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Determination of Volatile Compounds in Sesame Oil and Sesame Flavor Using Headspace Solid-phase
Microextraction and GC-MS
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Abstract: The volatile composition of commercial and laboratory-prepared sesame oil and two sesame flavor samples was
analyzed by headspace solid phase microextraction (HS-SPME) coupled with gas chromatography-mass spectrometry (GC-MS).
Sesame flavor contained higher levels of volatile compounds such as pyrazines, furans, pyridines, ketones and phenols, which
greatly contributed to the aroma of sesame oil. However, such compounds as 3,5-dimethyl-Phenol, 3-methyl-1, 2-cyclopentanedione,
2-hydroxy-3-methyl-2-cyclopenten-1-one, cyclooctane and 2-furfurylthiol were observed in sesame flavor but not in sesame oil.
Thiazole and pyrrole were only detected in sesame oil but not in sesame flavor.
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Table1 Volatile composition of sesame oil and sesame flavor (n=3)

- . WEYE T/ %
feiirats REIImin —F e e VS 20w
il 23.91 40.21 14.74 11.10
It pyrazine 5.718 0.36 0.87 — —
LI R methyl-pyrazine 8.321 5.98 10.37 14.60 —
2,6- - FILIEHE2,6-dimethyl-pyrazine 10.473 4.65 7.66 — —
I ethyl-pyrazine 10.552 1.36 2.30 — —
2,3- LI R 2,3-dimethyl- pyrazine 10.647 1.13 2.00 0.13 9.74
LIRiFENL VR ethenyl-pyrazine 10.894 0.32 0.31 — —
2-£.3E-6- LN B2 -ethyl-6-methyl-pyrazine 12.251 1.53 2.14 — —
2- L HE-5- T FENEIE2-ethyl-5-methyl-pyrazine 12314 1.17 1.69 — —
2-T 3k-3,5- LI EE 2 -butyl-3,5-dimethyl-pyrazine 12.323 — 423 — —
2- )i JE-6- FH BENE R 2 -ethenyl-6-methyl-pyrazine 12.641 0.55 — —
2- Lk FENE R acety lpyrazine 12.764 0.54 0.46 — 1.35
2-HBE-5-(1-H 2k £ J0)NiE R 2-methyl-5-(1-methylethyl)-pyrazine 13.275 0.68 — —
1-FIE 27 5EnE Y (1-methylethenyl)-pyrazine 13.548 1.32 0.56 — —
3-4.45-2,5- " ALt BE 3-ethyl-2,5-dimethyl-pyrazine 14.123 0.50 4.84 — —
3-FHJE-3-(2- N I 3 ML 2-methyl-3-(2-propenyl)- pyrazine 14.711 0.38 — — —
2- £k HE-5- FIENE IR 1-(5-methyl-2-pyrazinyl)-1-ethanone 15.186 0.80 0.32 — —
2- P JE-6- H SENE IR 1-(6-methyl-2-pyrazinyl)-1-ethanone 15.288 — 0.72 — —
5H-5-methyl-6,7-dihydrocyclopentapyrazine 16.065 1.00 0.36 — —
2,3- 4 Hk-5-H N I%E 2, 3-diethyl-5-methyl-pyrazine 16.578 0.48 0.22 — —
2,3,5,- = H13E-6- £ FEIEIEE2, 3, 5-trimethyl-6-ethylpyrazine 16.612 — 1.09 — —
