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Abstract

Flavor compounds of jujube fruits were extracted and determined with GC/MS. Purge-trap, simultaneous
distillation and extraction(SDE) and headspace methods were applied to extract flavor compounds. Different
compounds were identified with different methods. Total 23 compounds were determined and consisted of
one alcohol, five aldehydes, nine acids, five esters, two ketones and one alkane. Compounds of high boiling
point like fatty acids were isolated efficiently with the SDE but esters of low boiling point were easily
isolated with purge-trap method. From the results of sniffing test with headspace method, the aroma of jujube
fruits were composed of five odorants functioning as fresh or sweet, jujube sweet or medicinal herb-like,

rancid, sweet or fish-like and nutty or bitter odor.
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3 (Zyzyphus jujubey= Avi7| Tl &3l GBS
o2 FZA(Zizyphus jujuba Miller)?} A A|(Zizyphus
mauritiana LAM) 5 2%°] 3lo® felvgdyE F
2 34 37} A= o i, 3, 7%
B35, 4342 8 nAstn RS EESA 8
E 59 22jztgo] 3lo] BAE kA2 Hojun )
9l AL gol WIAH TUE F&F2 HFF
%" o] fAsItHE g A4, 1990; BHEH, 1996).

3o Fn) JEE thE A B Hl§) vFe s 3
Az 1 712 Ee T 2 9FL nXE Ao A
2t 215k a6 B3 A7 AEALEE Mdo] B
T A7 A =57 FHT F /TS GCMSE &
g Barl glE Bolt(Rl=E 5, 1996).
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H, +3Y, flado| 2y, YA F24, F2YH
& (Microwave Assisted Process) So] gloen 2
o] Likens & Nickersono] 1.¢MgH BA] 28/ 324
(Simultaneous Distillation and Extraction)s} purge-trap
£ o] 83 F&Fo] &3] ARHI QITHelBA,
1994).

7] ARl BAe RS AAsle AWy opy
2 B399 sgEo] 1 A F] ol A= x 73}
EXE A sl Ao|ti(Acree, 1997). 1B EE RE
229 #ze @53 5L ] dsiAe
sniffing testZ ) }cd o} JIr}. Sniffing testE F3}<]
33HEo| ) 4L ZHeA Be 3] 84 £ 3
Heol AP TG WES + YeAE % 3
I YortdE AE F2 9%E vA e e
FA) ¥ 9% e FEES H g I
(Shimoda et al., 1996; 314 %, 1997, Pino et al., 1995;
Specht$} Baltes, 1994).

o] A= 3o 7| AAE-E dynamic head-
space’ 3} static headspace’] 12]3 SDE Wigo g &
3l GC, GCMSE A A3} 1L sniffing test2 2z} 3}
P8l 9] S4E ¥4 A9 Basta doh
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B A ALEE g32E 1996d 129 Aol A
TLE A2 FE AHE3le] 200CAl N B3 & AL
AHg-atch.

Algel =H|

Headspace2] Al 39 #& AATE Um|
A& 1 mm W2 H@sto] A28t o™ SDE Al
8% vl 7] (Kaiser, ¢-@371)2 Zo} AHg-st ).

Purge-trap F&1t &4

AAG g 5 g& 60°Ce] 2EA 3027t HE 3}
AlZ1% dynamic headspace sampler (Tekma TM LSC
200002 80°CollA 1087t F&3igon, 458 40
mL/min©| ]t} Tenax trapE A}-&-3he] 160°Cel| A 45
7 A T F9-L 180°CoilA] 187 A A 8H4t).

