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Chemical Composition and Comparison of Essential Qil Contents of
Perilla frutescens Britton var. japonica HARA Leaves
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ABSTRACT : The chemical composition and content of essential oils extracted by ASTM standard D 889-93 method from
the leaves of thirty introduced varieties in Perilla frutescens Britton var. japonica H,ga was investigated and compared. The
oil was analysed by gas chromatography. More than forty compounds were found and thirteen compounds were identified.
The major three constituents representing about 56~88% of total oil were shown caryophyllene and 2 unknown oils in 25
varieties. The chemical composition and content had much differences in each of varieties. This result seemed to be corre-
sponding to introduce that varieties had diverse essential oils.
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M o goll fel7h e o] 7EA] S8HAQl wiFo® o] 3l

T} (Nishizawa et al, 1989). ¢J7]ol= PA-type (FAEL
SN (Perilla fiutescens Britton var. japonica Hapa )= = perillaldehyde), EK-type (elsholtziaketone), PK-type (perillaketone),
Zo) &3 Fdolrlol YAk JQAZREARXEREN, S PLAype (perillene), PPtype (phenylpropanoids), PT-type (piperitenone)
A&, FHoMAo} H oA 7SS B0 AujEr Fol e AR BAHIY (Nita et al, 2006; &, 2000).
gom iUl E ke A87IEANeRE ol gH o v SllelME Al T (1993)°] rosefurans FHECE )

< 2 553 3w w7l s)ek Al A ALHES, F o 21F° HEES Q‘ﬂf& AL Bk A olgd=
A= ol&He T 2HI7E AR S7HE s7kes Sl perillaketone®] /375 o F= PK-typetro] AiE-S Hils)
A 7198k Yt (@], 1979; Al 5, 1993; F 2005). 222 At (Kim et al, 1999; B 5, 1998; 7, 2005). wW=pA] =
7] 2 WA= A7} terpenoidsel] £73R= monoterpenoidsS}t W AulE EAYL perillaketone®] UWH O 2 86%~91%7}
sesquiterpenoids®] 3 EFEQ AHF AE (essential oil) ShrElo] Qlo] ko] sl ke 7RI vl penllaketone
of 7IQIelal JPA o R = HMAYE T 2Fe] WA 2 7 o] e Fol il ‘:]'E 7] Aol S7FE ATS 3ot
ZHAo] AgEA AREIS ATk (7, 1996). EAUN= et Aok ol 7|22 S 7R AN FE540 7}*—0}
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Wde 7H 7829 perillaketoneo] TFF =0} 3lof 3L Hop @ AR 71101] A = qlou® ol 9% 7]

553 3715 o] Adoly S7/e] H™ WAIE A= 4 EAY AS S99 Alke] F gl
5 FEE 2Y B opz} AHE, 48}, 5%, 29 = T o] oA o AFoX = T Ao FF g
o] HA oJeRFo g AREEIT kst (SOD, superoxide S FFES 4 ‘?2'5}0:] S ETEAHOE Alg H, o]
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Sl MRMEo| S5 ZN ulm
ME o gkA 2. 3RFE
AEe Az & 24 5 ASTM standard D 889-93
1. A2 Az o #8% ARHFEEARE A FEAT FEE Ahe
B Ao Mg E7) EFELS T dEOM £HE nhexane® Z FA3le] F Na,SO,E2 €417 F sl
£7 H FEES Auste] 571 F A2 wet A 2 Basioh
o7 AU AL A (©)s) )01]*1 Aajgt 1570 FF
(D100~D141)3} 7 JEH?S}IIL IWE (@13} SellA] Ak 1 3. Gas Chromatography &4
N FEZ(S100~S140)S thAHo 2 FATh (Table 1). AFEH & FZH ANEE 1uLE GColl Y5t thaa 22 Bz

E Ake EFo)do 2 n-hexane Kanto Chemical Co.
(Japan)ell A, ©]2]e] RE A9ke Sigmadl|E(U.S.AYS o8&}
Attt FFEZ2 Sigma®t Extrasynthese Co. (France)ollA]

c\’:} O]'M

Aoz BT GCE SHIMADZU GC-2010 system
(AOC-201i auto injector, flame ionization detector), 30 m
VB-WAX bonded PEG capillary column, 10min at 50T,
2C/min; 50~200C, hold for 30 min at 200°C,
ratio = 1:60,

