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Abstract

Banana is a widely consumed fruit in Thailand. However, there is only one research
group in Thailand that studied the composition of volatile compounds from Hom Thong
banana. The aroma is one of the most important factors determining the character and the
quality of bananas. In this project, the researcher would like to identify aroma compounds
in bananas from different cultivars: including Hom Thong banana, Khai banana, and Namwa
banana. Headspace solid-phase microextraction (HS-SPME) and gas-chromatography — mass-
spectrometry (GC-MS) were used for the analysis. 41, 39, and 14 volatile compounds were
found in each type of Hom Thong banana, Khai banana, and Namwa banana, respectively.
Most of these compounds are esters. Additionally, gas chromatography-olfactometry (GC-O)
was used to analyze aroma-active compounds and 23, 11, and 5 aroma-active compounds
were identified, respectively. Hom Thong banana was selected for further studies as it
contains the greatest number of odor compounds, one of which is the effect of the intensity
of each odor on the perception. The results showed that 10 principal aroma-active
compounds in Hom Thong banana were identified, including, 3-methylbutan-1-ol, isobutyl
acetate, ethyl butanoate, isopentyl acetate, isobutyl butanoate, butyl butanoate, 3-
methylbutyl butanoate, (E)-hex-4-en-1-yl-butyrate, hexyl butanoate, and 4d-allyl-2-
methoxyphenol. Finally, the aroma profile can be organized into 7 groups in which aroma
profiling indicated that the most intense aroma category was fruity, followed by ethereal,

green, spices, herbal, mushroom, and floral.

Keywords: Hom Thong banana, Khai banana, Namwa banana, HS-SPME, GC-MS, GC-O,

aroma-active compound.
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AatULEIDTIN Gas chromatography AU Mass spectrometry aglamatialmiiindu 15un
Gas chromatography-Mass spectrometry (GC-MS) (3'1] 1.5) @115 UnLATUDNLENA NYAl
(identity) 983815Us¥nauRaneddn 21nA15RRE1SMBENLBsnssRlls ulinasiimsziuaniuy

aziiUSunatesunluszeuliies 1012 nsuAanul?

GC
MB Transfer Line Separative
Detector Technique
\ o | 000000
oooooo = o
% /ﬁ it (D=
Cor = = Detector
Control
Electronics Detector Mass Spectrometer lon Source

Fump

Vacuum System

U 15 29AUTENIUTDIAIDINE Gas chromatography-Mass spectrometry

('17im : https://www.chromacademy.com/essential-guide/april2011/fig-1.jpg)

1.2.2 walla Headspace Solid-phase microextraction (HS-SPME)

wafla Solid-phase microextraction (SPME) Jumadialunisiasigansinessiisenels
wnzdmSunaessndmsunsinszidiegsluuSinaiives (trace analysis) nedinsnzsisauiiu
GC/MS FadudEaldsumnudeuuin QﬂﬁﬁﬁUﬂ“ﬁUﬂ%ﬂLLiﬂiu% A.A. 1989 uazgniunldiuedng
uwnsvane Tng HS-SPME tuaifunisifenssumeiusnusna space suvunsomiloansiagi
WATITU

PANNITVDINTASLUABDL1AENATA HS-SPME Usenaunie 2 Jumounan Ao

o A v

1. dunau n15afinans (Extraction step) asnssinedunnazgngaduiidulevuinian

(microfiber) ¥@3 SPME &aginyinene fused silica waziadaumeinniatianadaendsiuiy
npfisly GC dnwazilufiduuisuszann 7-100 um F9an gU 1.6 (1) andeuduleay
willeansavatediedwisesegswesudiiussgegluvindiegrslnain welilefiflans

U

THeINTIATILI Ave 9 innsgnaaduundulefiaesmileasavaneviovaanianeand
2. dumou n1sUandasuans (Desorption) [uduneunisiidule SPME Auudunounis
afnansidngnan (injection port) vaaazed GC Liethasngnaaduuuiduleidingssuu

GC/MS Tngldnnudeuigaumaiiaaduildaseanainidule gu 1.6 (2)



(1) (2)

Retract fiber Retract fiber
and remove and remove
Extraction Desorption

U 1.6 uanstumaunsinseNimagamenaila SPME

(fan https://www.researchgate.net/profile/Iftikhar_Ahmed28/publication/283544137/figure/fig1/AS:299264388419588@1448361598871/Stepwise-
method-of-operation-for-headspace-SPME-Original-image-reproduced-and-adapted.png)

A a v A 7 U/ a A i a s ya ! (%

mimLLuaTuuw%@JMUumgmﬂmmLﬂaauaquummaﬂmuai SPME lafind WYNANYUY
wieanaulnueslivsinauinndt Usunaesansdiluegiussesiiaiveanisaeslviiiegnsansi
Iaszasgingaduuudule Tagmluagldinadsyanu 20-30 wii dmsumsiiansidiangneadu
vl

Jof voen1awseasiaamailn HS-SPME Ao unalianisadniidie 5o dusz@nsnm
a9 Wuleanunsodinduunldanle wunzdmsuldsaudumaia GO/MS laluedned THusumans
Y 1 2/ 1 a a e ¥ 14
Megeiley uarliinaannnissuniuvesansduvsdau 4 lunsana

{odo8 von1smIeuaIsinemalia HS-SPME Ao 1Jugunsaifdsiaias nsldaudes
sziinsda ilesnniduledeudraunedndie way Tuseg1ailurosudanavesdnssuniu (matrix
effect) azdanasion1siaTIzideudIwIn uenanil feeraiinmsidengaduanizaisuisussanla
o 4 a (3 a dy
kAN s Teiondraieuly

Plunger

‘iﬂ;I sm-Piercing
edle
*Z" Slot

closeup is drawn

( inInDesign - itis
i“ not a grphic file
Adjustable \\ 9
Needle Guide/
Depth Gauge
7130105 5 S

Needle

? 7,»"'//( Fiber-Attachment

sU 1.7 memwmmﬂaﬁﬂﬂizﬂauwugmmmLwﬁmﬁa SPME

(ﬁm : https://www.sigmaaldrich.com/content/dam/sigma-aldrich/articles/reporter-us/volume-29-2/commercial-spme-device.jpg)



1.2.3 walda GC- Olfactometry

wada GC-O WWunsimssisaniusendng wissdlonidnermans GC waznislduszam
é’mﬁamqﬁmmswﬂéumaquﬁumimwaauam‘ﬂizﬂawmmiizmaﬁlﬁﬂﬁumﬂmiﬁgﬂLLEm
90nINAINLAIDe GC adadiSulddausd a.e1964 Tny Fuller uazan Feiitadosile GC 14Tinns
findta olfactometry port (wasitodnsuaunan) Wadly dewnlud ae. 1971 indesiiognifaunly
flanududouniniu Tneasiiuerniedudily Lﬁaamqmmﬁﬁummﬁsmmmmﬁaammwmzma
Aoswasayniiuianinnizay Funagangusldnduresanstuasiinnuduiius fufinvesansiignuen
98NINNMTIATIFAIBLATES GO/MS FevilRannsaszyldifiavesansiinandsna iduansli

NAU FIBE1NVDIKUNINATEY GC-MS/O uanslugy 1.8

etection of single arom
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333
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Electronic signal

35U 1.8 ndnn5iAswHeae GC-Olfactometry S GC-MS
(Fan https://i2.wp.com/genetris.com/wp-content/uploads/2016/01/gas-chromatography-2.jpg?resize=600%2C367)

wihildhnmanseaeudemadaifimsdiudtunisiuinauresyed dunmsaunauans
seuedl olfactometry detection port ﬁqﬁ?ué’ﬁ%mm?{u sgdosrunsEndulunisaunauans
wmsguilindu wagfinnsussrenaudildlitiandiung Inefusssrendumantuinasiuiy
Uszaunsaiazanuanansalunssunauvesuiazyanadiunnsinsiusenly uazdadeadendaunay
fiflanuannsalunsiuinauesesivyinesiladnie

3
a

124 n155uinauvesyed

0O Y I _awv

nauilanudAgyriaTinuInsvesuyed dnaseanun AuFANvewYEd wavdunilsninlv

o

Sdnegnewns vivelianuidnuazensualiuanaeiuesnlununduinlasu lnen1ssuinauvesuyud

a A o a v v o o & A a o a
Suanidednsgaaundudiudilvlulnseayn (U 1.9) luanavesansazdudanilo@eyrfunauy

]

saa A

(olfactory epithelium) NiwaauszamSunau (olfactory receptor) §1uausnn Wuwadniou Ndu

Yosuuazdaulwonisnszdu dveuraduszamiluwadUszaimassds (bipolar neuron) unsneg



1%
o

JEWINuEadA19u (supporting cell) Yanearsvengasdzidnoanviedosaynaziivudaludiuves

9

dendrites 8g3117u 6-8 LU L138n91 pRALNANGILES (olfactory hair) diutiillaldsunisnseduain

a15uadl wulialandusinisanneinianmielatnld azdsnsenalszaintuniy axon LaLiAns

AUty 9 wandznareily olfactory nerves wagidng olfactory bulb %qmsﬂizéjumi
novausIn i veduUsTaImaInNg1? é’maymazgﬂdﬂﬂé’qamaLﬁav‘hmmﬂama%aﬂﬂéu WAy
AsIUiUsTULYSTInaRavesnauLiiensiadeuindunduesls ﬁﬂ'gmﬁul,ﬂw%aﬁmma‘hLﬁ'mﬁ’u
nauthudeolit

Olfactory bulb

Limbic System
Hypothalamus area

“‘b

3. The signals are relayed
via converged axons.

Receptor cells in
olfactory membrane

electrical signals.