GC-MS B4 Z7& HP 58902 Al&3ted v]24
Z¢Ql Ultra 1 (50 mXx0.2 mm X 0.33 pm)© & 35°C
oA 180°C7HA] B 1°CH AsAlA en, MS =
& 2 10CH 220°C7A] F7HA A FE 1083 FA138E
9t} EM voltages= 70 eVE 9 2 mass rangee
33~330 amu©] 1L library= Wiley database©] ]t}

Headspace F£&2} &4

MAF A& 5 g2 Varian Genesis Headspace 3]
£ ©] 83t 85°CellA 4087 HHst ALF b33
& GC (Varian Star 3400)271 o2 B3¢t 4
H2 stabilwax capillay (30 mx0.32 mm x0.25 pm)
E ALE319 T, LEE 40°CoA 287 aREFE B
g 10°C2 210°C7HA] AR HE7]€ flame
ioization detector® AHg-31 00, HEEA-& Merkjit
s} Sigma aldrichtoll Al 798t B A o)) AF-5F ).

SDE F&1} 24

nkE o3 30 g€ FFF 900 mLe} EFAIY H
BAEF FZ(SDEFFA & o] &3t LA P 3E
$ 2239t} (Likens¥} Nickerson, 1966). FZ&r]2
L n-pentane 300 mL-S AHE-3k) 10X]7F B4 AAJ3}
T}, #%0] TYE 7% ¥27|(BUCHI RotavaporR-
1142 F&99 HF 97t 1 mL 2 o 7HA] 553}
o ¥4 AE2 AMSstgon, GCMSEHE HP
58900 2 HW]=4] HAQ SPB-1 (30 mx0.25 mmX
0.25 um)& AMEsIHon, 2EE 40°CoA 1587

FAJE BF 4°CE 280°C7HA] FSA1ATH MS =
AL GCo} & 2722 VG Mass lab Fisons (MD-
800)2 A}£-3+] 1 librarys= Wiley and Nist database
olAUH.

Sniffing test

SGE intemalA}e] Olfactory detector (part no. 093500)
£ GC (Varian star 3400)8] H3 & splitterZ -3}
ted A}REH T R E 272 headspace F3| & o] &
& B4 whEa 43 23381004 AAEE #%
AA 892 B o] EEZ o2 sniffing testS A A
s o BAVedo] $4a 49g Melel oMY
& B3 HEFAS T EMEE stk #4942
T 439 g9o] 247} 3 wbEdte U2 foiF F
E29] Ao 2 BASIS tH(Brunke ef al., 1989).

gdn ¥ o§

Purge-trap& 0|88 7|8 &

Purge trap2. 2 ¥ 3§ FrIJEE GC-MSE £A
@ A3 Table 1o eSS A4 € 3 3e 1374
o gzgo| 17, 4te] 24, o 2E 2 57, &Hl 3]
= 370, AE FgEol iKY €382 2-propanol
gto] AZHeH o] JEL #o|= ¥E(Shimoda
et al, 1996 M= H1 =gt} AL acetic acid 9}
propanoic acid7} HEFHUT, AFAHY AHE 71
acetic acide A1}, vl29 2 (quince), 2+ FEFE
(Marton3} Macleod, 1990)3} 3fjo]= HE(Shimoda et
al, 1996) 5 A8 Aol EAE Lot 71
FR7T st vasre g2 AL 2z 3§
E-0] propyl acetate, 1-methyl propyl propanoate, sec-
butyl propanoate, propyl 3-methyl butyrate, 1-methylethyl
hexanoate S©|® 1 5 propyl acetatet= H} (pear)S
vebdct. Pome fruitso| A 218 3FES] 7] 43
Ay A o 28 2 2HE] 3= 0.0001 ppmol| A
5 ppm7HA 2 SZEFU F ATt vis] " v
< JA3E vehidd. 2822 &3 daH=2R
7} 7186 71dste Hivt 3oa E Y& Aol
o (Marton¥} Macleod, 1990) t) 3 =31 f-A15le] 2} A
ZrEt}. ¢8| == hexanal, furfural, benzaldehyde%
o] A&5 %o o]% benzaldehyde$} furfural S th3=
9 YR RuFHAT=E F, 1996). HYd
ol|A] hexanal< Z1](green, grasy-like)Z., furfural & 3.
Y] (coconut-like)dF, benzaldehydew <X (almond-
like)3FS Ve & A H-o|tH(Marton¥} Macleod, 1990;
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Table 1. Volatile components of jujube fruits in vari-
ous analysis conditions

