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inagimannunensluedaussiagtusulaiivifuieivesniutesainrsianieg Taafaagsmay
TuiFsnsuiulssammuemisussludamsd anumanvasiniduiirdulaluimenivaiu faswndsegns
nira3anilsvaslszginslanuslnadiauaimndnussivulindindndunanazldduanaiisnanaaadio
Tuglstuszaumunntu duwaidsinenuieiunmfnnasdlsenaudisrame luingneesduaiudae des
funnaufisiiaaty aaseauiineruisaivitnisdieg Alflund@nndssamslundadn Tdaulnginld
Anssiaddladn wasaiacsAun3daldan distillate dudinazaudunIiiinuneduniinianddu

Tuseuzusnnisnagasdendnidodlfuinmudaegndndauiimn anadewintssansnineasieisng
Tumsafiauasiieneidslifing dethadu ladnonumsfinunassemoludniug Koshihikar® (Yajima, ef af,
1978) Taaiadaglailagimuzanalnniisznm 50 das Wiatdnaia: 6 flansy inmeaesiaiy 8
a3 niasanud matneialsann 48 Alansu Aldaadriniidmsninfnnesdlsneurasimanededemaia
gas chromatography/mass spectrometry (GC/MS) LLas;iNU&"]ﬁzwmﬂfj’ﬁa&J*‘J‘ii(ﬂL?Juaxiffd‘izﬂauzlg‘luﬂ'ﬂidﬁﬂGT’JﬂvLmiu’]
1aiIusAang1

Yajima wazanis (1979) Wivinmyldulwaandoniluimonsioriuiuirimug Kaorimai' (O. sativa japonica)
Fadwinsthomen lnednu3euiiivyiuiug Koshihikar Tufuiudingsanm wuasdlssnaudnassmanisandin
Wuitanmasinsdagnednon 60 Alandu udlinuasdssnaviiusnsTiamnumonvesrmonsiug “Kaorimar’

fON1 Buttery W@s®mz (Buttery and Ling, 1982; Buttery, et al/, 1983, 1988)
i enundunuasraneiidusnslianunenludiifie 2-acetyi-1-pyrroline %ﬁwua’wmﬂdwﬁﬂmngﬂq
Vfa‘luﬁuéfv"ﬁwﬂm{fuﬁuﬁf‘Malagkit Sungsong’ ‘Basmati’ W@z ‘Khao Dawk Mali 105 uazvﬂ"uﬁfﬁwmﬁmua&im{fuvv”uﬁf
‘Calrose’ lnemuhiitinomnnluiusiromenuasiogluiugiailinenmuddu idunquieildtseyndldinaiiansaiia
sglathitannsaritlilddadneiinlulinadesas fagadiasladuacdriaemeuniduuudefiosmuuuyees
“Likens and Nikerson” (Likens-Nikerson simultaneous steam distillation/ solvent extraction apparatus) (Likens
and Nikerson, 1964) FaynliainsoldUinminmetnalasnim 500 nW wananigedis e unIng 2-acetyl-
1-pyrroline lusnssinvasluinuwiy (Buttery, er a/, 1983) laswuluuduimiigeninlusronansan
Atz IdEnaNT LA UR A N UM sFuURamaN 2-acetyl-1-pyrroline fouminiineaiasandIsfna
ﬁca’ﬁaimwﬁﬁqmmJizﬂaUﬁ"m,mﬂﬁﬂmm’ﬁmm‘im'wzﬁ'aw‘laﬁmqmﬁmwa

fayaifnaiuesdusznauansssmeiidusislinnumanluinddinainnisduinesivselogiagnmn
Tuwivaansusudseiuginomen Tagmsliaamandsnanaduanssredslumsnsasouanmenvasirognudnild
uiathdlsfimuisiiedinagiiiasnmsnnasaudnsnidsendumaiamssriauasiensinaetunau auieiasande
i3asfioTimneiTeiugeil iU seananng Fafasinmumuasdniudasendayaainaiiianudinyamenis
wennniimsisinmeddlulsadinniieiienaiamentiluioiinotmislusisasmstutseiud

Tanchotikul U8z Hsieh, (1991) laUSutsunaiian1snsamans 2-acetyl-1-pyrroline lagm3aiasig
ﬂ"ﬂdﬁ/ﬂﬁ’m\lﬂijﬂLLazGT’JVi’laz@’lﬂﬁm’\'iﬂ'juuum'ﬂLﬁﬂﬂﬁﬁﬂimﬂ@‘ﬂ (microscale steam distillation and solvent extraction
device) Fnsnaiainmedndladlivinmiaefigaiies 1 niv mnuddasordumeiamyiamedlusduiigaudo
MATA selected ion monitoring/high-resolution gas chromatography/mass spectrometry ¥ ugad e lumvide
dasniadasiiaimaunsninuasdasnduyamnsifianndin lumaiammwiems
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oidpiagldniniivluneasdaadeluiifumsinnuasiiangisslianaenlufmoniugiasnugi 105
Foduiuginaiidnsaduitaulavasinusulseiuglumaiaun likudindanandanudumude lsauazunasuas
vauinnaniadalsiigan Tadldfnuivesdtsenaudsanedug fnaisidaaiuawentasiriiudeniaenu:
105 4anann 2-acetyl-1-pyrroline MARTIEUMIAUNUNITaUniiudl TFnsdiadsssmeatdamsdia
dglahrauuuing (simple steam distillation) waznuumsaianglen ussiiasaeduniduuusaiiios {continuous
steam distillation and solvent extraction device) #ﬁlﬂ”ﬁmﬂmmmﬂﬁfﬂﬂ’ﬁﬂa”msmaﬁﬂaﬁLﬂumsmnﬁqﬂuﬁ’m&mtﬁ
mynaTiesdlseneuassemslusgsaia lfmeliaaiu gas chromatography/mass spectrometry (GC/MS)

wananiiedumaiasineliemsanadevemenlundaiii il dnaliafhouardzannin 3sld@nvmsdta
2-acetyl-1-pyrroline T nasmyidusanmuhifusaiiiunmsnnitgalunraenvesvionenyeg 105 Tavaita
FEEN38z81N3A (acidic extraction) wuinfuiEANE deaan uaeliseinsmwmsdnasnines 2-acetyl-1-pyrroline
fanmsaiadaglen usedn1InaTITaUINII 2-acetyl-1 -pyrroline FeMATiA gas chromatography (GC) w3
coMs  TaldSinnsnotnasdadiufivs 1-3 nikuintu Fnnaafdsidmsniinyseondlfldanitlundeag
miasaiasmmanludetnanininiftinmudoislivnn

atndlsimnmsiiansismensnandeiasduirsediaianaiitg - snngeuasinamune oddu
GC w38 GC/MS  weansdiifildinfanududanvasasdusenauanasemeduy Agnainsaninsweddan mild
Ge/Ms  lumyemzdimenanalituanilumsiemsiiiseannit  waslidasdennlunisiedeusnagu
2-acetyl-1-pyrroline Welfifiey retention time wnsnlfifWTnudiouann mass spectrum 16 uddlnmniades
GC/MS dalundninemuns myemaiing GC Wmathadiaaiumadonidniudasdasimsdaansl
2-acetyl-1-pyrroline e lfifusnsnasgufias

Wweaulumdaamnstaan 2-acetyl-1-pyrroline tneld 2-acetylpyrrole Wuansidud fizmldiimanoeu
Tiudqlag Buttery uazams (1983) A aieanai Buttery leisiaudasniatnideas Buchi Wae Wuest
1971) lumadaengissitilassaislnd faeiufe 2-acetyl-1,4,5,6~tetrahydropyridine uAilasa s fizen
Tndumeunilrean Id AT ED Rhodium suimadouiiauns  Usenaufumsdauansd 2-acetyl-1-pyrroline
eiwilfBusnsnasywlumiensidomain GC fasmatinusafisadndasingn  miduasailused
small scale Suhfanfivms  marh 2-acetyl-1-pyrroline MdanmMIdnamediusanslasmsnauaralsidndu
desansnsolisadaniilumaiie 6C ludnmaiasaneld Sniinmanduasdunidifamieasnn dese1de
drgUnTniilimnzan aaanaulizaumIniuazanazdiaseialuiidy  Tunaunsdaaned 2-acetyl-1-pyrroline
TwnadeiFesunlisnuenlasmsaiawunimnay Fauandrslyaniseas Buttery wazame dazldndiniis
Tunwandvanall
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MadaANzy 2-acetyl-1 —pyrroline