2. Olfactory receptor cells
are activated and send

1. Odorants bind to receptors.

Olfactory u %\ | Odorant

receptor cells e " . receptors
Odor molecules e

Air with odorant
molecules

35U 1.9 uananalnnisfuinauvesuyue

(1 : http://drsera.com/wp-content/uploads/2015/10/limbic-system.jpg)

4, The signals are transmitted
to higher regions of the brain.
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N1INAABY
2.1 @13Ad
1. n-Butyric anhydride (Acros organic)
2. Isobutanol (Carlo Erba)
3. Iso-Amyl alcohol (Fisher Chemical)
4. 4-(Dimethyllamino)pyridine (DPAM) (Sigma-Aldrich)
5. Dichloromethane (CH,CL,) (ACI Labscan)
6. Diethyl ether (ACI Labscan)
7. Sodium hydroxide (NaOH) (Merck)
8. Sodium sulfate (Na,SO,) (Riedel-Dehaenag See)
9. Bromocresol green (M&B lab chem)
10. Acetone (ACI Labscan)

11. Acetic acid

12. Ethyl alcohol

13. Hexyl alcohol

14. Chloroform-d (CDCl5)

2.2 NaY

ndwandiugnlutssindlne 3 anesiug Tnsdoainiiuazninte (Tops market) a119ean
UsyATas kA 1. ndevieuvias asnuneteud wanlay annsainisinuasinens e Jmianwesys 2.
n&ret11 ae Toa wanlae U3EW Tna wisy Tnsiod (Insuaud) S Tiausyaudadus uay 3.

nagld Kanlag avnsalin1snunIving1s 311n JamIansys
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U 2.1 Anwairgusandelsazaeiiug (ndelurn: ndeveunas, ndetd wasndigli)

2.3 ¥an 1a30sile uaziinimeasa
2.3.1 MSAILNATDLINEY
1. ihndeanszezanusazanetus aneusas 5 wa [Wdnvesmandesulu lasviundae
Tinadnasunsavaen 4 s lifeuaunuaanaundiesogislidntu
2. ussnanswsazanenug Ussunn 2 n3u Tdas vial vuin 20 §addns wasuandaeli

AZLDUAMUYDUALAULAE NNTUUANIVINLTAETN

5U 2.2 dnuaznMEUAALlIYANIUTIN vial

2.3.2  MINATIENUALITYAITILMEVBINAE (Volatile compound) TnglHinatla Solid-

phase microextraction 394U Gas chromatography (SPME-GC-MS)
1. thnéefiniesly equilibrate foanufeuiigumgf 40 ©C fisrshmuauenmnd Toe
Feoulds SPME (Fiber vila DVB/CAR/PDMS, 50/30 pm) adly Wevhnisatnanssvive

(Extraction) {Wuszeziian 30 U



12

2. asuivuaan Widu SPME 80n31n vial ke inject a3din3ed GC lag inject 1uwian

o

5 uil Wielansiignaedueginvesduleszmesen (Desorption) annuulduesn a1s

Y Y

= =)

Msziveeanizinfounitigaias GC-MS Meufaniuazinizikenaisiududinly
3. MseTgikarsryalssemelunaevy 3 @eiug lun naievieunas nalg1in

waznanely mutunauluiide 2.3.1-2.3.2

233 nsszyasssveniinduvesndas (aroma-active compound) lngldinadia Gas
chromatography-Mass spectrometry/Olfactometry (GC-MS/O)

Tumssudassemeilindulundesis 3 arewus Tneldfaundudunane 1 au uazsine
wds $1uu 2 au nedsnsasiinisaunauatssemedieany1ann olfactometry detection port #ilé
oSuendnnisiiluside 1.2.3 Aunmsmeassazifunsszyifissansilingu lismfesziuanaus
‘Uaﬂﬁ’]iﬁ?w]) Fansneaeswzunundu 2 duldun

s ¥

1. mswSeuiisuanssemelinaulundieny 3 arewus (na

9

WFIDYNAUNUTZUIM 2
n3u) Ifﬂaisi’fﬁzimm?imﬁmwm@ﬁmau 2 AU AatAnay Auas 1 ASe

2. mswisuievanssemeilinaulundreveunes Tneldiminvesndieseaunnsig
Ay (4.0, 2.0, 1.0, 0.5, waz 0.25 N3U) Iﬂﬂiéi’fé’ﬂmﬁ'u $1U9 3 AU ASITTANAULAAE

YIUNNAI8FIDE19 ALAY 1 AT

234 nsheAASesiio GC-MS/O

1. w3eaile GCMS Aldlun1shasizii Bve Ailent Technologies Ju 7000 wazdl mass
analyzer \Ju triple quadrupole L8 ion source \Juuseian electron ionization (EI)
carrier gas Ao Bidou (He) Inefanvilldsolui
lonization temperature = 230 °C f28 ion voltage = -70 eV, run time = 1 min,
solvent delay = 2.5 min, peak width = 0.7 sec m’sﬁl’?ﬂﬁ mass = 35-300, scan time
100 ms wagliaTenaslagn1siuIeuliisudayavres mass spectral 310 NIST MS
Spectral Library %138 Agilent’s Retention Time Locked (RTL) Databases for specific
applications 109waN#iLIs GC/MSD wazldiados Olfactometry detection port Efe
GERSTEL 1 ODP 3

2. sdaA Inlets: heater = 260 °C, S¥UUFUA pressure = 16.086 psi #1l#, total flow

= 15 mL/min, septum purge flow = 3 mL/min, split ratio = 5:1 (10 mL/min)
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3. peduiiiildie Acilent 190915-433 (HP-5ms, 325°C, 30 m x 250 pm x 0.25 pm) Gaf
neluneanil: flow rate = 2 mL/min LAEIZUVILAIUIUAIUDY pressure = 16.086

psi, average velocity = 51.282 cm/sec, lag holdup time = 0.975 min wnlienludf

a

4. NsAeANRMUNN oven: initial temperature = 40 °C (hold time = 0) INTULALQUNYI
FJudu 160 °C laefdnsn1siinvesgungiivianu 3 °C/min (hold time = 0) waz
aavneiivaangiilu 250 °C lnefidnsnisifingstgumgiivindu 45 °C/min (hold

time = 5)

2.4 nsaaasgRansUsznaunlinaulundleveunas
2.4.1 A1584LAS1EH isobutyl butanoate, ethyl butanoate, wag hexyl butanoate
duAsizransia 3 euuisen acylation of alcohols with acid anhydrides aeldan1iei

uvalaed DMAP Hudissuisen deaunssuas

DMAP
R'-OH + (RCO)ZO ~———= R-COO-R' + R-COOH
+HO
2

a

M alcohol 10 mmol wag DMAP 0.05 mmolasluainnunay auvesudsazane iy
butyric anhydride (31u3uwinAunAUNTe1) Usums 1.80 mL (11 mmol) ANt stir figauvniivies
Hunan 9 Falug finth DI UTuns 18 WL way stir deflgungiiviosaunsu 1 Falua anndui
a1sazangunananleiua 0.5 M sodium hydroxide 1AgQRA@13A781AANEAIINYIANUNANAINTIY
LenILIR 125 mL ¥2a135828 dichloromethane Usinandndos annduainaisazaislneiu
a15aza1e sodium hydroxide ALUNTY 0.5 M US1#s 5.0 mL LﬁUﬂ’]iﬁ%ﬁ’]EJ%u organic 1anM
4158818 sodium hydroxide 8asauay 3 Ase dauarsaratslududrlidiunasadae
dichloromethane Snads LLazLﬁU%u organic mmammﬁ’u%’ju organic ABULLIN (Iummgmmwj)
9nduridatidae sodium sulfate gAaNTazaNesIEvAsAnERaIduInfunasiletlUssmedasih
azayeen

\fiupnuuiavivesmazatsiidansedldfonisndusnarsnanoonaindu ivansazans
fugnliu1iinisszyiiasigiarsdaeinaila proton nuclear magnetic resonance (*H NMR)

spectroscopy



14

ansiiduase a136aBu (alcohol) % yield filéf
Isobutyl butanoate Isobutyl alcohol (0.92 mL, 10 mmol) 87
Ethyl butanoate Ethyl alcohol (0.58 mL, 10 mmol) 94
Hexyl butanoate Hexyl alcohol (12.46 mL, 10 mmol) 107

