - - 034 - - - - - - - -
13.679 n-Octadecanol odor - - - - 016 - - - 019 - 018 - - - - - - -
13.703 n-Pentanoic acid odor - - - - - - 013 018 - 0.59 - - 013 - - - 052 -
13.744 Silicate anion tetramer unknown 228 - 004 184 - - - - 0.4 - 076 0.64 0.77 3.22 - -
13.864 Naphthalene odor 053 136 0.19 - 033 033 0.14 025 02 071 047 0.65 0.14 043 025 0.02 032 096 0.31
13.942 Hexamethylcyclotrisiloxane  unknown - - - - - - - - - - - - - - - - - - -
13.943 2-Ethylcyclohexanone unknown - - - - - - - 011 - 024 - - - 005 - - - - 0.05
13.949 2-Methylcyclopentanone unknown - - - - - - - - - - - - - - - 006 012 031 -
14.017 3-ethyl-3-methyl-Decane unknown - - - - - - - - - - - - - - 007 - - - -
14.018 2-(2-Butoxyethoxy)ethanol  faint odor - - - 015 009 - 0.04 0.08 0.09 0.15 0.15 004 - 011 - - 005 -
14.033 n-Hexanoic acid unknown 0.51 005 01 021 027 - 021 058 018 - - - 004 - 009 003 059 177 -
14.105 (E,E)-2,4-Decadienal fatty odor - 031 - - - - - 006 0.132 028 025 - - - - - - 065 -
14.259 4-Ethylcyclohexene unknown - - - - - - - - - - - - - 012 0.05 - - -
14.295 Ethyl ester 3-Pyridinecarboxylic acid unknown - - - - - - - - - - - - - - - - - -
14.296 Ethyl nicotinate unknown 029 - - - - - - - - - - - - - - - - -
14.421 n-Heptadecylcyclohexane unknown - - - 017 - - - - - - - - 002 - - - - - -
14.441 n-Undecanol odor - - - - - - - - - - - - - - - - - - -
14.492 6,10-dimethyl-5,9-Undecadien-2-one swect-rosey aroma - - - - - - - - - - - - - 0.1 - - - - -
14.592 1-[(1-ethynylcyclohexylyoxy]-2-Propanol, unknown - - - - 0.04 - - - - - - - 0.01 - - - - - -
14.593 Benzylalcohol fruity odor 0.2 - - - - - - 018 0.1 048 016 009 - 015 - - 033 057 -
14.743 4-Methyl-2,6-di-tert-butylphenol phenolic (slight.) - 0.29 0.21 - - - - - 023 0.19 0.26 - - - - - - -
14.796 n-Heptanoic acid unknown - - - 012 028 0.06 0.61 - 137 0.67 027 - 047 - - 031 072 -
14.815 Butylhydroxytoluene phenolic (slight.) - - - - 02 055 - - - - - - 0.04 0.28 - - -
14.834 Acrylamide odorless - - - - - - - - - - - - - 005 - 0.4 - - -
15.237 Oxybenzene olive oil - 0.6 - - - - - - - - - - - - - - - - -
15.248 Phenol sweet tarry odor - - - - - 0.4 - - 035 - - - - - 023 - 037 0.32
15.254 4-Hydroxybenzenephosphonic acid  unknown - - - 054 - 0.61 0.19 0.53 - 1.05 - 016 0.12 041 - - - - -
15.289 2-Methyl-1-cyclohexanone  minty odor - - - - - - - 016 - - - - - - - - - - -
15.302 Hexadecamethylheptasiloxane unknown 1.02 251 0.8 2.06 trace 2.14 trace trace 1.26 trace 0.68 0.34 1.22 trace 5.21 0.06 - - -
15.332 2-Pentadecanone flavouringagent - 0.34 - - - - - - 124 - - - - - - - - - -
15.337 n-OctadecanoicacidButylester unknown - - - - - - - - - - - - .07 - 044 121 - - -
15.358 5-Methyl-5-propyl- Nonane unknown - - - - 086 - - - - - - - - - - - - - -
15.444 1-Methyl-2-Pyrrolidinone slight amine odor - 0.8 - - - - - - 068 - - - - - 019 - - -
15.446 Hexyl n-valerate volatile mangosteen - - - - - - - - - - - - - - - - 075 245
15.446 1-Indanone unknown - - - - - - - - - 22 - - - 1.04 - - - 1.28 0.85
15.454 n-Octanoic acid unknown 1.73 - - 131 077 - 029 - - - - - 019 - - - - - -
15.456 n-Tetradecanoicacid unknown - - - - - - - - 047 - - - 059 - - - - - -
15.487 Ethylmyristate waxy odor - - - 035 i - - - 108 - - - - - - - - 015
15.550 1-Cyclohexyleicosane wood smoke - - - - - 066 - - - - - - - - - - - - -
15.616 Dihydroxyacetone dimer characteristicodor - 0.87 0.59 - - 1.2 - - - - - - - - - - 2.3 - -
15.652 1,3-Dihydroxy- 2-Propanone, unknown - - - - - 045 14 287 - - - 1.21 - - 1.65 - 0.67
15.878 6,10,14-Trimethyl-2-pentadecanone ~ volatile - 1.07 - - 1.37 0.72 137 095 227 129 1.34 024 0.63 - - 076 235 1.31
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Table 3. Continued.
X Types of Indica type of foreign aroma rice (Peak Area %)
R.T Constituents .

