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Abstract

Volatiles of cooked rice were extracted using static headspace solid phase
microextraction (HS-SPME). A three phase SPME fiber DVB/CAR/PDMS was selected
due to the wide range of volatiles (low to medium boiling point) were extracted more
efficiently than one or two phase SPME fibers. Optimum equilibrium temperature,
equilibrium time and exposure time were 30°C, 15 min. and 30 min. respectively. The
selected SPME fiber and optimum conditions proved to be the method that provided the
most representative cooked rice aroma.

Collected volatiles of cooked fragrant rice, Thai Jasmine rice 105, Indian Basmati
rice and American Jasmati rice were separated and characterized using GC-O, GC-
PFPD and GC-MS. A total of 23, 23, and 22 aroma active volatiles were detected in
Thai Jasmine rice 105, Indian Basmati rice and American Jasmati rice respectively. 2-
Acetyl-1-pyrroline (2AP), the cooked rice character impact volatile was detected in all
three fragrant rice samples. This volatile has been previously reported as character
impact volatile in fragrant rice. The new character impact volatile was also described the
same as 2AP “cooked jasmine rice”. This new aroma active volatile was detected in Thai
Jasmine rice 105 and was identified as 2-acetyl-2-thiazoline (2AT). The 2AT was only

detected in Thai Jasmine rice 105 but not in Indian Basmati rice and American Jasmati
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rice. This is the first new character impact volatile reported in cooked Thai Jasmine rice
105.

A total of 36 aroma active volatiles were detected in all three fragrant rice
samples and 31 volatiles were identified. These volatiles contributed to the overall rice
aroma. The 31 identified volatiles were grouped into six chemical classes: aldehydes,
alcohols, sulfurs, ketones, esters, and nitrogens. The aldehyde group contains the
largest number of volatiles in all three fragrant rice types contributing as much as 48-
52% of total number of volatiles. The other volatile groups contribute differently to the
aroma of each type of rice. The relative number of volatiles in Thai Jasmine rice 105
were: aldehydes (48%) alcohols (24%) ketones (9%) and sulfurs (9%) respectively. The
relative number of volatiles in Indian Basmati rice were: aldehydes (52%) ketones (19%)
and sulfurs (14%) respectively. Similarily, American Jasmati rice had: aldehydes (50%)
sulfurs (20%) and ketones (15%) respectively.

The 36 volatiles were grouped to 9 odor groups: green, sweet fruity/floral,
minty/citrusy, cooked/mushroom/ musty, sweet/roasty/nutty, fatty/metallic, spices,
sulfury/meaty and medicine. The sum of the odor intensities of each odor group were
displayed in spider web diagrams for each fragrant rice . The differences of the odor
profiles were profoundly different. The odor intensity of odor group “fatty/metallic” were
similar in all three fragrant rice samples. The odor “sulfury/meaty” was observed in
Indian Basmati rice and American Jasmati rice but not in Thai Jasmine rice. Indian
Basmati rice contained greater sweet fruity/floral total intensity than American Jasmati
rice. The odor profiles all three fragrant rice samples were noticeably different.

The 2AT was detected in cooked Thai Jasmine rice and was quantified using
headspace standard addition SPME with selected ion GC-MS at m/z 129 and 60. The
concentration of 2AT was determined to be 0.45 pg/kg in cooked rice. Sensory studies
indicated that non-fragrant rice fortified with 2AT at 0.6 - 0.9 mg/kg closely duplicated the
aroma of freshly cooked jasmine rice. This is the first time 2AT has been identified and

quantified as a new character impact volatile in cooked Thai jasmine rice.

Keywords: Jasmine rice, 2-acetyl-2-thiazoline, headspace SPME, GC-O
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Identification and quantification of new aroma character impact
compound of Thai fragrance rice (Khao Dawk Mali 105) using GC-

Olfactometry, GC-PFPD and GC-MS
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U7 4 1WSBULABY total peak area VaImTIzMENENA L6 Lilaw T
| A L e ) v

A9 NLFIUMTUNAIDEITIIRIEN. oo 10
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U7 6 aslinduludrinennzd 105 wagn annsasasenlay GC-FID

(NMWLK) WaE GC-O (NMWANY) F1ALANATVBIFNTANAURDANA DY

o A
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A peak 284 2 AT 1uﬁﬁa%auuz§1qoqﬂ i RT wihnu12.5
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RNITLRLTIRNA NAUNLIN (contribution) dananlutg
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Eﬂ'ﬁ' 13 EﬂLLUUﬂau (odor profile) TadTNIRauNZR 105 WIRN. e, 21
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1as GC-MS  SIM mode ﬁ M/Z 129 IRZ 60 22

Xiv



a
Uunn 1

LN

11 damwiitinsise uazanadragvaslym

Trmanusding lasuanufisusuiiosanannenuneuastng uazLAAgauY
Lﬁaﬁwmmﬁu lafuissmnunefivhmstnennaunenestnsfiodsg  szime
(volatile compounds) Tugnainiidsssuiannnit 155 wfia (1-4) LL@imsLﬂﬁéﬁﬂ”tyﬁlﬁ
anwunaniduanansal (character impact compound) Tudmennugdnag 59013 7N
wanNzdlng @a 2-acetyl-1-pyrroline (2AP) (5) Gsdnauasululay wIodsT@ISENI
naunsaT 1 lwasa (popcorn) LlwENIIzMENTeN odor threshold 6§ ARy 0.1 ppb u
W (6) lasnanuidpedans 2AP SadnuisuanninefiuiumafiensmySunmens
2AP (7-9) uazWazasagMIAUINIITNdalTINmaNT 2AP (10, 11) MTILATZATNS
wafianslgarriazaslunisana (9, 10) wiansltinafia headspace SPME (12, 13) &
NoudSIUaNT 2AP luﬁn%aum&l,a:w”ufﬁ'rmamﬁ@5%s]l%ﬂj";q 0.04 — 0.34 ppm
(1, 8 9)

uanmnﬁﬁswmmmsszmmﬁﬁﬁrﬁuﬂluinﬁﬁuwmﬂlumsdma%w (contribution)
ﬂﬁ%‘ﬂﬂd‘ﬁ"]’s lasdSoufisudn odor units (concentration/odor threshold) (6) w3amsld
INAA Gas Chromatography-Olfactometry (GC-O) Waz Aroma Extract Dilution Analyses
(AEDA) tawmnen dilution factor (FD) (14) S'fiawmwmiszmyﬁﬁmmﬁm”ryéﬁﬁuuaﬂmﬂ
2AP @8 (E,E)-2,4-decadienal, nonanal, hexanal, (E)-2-nonenal, octanal, decanal, 4-
vinylguaiacol W8s 4-vinylphenol (6), bis-(2-methyl-3-furyl)-disulfide, L8 2-amino

acetophenone (74) faudaamaazinnuiaydananyastnue bifaslaluans

2] '
A adA

TLRYAINENHNTNAUAIHTIIVONTLNEILARIT 2AP LY litananuaiuastninai
° aAac & o A a o a A LA A o
T3y uisuilasduiaInany ot MnaNNzRlasinaiia GC-O WUINTaNIIztRa v
NRWRaNNLTRLNANBDIAITINRANNLR MNUUBNLAIHEN 2AP LazE9 LLALTNNTTIENG
aran asnuisiuanudaglunsfgataszmadlninlinaunesadoniuesinig
a = ~ o & Lo o Aa
nauNed npdsanatduansniduianansal (aroma characteristic) 2a43viad Inuffianu
LL@ﬂ@mmﬂ"lTTmaww”ufmawmﬂs:mﬂ TIWNINMIANBIENTILRLAIDU JNFILTIN
. . % 6 A' U = = % (% a 6 1 di
(contribution) tananwalaInautINey ng Wisuisuiutmenwuenlszinadug

LT Basmati (T11%aNanduwlag) waz Jasmati (T1anananaluIni) tlue



[ 3
1.2 20niedsn

1) wWafgaul (identify) anslanunausiialnd Alinauadadimenuzi 105

A a 6 1A . . v a VA o A %

2) WalaziydSunme (quantification) asrNsIRANNRaNTAA AN linRUAE
T1IRONNLR105

3) WadAnmanuLdulananeal (character impact compounds) U8IAINNRANVD
T1IRoUNLE 105 I(ﬂUﬁgﬁ]ﬁmﬁ:mméfﬁuejﬁema‘%w (aroma contribution) Lanan=alY8
naudmenIng wWisuisuiutivenuidlzinadug ldun Basmati ($1manan

BULAY) WAz Jasmati (T1IRaNINBLUINN)

1.3 szdgul5298

1) TwnuteuNzd 105 wazdneuwuialszing dun Basmati (F13naw
AMNBULAY) WAz Jasmati (F1IRaNNBLNIAN)