24.2  NSAWASIZR Isobutyl acetate as Isopentyl acetate

dups1eiiansnis 2 kuujisen Fischer esterification melddnmsiiilunse dsaunseueans

H SO
R-OH + R-COOH ———~ % R-COO-R + H.O

-« § iy

e alcohol fiu acetic acid 0.02 mmol asluviaiunan 1@ boiling chip @ nluN sulfuric
acid U3ums 0.4 mL 1l reflux feausauuu hot plate Wuaai 90 wnd antluselvansavane
< v Ao k% = 4
Uiy dharsavatsunanamelud sodium hydroxide Tnenauaisazatsnidunsizilaasiuinines

A

“ﬁﬁ%wwamaqﬂimm 5 n3u stir authudsarare wansasnsagusnawin 125 mL ¥eanseag
diethyl ether USunauéntioes mnuuﬁﬂﬂmsazmaimamu diethyl ether U31195 10.0 mL WAy
d3azaneTU oreanic (191 2 ASY) wenentuln thansazanetu oreanic wafndsansazaiy
sodium hydroxide anududy 0.5 M U3anmas 5.0 mL (%181 3 aSe) it organic 91niduiidai
#1e sodium sulfate gransazaeseviasanenatguantunasiiewnlssivesvhazanseen
Lﬁmmmu%qw‘éﬁuadmiazmaﬁé’qmezﬁlﬁﬁwmiﬂé’mwﬂmimamaaﬂmﬂﬁ’u \uansazany

Muwenlaunvitnisseyiiasieviansaiuinaiin Proton nuclear magnetic resonance (*H NMR)

spectroscopy
ansidanszi ansiasu (alcohol) % yield il
Isobutyl acetate Isobutyl alcohol (2.00 mL, 0.022 mmol) 71
Isopentyl acetate Isopentyl alcohol (2.12 mL, 0.019 mmol) 88

2.5  Apszndsnaansiginlemaila Proton nuclear magnetic resonance (*H NMR)

thansiidnasgildviomn 5 a3 luiade 2.4 uhmsfigainsulassadisosas de
\mAdA proton nudear magnetic resonance ('H NMR) H1uLAS 89 NMR Spectrometer (Varian
Mercury +400) 91 mmwm AU 400 MHz 14 Chloroform-d (CDCLy) WWudiasansiniloury
NNAT ok hexyl butanoate ka g isobutyl butanoate mmm 16 @unu d@iu isobutyl acetate,

isopentyl acetate, Wag ethyl butanoate M14vA 32 @Wny


https://en.wikipedia.org/wiki/Nuclear_magnetic_resonance
https://en.wikipedia.org/wiki/Nuclear_magnetic_resonance

unil 3

NANIINAADILAZIAUTIINANIITNAADY

N15NAABIUTENBUMILNTANEIBIAUTLNDUVBIANSTISLALUDINAENAUNDY Nan8lY waznale
i Wisuiiguanssuimenlindulunaiens 3 areiug wazAnwiesrusenouvesansiinaulunae

POUNDY FIUNIFWATIZANT NAUTUNAIEVOUNDY I1UIU 5 @1 HaN1SNRaRIRImalUl

3.1 SinseiuasndSeudiovssdusznauvasassamelundevounas ndaeld wazndaeind Tne
Tdwatia HS-SPME 321U GC-MS Tun1s3tasesi
IAszviesRUsznauretanssuvelunandiuanainge 3 arenugliun ndreveunes nane
19 waz ndre113n lnewIeufieg1andremunisnnansd 2.3 iaudewiieasnaissine
(extraction) Ineldinafin Headspace solid-phase microextraction (HS-SPME) tJutaa1 30 w1l
AATIEIITAU WATlA Gas-chromatography-Mass-spectrometry (GC-MS) T inject 1931 SPME a9
icjm‘%m GC lurian 5 undl ilteUanuassanssuine (desorption) Iias1imasAUsEnauveIans
sumeduaniieau 46 il Tnedsushsndiuastansiiineduisaeaning splitless was split
ratio $m91d 5:1 (Grdnansdiedes GC-MS 5 daw axflansdnaeduy 1 daw) Tnszsishegandae
aetusas 3 ads mafilduanieanunfuiegnawas chromatogram Taendasusiavatsiiug duuans

U 3.1-3.3

1254
By [21]
115 /
114
1.054
]
.55
0.8
.85
084
0.754
74
Q.65
LEe
055 37
054
.45
04 [38]
o [39]
0] _
e '
.05 |
o e N

Courts vs, Agquisiden Time (min)

B F o123 Ts thf T 21 1 22 d% 2% 25 6 27 38 28 30 31 32 33 3 35 5 37 33 33 40 41 42 43 & 45

3U 3.1 GC-MS chromatogram YDINAILNONNDY
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5U 3.2 GC-MS chromatogram vaaneaely
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35U 3.3 GC-MS chromatogram 48Nt

911 chromatogram Y8anaeveuned naeld wazndieurd uanslmsiuil chromatogram
YBINABUAArAIERUTUIINNATDIEN T T TNy IuANANTU 2INN15IATIEiaAUsENaUves

#1358 METDINMILUFaTag UG AgnuTlauadanssemgnfigalundieneunes anuinufendiy

1o wazndreureuaau lnvansuszneungy ester uanssemenguardgiinuinlundiens 3 ag
Wug

Aa o °

laglunsiseuiiguansusenaunnuiun1sAnu il seauunnoutiu Fdulzhosode

ol =

ToyamuUTsumsuiulalagldvuivanenvininmmaaes wu insesllavseaumginuansaiy 33lad

Y

N15ARAUITAIUIUAT Linear retention index (LRI) 3uu1 @atduni1silSeuitauan retention time

Y93a15119557U n-alkanes (uiidlgrnuenaius Co-Cye) Auasusiazaiiniaula vlildrsuds
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Tminlauivaniiznisnnass tneaunism LRI Wussianaiiuans wagil chromatogram sawansluy

U 3.4 uage retention time lauandluaisng 3.1

LRI =

X = @snaula

n = @1511M3§14 n-alkane C H,, Mken sanuinoua1siauls

R (x) — R (n)

Re(n+1) — R (n)

+n)x100

n+1 = @151195974 n-alkane C,,1Hy, ) NkBNOONUMGIETNEUL

R, = tianashenaanun (lunmieuil #ieaun)

1.2

1.7

0.5

0.8

05
0.5
044
0.3
0.2
0.1

X

T | TIC Scan 2_Alkanes d

o273 €16,38.760
€,5,34.958
C,3.787
’ C14,30.950
14 C19,42.673
€,2,26.736 :
Cg,5.834 13 €13,42.072
€12,12.324 :
C,7,41.231
€11,17.767 ~]
C10,13.234 T~ .
C720,43.227
C5,9.081 :

L

L

l

L

|

R EEEEEREEEEEEEEE EFEEEEY R E E R EE E E EE TS

eunls va, Sequisibon Teme (min)

g‘U 3.4 GC-MS chromatogram 989@13U103371U C4-Cyg
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A1519 3.1 Retention time (11¥) Ya3E13UINIFIU Ce-Cyg
N n-alkanes RT(1) RT(2) RT.Avg
6 n-Hexane 2.740 2737 2.739
7 n-Heptane 3.796 3.787 3.787
8 n-Octane 5.834 5.834 5.834
9 n-Nonane 9.083 AR 9.081
10 n-Decane 13.233 13.255 13.234
11 n-Undecane 17.768 17.766 17.767
12 n-Dodecane 22.324 22.324 22.324
13 n-Tridecane 26.738 26.734 26.736
14 n-Tetradecane 30.953 30.947 30.950
15 n-Pentadecane 34.961 34.955 34.958
16 n-Hexadecane 38.764 38.756 38.760

n&eveumasnuaTTEMETavan 41 d13 Usenauludsanssamelunguuesansusenau
ester fI51uau 31 @13 Fauandll A1519 3.2 (LARITDTBIITTEMETINUT retention time (W17) 1ade
YoITIATEinn 3 a%e) wazwunduvesansusenaudu 4 8n 5 nau liuA nau aldehyde Wy
2 @15 A9 3-methylbutanal wag (E)-hex-2-enal ngu alcohol WU 5 #1% Ao 3-methylbutan-1-ol,
hexan-1-ol, oct-2-en-1-ol, cis-3-methylcyclohexanol, k&g (Z)-oct-5-en-1-ol ﬂEjaJ phenol, ketone
Lag aromatic ﬂejuaz 1 @15 Av 4-allyl-2-methoxyphenol, pentan-2-one wa¢ 5-allyl-1,2,3-

trimethoxy-benzene Mua1AU

A1519 3.2 WEAY retention time (U1#) d155zmglundlgveunss Awsizalemaiin HS-

SPME/GC-MS

Peak Compounds RT(1) | RT(2) | RT(3) | RT.Avg LRI.
1 Ethyl acetate 2750 | 2.882 | 2.882 2.838 609.447
2 3-Methylbutanal 3.269 | 3.256 | 3.263 3.263 649.968
3 Pentan-2-one 3.661 | 3.654 | 3.663 3.659 687.818
4 3-Methylbutan-1-ol 4.412 | 4.401 4.406 4.406 730.256
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M1519 3.2 (Ad)