inject split
injector temp 150C, detector temp 200TC,

Table 1. No. of accessions of P. frutescens in this study. carrier gase Helium gasS AME-89IT). EZAE 16522 9
No. Accessions No. Accessions olS phexaneC ® 3AEl] 99} EQlat BAzA0 = 77}
; B} 82 1(75 21 82 100, 200, 400 uMS- FY3sl] AJE2 1?1 F2 A7 (retention
3 D104 18 5108 time)Zt 37341 (calibration curve)ys 7831t}
4 D107 19 $109
5 D108 20 S113 Ay} 2 Ek
6 D113 21 S114
’ o - e B AT AN U F U 1650 BERES T
olsle] = = o 5
9 D133 24 5133 ?j;}j;zﬁ”io *W};L E]E ac Tﬂ o ‘1; T
10 D134 25 S134 Jxstlx ZH2te] FFAIEE ¢ Y EX6I o))
11 D136 26 136 o] A 7t ARS) vF-E AIZRE v AT FAE B
12 D137 27 137 Ths 2 9l @ F Table 29014 HAAFE vieb e
13 D138 28 5138 retention time?} calibration curveS AT}
14 D139 29 $139
15 D141 30 $140
Table 2. The retention times and calibration curves of the 16 standard compounds.
No. Compounds Retention Time (R.T., min) Calibration curves r?
1 o-pinene 3.64 y = 0.0109x - 31.5739 0.996
2 hexanal 4.92 y = 0.0517x - 2.5937 0.999
3 B-pinene 5.44 y = 0.0246x + 21.3286 0.991
4 d-3-carene 6.87 y =0.023x + 21.0114 0.999
5 limonene 9.16 y = 0.0154x + 0.8234 0.999
6 trans-2-hexanal 10.46 y = 0.0455x + 1.5541 0.999
7 6m5h2one 18.76 y = 0.0195x + 23.2088 0.999
8 anisol 18.9 y = 0.0345x — 19.604 0.979
9 1-octene-3-ol 27.26 y = 0.0256x - 0.1315 0.998
10 benzaldehyde 30.57 y = 0.0199x - 4.6561 0.997
11 caryophyllene 34.68 y = 0.0153x + 13.1432 0.999
12 a-humulene 39.03 y = 0.0162x - 39.2633 0.999
13 fB-farnesene 40.54 y =0.0131x-16.0133 0.999
14 perilladehyde 45.81 y = 0.0216x + 24.9311 0.999
15 tetra tetra contane 51.02 y = 0.0039x + 1.8907 0.999
16 tricosane 74.56 y = 0.0131x + 24.4045 0.999

6m5h2one : 6-methyl-5-heptene-2-one
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A LIEE HUAIE essential oil?] Azt Y M 24

e T A 191 FE dddishal = 15
70 E293%F A3} caryophyllene THE-E2]
EF50M FAEE T SE FRE U3, hexanal, t-2-
hexanal, 6-methyl-5-heptene-2-one, 1-octene-3-ol, benzaldehyde,
o-humulene, PB-farnesene, tetra-tetra-contane (©]3} contane),
perilladehyde> w|ZFo|A|qF Be FFoA Ti=o] UYL,
a-pinene, B-pinene, limonene D1413} S140 7 FFolA %t
ShElo] AT (Table 3, 4). anisol, tricosane, d-3-carene

& ojm FEME LA i,

A3} (Table 3), &9 3&9
D104 (56%), D107 (67.6%)S A|2|5tal 71~86%71A] A5}
3 ATk (Fig. 1). ©] T caryophylleneS TE A|FolA 71

L NRE - B2 - O1ER - RER! - F

r

o]

7% T S Aol = AoEE v
% §U3 o-pinene, B-pinene, limonene®] HZEE A
unknown (R.T. 47.94, 55.08)°] Z+2+ &
49%, 30%E AAShe T30 caryophyllene (34.68)°]
FF 47%= FE olRith 2 9] $4" YEE2 hexanal
(RT. 492), t-2-hexanal (R.T. 10.46), 6-methyl-5-heptene-2-
one (RT. 18.76), benzaldehyde (R.T. 30.57), o-humulene
(R.T. 39.03), B-farnesene (R.T. 40.54) 5°] o1} 1 F=F
S 1% vgolIt}. D102 (Fig 2= unknown (RT. 4738,
54.94, 33.96)°] Ztzt FF 37%, 34%, 1.7%= FRES oF
I YA FHE HEOSZE caryophyllened} contane (R.T.
51.02) 5 VR s I8 S A AR F P
AJAL 1 T 1% vW|REeIUTE D104 caryophyllene©]
24%, unknown (R.T. 47.73, 69.75)°] Z}Z} 16%= FAHES

TTow=

Table 3. Profile of volatile components and quantities in Perilla leaves in Dongsanmyon field by GC analysis.