¢ . oo - + fv v o ) v &
MIAUAT 2-acetyl-1-pyrroline Tailus mannfnavunuluiudirmesuaaiugdalinenun g
(Buttery, ef a/, 1983) tiaiwldifusisninsgulunisuanviiauasUinneasdsdenainfionany

|
)

Tushathdsdtadgloiosimemagnued 105 fnmasesasieldlummadeuniueesdsnonan
TaeAsmaonnau  Asmsdensiudasly Figure 1.1 Toduisndauamainiseas Buchi uwaz Wuest
(1971) uae Buttery wazaniz (1952) Taeld 2-acetylpyrrole {ushsnsdurin ii313andu (hydrogenation)'
Tofl rhodium-on-alumina Wudsswfison Wuaadmdu 2-(1-hydroxyethyl)-pyrrolidine
Fedsmdnlvenaviniu 115 dnunaduvasmarlddaudriadnduenlndidsesunaulony

|
- o

WainldAnneifiy mass spectrometer (MS) WA nuclear magnetic resonance spectroscopy (NMR) T EI
mass spectrum  A9UEASIY Figure 1.3 @z 'H-NMR spectrum W&y Figure 1.4

&5 2-(1-hydroxyethyl)-pyrrolidine Wi liAeu §i3uteentiaduiy silver carbonate (on
celite) ud3q¢@ 10989 benzene meldussenmefvasing N, aslinauaaniiody 2-acetyl-1-pyrroline
Faswnsndinoenu1an@Yingsaty benzene lavldd@isazany 1.0 M HCl a1ntuwinsnsazaiunsa
Tiduiwdidndandiudsazats 5 M NaOH  uaeain 2-acetyl-1-pyrroline a1nssagaieiud
Frwdwnazanudunitl dichloromethane MniwinMaTAmoiiazay dichloromethane sanlagld vacuum
rotary evaporator Aigangdl 28 °C aldanmdniuiimnssnudriuhasdauansiildlliensidomeaia
GC/MS Taasle reconstructed total ion chromatogram (RIC)’ fanaealy Figure 1.5 (A) w&¢ mass
spectrum @<y Figure 1.5 (B)

WNADIMIETRNATIEA 2-acetyl-1-pyrroline et masauaananlaIFnIsan dnnsovitle
Tnumsiinasazant 5 M NaOH asluansaeats 1.0 M HCI Aldain 2-acetyl-1-pyrroline 91ndiazany
benzene lutunaugmingvas fismmsdaased uasauan pH Tihiflunans dauarnudndunieinnmes
2-acetyl-1-pyrroline @1amlelanldinafia GC vin GC/MS Tavianuieugliu internal standard

aftlanandnfeniusudivasdimey 2—acetyl—1—pyrroline‘:l'!fxﬂLﬂm‘f’]ﬁzm{lﬁlﬂﬂmaﬂﬂﬁhmﬂ
dndnsiiogludnmuignissdaaivluntusilofiatauadigomnian (feand -20 °C) Fesmsndasiiu
masnemeluvesdsld ansnisdamniviiludnmsrasadu ludsasaroningeu uieludnihasay

I amia P - v =
benzene ﬂLUu?ﬁWN%C’WﬂLLﬂzﬁ’lN’l'ﬁﬂﬁlﬂﬂ’lt’:‘lﬂ’lﬂﬂUﬂ’li%ﬂﬂul@izﬂ%%uﬁ

" UARtN hydrogenation (Wum it iiGmssninaling H, fivasmsdulagiidnssujisofiomnzan i Tans Rhodium Tumisiismnd
3o siimninyaluseet small scale o1a¥auii3eny reaction flask awiatdnuarusigiig H. Tu gas bag n3a balloon (NVHMQUN)
Tagtaui1iu reaction flask Taumssdu 3-way tab ausasly Figure 1.2 #intis9 H7 Tu gas bag emlimisadninsau gas bag

- v oa e ol
LNEﬂ,ﬂLﬂ9‘|ﬂT]N(’]H‘UB\?ﬂ’]'ﬁI‘."LWUQWﬂ

2 RIC fedeyaudniwanissenasdtznavlusadmataishansidonatia GC/MS
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(I~

N C

? \CH3

2-acetylpyrrole (700 mg) + methanol 20 mL

Hydrogenation: - 5% Rhodium on alumina powder (1.0 g)
- 10 ps1 H,
Filtration: - 10 remove powder
Rotary evaporation: - removal of solvent

H
2-(1-hydroxyethyl) pyrrolidine +  stirred suspension of

(600 mg) silver carbonate on celite

(3.2 g in 30 mL benzene)

Reflux: -under N, for 15 hr
Fltration: - to rtemove Ag,CO,
LA
ST
Ny,

2-acetyl-1-pyrroline
(in benzene solution)
- extraction into 1.0 M HCI
- neutralization with 5 M NaOH
- extraction into  CH,Cl,
- removal of solvent
Analysis

by spectroscopic techniques

-
Figure 1.1 USANIUADUMTNAUAIIENEIINGN 2-acetyl-1-pyrroline

msAmnarslaanunanlumanninsoraan:a 105



Reaction flask 9U41® 35 mL
2-Acetylpyrrole SL‘LL MeOH + Rhodium

<~ Magnetic bar

- Magnetic strirer

Figure 1.2 udasgaunsnibuudrelumaind§i3en Hydrogenation

wandisJuainis BIOTEC 1/2540
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msdinaTssmennwaRiRugYInenNed 105 lavismaaiaddleduuoielivnanaoideudnsly
Figure 1.6 Fnanmathimatnawaainiunaiansandsfiodimau 500 nin usssadluviauimsenan 2
A8 (2-necked round bottom flask) W AUSNIAT 1 AATU0YAFIA antiuclerannuadsadnleidn
inadunisvesnanimnasaswianauiiauiviue daaviadndunisdadniuncendesaouay
feuitu (condenser) Umedunitsasdimuwinaiivriadiy distillate ﬁLLi'fﬂ@’Lumifuz"&Uﬁmf’luf{l\a
aandety shmstnuleshduns 6 $lve moldmudusmieadld distillate ties 400 mL amiuuts
distillate Mdnduau 200 mL dsaiadIFWaeaAWEE dichloromethane 381017 200 mL #84aTq
wonifudures dichloromethane  Mldanmsaiaferaenssdeiinnssnssn 400 mL  w¥13any
dichloromethane @anlagld vacuum rotary evaporator Viqmmqﬁ 28 °C AudsdnadlINaT 2 mL

i distillate Bndauvile@editiings 200 mL MaEiaWazIAnEIINazawBUNTS dichloromethane
aonlavisminmalddnmadmiuiuiedy sundedsdiafitings 2 mL Wuiy sinduidsdtagaine
lansaasaionnuiuuasieligunniaeuiilinasansands 0.1 mL Fuhltlensiiuidomeia
capillary gas chromatography/mass spectrometry (GC/MS) fsdfianndaanmyiansiday GC/MS it
ssnasiislgnmpidasdnduaaun 7 S wisaunfunawunall Sahsnidndarinazans uasiineianase

fuwmaiin GC/MS meulddnsdiuariy

‘ 3
LYlE]'iI&J}JLG]ﬂ‘i

wasauntiiy —*

LLwéawﬁﬂiaﬁw \

. w0ufy distillate
VIUNMTINGN 2 AD

UIIYNAEIE

Figure 1.6 ¢agunsnfdmiumsnausavlaiuuuing
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MIANAMINENNNEATINUSYIABNNER 105

TagAsnIanaena latuazmMasamedunsguuuaniing

Y v v e & - -~ e v 4 v o -~
ﬂ’]iﬂﬂﬂf‘ﬁiizmEJQ’]TILN&{G]‘(I’]’JHN@\WWE“U’YJ@I@ﬂNZN 105 Iﬂﬂ?ﬁﬂ’]i@ﬂﬂﬂ’m‘lﬂuqLLN%WW]WNZ@’]EJ@HV]?EJ

o o o v o . a me
LUUABLUEY (continuous steam distillation and solvent extraction) WL%‘{{WNHW’JHVL@W]LL@sﬂ’m’lazN’l&Jﬂumﬂ
WUUABLIEEY (continuous steam distillation and solvent extraction device) T9A@LURINIFIN

fadinssempiiivandlusednauasAuseiugasly Figure 1.7

o

v L] >
.