Component A B C
Alcohols +
Alkans +
Aldehyde +
Acetaldehyde +
Benzaldehyde + +
Furfural
3-methyl-butanal +
Acids + +
Propanoic acid + +

Decanoic acid

Undecanoic acid
Dodecanoic acid
14-pentadecanoic acid
Tetradecanoic acid
Methyl-7-hexadecenoic acid
Hexadecanoic acid

Esters

1-methyl propyl propanoate
Sec-butyl propanoate

Popyl 3-methyl butyrate
1-methylethyl hexanoate
Ketones
3-hydroxy-2-butanone

A: Purge-trap, B: Headspace C: SDE extract.

+ + + + + + +

+ + + + o+ 4+ o+

Shimoda ez al., 1996). ©] & furfural & 27 F&)9} 4
Eglo} 3 (Victoria pum)2. 2 WE 3t o] FGA)
23 Hdo M= EelE a1 9] o n(Marton¥} Macleod,
1990) th3oj| M= Az o8] WAEE= Aoz A7t
o}t =3 o] sFEL V| Ele FL& oz 7]

AFHEHNE, 1997). AE FEZ = WEFGS U
+ 2,3-butandioned} 3-hydroxy-2-butandioneo] &% )
ok AHEFE headspace o2 EAg A o 2H =
Z}3HEo] 60-80%9) ©]&r}3 3h=d] o] headspace
Wl o3k F&A) L) 42 AvHY R FE
o] #7] uj F-oltH(MartonI} Macleod, 1990).

Headspace sampler& 0|28t &7|M8& % sniffing
test

Table 2+ headspace sampler$} sniffing portZ o] &
3l 7} A9 AFAHR] P15 L BARRE Aol
gas chromatogram-& Fig. 13} 2t}. & 147)9] 5 =271 A
ZE9ey FAE f3e SN2 g380] 1, Ao
A, ez =7t 370Ut A€ e dae
<k 75%°]%1T}. 2-propanole] 10.36%, acetaldehyde, 3-
methyl-butanal, benzaldehyde?} 60%% x}x]3}g o0
acetic acid7} 5.09%% A A&t olE IAFESF
acetaldehyde”} 46.14%2 714 & #4]L Jeh)
At} Acetaldehyder A FoAe A X7 g d
Al AdETn 4ElA glen FRAME a9 &
& LaEA YPHE A2 d#A Ak (Morton
I} Macleod, 1990). th=olA & A X2 B4 Al
Wol oj8) AE7} Aol Y4E Rez et
Headspace= 4 =& 1A Al87} 245l YHF
Folm AlRFo FHE HH F& FY JEE
o] Z1MAo 2 EAFEE 7| FeM =24 e
A v FHHE o] Fhd EAgcia g4 3l
tHelEA, 1994). 12{ 22 o|2]§t headspace Z73}
oA GC/olfactometryE AA| T w) A o o)

Table 2. Odor description of volatile components of jujube at headspace

Peak RT Result Compound ReferencF Paflel‘
no (%) odor quality description
1 1.729 1.84 -
2 1.957 46.14 Acetaldehyde Pungent, nauseating Sweet, fresh
3 2.306 7.53 -
4 2.374 0.52 -
5 2.796 10.36 2-propanol
6 2.929 3.12 -
7 2.961 2.49 - Jujube sweet medicinal herb-like
8 3.118 6.07 - Rancid
9 3.607 11.52 3-methyl-butanal Sweet, fish-like
10 4.361 0.70 -
11 5.580 0.57 -

