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Studies on Proximate Composition, Fatty Acids and Volatile Compounds
of Zanthoxylum schinifolium Fruit According to Harvesting Time
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ABSTRACT : Biological characteristics of 5 Zanthoxylum schinifolium (Zs) fruits such as Z1 (early August), Z2 (middle
August), Z3 (middle September), Z4 (early October) and ZS (middle October) according to harvesting time were evaluated.
As fruits ripened, average weight of Zs increased from 4.8 mg (Z1) to 50.7 mg (Z5), while moisture contents decreased from
74.6% (Z1) to 55.2% (Z5). Crude fat contents of the fruits during ripening increased from 1% (Z1) to 10.6% (Z5). The
major fatty acids in Zs were palmitic (C16:0), palmitoleic (C16:1), oleic (C18:1), and linoleic (C18:2) acids. Linoleic acid
(C18:2) was a main fatty acid in Z1 and Z2, whereas oleic acid (C18:1) was found as a main one in the other Zs. The ratio of
unsaturated fatty acid to total fatty acids increased from 60% (Z1) to 80% (Z3~Z5) during ripening. Among ripening stages,
74 had the highest contents of total fatty acids (3,355 1g/g) and total unsaturated fatty acids (2,753 ug/g). Forty six volatile
compounds in Zs were also identified. The major volatile compounds were o-pinene, J-myrcene, 3-ocimene, 2-nonanone,
estragole, 2-undecanone, and [-caryophyllene. Major volatile components of Z1 were -ocimene (20.8 peak area %) and o-
pinene (9.7 peak area %). In Z2, estragole (30.1 peak area %) was a main volatile compound, but the contents of a-pinene
(0.4 peak area %), B-myrcene (0.3 peak area %), and B-ocimene (0.6 peak area %) were lower than those in Z1. Especially,
estragole used as perfumes and as a food additive for flavor was drastically increased to 91.2 (Z3) and 92% (Z4) as fruits ripened.
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S, 4, vt 5o FRopAo] F2 A e=
(Rutaceae)?] APZUEE: (Zanthoxylum Linne) 2122
HOR 105%0] 3lom o|F 64gc] FAUFE o]§aL
o, f2vetlls 650] Akl vk thEF Q] Ak
AEZE 3tRUSF (Zanthoxylum bungeanum Maxim.)2} Ak
ZUF (Zanthoxylum schinifolium Sieb et Zucc), Z3|UH-
(Zanthoxylum  piperitum DC.)7} AT+ (Jeong and Shin,
1990). A== d25E], 19, 29, ok, 734, sk
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% 2008y 490l 79Atol2] ATtR A %o
2 790] 7P Eol AFAVER st o] e B
gk Qih Aol Aolx, ARARE o] 8E= 1097
o] A4E AxguldlE oleic acid®} linoleic acide} 7+ &
23} Akske] o tEo] e Ao= deixl uf 2lon
dujo] AT wstel] gt dv= Hid vk flok
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(Cha et al, 2000). 2txell= ThFsE g Adol] el
Aol dHA SUTk (Shin er al, 2006). Lee & (1998
AESFT= (SDEMS ol8-ste] 108 72 Azddviolr
5TE, AEUTOA 4480] A d] RS gRlsien,
T2 AEOSZE geranyl acetate, geraniol 50| T B3}
Atk T3, Lee 5 (1999 Abxe] 324 AES Solid
phase micro extraction (SPME)¥H 3} Simultaneous steam
distillation and extraction (SDE)H 2.2 H|wsl=d], 2 A3}
SPMER A& limonene®] 7F4 ©3t3, SDEHIA =
geranyl acetate”} 7Hd Bo] FHrEo] o] A8 FEH
et $HE A Al g B 27t tEnhaL Bast
Ak A7 ARRe] A FES BAS A3 A 9
Holl A ol 7P ko, o gh 7P wkout
o] FE ZAsItial BAEIATH (Seo, 1994). TiF-Ee] 4bx
dufe] A AR 24 d7e 1xE AR dEHe s 3
AS R AFe AAEA, Abxdrje] ds 8 Fo
A e WskE HEE = /Unh 5, SuiellA] Bol
ol gEE Z¢} AU JEF R AR AERA, 4
28} Z9|9] 3 Guje] 3] Aol 4 WAL, Ak A
iR HEA7] o] AR i WHolE #4% vf dAIRE
(Cho et al, 2001; Cho et al, 2002; Cho et al., 2003),
Anj7} Wal7] ARl 6d Fulrt A5E7] AlEtske 999
T A7 EAMAE dujdsel mE FRdwe] WskE
sl 758 WMol Aok, FH2o] A4, Abe
2o wel &2k} (Shin ef al, 2006; Jang et al., 2005;
Mun ef al, 1994), 34 (Kim ef al, 2000; Kim and Han,
1997; Kim et al., 2004), &S+ (Chen et al, 1995; Chang
et al, 1997; Jun et al, 2008; Jun et al, 2007) 5 CTFYst
Ag)gio] BaEa glow, oHg 7154E o83 A
of, W& dxueA o] A 9%, AT Sorte HE
T AFQ] FFAIY] Az A3 A T TR el i
H3 ek (Mun er al, 1999; Lee, 2003). AH=gmje] thF
g o] 87kl st Guje] e Axel mE 7 AR
o] 24 g Ao wstl gk A= ming Aol
mEbA, & Ao e Axdrirt A Ee] AsEe A7
2l 8~109€ Apelel] A7 SHAIR A Abdnje] Ut
AR, A4 2 AR R 24 WslE #4351l it
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AU (Zanthoxylum schinifolium Sieb et Zucc)®] Fvil
£ 2008 8UTH 1089714 AEEd7Ed A A
A FFL)elA A AdxuFe] gulg 2 Ay AR
slom, gexe AHS AtxEuE 71, 8¢ Fol AFAcH