YTINIREN + W +

silicone antifoam

Je T S o . e Ve
Figure 1.7 i‘fﬂ@ﬂ(ﬂ@%)fil?il\il')tll,ﬂ‘mLLﬂsﬂiiﬂ’laZ’mt’_l'diﬁflif_ILLUUﬂﬂmﬂﬁ

10 msAnmnaisiamunanlsmdoainsaranan:a 105



fhdmndaniudennanned 105 Taunswdaneandaaie nualiesBundusadeaiawaliin
udhusrasedaimin 50 N adlumauimsnansnatings 250 mL (A) wAsia iR nduINeT
100 mL WaL@1Tas@I1u189 silicon antifoam (3B3ualuMAEUIN) U5NIAT 20 mL wdihwisaiy
Aefurivnawnadie duinednsunilsvesedindadiiuvauiansananiwnainigs 40 mL (B)
fiussadwinasaudun3 dichloromethane Usn1ms 30 mL 'l Waehwindunifgmunidsznm 10 °C i
feuutnudnduinm 10 wiii Jeanlimndauludaeomni 120-150 °C wiviaufimsenaniiuem
fratstawiontuniuiadisanndnalanld magnetic stirrer LaREIREa Y1819
Tuviansesnandudion  Alianadeulssnm 45 °C wivinuimssnaninussdinasaedunie
dichloromethane  Tusnisifien o ldassauanniaas (hair dryer) Taelianudaunivemisdasinses
MﬂdﬁﬂﬁﬁaﬁummLLﬁaﬁﬁmd’]sﬁaaﬂ'wmzzﬁ'umcﬁdiﬁﬁazmﬂﬁwﬁiﬁﬁaﬂ'JUTM“L@JHLL@JL@%& dichloromethane
dlidsimanusiulaodeaan

Yy

P o ¥ . L &(’ ‘o 'l
LN’SNQLHG]LMHM’WLL@'J dichloromethane AUWABAIINILHNIUNUBL NS

]

2 C 1owasiaatGaesiiNe
Julsanlimansusestadinduiudslldunm 3 fulue Fongelinnndau anduinasasaslumaud
NINANT (B) M1azmuevinasae dichloromethane aanlanld vacuum rotary evaporator ﬁqmmﬁ 28 °C
anAeUTINgs 1 mL wdthsnsasmeussd vaniudathe (sample vial) Tngldlladuasasielifgmugias
AumAsUines 0.1 mL Juhlliiansiasdtlsnauvasdrssamudionmaiia capillary GC/MS

MyaTenavesluasannnwaniIsemain GC/MS

shsstimnldannmsaiamdndnensaleiiiuledlsenou. i uiuegdudmunn
Feliaunsouonudazasdlrznavliuigndantuielyfnu lesedirmeedld  A8mmmiledldlu
mfnularsdimaaiiviefiavasudazasdlseneulugssrianianududauiudn fudasendumaianoy
3wIN¥5M8 chromatography T¢laalumemsuunasdisznauvassnsarinaanainiu wuagddne spectroscopy
%"Ws‘hﬁ’maaﬂmLﬁuﬁazgav‘iaﬁmmLudmﬂufﬂsﬂﬂ’i”wmLﬂi‘i 16 144 mass spectrometry %38 infrared spectroscopy
WMAUAAIY gas chromatography/mass spectrometry (GC/MS) sudumaanisinsnwlumaine
uagieneidnanesluwiadnndinng aadiingamg flausifonaflldann mass spectra \iieDEeFen
paliiisenglumanlenaiomnaedfuiueurasdssemaunssslafinm

myiengidmanlusdadiiiudannanied 105 suwmaiia GC/MS Twswddtiondumsianst
peddaznaunannaludsaiaiounifiouiu senitsesdisenavludisdiaidauazinaunen
fuasdtsenavludnsaimanualdaniivlilianmansemallauliiinnananmieny asdlssnaviimely
Tumsliengiadianssoaliouiisuidaaldiniiudasiuanumentesiiniudennanneg 105
Fadenmulasssamaaivesasdlsznaumaivd Shwwinmass fdudananoslanidmsan (sensory
evaluation) mall

malengiasaianndarasiniudiinenesd 105 laomaiia gas chromatography/mass
spectrometry  (GC/MS) ifu druvas gas chromatograph W34 HP 5890A w@mlanu3wn Hewlett-Packard
Usendavizawm  GC column Wuiw fused silica capillary *ummﬁurh@fuéfﬂawmﬂu 0.25 mm

(and157u1n15 BIOTEC 1/2540
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ATINETI 30 WAT AReUEwdANT (stationary phase) #1® 5% Biphenyl : 95% Dimethylpolysiloxane
(DB-5) #anlauu3en J&W Scientific Co, Ltd. Usundanizondm & GC column Fnduniaduuuy
Amine bonded fused silica capillary wadudrgudnatsmely 0.25 mm wazaamend 30 wAsuiiu
Meddundandidudom  aunnfees injector A13A 280 °C viemilusauy split mode  dugnivaR
gaeradninstlunuy temperature program lABiiTEAnBuAtes program IuiuaTarauFazTIBE

dU89 mass spectrometer Wuwoy double-focusing magnetic sector mass spectrometer ‘S:u JMX-
DX 505WA aalauuev JEOL Lid. Tesawdnriu gas chromatograph 1ua9s (direct interface) tudanidanaa
(interface line) ’&w‘qummﬁ‘lfiﬁ 250 °C  ion source Y84 mass spectrometer vhmuﬁqmmqﬂ 200 °C luseuy
electron impact ionization (EI) TnofindeadevasdieanIauwniy 70 eV uazanNaednave repeller
Wiy 3000 kV
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Table 1.1 Structural assignments and EI mass spectral data obtained by capillary GC/MS

of steam distillate extract from uncooked brown rice of Khao Dawk Mali 105

Component

Structure

m/z ( % relative intensity)

[ 2N & ) B S N

11

14

16

20

21

22

25

26

29

31

32

33
36

37

44

45

1,3,5-Cycloheptadiene
Ester of carbonic acid
Hexanal

Unknown

Unknown

Benzene,1,4-dimethyl

? 1-Pentene,2-methoxy

2-Acetyl-1-pyrroline

Unknown

Cyclohexanol derivative

Long chain hydrocarbon

Isocyanato methyl benzene

Cycloalkane

Unknown

Nonanal

Unknown

? Nonanol

? Naphthalene

Ethanol, 2(2-butoxy ethoxy)

Organic acid

Unknown

?? Undecane, 4-ethyl

7?7 Tetradecane, 2-methyl-

94(2),95(54),91(100),90(3),89(4),65(26),63(7),39(8)
131(2),91(6),63(18),45(100)
100(3),87(2).82(16),72(15),56(74),44(100),41(28)
170(1),101(1),85(4),73(15),61(17),43(100),41(10)
62(100),61(97),46(79),44(16)
107(6),106(55),105(33),92(9),91(100),78(6),77(13),
52(9),45(6),43(3)
100(56),85(71),74(56),72(88),59(59),57(100),56(89),
52(57),47(79),45(53),43(64),41(7),39(20)
111(16),83(18),69(15),68(15),43(100),42(23),41(39)
111(1).100(2),85(8),72(15),57(100),43(15)
134(7),118(3),98(13),80(33),57(100),54(7),42(4)
170(3),155(2),127(8),113(14),99(7),85(43),71(86),
57(92),43(100),41(12)
133(100),127(4),105(31),104(52),91(8),90(4),89(10),
78(24),51(12)
153(2),110(4),83(38),69(67),68(20),56(100),43(33),
42(30),41(48)
128(25),114(17),113(6),112(26),107(27),97(23),
88(19), 71(100),63(10),59(17),54(28)
127(3),124(6),114(9),98(40),82(28),70(50),57(100),
43(94),41(70),40(39),39(14)
136(8),122(9),109(13),98(20),88(92),70(35),58(15),
139(3),110(5),97(15),83(21),69(55),56(80),44(18),
43(48),42(22),41(38),40(100)

129(4),128(100),127(18),126(11),102(13),86(8),76(12),

64(19),63(10),51(25),47(10),44(13),41(37),40(29)

132(5),101(3),89(8),87(7),75(13),57(100),45(92),41(28)

169(4),144(7),127(6),95(10),87(29),73(37),60(100),
41(26),39(5)
169(13),144(20),127(19),116(13),95(14),87(55),
71(60),57(100),56(11),55(25),43(74)
164(7),155(15),141(16),137(8),113(22),99(25),
85(55),71(60),57(100),56(11),55(25),43(74)
169(23),140(7),129(7),113(26),99(9),85(38),69(12),
68(10),57(100),43(71)

1and15791m%5 BIOTEC 1/2540
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Table 1.1 (Cont.)