Peak Compounds RT(1) | RT(2) | RT(3) | RT.Avg LRI.
5 | Isobutyl acetate 5244 | 5235 | 5232 | 5237 | 770.835
6 | Ethyl butanoate 5927 | 5914 | 5920 | 5920 | 802.661
7 | Butyl acetate 6.304 | 6.293 | 6.286 | 6.294 | 814.186
8 Pentan-2-yl acetate 7.369 | 7.378 | 7.380 1.376 847.509
9 | (E)-hex-2-enal 7.449 | 7.468 | 7.447 | 7.455 | 849.944
10 | Hexan-1-ol 7.991 | 8.006 | 8.002 | 8.000 | 866.739
11 | Isopentyl acetate 8.285 | 8.276 | 8.285 8.282 | 875.439
12 | Propyl butanoate 9.103 | 9.092 | 9.092 | 9.096 | 900.353
13 | Isobutyl 2-methylpropanoate 9.705 | 9.704 | 9.702 9.704 | 914.993
14 | Butyl 2-methylpropanoate 11.286 | 11.277 | 11.279 | 11.281 | 952.966
15 | Isobutyl butanoate 11.359 | 11.358 | 11.360 | 11.359 | 954.852
16 | Butyl butanoate 13.096 | 13.099 | 13.098 | 13.098 | 996.717
17 | Isobutyl 3-methylbutanoate 13.580 | 13.569 | 13.571 | 13.573 | 1007.486
18 | Pentan-2-yl 2-methylpropanoate 14.404 | 14.409 | 14.409 | 14.407 | 1025.884
19 | 1,4 Dimethyl-4-pentenyl acetate 15.220 | 15.229 | 15.232 | 15.227 | 1043.966
20 | Butyl 3-methylbutanoate 15.381 | 15.374 | 15.378 | 15.378 | 1047.290
21 | 3-Methylbutyl butanoate 15.834 | 15.869 | 15.850 | 15.851 | 1057.732
22 | Pent-d-enyl butanoate 16.266 | 16.269 | 16.266 | 16.267 | 1066.909
23 | Oct-2-en-1-ol 16.526 | 16.499 | 16.498 | 16.508 | 1072.219
24 | Pentyl 3-methylbutanoate 17.532 | 17.541 | 17.546 | 17.540 | 1094.985
25 | Isopentyl 2-methylbutanoate 17.845 | 17.840 | 17.827 | 17.837 | 1101.543
26 | Isopentyl 3-methylbutanoate 18.065 | 18.062 | 18.057 | 18.061 | 1106.459
27 | 2-Methylpropyl hexanoate 20.147 | 20.154 | 20.145 | 20.149 | 1152.264
28 | (E)-Hex-d-en-1-yl- butyrate 21.753 | 21.695 | 21.754 | 21.734 | 1187.053
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1514 3.2 (5ia)

Peak Compounds RT(1) | RT(2) | RT(3) | RT.Avg LRI.
29 | Hexyl butanoate 22.009 | 22.012 | 22.006 | 22.009 | 1193.088
30 | Hex-5-en-1-yl butanoate 22.152 | 22.144 | 22.150 | 22.149 | 1196.152
31 | [(2)-Oct-3-enyl] acetate 22.320 | 22.307 | 22.303 | 22.310 | 1199.693
32 | [(2)-Hex-d-enyl] butanoate - 22.449 | 22.445 | 22.447 | 1202.788
33 | Cis-3-Methylcyclohexanol 23.047 | 23.050 | 23.026 | 23.041 | 1216.251
34 | 2-Ethoxyethyl butyrate 23.796 | 23.806 | 23.810 | 23.804 | 1233.545
35 | Hexyl 3-methylbutanoate 20216 | 24.222 | 24.217 | 24.218 | 1242.936
36 | Isopentyl hexanoate 24.588 | 24.583 | 24.579 | 24.583 | 1251.209
37 | 4-Allyl-2-methoxyphenol - 29.153 | 29.133 | 29.143 | 1357.12
38 | 1-Vinylhexyl butanoate 30.000 | 30.015 | 30.002 | 30.006 | 1377.591
39 | (£)-oct-5-en-1-ol 30.432 | 30.444 | 30.440 | 30.439 | 1387.866
40 | Dihydrocarvyl acetate 30.708 | 30.704 | 30.701 | 30.704 | 1394.170
41 | 5-Alyl-1,2,3-trimethoxy-benzene 37.136 | 37.162 | 37.142 | 37.147 | 1557.566

lundglinuinfianssgmenmun 39 @13 dwanddy a1319 3.3 lagansseinelunguves

a135U58nau ester 191uu 24 @13 arsusznaulunguaulaun nqu aldehyde wu 2 @15 A9 3-

methylbutanal ey hexanal mju alcohol WU 7 @13 Ae pentan-2-ol, pentan-1-ol, (2)-hex-2-en-

1-ol, hexan-1-ol, 3,4-dimethylcyclohexanol, 6-methylhept-2-en-4-ol, wag (2)-oct-3-en-2-ol ﬂﬁjm

ketone WU 4 @13 Apentan-2-one, 2-methylcyclopentan-1-one, heptan-2-one, tay hept-5-en-

2-one waranTelunNauuedaITUTENOU aromatic WU 2 @15 Ao benzaldehyde waw 5-allyl-1,2,3-

trimethoxy-benzene
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M1579 3.3 WAAY retention time (W1%) d@1sszmelunaleld Arsieinlemalia HS-SPME/GC-

MS
Peak Compounds RT(1) | RT(2) | RT(3) | RT.Avg LRI.
1 3-Methylbutanal 3257 | 3.245 | 3.254 | 3.252 | 648.950
2 Pentan-2-one 3.655 | 3.635 | 3.649 | 3.646 686.578
3 Pentan-2-ol 3.802 | 3.784 | 3.791 3.792 | 700.261
il Pentan-1-ol 4.426 | 4.406 | 4.407 | 4.413 730.595
5 Isobutyl acetate 5270 | 5.258 | 5.251 5.260 771974
6 Hexanal 5.864 | 5858 | 5.854 | 5.859 800.760
7 Pentan-2-yl acetate 7.372 | 7.354 | 7.351 7.359 846.966
8 2-Methylcyclopentan-1-one 7.439 | 7.431 | 7.425 7.432 849.204
9 (Z2)-Hex-2-en-1-ol 7.924 | 7922 | 7924 | 7.923 864.347
10 | Hexan-1-ol 7.989 | 7986 | 7.980 | 7.985 866.246
11 Isopentyl acetate 8.319 | 8.295 | 8.277 8.297 875.855
12 | Heptan-2-one 8.800 | 8.790 | 8.788 | 8.793 891.120
13 | Hept-5-en-2-one 8.986 | 8964 | 8968 | 8.973 896.664
14 | 2-Hexan-2-yl acetate 11.008 | 10.989 | 10.985 | 10.994 | 946.063
15 | Isobutyl butanoate 11.371 | 11.363 | 11.358 | 11.364 | 954.972
16 | Benzaldehyde 11.514 | 11.508 | 11.518 | 11.513 | 958.568
17 | Butyl butanoate 13.110 | 13.092 | 13.087 | 13.096 | 996.685
18 | Hexyl acetate 13.877 | 13.869 | 13.874 | 13.873 | 1014.104
19 - | [(E)-Hex-d-enyl] acetate 14.170 | 14.176 | 14.256 | 14.201 | 1021.325
20 | Pentan-2-yl 2-methylpropanoate 14.430 | 14.446 | 14.393 | 14.423 | 1026.230
21 1,4 Dimethyl-4-pentenyl acetate 15.208 | 15.198 | 15.193 | 15.200 | 1043.363
22 | 3-Methylbutyl butanoate 15.802 | 15.822 | 15.809 | 15.811 | 1056.850
23 | (E)-Oct-2-en-1-ol 16.080 | 16.070 | 16.067 | 16.072 | 1062.615
24 Pent-4-enyl butanoate 16.268 | 16.258 | 16.255 | 16.260 | 1066.762
25 | Pentyl 3-methylbutanoate 16.702 | 16.702 | 16.695 | 16.700 | 1076.454
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A1319 3.3 uang (sa)