3,5- 4 Hk-2- I HEn e 3,5-diethyl-2-methyl-pyrazine 16.665 0.49 — —
1-(3,5- - F LI R)- £ i 1-(3,5-dimethylptrazinyl)- ethanone 17.490 0.20 — — —
2,5- 2 FHE-3-(1- N Jk )L 2, 5-dimethyl-3-(1-propenyl)-pyrazine 19.598 0.18 — —
6,7-dihydro-2,5-dimethyl-5H-cyclopentapyrazine 19.679 0.06 — —
2-FUAEJE-3-(1- 3 23 ItE e 2-methoxy-3-(1-methylethyl)-pyrazine 21.420 0.15 — —
“ilk 5.67 2.68 17.92 1.27
2- F LRI 2-methyl-furan 2.771 0.15 — 0.29 0.03
LI vinylfuran 5377 0.05 0.03 — —
2-SHIEHK IR 2-furancarbonitrile 7.842 0.04 — — —
FE% furfural 8.626 2.03 0.90 11.09 1.04
3-WR IR FA % 3-furaldehyde 8.831 0.21 0.16 — —
2-(2- N )R IET 2-(2-propenyl)-furan 9.121 0.12 — —
5-FH L% 5-methyl-2-furancarboxaldehyde 11.596 1.20 1.00 6.42 —
2- R 2-pentyl-furan 12.086 0.28 0.50 0.07 —
LR B 2-furanmethanol acetate 12.191 1.12 — —
2,2'-FJERKIE 2,2 -methylenebis-furan 14.262 — — — 0.08
S-(2-MMi F L) A X £ 1% i ethanethioic acid, S-(2-furanylmethyl) ester 16.810 — — 0.11
2-(2-W i R G )-5- FR R G IR 2-(2-furany Imethy1)-5-methyl- furan 17.610 — — 0.04 —
2-[(methyldithio)methyl]-furan 19.119 0.44 — —
2- LB UK 2-hexyl-thiophene 21.949 — 0.05
ik 4.94 2.05 10.03 7.75
NI pyridine 6.273 0.15 0.12
2-FFEIEIE 2-methyl-pyridine 8.265 0.08 0.27 — —
4-5HEnlt g 4-pyridinamine 8.578 — 0.14 — 7.75
2- ZHEIEmE2-ethyl-pyridine 10.416 0.11 — — —
5- F HE-2-ntE g i 5-methyl- 2(1H)-pyridinone 11.954 0.25 — —
2,6-" HJE-3-Z JEIEmE2,6-dimethyl- 3-pyridinamine 12.354 3.25 — — —
4-F% L BE4-pyridinemethanol 12.402 — 0.98 — —
2,6- i 3k-4-5 3Lk he 2,6-dimethyl- 4-pyridinamine 12.837 — — 10.03 —
2,6-PY i FE-4-Z FENEIE 2, 6-tetramethyl- 4-pyridinamine 16.785 0.55 — — —
2- [ AL IE 2-pentyl- pyridine 18.341 — 0.52 — —
2- ] FENEmE2-butyl-pyridine 18.398 0.52 —
it 4.30 2.77 0.00 0.00
it pyrrole 6.562 0.28 —
1- ZFE-1H-I 1% 1-ethyl-1H-pyrrole 8.070 0.05 — —
3-24 JENE W ¢ 3-aminopyrrolidine 9.583 — 0.53 — —
TH-2-IE i 1 H-pyrrole-2-carboxaldehyde 12.838 1.36 1.57 — —
1- .3~ 1H-IE % i 1-ethyl-1H-pyrrole-2-carboxaldehyde 13.378 — 0.31 — —
L TBEFENL % 1-(pyrrol-2-y1)- ethanone 13.972 1.67 0.34 — —
FEILNEn-2- 2 Bimethyl pyrrole-2-carboxylate 15.564 0.37 — —
1-(2-FRHH FF L) TH-nEE % 1-(2-furany lmethyl)- 1H-pyrrole, 17.734 0.43 — —
5- F JE-2- F g - 1H-HE 1% 5-methyl- 1 H-pyrrole-2-carboxaldehyde 17.936 0.11 — —
“ilk 0.98 3.01 0.00 0.00