Component Structure m/z ( % relative intensity)

46 ?? Dodecane,2,7,10- trimethyl 169(2),155(5),141(27),127(9),113(11),99(9),85(61),
84(12),71(100),57(92),43(84),41(12)

47 Unknown (Branched chain alkane) 212(3),169(3),155(4),113(17),99(13),85(50),71(100),
57(98),43(95)

48 Unknown (Branched chain alkane) 212(4),158(3),155(5),127(12),120(10),99(19),85(39),
71(100),57(74),43(64)

49 Unknown (Branched chain alkane) 212(4),183(4),155(9),141(6),113(16),99(12),85(70),
71(100),57(84),43(63)

54 Unknown (Branched chain alkane) 212(2),155(7),127(14),113(12),85(51),71(100),57(92),
43(85)

55 ?? Tetradecane, 5-methyl 212(4),197(3),169(5),155(6),127(18),99(13),85(61),
71(97),57(92),43(100)

56 Unknown (Branched chain alkane) 209(7),208(7),193(7),169(7),167(7),141(19),127(11),
113(19),99(14),85(35),71(100),57(72),43(68)

59 ? Nonane, 5-methyl-5-propyl 141(19),127(21),113(17),94(9),85(6‘1),71(83),57(85),
43(100)

64 Dodecane,2,5-dimethyl- 198(12),155(5),141(10),113(11),99(9),85(22),71(58),
57(100),43(34)

68 Unknown 169(6),154(6),140(6),127(7),113(17),99(25),85(49),
71(55),57(100),48(43)

70 Unknown (Branched chain alkane) 174(9),169(13),151(20),131(11),125(11),112(16),
99(16),85(42),71(50),57(100),43(70

73 ? Undecane,3,8~-dimethyl- 156(9),155(7),141(12),127(14),113(18),99(21),85(40),
71(70),57(100),43(52)

79 Unknown (Branched chain alkane) 211(7),169(7),155(11),141(21),127(24),113(26),
99(33), 85(33),71(100),57(88),43(43)

80 Hexadecane,7,9-dimethyl- 254(1),169(4),155(6),140(1),127(11),113(11),99(20),
85(62),71(89),57(100),43(62)

81 ? Dodecane,2,6,10~trimethyl- 211(14),168(15),166(13),141(17),127(26),126(18),
113(28),97(31),85(63),77(29),71(23),57(100),43(24)

82 ? Decane,3,6-dimethy! 170(6),169(7),155(12),141(8),127(19),113(13),99(27),
85(77),71(99),57(100),43(56)

83 Phenol,2,6-bis(1,1-dimethyl 220(28),205(100),177(8),161(2),145(11),131(6),105(10),

ethyl)-4-methyl 95(7),81(16),57(27),41(9)

85 ? Phenol,2,4-bis(1,1-dimethylethyl)- 206(19),191(100),175(8),163(9),147(3),135(4),125(6),
111(12),85(19),71(33),57(75),41(20)

87 Unknown 211(3),155(19),139(7),113(5),99(100),57(24),41(13)
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Table 1.1 (Cont.)

Component

Structure

m/z ( % relative intensity)

89

90

92

93

10t

102

118

119

127

130

132

133

134

138

140

143

Branched chain alkane

(? Tetradecane-4-methyl)
Branched chain alkane

(? Decane,5-ethyl-5-methyl)
Unknown (Branched chain alkane)
? Phenol?2,6-bis(1,1-dimethyl
ethyl)-4-ethyl

Ester of organic acid

? Hexadecane

Unknown (Branched chain alkane)
? Tetradecane,5-methyl

Unknown (Branched chain alkane)
1,2~-Benzenedicarboxylic acid,

bis(1-methylethyl)ester

Unknown (Branched chain alkane)
? Tricosane
1.2-Benzenedicarboxylic acid,
butyl-2-methylpropylester
Unknown

? 1-Octadecene

Tetracosane

211(3),169(7).155(5),127(12),113(6),99(14),85(52),
71(100),57(93),43(66)
169(13),155(14),141(7),127(12),113(18),99(30),85(68).
71(83),57(100),43(56)
152(11),140(10),130(6),113(19),95(6),85(43),71(100),
57(86),43(53)
234(19),219(100),192(7),174(9),159(16),131(10),107(14),
88(18),74(11),56(11),53(8),39(8)
243(13),155(16),143(17),126(11),111(12),110(14),107(13),
84(12),71(100),44(8),43(6)
226(7),222(2),169(7),140(10),122(14),99(22),85(37),
71(43),57(100),43(74),41(23)
175(10),169(14),141(23),125(15),115(22),105(22),99(23),
85(45),71(71),57(100),43(61)
212(4),211(4),192(7),169(9),155(10),141(3),113(26),
99(33),85(72),71(100),57(93),43(55)
215(6),169(20),141(12),113(22),85(29),71(100).57(77),
51(41)
192(5),167(6),149(100),134(7),113(8),97(5).83(15),
57(41),41(17)
153(16),142(15),125(19).113(36),99(32),85(46),71(57),
57(100),51(21),42(18)
324(5),239(2),211(4),169(5),141(6),127(11),113(15),
99(21),85(46),71(89),57(100),43(62)
278(4),265(2).241(2),223(9),205(9).182(2),160(8),
149(100),135(3),104(4),93(6),77(4),56(8),40(5)
324(27),310(23),309(100),203(8), 185(8),146(12),133(23),
119(13),77(13),57(15),51(12)
252(6),224(9),215(7),182(7),153(8),139(11),127(11),
97(57),83(52),69(86),57(77),55(54),43(100),41(48)
338(2),267(2),225(3),211(3),197(3),183(3).169(4),155(5),
141(7).113(14),99(16),85(45),71(72),57(100),43(48)
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® butyl cyclopropane ® butyl acetate

e diethyl carbonate ® 7-octen-4-ol

® 2-(2-propoxyethoxy) ethanol ® hexanal

® nonanal ® 1,4-dimethyl benzene
® isocyanatomethyl benzene ® 2 -acetyl-1-pyrroline

e 2 ,6-bis(1,1~dimethylethyl)-4-methylphenol
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Table 1.2 Structural assignments and EIl 'mass spectral data obtained by capillary GC/MS of extract from cooked

brown rice of Khao Dawk Mali 105 using continuous steam distillation/solvent extraction device

Component Structure m/z (% relative abundance)

1 Unknown 171(1),128(3),115(100),99(1),87(71),70(45),69(49),.57(12),
41(15)

2 1-Methoxy-2-propanol 90(1),75(3),48(40),45(100)

3 Derivative of furan 86(15),71(100),58(13),43(29)

4 Dodecane 170(7),127(12),113(16),99(11),85(44),71(83),57(100),
43(34)

5 Branched chain alkane 120(4),104(8),87(49),69(8),59(100),45(25),43(25),41(23)

6 ? 2-Butyldioxolane 129(11),73(100)

7 Unknown 120(10),105(7),70(44),66(67),42(100),41(48)

8 Hydroxy ketone 125(1),107(1),87(2),72(1),59(100),43(23),41(14)

9 Unknown 154(1),107(5),100(5),82(12),70(41),68(40),67(31),55(28),
42(18),41(100)

10 Unknown 107(4),87(11),69(13),53(2),45(100),41(34)

11 2-acetyl-1-pyrroline 111(18),83(17),69(21),56(48),55(28),43(100)

12 Unknown 206(49),191(100),149(44),135(36),121(91),98(40),83(56),
70(43),68(43),56(53)

13 Branched chain alkane 169(4),155(10),141(3),127(16),113(16),99(18),85(72),
71(100),57(98),43(84)

14 ?Dodecane,4,6-dimethyl- 183(5),155(8),139(5),127(11),113(9),99(15),85(52),71(94)
57(100).43(58)