2) AwnzAaszme  (volatiles) ludmadnitimegn lasviinmansdnlunaea
nanag (vial) NaANaEdansouiy PFPT/Silicon septum uazvinnisanasyszing
é’aazhﬁnﬁag’luma@maaa lagnafin Headspace Solid Phase Microextraction (HS-
SPME)

3) s zfimanzas (optimize conditions )&% Headspace SPME
T@mmiﬁuqmﬁgﬁmiﬂu (equilibrium temperature) L3871 l4ATLN (equilibrium time) 1381
lunsana (exposure time) wazyinmsiSouifisusfiaues SPME fibers afiadnge laun
PDMS (polydimethylsiloxane), CAR/DVB (Carboxen/divinylbenzene), PDMS/DVB
(polydimethylsiloxane/divinylbenzene), CAR/PDMS (Carboxen/polydimethylsiloxane), L
DVB/CAR/PDMS (divinylbenzene/Carboxen/ polydimethylsiloxane)

4) 3Lﬂ‘§’1$ﬁLLa$ﬁ§ﬁ]ﬁm§‘§:mUﬁaﬁlﬂvl,ﬁ'ﬁ"sEJGas Chromatography-Flame lonization
Detector (GC-FID), Gas Chromatography-Pulsed Flame Photometric Detector (GC-
PFPD), Gas Chromatography—Olfactometer (GC-O) W8z Gas Chromatography—Mass
Spectrometer (GC-MS) laalt GC column w#ia DB-5 waz DB-wax, qm%gﬁﬁuﬁu 40 D4
250 °C I@quﬁgﬁlﬁwi‘fuﬁlué’mw 7 °C/wTl flow rate LYinNU 1.5 AaRaaT/U17

5) 13% GC-O WUy Time intensity olfactometry Lﬁiaizqdwmii:mﬂlmﬂumiﬁﬁ
naunanuasd  aroma intensity ila I(ﬂyl%g}"ﬁ”lﬁ%”umiﬁnamuLLa:ﬁﬂiza‘ummi
(trained and experienced sniffers) 2ttty 2 A lauyinnsneaed 3 sgﬂ

6) Slaseilsinmsslninlianunendlsis Headspace SPME sauniunadia

Standard addition L8z GC-MS ‘ﬁl SIM mode (selected ion monitoring mass spectrometer)
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A5n1sNaaay

21 MIAALtRanzya SPME fibers WazaN1NRANEEN IBNITANAFITILNRLDIN
v
21IRIAN
9 9
211 MILAIBNaIBENITNINIEN
g a > o a 6 Vo = 3 :3’ a U
TIMeNNEE 105 NIINIAFIUNT lavihunlglunsdnsased MaaIBuTINg
gnlaslddaviunn 5 niu uaziinau 5 niw W@naslunasauiivwe 40 wa. iEuie
lulasiaudendadmeninfodaoidafifudu Teflon-coated septum agduluzasih
=) o v v “ ~ g/ v v Qs 1 Qs d! d!
LNREN uﬂﬂmqﬂlumammﬂwm dnthaslundalilszauanugurinuaimilaves
waaauildiianagn dszunm 18 wnfl
212 n3AnNsoa SPME fibers Laz®NeMnansanlunsanaaIsieann
ARV
mIsnemITzingaNIIIgnlunsdnmaTiiliis  Static Headspace Solid
Phase Microextraction (HS-SPME) lagisuannmsansnoiavas SPME fibers MANNZRY
wazaA UM IENAR I RETIANNZRY lasyinnsann
2121 mInaiiensiiauas SPME fibers (Supelco, Bellefonte, PA) NLANNZ &«
lunmsansasaiafiiauas SPME fibers N¥NNN3AnNEN bl
1. PDMS (polydimethylsiloxane)
2. CAR/DVB (Carboxen/divinylbenzene)
3. PDMS/DVB (polydimethylsiloxane/divinylbenzene)
4. CAR/PDMS (Carboxen/polydimethylsiloxane)
5. DVB/CAR/PDMS (divinylbenzene/Carboxen/polydimethylsiloxane)

Frameuuzamasonlaauitludesi  2.1.1 Qﬂﬁ’mﬂﬁﬂu@ﬁasml,ﬁamsﬂ”mﬁamﬁ@
SPME fibers Ananzaulagldannziiasduwiaonsaaidonafiauas SPME fibers laun
qm%nﬂﬁmi‘ﬂ&l (equilibrium temperature) 40 °C 32838 N13UN (equilibrium time) 15
WIfl uaIzuzIafilganaals SPME fibers (exposure time) 30 wifi  emadnedaf
wwsowldanndan 2.1.1 anianuuly water bath gaanndl 40 °C iduaim 15 wfl
%ﬁ'amnifumﬁzmﬂﬁagjmﬁa@ﬁashainlumammaaa (headspace volatiles) 93:0NANA
%18 SPME fibers lagnsaa SPME fibers (Innnns conditioned Wan) W% septum Uas
1% SPME fibers agjmﬁam”aasi’m]"’nLﬁaaﬁ@a’mzmmﬂunm 30 W7 RAIINNTIWI I8
SPME fiber aanuuaztinlAamzvienaiaias G lagdaanns injection port (Aeaidu



WUy splitless injector) Nigasnndl 220 °C wal SPME fibers ﬁ'ﬂoagjmﬂlu glass liner

WJwaan 5 wifl tNaTeanIIziReaananann fiber ﬂléluﬁx‘]aﬂﬂ

2122 fnmanizfiaunzaalumianassssnediy SPME fibers
wasINMIRaLRanTfia SPME fibers Mwanzawudy snnzfianelugieusely
e
1. qm%nuﬁm"ﬁulumiﬂ&l (equilibrium temperature) G2a819917 balr 30
40 50 uwax 60 °C
2. silElumsta (equilibrium time) dagnatnaldun 15 30 45 uas
75 Wi
3. nailglunsaniasssziny (exposure time) 828 SPME fibers ‘lefin
5 15 30 45 a2 60 WA

msensansiwnzsulasld SPME fiber ﬁiﬁgﬂﬂ”@lﬁaﬂmﬂﬁaﬁ 2.1.2.1
ﬁ'}ﬂﬂsLLﬁJsﬁuqmﬁgﬁﬁ‘tfﬂm‘i’aaLm 30 40 50 uaz 60 °C laglweanlumstuasin
15 WAt uazaana 30 Wi i llAnTeiaraIn3es GC-FID wWisuifiaunad lenlven
total peak area aﬁq@ W lEaneaandndmiumsanudeusaldldun naldls
My lasudseunanlunstudn 15 30 45 waz 75 Wi I@Ulﬁﬁﬁqmﬂgﬁﬁﬁﬁq@aﬁﬂ
minaaasnawniniiasd wazldialumsanaduina 30 wifl inlUSienesideinias
GCFID  1ssuifinunafilafilidn total peak area (ﬁ'ﬁq@ Waldanzeanandmsy
msfnsseudelllaun anlHlumssiassszwe lasudsdueandn 5 15 30
45 Uz 60 wIN I@ﬂlﬁmqmugﬁmsﬁw LLa:nmmsﬂwﬁﬁﬁqﬂmﬂmimaaaﬁau%ﬁwf:

asn Il lieneddiniaIes GC-FID Wisuiiunad lanilven total peak area @figa

22 NIENAKAZNIIIATIZRAIIILNRLINDIINIEN

WRINIRALEaNTHRa SPME fibers WAZANTIZMIRNALLNENITILALARANZENIIN
msfnmludon 2.1 udr sshanlgFd msumIansnmMssnaLssMsUENEIIZAEINT 1
WiIgn NTNINRUT T1meaNzd 105 (1NTINIAgITUNT) 111 Basmati (F1InaNan
AULAY) waz 117 Jasmati (T1IWBNINNBLUINN, long grain American Jasmine rice) N3
WENRITITALUATMTIATZATRAVRIRN Tz Rz sznaudIsinaiia  HS-SPME, GC-
FID, GC-O, GC-PFPD laz GC-MS



gﬂﬁ 1 A881N9TIIRBUNIINTTAN Basmati (Useinaduiae) waz Jasmati (long

grain American Jasmine rice, U3zin@aiuIin)