H - A5 - X I% . OI%‘R‘E-I

AxdulE 72, 99 Foll AFT DviE 73, 108 2ol
ARG Gk 74, 109 S0 ARG GohE 252 B9 3t
Atk AT Dl —40C BESAN IF BANE= BH
HE B0 ol gaslen, Yrie A4 S 22
@ 5 APAEE At UF BaE Az AR
10 g9l 95% methanol 50 m{ -2 7}ale] AFL-ollA 2447k 33]
W F&31900L, 40ColA] 79Fs53 5 dimethyl sulfoxide
(DMSOY 50 mg/nl =2 5] o] A1&aj%r).

2. AL AFH ADIE e S
Adx71Q) 8Y Z2oTH Ado] 9RHE 108 ST
SaAlel A duje] A, F, zo], FA|, A FAE =4

Abxgue] ZehilEL Semi micro kjeldahlH (Foss digester
2020 and Foss Kjeltec 2400 analyzer, Foss Tecator, Huddinge,
Sweden), i FS AA7rEATHeRE S, 24
W Soxhlet W, R FFS APIPOE LA
T AOACHd 3k Wios A3

AZ AREL 8o 3T 100mL2] ethers 7181e] A2
oM 24X &3 &, ARSI FEES AR
FT=EL A ZT2TY FHE 2 3mle] 0.5N NaOH/MeOH

£ 7hste] 100C Eedatel ] 1087+ wke-A17]3L, 14% BF;
3mbE WAL 227 WS F, sml o] kg ol 1k ut
SR F AgRoM WA EIRES 15 S Tt F

1027F AYs] WH-gA7|L S-S T § FrEF
< ¥l g% H GC (Agilent GC6890, Agilent Tech-
nologies, Santa Clara, USA)Z #2133t #4 AH-& HP
INNOWAX (30 m x 0.25 mm x 0.25 pmyS- AF&31993, o154k
AL7}E ARl oH o)Eake] £EE | m/min®E 315
ot LB2EE 150CA 17 A4 F, 180C7HA] 17T
20C s&ato] 287F AL, 230C7HA] 129 3C 52
alo] SEZF fAEI.0H, 250C7HA] 18 5T 28] i
7+ A8 Injector®} Detector®] &%+= 250CE 3k3ict.

