KA TEE @ L 2238 A43.(2008d 124¥)
Kor. J. Herbology 2008 ; 23(4) : 159-170

PR SHeEAe] Hesperidind “8+1/3% Bl

Fal!, FE!, o)A, ojAF’, Ryw' 15A, Hzg"

1: AEetn st 2: Foista o)) dt

Analysis of the Content of Hesperidin and Essential Oils from the Peels of
Various Citrus Species

Inhye Haml, Eui-Dong Jungl, Kyungjin Leel, Je—Hyun Leez, Youngmin Bul,
Hocheol Kim', Ho-Young Choi'*

1: College of Oriental Medicine, Kyung Hee University
2. College of Oriental Medicine, Dongguk University

ABSTRACT

Objectives : This study was carried out to evaluate the quality of the peels of various Citrus species.
Method : The contents of hesperidin from fruit peels used as Citri Pericarpium such as C. natsudaidai,
C. grandis, C. unshiu, and C. sunki, were analyzed by HP-TLC, HPLC, and essential oils of those were
analyzed by GC/MS.

Results : HPLC analysis showed that the hesperidin from the peel of C. wunshiu and C. reticulata was
satisfied the standard of Korean Pharmacopoeia. The essential oil was analyzed by GC/MS. As a result,
limonene, furfural, 5-methyl-2-furfural, linalool oxide(c’ss), linalool oxide(frans), terpinen-4-ol, (-)-a-
terpineol, germacrene D, 4-methyl-2,6-di-tert-butylphenol was detected in all 4 kinds of Citrus
species.

Conclusions : As a result of chemotaxonomical similarity analysis with essential oils, the peels of C.
natsudaidal and C. grandis are closely related, while C. unshiu is distantly related to the others.

Key words : Citri Pericarpium, hesperidin, essential oil, HPLC, HP-TLC, GC/MS
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Table 1. Herbal Materials used for
Hesperidin and Essential Qil

the Analysis of

used

Sample part Vouchers Locality Date
C. natsudaidai (Cn) peel  je0003  Korea: Jeju  2003. 5
C. sunki (Cs) peel  je0002  Korea: Jeju  2003. 5
C. grandis (Cg) peel  je0004  Korea: Jeju  2003. 5
C. unshiu var. miyagawa (Cu) peel je0001  Korea' Jeju  2003. 5
Citri Pericarpium (G1) peel je0005  China. Anguo 2003. 8
Citri Pericarpium (G2) peel  je0006 China. Boju  2003. 8

Vouchers are in College of Oriental Medicine in Kyung Hee University
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St &n Cs Cg Cu G1 G2

Fig. 1. HP-TLC patterns obtained from various citri pericarpium

abbreviations are in Table 1
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Table 2. Hesperidin Contents of Various Citri Pericarpium by HPLC

Retention Time(min.) AClng/mb) contents(%)
C. natsudaidai (Cn) 103 51.8+1.8 0.25%0.02
C. sunki (Cs) 10.3 51.7£1.39 2.33+0.37
C. grandis (Cg) 10.3 51.4+0.46 0.20£0.02
C. unshiui (Cu) 103 50.40+0.20 4.83+0.10
Citri Pericarpium (G1) 103 51.1+0.53 3.59+0.79
Citri Pericarpium (G2) 10.3 51.4+0.62 4.40+0.30

Auto-Scaled Chromatogram
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Fig. 3. HPLC choromatogram from hesperidin