2- A JLWE M2 -methyl-thiazole 7.970 0.06 0.20 — —
4-H FEWE:4-methylthiazole 8.157 0.55 0.90 — —
5-FH AL WEIES-methyl- thiazole, 8.825 — 0.38 — —
2,4,-— FILIBEME2 4-dimethyl- thiazole 9.935 0.08 0.47 — —
2- LHEEMED-ethyl- thiazole 10.372 — 0.18 — —
4,5- " FAFEWEMA 5-dimethyl- thiazole 10.982 0.17 0.24 — —
£ FEBEMES-ethyl-thiazole 11.203 0.10 0.23 — —
2- 2T HEWEME2 -acetylthiazole 12.683 — 0.38 — —

il 12.62 3.23 18.09 16.98
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4:3R1
A - g WEW T /%

[CREL R LR B 1 7] /min SRR = 1BTR DR
3-HIEZK %) 3-methy 1-phenol 8.534 0.25 — — —
4-[2-(5-nitro-2-benzoxazolyl)ethenyl]-phenol 12.218 — — 0.02 —
3,5- L2 W) 3,5-dimethyl-phenol 12.424 — — 13.31 7.14
2- 145 JE 25 By 2-methoxy- phenol 14.514 9.45 2.99 475 9.84
2-(1,1- FHE 2 HE) %021, 1-dimethylethyl)-phenol 15.261 0.14 — — —
4-fii LK 4-mercaptophenol 15.898 0.18 — — —
1,2,4-7K =W} 1,2,4-benzebetriol 18.955 0.12 — — —
4- L2 HIAH K9} 4-ethyl-2-methoxy phenol 21.327 0.48 0.08 — —
2- 14 J-4- LR ZK T 2-methoxy-4-vinylphenol 22.106 1.34 0.16 — —
2,3- KL 2K )2,3-methylenedioxyphenol 22.655 0.52 — — —
2,5- I 3E-1,3-7K - fy4,5-dimethyl-1,3-benzenediol 23.521 0.12 — — —
&l 8.20 6.83 0.50 2.35
A L stethylene oxide 1.776 — 0.09 — —
S Hkcarbon dioxide 1.586 7.80 6.57 — 1.89
JiJtpentane 2.091 — — 0.04 —
“ S Himethylene chloride 2.289 — — — 0.02
2- L I J5E2-methyl-pentane 2.387 0.12 — — —
3- I ke 3-methyl-pentane 2513 0.06 — — —
i pthexane 2.684 0.08 — 0.03 —
=& Hitrichloromethane 3.045 — — 0.04 —
1FE¥toctane 7.636 0.02 — — —
1,3- = LR R4 1,3-dimethyl-cyclopentane 9.715 — — — 0.14
T-¥énonane 10.157 — 0.17 — —
#¢hidecane 12.234 — — — 0.02
2-tolyloxirane 13.489 — — — 0.06
H:fstcyclooctane 13.938 — — 0.38 0.16
-+ —Jtdodecane 18.362 — — — 0.04
1E-T-PUditetradecane 23.398 0.10 — — —
it 0.00 0.26 0.00 0.00
Wy thiophene 3.838 — 0.06 — —
2- FISEWEW; 2-methyl- thiophene 6.808 — 0.08 — —
3- FH L WEW} 3-methyl-thiophene 7.035 — 0.11 — —
“if 1.78 4.19 5.25 2.82
A acetone 1.999 0.30 0.78 — —
2-"]"fiij2-butanone 2.723 0.07 0.38 — —
3-H1%E-2- T fili3-methyl-2-butanone 3.644 0.14 0.13 — —
2-C4i2-hexanone 3.714 0.08 — — —
2- )%l 2-pentanone 4.345 — 0.08 — —
2,4-J% {2, 4-pentanedione 7.180 — 0.09 — —
1- A 3E-2- A i 1-(acetyloxy)-2-propanone 9.658 — — 0.29 —
2-Pfii2-heptanone 9.984 — 0.84 — —
5,6- 2 -2H-IL -2 5,6-dihydro-2H-pyran-2-one 11.296 0.15 — — —