Mean of GC area % and value of quantity

Components D100 D102 D104 D107 D108
R.T. % uM % uM % uM % uM % uM

o-pinene 3.649 0 0 0 0 0 0 0 0 0 0
Hexanal 4928  0.202 868.0 0 0 0.092 266.3 0.095 233.1 0.156 290.4
B-pinene 5.442 0 0 0 0 0 0 0 0 0 0
Limonene 9.167 0 0 0 0 0 0 0 0 0 0
t-2-hexanal 10.466  0.201 765.6 0 0 0.147 379.5 0.162 355.8 0.180 299.2
6m5h2one 18.769 0.049 103.3 0 0 0 0 0 0 0 0
unknown 24,635 0.076 - 0 0 0 0 0 0 1.201 -
1-octene-3-ol 27.260 0.168 358.2 0 0 0.193 279.7 0.112 137.8 0.112 103.7
benzaldehyde 30.577  0.019 26.3 0 0 0 0 0 0 0.055 35.3
unknown 33.099 0 0 1.3014 - 0 0 0 0 0 0
unknown 33.641 1.252 - 0 0 0.332 - 0.265 - 0.667 -
unknown 33.965 0 0 7.677 - 0 0 0 0 0 0
caryophyllene 34.682 4.746 6086.0 0.149 534.7 24.077 20937.0 25.356 18644.3 16.507 9188.5
o-humulene 39.030 0.371 462.3 0 0 2.359 21271 2.140 1622.6 1.503 843.4
unknown 40.222 0 0 4.335 - 0 0 0 0 0 0
B-farnesene 40.543 0.078 69.3 0 0 11.462 8495.9 6.746 4219.9 1.083 498.2
unknown 41.094 0 0 1.688 - 0 0 0 0 0 0
unknown 41.491 0.431 - 0.113 - 2.078 - 1.577 - 1.787 -
unknown 42915  0.101 - 0 0 0.714 - 0.557 - 0.529 -
unknown 44123 3.226 - 0.187 - 1.205 - 5.555 - 2.148 -
unknown 44.406 0 0 0.540 - 0.267 - 0.181 - 0.184 -
unknown 44.600 0.682 - 0 0 0 0 0.261 - 0.474 -
unknown 45.291 0.244 - 4.170 - 0.155 - 0.381 - 0.164 -
perillaldehyde ~ 45.817 0 0 0 0 0 0 0 0 0 0
unknown 47.384 4.178 - 37.307 - 0 0 0 0 1.209 -
unknown 47.737 0 0 0 0 16.004 - 12.828 - 34.376 -
unknown 47.941 49.154 - 0.075 - 0 0 0 0 0 0

6m5h2one : 6-methyl-5-heptene-2-one
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Table 3. Continued.

contane 51.024 0 0 0.421 44.5 0 0 0.054 12.0 0.065 11.1
unknown 54.941 0 0 34.607 - 2.206 - 0 0 0 0
unknown 55.081 30.251 0 0 0 0 4.235 - 20.624 -
unknown 55.962 0 0 0.521 - 0.526 - 0.835 - 1.142 -
unknown 56.082 0.933 - 0.281 - 0 0 0 0 0 0
unknown 66.596 0.063 - 0.525 - 0 0 0.188 - 0.170 -
unknown 69.746 0 0 0 0 0 0 1.947 - 0.129 -
unknown 69.755  0.108 - 0 0 16.070 - 0 0 0 0
unknown 69.933 0 0 0 0 0 0 0 0 0 0
unknown 70.805 0.177 - 0.177 - 6.755 - 3.915 - 9.995 -
unknown 70.970 0 0 0 0 0 0 0 0 0 0
unknown 80.487 0.291 - 0.224 - 12.425 - 29.454 - 0.166
unknown 86.811 0.358 - 0 0 0.298 - 0.347 - 0.782 -
the others 2.642 5.687 2.637 2.809 4.591
Mean of GC area % and value of quantity
Components D113 D118 D119 D133 D134

R.T. % uM % uM % uM % uM % uM
o-pinene 3.649 0 0 0 0 0 0 0 0 0 0
hexanal 4,928 0.155 525.8 0.277 807.3 0.039 208.2 0.071 388.7 0.117 502.9
B-pinene 5.442 0 0 0 0 0 0 0 0 0 0
limonene 9.167 0 0 0 0 0 0 0 0 0 0
t-2-hexanal 10.466 0.230 690.6 0.293 756.1 0.065 312.0 0.099 478.4 0.250 952.9
6m5h2one 18.769 0.053 91.5 0.048 75.9 0 0 0 0 0.022 58.7
unknown 24.635 0.075 - 0.233 - 0.420 - 0.023 - 0.027 -
1-octene-3-ol 27.260 0.182 306.8 0.350 506.2 0.074 199.8 0.075 204.1 0.121 259.9
benzaldehyde 30.577 0 0 0.041 41.4 0 0 0.023 44.8 0.027 40.2
unknown 33.099 0 0 0 0 0 0 0 0 0 0
unknown 33.641 1.659 - 1.896 - 0.101 - 0.207 - 0.627 -
unknown 33.965 0 0 0 0 0 0 0 0 0 0
caryophyllene 34.682 5.163 5232.3 2.933 2554.5  23.762 38262.7 28.480 46292.1 18.318 23547.1
o-humulene 39.030 0.429 419.5 0.260 198.7 1.910 3209.8 2.309 3925.6 1.568 2089.6
unknown 40.222 0 0 0 0 0 0 0 0 0 0
B-farnesene 40.543 0.559 467.1 0 0 3.526 4834.5 0.149 191.0 0.046 34.1
unknown 41.094 0 0 0 0 0 0 0 0 0 0
unknown 41.491 0.624 - 0.304 - 1.266 - 0.723 - 0.697 -
unknown 42915 0.180 - 0.053 - 0.420 - 2.209 - 0.567 -
unknown 44123 5.432 - 3.198 - 9.473 - 5.868 - 4.794 -
unknown 44.406 0 0 0 0 0.156 - 0.164 - 0 0
unknown 44600 0.678 0.686 0 0 0 0 0.155 -
unknown 45.291 0.250 - 0.144 - 0.430 - 0.314 - 0.256 -
perillaldehyde ~ 45.817 0 0 0.047 82.5 0 0 0 0 0 0
unknown 47384  2.453 - 5.181 - 0 0 0 0 0.299 -
unknown 47.737 0 0 0 0 0 0 6.767 - 0 0
unknown 47.941  40.935 - 31.532 - 0 0 0 0 24.033 -
contane 51.024 0 12.9 0.047 12.2 0.029 13.8 0.030 14.2 0.032 12.2
unknown 54.941 0 0 0 0 0.043 - 2.174 - 0 0
unknown 55.081 34.104 - 47.528 - 0 0 0 0 4.240 -
unknown 55.962 0 0 0 0 0.874 - 0.420 - 0 0
unknown 56.082 0.543 - 0.354 - 0 0 0 0 0.578 -
unknown 66.596 0.212 - 0.533 - 0.225 - 0.368 - 0.401 -
unknown 69.746 0 0 0 0 0 0 0 0 0 0