2.2.1 GC-FID waz GC-O

ﬂ’lﬁmi’lzﬁmﬁ:mUI@&JL@%QG Agilent 6890N GC (Agilent Technologies, USA)
ﬁﬂs:nauﬁ‘m detector TH@ FID waz sniffing port (olfactometry, Gerstel Inc. USA) &13
szmﬂ'ﬁ'gﬂaﬁ'@l@y SPME fiber agnihandaiing injection port (Paaduuuy
splitless injector) maamém GC uazumMInenlas GC-column uiia polar (DB-wax,
J&W Scientific, Folsom, CA; 30 m x 0.32 mm. i.d. x 0.5 pym film thickness) Lag
nonpolar column, 5% phenyl, 95% dimethyl-polysiloxane (Zebron ZB-5, Phenomenex,
Torrance, CA) am#ail oven AldSuaun 40 Lﬁ'uqmﬁgﬁﬁwﬁmw 7 °C/min auh9 240
°c masasulfidn carrer gas fisanslna 2.0 mUmin 9UMNAVeY injector LAz
detector LYINNU 220 °C Waz 275 °C aN&aL gﬂizLﬁ%ﬂauﬁadﬂuﬁﬁﬂizﬁUﬂﬁitﬁ:ﬁ]tﬁ’]
msUsziuansrsneflinauuaza T uTh (odor intensity) wesnawi sniffing port
(olfactometry) Ta83% GC-O time intensity lagvhdnaasassuazinanilaunmeniasslas
mmﬁuﬁumaanﬁugaq@ﬁs:ﬁu 10 miﬁgﬁ]ﬁ*’nﬁ@ (identify) vaIr1IzLnelasltein

Linear Retention Index (LRI) kazn13tU3uutAgunuansanasgiu (15)



222 GC-PFPD

miizmﬂﬁlﬂu“ﬁﬁ@miﬂizﬂau%mﬂa%zgn?mmzﬂ@s GC-PFPD (Model 5380,
Ol Analytical Co., College Station, TX) Tu square root mode amazmaom‘%im GC
BWALINLTE 2.2.1 mi‘ﬁqﬁ]ﬁ"nﬁ@ (identify) va3an77ewislapld@n Linear Retention
Index (LRI) 48z 3tUIguinaunuaIniaIgim

223 GC-MS

myfgadriiavasmyszvelaslddn LRI azgniudiudin GC-Ms lapdiamzd
ﬁaULﬂéad Perkin-Elmer Clarus 500 quadrupole mass spectrometer LazTurbo Mass
software, v 5.4, (Perkin-Elmer, Shelton, CT) RTX-5 capillary column (Restek; column
length = 60 m, inner diameter = 0.25 mm, film thickness = 0.50 ym) odaoulndu
carrier gas aamm3lna 2.0 mLmin gownniued source LYNAL 200 °C gasnnivad
transfer line uaz injector AIf7 260 °C amnivad oven AlFiSudun 40 Lﬂ'mqmvﬁgﬁ
¢88@371 7 °C/min 99 260 °C & Electron impact ionization 14 positive ion mode (70
eV) Mass spectra ﬁ‘lﬁgmﬂ%ﬂmﬁﬂuﬁu NIST 2005 v 2.0 standard spectra (NIST,
Gaithersburg, MD) LNIZAANNLRT DUV B spectral 2 800 gﬂﬁﬁ]’]im’l’i’lLﬁu positive

identifications waziTouisunURIINIAIgIRNaLduMIEREUINATI

23 MIANEAUTII A IITMEINT1INEN

MINATLAUSIN RN 2-acetyl-2-thiazoline  (2AT) ludnireunzaleis
Headspace standard addition SPME (HS-SPME) lasaautainnanidves Boa et al.
1999 (16) wazilATzHenaLA3as GC-MS fieaidu SIM mode 7 miz 129 uaz 60 lag
L@%‘ﬂ&lﬁﬁmaqﬂmmﬁmﬁmkﬁ 2.1.1 UASLANEITNIATINN 2AT aoluﬂ’nﬁauﬁﬁ]zﬁﬂﬂm
anlaplWfuSunm 2AT b 0 0.001 0.003 uaz 0.005 mg/kg ihematnstafiesow
lalusulu water baht ‘ﬁ'qm'ﬂgﬁ 30°C tuan 15 w1 %é’ammfumﬁzmyﬁagjmﬁa
dadtlunasananas (headspace volatiles) 3zpnanasis SPME fiber wila
DVB/CAR/PDMS lagn3aia SPME fibers (ﬁ'mums conditioned L&) W% septum WA
1" SPME fiber agmﬁaéﬁaﬂ'wﬂ”nLﬁiaaﬁ'@mii:mmﬂunm 30 W7 BaIININIIAS
SPME fiber aonanuazthnl5iassidasinias GC-MS vindr 3 arsdnaluudazay
SIEGIN Lﬁia"lﬁiaga‘lumsﬁw regression equation ITHINANULNTUBIRNITNIATIIN
2AT (71 X) AuRuilansw (peak area, fin Y) AMNLBNTUVIENT 2AT QnﬂizLﬁuI@m

maudlusunsdmiudn X Wedn Y wihiugud (17)



24 mUseAnHaN S E AN A ENIAIWN AL BITNUNITLANGIIENT 2AT
WisuiguaMurT aunianuLaNEITUNERTBIT I MaNNL A TLTI
(uWUTTUIN) AunauBe9ENT 2-acetyl-2-thiazoline (2AT) awshluwagn finnw
uTHIoeas 0.4 0.6 0.9 uae 1.2 mgkg WIsusuaNuLanad19a18ITNagaUAI
LaNEN9BEN9Y (simple different test) Lﬁamm’mmmmmaa;j%w’l,uﬂ’lsl,l,ﬂm,l,ﬂm’nw
WANGIY I@]ﬂlﬁ@%uﬁ'mumiﬁﬂNué’tymﬁ"lmUﬁ@j"umUﬂ”ﬂﬂ’rﬁuﬂm"ﬁnmwmﬁ UIN

16 aw (Jwwame 3 auuaziwands 13 au hdayalinnzianuuandrnadialasld

chi-square ()(2 test) LWUY binomial, two tail NzauaNUTaduIaeas 0.05 (pS 0.05)
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AaN1IINAaag

31 n1IAALAanzba SPME fibers LazaN1IENUANZAN BAIIENAFIITLLALIN
L5
199N

PNNNIANBINIAALAENTAA SPME fibers Waz&n1zMmAanzan lvnIanaans
Szmﬂﬁ]’mﬁnmqﬂi@]ﬁ% Static Headspace Solid Phase Microextraction (HS-SPME)
lagvinmsdnsdasods g lanaash

3.1.1  THavey SPME fibers NLRNNZRY

nnmadIsuineusiietad SPME fibers (PDMS, CAR/DVB, PDMS/DVB,
CAR/PDMS, usz DVB/CAR/PDMS) @937l 2 wuin DVB/CAR/PDMS 81anInanasns
sungl@uinnin SPME  fibers %ﬁ@ﬁuﬁ] NITIUI peak number WRA: peak area
ATAUARNNIATINENTYaLAaaM audigIthuna

3.1.2  anzfivainzaulunIanaaIszmeandninigneas SPME fibers

snzinanzanlunssnamyszineandimigndis SPME fibers (zfiafild
Aaiianudifia DVB/CARPDMS) dsznauein ganndnltlunista nanfldlunsda

A o
wazIaNlglumsana

A Al \ @ a a

3.1.2.1 gounpdinlglunisy ldund 30 40 50 uaz 60 °C MMAUTBULTBY
total peak area Va3 IIIRENANA laTTzaLamMngddn g NlElumadudmatnitimegn
HANTNAREIAITUN 3 wudfigaunnd 30 °C leN total peak area §IgA MWANGIL
9NN 40 50 Uaz 60 °C AL

3.1.2.2 nadlglunsun lawn 15 30 45 wae 75 wif anmaSoufisy total
peak area aImIIzALNaNG LAY Allunstudiadthingn aagun 4

! A A g v A v a a ' A a ! a

WUIIMTLNALIAT 15 Uz 30 W7 IWHAALNaLASINY &IunTUNAaILAKAIN 30 Wi
= v
Juali total peak area aaf

3.1.2.3 nannlslumsanassszwe lawn 5 15 30 45 Waz 60 w1fi NI
\Wisuiiluy total peak area VaINITZNLNENA lNIA1EY Gzl 5 wudwaannld

Tun3anan 30 45 ez 60 W LANAAINALALIN



PDMS

o e L

CAR/DVB

el

PDMS/DVB

MMM

J CAR/PDMS

DVB/CAR/PDMS

Response-MilliVolts

0 4 8 12 16 20 24
Time (min)

Ellﬁ 2 Iﬂi&ﬂi@]LLﬂi&lLﬂ%ﬂﬂLﬁUUﬂWiﬁﬁﬂ&’]iﬁzL% HINNTINDUNER I@]il SPME fibers 5
7%@ 1. PDMS 2. CAR/DVB 3. PDMS/DVB 4. CAR/PDMS 5. DVB/CAR/PDMS
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30

elatiive Peak Area (x10°)

)
A
)

25
20

1111

40

30
20
gl
0
5 15 30 45 60

Exposure Time (min)