Peak Compounds RT(1) | RT(2) | RT(3) | RT.Avg LRI.
26 Butyl pentanoate 17518 | 17.526 | 17.519 | 17.521 | 1094.573
27 | 2-Methylbutyl 3-methylbutanoate | 17.851 | 17.833 | 17.836 | 17.840 | 1101.602
28 | 3-Methylbutyl 3-methylbutanoate | 18.067 | 18.055 | 18.052 | 18.058 | 1106.386
29 Pentyl pentanoate 20.230 | 20.226 | 20.226 | 20.227 | 1153.990
30 | Hexyl butanoate 22.007 | 22.011 | 21.999 | 22.006 | 1193.014
31 | 2-Methylcyclohexyl butanoate 23.045 | 23.065 | 23.035 | 23.048 | 1216.417
32 | Hexyl 3-methylbutanoate 24.222 | 24.220 | 24.212 | 24.218 | 1242.928
33 Isopentyl hexanoate 24.574 | 24574 | 24.569 | 24.572 | 1250.960
34 | 6-Methylhept-2-en-4-ol 26.104 | 26.100 | 26.090 | 26.098 | 1285.539
35 | (2-Methylphenyl)methyl acetate 29.643 | 29.636 | 29.619 | 29.633 | 1368.739
36 (Z2)-Oct-3-en-2-ol 30.002 | 30.006 | 29.995 | 30.001 | 1377.480
37 | Hexyl hexanoate 30.408 | 30.410 | 30.403 | 30.407 | 1387.114
38 | Cyclopentyl butanoate 32.940 | 32.944 | 32931 | 32.938 | 1449.609
39 5-Allyl-1,2,3-trimethoxy-benzene 37.142 | 37.140 | 37.132 | 37.138 | 1557.338

gavnednsneimesfusenauvesansTemelunalgun Inudndanssemenavue 14 @13 69

wandly A1919 3.4 laga1sselnenguuesa1susenay ester 131171 8 @15 Awnalull ethyl acetate,

butyl acetate, isopentyl acetate, butyl butanoate, hexyl acetate, isopentyl 2-methylbutanoate,

hexyl butanoate, iaz isopentyl hexanoate kazasusenaulunguaunssieazidunanalull nau

aldehyde uag ngu alcohol wunduag 2 @15 Ae 3-methylbutanal, hexanal way (2)-hex-2-en-1-

ol, hexan-1-ol auaAY NEx ketone WU 1 @13 A 2-methylcyclopentan-1-one waganvelungu

Y09815U5ENOU aromatic WU 1 @15 A benzaldehyde
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1519 3.4 LAY retention time (w1l a155zinelundaedindn Siasrzidaeinaia Hs-

SPME/GC-MS

Peak Compounds RT(1) | RT(2) | RT(3) | RT.Avg LRI.
1 Ethyl Acetate 2.890 | 2.867 | 2.878 | 2.878 613.295
2 3-Methylbutanal 3.263 | 3.241 | 3.255 | 3.253 649.046
3 Hexanal 5.856 | 5.838 | 5.850 | 5.848 800.431
il Butyl acetate 6.319 | 6.319 | 6.292 | 6.310 814.660
5 2-Methylcyclopentan-1-one 7.435 | 7.423 | 7.435 | 7.431 849.184
6 (Z2)-Hex-2-en-1-ol 7916 | 7908 | 7916 | 7.913 864.039
7 Hexan-1-ol 7.984 | 7.978 | 7.989 | 7.984 866.205
8 Isopentyl acetate 8.300 | 8.287 | 8.287 | 8.291 875.680
9 Benzaldehyde 11.490 | 11.494 | 11.494 | 11.493 | 956.829
10 | Butyl butanoate 13.124 | 13.120 | 13.116 | 13.120 | 995.183
11 Hexyl acetate 13.907 | 13.900 | 13.907 | 13.905 | 1013.069
12 | 3-Methylbutyl butanoate 15.797 | 15.797 | 15.797 | 15.797 | 1055.661
13 Hexyl butanoate 22.007 | 22.007 | 22.013 | 22.009 | 1193.088
14 | Isopentyl hexanoate 24.576 | 24.592 | 24.582 | 24.583 | 1251.209

911 A58 3.5 BauanansidTeuifisuesdusznevvesanssymelundis 3 anewus azwuing
anssseTonn 6 @13 finulundaeii 3 a1enug bauA 3-methylbutanal, hexan-1-ol, isopentyl
acetate, butyl butanoate, 3-methylbutyl butanoate, Wag hexyl butanoate %am'ﬁﬁu’ﬂ 6 msﬁ a1
TngjasiduansuseneulunguuesensUsznau ester wazasiulddndifiesndretivhduiiansssve
73 14 213 Wildmuansssmenaifioslundeihaeiugidewdannsonuldlundreneuvosuas
négludnse unnsnsanndnevenveanaznielifians szmeursvdaazannsanulalundeiiies
agiuglaaeiuiniainiy (desnaeiuguesndofiieiu dmalimussdussnoutesaisszine
funnsinafu muununn 3U 3.5) nanfemsssveiinulundreveumoadfissaeiugifeaiiianue
21 a3 uazansssefinulundaeldfesameiugifeiimun 17 a3 Tnsansdeiildndrnandneduiy
aansamuIne LRI vesansldlndidsatuan LRI Aldd1s8angnudeya NIST MS Spectral Library
%58 Agilent’s Retention Time Locked (RTL) Databases for specific applications ¥ 3% Wi L2$

GC/MSD Tneidenan LRI vesnaduy HP-5MS dadumadunily class
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semi-standard non-polar ilesanniduasduduiiafieaduiunisiasizsilunisnaassil waviile
\Wisuiigy LRI vasndisusazateiugazlian LRI lndidesiu Weswnaina LRI Wuataniziives
ansusiazen Woeszyldinaisilannudaznisueassluaisviiafeaiu an LRI el 3aaasla

ANLNALAaTY Aanandly #1519 3.5

2 2 [
nalguvainay nawuld

\/

na2e11I

5U 3.5 ununmanuuassewmeinulundieudazaneiug



M1919 3.5 WisuieuasAusenauvasassemelundae 3 anewus laun ndlevaunas ndleund uaznaiely

LRI.Avg
Order Compounds LRI.Ref >
NAURUNDY | NAWUII naqgla

1 Ethyl acetate 612+5 609.447+5 613.295+5 -

2 3-Methylbutanal 649£N/A | 649.968+N/A | 649.046+N/A | 648.950+N/A
3 Pentan-2-one 685+7 687.818+7 - 686.578+7
4 Pentan-2-ol 703+9 - - 700.261+9
5 3-Methylbutan-1-ol 736+5 730.256+5 - -

6 1-Pentanol 765+4 - - 730.595+4
7 Isobutyl acetate 77146 770.835+6 : 711.974+6
8 Hexanal 800+2 - 800.431+2 800.760+2
9 Ethyl butanoate 802+2 802.661+2 - -

10 Butyl acetate 812+4 814.186+4 814.660+4 -

11 Pentan-2-yl acetate 849+10 847.509+10 - 846.966+10
12 2-Methylcyclopentan-1-one 846+N/A - 849.184+N/A | 849.204+N/A
13 (E)-Hex-2-enal 854+3 849.944+3 - -

14 (2)-Hex-2-en-1-ol 868+4 - 864.039+4 864.347+4
15 Hexan-1-ol 868+4 866.739+4 866.205+4 866.246+4
16 Isopentyl acetate 876+2 875.439+2 875.68+2 875.855+2

G¢



A1514 3.5 (5i9)

LRI.Avg
Order Compounds LRI.Ref >

NAUNBUNDY |  NAWUII nasela
17 Heptan-2-one 89142 - - 891.12+2
18 Hept-5-en-2-one - - - 896.664
19 Propyl butanoate 896+3 900.353+3 - -
20 Isobutyl 2-methylpropanoate 910+4 914.993+4 ¢ _
21 2-Hexan-2-yl acetate 937+N/A - - 946.063+N/A
22 Butyl 2-methylpropanoate - 952.966 S -
23 Isobutyl butanoate 955+6 954.852+6 - 954.972+6
24 Benzaldehyde 962+3 . 956.829+3 958.568+3
25 Butyl butanoate 995+2 996.717+2 995.183+2 996.685+2
26 Isobutyl 3-methylbutanoate 1005+2 1007.486+2 - -
27 Hexyl acetate 10114 - 1013.069+4 1014.104+4
28 4-Hexen-1-ol, acetate 1013+N/A - - 1021.325+N/A
29 Pentan-2-yl 2-methylpropanoate 1028+N/A | 1025.884+N/A - 1026.230+N/A
30 Butanoic acid, 4-pentenyl ester ' - - 1035.392
31 1,4 Dimethyl-4-pentenyl acetate - 1043.966 - 1043.363
32 Butyl 3-methylbutanoate 1047+1 1047.290+1 - -

9¢



A1514 3.5 (5i9)

LRI.Avg
Order Compounds LRI.Ref >

NAUNBUNDY |  NAWUII nasela
33 Pentyl pentanoate 1150+N/A - - 1153.990+N/A
34 3-Methylbutyl butanoate 1056+4 1057.732+4 | 1055.661+4 | 1056.850+4
35 (E)-Oct-2-en-1-ol 1067+N/A - - 1062.615+N/A
36 Pent-4-enyl butanoate - 1066.909 - 1066.762
37 Oct-2-en-1-ol 1066+6 1072.219+6 - -
38 Butyl pentanoate - - - 1094.573
49 Pentyl 3-methylbutanoate - 1094.985 - 1076.454
40 Isopentyl 2-methylbutanoate 1101+1 1101.543+1 - -
41 2-Methylbutyl 3-methylbutanoate 1107+2 - - 1101.602+2
42 Isopentyl 3-methylbutanoate 1104+1 1106.459+1 - 1103.386
43 2-Methylpropyl hexanoate 1149+4 1152.264+4 - -
a4 (E)-Hex-4-en-1-yl-butyrate 1197+N/A | 1187.053+N/A - -
45 Hexyl butanoate 1192+2 1193.088+2 1193.088+2 1193.014+2
a6 Hex-5-en-1-yl butanoate 1183+N/A | 1196.152+N/A - -
a7 [(2)-Oct-3-enyl] acetate 1195+3 1199.693+3 - -
48 [(2)-Hex-4-enyl] butanoate 1203+N/A | 1202.788+N/A e -