Table 3. GC/MS Data of Essential Qil from TIC Data of C natsudaidar peel

Peak No.  R.T(min) Qual. M+ M. Formula Base Peak Other main Fragment Assignment Area %
1 2:46 91 86 CsHiO 71 86, 58, 53, 43 2-methyl-but-2-ene-1-ol 2.81
2 295 91 96 GHO» % 67, 61, 50, 43 furfural 2.1
3 5:38 98 136 CioHis 68 136, 121, 107, 93 limonene 4740
4 577 97 136 CioHis 93 136, 121, 77, 43 y-terpinene 440
5 59 91 170 CioHI30 59 111, 94, 68, 55, 43 cis-linalool oxide 11.50
6 618 91 170 CiHisO 59 155, 111, 94, 68, 55 trans-linalool oxide 849
7 6:32 97 154 CioHiO 71 121, 93, 80, 55, 43 L-linalool 520
8 760 9% 154 CioHiO 7 154, 111, 93, 86, 55 terpinen-4-ol 248
9 779 91 14 CiHisO 59 136, 121, 93, 81, 43 a-terpineol 771
10 11:92 9 220 CisHO 205 220, 189, 177, 145 butylated hydroxy toluene 3.19
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Fig. 4. GC Chromatogram of essential Qil from C. natsudaicar peel
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Table 4. GC/MS Data of Essential Oil from TIC Data of C sunki Peel

Peak No. RT(min)  Qual M+ M. Formula Base Peak Other main Fragment Assignment Area %
1 5:38 98 136 CroHis 68 136, 121, 79, 53 limonene 6.83
2 6:33 97 14 CioHiO 71 121, 93, 55, 43 L-linalool 14.61
3 7:60 <R 14 CioHisO 71 154, 111, 93, 86 terpinen—4-ol 268
4 779 91 14 CioHiO 59 136, 121, 93, 81 (-)-a-terpineol 414
5 9:89 93 136 CiHis 121 136, 107, 93, 19 2-B-pinene 472
6 10:51 9 204 CisHay 93 161, 147, 107, 81 B-elemene 1583
7 10:98 99 204 CisHy 93 161, 133, 69, 41 B-caryophyllene 321
8 11:4 99 204 Cistyy 93 147, 121, 80, 41 a-humulene 440
9 11:7 B 204 CisHyy 161 119, 105, 91, 81 germacrene-D 6.72
10 11:92 91 220 CisHuO 205 220, 189, 177, 105 4-methyl-2, 6-di-tert-butylphenol ~ 12.91
11 12:16 9 204 CisH 161 204, 189, 134, 119 6-cadinene 79
12 12:74 9 204 CisHu 121 204, 161, 133, 93 germacrene B 349
13 13:84 86 222 CisHx0 53] 204, 161, 121, 109 T-muurolol 2.08
14 13:88 96 222 CisHxO 59 204, 149, 109, 93 eudesmol 432
15 13:91 93 222 CisHx0 81 204, 189, 161, 135 elemol 6.09

Abundance TIC: JINP-SAN.D -7
! 6.33 10,51
1500000
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Fig. 5. GC chromatogram of essential oil from C sunki peel

Table 5. GC/MS Data of Essential oil from TIC Data of C grandis Peel

Peak No. RT(min) ~ Qual. M+ M. Formula Base Peak Other main Fragment Assignment Area %
1 2:% 91 % GHO, % 99, 77, 70, 67, 50 furfural 41
2 3:10 97 R CsHs0, R %, 81, 53, 41 furfuryl alcohol 171
3 4:39 91 110 CeHsO, 110 %, 81, 53, 43 5-methyl-2- furfural 322
4 4:75 % 136 CioHis 3 136, 121, 82, 69 myrcene 6.62
5 5:3 9 136 CioHis 63 136, 121, 107, 93 limonene 26.38
6 5:% 91 170 CioHigO, 59 111, 94, 68, 55, 43 linalyl oxide 1461
7 6:18 91 170 CioHiO2 59 155, 111, 94, 68, 43 trans-linalool oxide 9.35
8 6:32 97 154 CioHiO ! 121, 93, &0, 55, 43 linalool L 2.74
9 7:79 91 154 CioHis0 59 136, 121, 93, 81, 43 a-terpineol 154
10 10:24 91 1% CioHoO2 69 136, 121, 93, 80, 43 geraniol acetate 2.00
11 11:7 9 204 CisHa 161 204, 133, 119, 105 germacrene D 777
12 11:92 % 220 CilhiO 205 220, 189, 177, 145 4-methyl-2, 6-di-tert-butylphenol 343
13 12:16 9 204 Cistas 161 204, 189, 134, 119 §-cadinene 155
14 15:53 9 218 CllxO 147 161, 133, 121, 91 nootkatone 2.59
15 16:88 63 212 CopHz: 69 119,133, 147, 272 (6E8E,10E)-2,6,11,15- tetramethyl-2,6,8,14-hexad 712
16 17:24 70 204 CisHay 69 41, 93, 147, 161 (Z)-B-farnesene 374
17 17:76 % 328 CioHyOeSi 313 328, 132, 117, 73 palmitic acid-monotms 153
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Fig. 6. GC chromatogram of essential ail from C grandis peel