volatile W06 W09 W10 W23 W24 W28 W30 W31 W32 W33 W34 W35 W36 W37 W59 W67 W68 W82 W84
15.975 n-Nonanoic acid unknown 128 - 047 - 053 095 0.19 0.75 063 1.75 1.00 1.39 0.17 0.64 051 - 084 1.69 0.68
16.028 Ethylene glycol odoless 149 - - 104 - - 0.07 0.09 0.11 1.71 007 - 587 0.13 021 0.62
16.123 2-Butyl-1-Octanol flavor - - - - - - - - - - - - - - - - - - -
16.163 Triglycolmonobutylether unknown - - - - - - - 0.3 - - - - - - - - - - 048
16.187 2-Octyl benzoate unknown - - 017 - - - - - - - - - - - - - - - -
16.269 4-Ethenyl-2-methoxy-Phenol smokey odor 0.46 - - - - 0.7 - - - - - 043 - 065 - 08 07 117 -
16.351 Methyl palmitate unknown - - - - 048 112 - - 071 - - 091 084 - 051 - - - -
16.449 Hexadecanoicacid,ethylester unknown - - - - - - - - - - 8.46 - - - - - - -
16.546 Ethyl palmitate waxy odor - 129 449 955 563 019 1.12 596 231 - 246 - - 58 - 078 1.79 198
16.691 3,5-Dihydroxy-2-methyl-5,6-dihydropyran-4-one 0ak aroma 0.96 - 1.48 - - - 0.5 - 1.08 1.26 10.81 - - - - - 1.13 0.13 0.74
16.766 Octadec-9-enoic acid odor - - - - 864 - 671 - 1125 - - - 3526 522 843 23.18 - - 1345
16.831 Glycerin odorless 25.9 40.89 12.68 12.31 22.61 8.54 2.08 13.38 20.89 10.08 31.72 1631 5.45 13.68 0.86 13.14 18.04 5.93
17.276 Alfol 14 unknown - - - - - - - - - - - - - - - 132 - - -
17.386 Citronellol floral odor - - - - - - - - - - - - - - - - - - -
17.453 2,3-Dihydrobenzofuran unknown 012 - - 163 031 066 1.68 072 0.09 - - - 001 0.72 0.09 1.06 0.85 225 1.52
17.546 13-Heptadecyn-1-ol zingiber rhizobium - - - - - - - - - - - - - 031 - - - -
17.651 3-(4-Hydroxybutyl)-2-methyl-Cyclohexanone unknown - - - - - - - - - - - - - - - 0.3 - 0.43
17.698 Hydroquinone aroma - - - - 011 - - - 047 - - - - - - - - -
17.870 Retardex unknown - - - - - - - - - - - - - - - - 0.4 - 033
17.909 Benzoic acid aroma - - - - - - - - - - - - - - - - - 0.4
17.974 Methyl 9-octadecenoate emollients 0.75 0.04 022 048 052 061 - - 055 - 092 1.06 025 - 0.4 - - - -
17.982 Ethyl stearate unknown - - - - - 0.02 - - - - - - - 0.04 - - - -
17.982 Linoleic acid ethyl ester unknown - - - - - 041 - 013 012 - 046 - - - - - - - -
18.045 Lauric acid faint odor 013 - - - 012 026 - - 0.1 - 021 029 0.04 0.15 006 044 045 - -
18.162 Ethyl Oleate unknown - 524 - - 262 - - 077 655 - 972 276 1.04 051 208 0.82 - - -
18.197 Palmitic acid unknown 12.98 5695 - 1852 - - - - - - - - - - - - -
18.239 n-Hexadecanoic acid unknown - - - - - 2827 - - - - - - - - - - - - 1555
18.379 9,12-Octadecadienoic acid (Z,Z)-, methyl ester unknown - - - - 0.71 - - - 0.65 - 0.7 - - - - - - - -
18.417 5-(hydroxymethyl)-2-Furancarboxaldehyde unknown - - - - - - - 0.39 - 0.33 - - - 0.52 - 0.83 1.37 - 243
18.470 Benzophenone rose-likeodor 0.32 - - 043 - 088 - - 012 - - - - - 029 - - - -
18.535 Methyl ester 8,11-Octadecadienoic acid unknown - - - - - - 0.13 - - - - - - 0.13 0.48 0.31 - - -
18.619 Ethylesterlinoleicacid unknown - 068 028 521 287 569 - - 448 - 76 133 059 - 151 - 067 181 219
19.012 Pentacarbonylmethylmanganese unknown - - - - - - 499 004 - 013 - - - - - - 633 29.33 0.08
19.068 4-Methyl-2,5-dimethoxy benzaldehyde unknown - 0.72 - - - 0.42 - - - - - - - 0.81 - - - - -
19.182 Vanillin vanilla-like ~ 0.17 - - 033 - 063 069 - - - - - - - - 075 278 15
19.213 2-Isononenal omangehoneysaroma - 0.11 - - - 008 3.17 1262 - - - - - 111 - 002 165 - 1012
19.228 Xanthine riboside unknown - - - - - - - - - - - - - - - - - 25 1.87
19.244 5,5,6-Trimethyl-hept-3-en-2-one unknown - - - - - - - - - - - - - - - - - - -
19.325 Linoleicacidethylester unknown 0.07 - - 039 073 - - - - - - - - - - - - -
19.333 9,12-Octadecadienoic acid  odor - - L6y - 2221 - - - 1848 - - - - - 13452962 - - -
19.348 2-Ethyl-2-(hydroxymethyl)-1,3-propanediol faint odor - - - - - - - - - - - - - - - - 1.15 0.46 -
19.746 Nicotinamide nicotinamide - - - - - 004 - - - - - - - - - - 009 - -