(6]

Relatiive Peak Area (x10°)

=Sh.

o

Relatiive Peak Area (x10%)

A a a A o e A )
31]7] 5 1 JSyuLney total peak area ma@a’]iszLViﬂ’ﬂﬁﬂ@vl@] L ALUIHWLIANYDINTT

ANAFIIIZLAL
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PMNNAMIANBITRAVEI SPME fibers Ninancaufia DVB/CAR/PDMS Lazan13e
fmuzandanIanamIszsaIntIIgnlasinaia headspace SPME ldun amngil
Alglunsuy 30 °C nankElumsty 15 Wil waznanflglunsana 30 A lu
MIANBINIRNAENITLALNLANAY FINENA bFANAIaENIIMITHUIZA Ian DL T U
WNUNG (representative) vaInAnEWNITRAULY lasnaldillalinmsanananaluairin
za1e (organic solvent) Ffana lduwazdasgnimilunlmmauialasniauiia

A & o A o & o Aad) o a A & ! o
dumaigalihassian ldiwdudununanlinduluemissiianig Aawsinly
Jianzdiaisaies G lumsanmassihilaltarvinazans udlfinafia headspace
SPME lunissrianiu suanzfivwnzaudannaanuditnidn uaziaiduningat

A o x4 o AA a v A = a A .
sanana ldnwdudunuidvainiutinignwialil Jevhnsflaasimanilodmatng
Tvennzinsgniianaladis SPME 11ia389 GC-O lasudounsld analytical GC
column 1w fused silica capillary column 92130817 1 LUGT @aLTIZWIN injection port
AU sniffing port LalaNINana ba biEunTwenlas column LATENITIXRENIRNABENIN

[ o A e o & o a A A . ° A ' A AN ve
WuNUuM sniffing port AsuuEUIzAUNAUA sniffing port z¥imatsziliwinaudldsy
wwdunduthivenuzdnignwield namadsziiududuldiraiiavas SPME fibers wila
DVB/CAR/PDMS uazan1izfivwanzauiilianasszimenndiineuusinagniuaann

[ A a Aa A w a v aa Ab oA A
snamyzmsdudununfuasnautnvenuzansgnld ntlsldduazldinonu

WUAINNMNIANEIVES Rega et al. 2003 (18) NN IANBINAUVRIINTNAE SPME

32 MIENAKAZMIINATEAFITIHNYINT1INRIEN
ﬁnﬂmsﬁﬂmmiaﬂ”@LLazmﬁmezﬁmisxmsﬁlﬁﬂﬁumﬂ‘*ﬁnmqﬂm BWUE 171
WoNNZR 105 117 Basmati (T1I%auNBBLAL) WAL Jasmati (T13vaNaNaLNIN)
Mumnaiin HS-SPME, GC-FID, GC-O, GC-PFPD WAz GC-MS HAMINAaaILaadle
a3197 1 LLazgﬂﬁ' 6 WUENTIReTlRNARasTIIRaNNLR 105 ﬁagﬂ' 23 wiia G983
gasuiiafilinaniiussenaindu “cooked jasmine rice” (peak no. 6 waz 19) fitilu
lanansol (character impact compound) maanﬁuinmumﬁ fa 2-acetyl-1-pyrroline
Wae  2-acetyl-2-thiazoline I@U"ﬁl 2-acetyl-1-pyrroline VL@TLﬂUgﬂiﬂﬂ\‘ﬂumué’ﬁ%ﬂumi
smelindufiddastnomen (5) @ 2-acetyl-2-thiazoline (2AT) f9laiaegn
Hernwnnewindusssayflinaulutiney a3 2 AT andududizmsdianzvlan
GC-PFPD maw‘ﬁamﬁnvxauu:ﬁmqnﬁﬁmilﬁumimmgm 2AT (spiked 2AT) uazla

fmudumnasgu 2AT (@uaaslugdnl 7) wazbudunsdienszilos GC-MS (a3

uaaslugtf 8 uaz 9) myszneNieTzilalut1inen Basmati uaziinan Jasmati &
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LRI
Peak Odor

no. Identification Odor Descriptor DB-wax DB-5 Intensity Confirmation
1 hexanal green 1073 798 6.8 LRI, OD, MS
2 unknown minty 1221 ND 2.6 LRI, OD

3 ethyl hexanoate sweet fruity 1252 998 3.9 LRI, OD

4 octanal citrusy 1286 999 7.7 LRI, OD, MS
5 1-octen-3-one mushroom 1300 980 6.7 LRI, OD, MS
6 2-acetyl-1-pyrroline cooked jasmine rice 1338 924 10.0 LRI, OD, MS
7 (E)-2-octenal fatty 1430 1062 29 LRI, OD, MS
8 methional cooked potato 1451 912 9.7 LRI, OD, PFPD
9 1-octen-3-ol mushroom 1464 980 4.4 LRI, OD, MS
10 unknown musty, moldy 1495 ND 3.2 LRI, OD

11 decanal fatty metallic 1500 1202 3.7 LRI, OD, MS
12 (Z2)-2-nonenal metallic 1504 1149 4.6 LRI, OD

13 (E)-2-nonenal metallic 1533 1161 10.0 LRI, OD, MS
14 linalool sweet, floral 1545 1100 2.9 LRI, OD

15 1-octanol fatty, metallic 1567 1062 3.7 LRI, OD, MS
16 (E,Z)-2,6-nonadienal  soapy, fatty 1576 1157 3.4 LRI, OD

17 (E,E)-2,4 nonadienal  soapy, fatty 1700 1218 5.4 LRI, OD

18 neral minty, citrusy 1715 1245 4.7 LRI, OD, MS
19 2-acetyl-2-thiazoline cooked jasmine rice 1756 1109 2.3 LRI, OD, PFPD
20 (E,E)-2,4-decadienal  fatty 1808 1318 5.3 LRI, OD

21 B-damascenone sweet honey 1838 1395 4.9 LRI, OD

22 2-phenylethanol sweet floral 1913 1106 2.4 LRI, OD

23 4-vinyl guaiacol clove-like 2187 1327 4.7 LRI, OD
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Time (Minutes — Wax)

gﬂﬁ 6 a3 nanluTIINaNNER 105 WIgN NNNMIATIAFBU LAY GC-FID (AMWLH) LAz

GC-O (MWAN) F1ALANAVVBIFNIMANAUREANABINLANTIN 1

W 23 LAz 22 aINRIaU AILFAIIUATIN 2w 3 ®17 2AT vL&iQﬂ@li’]’fﬂW‘]Jl%

ABEN9T1IRaN Basmati Waz11? Jasmati

A A o A Aa o . % & A A

INATNA 4 RIITLRUNIRNAUNILATIZA LS L8190 1IIRINTha  §373
Gq: =) { 1 =) Ql v d
NINNG 36 THA NAUNUINIUAITRILRSNNAUTDITIIUENAKEINET 2AP FIFNNITD
Ngawt (identify) 16 31 vfla uszgnuvaidunguansiad (chemical classes) | 6 nga
o i A o
vlmm aldehydes, alcohols, sulfurs, ketones, esters, nitrogens TINTWIW 13 6 5 4 2
WAz 1 TRAANEIAU LRI msizmﬂﬂéju aldehydes ﬁmws‘hﬂ”zy@iaﬂamaaﬁnm

1 1 di o v A' n‘lyd 1 a ai U 09: a
FNUINNIMENDU 9 ‘Luﬁnmumﬁxmyl%ﬂauuwag 11 AU LA b INIRINTHA
VL@TLLﬂ' hexanal, octanal, 1-octen-3-on, 2-acetyl-1-pyrroline, (E)-2-octenal, methional,
decanal, (E)-2-nonenal, (E,E) 2,4-nonadienal, (E,E) 2,4-decadienal W&z B-damascenone
wardaNUNaINAK  (odor intensity) WANGNIA M ﬁnngllﬁ 10 -12 WRAINI
wWisuiisungurasanizimenlunuimdananasininauniausiio leurn  dhnay
Nzl 91Iney Basmati Wazdnavaw Jasmati WU ngw aldehyde § awdAydana

o & a = ¢ = & o & .

