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Supercritical Fluid Extraction of Aroma Compounds from Jujube Fruits
Heated with Various Temperatures
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Department of Food Science and Technology, Chungbuk National University

Abstract

Aroma compounds from two jujube varieties, Boeun and Hongan, were extracted with Supercritical
Fluid Extraction(SFE) at 40°C, 24.5 MPa for 5 hr after heating at 100°C, 110°C, 120°C, 129°C for 15
min. GC and GC/MS were used to identifiy the aroma compounds of the extracts. GC-olfactometry was
used to characterize the funtional properties of the aroma components. Aroma compounds of fresh
jujube fruits were composed of acids and hydrocarbons. From sniffing test, constituents of fresh jujube
aroma were more identified in Boeun than in Hongan: the fresh characteristic aroma of Hongan was 3-
phenyl-2-propenic acid whereas those of Boeun were composed of five more compounds in addition to
3-phenyl-2-propenic acid. Aroma components of heated fruits were composed of ketones and N-hetero-
cyclic compounds including pyrazines, furfurals and pyridines, which were thought to be mainly formed
during the Maillard reaction by heating. Most of the compounds contributing to the heated jujube aroma
were formed in the temperature range of 100°C-120°C, which could be recommended as a commercial
heating procedure for jujube processing including jujube wine production.
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A FA F2L A2 -ngdzAA olatsigrie] &
=g FT7HAA BFde MESY HEE FE3
3, 22 gfEdA ST E AFAA 2EFE RS
8 W wlolc). Sul2 o83k o|akabekA o
3l7tae IR HEle d|Ho] wol FEEEYR
B AA goldlng Yshe FrI4ES HE ¢ &
AXFIA R FE F A3, FTHFYY & =&
o] H|3te 3] wFE PIFEEEL 9L F 2
(Schultze} Randall, 1970).
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F= 97d 7ol 788 R4 “EF diFe)
NHFEQ “F9 S R vHY FriiA AF 3
A3t 52°ColA 18AI7HEST EF ARS F, 500 g
¥ Eeleld dry ice® F59¥EAIZ U -20°CellAM
HAsIHA AEZ AMSEIET

AlBel %2

3 8 g2 Fdld | mm W E A3 713}
Adk. 7HEe B3 5718 olgsld 7hg st Er
=, ol B¢ £ZE 60°C, 70°C, 80°C, 90°C,
100°C, 110°C, 120°C, 129°CE 3}3l, 7FEAI 7S 158,
308, 458, 60802 omjdREy stEewe) 71
A7Re AAsA T 60°C, 70°C, 80°C, 90°Ce) 7tde
ArEEo 2 100°C, 110°C, 120°C, 129°Ce] 7t
Iz AAEE 1 Fele ool 14
¢ AR wREte Wzt ol 58 AEE AR
skt

qulddE A%, 60~90°Ce) =AM E e Y|
e} wAEA, FEEA B B o] A3
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o] Ao Z 100~129°CY 2=77He Qs 4
3tk MEATE oSS 60~90°C2 oAM=
W E A7 SIHEL, 100~129°Ce] LEoAE ehl
B9 o7t AAEINe R AT 1580 E
3tach Wb ZFEREE 100~129°C, 7HFEAIZHE 15
5, M FEaale] 208 7kEg i3
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A7l wet A 258 2AARA F
% % A}(Supercritical Fluid Extraction, Jasco Co. 880-
81. BPR)E AHg3td IEE F&3lUY &3
2 10 mL&E& ARSI, FE&eE 40°CE 1A
Hom FEUHL 245 MPa E stk COE 23X
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mL/min, detectors= FIDO]1 3, oven &&= 50°CoA]
SR RAET 3°Ciming 52 2200C7H] Al
Ztt. GC/MS(Hewlett Packard, GCD G1800B)2]
columne HP-530 mx0.25 mm)E ARE-3}$13L, oven =
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7148-& GC-MSE EA%t A= Table 1 ¥ Table
29} Zth Ba tiEe F Huy WINES ER
QoM 42744, el Bt 197/19] 8t
o] HE=HYTH