5. 87HE
—40ColM 54 HEH AxIv|E Head-space 02 -f
AES F23% T GC-MS (Clarus 600 GC-MS, Perkin
Elmer, USAYE ©]&3sl EX31ch £4 AP Perkine-
Imer Elite-5ms (30 m x 0.3 mm x 0.25 )&, o532 dF 7}
22 ARSI, ol FEEE 1.0 /mine 2 3T 28 &
= 40CAA 100C7HA 18 10C 523 & 127 74
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Fig. 1. Shape of Zanthoxylum schinifolium fruit according to ripening stages. A : early August, B : middle August, C : middle September,

D : early October, E : middle October.

Table 1. General growth properties of Zanthoxylum schinifolium fruit.

Sample Width (mm) Height (mm) Thickness of peel (mm) Weight (mg)
z1 0.8+0.15d 1.1%0.20c n.d.’ 4.8+0.26d*
72 2.4+0.17c 2.8+0.11b n.d. 13.2+0.07d
73 3.5+0.14b 4.8+0.11a 0.3+0.05 29.5+1.62c
74 3.8+0.10a 4,9+-.05a 0.3+0.02 30.7+1.21b
Z5 3.8+0.19a 4.8+0.11a 0.3+0.02 50.7%+3.80a

YZ : Zanthoxylum shinifolium fruit, *Different letters (a-d) within a column are significantly different (p < 0.05, n = 3), Snot detected.

393, 230C7HA] 189 3C 523 & 527 §4311
Injector®] &%= 200C, DetectOA e 250CE 31
BA¥ Az NISTS WillyS o]&-3le] F433tt

6. SAA2]

tlolgle] FAAMEE 2t AEE 33 RO R dPafxlomn,
SAS (Statistical Analysis System)E ©]&3t] HF 3k,
Duncan's multiple range tests2 HwatEol st f<9dS 4
st

4ot 3! oF

p =)

SA AF ADIE 2™ E-

AERUTE 79-8€ st AlREe] 1099 Aol gks
He 3 A=oltt (Lee, 1998). 2F A7 Atzdwl
¥ EAS Fig. 13} Table 13} 72t} A4 %79 dnje

i, @2 wS g o] Xl wet dx} P A
F7tel Alo] sk S & & ATk o] Wsh= 89x (Z1)
o bAoA o] g wet A=A (22), =4 (Z3,
74), Z2A (25)0% WstEnt Z19] Iuje] 3} Fol= 7}
7k 0.8 mm, 1.1 mm2A o) ZkA|E, 75004 3.8 mme} 4.8 mm
= 4~SHH S7F ale. 3k FAIS] HiskE Z1oA Atdv
o] T 4.8mg oA, Aol HAyH 108 FEA
zsow—c 50.7mg o2 °F 108 F7I=EIATE ol& AzEvizt
Azl vls Ado] uEe A7l P4 A7|Rh E
2ol 7P Y 5 & T JUTh g fAe] FAe
AR z7ole 20| B7Fs38IaL, Z3A17] olF& 0.3 mn
=2 g fA=A

2, dutd

Az grje] dRdE EAAFE Table 23 2ot 528
O 710] 74.6%C|Q3L, 755 552%% 20% A% 7HAaE o]
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Table 2. Proximate composition of Zanthoxylum schinifolium fruit.

CAEY - LR - 0)2E

Sample Moisture (%) Crude protein (%) Crude fat (%) Ash (%)
z1t 74.6+0.51 4.2+0.05 1.0+0.07 1.6+0.04*
72 69.10.01 3.2x0.11 4.2+0.16 1.7x0.02
73 62.4+0.62 4.4+0.44 8.5x0.06 2.0£0.05
Z4 59.60.91 4.7+0.25 10.0%0.22 2.5+0.12
75 55.2+0.87 5.2+0.09 10.6+0.30 2.7%+0.15

YZ : Zanthoxylum shinifolium fruit, *All values are mean=SE (n = 3).