PDITNIRDNTIRINTUA UNDY 48-52% (LUDILTUAVAITTWIURIITELRLNIANA) FAIWRT

1 § 1 Q v 1 a & 1
szmﬂﬂquﬁuq 2zAANNLANE1INK b IwiILA 8T RA T T UAITURAIDIAINULANEN
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PastnamImNTiale myssmnanalinauluiiovesusd Ao aldehydes (48%)
5098931 bl alcohols (24%) ketones (9%) Wz sulfurs (9%) &133zLwenanTAnaRly
47118 Basmati fa aldehydes (52%) 3098931 baun ketones (19%) LAz sulfurs (14%)
myszmpnanilinauludrinen Jasmati Ao aldehydes (50%) vasasan’leun sulfurs
(20%) ez ketones (15%)

NANTIA 5 mﬁ:mml,@iamﬁ@gﬂfﬁﬁLLuﬂmumjmaaﬁu (odor groups) 1@ 9
ﬂﬁj&l laun green, sweet fruity/floral, minty/citrusy, cooked/mushroom/musty,
sweet/roasty/ nutty, fatty/metallic, spices, sulfury/meaty L&z medicine I1NAIINANN
\ T UBIN&H (odor intensity) VoILARZNGY ﬁﬂ%”’lﬁgﬂl,mmaaﬂﬁ'u (odor profile) Nuaasli
3Uua9 spider web diagrams AuanenInuagITaLn (gﬂﬁ' 13-15) %Lﬁmwmjwadﬂﬁu
Alaaeufiiiowtuvastmesmisusieds N fatty/metallic T1ivanuzdlaidings
a3 sulfury/meaty mm:ﬁlﬁ’l’s Basmati ez Jasmati ﬁmjmaan%@”@ndn T

Basmati ﬁﬂauﬂlaomju sweet fruity/floral ¥1NNI1212 Jasmati

37U 7 lasanlasunnvasansaznalutinenszingn Ainmzvidn GC-PFPD
A peak 289 2 AT lutnauuzAnign i RT vinu12.5

B peak 184 2 AT luiﬂaﬂauuzﬁmqnﬁgmau (spiked) MIURITNIATIIU 2AT
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100 2 AT Mass spectrum of cooked jasmine rice
60
50 27 129
87 101
o 32 Al 46 51 I| 67 72 76 82 | 91 98 | 110 117 131
T "| 5 70 76 1 I h 125 |
62 112
a1, 87 101
504 2 AT standard Mass spectrum
129
60
100+
43
-y ————
20 30 40 50 60 70 80 920 100 110 120 130 140
m/z

31N 9 MulFoufisy mass spectrum 1TWINNENINNGTZI 2AT (NWENS) LA 2AT

1%°1T1maum§1§aqﬂ (MWL)
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LRI
Peak Odor
no. Identification Odor Descriptor DB-wax DB5 Intensity confirmation

1 hexanal green 1080 798 9.96 LRI, OD, MS

2 octanal citrusy 1290 998 9.38 LRI, OD, MS

3 1-octen-3-one mushroom 1306 980 7.05 LRI, OD, MS

4 2-methyl-3-furanthiol meaty 1316 873 5.57 LRI, OD, PFPD
5 2-acetyl-1-pyrroline cooked jasmine rice 1340 924 9.88 LRI, OD, MS

6 hexanol green 1379 869 5.87 LRI, OD, MS

7 dimethyl trisulfide sulfury cabbage-like 1385 978 10.00 LRI, OD, PFPD
8 nonanal green,citrusy, soapy 1398 1106 3.53 LRI, OD, MS

9 (E)-2-octenal fatty 1437 1062 7.31 LRI, OD, MS
10 methional cooked potato 1455 912 9.98 LRI, OD, PFPD
11 decanal fatty, metallic 1506 1202 3.44 LRI, OD, MS
12 (E)-2-nonenal metallic 1540 1161 9.96 LRI, OD, MS
13 (E,Z)-2,6-nonadienal  soapy, fatty 1580 1157 5.10 LRI, OD

14 unknown roasted nutty 1635 4.57 LRI, OD

15 (E)-2-decenal green geranium 1659 1275 7.72 LRI, OD, MS
16 (E,E)-2,4 nonadienal  soapy, fatty 1714 1218 4.18 LRI, OD

17 dodecanal minty, soapy 1734 1420 4.34 LRI, OD, MS
18 geranyl acetate floral 1780 1382 7.04 LRI, OD

19 (E,E)-2,4-decadienal  fatty 1822 1317 5.45 LRI, OD

20 B-damascenone sweet honey 1832 1395 4.64 LRI, OD

21 a-ionone floral 1864 1458 8.11 LRI, OD

22 unknown medicine 1867 4.60 LRI, OD

23 B-ionone floral raspberry 1955 1496 6.23 LRI, OD
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LRI
Peak Odor

no. Identification Odor Descriptor DB-wax DB-5 Intensity confirmation

1 dimethyl sulfide cooked sulfury 760 690 2.15 LRI, OD, PFPD
2 hexanal green 1087 798 9.85 LRI, OD, MS

3 octanal citrusy 1294 997 9.98 LRI, OD, MS

4 1-octen-3-one mushroom 1306 980 7.51 LRI, OD, MS

5 2-methyl-3-furanthiol meaty 1317 873 440 LRI, OD, PFPD
6 2-acetyl-1-pyrroline cooked jasmine rice 1343 924 9.50 LRI, OD, MS

7 hexanol green 1379 869 5.53 LRI, OD, MS

8 dimethyl trisulfide sulfury cabbage-like 1386 978 9.82 LRI, OD, PFPD
9 nonanal green, citrusy, soapy 1398 1106 3.57 LRI, OD, MS
10 (E)-2-octenal fatty 1436 1063 3.07 LRI, OD, MS
11 unknown musty 1439 2.95 LRI, OD

12 methional cooked potato 1458 912 8.82 LRI, OD, PFPD
13 decanal fatty, metallic 1512 1202 4.47 LRI, OD, MS
14 (E)-2-Nonenal metallic 1542 1161 10.00 LRI, OD, MS
15 1-octanol fatty, metallic 1575 1062 3.75 LRI, OD, MS
16 (E)-2-decenal green, geranium 1660 1275 4,54 LRI, OD, MS
17 (E,E)-2,4 nonadienal  soapy, fatty 1712 1218 4.30 LRI, OD

18 dodecanal minty, soapy 1730 1420 4,52 LRI, OD, MS
19 (E,E)-2,4-decadienal fatty 1822 1318 3.69 LRI, OD

20 B-damascenone sweet honey 1832 1395 5.44 LRI, OD

21 unknown medicine 1866 4.65 LRI, OD

22 B-ionone floral raspberry 1954 1496 3.06 LRI, OD
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Compounds LRI Odor intensity Chemical Classes
DB-wax DB-5 Jasmine  Basmatic  Jasmatic

1 dimethyl sulfide 760 690 215 sulfur
2  hexanal 1073 798 6.8 9.96 9.85 aldehyde
3 unknown 1221 ND 2.6
4  ethyl hexanoate 1252 998 3.9 ester
5 octanal 1286 999 7.7 9.38 9.98 aldehyde
6 1-octen-3-one 1300 980 6.7 7.05 7.51 ketone
7  2-methyl-3-furanthiol 1317 873 5.57 4.40 sulfur
8 2-acetyl-1-pyrroline 1338 924 10.0 9.88 9.50 nitrogen
9 hexanol 1379 869 5.87 5.53 alcohol
10 dimethyl trisulfide 1385 978 10.00 9.82 sulfur
11 nonanal 1398 1106 3.53 3.57 aldehyde
12 (E)-2-octenal 1430 1062 29 7.31 3.07 aldehyde
13 unknown 1439 ND 2.95
14 methional 1451 912 9.7 9.98 8.82 sulfur
15 1-octen-3-ol 1464 980 4.4 alcohol
16 unknown 1495 ND 3.2
17 decanal 1500 1202 3.7 3.44 4.47 aldehyde
18 (Z)-2-nonenal 1504 1149 4.6 aldehyde
19 (E)-2-nonenal 1533 1161 10.0 9.96 10.00  aldehyde
20 linalool 1545 1100 29 alcohol
21 1-octanol 1567 1062 3.7 3.75 alcohol
22 (E,Z2)-2,6-nonadienal 1576 1157 3.4 5.10 aldehyde
23 unknown 1635 ND 4.57
24 (E)-2-decenal 1660 1275 7.72 4.54 aldehyde
25 (E,E)-2,4 nonadienal 1700 1218 5.4 4.18 4.30 aldehyde
26 neral 1715 1245 4.7 aldehyde
27 dodecanal 1734 1420 4.34 4.52 aldehyde
28 2-acetyl-2-thiazoline 1756 1109 2.3 sulfur
29 geranyl acetate 1780 1382 7.04 ester
30 (E,E)-2,4-decadienal 1808 1318 5.3 5.45 3.69 aldehyde
31 B-damascenone 1838 1395 4.9 4.64 5.44 ketone
32 a-ionone 1864 1458 8.1 ketone
33 unknown 1867 ND 4.60 4.65
34 2-phenylethanol 1913 1106 24 alcohol
35 [-ionone 1955 1496 6.23 3.06 ketone
36 4-vinyl guaiacol 2187 1327 4.7 alcohol
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nitrogen
5%
sulfur
9