R.T: retention time (min); W_: W is abbreviated from WAR ; -: Not detected in GC-MS spectrum. trace:
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Table 4. A total 156 of volatile compounds extracted from 30 accessions of aroma rice germplasms and were classified by

functional groups.

Functional group

Volatile compounds

aroma/odor (24)
Alcohol

2,3-Butanediol, (S)-p-Menth-1-en-8-ol, 1,3-Propanediol, n-Butanol, 13-Heptadecyn-1-ol,
1-Eicosanol, 1-Octen-3-o0l, 2-Butyl-1-Octanol, 2-Hexanol, 3-Hexanol, n-Octanol,
2-Methyl-2-pentanol, 2-Methyl-3-pentanol, n-Pentanol,
2-Ethyl-2-(hydroxymethyl)-1,3-propanediol, Citronellol, 3-Methyl-2-butanol, Benzyl alcohol,
Glycerin, n-Hexanol, n-Octadecanol, n-Undecanol, Propylene glycol, 2-Methylpentan-2-ol

unknown (9)

1,2-Propanediol, 2-(2-Butoxyethoxy)ethanol, 3-Octadecyloxypropanol, 5-Octyn-3-o0l, Alfol
14 1-[(1-ethynylcyclohexyl)oxy]-2-propanol, 3-Methyl-2-butanol, Ethylene glycol,
4-Methyl-2-pentanol,

aroma/odor (14)
Acid

Butyric acid, 9,12-Octadecadienoic acid, Propanoic acid, Benzoic acid, Ethylesterlinoleic
acid, Glycolic acid, Lauric acid, Methyl ester, 8,11-Octade-cadienoic acid, n-Butanoic acid,
n-Hexadecanoic acid, n-Pentanoic acid, n-Tetradecanoic acid, n-Octadecanoic acid, Glacial
acetic acid,

unknown (9)

2-Oxo-pentanedioic acid, 4-Hydroxybenzenephosphonic acid, n-Hexanoic acid, n-Nonanoic
acid, n-Octanoic acid, Ethyl ester 3-Pyridinecarboxylic acid, Methanoic acid, n-Heptanoic
acid, Palmitic acid

aroma/odor (12)