6m5h2one : 6-methyl-5-heptene-2-one
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Table 3. Continued.
unknown 69.755  0.277 — 0.037 — 0 0 0.719 — 0.028 —
unknown 69.933 0 0 0 0 45.353 - 0 0 0 0
unknown 70.805 0.895 — 0.386 — 0.576 — 0 0 0 0
unknown 70.970 0 0 0 0 0 0 46.582 - 40.847 -
unknown 80.487 1.903 0 0 8.785 - 0.218 - 0 0
unknown 86.811 0.234 - 0.166 - 0.382 - 0.101 - 0.106 0
the others 2.774 3.474 2.089 1.907 1.845
Mean of GC area % and value of quantity
Components D136 D137 D138 D139 D141
R.T. % uM % uM % uM % uM % uM
o-pinene 3.649 0 0 0 0 0 0 0 0 0.124 131.8
hexanal 4,928 0.051 173.6 0.049 263.3 0.133 355.4 0.037 186.7 0.067 4141
B-pinene 5.442 0 0 0 0 0 0 0 0 0.118 57.1
limonene 9.167 0 0 0 0 0 0 0 0 3.432 6393.5
t-2-hexanal 10.466 0.125 382.6 0.099 469.1 0.155 369.1 0.063 289.1 0.085 470.7
6m5h2one 18.769 0.026 56.7 0.070 165.8 0.036 60.0 0 0 0.023 78.0
unknown 24.635 0 0 0.016 - 0.040 - 0 0 0.013 -
1-octene-3-ol 27.260 0.140 239.4 0.052 137.3 0.118 157.6 0.049 124.4 0.066 203.8
benzaldehyde  30.577  0.070 88.4 0.036 70.7 0 0 0.017 29.0 0.014 28.0
unknown 33.099 0 0 0 0 0 0 0 0 0 0
unknown 33.641 1.983 - 0.923 - 0.860 - 0.173 - 0.134 -
unknown 33.965 0 0 0 0 0 0 0 0 0 0
caryophyllene 34.682 7.701 7912.7 4.693 7506.0 4.009 3208.0 26.974 411713 22.673 42055.2
o-humulene 39.030 0.730 751.9 0.424 675.5 0.366 268.5 2.104 3353.8 1.829 3544.2
unknown 40.222 0 0 0 0 0 0 0 0 0 0
B-farnesene 40.543 1.464 1267.0 0 0 0.045 14.7 2.209 2864.8 0.198 298.1
unknown 41.094 0 0 0 0 0 0 0 0 0 0
unknown 41.491 0.928 - 0.616 - 0.355 - 1.754 - 0.817 -
unknown 42915 0.166 - 0.163 - 0.224 - 1.041 - 1.444 -
unknown 44123 0.713 - 4.753 - 3.762 - 5.982 - 0 0
unknown 44.406 0 0 0 0 0 0 0 0 14.654 -
unknown 44.600 0.430 - 0.376 - 0.473 - 0 0 0 0
unknown 45.291 0.097 — 0.178 — 0.234 — 0.406 — 0.427 —
perillaldehyde 45.817 0 0 0 0 0 0 0 0 8.545  22350.3
unknown 47.384 1.600 - 2.329 - 3.525 - 0.167 - 0 0
unknown 47.737 0 0 0 0 0 0 5.232 - 0 0
unknown 47.941  63.801 - 48.061 - 49.602 - 0 0 0 0
contane 51.024 0.036 11.2 0.030 24.6 0.031 8.2 0.033 14.5 0.027 14.4
unknown 54.941 0 0 0 0 0 0 0 0 0.059 -
unknown 55.081 11.819 - 33.492 - 30.820 - 2.100 - 0 0
unknown 55.962 0 0 0 0 0 0 0 0 0.688 -
unknown 56.082 0 0 0.756 - 0.370 - 1.152 - 0 0
unknown 66.596 0.108 - 0.029 - 0.261 - 0.112 - 0.131 -
unknown 69.746 0 0 0 0 0.072 - 0 0 0 0
unknown 69.755 0.182 - 0 0 0 0 0.110 - 0.047 -
unknown 69.933 0 0 0 0 0 0 0 0 0 0
unknown 70.805 0.187 - 0.577 - 1.417 - 0 0 0 0
unknown 70.970 0 0 0 0 0 0 47.239 - 41.517 -
unknown 80.487  2.927 0 0 0.087 0.306 0.034
unknown 86.811 0.291 - 0.213 - 0.320 - 0.130 - 0.187 -
the others 4.426 2.068 2.683 2.610 2.647