EZ tlZolMe acid® 1270(65.51%), alcoholF 37}
(3.50%), alkane® 137H(8.10%), alkened 771(2.16%),
ketoned 270(0.13%), esteri¥ 370(4.55%), 2 4ol 27)]
(0.18%)9} 315HE0] BRI}, Fskle acidF 770
(59.54%), alcoholF 170(0.54%), alkane® 67K(1.17%),
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Table 1. Changes in volatile aroma compounds of ‘“Boeun” with various heating temperatures (peak area: %)
Compounds Aroma description COOkfd temptzrature = -
Uncooked 100°C 110°C 120°C 129°C
Acids (65.51) (4.68) (1.22) (24.75) (0.64)
Bezene-propanoic acid Cooked jujube sweet - + - 017 -
Hexanoic acid + - - + -
1-amino-cycloheptanoic acid - + - - -
Benzoic acid Cooked jujube caramel 0.15 - - + -
4-hydroxy-3-methoxy-benzoic acid Cooked jujube sweet - 196 088 - 047
Decanoic acid Cooked jujube sweet 553 064 - 116 -
Undecanoic acid 023 - - 039 -
Dodecanoic acid Cooked jujube sweet 12.16 + - + -
Tetradecanoic acid + 024 - 744 007
Pentadecanoic acid 0.15 - - - -
Hexadecanoic acid Caramel 2997 146 034 766 010
3-phenyl-2-propenic acid Uncooked jujube sweet 0.05 - - 047 -
9-hexadecenoic acid - - - + -
Octadecanoic acid + - - 146 -
(Z)-9-octadecenoic acid 17.27 - - + -
(Z,Z)-9,12-octadecadienoic acid + 038 — + -
Alcohols (3.50) (1.09) (0.59) (14.21) =)
2-ethyl-1-hexanol Uncooked jujube sweet 1.97 - - 287 -
(R)-2-octanol - + - - —
1-hexadecanol Cooked jujube caramel - - - 036 -
9,12,15-octadecatrien-1-ol - — - 10.69 —
4-(2,6,6-trimethyl-2-cyclohexen- I-yl)-3,3-butenon-2-ol Sweet 1.09 025 - -
2,6-bis(1,1-dimethylethyl)-4-methyl-phenol Uncooked jujube sweet 0.15 - - - -
2-methoxy-4-vinyl-phenol Cooling caramel - + 034 - -
2-methoxy-5-vinyl-phenol Cooling caramel - - - 029 -
5,6,7,8-tetra-hydro-2,5-dimethyl-8-( I -methylethyl)-
I-naphtalenol 1.38 - B - -
Alkanes (8.10) (=) (-) (11.78) =)
Decane - - - 019 -
Undecane Cooked jujube sweet - - - 052 -
5,7-dimethyl-undecane Uncooked jujube sweet 038 - - - -
Dodecane 3.11 - - 718 -
Tridecane Uncooked jujube sweet 0.73 - - 114 -
Tetradecane Cooked jujube sweet 0.78 - - 130 -
Pentadecane Cooked jujube sweet 0.39 - - 059 -
Hexadecane 031 - - 04 -
Heptadecane 0.19 - - 019 -
9-methyl-nonadecane - - - 013 -
10-methyl-nonadecane Sweet 0.07 - - 013 -
10-methyl-eicosane Uncooked jujube sweet 0.21 - - - -
7-hexyl-docosane Sweet 0.07 - - - -
Tricosane + - - - -
Tetracosane 0.75 - - - -
Pentacosane 1.11 - - - -
+: trace.

—: not detected.
Continued on next page.
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Table 1. Continued
Compounds Aroma description Heaﬁmg tem;:erature -
Uncooked 100°C  110°C  120°C 129°C
Alkenes (2.16) =) (=) (0.78) =)
3-methylene-6-(1-methylethyl)-cyclohexene + - - - -
(1-ethylundecyl)-benzene - - - 034 -
(1-methyldodecyl)-benzene 0.35 - - — -
(E)-9-octadecene 1.09 - - - -
1-octadecene 0.32 - - - -
1-docosene 0.19 - - - -
2,3-dimethyl-naphthalene Cooked jujube sweet - - - 014 -
3,4-dihydro-4-1,6-dimethyl-(1-methylethyl)-naphtalene 0.07 - - 012 -
2.3,6,7.8 9-hexahydro-4,10-dimethy1-7-(1- Uncooked jujube sweet 0.14 - - Q.18 -