LC



A1514 3.5 (5i9)

LRI.Avg
Order Compounds LRI.Ref >

NAUNBUNDY |  NAWUII nasela
49 Cis-3-Methylcyclohexanol - 1216.251 - -
50 2-Methylcyclohexyl butanoate N - - 1216.417
51 2-Ethoxyethyl butyrate - 1233.545 - -
52 Hexyl 3-methylbutanoate 1244+1 1242.936+1 - 1242.928
53 Isopentyl hexanoate 1252+2 1251.209+2 1251.209+2 -
54 6-Methylhept-2-en-4-ol 2 - - 1285.539
55 (2-Methylphenylmethyl acetate 1287+N/A - : 1368.739+N/A
56 4-Allyl-2-methoxyphenol 1357+3 1357.120+3 - -
57 (2)-Oct-3-en-2-ol - 2 - 1377.48
58 1-Vinylhexyl butanoate - 1377.591 - -
59 Hexyl hexanoate 1384+2 - - 1387.114+2
60 (2)-oct-5-en-1-ol - 1387.866 - -
61 Dihydrocarvyl acetate > 1394.127 - -
62 Cyclopentyl butanoate ' - - 1449.609
63 5-Allyl-1,2,3-trimethoxy-benzene 1554+4 1557.566+4 - 1557.338+4

8¢
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NNMIRATEINanTaaesiiLkandliivia LA sesme Uiy sndeay fina
sopsAUszNoUYRITIzme TunmuvesmsinngiillewIeuisudugdudusening ndoven
nesfundethin ndreviennestundisle wagndaetnindundaels anunsnazUldd ndreveunes
uazndglal i 2 aeitusiagnuansszmeindoutuunniian eradlesnani 2 aewusiien

]

WANANIYD9RIAYTENBUANSATINS Egd181INAIN TUNA8uIN

3.2 maszyarssnneildnaulundrevieunas ndauld uazndaetrt Tnsldinadia Hs-SPME
39Uy GC-MS/0 Tun1saasien

Tudhumsnnaesi ssfunmsnaaesiiviinisssyanssemedlindulunandisanvesndas 3
aWuslaun ndreveunes ndwld uay ndawtini Mrenisauniuainuywduenniioninnis
AATe9ie detector a8 Tnpwdeuiiesandesuieiiutuneureimsiineiansssme
Tundae TnszimedussnoutesassseINTzesna AU 46 Uil Sukurundii 2.5 Dusuly
FAasizindumaAngasiuiu 1 au agsiinsaunautiioszyansssneilinauriiuaieile
olfactometry detection port if@aenu191AsAIBS GC-MS 438n31 tnAfla chromatography-
Olfactometry (GC-O) TngAnseiansseimelsinduandosnesndasaneiugay 1 ade uaztufinna
vaurldinduans (ﬁwsgﬂmaLﬂ?ﬁlau;ﬁmwzﬁﬂémww@a%ﬂ 1 Au)

MNHAMIMAGRY A58 3.6 Lunsdadduasiissaindn retention time (udadeain
A58 3.2-3.4) WazlTeuifiunsouszyasilingu lnemsszynausginsduiinbarfiansoonain
Olfactometer snéfaaynvesfias wazvinistuiinnaivaslinduasszmelaedsliddefdnuas

= N

(description) Vo4NAUNTDAINULIIVBINAL Mntuazthnanfidufinldufieusuan retention time
Y0IA1TINANTIATIERHIUMATA GC-MS %ﬂwuiﬂunnma’j%mmsmzqmﬁﬁﬁ retention time
Tn&Asstunaiigauldnduansssmeiomn Sannsadudloasuaenauiisuldluynnsd
Tundreveumosmuanssevelinauiomn 23 a3 nasfiszyinseild 41 ans ansdau
szlﬂumiﬂizﬂauiuﬂfjm ester 97U 18 @19 laun ethyl acetate, 2-methylpropyl acetate,
ethyl butanoate, butyl acetate, pentan-2-yl acetate, 3-methylbutyl acetate, 2-methylpropyl 2-
methylpropanoate, 2-methylpropyl butanoate, butyl butanoate, 3-methylbutyl butanoate,
isopentyl 3-methylbutanoate, 2-methylpropyl hexanoate, (E)-hex-4-en-1-yl-butyrate, hexyl
butanoate, 2-ethoxyethyl butyrate, isopentyl hexanoate, 1-vinylhexyl butanoate, L& ¢
dihydrocarwyl acetate anslinaulunguvesansusznaudu 4 il ndu aldehyde wu 2 ans fe 3-
methylbutanal kag E-2-hexenal ﬂ?jll alcohol WU 1 @13 Ao 3-methyl-1-butanol ﬂﬁju phenol wu
1 @15 A8 d-allyl-2-methoxyphenol kagnaugavnefsnguvetaIsUsenau aromatic Wy 1 @15 e

1,2,3-trimethoxy-5-prop-2-enylbenzene o ethyl acetate, 3-methyl-1-butanol, 2-methylpropyl
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acetate, ethyl butanoate, butyl acetate, pentan-2-yl acetate, E-2-hexenal, 3-methylbutyl
acetate, 2-methylpropyl butanoate, butyl butanoate, 3-methylbutyl butanoate, isopentyl 3-
methylbutanoate, hexyl butanoate, isopentyl hexanoate, 4-allyl-2-methoxyphenol, way 1,2,3-
trimethoxy-5-prop-2-enylbenzene tHuansszimelinaufinulusuidoes asdnm vuad wavamy
1 g eumdng

nsmssvanssavielinaulundaels wuansssmelinawioms 11 @15 arsaulngdu
a15Usgnaulungy ester 31U 7 @75 bauA 2-methylpropyl acetate, pentan-2-yl acetate, 3-
methylbutyl butanoate, pentyl 3-methylbutanoate, pentyl pentanocate, hexyl 3-
methylbutanoate, kag (2-methylphenyl)methyl acetate awsiﬁaéuiumjmaamaﬂszﬂau
aldehyde uag alcohol wungaag 2 @13 Av 3-methylbutanal ffu hexanal wag (2)-hex-2-en-1-ol
iU (2)-oct-3-en-2-ol MUFIAY

Tumandufundasthingnuasssmedlinaulunduvesaisusznau aldehyde iluwdn
uansnsaInndeneetuarndglifivgidunguuesansusznou ester ilasninndasinriidinaud
wanengllannndneveunssuasndely FudunariliAnanuunnssvesanssameiilindy Tnenwu
arslinduiios 5 @15 laun 3-methylbutanal, hexanal, butyl acetate, 2-methylcyclopentan-1-
one, ag (2)-hex-2-en-1-ol

nlude 3.1 auiuldilundreudavaneiusaninsafunuansuszneuiisemeldunnniy

a0

UINATUTZNOUNIINGUANAIYNUYBINTIINY Iesnarsuaazyiinvziia1 odor threshold

Y Aa

(Faudntuigavesaslinauiiiinysdarunsasuinauls) unnesiusenly luns dlvesans

U

a

q'w v a a U ] ‘NIQ '3 a1 a
SLMETNAUNUUNNAITUSUI NN T UAIBE 19N IATIEY kASAT odor threshold FUNUAIUFINITE

'
v Y a

uywdazuinauld Aszdsmailiasdsnanduasililindu wazlunsdlvesansszimeuredaiidl
Usuavesanslussdusenautien wifldn odor threshold funn fAaedawaritlviansdenailuansd
Tinaw Tnern odor threshold @nansadilusuanduen odor activity value (OAV) Fadudnsndu
syismududuresasusazaialusiegnaazm odor threshold vesansiug ansszineladiien
OAV g4 (OAV = 1) funltuasiuduasddayilanau

Mndildnarndsiu nduveandreuywdlinauduisanduvesassemeifissusans
widufivszneufuduesddszneuveinduvesndrsatefusiu 4 uazainuanismaaeinis
Wisuisuassemelyinauaziiuladinndievesmesnuasszmelinauuiniign Iadenndaeney
noudusegrdlunshnseiansiinauiminfiunnsnaiu iiedinseiinnnusansiwessun

YoINMERIBgAzdHadionduuyudlasunsell warazthlugnmsussunuen OAV ag19As17 9 19
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A1979 3.6 WUSUBUETTEMEN INAUVBINA8MBNNDY NA2EU1IN waznalely ns1eiinne

wAlla HS-SPME/GC-MS/O

Volatile compounds

Order Compounds RT.Avg nany naey
y , | ndwly
YN U191

1 Ethyl acetate 2.838 X

2 3-Methylbutanal 3.263 X X X
3 3-Methyl-1-butanol 4.406 X

a 2-Methylpropyl acetate 5.237 X X
5 Hexanal 5.848 X X
6 Ethyl butanoate 5.920 X

7 Butyl acetate 6.294 X X

8 Pentan-2-yl acetate 7.376 X X
9 2-Methylcyclopentan-1-one 7.431 X

10 E-2-hexenal 7.455 X

11 | (O)-Hex-2-en-1-ol 7.913 X X
12 3-Methylbutyl acetate 8.282 X

13 2-Methylpropyl 2-methylpropanoate 9.704 X

14 2-Methylpropyl butanoate 11.359 X

15 Butyl butanoate 13.098 X

16 3-Methylbutyl butanoate 15.851 X X
17 Pentyl 3-methylbutanoate 16.700 X
18 Isopentyl 3-methylbutanoate 18.061 X