15 Branched chain alkane 169(15),123(13),111(22),99(21),85(53),71(54),57(100),
43(66),41(44)

16 Branched chain alkane 169(8),155(9),135(5),126(11),113(16),97(7),85(43),
71(100),57(77),43(36)

17 ? lsomer of 18 103(35),73(26),59(100),45(24),43(27)

18 ? 1-(2-Methoxy-1-methyl 103(37),73(28),),59(100),45(47),41(21)

ethoxy)-2-propanol

19 Benzene derivatives 152(9),106(100),105(56),77(69),51(21),104(6),

20 1-(2-Methoxypropoxy)-2-propanol 89(1),73(8),59(100),45(9),41(9)

21 3-Methoxy-1-butanol 89(4),71(20),59(100),43(21),41(14)

22 Unknown 115(79),99(10),87(68),86(51),69(45).56(52),42(100),
41(80)

24 Unknown 126(6),105(12),100(11),76(38),70(60),59(78),55(68),
41(100)

25 5-ethyl-5-methylnonane 169(6),155(6),127(15),113(28),99(13),85(69),71(100),
57(94),43(49)

26 Branched chain alkane 127(11),113(17),99(19),85(49),71(51),57(100),43(54),

(? 5-Ethyl-2-methyloctane)

41(34)

20 msAmnarslipTmmanmaon 1use170a04:3 105



Table 1.2 (Cont’d)

Component Structure m/z (% relative abundance)
27 2-Propanone propylhydrazone 114(13),99(10),85(60),56(100),41(15)
28 Branched chain alkane 169(14),141(7),127(20),113(38),99(30),85(77),71(94),
57(100),43(98)
30 (? Dimethyl undecane) 226(6),169(6),141(8),113(12),99(16),85(33),71(58),
57(100),43(67)
31 2-(2-Buthoxyethoxy)ethanol 132(4),100(8),87(12),75(19),57(100),45(93),41(21)
32 1,2-Diphenylethanediol 168(3),108(91),107(79),91(18),79(100),77(54),51(29)
33 Phenol,2,6-bis(1,1-dimethyl 220(27),205(100),177(5),145(9),81(26),57(59)
ethyl)-4-methyl
34 Branched chain alkane 234(8),219(35),197(13),155(10),141(11),99(32),
85(80), 71(100),57(98),43(80)
35 Branched chain alkane 251(6),169(9),155(8),141(6),111(11),99(41),85(73),
71(68), 57(100),43(83)
36 Organic acids 169(4),141(6),127(10),113(10),99(10),85(23),73(47),
71(30), 60(100),57(43)
38 Branched chain alkane 141(11),127(16),113(9),99(11),84(22),71(100),57(60),
43(47)
39 1-(2-methoxy-1-methyl 117(4),103(26),73(13),59(100),45(28),43(16)
ethoxy)-2-propanol
40 Unknown (alcohol) 155(10),140(13),124(12),110(22),95(16),83(24),67(14),
59(100),58(65),43(23),41(50)
41 Phenol derivative 150(96),135(100),107(28),78(19),59(87)
43 2,4-bis(1,1-dimethylethyl)phenal 206(19),191(100),175(4),163(5),107(7),74(14),57(41),
41(10)
44 1H-Indole 118(13),117(100),90(42),63(16)
46 Phenol derivative 223(10),205(6),167(7),149(100),77(6),57(39)
47 Unknown 220(12),200(16),157(31),140(19),115(19),87(30),73(54),
57(100),41(51)
48 (E)-Octadecene 252(13),224(12),125(20),111(48),97(80),83(71),69(70),
57(100),43(60),41(77)
49 Derivative of benzaldehyde 152(34),151(100)
50 1,2-Benzenedicarboxylic acid derivative 223(9),205(6),149(100),122(5),105(5),104(4),93(3)
51 Organic acid (? Tetradecanoic acid) 228(49),185(28),129(31),73(81),60(72),43(52)
52 Organic acid 256(47),227(13),185(16),157(18),129(50),73(86),
(Hexadecanoic acid) 60(69),57(68),43(100)
53 ? Derivative of benzenamine 277(18),165(100),77(19)
54 ? Tetracosahexaene 410(6),203(6),163(6),137(17),107(17),81(24),69(100)
55 Ester of 1,2-benzenedicarboxylic acid 279(16),167(51),149(100),112(16),113(17),71(27),

70(27),57(24),41(19)
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Table 1.3 Mass spectral data obtained for volatile components identified in Khao Dawk Mali 105

1-(2-butoxyethoxy) ethanol

132,100,87,75,57,45(100)

Compounds Major MS ions Peak No.
Hydrocarbons
pentylcyclopropane 112,84,70,69,56(100),55,43 a
4 -dimethylheptane 128,85,71,57,43(100) a
6 -ethyl-2-methyloctane 127,85,71,57,43(100) a
2,6 -dimethylnonane 156,113,85,71,57,43(100) a
undecane 156,113,85,57(100),43 73
2,5 -dimethylundecane 184,113,85,71,57(100),43 a
2,10-dimethylundecane 184,113,99,85,71,57(100),43 a
dodecane 170,113,99,85,71,57(100),43 20
2,5-dimethyl dodecane 198,141,87,71,57(100) 64
2,6,10-trimethyl dodecane * 211,168,127,113,85,57(100)
tetradecane 199,141,99,85,71,57(100),43 a
pentadecane 212,127,90,85,71,57(100) 55
2-methylpentadecane 226,183,99,85,71,57,43(100) a
hexadecane 226,140,122,99,71,57(100) 102
7,9 -dimethyl hexadecane 254,155,127,99,7157(100) 80
octadecane 252,224,139,97,69,57,43(100) 140
tricosane 324,127,113,85,71,57(100) 133
tetracosane 338,141,99,85,71,57(100) 143
1-octadecene 252,224,139,111,97,83,69,55,43(100) 140
Alcohols
1,3-butanediol 90,75,57,45(100) a
1-pentanol 70,57,55,42(100) a
1-hexanol 84,69,56(100),43 a
2-cyclohexen-1-ol 98,97,83,70(100) a
1-heptanol 98,70,55(100),43 a
1-hepten-4-ol 96,73,71,43(100) a
(E)-2-octen-1-ol 110,95,82,68,57(100),41 a
T-nonanol 139,97,83,69,56,43,40(100) 31
benzene ethanol 122,92,91(100),65 a
2-butoxy ethanol 100,87,57(100)45 a
2-(2-propoxyethoxy) ethanol 132,89,75,57(100),45 33

a = additional volatile components analysed by Amine column.
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Table 1.3 (Cont’d)

Compounds Major MS ions Peak No.
Aldehydes & ketones
hexanal 100,82,72,56,44(100) 3
nonanal 127,114,98,82,70,57(100),43 26
(E)-2-nonenal 122,96,83,7055,41(100) a
decanal 138,112,82,70,68,57(100),41 a
3-hydroxy-2-butanone 88,73,45(100),43 a
6,10-dimethyl-5,9-undecadiene-2-one 194,151,69,57,43(100) a
1,7,7-trimethyl bicyclo 221 heptan-2-one 152,108,95(100),81,69,55,41 a
Aromatics
methyl benzene 93,91(100),65,39 1
ethyl benzene 106,91(100),78,65,51 a
1,2-dimethylbenzene 106,91(100),77,65 a
1,3-dimethylbenzene 106,105,91(100),77,65 a
1,4-dimethy! benzene 106,105,91(100),77,52 6
naphthalene 128(100),86,64,51,41 a
Acids & esters
ethyl carbamate 89,74,62,45,44(100) a
octanoic acid 144,95,87,73,60(100),41 36
butyl acetate 116,87,73,56,43(100) a
carbonic acid, diethyl ester 91,75,63,45(100) 2
1,2-benzenedicarboxylic acid, 192,167,149(100),83,57 41 130
bis(1-methylethyl) ester
1,2-benzenedicarboxylic acid, 278,160,149(100),93,77,56 134
butyl-2-methylpropylester
Phenolic compounds
phenol 94(100),66,65,39 a
2,6-bis(1,1 -dimethylethyl)-4 - methylphenol 220,205(100),145,105,81,57 83
2,4-bis(1,1-dimethylethyl) phenol 206,191(100),111,85,71,57 8
2,6-bis(1,1-dimethylethyl)-4 -ethylphenol 234,219(100),159,107,88 93

a = additional volatile components analysed by Amine column.
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Table 1.3 (Cont'd)

Compounds Major MS ions Peak No.