methylethyl)-naphtalene

Ketones (0.13) (73.17) (19.01) (34.47) (27.24)
Oxacyclohexadecan-2-one 0.13 - - 1397 -
Oxacycloheptadecan-2-one + - - 20.10 -
2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one Cooked jujube caramel - 7211 1624 040 20.09
2-hydroxy-cyclopentadecanone - 034 - - -
3-methyl-2-cyclopenten-2-ol-1-one - - 105 - -
1-(1-methylethyD-5-methylbicyclonon-3-en-2-one ~ 072 - - -
1-D3-methyl-2-pyridone - - 085 - -
1-(2-furyl)-2-hydroxyethanone - - 0.87 - -
3,5-dihydroxy-2-methyl-4H-pyran-4-one Cooked jujube sweet - - - - -

Esters (4.55) (0.11) (0.15) (0.12) +)
Methyl-dodecanoate + - - 012 -
Methyl-9,12-octadecadienoate Cooked jujube caramel 0.72 - - - -
Bis(2-ethylhexyl)-1,2-benzendioate 3.83 0.11 — - -
Methyl-2-furoate - - + - +
2.4 4-trimethylpentyl-1,2-benzendioate - - 015 - -

Aldehydes -) +) (=) (0.22) (47.00)
5-(hydroxymethyl)-furfural gggﬁgé‘?ﬁjﬁ‘é:t:yi‘;w’ -+ - 02 453
5.5’ -oxy-dimethylene-bisfurfural - - - - 247

Others (0.18) (2.68) (41.35) (0.31) (0.25)
Octathiocane + - - - -
(1’ -propenyl)-thiophene - - - - 012
1-butyl-benzenesulfonamide - - 4135 - 013
1,1-dibutyl-methanamide Cooling caramel 0.18 - - - -
Pyridine - 244 - - -
1-D3-methyl-2-pyridine Caramel - + - - -
2-methoxy-5-(2-methylpropyl)-pyrazine - 024 - - -
3,6-dihydro-5,6,6-trimethyl-2(1H)-pyrazinone-4-oxide ~ Cooked jujube caramel - + - - -
2-acetylpyrrole - - - 031 -

Known compounds 84.13 81.73 6237 8664 75.13
Unknown compounds 1587 1827 3768 1336 24.87

+: trace.
—: not detected.
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alkene® 17](3.82%), ketone® 270(9.02%), ester® 174
(3.82%), aldehyde® 17(11.10%)7} &1}, Aehs
o] FAEL- acids?t hydrocarbons® LERgEEH] 0]F)
Mz B3] 52 £3& HQ AFES EF oM
& hexadecanoic acid(29.97%), (Z)-9-octadecenoic acid
(17.27%), dodecanoic acid (12.16%), decanoic acid
(553%) & ©l3, E9rollM= hexadecanoic acid
(33.02%), dodecanoic acid(26.26%) 2 =L 9]¢l alde-hyde
#2 (2)9,17-octadecadienal (11.10%)2] §Fo] Egtet,

EZ 59 ZA FEAHCRE 314 3FgES
147 A] o1t} AcidH+ hexanoic acid(+, 0.22%),
benzoic acid(0.15%, 0.04%), decanocic acid (5.53%,
+), dodecanoic acid(12.16%, 26.26%), tetradecanoic
acid(+, +), hexadecanoic acid (29.97%, 33.02%), 3-
phenyl-2-propenoic acid(0.05%, +) 7%, alcohol® 2-
ethyl-1-hexanol(1.97%, 0.54%) 1%, alkane®F+
dodecane(3.11%, 0.10%), tetradecane((.78%, 0.21%),
tricosane(+, 0.44%) 3%, ketoneT++ oxacyclohexade-
can-2-one(0.13%, 9.02%), oxacycloheptadecan-2-one(+,
+) 2%, esterfrv bis(2-ethylhexyl)-1,2-benzenedioate
(3.83%, 3.82%) 1%F°] FEFHez =AU