6m5h2one : 6-methyl-5-heptene-2-one
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Table 4. Profile of volatile components and quantities in Perilla leaves in kangwon university farm by GC analysis.

Mean of GC area % and quantities uM

Components S100 $102 S108 S109 S113

R.T. % uM % uM % uM % uM % uM
a-pinene 3.642 0 0 0 0 0 0 0 0 0 0
hexanal 4928 0 0 0 0 0.077 94.7 0.074 130.3 0 0
B-pinene 5.434 0 0 0 0 0 0 0 0 0 0
limonene 9.164 0 0 0 0 0 0 0 0 0 0
t-2-hexanal 10466  0.377 398.1 0.128 194.4 0.431 478.3 0.177 282.0 0.150 220.0
6m5h2one 18.769 0 0 0 0 0 0 0 0 0 0
unknown 23.271 0 0 0 0 0 0 0 0 0 0
1-octene-3-ol 27.260  0.165 97.5 0.135 114.5 0.241 149.8 0.134 119.3 0.116 94.6
benzaldehyde 30.577 0.065 25.2 0.075 44.5 0.101 441 0 0 0 0
unknown 33.641 1.348 - 1.492 - 1.458 - 1.457 - 1.495 -
unknown 34.341 0 0 0.046 - 0.069 - 0 0 0 0
Caryophyllene 34.682 10.922 3882.4 6.805 3468.0 11.814  4416.0 8.112 4355.2 9.975 4907.9
unknown 38.615 0 0 0 0 0 0 0 0 0 0
a-humulene 39.030 0.855 280.7 0.765 371.0 1.383 505.4 0.651 329.2 0.835 393.9
unknown 40.252 0 0 0 0 0 0 0 0 0 0
B-farnesene 40.543 0.226 52.3 0.434 1721 1.053 319.5 0.152 53.4 1.301 529.6
unknown 41.094 0 0 0 0 0 0 0 0 0 0
unknown 41.491 0.981 - 1.312 - 1.047 - 0.810 - 1.072 -
unknown 42915  0.365 - 0.397 - 0.342 - 0.191 - 0.311 -
unknown 43.871 0 0 0 0 0 0 0 0 0 0
unknown 44123 0.977 - 3.579 - 1.136 - 1.546 - 4.188 -
unknown 44171 0 0 0 0 0 0 0 0 0 0
perillaldhyde 45.729 0 0 0 0 0 0 0 0 0 0
unknown 47.352 1.094 - 2.025 - 1.259 - 1.631 - 1.394 -
unknown 47.654 0 0 0 0 0 0 0 0 0 0
unknown 47.816  58.866 - 61.261 - 51.183 - 0 0 53.611 -
unknown 47.941 0 0 0 0 0 0 65.558 - 0 0
contane 51.024 0 0 0 0 0.064 8.0 0.044 7.9 0.056 8.8
unknown 54.941 0 0 0 0 0 0 0 0 0 0
unknown 55.081 10.938 - 17.184 - 14.234 - 9.959 - 14.136 -
unknown 55.969 0 0 0 0 0 0 0.177 - 0.073 -
unknown 56.038 0 0 0.293 - 1.157 - 0 0 0 0
unknown 56.168  3.153 - 0.295 - 1.066 - 1.327 - 1.583 -
unknown 61.120  0.409 - 0.310 - 0.432 - 0.309 - 0.446 -
unknown 64.030 0.086 - 0.093 - 0.135 - 0.095 - 0.145 -
unknown 65.064  1.139 - 0 0 0.219 - 0.151 - 0.667 -
unknown 69.939 0 0 0 0 0 0 2.235 - 0.409 -
unknown 70.864  4.581 - 0.383 - 1.333 - 0.357 - 2.044 -
unknown 80.487 0 0 0 0 0 0 0.411 - 1.825 -
unknown 86.811 0.727 - 0.134 - 0.715 - 0.643 - 1.148 -
the others 2.727 2.853 9.051 3.798 3.020

Mean of GC area % and quantities uM
Components S114 S118 S119 $133 $134

R.T. % uM % uM % uM % uM % uM
o-pinene 3.642 0 0 0 0 0 0 0 0 0 0
hexanal 4,928 0 0 0.286 796.3 0.035 191.4 0 0 0 0
B-pinene 5.434 0 0 0 0 0 0 0 0 0 0