Nitrogeneous compounds

2-acetyl-1-pyrroline 111,83,69,68,43(100)41 11

N,N-dimethyl formamide 73(100),44,42 a

1(1H-prrole-2-yl) ethanone 109,94(100),66,39 a
Miscellaneous

isocyanato methylbenzene 133(133),105,104,91,89,78 21

1,2-benzisothiazole 135(100),108,91,82,63 a

benzothiazole

a = additional volatile components analysed by Amine column.

mMIlsziuanunanlaedIsniIay

drrsmgienainiagiianinifesiveniensasiniudiinensgd 105 dndn e
Vlﬂd’r]uﬂ‘ﬂiutﬂﬂﬁﬁﬂﬂiﬂﬂfﬂﬂﬂmzéﬂﬂdﬂu (odour quality evaluation by panel judéements) MM 26 AU
TauaFund1sazaueasd1suens luinauuinngs 100 mL ﬁm’mLiwﬁuoiﬁﬁ%{mwhﬁmﬂfuqz'lﬁnfiu
U333 W IANAIEFN (Teflon) 13nauiid3nmgs 250 mL ﬁchmﬁmﬁmﬂﬁawmdﬁmmmLﬁuchq‘futfﬂmo 0.5
cm #7194 cm dany ileduvianardannaudieluiidinamiiadisazatsazdiueaniiaine.
Wignacauanlalasgnacauliiussazasiagmeluvn sniulignadeunsudmmuiin “snslurindodis
fnaumieunselndidsriunaunantasingniugariaanuzd 105 valn” Unniid 2-acetyl-1-pyrroline
Wi dmuiiuignadeuasuhindumilewelndidssiunduresingniudeanansgd 105 (12%
vasiugnacauiamug)

manaaeslagiEmadisiuienadouniuwesiis 2-acetyl-1 -pyrroline Msumdudaegsly 3 dnme
78 #1908 100 mL 989 2-acetyl-1-pyrroline Tuﬁﬂﬂﬁuuﬁqmﬁﬁﬂqutﬁuﬁu 1.0 ppm waz 0.1 ppm dz
§1702070 100 mL ¥84 2-acetyl-1-pyrroline TurinduuFamsnansdudu 1.0 ppm ﬁtﬁw”fmv"uﬁf n 7
amagrlndly asluusinm 50 n¥w ﬂ”lmfuvhmsmmﬁaun?&uTmamimﬂmﬂﬂmzcjmdauﬁqmu 27 o
LLN:IVT%VIﬂﬂ'ﬂuLﬁﬂuﬂﬂudﬂﬁ’lﬂﬂ'ﬂﬂu‘ﬂ’]ﬂwN’l’dﬁﬂLLGiﬂWIV’J?]Ei’l\iﬁﬂauLwﬁﬂuwfiﬂﬂﬁﬁﬂx‘lﬂauﬂz‘hmﬂﬁi{ﬂ‘[ﬂﬂ‘lﬁ
tinadauAnnAAaULes cmmiwﬂdﬂudﬂngdﬂQﬂﬂdﬂudqu‘lmqjﬁmwLﬁudmémm 2-acetyl-1-pyrroline
Twhnduuidndinfouniu “luiay wamaniigeiinaunenaimen nawinmada nauitonen naud
nAenduNER  daudataTagaNY 2-acetyl-1-pyrroline MAind12Wug 1w 7 Amaanlnilg adlU3nam 50
nuiu 76% vevimudnadeunimuanauiiinduniien “ndudnomen” deudaslu Table 1.4
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Table 1.4 Most often used panel odour descriptions of solutions of 2-acetyl-1-pyrroline

MBE

v . ) a
IDHRYNYNATDUNIBNNAY

luwe  Tven wewiuwen 1hanaga 919 aannzd

#158¢878 1.0 ppm 2-acetyl-1-pyrroline
Turhusand

1982818 0.1 ppm 2-acetyl-1-pyrroline
Tutiu3dnd

#19a«q1e 1.0 ppm 2-acetyl-1-pyrroline
Tuuasifing1ogniug ne 7

67 - 13 13 7 -
68 10 12 - - 10
16 76 8 - - -

Yoy o ° ) [P PR 1% -
wananuglevinmmasaslaeinendiung (Vallaris heynel) Tadluaanlinfindunanaduniunan

wsfusImaenNEd 105 4w 50 N sdralaeasmsiadeleiuuuiouasii distillate ildndriasa

v e e -~ - - & 5 Y % Py Y
mamwmzmaaumw’ dichloromethane I(ﬂEJN?’WHﬂ%ﬂHﬂ‘(!NﬂﬂﬂLLﬂzﬂﬂ’]']zﬂ’ﬁV]ﬂﬂﬂ\iL'erLﬂtl’JﬂUﬂﬂidﬂ(ﬂIU‘(l’W

° A v ° - 'S 4 v -
idsdiadntunadanlavrimengiesadssnaudiomaia capillary GC/MS laeld Amine column

N P Ei o NV U I -
WAz temperature program 3HAWNEMNIN 40 °C IMNUWNNGMINIUAILEATTLIT 2 °C ABUIN UDNUNNN

val ~ g - ¢
200°C uwzm‘bwqmmqu 200 °C uan 10 il lenavesn1sugnesdtlsznsuaszimeuanslon reconstructed

total ion chromatogram (RIC) Tu Figure 1.11 Fawuiicns 2-acetyl-1-pyrroline Wuasdlsznoundnansvils

lusrsarindaglatiasaenduunaduriu

‘ 2-acelyl-1-pyrroline

2 4 s a 1 2 14 16

18 280 22 24 "26 28 3@ 3¢ M

il

-~ T T T T
36 38 4@ 42 44 46 48
Time (min )

Figure 1.11 Reconstructed total ion chromatogram obtained by capillary GC/MS

of steam distillate extract from Chom-Naad flower ( Vallaris heynel)
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MIANAEIENINWANTINLGIINENNER 105
InedBmIanamemIazaiensa

MIRTATITNEN 2-acetyl-1-pyrroline ludagrundatiadsdsasaraninnu ALY
IdimstneienauwisnadindamenlildiEails@nsnmn uesdemn nadiniismdiasgleih
Taguilismsoltiniadnimadlulinaiiasss naillaseduanianuduides 2-acetyl-1-pyrroline
Fegnaineaninainiiai1ldlaeldssazaensa (1.0 M HC)) lussasmonsaiu 2-acetyl-1-pyrroline
dsangegludninlonan Fwinlignaielilugisazane@eiindudninasaeldlanlissngoany
niaszmpeanwildisenin d@sazarensafildannisdiadismeslmadadisiasldynngnaumen
ANUUABWININTAT 2-acetyl-1-pyrroline sanaInETaza1ansalagindrsazaunsaliidunae
wiadudn@nisadedsasaiiud (SM NaOH) windsiwndinmusvinasaiedunid dichloromethane
wazitlimneidamaia capillary GC/MS

waunnwly  Figure 1.12 udasdumounsdingInes 2-acetyl-1-pyrroline
Tnstisethandatnndasiudunenned 105 S 3 niv ulerauidaiios 1 nin sualmduasasdun
ety Erlenmeyer flask wwau3nas 250 mL ﬁm‘iﬁ%ﬁsazmanim HCl 1.0 M 3195 25.0 mL
ansaudsiuanalagld magnetic stirrer uinan 30 wiii wdadsieliEndunmussnam 30 wiiiie lianasnau
WAA9ABYY Qﬂtmsﬁmzmmhuuumn‘m(M‘%amu‘umf:m) ﬁﬂﬂ%w‘v'ﬂriﬁﬂaqmma\:m:naum%’:ﬁva‘ld
Tinuaailddsesadlanedums  anuwhisaemeldnldvings 20.0 mL switliduusdndes
fudsazay 5M NaOH wasdriaseviuiisaedmiineaudun3y dichloromethane USN1aT 20 mL davaiq
wenfufives dichloromethane Aildanmsaianadasassudainunoniu iveszmadavnazany dichloromethane
aanlatld vacuum rotary evaporator igmnit 28 °C  AudIAiARUTAITEM 05 mL iy
idsddaldadlunaifudiagae (sample vial) Tmeﬂ.u’ﬂmchuazef«?ﬁ‘l’i’i'\qmmnuﬂﬁmwﬁd%mm 0.1 mL
FanlUAmeiarnan 2-acetyl- 1 -pyrroline Muwailia capillary GC w38 capillary GC/MS Aaly