EE U5 ZehlX FEHeE AEd I¥E F
hexanoic acid, decanoic acid, dodecanoic acid,
tetradecanoic acid= Y3 H|Ho] ¥& IF A4
02 AR 22902 329 Ad ST
(&t 5, 1999). °I€ Aake: AsEHoE AW, &
$H, st A, VY T e JeE ¢4uA
2ATHMerk Index, 1983). A Ax, EF i
At)s 71482 3-phenyl-2-propenic acid, 2-ethyl-1-
hexanol, 2,6-bis(1,1-dimethyl-ethyl)-4-methyl-phenol, 5,
7-dimetyl-undecane, tridecane, 10-methyl eicosane 2
2,3,6,7,8,9-hexahydro-4,10-dimethyl-7-(1-methylethyl)-
naphtalene 522 WEN I, methyl-9,12-octadec-
adiencate AAHFNA HAEHA & Fhort A3
< Ze IFEE Ve AFEQ 3ok oS
g71A B2 3-phenyl-2-propenic acid® YEFGL, 3,6-
dimethyl-undecane} tridecane®™ AWF&g JElHC
v AgiFoa AEHAE Fodch AoFe] 7] &
A SFHES NEEQ ZeeMET EFOM o &
o] AEHUT. AiF2 FFE IIHELE Hed
3}3H8¢1 3-phenyl-2-propenic acide HE & wHilgk
{balsamic)s Zh= 702 FBA Slrh(Arctander, 1969).

7tdol| ofBk ChFo| &7| JE BSt
e EFU3F : 100°C, 110°C, 120°C, 129°ClA
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1587 $F712 71EE EF dife 748 ws
€ Table 13} Zth 714 BEF dide] §ri4E 4
3 AHEH, acdfe YUHFFAE 655192 7HE
gl R 7HE FollE 0.64%~24.75%7H4 2
A 23t E, alcoholFE 1200CE 7FE Aol gk
1241%7H4 F7HFAL e M8 EdAE 1292
gt dAel FEg Wolx gsttl. Hydrocarbon
FE F2 1200C2 7HE8E o FAEHAL esterre
0.1% WeE #4a3le FsE Btk KetoneFte A
HESAE 0.13%=2 vFellont 71d Fle 19.01%
~T73.17% B2 A S48 A, aldehydeRv 3L
419%7HA F7VetRon 71E SRHE A HF 41.35%
7 F7Vsr

Acid®% benzenepropanoic acid, 4-hydroxy-3-meth-
oxy-benzoic acid, decanoic acid, dodecanoic acid &
£ B g 5T, benzoic acid®t hexade-
canoic acide FlepHl el EAE 7k 2oz ¥Ry
%t} &3] benzenepropancic acid, 4-hydroxy-3-me-
thoxy-benzoic acide 71 Folwt HE=Ut v
£ ddA S 2-ethyl-1-hexanol(Merk Index, 1983)
AiFe 120CE 7HEE tiFelM FE=HUL FF
< 120CE 719 E W F718h. 2-Methoxy-4-
vinyl-phenol}t 4-(2,6,6-trimethyl-2-cyclo-hexen-1-y1)-3,3-
butenon-2-0k& 100°C, 110°CE2 7}E4% didelr HE
HUL, 242 A dE Feta g Wl Z et 1-
Hexadecanols} 2-methyl-5-vinyl-phenol 3}§H52 120°C
2 7MERe W HEE HECE 44 R dFsetd
F3 AL sepdFgez Yehdlth Undecane,
tetradecane, pentadecane, 2,3-dimethyl-naphtalene 5 &
A UFges e, - 120°CE 71ERe o
HEH A

KetoneHv Tita o} F83HEE, Maillard ¥H3l
o AHEE dFS 7tebdge vebd o Mortonst
Macleod, 1982). 7}l ]} ketone FHFEL T
AA F7Htden 7tdst B3 g7 g48 Bych
2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one <
A oFo shepd S heEbWA, 3,5-dihydroxy-2-
methyl-4H-pyran-4-one2 AtFe] Thfi2 et 3-
Methyl-2-cyclopenten-2-ol-1-one2 A% ehjje] EA4&
e T8 %= F shtE(Acree$t Teranishi,
1993), 1I0°CE 7FE thFolAM ol HYou &
71& fUE AR Mo}, of Fhe] tiFrHge] F
g LxYdE BT vk

Aldehyde®% 5-hydroxymethyl-fufural(HMF)= 129°C
2 7ME98E o el Hdivt =L, e WE
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A& e ZAe2 JERTh HMF %8 Maillardeh-$
o] M2 hexosed] ¥Ho 2 RE AAEHD, kg
Flebdsl, Azxg HuldES 2oL} pentosed] WH-Ol
Al AAEE fufuralell B8t 8F7]= oFStth(Acreest
Teranishi, 1993).