Table 6. GC/MS Data of Essential Qil from TIC Data of C wunshiu peel

Peak No. RT(min) Qual. M+ M. Formula Base Peak Other main Fragment Assignment Area %
1 2:9% 91 9% GH/O2 9% 67, 61, 56, 50, 43 furfural 6.13
2 8:27 91 152 CioHis0 109 119, 91, 79, 55, 41 trans-p-mentha-1(7),8-dien-2-ol 441
3 11:92 &R 220 CisHpO 206 220, 177, 145, 105 butylated hydroxy toluene 8.09
4 13:91 D 204 CisHy 43 204, 161, 81, 55 y-gurjunene 2.89
5 14:21 50 126 CoHig 97 69, 91, 111 1-ethyl-1-methyl-cyclohexane 36.25
6 16:93 97 278 CigHxO4 149 218, 223, 121, 104 N-butyl isobutyl phthalate 5.76
7 17:65 43 236 CiHyOs 97 193, 43 3-[(furan-3-yDhydroxymethyl]-4-isopropylcyclohexan 198
6 _ TCINPRIED ™
Abundance 1421
2000000
1500000-
1000000,
50000'0‘| 295 11.92 -
8.27 -
] 13.91 17.65
0:7.’" ,)\L}—Lhn. . MJ,iﬁ b e, Au_.r\_L i gy .
Time--> 300 4 00 5.00 660 7.00 8.00 .00 10.0011.0012:0013.0014.0015. 0016 0017, 0018 0019 0020, 0021 0022 0023.0024.0025.

Fig. 7. GC chromatogram of essential oil from C unshiu pegl

Brol AEEYEE), limonene(26.38%), linalyl oxide
(1461%), trans-linalool oxide(9.35%),
D(7.77%), myrcene(6.62%) 59 ko] H
tH(Table 5)(Fig. 6).
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Table 7. Comparison of Essential Qil Identified from Various Citri Pericarpium

Rt Compounds Cn Cs Cg Cu
245 2-methyl-but-2-ene-1-ol ++ + - +
29 furfural ++ + ++ ++
44 5-methyl-2-furfural - - ++ +
475 myrcene - - ++ -
538 limonene +H++++ ++ ++++ +
5.77 y-terpinene ++ - - -
59 linalool oxide(cis) e + + +
6.18 linalool oxide(trans) ++ + ++ +
6.33 L-linalool ++ +HHt ++ -
76 terpinen—4-ol ++ ++ + +
78 (-)-a-terpineol ++ ++ ++ +
827 trans-p-mentha-1(7),8-dien—ol - + - ++
10.24 geraniol acetate - + ++ -
1051 B-elemene - +Ht - +
1098 B-caryophyllene - ++ + +
11.44 a-humulene - ++ + +
11.75 germacrene-D + ++ ++ +
11.92 4-methyl-2,6-di-tert-butylphenol ++ +H ++ ++
12.16 &-cardinene - ++ ++ +
1274 germacrene-B - ++ + -
1384 t-muurolol - ++ - -
1388 eudesmol - ++ - -
1391 elemol - ++ - ++
1421 nc ++ + + +Ht++t
1553 nootkatone + - ++ +
16.33 nc - - ++ -
1693 N-butyl isobutyl phthalate - - - +
1724 (Z)-B-farnesene - - + -
1765 nc + - - ++
17.76 nc - - ++ ++
2556 nc - - - et
2568 nc - - - et

nc: unknown compound, - not detected, +: trace, ++ peak area % less than 10%, +++: peak area % less than 20%, ++++ peak area % less than 30%,
+++++1 peak area % less than 40%, ++++++! peak area % over 40%. Abbreviations are in Table 1.