6m5h2one : 6-methyl-5-heptene-2-one
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Table 4. Continued.

limonene 9.164 0 0 0 0 0 0 0 0 0 0
unknown 23.271 0 0 0 0 1.339 - 0 0 0 0
t-2-hexanal 10.466 0 0 0.298 7359 0.017 83.5 0.069 270.9 0.056 1471
6m5h2one 18.769 0 0 0.049 75.5 0 0 0 0 0 0
1-octene-3-ol 27.260 0.103 60.4 0.345 478.1 0.105 - 0.076 166.8 0.052 76.5
benzaldehyde 30.577 0 0 0.044 43.2 0 0 0.056 91.0 0 0
unknown 33.641 0 0 1.872 - 0.018 0.154 - 0.117

unknown 34341  27.690 - 0 0 25.500 - 0.024 - 0 0
caryophyllene 34.682 0 0 2.919 2434.8 0 0 27.681 36608.0 28.383 24997.6
unknown 38.615  2.340 - 0 0 2.045 - 0 0 0 0
a-humulene 39.030 0 0 0.259 188.1 0 0 2.265 3124.4 2.494 2281.0
unknown 40.252 2.562 - 0 0 2.759 - 0.033 - 0 0
B-farnesene 40.543 0 0 0 0 0 0 0.112 110.5 0.411 293.1
unknown 41.094 0 0 0 0 1.075 - 0 0 0 0
unknown 41.491 1.570 - 0.299 - 0.025 - 0.621 - 0.851 -
unknown 42.915 0 0 0.055 - 0 0 1.685 - 0.498 -
unknown 43.871 9.039 - 0 0 0 0 0 0 0 0
unknown 44123 0 0 3.169 - 9.640 - 0 0 6.073 -
unknown 44171 0.226 - 0 0 0.120 - 7.100 - 0 0
perillaldhyde 45.729 0 0 0.042 74.3 0 0 0 0 0 0
unknown 47.352 0 0 5.181 - 0 0 0.140 - 0.124 -
unknown 47.654  7.034 - 0 0 0.175 - 0 0 0 0
unknown 47.816 0 0 31.444 - 0 0 6.350 - 6.626 -
unknown 47.941 0.066 - 0.085 - 0.046 - 0 0 0 0
contane 51.024 0.066 7.8 0.050 12.4 0 0 0.027 10.9 0.044 11.7
unknown 54.941 7.441 - 0 0 0.106 - 0.951 - 1.648 -
unknown 55.081 0 0 47.582 - 0 0 0 0 0 0
unknown 55.969 1.797 - 0.074 - 0.076 - 0.398 - 0 0
unknown 56.038 0 0 0 0 0.719 - 0 0 1.328 -
unknown 56.168 0 0 0.294 - 0 0 0 0 0 0
unknown 61.120 0.284 - 0.186 - 0.285 - 0.291 - 0.299 -
unknown 64.030 0.171 - 0.082 - 0.072 - 0.208 - 0.071 -
unknown 65.064 0.220 0 0 0.054 - 0.067 - 0.091 -
unknown 69.939 27.128 — 0 0 44.034 — 0.134 — 0.404 —
unknown 70.864 1.929 - 0.393 - 0.460 - 45.540 - 47.592 -
unknown 80.487  3.688 - 0 0 6.018 - 0.067 - 0.105 -
unknown 86.811 2.179 - 0.154 - 0.819 - 0.294 - 0.560 -
the others 4.466 4.836 4.457 5.657 2.173

Mean of GC area % and quantities uM
Components S136 S137 S138 S139 S140
R.T. % uM % uM % uM % uM % uM

o-pinene 3.642 0 0 0 0 0 0 0 0 0.224 180.5
hexanal 4.928 0 0 0 0 0.026 78.5 0 0 0 0
B-pinene 5.434 0 0 0 0 0 0 0 0 0.215 67.9
limonene 9.164 0 0 0.034 38.0 0 0 0 0 5.802 7748.5
t-2-hexanal 10.466 0.086 120.5 0.034 108.9 0.172 477.8 0 0 0.053 209.3
6m5h2one 18.769 0 0 0.123 191.2 0.039 - 0 0 0 0
unknown 23.271 0 0 0 0 0 0 0 0 0 0
1-octene-3-ol 27.260 0.082 64.2 0.081 145.8 0.118 69.5 0 0 0.064 141.5
benzaldehyde 30.577 0 0 0.054 70.6 0.053 59.4 0 0 0.019 28.1

6m5h2one : 6-methyl-5-heptene-2-one
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Table 4. Continued.