2 ¥ SFES thFEo] pyrazine®, pyridines,
pyrrole¥, thiazole® 59 AASgE|U2, 719 &
o AA F71EFHTE. Pyrazine®, pymolef % pyridine
FE Maillard ¥H-g0] 3] AP=AE o BPEHE
heterocyclic A A3}3EE #2-3F Wdk(bready) ¥ 7
Fknutty) 52 548 zh=U}(Hodge, 1953). Pyrazine
e 78 A8F 7P FEE ¥ 2len 2F
H|Zalo] o}, A Fo| 7FE2ElA Hely
S1THMorton+ Macleod, 1982). Pyrazine S-EHE
2-methoxy-5-(2-methylpropyl)-pyrazine©]  100°CE&
HEHE W 024% HEHUI, 3.6-dihydro-56,6-
trimethyl-2(1H)-pyrazinon-4-oxide7} wlgo g ® i
& el th PyrazinefFe ¥HSERQ] 9% oy
kel oF 0290 AJAbEko] zx|(Reineccius er al.,
1972) 100°Ceide] 2=oA A=) Algsled 150°C
2xdMe dA A BdTH(Koehlerst Odell, 1970).
PyridineF+= pyrazineFr¢} 7ol A<l 71h2F9
wegfor a9 (Watanabe®l Sato, 1971),
alkylpyridineH-v A7 &8 (green) 22 &4 Aot
(Pittet®} Hruza, 1974), 4712 &8« g
Pyridine <=2+ Pyridine¥} 1-D3-methyl-2-pyridine
o] A&HNeH, 1-D3-methyl -2-pyridined T]ZoZ
Fietdske veplo] gr1840] & FHoE
Ak 1 el ol HAFEE 3,6-dihydro-5,6,6-
trimethyl-2(1H)-pyrazinone-4-oxide 7} A&H|} o of
7S el

F<b 1 100°C, 110°C, 120°C, 129°ColA 1587 5
712 7488 $<te] 7|4 sl Table 29} 7UTh
JrEE §¢tel Fr|AFERSE AHEY, acdFT
59.54% 4 7t Folis 7.12%~35.59%7 A1 7hAaEhed
EZUFet AR A3E BUh. AldehydeRe 71E
Folle M3 HEHA Ut Alcoholie 0.54%°14
18 Fole 188%~6.11% WHER F7sudh
Hydrocarbon-9} ketone®& ZHzb 4.99%, 9.02%01A]
8.34%~27.96%} 0.29%~4137%= S 7F8IH 3L, esters+
= 3.82%904 431%~15.60%2 Z7t5kc}. 71e} 85}
BEEL 94 FALSTER 1ES gFoAnt 1S
HAo}

A 23R 71EoA ARy FF TiE B
A}E]E hexanoic acid®t 2 G715 &-7¥ benzoic

i koo

acide> AtiF9b 100°C7HE 3ol YR TH(Merk
Index, 1983). Decanoic acide # tiFEthilE vl
tl. 9-Hexadecenoic acid, 9,12-octadecadienoic acid
7HEE tiFol M AUt AngE AdAEE
2-ethyl-1-hexanol(Merk Index, 1983)2 Ath3=¢} 7pd
3 miFola AAEAS, 2 Al e 7kE
LE7F o s FUMeon 3] due] 7o
s Zeg AlgEth

Hydrocarbonf= E& tiForel= €@ 100°C~
129°Ce} 2% WM 2F HAEEHAD, 7HEFd 3
dEF7 F43 718kl 4,8-Dimethyl-undecane,
tetradecane, pentadecane, hexadecane, 8-methyl-hepta-
decane, 10-methyl-eicosane, 1,3-dimethyl-naphtalene, 1,2,
3,4-terrahydro-2-naphtalene 5¢] #dl$ iz el
A, 6-ethyl-undecane2 <F7+ €k Feld & 235
trimethyl-naphtalene2 5= Flepdgo 2 vepdr)