3--Hi3-octanone 11.976 — 0.27 — —
K )\ fidoctadecanophenone 12.619 — 0.24 — —
1-ME % -2-F 2, 1-(1H-pyrrol-2-yl)- ethanone 13.090 — 0.21 — —
2-F4HE-3-FIE-2- 3 R Ji- i 2-hy droxy-3-methyl-2-cyclopenten-1-one 13.175 — — 4.84 1.61
3-F3E-1,2- 34 )1 il 3-methyl-1,2-cyclopentanedione 13.340 — — 0.11 0.04
1,3- FRBE-2(1H)-EBE R 1,3-dimethyl-2(1H)-pyridinone 13.408 0.16 — — —
7k Z. filacetophenone 13.836 0.57 0.90 — —
2-methyl-6-methylene-1,7-octadien-3-one 15.099 — 0.22 — —
AH-IEG -4, 2- £,3E-3-F£3E2-ethyl-3-hydroxy-4H-pyran-4-one 18.690 — — — 1.16
2-methylthiocyclohexane-1,3-dione 20.184 0.17 — — —
5-methy-2-(1-methylethenyl)-cyclohexanone 21.603 0.09 — — —
“ir 2.04 1.26 0.25 0.05
X toluene 6.639 0.15 0.27 — —
/. Zethylbenzene 9.259 0.02 0.15 — —
R Sfistyrene 9.966 0.24 — — —
1,1'-[1,4-butanediylbis(oxymethylene)]bis-benzene 11.321 — 0.19 — —
2k Hi i bebzaldehyde 11.521 0.43 0.55 — —
3.4- 52K £ 3,4-difluoroanisole 11.916 — — 0.25 —
3-F-41 — H Z53-fluoro-o-xylene 13.111 0.33 — — —
1-FE-3- T4 3£ 7K 1-methyl-3-propyl-benzene 13.399 — — — 0.05
] %K butyl- benzene 13.506 0.22 — — —
1,3- 4 1,3-dimethoxy-benzene 16.227 0.16 — — —
1,3-dimethyl-5-(1-methylethyl)- benzene 18.907 — 0.04 — —
2-F FE-Jl5- 4K I iE2-amino-,oxime- benzaldehyde 20.316 0.10 — — —
1,2-% " Jli1,2-benzenediamine 20.524 0.08 — — —
4-FH AL Jif54-methyl-benzonitrile 21.908 0.14 — — —
2-F L. — KL T §E2-methyl- benzenemethanol, 22.651 — 0.03 — —
LW RE-2- 2 FE RS -n- FH 3 (2-hydroxyphenyl)-n-methyl-acetamide 23.850 0.08 — — —
T IR IE T Zbutylated hydroxytoluene 24.394 0.04 — — —

il 1.48 9.95 0.29 0.03
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=
4 T . WEYE T %
&2 T LR I 7] /min T S EA R EER
i#acetaldehyde 1.814 — — 0.07 —
2-FJL A J%2-methyl-propanal 2.409 — 0.08 — —
] F¥butanal 2.707 — 0.05 — —
3-HJE T 1% 3-methyl-butanal 3.537 0.05 0.98 — —
2-F 4L T #E2-methyl- butanal 3.758 — 0.34 — —
1E & ¥ pentanal 4.621 — — 0.044
. hexanal 7.690 0.10 3.23 0.17 0.03
Jl%heptanal 10.218 — 0.61 —
2-PENi 1% (E)-2-heptenal 11.417 0.21 1.64 — —
(JR)-2-3Jili% (E)-2-octenal 13.522 — 1.40 — —
Tl¥%nonanal 14.777 1.01 1.40 — —
2,4-%% " Jfil#2,4-decadienal 22.075 — 0.18 — —
(E,E)-2,4-T: 5[ (E,E)-2,4-nonadienal 24.195 0.08 — — —
it 5.07 3.95 0.56 0.18
FIi iz methanethiol 1.783 0.10 — — 0.01
Ziethyl alcohol 1.926 — 0.08 — 0.01
1E N i 1-propanol 2.478 — — 0.14 —