19 2-Methylpropyl hexanoate 20.149 X

20 | Pentyl pentanoate 20.227 X
21 (E)-Hex-4-en-1-yl-butyrate 21.734 X

22 Hexyl butanoate 22.009 X

23 2-Ethoxyethyl butyrate 23.804 X




32

M1319 3.6 (519)

Volatile compounds

Order Compounds RT.Avg naley naey . .
y , | ndwgly
$UNDN U191
24 Hexyl 3-methylbutanoate 24.218 X
25 Isopentyl hexanoate 24.583 X
26 | 4-Allyl-2-methoxyphenol 29.143 X
27 (2-Methylphenylmethyl acetate 29.633 X
28 | (2)-Oct-3-en-2-ol 30.001 X
29 1-Vinylhexyl butanoate 30.006 X
30 Dihydrocarvyl acetate 30.704 X
1,2,3-Trimethoxy-5-prop-2-
31 37.147 X
enylbenzene

WASDIUNNY X waasInduanssewmelinau

3.3 N1595U1enauvasanssiantinaulundlrsveunasnisiasiziassewmenlinaunuinin
uanA19AuYaINge lUEIATITInaUIINIY 3 AU Taeldinalia HS-SPME 39uiu GC-MS/O Tu
AN5AATIEN

syuansseglinaulundigreunasnununiuane1eiy fall 4.0, 2.0, 1.0, 0.5, kag 0.25

9

n3u lew3euiag 1 aindIenIUNINAGRIN 2.3 wagiinisinsgivilounude 3.2 Ingldfinsen
NAUTIUIU 3 AU (IWANY 1 AU LWARDY 2 AY) AAsIzundunumidnas 1 aswazitnistudinioa,

YurlANAUVBIAIT HANITVIAABILAAINIATFIY 3.7 lngusazuminveiieg19azidunisseying

PEVN ¢ v Y a

Uutniu o vesiiegsudazyiia Juaesiznanisasusnaulanau lnediliauladnwuzvssnau

Y Y

(aroma descriptor) 15Ul wudassemenlvindunanveInmeeunesInasTEmelinauavan
23 @15 1 10 @15 bawA 3-methylbutan-1-ol, isobutyl acetate, ethyl butanoate, isopentyl acetate,

isobutyl butanoate, butyl butanoate, 3-methylbutyl butanoate, (E)-hex-4-en-1-yl- butyrate,

Y a

hexyl butanoate, wag d-allyl-2-methoxyphenol vJuansfiaunsasusnaule Tuyn 9 dminues

Y

NAIENOUVIDY PINNNTITYVDIFIATIINGURE IR 1 AU wansiansssmvesdniuluanssymenln

naunaNlUNAILVBNNBY LATNANITIATIEINGUIINATIN 3.7 ansusviinaziiualiiveanisiul
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nauresasanasiiediminuesndiesogreanas Vivenldinusinaesndiedaogreildlunis
Ainsanssemelinaussiinadoninuusiven dundenisiindu fanUsunamendiedietiag
foundn 0.25 n3u dwalvanssemeilvinduuisiinaeifuansiginseiliaunssuinauld ena
dlosnanUSunanesasniernududuvesaslussdusenavanasdemalia odor activity value
(0AV) fnas vilvinduilafulimnuussvesnauanamiestluseiuiiuyusliaunsosuifnauls
nseBuIBnauvesasuiazyin §198sa ngrudegavutiuled The Good Scents
Company Information System (http://www.thegoodscentscompany.com) 31n#19519
3.7 wuhanssemelvindulundevenmesdrilvgjazeglungu nauwals! (fruity) Aoy 48% vesans
slﬁﬂﬁ'uﬁzwm 19w 3-methylbutan-1-ol, isobutyl acetate, ethyl butanoate, isopentyl acetate,
isobutyl 2-methylpropanoate, isobutyl butanoate, butyl butanoate, 3-methylbutyl butanoate,
isopentyl 3-methylbutanoate, 2-methylpropyl hexanoate, tag isopentyl hexanoate &1 Fuit 2
Anlu 13% vesarlvinduvionun & 1 ndw e nAuainn1suss (ethereal) léur 3-methylbutanal,
ethyl acetate lag butyl acetate ﬂﬁjuﬂéuﬁﬂﬁuﬁ 3 Aoy 9% vosanslinauiiavun & 2 nay A
naungn (sreen) 1oun (E)-hex-2-enal wag hexyl butanoate, way nAuA3aane (spices) laud 4-
allyl-2-methoxyphenol wag 5-allyl-1,2,3-trimethoxy-benzene ﬂdMHﬁuﬁﬁﬁuqmﬁﬂaﬁﬂLﬁu 4%
vosaslinauianun & 3 ngu Ao nduasulns (herbal) 1éiun pentan-2-yl acetate nautfiavion

(mushroom) 1auA 1-vinylhexyl butanoate wavnaupanlsl (floral) e dihydrocarvyl acetate



A1979 3.7 WEASTIUIUVBIANNAY ANATTEMENinEUYRINAIENDNNINUINTNNUANAIUYBINAIY HIUEIATIZINAUTINILY 3 AL

R4 1
v A

No. of panelists detecting

Order Compounds Aroma Descriptors aroma-active compounds
4¢|2¢|1¢|05¢g]| 025¢

1 Ethyl acetate ethereal, fruity, sweet, grape, rum-like 2 1 3 0 2

2 3-Methylbutanal ethereal, aldehydic, chocolate, peach, fatty 2 2 2 0 0
fusel, alcoholic, pungent, ethereal, cognac, fruity,

3 3-Methylbutan-1-ol 1 3 3 2 2
banana, molasses

il Isobutyl acetate sweet, fruity, apple, banana 3 3 3 2 3

5 Ethyl butanoate sweet, fruity, tutti frutti, lifting S, 3 2 3 3

6 Butyl acetate sharp, ethereal, diffusive, fruity banana 3 1 2 1 0

7 Pentan-2-yl acetate herbal tropical 3 1 2 1 0

8 (E)-hex-2-enal green, banana aldehydic, fatty, cheesy 0 2 1 2 2

9 Isopentyl acetate sweet, banana, fruity with a ripe estry nuance 3 2 2 3 3

10 | Isobutyl 2-methylpropanoate pineapple, grape, skin, tropical 2 0 1 0 1
sweet, fruity, candy, berry, cherry, tutti frutti, over

11 Isobutyl butanoate 2 2 2 2 1
ripe, bubble gum-like

12 Butyl butanoate sweet, fruity, fresh, diffusive, ripe 3 3 3 3 3

13 | 3-Methylbutyl butanoate fruity, ereen, apricot, pear, banana 2 3 3 1 3

be



A1514 3.7 (sia)

No. of panelists detecting

Order Compounds Aroma Descriptors aroma-active compounds
4g¢|2¢|1¢g|05¢g|025¢

14 | Isopentyl 3-methylbutanoate sweet, fruity, green, ripe, apple, jammy 3 2 3 2 0
15 | 2-Methylpropyl hexanoate sweet, fruity, pineapple, green, peach 0 2 2 2 3
16 | (E)-Hex-4-en-1-yl- butyrate - 2 3 1 2 3
17 Hexyl butanoate green, sweet, fruity, apple, waxy, soapy 3 3 2 3 1
18 2-Ethoxyethyl butyrate - 1 0 2 1 1
19 Isopentyl hexanoate fruity, banana, apple, pineapple, green 2 3 2 2 0
20 | 4-Allyl-2-methoxyphenol sweet, spicy, clove, woody 2 3 3 3 3
21 1-Vinylhexyl butanoate fruity, mushroom, butter 3 0 0 1 2
22 Dihydrocarvyl acetate floral, rose, cuminseed, sweet, minty 1 2 1 0 0
23 5-Allyl-1,2,3-trimethoxy-benzene | spice, flower 3 3 2 1 0

WA3DINNNY — UNI8A1UIT lainunisesulgvainduangudeya

G¢
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3.4 nsdaaziansusenauiilinaulundleveunas

fuasreiansseivelindusionun 5 a3 diuufAsemdn 2 U§Asen Tasans isobutyl
butanoate, ethyl butanoate, uag hexyl butanoate lﬁé’umwﬁmuﬂgjﬁ%mmnmuﬁmaq acid
anhydride ¢3¢ alcohol Ined 4-dimethylaminopyridine (DMAP) 1JuaLssUiATe1'® dauans
isobutyl acetate Uag isopentyl acetate duA31MNIUUAATE Fischer esterification nneldaniiz
Adunsa Wiehasnduengilsnaunuiuiundurendeneimes ngszyinsgiasmnenaie