Ketonef#i= EF thaolrgl niiizia 2 ZtellA =
718 Foll Frbetl o, EvtEel B R o}
Maillard ®H-&0] EFHF 71gA]o) o 8aA do
U 7oz d&Fu). 3,4-Dihydro-8-hydro-3-methyl-
1H-2-benzopyran-1-one> 5 & Yepbdch &
A= oAl W o] Wkg-alE Maillard ¥
&2 ofrliibe] Ffel wet A5l A &
g3t otrwmAolgtx: vME2%o] wi gzl
100~150°C B NM glucose} WHg-sle] 7iebdgke
Y op|iAtO 2= alanine, glutamic acid, glycine &
o] AtHGodshall, 1997). ©&¢ FueE AYA s
6,10-dimethyl-5,9-undecandien-2-one®] 7% 110°CE
7Y g thollynt A Eo] Ao dlld 71t
cha AjzbEch 2ogke] shgtE 7Rl S-acetyl-2,3-
dihydro-1H-pyrrolizine3} ethyl dodecancate B3+ FITH
For At 7HEE FMAE HMF 59
aldehyde¥, pyrazine® 2 pyridine® 52 3§HEo] 7
Z5)2] ¥9UTH PyrazineFE 120°C 2Zo|A 24A17F
BAx 7tEE A Hoiel] oj2w, FUF opnjnite
yhgaloll weba g ko] @bl vh(Koehlerst Odell,
1970). gl FE3] 7142 hexose9} pentose®] B
FAo] FAEH, flavour7t A= fsliMe 2-33]
o] A8 E AXA dr. Fugle gevked 4
33 ¥ &EvF 8FHY, Fuis Fa SEo
ZA H BeeRE HolA T, HeavE Frle
o & Aaglel dojube e vietdsleln, A4
o} &7 dojubs Whgol Maillard WHE-©ITHAcreeo}
Teranishi, 1993). Cellulose™ 100°C¢] o)A 3=
% i, BE Ftepdale 150°CeA 500°C H el
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Table 2. Changes in volatile aroma compounds of “Hongan” with various heating temperatures (peak area: %)
o Heating temperature
Compounds Aroma description
Uncooked 100°C  110°C  120°C  129°C
Acids (59.54) (35.59) (7.12) (33.13) (13.62)
Hexanoic acid 0.22 - - - -
Benzoic acid 0.04 0.48 - - -
Decanoic acid Cooked jujube sweet + 2.20 - - 3.03
Dodecanoic acid - 26.26 6.39 549 532 -
Tetradecanoic acid + - 0.7t 1.82 323
Hexadecanoic acid 33.02 4.10 + 3.86 6.84
3-phenyl-2-propenoic acid Uncooked jujube sweet + - 0.31 033 0.52
9-hexadecenoic acid - 6.78 + 547 -
Octadecanoic acid - 0.08 - - -
(Z.,2)-9,12-octadecadienoic acid - 15.56 0.61 16.33 +
Alcohols 054) (1.88) (6.1 (2.99) (343)
2-ethyl-1-hexanol 0.54 1.88 0.73 1.51 277
5,6,7,8-tetrahydro-2,5-dimethyl-8-(1-methylethyl)-
1-naphthalenol B - - - 0.66
3,7,11,15-tetramethylethyl-6,10,14-hexadecatrien-1-ol - - 538 1.48 -
Alkanes (1.17) (11.93) (13.97) (15.25) (5.75)
Decane - - - 045 -
2-methyl-decane - 1.24 445 - -
2,6,7-trimethyl-decane — - 0.13 0.19 -
Undecane 0.04 0.49 0.21 0.64 0.61
3,6-dimethyl-undecane Uncooked jujube sweet - 0.04 - - -
4,8-dimethyl-undecane Cooked jujube sweet - - - 0.13 -
6-ethyl-undecane Lightly burnt caramel - - - 0.13 -
Dodecane 0.10 052 0.45 0.80 0.74
Tridecane Uncooked jujube sweet - 1.06 0.83 1.21 1.17
Tetradecane Cooked jujube caramel 021 1.17 1.18 1.19 1.17
Pentadecane cooked jujube sweet - 1.11 1.30 0.87 0.67
Hexadecane Cooked jujube sweet - 1.01 1.72 0.83 0.59
Cyclohexadecane - 1.88 0.60 5.80 -
2,6,10,14-tetramethyl-hexadecane - 035 0.50 - -
Heptadecane - 1.22 1.48 0.94 047
8-methyl-heptadecane Cooked jujube sweet - 0.09 - - -
Octadecane + 1.20 + 0.53 0.33
Nonadecane - - 0.61 042 +
10-methyl-nonadecane - - 0.51 - -
Eicosane - - - 0.33 -
10-methyl-eicosane Cooked jujube sweet - 0.28 - - -
Tricosane 0.44 0.27 - 0.79 -
Heptacosane 0.38 - = - -
+: trace.
—: not detected.