Figure 1.13 A 8¢ 1.13 B us@9 reconstructed total ion chromatogram ¥89m33iATesiaslsznay
dsafimnniniadnlaniigainmedsssmenmnniainawdniandasdmam 3 niu was 1 nSuaNEdy
WU peak 184 2-acetyl-1-pyrroline Unngegludsarinnndaiiiies 1 nivlutiinuianaialduasli
mass spectrum iyl momanesidnsaitldlasld GC/MS fe1ald capillary GC lumsdaneile
Faiaslitadninvesmansadey (detection limit) fanimsle GC/Ms WANUAGBINEITNIATIM 2-acetyl -
1-pyrroline weldlumaifiuy retention time ag1dlsfiandadninnesmaiianedantsznisuiiado
AEdNIT AT WA Aa238TU 2-acetyl -1 - pyrroline TeluAii i Amine bonded fused silica capillary

- - ’ v " o - i Y -
column Teamfnawmninanisaualiaamsieneianinaeduy DB-1, DB-5 n3a Carbowax
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Brown rice 1.0 g
- grind
Rice powder + 25.0 mL 1.0 M HC1
- stir for 30 min.

\J/ - filtration (or centrifugation)

\S \

Filtrate 20.0 mL (in separating funnel) Powder
+

1). 4 mL 5M NaOH

2). 20.0 mL CH,C], (twice)

\J \

Aqueous layer Organic layer (CH,CL)
- concentration using vacuum rotary
evaporator
Crude extract 0.5 mL
- leave at room temperature

Concentrate extract 0.1 mL

Analysis
by capillary GC/MS

. & s v
Figure 1.12 waumMwudaesuaaun1saia 2-acetyl-1-pyrroline fagd 15876030
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wuindudrstssinminfiminlvanalinnin dsaziilsanfenusinglugas retention time 29649 189
(- ) ' .
reconstructed total ion chromatogram (RIC) geRUsenoudsTang It sinmaasd eIy
- - v e v e -
finawasdtsenauiierfasiuarnamentasinIugvInensed 105
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TRANINIINMAIYNINNT UagdIUTBEazea9d13UTem hydrocarbons AiagasndTludsdialsznmusn
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2-acetyl-1-pyrroline 'tf@Lﬂudﬂiwﬂumm’mwuﬂaummuwuuJuiNﬂdizﬂﬂu'umwuqmamaummuwuq
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wazlumaIduiinudn 2-acetyl-1-pyrroline \uesAtsznauvassrsdimanitindesiugennanned 105
A v v e e v H | v v 1 e o -~ - " 40w
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retention time WAz mass spectrum fuesAlsznavludisdiaainindadiaviiaenugd 105
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< ) P & | s o v v
ﬂ\iﬂﬂiz’ﬂﬂUﬂ"ﬁ?zLﬂﬂV]M’m‘mLﬂﬂfluﬂﬂﬂ’J’lNUW\iﬂﬂﬂU‘i:ﬁﬂﬂUVlH’]ﬂ%Lﬂud’lﬂMﬂ’J’lNMﬂN‘Uﬂ\i‘U’I’J
o - ) 4 Y A - -~ ]
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- v ¥ o daw . - v ) - - - [ v A
1-pyrroline ’ﬂ"ﬁlﬂﬂ’)WI’IHMV]NQV](HN’EIUQWHQHM%Q (38882 12) GI?JU’J’WﬂﬂuLﬁNﬂHMiﬂTﬂﬂLﬂﬂ\?ﬂUﬂﬂuﬂﬂ\i

1and15Ta1n5 BIOTEC 1/2540

29



30

“frigniugeniaenyed 1057 Fudunsdiusuusamanaaeseasidutauninil (Buttery, ef af, 1986)
atndlsfiorugnasaudnlngdnduasas 67 vavdimugnadeuiaunaianuduidsifinduniaunivees
Qe uReEET 2-acetyl- 1 - pyrroline e widnduhiaaENTUTENRUE 19 7 wdahumadounay
Unngingnadeuidudundieiesas 76 Widsinnaumilounauved “dndniugenaanngd 105"
waglummaaseiaundril Wathdsdineesdiniudynnanngd 105 fudesisliauansnannualy
wazhuTiAnsiesdlaznay dnnginlany 2-acetyl-1-pyrroline Wathasaiavesdmimuiednuiseny:a
105 Avlidguunideudunaiuu 5 Weunimadin nuidsdialddndunesidunauams
YRIANNNANTEITTINUGNIABNNER 105 uagliny 2-acetyl-1-pyrroline iHuasdtsenauluansarinturiy
(3aenafasmniiudadiiavesmaiamaie et Tadumsudasliiui “nﬁ'uﬂadﬁwﬁuﬁf‘mmaﬂmﬁ 105"
dndunauitldinanmsadnaduisninsrameiidussdlszneunanalusdadn Tood 2-acetyl-1-
pyrroline \Judimanivinliiin “ndunen”  daiumInmadeuasnasvasiiuguIeanNgg 105
mludsanniniastiunnmainldlagnsadaseduliunnmes 2-acetyl-1-pyrroline luwdadna
Togoduwmaiiamsdiauasmaimmaissdiane capillary gas chromatograph 38 capillary GC/MS
FefinaINT

T dvasmsWauIBMIaTagINeN (2-acetyl-1-pyrroline) 13 1maNwUE¥IABNNER 105 Teudin
AunliEmadiadinlaiiuasin distillate Tlduadadodndaitazampdunidiu wudndumaia
Aldszansmwlumadria desndadldUinmiiothannuasiulfosiriaemuaunson Wlumsdsa
maRamariasdlenuasiinasmedwiaduuudeias (continuous steam distillation/solvent extraction)
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wud TN T AT N dTHTAGY gas chromatograph wnldAoduiilumsugnesdusenauimunsdy
fusIifaensiased u 1 Amine bonded column lunTiiAgd 2-acetyl-1-pyrroline
Fadussndlulasauduesdtszney asdmnsnifisdssansawlunmyienaiasdananle

WARAMIATAFITMEN 2-acetyl-1-pyrroline SMisuikedldwauiu fo nisadalaglddirasanonss
Fanudnfumenaililssaninmgenga downlssndansnauaginlidng idldiUsmniann
Tumsddadendinslumisunin wiadasiigmiios 1 3ty fd@wasndia 2-acetyl-1-pyrroline
panN lUSHUAIEIN TN Ay capillary gas chromatograph %38 capillary GC/MS léilaeld
Amine column u3gAgANidumnzsy Tuinaadulsslviodranlunsdifddogndiandonis
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UFNminaedns 2-acetyl-t-pyrroline wuifiusingludnandaslutiuinigeninluingis
ftnunisteduds Tenadungquarnannsitauiandesdiaiuuavasdsdndn fulileiosnm
afflundadmlauiadusnsussneulugindetumeauidiiedludeiusdatri atlafimling 2-acetyl -
1-pyrroline Wuasdtlsenatlugnsainannlunazmulurasirniugyonanuzd 105 lnumsliansidsariaie
capillary GC/MS

mnsiaUTnnananantesiiuginenugd 105 lunsdintinmdodrasdadnfdwaudia
Foilalaamsarinsussazaenia uadiansiasstadewana capillary gas chromatography %38 capillary
GC/MS i wadia capillary gas chromatography azliaa1nl3 (sensitivity) '1uﬂ’1‘ﬁl,ﬂ7’wvm§'ﬁﬂ’i’l capillary
GC/MS mMnueAmMaTIaaay (identification) 2-acetyl-1-pyrroline lussarianase1duma3uuliun retention
time fiugsnasTuvsadsdaened  mnldinafia capillary GC/MS lumsiianedt enaasiadauans
1elael9i5wWIbuiiay mass spectrum 11U mass spectrum 989 2-acetyl-1-pyrroline luiandsanedsle
dlesnldimmaaeeuu total analysis umdeiluds nuhladosdszneudsszinglai v mass spectrum
(EI : electron impact) Indidgsriuees 2-acetyl-1-pyrroline