3-FJE-1-T i 3-methly- 1-butanol 5.975 — — — 0.03
1-J% % 1-pentanol 6.921 — 0.08 — —
5-2,3£-2- T 5-ethyl- 2-nonanol 7.830 — 0.20 — —
2-WIEg F i 2-furanmethanol 9.370 2.01 2.68 — 0.12
L% 1-hexanol 9.756 — — 0.41 —
2-JifiF2-heptanol 10.297 — 0.09 — —
1-°F45-3-1# 1-octeb-3-ol 11.912 0.22 0.78 — —
9-methyl-bicyclo[3.3.1]nonan-9-ol 20.824 0.05 — — —
1,2-benzodioxol-5-ol 22.416 2.67 0.02 — —
it 0.79 2.82 5.37 0.39
LilRacetic acid 3.315 0.79 2.73 3.85 0.39
A& propanoic acid 6.160 — 0.09 — —
CLRhexanoic acid 12.725 — — 1.52 —
“it 1.75 4.11 0.47 0.00
L i dimethyl sulfide 2.113 0.04 0.24 — —
“fififb. B carbon disulfide 2271 — 0.44 — —
L i dimethy] disulfide 5.952 0.61 1.60 — —
IR & Jtthiirane 9.644 — 0.226 — —
L = fiidimethyl trisulfide 11.665 1.091 1.591 — —
1,2- 4 A 1,2-dithiolane 21.230 — — 0.03 —
B 1% Bikbis(2-furfuryl) disulfide 22.376 — — 0.43 —
Hit 0.46 1.58 0.00 0.00
1-"F451-octene 7.399 — 0.03 — —
E-4- 48 JE-2- LV E-4-methoxy-2-hexene 9.753 — 0.30 — —
(2)- 3,7- - Hi3E-1,3,6-F =43, 7-dimethyl-, 1,3,6-octatriene 13.264 — 1.16 —
1,2,3,4,5,6-hexamethyl- 1,3-cyclohexadiene 18.742 0.15 — — —
2,6-dimethyl-6-(4-methyl-3-pentenyl)- bicyclo[3.1.1]hept-2-ene 23.950 0.27 0.08 — —
6-1-V4fi6-tetradecyne 24.491 0.04 —
it 2.11 0.61 3.99 9.98
1% F figacetic acid,methyl ester 2.182 0.63 —
2- IR T 52 -propenoic acid, methyl ester 2.992 — 0.30
2- i AR 2 -furfurylthiol 10.467 — — 3.99 9.55
2-RIRG R 1% H IiEmethyl 2-furoate 11.837 0.57 0.25 —
1% CUliRacetic acid,hexyl ester 12.540 — — — 0.42
FR+-Lke it O lKoxalic acid, heptadecyl hexyl ester 20.792 0.05 —
benzoic acid, 2,4-bis[(trimethylsilyl)oxy]-, trimethylsilyl ester 26.965 0.90 — — —
1,6- & -k I [4,5-D]IK M 1,6-dihydro- imidazo[4,5-D]imidazole 10.570 — — 18.28 —
4,6- - FIILIENE4,6-dimethyl- pyrimidine 10.999 — — 0.08 —
7 > Fvanillin 23.716 — — 0.26 —
5RaN 78.05 91.59 96.13 52.96

2.0 FRZE BRI R B b 22 RR I R R 1Sy S BT
A 2R 3 ARG W 11 S R XU
sk TR 78.05% o X B8 B ) E BEAT 4T 22 B WR
25(23.91%) 9FPEY(12.62%) LOFIRIHZE(5.67%)
TR IE 2R (4.94%) TR 5 (4.30%) 12F0 2K 2K
(2.04%) 3FMERALYZE(1.75%) 1FITRE(0.79%). SAl
JE(1.48%) OFIIZE(1.78%) 3FPHER(2.11%). SFhEE
Z5(5.07%) F6R 525(8.20%) 25 . P AR XS B KW
JAT: FEENEME . 2,6- LR . 3-44E-2,5-

NEER . OB . 2-TRIR FFEE . 1-(1H-BEN&-235) 4/, 3-1
He-1-FERI2- 2,556 I BENE R
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