Jasmine rice

ketone
9%
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nitrogen Basmati rice
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/
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nitrogen Jasmati rice
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ninue NfuNLN (contribution) danauluniney Jasmati 1ign
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Compounds

Odor description

Odor intensity

Jasmine Basmatic Jasmatic

Odor group

PO 2o ©ONOO O NN

W W W W W W WNDNDNDNDDNDNDNDDNDNDNDDN-=22 22 A a A
OO OO WN -2 0 ©O© 00N O A~ WN 20 © 00 ~NO O b

dimethyl sulfide
hexanal

unknown

ethyl hexanoate
octanal
1-octen-3-one
2-methyl-3-furanthiol
2-acetyl-1-pyrroline
hexanol

dimethyl trisulfide
nonanal
(E)-2-octenal
unknown

methional
1-octen-3-ol
unknown

decanal
(Z)-2-nonenal
(E)-2-nonenal
linalool

1-octanol
(E,Z)-2,6-nonadienal
unknown
(E)-2-decenal
(E,E)-2,4 nonadienal
neral

dodecanal
2-acetyl-2-thiazoline
geranyl acetate
(E,E)-2,4-decadienal
B-damascenone
a-ionone

unknown
2-phenylethanol
B-ionone

4-vinyl guaiacol

cooked sulfury
green

minty

sweet fruity

citrusy

mushroom

meaty

cooked jasmine rice
green

sulfury cabbage-like
green,citrusy, soapy
fatty

musty

cooked potato
mushroom

musty, moldy

fatty metallic
metallic

metallic

sweet, floral

fatty, metallic
soapy, fatty

roasted nutty

green geranium
soapy, fatty

minty, citrusy

minty, soapy
cooked jasmine rice
floral

fatty

sweet honey

floral

medicine

sweet floral

floral raspberry
clove-like

6.8
26
3.9
7.7
6.7

10.0

2.9

9.7
4.4
3.2
3.7
4.6
10.0
2.9
3.7
3.4

54

4.7

2.3

5.3

4.9

24

4.7

9.96

9.38
7.05
5.57
9.88
5.87
10.00
3.53
7.31

9.98

3.44

9.96

5.10
4.57
7.72
4.18

4.34

7.04
5.45
4.64
8.11
4.60

6.23

215
9.85

9.98
7.51
4.40
9.50
5.53
9.82
3.57
3.07
2.95
8.82

4.47

10.00

3.75

4.54

4.30

4.52

3.69

5.44

4.65

3.06

sulfury/meaty

green

minty/citrusy

sweet fruity/floral
minty/citrusy

cooked/ mushroom/musty
sulfury/meaty
sweet/roasty/nutty

green

sulfury/meaty
minty/citrusy
fatty/metallic

cooked/ mushroom/musty
cooked/ mushroom/musty
cooked/ mushroom/musty
cooked/ mushroom/musty
fatty/metallic
fatty/metallic
fatty/metallic

sweet fruity/floral
fatty/metallic
fatty/metallic
sweet/roasty/nutty

green

fatty/metallic
minty/citrusy
fatty/metallic
sweet/roasty/nutty

sweet fruity/floral
fatty/metallic

sweet fruity/floral

sweet fruity/floral
medicine

sweet fruity/floral

sweet fruity/floral

spices




sweet fruity/floral

minty/citrusy

cooked/
mushroom/musty

fatty/metallic sweet/roasty/nutty

g‘ﬂﬁ 15 3ULULNAW (odor profile) VasTIvaN Jasmati
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600 -

>00 y = 84015x + 38.09

400 - R?2=0.996
300 -

200 -

Relative Peak Area

100 -

O 1 T T T T T 1
0 0.001 0.002 0.003 0.004 0.005 0.006

2-acetyl-2-thiazoline conc. (mg/kg)

UM 16 ANUFNWUTVRY relative peak area NUANWITUTUBY standard addition 2 AT
1u°1]”’1maumﬁmqnﬁm'}mﬁuiu 0.001 - 0.005 mg/kg 31AT12ALAE GC-MS
SIM mode 71 m/z 129 uag 60

3.4  mMsUsEARKaN 1 USEENANHEN AN AWBYDITNNVNNLANAILETT 2AT
a a \ o . o A a A
INNINARBIUIVUNHLANWUANAIIAIBE1ITIVINANRITNIATZIN 2AT 7
ANULTUTHIDNEE 0.4 0.6 0.9 Uae 1.2 mgkg NUABLNTIINAUNER wudn;&’%wvm
FUTAULNANUUANAWNNFDE  (p<0.05) VBINAUTNIRBNULANLATLNINNNNILANENT
VA3 2AT NIeAUANNTNTUIBYa: 0.6 Uz 0.9 mgkg WallIoupununaud
vauNAnduaa9uaN LAY INBANLANNLANGIINEDA  (p<0.05) 284

JTAUANNTNTHIEAT 0.4 WAy 1.2 mg/kg tABENITALIU
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ﬁ‘g‘.l.] Ltaz’imsniwamiﬂﬂaaa

41  nsaadenziia SPME fibers nazanziinanzaalunisannasssingan
T1I%9EN

miaﬁ'@]LLazmﬁmﬁzﬁﬂﬁmaﬁnmqﬂ@ﬁ21‘3%' headspace analysis a2 ldn&auf
1ﬂ§Lﬁﬂaﬁ'1Jﬂ';'1mLflm%amﬂﬁqﬂ (most representative) LilalSauiauiLMISUNE DD
HUILnARIUMIAYN (orthonasal) woivslnednn aarulumsdnnanssamelinauly
T lddon3snsananaulasmafin headspace SPME @aiiwnafianinouldnwluny
Aarzrmsszmeludni (12) (13) (19) (20) (21) asaniiudsilaidnsldaar
azaNy  (organic  solvent) &wInYhNIERAENTINAY  wastAnenadutwldln
puzifioni uaewsaufazinlufersidniaies GC @Twﬁﬁﬁmﬁzl,mﬁgml,ﬂﬂaaﬂ
90 GC azlaignIunIueIn solvent peak ﬁavlaiﬁwa@iamss:mUlﬁﬂﬁumﬁ@ﬁﬁﬁ;mﬁamﬁ
ﬁﬂﬁmﬁmm:ﬁnﬁlmﬂﬂﬂﬁaai'mmugmi mMInalRenTiauas SPME fibers Lazan17e
Avanzaulumssnaduliseiisagremsldisi nuamsdnssiioves  SPME
fibers AMANzaNAa DVB/ICAR/PDMS L8z isfinanzauadan1sanasIssingaintin
wignlazinaiia headspace SPME 'laur qmugﬁﬁlﬁlumsﬂw 30 °C L fldlumyta
15 w1#l waztaanlElunsana 30 wifl Grimm et al. 2001 (12) ldvmsdnsmsana
sylinauludneomefin  headspace SPME  lawld SPME  fiber 7fie
DVB/CAR/PDMS  uazanizlunmisania ldungamadlunisdy niannsua wazta s
FNALYINAL 80°C 25 w1l WAz 15 wfi Mu&eU lasdilstensanaans 2-acetyl-1-
pyrroline (2AP) lﬁ"l,@‘fmﬂﬁq@ ualunsenmnassfiinnwsanvesmsanialwlenasiwin
(peak numbers) Wazl/IuNmh (peak area) ?Jadmii:mwadﬂ"l’amqﬂ SPME fibers miﬂu
m‘sﬁﬂﬂﬁﬂ%i{ ﬁﬂ%ﬁl,ﬂu polar (CAR/DVB) non-polar (PDMS) Wae bi-polar
(PDMS/DVB, CAR/PDMS .8z DVB/CAR/PDMS) Bhe bi-polar NINRNARI I LY
F17l4@N3 AN polar uaz non-polar fiber Wwazwudn bipolar fibers MidusRasuna
(DVB/CAR/DPMS) ®I3NIORNASNIIEALINNTI leannwInaadina (PDMS/DVB  uae
CAR/PDMS) éﬁdﬂsauaquﬂ’]mﬁ@a’mzmUﬁﬁﬁ;wﬁa@@%’]ﬁagmmﬂmd luns@nunms
siameiilinan  Sefisialdanaetiomstesdaadudiunuiia  vesnan
mmiﬁgnaﬁ'@ﬁﬁ@fuﬂ (representative) RawMIILATRAILLA389 GC nAUTINaN]
aﬁ'@"l@”luﬂ%f:gnﬁuﬂ'uﬁamiaﬁ'@ﬁl,ﬂmﬁLmuﬁamaaﬂﬁu‘*ﬁnmumﬂmﬂ"ﬁ fused silica
column WNWANTIE analytical column LLazgﬂﬂizLﬁuﬂﬁuﬁl sniffing port Lﬁ@ﬁ%ﬂ%’i’]
SPME fibers il DVB/ICAR/PDMS aampdfilflumsta 30°C nailglumsta 15
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mﬂmsﬁﬂmmiaﬁ’@LLazmﬁmﬂzﬁmﬁ:myﬁlﬁﬂﬁm’m%maqﬂm BWUT 171
wauuzd 105 117 Basmati (T12%aNaNBULAL) WazTNY Jasmati (T1I®auaNBLUIN)
feinadia HS-SPME, GC-FID, GC-O, GC-PFPD 4y GC-MS WU 3sztwafilinan
lutnananuzd 105 Basmati uaz Jasmati  Hdwinlnaifssnufa 23 23 uaz 22
ANBAL I@ﬂwudﬁmiﬁiﬁﬂﬁumwﬁuamﬁaLaﬂﬁ'ﬂmﬁ (character impact compound)
Pa95ImeNTIITNUTRAAS 2-acetyl-1-pyrroline (2AP) data panenuiawiidumld
nAURONEATTEITIINEN (5) uazldn aroma threshold Ty 0.1 ppb (6) FwsL
FrameNza 105 WuIndanniteansfilinan “cooked jasmine rice” LTWEHINL 2AP fia
2-acetyl-2-thiazoline (2AT) sﬁoﬂ'a"L&iLﬂsgﬂsﬂmmmriam’wLﬂumﬂﬁﬂﬁuﬁmmaﬂ&'ﬂmi
go9tmen 2AT wWnanslinaunenfiasranwuludninesuzalng waldnoludnesan
BulAe Basmati LaZT1IRANINALNINT Jasmati 817 2AT gﬂiwmmﬂuﬂ%mﬂﬁwﬂu
FrveNuzRInMIAnEasI  newwinilans  2AT Qnﬁmm’hwuluwﬁmﬁmgrﬁﬁa
(processed meat products) Alwnan “roasty, popcorn like odor” L% Gg‘ﬂvlﬂ' (22) Gg‘iJLf'Ia
(23) tiasng (24) uaz e (25)