unknown 33.641 0.374 - 0.959 - 2.008 — 0 0 0 0
unknown 34.341 0 0 0 0 0 0 0 0 0 0
caryophyllene 34.682 21.321 9996.5 5.284 5689.9 4.744 43.0 24.229  4199.9 20.644 27455.8
unknown 38.615 0 0 0 0 0 0 0 0 0 0
a-humulene 39.030 1.855 878.5 0.482 508.4 0.425 44481 1.792 288.0 1.694 2340.9
unknown 40.252 0 0 0 0 0 0 0 0 0 0
B-farnesene 40.543  0.050 4.1 0 0 0.047 380.5 2.091 292.8 0.364 397.2
unknown 41.094 0 0 0 0 0 0 0 0 0 0
unknown 41.491 0.562 - 0.468 - 0.484 - 1.061 - 0.939 -
unknown 42.915 1.380 - 0.110 - 0.166 - 0.687 - 1.559 -
unknown 43.871 0 0 0 0 0 0 0 0 0 0
unknown 44123 6.087 - 5.329 - 4.640 - 4.419 - 12.387 -
unknown 44171 0 0 0 0 0 0 0 0 0 0
perillaldhyde 45.729 0 0 0.098 172.6 0.026 21.8 0 0 14.197 26616.1
unknown 47.352 0 0 1.886 - 0.891 - 0 0 0 0
unknown 47.654  11.048 - 0 0 0 0 0 0 0.147 -
unknown 47.816 0 0 0 0 0 0 2.000 - 0 0
unknown 47.941 0.052 - 69.177 - 75.285 - 0 0 0 0
contane 51.024 0 0 0.031 10.4 0 0 0 0 0.025 10.4
unknown 54.941 1.361 - 0 0 0 0 0 0 0.097 -
unknown 55.081 0 0 12.447 - 5.300 - 0.647 - 0 0
unknown 55.969 0 0 0.038 - 0 0 0 0 0 0
unknown 56.038 0 0 0 0 0.200 1.103 - 0.578 -
unknown 56.168 0 0 0 0 0.158 - 0 0 0 0
unknown 61.120 0.348 - 0.213 - 0.198 - 0.462 - 0.349
unknown 64.030 0.321 - 0.100 - 0.051 - 0.173 - 0.259 -
unknown 65.064 0 0 0 0 0.028 - 0 0 0.048 -
unknown 69.939 0 0 0 0 0 0 0.258 - 0.044 -
unknown 70.864 52.175 - 0.854 - 0.421 - 59.617 - 33.507 -
unknown 80.487 0.095 - 0 0 0.039 - 0 0 2.060 -
unknown 86.811 0.377 - 0.117 - 0.294 - 0.715 - 0.638 -
the others 2.426 2.081 4.188 0.746 4.087
6m5h2one : 6-methyl-5-heptene-2-one
100
0 -
80 pis 77 52 pié o5 B2 183 X e o0
70 | : 118 14.7
o %2 128 | 165 [ SIS [ 285 3851308 | 570
R 50 946 ' 240 207
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20 | 492 4 s | 209 475 | 454 | 466 | 405 481 [ 496 (472 \\ o
10 241 [ 29577
0
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Fig. 1. Comparison of major essential oil contents of Perilla collected in Dongsanmyon filed.
o]F U FAHE AEOZ = hexanal, t-2-hexanal, 1- D107-2 unknown (R.T. 70.97, 47.73)3} caryophyllene®]
octene-3-ol (R.T. 27.26)7F 1% W%k FHiatal AUAANE o ZF2F T 29%, 12%, 25%2 T8 o1F3 AL 5738
humulene, B-farneseneS 712t 2%, 11%ES T3t UATE. ¥ AEO 2= hexanal, t-2-hexanal, 1-octene-3-ol, contane®]
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Fig. 2. GC Chromatogram of the 16 standard compounds (a), GC Chromatogram of D141 (b) and GC Chromatogram of D102 (c) in
Dongsanmyon filed samples. 1. a-pinene 2. hexanal 3. B-pinene 4. d-3-carene 5. limonene 6. t-2-hexanal 7. 6-methyl-5-
heptene-2-one 8. anisol 9. 1-octene-3-ol 10. benzaldehyde 11. caryophyllene 12. o-humulene 13. B-farnesene 14.

perilladehyde 15. tetra-tetra-contane 16. tricosane

1% ")9hS 312 AIAIRE o-humulene, p-farmesene 22}
2%, 6%% st AATE D108 unknown (R.T. 47.73,
55.08)7 caryophyllene®] 242} E=F 34%, 20%, 15%Z F4
& o|FA YA THE HECEE hexanal, t-2-hexanal,
l-octene-3-ol, contane®] 1% "ITHS -3t AR a-
humulene, B-farnesene Z}7} 1% ©]/dS hrstar JATH
D104, 107, 1082 unknown A3} $HA 1 ZA8|7} M2
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FARSE S B3tk DI113S unknown (R.T. 47.94, 55.08,
44.12)3} caryophyllene®] ZFzb 40%, 34%, 5%, 5%= 4714
o] FAAES o]F JAT FHE JEOSZE= hexanal,
t-2-hexanal, 6-methyl-5-heptene-2-one, 1-octene-3-ol, contane,
o-humulene, B-faresene® 2 1% V|Rke] -2 B Ht) D118
2 unknown (R.T. 47.94, 55.08, 47.38)°] ZFZ} 40%, 34%,
5%°] TS BAS 8 L OEE caryophyllene©] 2%,