4-methyl-2,6-di-tert-butylphenolo|™, V2. natsudaidai Table 8.  Similarity Data Matrix Calculation with Essential

o ujolnt Q)& AL y-terpineneo| i, FGAHC. oil from Various Citrus Species Using NTSYSpc(Ver. 2.11Q)
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=7 et AL hesperidin 4 A3ols X8}
£ Zo|ti(Table 8)(Fig. 8).

ofr

o F

Bipze] 71902 okdol| FAlE A& olQdm F=t
o] 7B FQ WEoR JHIHMIC reticulata Dahongpao
9} iEiC. reticulata TangerinaS S Jom I
TEEZ AMEC erythrosa 52 WEC2 A|AsaL o
Az Ao Lul7} o oWy a s, A ojmit
o FA] 5ol wet HFOoE WolEole $AE
A7F o2, 1ol wEt Bk FRE LHEE A
dujtt g2vde 2S¢ F Atk

THAMZ Bk BASZ Aok Bl oS
Hz9 7129 AT RE TSR olF
o= fE ot g4 xdEe lew, =t A
gl tiet HHAE i, T, fi, Bolgle &9
7L 9o ek BA AolM Ml Bl
D= C aurantium Linné7} YENAE k=
Z1A= ] Ak Egh B g e Agtell A,
T glo] ARHYIE A, miie EEola, B
z&z o7 yaks] tE oy HEA A B
Fzol Hla gt o] Ha glok

Y Ye FA F 7HA WA s
o B3} s=ro] LFUNC unshiElE EHol
o) Ay EAPY doe X8 %, ffolzhe
A7} AR AA & 4 Axol, T Yol
Y, M2 o2 A9 H|g 2ol diste] ki, fil
¥, M, B 59 AR o]&& Bold, 71 A€ol A
YHA AR =of BiiEle HARMS B
YehA Hh

T g 3 SkA figge] Ha wggs A st
W piggo] = FHgEd) A b FgEe] Han [
3 3 shE o] He Bk AREE HR
a5 W fikEle olEoE fEHTE AR
9] g Bz A= H& okart Yeigte 3
T, &3t dale Hkoll A JIe kol
W a7 LeEA Bukr Eohe RBEEe 249
Bise S-do] Biehe 59 AW MK, i,
PUE, B, B, hhk So] S8FA 3 Holzta

2 oo o\ 3O

Ay 7rgict,

Bigzel gk A= wlg tkstA e ok
Bz o] RMT wMEe] kel BT HE
ojty, ¥y 3ekA] B EFE &% AolE
B el A+e A7 BA ook =3 3
obAl PRSIl e FEI I AppEES
Zr=o] AT} A FolA ZBAHoZ 1AFA )
oJA Edo] ¥ At Aot} & FHHe=E A
Ae F7PERE Aol7t vaL, Al e Kb, Bl
2} e A9dEE A Auld) xolrt U
H, AZFe 2 dA= fiold mholA BikeEle ol
o2 Wy, #Ale o Tl wE 2gA
Helsta Q7] wiEolth. 1 Ax fjolx A bp
o} Zo] =Eoly 7|e FhAME Biiete FYS
BxHow oy FR9 BHuLrt EAE Ak

olgjgt TS FEIIIA oA BKE FF

= 812C natsudaidai, PNEC. sunki, FHAC.
grandis, <FBXC unshiu®) 33, F=4F Bl 250
3l A hesperidin®} FiiE /& Hlal A5