Table 3. Calibration curves of the 11 fatty acids standard compounds.

o) AYgol we FRTe] A2PE & 5 Utk 2

o] deke. 710] 4.2%, 737} 4.4%, Z57F 52%= Gl

_ fatyadd Calibration curves A Aol W2 DPeA GAHUT 2 FEE Z10]
Myrls't!c ac!d (C14:0) y = 1.2659x — 0.35 0.9982 A 1% 7FF 3HeEo] AR, 73904 8.5%% FA3] =7}
Palmitic acid (C16:0) y =1.3778x-0.7 0.9960 997 75 106%2 Z15h 1Al ok 108 7FeF 27}l
Palmitoleic acid (C16:1) y = 1.3313x-0.35 0.9981 1-/\ - - e ““‘O o E°Z° i
Stearic acid (C18:0) y =1.227%—0.5 0.9939 Frolglet. o] Avke Atz dvfe] A% Ny e TH T
Oleic acid (C18:1) y=1.1013x-2x10"" 0.9978 7Rl Ak AES Kol AS & 5 AT I e
Linoleic acid (C18:2) y = 1.4005x + 1.1 0.9914 Z19] 1.6%0A 259 2.7%= A<sshar] oft S7tEs A
Linolenic acid (C18:3) y = 1.3602x - 0.1 0.9959 o]t}

Arachidic acid (C20:0) y = 1.6016x + 1.9 0.9826
cis-11-Eicosenoic acid (C20:1) y =1.6997x + 0.2 0.9762 3. X[ubAL
Arachidonic acid (C20:4) y = 1.276x - 0.55 0.9964 coles - ) AL ol= N
Behenic acid (22:0) y = 1.2006x — 0.25 0.9955 Gas chromatographys ©1-8-3F APPAHEAS flslo] Baile
142271Q1 A 1158 BF=4= ARSSISIT) (Table 3). )
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Fig. 2. GC chromatogram of Zanthoxylum schinifolium fruit.
A:Z1,B:272,C:273,D:274,E:275

STD : 1 : myristic acid (C14:0), 2 : palmitic acid (C16:0), 3 : palmitoleic acid (C16:1), 4 : stearic acid (C18:0), 5 : oleic acid (C18:1),

6 : linoleic acid (C18:2), 7 : linolenic acid (C18:3), 8 :
arachidonic acid (C20:4), 11 : behenic acid (22:0)

arachidic acid (C20:0), 9

: cis-11-eicosenoic acid (C20:1), 10 :



Table 4. Fatty acid contents in Zanthoxylum schinifolium fruit. Unit (1g/g)

C14:0' C16:0 Cl6:1 (C18:0 C18:1 (C18:2 (C18:3 (C20:0 (C20:1 C20:4 (C22:0 Total SFA (%)" UFA (%)
2 nd 205 ome tmsd 7o0c saoc M 17m 2ombe M ge 1956 923 577
22 nd nc okse oz osse 2k "¢ oo ose M iz 1953 V8 622
Zond Gk saa s 1196 1206 "¢ 3ssh sooab M o 19051 212 788
20 nd 0T ares 13t 066 G092 M4 2 6ot " Taje 3390 196 804
5 nd DU saoh 0ae 28 1399 " oieab anzbe "¢ oppe 21772 202 798

*Fatty acid : C14:0 : myristic acid, C16:0 : palmitic acid, C16:1 : palmitoleic acid, C18:0 : stearic acid, C18:1 : oleic acid, C18:2 : linoleic acid,
C18:3 : linolenic acid, C20:0 : arachidic acid, C20:1 : cis-11-eicosenoic acid, C20:4 : arachidonic acid, C22:0 : behenic acid.

*SFA : saturated fatty acid, UFA : unsaturated fatty acid.

SDifferent letters (a-d) within a column are significantly different (p < 0.05), n = 3.