sslvnaudisiaseilelumetdnnisusfia (@i 4) Tnunimue 36
RanIununlunissaasunansesdiuanniionnans 2AP fﬁammmﬁgﬁ)ﬁ (identify)
ld" 31 ofla uazgnudadunguanaadl (chemical classes) & 6 ngy leiun aldehydes,
alcohols, sulfurs, ketones, esters, nitrogens %aﬁa"wmu 13 6 5 4 2 uaz 1 7Ua
ANEAL I@mmsmﬁﬂ&jw aldehydes ﬁuwmmﬁaﬂ?{uﬁnmﬂﬁq@ Tudwnansszinelh
ﬂﬁluf:ﬁagj 11 afiafinuldludvssusfialdur hexanal, octanal, 1-octen-3-on, 2-
acetyl-1-pyrroline, (E)-2-octenal, methional, decanal, (E)-2-nonenal, (E,E) 2,4-
nonadienal, (E,E) 2,4-decadienal 8z B-damascenone LLazﬁm’mLﬁu"uadﬂéu (odor
intensity) LANANIAW M mii:mUﬁﬁmwﬁﬁﬁ%y@ianﬁu‘*ﬁné’ﬁuuanmn 2AP Aifim3
ﬁmmmﬁau%ﬁwiﬁwmﬂﬁﬂ odor units (concentration/odor threshold) (6) nIaMIE
INAA Gas Chromatography-Olfactometry (GC-O) lLaz Aroma Extract Dilution Analyses
(AEDA) Lﬁiamm dilution factor (FD) (74) laun (E,E)-2,4-decadienal, nonanal, hexanal,
(E)-2-nonenal, octanal, decanal, 4-vinylguaiacol 8% 4-vinylphenol (6), bis-(2-methyl-3-

furyl)-disulfide, L8z 2-amino acetophenone (714)
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mﬂgﬂ‘ﬁ' 10-12 LLammiLﬂ?ﬂuLﬁﬂumjmaamiizmﬂﬁﬁuwmﬂ@iaﬂﬁwaﬁn
wounsmuafia laun dhamownzd Thaman Basmati uazt1iwen Jasmati WU naa
aldehydes ﬁmmﬁm“’ty@iaﬂﬁlumaﬁn%awﬂ%mmﬁ@ NN 48-52% (VBITIWIBENT
s:mﬂ'ﬁzam@) ﬁhumsizl,mr]ajuﬁuq arflenuuandrenwlulutudazsfiadaduns
WEAINIANNLANGNS(differentiate) pastmanmImusie lelasfiassnenanilinam
lutninanuzd Ao aldehydes (48%) 989NN bauA alcohols (24%) ketones (9%) W@z
sulfurs (9%) @NIIztREnanTnauluinvan Basmati fia aldehydes (52%) 3848937
lqun ketones (19%) waz sulfurs (14%) s3ssewanilwnaulugaves Jasmati fe
aldehydes (50%) Y0989 lelA sulfurs (20%) ez ketones (15%) mssum%’mﬂas’ﬁ
wulawzludnn Basmati waz Jasmati l@ln dimethyl trisulfide (cabbage like odor) Wa
2-methyl-3-furanthiol (meaty odor) WEAI ALARDIANNLANGIINNT R B NN RN
TaLA

Nnaseh 5 a'mzmml,@iazmﬁﬂgmhLLuﬂmwmjmaaﬂﬁu (odor groups) ¢ 9
ﬂﬁj&l laun green, sweet fruity/floral, minty/citrusy, cooked/mushroom/musty,
sweet/roasty/nutty, fatty/metallic, spices, sulfury/meaty W8z medicine ANAITINAN
\EunaInan (odor intensity) PoIUANNFN ﬁ'ﬂ%”’lﬁgmmmaoﬂﬁ'u (odor profile) Aiugaslu
JUuULUDY spider web diagrams fuandnenuagetaiamn @T@melugﬂﬁ 13-15 AW
ﬂﬁjmaaﬂﬁuﬁimL@iuﬁmﬁauﬁumaﬁ’n%auﬁ%mwﬁ@ﬁa Ny fatty/metallic T8N
uzflidnguuas sulfury/meaty YAt Basmati was Jasmati ﬁﬂ&jmaoﬂﬁu@”\mdn
Uaz11? Basmati ﬁﬂﬁumaamju sweet fruity/floral 4NNNI12712 Jasmati nguuy
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mﬁmﬁ:ﬁﬂ%mmmﬁ:mmannmqﬂ 10833 headspace standard addition
SPME lansdaudassnainituas Boa et al. 1999 (16) aidunisaadaywiuas matrix
effect Nazfinadaizmsiereilsunmanserameadin Headspace SPME n153tA315%
USuNaans 2-acetyl-2-thiazoline (2AT) ludnvaNuzAlE3T headspace standard addition
SPME saugiumsdianzsidieiaias GC-MS SIM mode 7l m/z 129 uaz 60 taidunis
LRa sensitivity uaz selectivity 28410389lMITAEHENS 2AT MILasHaIaENITIINT
muduasanasgu 2AT ludSunmengg ieldlunnsaing regression equation 3w
AMNLTNTUVBIENTNINTFIN 2AT (A1 X) Aunuilénsn (peak area, 1 Y) eakuAIY
NTUVIRNT 2AT ﬁﬁag’héﬁashﬁnazgﬂﬂinﬁuh;Jn’m,l,ﬁ”lmawmsﬁm%'um X 1fa
A Y whnugud (17) FoiwUSINaoIans 2AT ASesedldivinny 045 ugkg &3
oAT Wumszmelszinnansdsznoudainasian odor threshold 61 (0.2-0.8 nglL in
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air) (26) ﬁaﬁfudwLﬂumiﬁhﬁ'@ﬁlﬁﬂéu&lu%a fudspnnanefuimnadienismysano
2-acetyl-1-pyrroline (2AP) ludniman (7-9) uazkazasagmMIiuInmIinededinmans
2AP (10, 11) m¥henzvdnamafianmslsavnazaslumsana (9, 10) wiamsle
Walka headspace SPME (72, 13) ATuwdIunmasns 2AP 1u°ﬁﬂaﬁawzauaxw”uﬁfﬁﬁa
WaNTRAAU Y alutg 0.04 - 0.34 ppm (7, 8, 9) msanenassiuasILINAas ANy

a 6 a 6 1a A o 6 a v Aa u/ '
wqﬁmuaz'sm‘sﬁwﬂsmmmaoms 2AT mﬁmaﬂaﬂumﬂlaaﬂaumnmwmmqﬂmlm