AaFo] Bolsid %2 hesperiding  flavonoid
glycosideZA] Biifze] AREAZ 40%017d T3t
o dtka <HFepd > Yol FAHE ] Qo Hijy
i 3HekA) 6%l thelA) HP-TLCO 2)3F hesperidin
g9l A3 HPLCO] 23} hesperidin $H3F £4 A
AL AR =g BF dEAQ] A i
Hgggol7] wiiEel wulat Bk 459 ARdEel
gk GC/MS AFS At old 25UC
unshiv®] Fo= Mg, 93, 7 59 FFAGAA
fFese AS doA ARSI, 1 o= W7t
Eo| AAZ AMgEh= PLE 45 siAelth

Wz 6%l thet hesperidin®] HP-TLC &<
g Ay &9l 3 254nm, 365nm 2 20% 3
Atxdo g Qlek whalo M Rf 0430014 HHHo] UERtS
< RIS T3k AR 5 254nm 2006 3R
dog WAE AN sEC natsudaidait FHAC,
grandis®] FIoM= & TLC patterng el
F AR oY hesperidine &3] A 4 §lle
W, &FEAC unshiv® I} T BiE(GI,
G2) F FF9A4e= & TLC pattern¥® hesperidin
o WS 1T & AN JIBC sunkrd] 3ol
Ae & 23 TLC patterne THEA]TF hesperidin
o] = AHFig. 1.

V2 C natsudaidai®t BAC. grandis® Fu|=
FYS TIC pattemne YERNT 2104} hesperidine 3
3] el = glthe HollA, Mz AR 9=
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APtk A3 B EAY a5 dodds He
F28 F Aok 2FEUC unshivst TR B
(Gl, G2)& 2& TLC patterns YeRz glouz
A 55 7T #daEH, 1979 LA
slo} FBAF e g 7tAEE el AEAAYS
1A |7, Q7PN T BEE R AL8S)
A e A0S & & Utk

SV C. natsudaidaidy BHAC. grandis®] 9]¢
hesperidin 832 7212t 0.25+0.02%, 0.20+0.02%Z
w9 ko AFC sunkid] FI= 2.33+ 0.37%
2 gigkefde 712 wAA Rtk 1Yy, 25
DAC. unshiv®] F3) ¢} T4t A B%(GL, G2)
= 4.8840.10%, 3.59+0.79%, 440+0.30%=% < Th3ref
A>9 71EE "UREE FF32 UATHTable 3,
Fig. 7). o]A& HP-TLCY hesperidin +43% F
AR ARE <HigeFd> 9 8 R hesperidin
AT aEstd, QdTtelA &3] AHgske &5
9] By kg SN 7P Sk, =
sunki, 3V2C. natsudaidai, 3AC. grandis®] 9]
2=

B 7h oEAQ HELENE HEdEeR s
Zetste, ARAARS FE3hd B4 GO/MS 23
NN  BEC natsudaidai  FIANAE limonene
(4740%,)3} cis-linalool oxide(11.50%),  trans-linalool
oxide(11.50%), a-terpineol(7.71%6), L-linalool (5.209%), y-
terpinene(4.40%) 59 ARAEC] F2 AZHI,
AEC sunki® FIo M= L-linalool(14.61%), B-
elemene(15.83%), 4-methyl-2,6-di-tert-butylphenol (12.91%),
&-cadinene(7.99%), limonene(6.83%), germacrene-D (6.72
%), elemol(6.09%) 59 AfdE°] 5% o’ el
oty FFAC grandis HAANM e HEE AHAEY
Z57F 7P 2oy limonene(26.38%), linalyl oxide
(1461%), trans-inalool oxide(9.35%), germacrene-D (7.77%),
(6E8E,10E)-2,6,11,15-tetramethyl-2,6,8 14-hexad ~ (7.12%6),
myrcene (662%) 5o vl A HEFHG oW 54
7C unshiu B9 =  1-ethyl-1- methyl-cyclohexane
(36:25%) butylated hydroxy toluene(809%), furfural
(6.13%), N-butyl isobutyl phthalate(5%)2] <=2
A&HAY} 16-diphenyl-5-hexadiene®] <& quality
2 3850% #HEE e e A4S Wbl
A3l FAE 42 dFolga Azt