12 8.042 1.78 -
13 10.436 5.09 Acetic acid
14 11.516 2.29 Benzaldehyde

Almond-like

Nutty, bitter
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Fig. 1. Gas chromatogram of volatile components of ju-
Jjube at headspace.
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2% e ol A% P AT FE QA
ATHIL FrHAcree, 1997). 2HEE LAY E thF
E- headspace sampler2 23} sniffing testS 4 A)3}
Aot 2 23 5709 H=A7F 9459009 acetaldehyde
= g dUE THH B 3e e @k
Yz 8A dae maiel AE5FNZ 3-methyl-
butanal2 @i} vlANF o2 FH3H 28 benzal-
dehyde= nAghie} &2 BHHIJ £3 9
3} acetaldehydet= pungent, nauseating® ¥ HE Y1
o F5HA 995 W s, B W, A
FIRE A J1edd). ole ALY FHRY T
Z¥zo) & Ao)ata AyZre th(Fishers} Eijk, 1997).
TR 3= A FF njEo] 249%% AL Hol
Y 39 g3 g, e ekt Eit). 8
A A3E 6.07%F A8t TmP, nP, A%
Thiisez2 FHE3E Tt 3-methyl-butanal= Al3}3ke]
E4& Zeva sht dule Rauses FdsEg
t}. o] =% 3B 2] matrix x| 7117t A
"} 149 5EF AdA ol 229%2 7

£ benzaldehyde= #57A 8.9 5 FAlgle] &
], LAt BT o] F3ES] JA= b
$ @& o2 A Qv 3] EAAHQL o=
t A A3, Y2 JN2Es SHAZE A=At
g 22 dF9 A4 FPES d5Hoz Qs
7l e AEF FE3 AN sYAY 2E
oAl sniffing port2 2% A&l splitting S WA 3F
A B2 A4S QNS S AR AFE.

SDEZFEg 0|83 7|4 F
SDE 3F&3le] GC-MSZ EMF 3522 Table
13} Zron] 7749] Aatat 1709 alkanedlgHEo] Z

25}, Alkane 3138 2 & 2-methyl decane©], )4}
AFE- decanoic acid, undecanoic acid, dodecanoic acid,
14-pentadecenoic acid, tetradecanoic acid, methyl-7-
hexadecanoic acid, hexadecanoic acid 2 Y] 12 H]H o]
g2 2F ARtelt). o] AWML FHIHOE
sour, rancid, fat-like, faint waxy, oily 22 E4& 2zt
FEo|tt. Hr)ex BudA, JdFE +37I
ZH3 A& RS B4 FA £ 24709 3
HEol AN AHite] 34% o4& AR
How o] decanoic acid (5.68%), dodecanoic acid
(20.4%), tetradecanoic acid (2.63%) $°] 2A# o] 3
A Azte} ZYTHAZYE S, 1996). 2222 SDESH
37 SHe 2 AFFES] FE0] So|d o]
Zn AZ4Eh AWile] B A= dhefele
yellow passion fruit7} B3 i lew, C-C A
passion fruit2] kel 2% I &A% nonanoic
acid o]/3e] :EA} 49 Fge Arim YZtE =
ole TEA AWAte RHES A7t e 3FE
ol B3] Eo} 7] EAdd= & IFE XA &7
o] #o] tHMorton¥} Macleod, 1990).

4 B

AR Az Y39 AWPES FH3] fd
purge-trap %X ¢} Varian headspace analyzerZ- ©]-8-%t
headspaceA] 3} SDEE ©]&% pentane &2 gas
chromatography 2 243t} A& £39 RT$
MSD=E 343192 GC-sniffing test2 87|55 Y3l
. #8919 & i FFEL 232 g3 V,
)8 =71 570, Ake] 97, d|AH| 271 570, AlEo| 271,
Udzlo] N2 Yehtl. daH 29 2 Auy 3
B-& purge-trap FR 2 FEH Y2 A e 1)
3382 SDE7} B} &35 <]{r}. Headspace 4 ¥-S
sniffing test2. F-4& A7 FF E= T, diFH
W e e, 3, 9 B v, 243
TE 2% 5719 g3 RS Q4 5 AT

#ZAle| 2

o] A& 197d% ZF7HI=7EN AN 9 #]

S ol 2 AFEFY HEY FAATH e
YRE 199939 FEGtw JdFEZHE Yo}
A% A7ARR A7HE XL F4 78 7]
&3 9 $EUgw] ZAME =gyt
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