HA7PE Abzdufe] Apaks E4E A 1150 At F
acid (Cl14:0), acid (C18:3),
donic acid (C20:4)E A|LJg 8F 2 Aito] HEHIUT
(Fig. 2). T Aol EAlshs BREH) va) B2
e F2 A4 ©AE AW palmitic acid (16:0), stearic
acid (18:0), oleic acid (18:1), linoleic acid (18:2), linolenic
acid (18:3) & S7HA xite]l SAishH, At 5
HE, ¥, 228 5 FHE ARE o]&EE= myristic
acid (14:0)= XZEel Zol Fflo] Aem (Kim er al,
2001), @olZxE =EA| y-linolenic acid’} T-F=o] 7]
T 3t (Kim et al, 1995). 28y, ¥ AREo] © 43
o]z A%l 37 ©]’d4<] Polyunsaturated fatty acids (PUFA)=
LS AEolA A e AR A vt (Kim er
al., 2009). AEE At sk, SRt 2 ZsxkAk
o] ¥]&-L& Table 49} 7t} 2bxgvle] Asapgdd A A
Akghare ASE7190 Z19] 155.6 1g/g, 727} 135.3 g/g] AL
9 F= Q1 Z3°] 1,905 /g = F43%] S, 10
254 Z490ME 3355 1g/go B AL A7) T TP w2

myristic linolenic arachi-

geks Bt ol 713 ¥l ok 228 =& SHEkolo
B, FEe o, 2AY GRS 100 274 A wasiA

n]g- =2 Froldnk. A hAke] Mg ZI19lA palmitic acid
(C16:0)7} 43.1 g/g, linoleic acid (C18:2)7} 47.9 ug/g= 7}
7 Bol grEe] suslem, 229 FARSE B dFolSdTt. vt
™, Z394= palmitic acid (C16:0)7} 351 1g/g, palmitoleic
acid (C16:1)7F 115.6 1g/g, oleic acid (C18:1)¢} linoleic
acid (C182)7F ZHz}h 852.5, 545.1 ng/g &2 FHA i3 o
DA oA Al7)9} vlwEA] oleic acid (C18:1)2] o]
A3 S7H S & AT Z4= 733 vasiM = A

Wake] ghgol 543 S7HEIAL, 53] oleic acid (C18:1)9]
gHeko] 1,613.7 ug/gS® 7¢ wol FHaEo] Atk 2 =

(Cha ef al, 20000 109 2%&7e] 2z AujE Zlsld]

100% Nco22:0
X
° 1] :
= 80% C20:1
c #C20:0
S A
g % acis:2
£
§ 0% MCi8:1
2 @c18:0
T 20%
2 @c16:1
©
[

0% Ec16:0

Z1 z2 Z3 Z4 75
Ripening stage

Fig. 3. Fatty acid composition ratio in Zanthoxylum schinifolium
fruit.

Fatty acid : C16:0 : palmitic acid, C16:1 : palmitoleic
acid, C18:0 : stearic acid, C18:1 : oleic acid, C18:2 :
linoleic acid, C20:0 : arachidic acid, C20:1 : cis-11-
eicosenoic acid, C22:0 : behenic acid.

Z: Zanthoxylum schinifolium fruit, Z1: early August, Z2:
middle August, Z3: middle September, Z4: early October,
Z5: middle October.

A 7 AGARE FAT A fEAEte] e oleic
acid (34.3%) > palmitic acid (20.9%) > cis-11-eicosenoic acid
(20.0%) > linoleic acid (15.7%)] =OIATkAL Bl om o]
Ads & A7 fAF A7IRL Z49] SR frAlskiTh Z5
oM A|to] ol FrEo] UAAIRE Z49t BlasiA A
A Aabak gheFo] oF 38% Hx= AFHULH AxdrFEE
o] BESAR] H]&e 710] oF 60%C1UL Z3 o|F=
80%2 ¥& TS Hth BEsAA ghaF wek Z4004
2753 g/g 22 7P Bol Hr ol ATk

A7 AL FAHIE Fig. 33 2t Aite] A=
Z191A linoleic acid (C18:2)7F 30.8%% 7F¥ =33, palmitic
acid (C16:0)9} oleic acid (C18:1)7} 24z} 27.79F 22.5%%=
S HES Bow AA A T olE 35 ARt H|
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Table 5. Identified volatile compounds in Zanthoxylum schinifolium fruit.