wanamaneiliasiu capillary gas chromatography #3a capillary GC/MS iWuimefiomsiasen
fdadneyluseduge Fanuduiontasasdlsenoy uazlsauwsnnlagmme capillary GC/MS
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filanndudeuvasasdssnaunin (complex samples) waziitinmsdios  lumsiiansiamamey
109NAATIIINBNNER 105 mMnmTIiassianinagudiieensiensissinde adusslinnumen de
2-acetyl-1-pyrroline wAGAMILATIZaliNNTU UL T euRsazanTududnaiy Tasanakai
Tiswsniangilddaiaiasfoniaa nanindetulonldUgisomiaed vesdsdandnissyndld
Famnnldimsfneiduausnsaiaumeiansiasaicsdanan Wasmnuasmndauldansedunis
frinaandulselaiagrannlumaiamnmstsulsaiudiniusimennssd 105 luaunan usnaniewidy
Tudsniswaunsdsnamdeuuuy 2-acetyl-1-pyrroline et selugiilunsmadrfdudnuuanenils
finduleadneds lavdaiwauntulndinandudsfdndunenindifosiutiu 2-acetyl-1-pyrroline
Lwiﬁwfﬁamqwq\md’]LLazﬁuwummﬁmﬁmiﬂ dnsntsdnannInaamentestild Tunmasesinyt
2-(1-hydroxyethyl) pyrrolidine taduassanarslul gisonisdaa e 2-acetyl-1-pyrroline
Aduasvilsinasiidnanmidlunsiaundudmoniedsnaamouuiin Tl dduly

dovhavananifisfaunnsosnasanddnl  ludauesesdisneuiilinsiulasesiamaiiiioy
(Unknown) Tegsdusznaudlaninulassdrmmaadimanivniosdlsznoveiamanzuldindansdid
wagtunumlumslenananluiiusimeenagd 105 atdlafimmialdimsfnuluneasdeavas mass
spectra 18399 Usznaudananuirdulnoifudistssinn hydrocarbons ARdmdnTnanags
wagilushsnguitliiaefssanuhitunumiisidasivanumen

4eNAINHNITALATILR TN DN 2-acetyl-1-pyrroline Tudsdinaiuldlinaniruandua
lwanasatuil Famynanai@esuminssildlagldatia capillary GC 38 capillary GC/MS Wuriu
IngiangilFouiio peak area MU internal standard Tugwduilld 2-acetylpyrrole \flu internal standard
dauwaialuniaiedun internal standard WAzMYIATIZREY EL‘f(L?/lﬂﬁﬂV“{vuﬁ”luV'll/TJ T %'%f’]mmdizqﬂof
Iananestuiuanuninvasusasngueidy
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N5A3ENETATAE silicone antifoam
. v o A va v -
111 silicone antifoam \huUFHA3 20 mL M@zaneluiINay 200 mL LLﬂﬂwmﬂmaqummqudizmm

v 14 ' H - -
90-100 °C WIBNNSAUEITRLa 8B FHITNDAFOMITT 3UUITHIATEITRLRBARINED 100 mL
- o Y e - ~ - v ' .
Feieamnanyseu islidu uaztﬁulqummqummsa‘luqLﬁunﬂumm’lﬂumiwmm

msAmnasianunanlumaooriusn10ann:a 105




BNFTD 1B

1. Ballard, R.W. and G. Holguin. 1977. Volatile Components of Unprocessed Rice (Oryza sativa L.). ].
Agric. Food Chem. 25(1): 99-103.

2. Buchi, G. and H. Wuest. 1971. Synthesis of 2-Acetyl-1,4,5,6-tetrahydropyridine, a Constituent of
Bread Aroma. J. Org. Chem. 36(4): 609-610.

3. Buttery, R.G., B.O. Juliano and L.C. Ling. 1983. Identification of Rice Aroma Compound
2-Acetyl-1-pyrroline in Pandan Leaves. Chemistry and Industry. p 478.

4. Buttery, R.G., C. Xu and L.C. Ling. 1985. Volatile Compounds of Wheat Leaves (and Stems):
Possible Insect Attractants. J. Agric. Food Chem. 33(1): 115-117.

5. Buttery, R.G., ].G. Turnbaugh and L.C. Ling. 1988. Contribution of Volatiles to Rice Aroma. ].
Agric. Food Chem. 36(5): 1006-1009.

6. Buttery, R.G., ]J.S. Donald and L.C. Ling. 1994. Studies on Flavor Volatiles of Some Sweet Corn
Products. J. Agric. Food Chem. 42(3): 791-795.

7. Buttery, R.G., and L.C. Ling. 1982. 2-Acetyl-1-pyrroline : An Important Aroma Component of
Cooked Rice. Chem. Ind. (London). p. 958-9.

8. Buttery, R.G., L.C. Ling, B.O. Juliano and J.G. Turnbaugh. 1983. Cooked Rice Aroma and 2-Acetyl-
1-pyrroline. J. Agric. Food Chem. 31(4): 823.

9. Buttery, R.G., L.C. Ling and T.R. Mon. 1986. Quantitative Analysis of 2-Acetyl-1-pyrroline in Rice.
J. Agric. Food Chem. 34(1): 112-114.

10. Buttery, R.G., R.M. Seifert, J.G. Turnbaugh, D.G. Guadagni and L.C. Ling. 1981. Odor Threshold of
Thiamin Odor Compound 1-Methylbicyclo[3.3.0]-2,4-dithia-8-oxaoctane. J. Agric. Food Chem.
29(1): 183-185.

11.Maga, J.A. 1978. Cereal Volatiles, A Review. ]. Agric. Food Chem. 26(1): 175-178.

12. Neto, G.C., Y. KoNo, H. Hyakutake, M. Watanabe, Y. Suzuki and A. Sakurai. 1991. Isolation and
Identification of (-)- Jasmonic Acid from Wild Rice, Oryza officinalis, as an Antifungal Substance.
Agric. Biol. Chem. 55(12): 3097-3098.

13. Paule, C.M. and ].J. Powers. 1989. Sensory and Chemical Examination of Aromatic and Nanaromatic
Rices. J. Food Sci. 54(2): 343-346.

14. Tanchotikul, U. and T. C.-Y. Hsieh. 1991. An improved Methed for Quantification of 2-Acetyl-1-
pyrroline, a “Popcorn”-like Aroma, in Aromatic Rice by High-Resolution Gas Chromatography/
Mass Spectrometry/Selected lon Monitoring. |. Agric. Food Chem. 39(5): 944-947.

15. Tsugita, T., T. Kurata and M. Fujimaki. 1978. Volatile Components in the Steam Distillate of Rice
Barn : Identification of Neutral and Basic Compounds. Agric. Biol. Chem. 42(3): 643-651.

16. Yajima, I, T. Yanai, M. Nakamura, H. Sakakibara and K. Hayashi. 1979. Volatile Flavor Components
of Cooked Kaorimai (Sented Rice, O. sativa japonica). Agric. Biol. Chem. 43(12): 2425-2429.

17. Yajima, 1., T. Yanai, M. Nakamura, H. Sakakibara and T. Habu. 1978. Volatile Flavor Components

of Cooked Rice. Agric. Biol. Chem. 42(6): 1229-1233.
Lana15741m5 BIOTEC 1/2540

33






	คำนำ
	สารบัญ
	บทนำ
	การสังเคราะห์ 2-acetyl-1-pyrroline
	การสกัดสารระเหยจากตัวอย่างเมล็ดข้าวโดยเทคนิคการสกัดด้วยไปน้ำแบบง่าย
	การสกัดสารระเหยจากเมล็ดข้าวพันธุ์ขาวดอกมะลิ 105 โดยวิธีการสกัดด้วยไอน้ำและตัวทำละลายอินทรีย์แบบต่อเนื่อง
	การวิเคราะห์สารหอมในสารสกัดจากเมล็ดพันธุ์ข้าวด้วยเทคนิค GC/MS
	การประเมินความหอมโดยวิธีการดม
	การสกัดสารกอมจากเมล็ดข้าวพันธุ์ขาวหอมมะลิ 105 โดยวิธีการสกัดด้วยสารละลายกรด
	สรุปและข้อเสนอแนะ
	ภาคผนวก
	เอกสารอ้างอิง