44 15U ARHAN WU ITEMANRENIAIBNAWBYDIZ1IVIINLANAILENT 2AT
815 2AT Neanulutinenuzd 105 1Juansnlwnam “cooked jasmine rice”
' = ') 9 o A o ' = ' A
L AsINURNT 2AP  waziidusnslranunanarlvings aiiaadsngauuinas  tWams
ﬁgaﬁmﬂwamaami 2AT NHUNLINGAANURNVDITIN YNNI INaaILGUETT 2AT
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NARAILUTIULNLUAMNLANAIABENIT NIV MINANRIT 2AT NANNTNTUIasas 0.4
0.6 0.9 Uaz 1.2 mg/kg NUAIBENTNINBNULR wu*jwﬁuvmmmmLmﬂﬂ'nmmﬂ@mma
80@ (p<0.05) VBINAUTNINBNNLANLATLNINN 2AT NITAUANMNUTNTUIDER 0.6 WAL
0.9 mg/kg LﬁaLﬂ%‘zmLﬁﬂﬂﬁ'ﬂﬂﬁuﬂ]’n%amzﬁﬁﬂué’aamdmuqmzmmim:qﬁdﬂﬁu
TNROVNRNANOUNY  UATULLALINBANLANNUANANNNRDR  (p<0.05) VBITEAL
ANULTNTUTBEA2 0.4 LAz 1.2 mg/kg leBENITALAN ﬁaﬁudﬁﬂﬁﬂ%’uﬂgaﬂﬁwfnmﬂﬁﬁ
QI A £% A o U di a a :i [ £% £ U =
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2-ACETYL-2-THIAZOLINE, A NEW CHARACTER IMPACT VOLATILE
IN JASMINE RICE

K. MAHATTAMATAWEE! and R. L. Rouseff®

' Department of Food Technology, Faculty of Science, Siam University, Bangkok
10163, Thatland

® University of Florida, IFAS, Citrus Research and Education Center, Lake Alfred, FL
LISA

Abstract

The fragrant Thai Jasmine rice or Khao Dawk Mali 105 (KDML) is one of the most
popular fragrant rice cultivars. Thai jasming rice volatiles were investigated using
headspace SPME, GC-0, GC-PFPD (pulsed flame photometric detection) and GC-
MS. Two GC-0O peaks were described as cooked jasmine rice among the 23 aroma
peaks observed. One of them was the previously reported Z-acetyl-1-pyrroline (2-
AP). The primary objective of this study was to identify the second character impact
volatile. This second aroma peak was examined using GC-0, PFPD using both polar
and non-polar GC columns. GC-O and PFPD retention characteristics from the rice
matched that of authentic 2-acetyl-Z-thiazoline (2-AT). The identification was
confimmed using GC-MS by comparing both mass spectra and retention values of 2-
AT standards and sample. This is the first ime 2-AT has been identified as character
impact volatfile in cocked jasmine rice. However, the aroma infensity of 2-AT was
always less than that of 2-AP.

Introduction

Rice (Oryza safiva L) is a major dietary component of people in many countries.
Fragrant rice cultivars are considered more desirable and of higher quality primarily
due to their pleasing aroma compared to many cultivars with little aroma. There are
at least three major scented cultivars, Basmati, Thai, and Azucena. 2-Acstyl-1-
pymraline (2-AF) was the first reported character impact volatile in fragrant rice (1).
Thai Jasmine rice such as Khao Dawk Mali 105 (KDML) is one of the more popular
fragrant rice cultivars because its pleasant aroma and soft texture after cooking.
More than 155 volatile compounds have been reported in rice (2,3). 2-AP has been
reported as the sole character impact volatile in fragrance rice (4). 2-AP iz also
responzible for the characterstic aroma of white bread, pandan (Pandanus
amaryllifolius) leaves and bread flowers (Vallais glabra) (5). The purpose of this study
was to determine if there were additional character impact volatiles in Jasmine rice,

Experimental

Headspace sampling. Static headspace solid phase micro extraction, HS SPME, was
used to collect and concentrate rice wolatiles. The cooked rice was prepared by
adding 5 g of rice and 5 g of water into a 40 mL glass vial, loosely sealing with a
Teflon-coated septum and cooked in rice cooker for 18 minutes. The cooked rice
sample was equilibrated at 40°C for 15 min in a water bath and a 2 cm S020 pm
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divinylbenzena/Carboxen/-polydimethylsiloxane (DWVB/Carboxen/PDMS) Stable Flex
fibre (Supelco, Bellefonte, PA) was exposed to the cocked rice volatiles for 30 min.
The sorbed rice volatiles were introduced into the GC injector where they were
thermally desorbed.

Gas Chromatography-FIDYOfectometry. Chromatography was performed using
an Agilent 8890 GC (Agilent Technologies, USA) equipped with a sniffing port.
Samples were run separately on DB-Wax and ZB-5 columns. Oven temperature was
programmed from 40 to 240°C at 7°Cimin. Helium was the camier gas at flow rate of
2.0 mL/min. Injector and detector temperature were 220 *C and 275 °C, respectively.
Injections were splitess. Two frained assessors evaluated each sample in duplicate
on both ZB-5 and DB-Wax columns. Intensities of all odour-active compounds of
each GC-0 run were normalized and averaged.

Gas Chromatography-PFPD. Sulphur-compounds were detected using a Pulsed
Flame Photometric Detector (PFPD) in the square root mode (Model 5380, Ol
Analytical Co., College Station, TX) coupled to a HP-5890 Seres || GC. Separation
was accomplizhed using two different capillary columns as described above. GC
conditions were the same as in the GC-0 studies. ldentification of sulphur volatiles
was confirmed by matching LEI values from authentic standards on both columns.

Gas Chromatography-Mass specfrum. ldentities of odour-active compounds were
confirmed using gas chromatography-mass spectroscopy (GC-MS). Analyses were
performed using a Perkin-Elmer Clarus 500 quadrupole mass spectrometer equipped
with Turbo Mass software, v5.4, (Perkin-Elmer, Shelton, CT) and an RTX-5 capillary
column {Restek; column length = 60 m, inner diameter = 025 mm, film thickness =
0.50 pm). Mass spectra matches were made by comparizon of NIST 2005 v2.0
standard spectra (NIST, Gaithersburg, MD). Only those compounds with speciral fit
values = 800 were considered pogitive identifications. Authentic standards were used
to confirm GC-MS identifications.

Results

There have been at least three studies in which rice volatiles were examined for
aroma activity (68). Ower 50 volatiles were reported fo have aroma activity between
thess three studies. Interestingly, there were only seven wvolatiles which were
common to all three studies and only nine volatiles which were common to at least
two of the studies. Twenty three aroma active peaks were detected (Figure 1, Table
1) and 21 have been identified. Seven of these 21 had been previously identified by
Buttery (6} and included Z-acetyl-1-pymoline, (E.E)}-2.4-decadienal, hexanal, (E)-2-
nonenal, octanal, decanal and 4-vinylguaiacol. The other previously identified aroma
volatiles are denoted by superscripts in Table 1. Two volatiles in Table 1 were
described as “cooked jasmine rice”. One was the previously reported 2-acetyl-1-
pymroling (1), The second character impact volatile was alzo obzerved by GC-PFPD
(Figure 2). Retention characteristics matched that of authentic 2-acetyl-2-thiazoline
(2-AT). The identification was conclusively confirmed using GC-MS and comparing
the mass spectrum between 2-AT standard and sample.

As seen from the aroma intensity values in Table 1, the aroma intensity of 2-AT in
cooked jasmine rice was only about ¥ as intense as the major character impact
compound 2-AP. 2-AT was first identified in beef broth (9) and has been reported in
other foods, but this is the first time 2-AT is reported in cocked jasmine rice.
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Identification characterization and quantitation of a new aroma
character compound in Thai Jasmine rice
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More than 155 volatile compounds have been reported in rice but only 2-acetyl-1-pyrroline (2-AP) has been
reported as a character impact volatile in fragrance rice. The volatiles of Thai jasmine rice were investigated
using headspace SPME GC-O. Two aroma peaks were described as cooked jasmine rice. One of them, 2-AP,
was previously reported. The second character impact volatile was identified using GC-PFPD (pulsed flame
photometric detection). Retention characteristics and aroma description matched that of authentic 2-acetyl-2-
thiazoline, 2-AT and confirmed by GC-MS using columns of different polarity. Concentrations of 2-AT in cooked
jasmine rice were quantified using headspace standard addition SPME with selected ion GC-MS at m/z 129 and
60. Concentrations as high as 0.45 pg/kg were observed. Sensory studies indicated that non-fragrant rice
fortified with 2-AT at 0.6 — 0.9 mg/kg closely duplicated the aroma of freshly cooked jasmine rice. This is the first
time 2-AT has been identified and quantified as character impact volatile in cooked jasmine rice.
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The 238th ACS National Meeting, Washington, DC, August 16-20, 2009
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