B 4FdAN TEE AFH AHARARS
limonene, furfural, 5-methyl-2—-furfural, linalool oxide
(cis), linalool oxide(zrans), terpinen—4-ol, (-)—a-
terpineol, germacrene-D, 4-methyl-26-di-tert— butylphenol

o}, 8\&FC natsudaidai®) FHewt e AL y-

< myrcene, AEC sunki®] T Je AL
T-muurolol, eudesmole]™, &F2DAC. unshiu®] 3}
ook = AL N-butyl isobutyl phthalate®} =&
quality®] 16-diphenyl-5-hexadieneo|th 8V2C nmatsudaidai
o] Zajefet §l= AL Bcaryophyllene, a- humulene, &-
cardinene®] 371A] AEoz I Hod, IIE(C
sunkr® ot 9= AL nootkatone, FHAMC
grandis®] vt e AL 2-methyl-but-2-
ene-1-ol, £FUZC unshive] It Qe AL
L-linalool2 Z}7z} 17X et} 8V=EC. natsudaidai, 3
FAC grandis® 3= limonene, linalool oxide(cis),
B-elemene, elemol A& HAE 430l A2 FANSH
o Aoz AR A 85S Ad Aolgn
=5 &ty JEC sunki®] A% FE AEA
o] 7} BT ET3 monoterpened HEE

om LFUNC unshiu® 7A$-= guality”}

e

]

(e
=
O

3% Hio] wed, oF AJY A4S

RS

E
£ ARY 2571 7FE A3 sesquiterpene® 1E
=
=

TRt 71 terpene A2 MY, &9, €
3], TEEFNIER, ofd Zgo] Utk 53] sesquiterpenoid
e I, FFd 25 A4 1, 89t A3l
A4, 489 22 AESY o] it o
£ EW, humulene2 ©5% ®HIE £33 A9 &
Y2 EXE YEa 4315 228, germacrene-
De AW Z8-o] A= sesquiterpene L EA A7

YAET, 75, duAE 2 AAZ o]&H 1,
myrcenee WAE A FLo] Ax, B-elemenee
FTFABAY T2EZAE AT 25T 94 &
2EA 89 AFE-EH, monoterpene?] limoneneS
T8 98, 2488, FH28E AsA, A

ZHFolA limonone AEL EAl= 0%7HA] =
ke A= 2FD4C unshiv®] FF o= w5
& o] HEHJY T3 AFAEL] 7] £
02 T/ Buke vsiA doidez Aot 254
ZC. unshiu A= 72 &89 FAEZ UF A%
T FAA WEd GRAdRe] A AT
3 A4S, 25 Az WS dEstA AEs A
Hoz FRIsojof & ot 2FURC unshiud]

A AR kel 32 2wl o Folsto] ¥
23 o4EE RSy Amse Z97 g,

limonone®] ojZd| Zwg ZA)stn HF{AR 7}
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FE At T o, 7|ggk 98 48 = §l
Aot}

ol sV=C. natsudaidai, JFHAC, grandis, 7
BC sunkd, SFERC unshiy #9)<] hesperiding} Kl
g vlal BA3AE], hesperidinthg 12 BH
sHEC natsudazdaz, A, grandis, FZEC. sunki
Hule BT oigebd g et Bkt
T 319-‘34, % U2C. unshiv®] To|gto] A3t il
otk
e Bk

tlo XN,
>

7v AN Bzt Ae aeshy,
NEC sunki®) T3)e kst AfAdEo] Fus ¥
o] 3 TE FTHHET sesquiterpene AJEC] B
o} &Mt a0 s, FUAC unshin®] I
e & Fidd v %’i"E AfdEe] g2
7} sesquiterpene AJEo] 1EHM AEEHA] oA,

T E'—O] FZ8 ol whHh

Aol A Bl gFRlo thal hesperidin® “8-+/3
& vl 'E‘rﬁf?} Ay, C unshiv®] T3+ F4o ]
7V doid = gl
hespendm-\»‘r AEAQEo A Ay}t AEEHE 740]
o A BigE AEM HEHER T 1A S
o & u), <A > 9] hesperidin THEL B
of tigk #EpErt = 7ol wgEhH, A kAl B
o A3 Ao+ hesperidin FR8S BRI + A
ZE A3 7130 gk BAo] glojof & Fot}