Peak Retention time Peak Retention time

Volatile compound Volatile compound

No. (min) No. (min)
1 5.53 N-Methyltaurine 33 31.76 3-Methyl-1.3-pentadiene
2 7.61 Dimethylphosphine 34 33.73 Citronellal
3 7.65 Thioacetic acid 35 35.54 Octyl acetate
4 8.85 Isobutanal 36 36.09 Estragole
5 9.77 3-Diazopentane-2,4-dione 37 36.92 Methyl salicylate
6 10.42 3-Penten-2-ol 38 38.62 cis-Anethol
7 11.27 2-Isopropoxyethylamine 39 40.29 2-Undecanone
8 11.52 3-Methyl-butanal 40 42.04 Citronellyl acetate
9 11.80 2-Methyl-butanal 41 43.27 o-Cubebene

10 12.17 2-Ehtyl-furan 42 44.01 f3-Elemene

11 12.58 2-Penten-1-ol 43 45.54 Methyl-eugenol

12 16.96 3-Ethyl-2-methyl-1-pentene 44 45.93 f3-Caryophyllene

13 18.81 Ethylbenzene 45 48.69 Germacrene D

14 19.13 1,3-Dimethyl-benzene 46 49.47 8-Cadiene

15 19.61 1,6-Hexane diol

16 19.80 Allyl methallyl ether

17 19.82 1-Hexanal

18 21.38 o-pinene

19 23.55 p-Mentha-1(7), 3-diene

20 23.73 B-Myrcene

21 24.93 o-Phellandrene

22 25.51 1,2-Dioxalan-3-one,5-ethyl-5methyl-4-methylene

23 26.07 D-Limonene

24 26.13 Octanal

25 26.34 B-Cymene

26 26.48 B-Phellandrene

27 26.65 B-Ocimene

28 30.59 2-Nonanone

29 30.78 Linalool

30 30.83 Linalyl anthranilate

31 31.14 cis-Sabinol

32 31.69 Cosmene

&S 81% A=Jth 72914 % linoleic acid (493%)> o E¥&h= ol Aee] AxEnj7ie] H|wE AwEy B¥
palmitic acid (31.8%) > oleic acid (10.6%) <=2] H]-&-& KA 19 E A7)0 wet e EEe $F ¥ ol Oali]g]’
3L 3Fe] Ak A AL ShgeA 90% olds A A ofe AHE Bl 53] guje] Aol uhE A
AT}, Z390ME oleic acid (44.7%) > linoleic acid (28.6%)>  W3}= AR AxAz = QIS

N

palmitic acid (184%)2] +=H2 =0} o] z1z 729} A A FA A2UE AujE AZEA k7 Head-
B]A] oleic acid (C18:1)9] H]&o] 71 AL & 4 U spaceH= o]&3ld FE3 HJ/HAHES GOMS ¥ 72EZ
th z49t Z5% 733} AR AMRbRdEE BN 8 3% 2 ERIgH A A APAINA T 4650 QRS s
A Hkake] ZH]E HEI 90% o]AC 2 RAE T ATH (Table 5). ©]5 @o] gf¥H EZLS o-pinene, P-

myrcene, [B-ocimene, 2-nonanone, estragole, 2-undecanone,
4. BRrd: B-caryophyllene 52 8% ©|t}. 53], 3}—9] EZo] 2z

7128] Aol Afidwe] #dE dve Adse ASA7EE ghggo]l Al Wl ©l52 a-pinene, B-
gro] f5 9 AxX ARYuE e AFs AL} ofA ocimene % estragole ©|AT}. a-pinene cyclic monoterpene
o] AxE sl g Zlo] tii-Eo|drth. thdsRt A< o7 by FXl Bol EAeh, 552 Alsddgd A
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Table 6. Contents of main volatile compounds in Zanthoxylum schinifolium fruit.

Volatile compound (peak area %)

Sample o-pinene B-myrcene B-ocimene 2-nonanone Estragole 2-undecanone B-caryophyllene
Z1 9.7+0.75a' 1.8+0.42a 20.8+7.62a 0.6%0.29bc 2.1+0.82b 0.1£0.05c 0.2+0.04b
/2 0.4+0.05b 0.3+0.03bc 0.6+0.09b 1.6x0.22a 30.1£2.69b 2.5+0.50a 0.3x0.04a
/3 0.7%0.09b 0.5%0.15b 0.4+0.23b 2.4+1.72cd 91.2+3.39a 0.6=0.06b 0.2+0.02b
74 0.4+0.05b 0.2+0.01c 0.3+0.02b 0.9+0.09b 92.0+9.63a 0.9+0.47bc 0.2+0.08b
75 0.220.01b nd. 0.4+0.01b 0.2+0.01d 87.2+3.317a 0.6+0.04c 0.4%+0.08a

"Different letters (a-d) within a column are significantly different (p < 0.05), n = 3.