Proton nuclear magnetic resonance ("H NMR) nansnaaeslussneludl

3.4.1 d91A512% isobutyl butanoate, ethyl butanoate, waz hexyl butanoate

ANSANAIIEI isobutyl butanoate, ethyl butanoate, Wa¢ hexyl butanoate Bhu%umauiu
nsdansiziimileuiy 3ua1nn15iAY alcohol vesusazUfAzen leun isobutyl alcohol, ethyl
alcohol, waz hexyl alcohol S1uauluawiniuA® 10 mmol wguiu DMAP 0.05 mmol Weotdusiss

U381 Wfias butyric anhydride U319 11 mmol 1ty stir inaumafiiesduiaan 9 9alus it

I =

D.l. USu1ms 1 mmol waw stir devigauugiiiesauasy 1 Falus antduivewwaulvadniieiua
sodium hydroxide tWen13nNsA carboxylic waiINITNAUNBLANAILUTANTVDIANT
UATe17uusINARIN nucleophilic attack ¥a9 lulnsiaunidlnifiuves DMAP fivigjansue
flaves butyric anhydride 9Mn1uMY carboxylate naneen Andu intermediate (2) 971U alcohol
Wi fAseniivaiansueliaved intermediate (2) Audign1svgaeanvedluiana DMAP Feluiang
DMAP fingaeeniatuisainufizenfiu acid anhydride dutanaduladn lutugnvinelossuy
[y ! a a [ by Y a [ L3 sa v
carboxylate iUIUimumﬂwyﬂamaﬂ% Wndunsa carboxylic wazlananiugiloaneosNaeens
nalnufiseiintuduanigy 3.6
o 0 0 0~ 0 )
A —J P — P
A
R C R R 0 R _____N"/t\R R 0"
O—H
7
/ N R
\
N = (1) 2)
| \
o]

s — e R

+ - + -— /* + )_L

R/\O/H R/\{:-H /':{.2,\ R g —=N O:\R R 0"
R’ “\/ \ / R(/ H

—N

U 3.6 uansnalnn1siinufiisen Acylation of alcohols with acid anhydrides

0 j ] '

ANt
\
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3.4.2 §UAT1ZH isobutyl acetate Wag isopentyl acetate

N19§4LATIEY isobutyl acetate Wag isopentyl acetate Mudunoulunisdansiend
wilouu 15U9N194AY alcohol weakmazUfATen Idu isobutyl alcohol 0.022 mmol wawy
acetic acid 0.022 mmol wag isoamyl alcohol 0.019 mmol HauAU acetic acid 0.020 mmol
AUSIRY LAY sulfuric acid 7.50 mmol 111U reflux AreaaINSauuY hot plate WWutian 90 ual
Aus0dUATIERENT LA mnﬁ?uﬁﬂﬂaﬁ’mﬁwwﬁ sodium hydroxide Werdnnsauazynisnauiie

UANLUIEVIEVetans Wnenalnufiseniiinduduansgyd 3.7

0
|| H*
S N
—
R/\OH

U 3.7 uananalnnisiinUfAsen Fischer esterification

Taaduusn acetic acid Sulusnauann sulfuric acid Mpuasluiiatduarsniniudu
electrophile LiiuTu 9MNUUAR nucleophilic attack Y84 alcohol MnyAusiiaves acetic acid in
\Ju tetrahedral intermediate Fugaluiinnisiasumunisvadlusneuvinliiluanavesumanaen

Tonandaedutinnazioamas
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3.5 M3ILYAATIENAIBINATA Proton nuclear magnetic resonance (*H NMR)
asUsznauliindusis 5 ans idnaseildnnuiisentis 2 Uiserluiade 3.4 danfiged
nslassaiawesanssomaia 'H NVR Tngazuansaasenuilusuuuuvesaunn u dsamnsald
fuihilassadsvesansfidunnesild daoehaduaai
awnn3u 'H NMR sasnsfidansisiinul jideinsunudives acid anhydrides §g alcohol

Ined d4-dimethylaminopyridine (DMAP) tufa139UfA%e1 luitiavosuisainnsuves isobutyl

o

butanoate fagy 3.8 Wufia doublet $1u7u 2 Tsneu 7 6 3.84 ppm A J= 6.7 Hz Wudnyyn

[

¢ ° \ v : a = & s a
Y23lUTNOUUUAISUBUAILIUY a lA1daay1as downfield innfigasiiosanidulusnouuunisueud

AR}

Anffusendiau fin triplet S1uan 2 Wenew 1 6 2.28 ppm M J= 7.4 Hz Wudaawestusaeuuy

msuausiuvis b ifumiusuiinfuvgasueia fin multiplet 41101 1 way 2 Wsneu 7 8 1.91
wag 1.65 ppm A1 J= 6.7 Hz anudrauidudyaiuvedusnouuuansuousiunis c uay d fim
multiplet §1u3u 6 TUsnau 71 & 0.95 ppm A1 J= 7.4 Hz Wudyaiasinvedtusneuuuaiiveu
Funis ef uazfia multiplet 3133 3 Wsnau 71 6 0.92 ppm A1 J= 6.7 Hz WJudyainsiuves
TsmauuuasUausumls ¢ lusnausuiianiniu 16 f Gedenndasiulasadnavesas dauns
auwalUnasy 'H NMR 209 ethyl butanoate (U 3.9) wag hexyl butanoate (3U 3.10) Juldly
SnwzLALNUAUlATIES19Y8Y isobutyl butanoate

duaUnasi 'H NMR v83e3Ndas1sinuUfATen Fischer esterification neldan1agd
Hunsn Tuiidazedsunslasadnenes isobutyl acetate fagd 3.11 wufia doublet 11w 2 Tusmoudl
0 3.81 ppm a1 J= 6.7 Hz Dudyaaveslusneuuuaisusuiiumis a lirdgia downfield
unitgaiosnnifulusneuuumiveuiiniuesnesveioandiau fia singlet 71 & 2.02 ppm $1uru

(%

3 Wynou WWudyayravedlusnouvuaisueusunis b fia multiplet $1u3u 1 Wenou 71 & 1.88

ppm WudauveslusnouuuaIsuauiIbmil ¢ wagiia doublet 71 6 0.89 ppm d1uau 6 1Usnau
A1 J= 6.8 Hz Wudygyruvedusaauuunsvausmuviy de insisilulusnauiieguuaisuau
FLUNUILAEIAY TUUIUTRDUTILLAWYINAY 12 F1 TanAasiulATeasauesans wazainnsuusy

isopentyl acetate avaSuneludnuuzinedtuiu laseaiaves isobutyl acetate (§U 3.12)
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d3UnNan1InNnasy

31nnsAnwesAlsTnovteasseinelundly 3 @enug lawd ndteveunas naleld was
n&1e1131 Taeldmaila Headspace solid-phase microextraction (HS-SPME) sauiutnAila Gas-
chromatography-Mass-spectrometry (GC-MS) Tun153LATIER NUIINAYRDUNDINUAITTLLNY
Waun 41 815 naldnuionn 39 @13 wazndeth i murein 14 @3 deanssemvefinunseiuly
n&ems 3 anenug fifanun 6 a3 leun 3-methylbutanal, hexan-1-ol, isopentyl acetate, butyl
butanoate, 3-methylbutyl butanoate, a2 hexyl butanoate LLazwudwmsﬂizﬂaumju ester 1Ju

'
o U = 3

assemengudAInuIINtUNaIEnY 3 arenug

q

N1552UANSSeneNtnaulundrene 3 arewus tneldnada HS-SPME-GC-MS 523U

9 9

[

Chromatography-Olfactometry (GC-O) lun13iAs1einauaasansszine WUINTILAREA BT
flosfUsznovvasanssemelinauiiunnaneiu lundrenoumesnuanssamefilinauiomn 23 @13
ndelawusienun 11 ans dalug)fuarsuszneulungu ester uagndaetirimusionun 5 a3 Sady
ansUsznoulungy aldehyde Wundn

mssz‘qmiizmaiﬁﬂ?a'uiuﬂé"’aawamaqﬁfmﬁfﬂﬁLLmﬂGmf‘ﬁ'u el 4.0, 2.0, 1.0, 0.5, Ay 0.25
n¥u nuinimidniianasweindreveunesinasenislinduvesarssyive Tnswwildudiulng ans
sumeariiaunswenauilioawideluiamun i ianawesndreveunas asszmelindy
nanlundalreveunesdl 10 @15 laun 3-methylbutan-1-ol, isobutyl acetate, ethyl butanoate,
isopentyl acetate, isobutyl butanoate, butyl butanoate, 3-methylbutyl butanoate, (E)-hex-4-
en-1-yl- butyrate, hexyl butanoate, W8 4-allyl-2-methoxyphenol mﬂﬁgwm 23 @19 wagnIs
oSurenduvesansusiazaila $198sangudeyavuivled The Good Scents Company
Information System Wavdanqunauvesairsseineilinduniudoesuie
nauldfenun 7 n qu laun naunaldl (fruity), ﬂ%mmnsﬂ'gq (ethereal), nAung
(green), ﬂ?}lum%um (spices), ﬂ?{uamquim (herbal), ﬂéuLﬁmwau (mushroom) waznaunenls

(floral) Anvduseeas 48, 13,9, 9, 4, 4, uay 4 INa155eelRNAUNINUANIUEITU
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