A

=

r

P2 AMEEE O%s 7149 Bk SeRAE
7FA 3L hesperidin®l et HP-TLC, HPLC, kil

sroll tigk GC/MS Hlnl 4 A3S 3l o33 2
& Ai3E Aok

1. A 9 B4nm 2 20% A Aoz wrast
AN SEC natsudaida®t FAYC, grandis®) )=
Lo TIC pattemS VERAR o1} hesperidine = &
1 s & gldlen, &397 C unshin®] 33
9} Z=AF Wi (Gl, G2)= 28 TLC pattern® 3t
7, hesperidin®] WS FQlg 4 UG J=EC
sunkid }9E g2 £33 TLC patterne th=4|vt
hesperidin®] 2215l

2. 32 C natsudaidai®t S-AC. grandis 23] 9]
hesperidin  $FH&&  ZFzF 0.25£0.02%, 0.20£0.02% %
o) wietom JEC sunki F¥)e] A$E 233+
037‘Vi <djgkel> 9] 7] HR|A] /\0}9\9\‘:}. a

my

ol

Jﬂ."l r1r

U 2FEHC unshi®] B39} T4 A i
K(Gl, G2)9] hesperidin $H#- 488+010/ 359+
0.79%, 440:030%2 <H@tA> o /7S FZa}
e =

3. 8F=EC natsudaidar®] 3|4 limonene
(47.40%)3} cis-linalool oxide(11.50%), trans-linalool
oxide(11.50%), a-terpineol(7.71%6), L-linalool (5.20%), ¥~
terpinene(4.40%) &9 AfdEo] F2 ASHUH A
2C. sunki® #FHIjor= L-linalool(14.61%), B -
elemene(15.83%), 4-methyl-2,6-di-tert-butylphenol (12.91%),
§-cadinene(7.99%), limonene(6.83%), germacrene-D
(6.72%), elemol(6.09%) T BHAEe] 5% o
ettt BAC grandis®] #3oM= AEE B
A8 F77F 7P 2oy limonene(26.38%),
linalyl oxide(14.61%), trans-linalool oxide(9.35%),
germacrene-D  (77771%), (6ESE,10E)-2,6,11,15-tetramethyl-
2,6,814-hexad(7.12%), myrcene(6.62%) 5ol HZE]
Aok LFUNC unshin Yo AHAEL 1-ethyl-
1-methyl-cyclohexane(36.25%), butylated hydroxy
toluene(8.09%), furfural(6.13%), N-butyl isobutyl
phthalate(5%)9] €22 ZHAZ%HU3, 1,6-diphenyl-
5-hexadiene®] & quality® 3850% AZEcH

4. PR 4FoA FEoE HAEH AR
limonene, furfural, 5-methyl-2-furfural, linalool
oxide(crs), linalool oxide(trans), terpinen-4-ol, (-)-
a-terpineol, germacrene-D, 4-methyl-2,6-di-tert-
butylphenololuﬁ, &2 C natsudaidar®] 3wt A

AL y-terpinene®| 3l FFAC. grandis® 3ol
%l% AL myrcene, JEC sunki® 3wt =
L T-muurolo], eudesmol®™, &FLXC unshiu®)
gout Q= AL N-butyl isobutyl phthalate®} St
quality®] 1,6-diphenyl-5-hexadiene®]|t}.
5. Bz ghoFA] 47HA] E79 hesperidind} -4
® 248 sty fAEAE BN E u, sEC
natsudaidai® BAC. grandise ZADA AT

Bk kAl 4%F9 hesperidin® BA-F4E &
A A= S E) ol A AH8EE BUk SR
o ZHdy) FAF Y FEE 5 UL A= V)
Hoh

rlo _Vi WL rlr

:“::

o] =& 20089% 29A T2 9] A
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