S571% 3, dAe HEHW ede] FAROZ vl (basil)
o] FAE Il gal F+EdE 7= o-terpineolo] t A
Z 27350l ARESh= Camphore] Aol o]&5E ot}
(Mann et al, 1994). B-Ocimene acyclic monoterpene® =
2719 dubARl EAFe] shUEA AFECIY 23S
frelsks B4R deA dom dnkxog o FHalA &
iy drjz HEeE 7AEY (Takehiko ef al, 2005;
Pichersky and Gershenzon, 2002; Arimura et al, 2002).
Estragole> AAR7ISHEZ wllAl 372]o] methoxy 153
propenyl 152 7} 3lE2E 7HH Y (John, 1994). TS
anethole®] ©]F 23 o[ JHAZ JAFEE, Wol Sl Bo] &
AshH, et F& o= o= FEU AHVER ol8H
31 It} (Guenther and Althausen, 1949; Leung, 1980).

85 FRARATL] TS peak AHHER SIS A3}
© Table 63 T} dvl@/do] AAEE A171Q1 Z1olM= B-
ocimene®] 20.8%% WSk O™ o-pinene®] 9.7%, B-myrcene®]
1.8%, estragole 2.1% 5] FHr=lo] AT} o] A= 5
A~10¢0) A3 2kx YollA a-pinene?} ocimeneo] A
el 40%= 7P Bel FrEthe BAL (Chae ef dal,
2001) o fAKSE A#E duj7t Y= 2719 BHdEe
A FARE FEje] ARAAEE 7R AR AztEn. 22
£ estragole®] o] 30.1%% FA3] FT7F=AAL o-pinene
o] 0.4%, B-myrcene®] 0.3%, B-ocimene®] 0.6%= Z13} H]
et gaEe A4S B 53], Wol (4gastache
rugosa O. Kuntze)?] FR4EOZE 4eiA U= estragole
AxGu7h el wet Fo] wA43] ko] 233} Z4o]
A Z¥2E 91.2%SF N2%= BdiEe] tita XFAIsIel. ©]
A= 98 5, skeoll AR ARGl T8 AR F
estragole®] 80% ©1’d & A3} (Cho er al, 2003) <+ 4
Ask= Zoltt.

SHH, 71l FEhet Akx ule] H/E FESke] BA%
A3}, B-phellandrene (22.5%), citronellal (16.5%), geranyl
acetate (11.4%), B-myrcene (7.7%) 5°] T2 =] Aot
3L ®3 (Chang and Kim, 2008)=] A%+ A 7)ol s}
T 73~75°] B AR Fe ik AdE Helen, 5

3], estragole®] 7% 7] EASHA] Be AoR W)
AAH R Az du7t mdsE Ad 27)dM s AiEe
2 3ol 7338t a-pinene, B-myrcene, B-ocimene]| $FHEFo]
=tom, Adzo] A EHA g-pinene, B-myrcene, P-
ocimene> A3 ZAAEI FAAo] FUHoz ofFst
estragole®] o] F43] F7I=HATE AR AI7IE Abxgule]
A AR TS 98 X (051%)> 108 X (0.38%) >89
Z (0.18%)%] <=olATHL B (Seo, 1994)% A7, B A
Aol 73 (92 F), Z4 (102 %)>7Z5 (102 F)>72 (8
4 3$)> Z1 82 %)° £o2 AR e Bk =3
% Z (Cho e al, 2002)°] B3e] w=w, ujs}l wa]s]
A 6 A Fui7t AsEE 98 Ao Ak de] B/ A4
o] wolg KW, 69l Hla] 9¥9] oA= estragole>
1200 S7ke Az dufe] AR A wlolok dof A W
o7} Ak AE Kol As & 7 Al
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