2-Acetyl-1-pyrroline, 1-Methyl-2-Pyrrolidinone, 2-Heptanone, 2-Pentadecanone,
2-Methyl-1-cyclohexanone, 4-Ethoxy-2-pentanone, 4-Hydroxy-4-methyl-Pentanone,
Benzophenone, 6,10,14-Trimethyl-pentadecanone,
3,5-Dihydroxy-2-methyl-5,6-dihydropyran-4-one, Hydroquinone, y-butyrolactone

Ketones

unknown (12)

(S)-4-Ethenyl-1,3-dioxolan-2-one, 1-Hydroxy-2-Propanone, 1,3-Dihydroxy-2-propanone,
2-Methylcyclopentano, 2,6,8-Trimethyl- 4-nonanone, 2,6-Trimethyl-cyclohexanone,
2-Ethylcyclohexanone, 5,5,6-Tri-methyl-hept-3-en-2-one, 3-Hydroxy-2-butanone,
6,10-Dimethyl-5,9-undecadien-2-one, 1-Indanone,
3-(4-Hydroxybutyl)-2-methyl-cyclohexanone,

aroma/odor (7)

1-Cyclohexyleicosane, Naphthalene, 6-Methyl-octadecane, Dodecane
1-Methoxy-2-hydroxypropane, Butyl hydroxy toluene, Oxybenzene

Hydrocarbons
unknown (13)

Decamethylcyclopentasiloxane, 5-Methyl-5-propyl-nonane, 3-Ethyl-3-methyl-decane,
4-Ethylcyclohexene, 1,1-Diethoxy-2-butenen-Octadecane, 1,1-oxybis-Decane,
Dimethoxydimethylsilane, Dodecamethylcyclohexasiloxane, Hexadecamethylheptasiloxane,
Hexamethylcyclotrisiloxane, n-Heptadecylcyclohexane, Tetraethoxysilane,

aroma/odor (4)

2-Ethylhexyl acetate, Hexyl n-valerate, Ethyl palmitate, 2-Propenoic acid-methyl este

Ester
unknown (12)

Ethyl stearate, Hexadecanoicacid,ethylester, Ethyl glycolate, Linoleicacid-ethyl ester, Ethyl
9-octadecenoate, Methyl palmitate, 2-Octyl benzoate, Salicilic acid -trimethylsilylester,
2,3-Epoxypropyl acrylate, Ethyl nicotinate, Ethyl oleate, 9,12-Octadecadienoic acid
(Z,Z)-methyl ester

aroma/odor (13)
Aldehydes

(E)-2-Octenal, (E,E)-2,4-Decadienal, (Z)-2-Heptenal, 2-Isononenal, Benzaldehyde,
5-Methyl-2-furfural, n-Octanal, Crotonal, Vanillin, n-Heptanal, n-Hexanal
5-(hydroxymethyl)-2-Furancarboxaldehyde, n-Nonanal

unknown (3)

n-Nonylaldehyde, 4-Methyl-2,5-dimethoxy, Hydroxyacetaldehyde

aroma/odor (2)

2,3-Dihydrobenzofuran, Ethyl tert-butyl ether

Ether
unknown (2)

Triglycolmonobutyl ether, Diisodecyl ether

aroma/odor (2)

N,N-Dimethylformamide, 2,4,6-Trimethylpyridine

Amine
unknown (3)

Nicotinamide, 2,3,6-Collidine, Acrylamide

Phenol aroma/odor (3)

4-Methyl-2,6-di-tert-butylphenol, Phenol, 4-Ethenyl-2-methoxy-Phenol

Base unknown (2)

Acetylpentacarbonylmanganese, Pentacarbonylmethylmanganese

aroma/odor (2)

Methoxy phenyl oxime, Dihydroxydimer

The others
unknown (8)

Carbonmonoxide, 2,4,4-Trimethylbut-2-enolide, Xanthine riboside, Nickel tetracarbonyl,
Silicate anion tetramer, Nitrogen, Retardex, 5,5,6-Trimethyl-hept-3-en-2-one
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Fig. 2. Dendrogram of aroma rice accessions classified by semi partial R* value based on quantitative composition of volatile
compounds. A, Indica type Basmati varieties; l, foreign Japonica aromatic rice; @, domestic aromatic rice; A, foreign

Indica aromatic rice.
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