continued on next page.
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Table 2. Continued

Heating temperature

Compounds Aroma description - — -~ —
Uncooked 100°C 110°C 120°C 129°C
Alkenes (3.82) (12.74) (13.99) (9.70) (2.59)
1-heptadecene - - 9.66 - -
l-octadecene - 728 5.80 -
(E)-5-octadecene - - - — -
(E)-5-eicosene 3.82 2.82 4.17 2.58 1.24
I-docosene - 0.09 - - -
2,{2;: a(l)‘;(l):‘“ll Z;(Zi:eexamethyl 2,6,10,14,18,22 _ 255 B _ 026
2,7-dimethyl-naphthalene - - - 0.11 -
1,3-dimethyl-naphthalene Cooked jujube sweet - - - 0.16 -
2,3,5-trimethyl-naphthalene Cooked jujube caramel - - - 0.09 -
1,2,3,4-tetrahydro-2-naphthalene Cooked jujube sweet - - 0.16 0.10 -
(1-methyldodecyl)-benzene - - - 0.79 0.49
(1-propyldecyl)-benzene - - - - 024
(1-ethylundecyl)-benzene - - - - 0.36
(1-propytheptadecyl)-benzene - - - 0.07 -
Ketones (9.02) 0.29) (5.30) (6.25) (41.37)
Oxacyclotetradecan-2,11-dione - - - 6.25 -
Oxacyclohexadecan-2-one 9.02 - 5.08 - 15.29
Oxacyclohexadecan-2-one + - - - 25.80
2,3-dihydro-3,5-4H-pyran-4-one - - - - 0.28
3’4];2‘;’23’0‘3;’;:&{‘]%:2:" -3-methyl-1H-2 Cooked jujube sweet - 029 - -
6,10-dimethyl-5,9-undecadien-2-one Sweet - — 0.22 - -
Esters (382 (15600 (15.59) (6.39) (4.31)
Hexadecyl octanoate - - 0.11 0.56 0.30
Dibutyl-1,2-benzenedioate - 742 14.18 - -
Bis(2-ethylhexyl)-1,2-benzenedioate 382 5.06 - 5.62 328
Ethyl dodecanoate Cooked jujube sweet - 0.24 - 0.21 +
1-methylethyl-tetradecanoate - 1.74 022 - -
Methyl-9-hexadecenoate - - - - 024
Ethyl-9-hexadecanoate - 0.11 - - -
Ethyl-9,12-ocatadecedienoate - 1.03 1.08 - 0.49
Aldehyes (11.10) =) (= - o]
(Z)-9,17-octadecadienal Cooling sweet 11.10 - - - -
Others ) (7.94) (1.14) (6.18) (0.59)
Hecadecanamide - 0.68 0.52 - -
(Z)-9-octadecenamide - 0.81 039 0.90 0.32
dibutylamine Fresh fruit sweet - 6.45 023 217 -
1-butyl-1-benzenesulfonamide - - - 3.11 +
5-acetyl-2,3-dihydro- 1H-pyrrolizine Cooked jujube sweet - - - - 0.27
Known compounds 89.01 85.97 63.22 79.89 71.66
Unknown compounds 10.99 14.03 36.78 20.11 28.34

+: trace.
—: not detected.
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