hexanal, t-2-hexanal, t-2-hexanal, benzaldehyde, 6-methyl-5-
heptene-2-one, 1-octene-3-ol, a-humulene, PB-farnesene, perillal-
dehyde (R.T. 45.72), contane®] 717} 1% m]gre] $HaFS- W
At} DI119= unknown (R.T. 69.93, 44.12)7} caryophyllene®]
Z¥7F 45%, 9%, 23%= T3kl A= ]2 unknown
(RT. 80.48) 8%= 47FA|7} T4 o1FaL JUth 544
AE- S 2= hexanal, t-2-hexanal, 1-octene-3-ol, contane®] 7+
7t 1%U) O 2 o-humulene= 1.9%, P-farnesenes 3%S
S35t Atk DI33E unknown (R.T. 70.97, 47.73)2
caryophyllen®] Z}7} &5 46%, 6%, 28%% TS o|FaL
A3 Y AHEOSZE hexanal, t-2-hexanal, t-2-hexanal, 1-
octene-3-ol, benzaldehyde, PB-farnesene, contane®] 1% WYk
o-humulene®] 2%E &322 UATE DI34= unknown
(R.T. 70.97, 47.94)%} caryophyllene®] Z}2} & 40%, 24%,
18%Z FAES o|F3 AN, 9F HESZE hexanal,
t-2-hexanal, t-2-hexanal, benzaldehyde, 6-methyl-5-heptene-2-

one, l-octene-3-ol, PB-farnesene, perillaldehyde, contane”}
1% v9+E, a-humulene”} 1.5%2] 32 YepRiTh D136

unknown (R.T. 47.94, 55.08)3 caryophyllen®] z+7} 3}
63%, 11%, 7%= F4ES ol FL AL §48 dEoes
hexanal, t-2-hexanal, t-2-hexanal, benzaldehyde, 6-methyl-5-
heptene-2-one, 1-octene-3-ol, o-humulene, contane®] 1% w®]Tt
<, B-famesene’t 1.5%% T3kl UATE DI372 unknown
(RT. 47.94, 5508, 44.12)%} caryophyllene®] Z}z} 48%,

33%, 5%, 5%E sl FAAES olF AU, sHE

AJE S 2= hexanal, t-2-hexanal, t-2-hexanal, benzaldehyde,
6-methyl-5-heptene-2-one, 1-octene-3-ol, o-humulene, contane
o] 1% wlvre] S BT DI382 unknown (R.T. 47.94,
55.08)2 caryophyllene®] Z}Zt 49%, 30%, 4%°] 3= F
Ee o7 UYL, FHB Yozt

hexanal, t-2-hexanal, 6-methyl-5-heptene-2-one,

hexanal, t-2-
1-octene-3-ol,

100
90

68

8.1

52

o-humulene, B-farnesene, contane®] 1% w]Wke] S-S

9th DI36, 137, 138 A2 §Ale 24U vebich
D139= unknown (R.T. 70.97, 44.12)3} caryophyllene®] Z}
7t FHF 41%, 6%, 26%2 TS oIFL U, €
AE- O Z= hexanal, t-2-hexanal, 1-octene-3-ol, benzaldehyde,
contane®] 1% WV|9HS-, a-humulene, PB-farnesene®] ZH} 2%
o] kS Bolt) D141 (Fig 2y 544 AEE2 471 7t
2 @t=dl, unknown (R.T. 70.97, 44.40)3} caryophyllene,
perillaldehyde (R.T. 45.81)°] 27} 41%, 22%, 14%, 8%
O R FAAEE o)F UMY, AYE T T Ao

oAl AuE FFE T FY3A a-pinene, B-pinene,
limonene©] FrEo] AN o]fo= FHE HEO=E

hexanal, t-2-hexanal, 1-octene-3-ol, benzaldehyde, o-humulene,
B-farnesene, contane®] W|%F $HrE|o] UATH

2) S EAOP AR SAsle] A4 B
29 3

I S A3} r AR i 35 &
Ho] RS o]F3L =l S114 (63.8%), 140 (68.3%)=
Al Q) skl 77~88%7FA] kA S A A THTable 4, Fig. 3).
S114, 119 caryopylleneo] HAE=A| 2&%kom™ S118 A&
< o v EAEaL AU S100 unknown (R.T.
47.81, 55.08)3} caryophylleneS F/JEO = ZH7} 59%, 11%,
11%E Fratal AN, SHE Lo 2e 489 A=
+ t-2-hexanal, 1-octene-3-ol, benzaldehyde, o-humulene, B-
farnesene®] ZFZF 1% wTHe] S H T S102&
unknown (R.T. 47.81, 55.08)%} caryophyllenes FJEOZ
Z7F 61%, 17%, 7% st UL, $4€ o2 s
t-2-hexanal, 1-octene-3-ol, benzaldehyde, o-humulene, [-
farnesene®] 7tz 1% vuwiwke]l S Rtk S1082
unknown (R.T. 47.81, 55.08)7} caryophylleneS FAEOZE
Y7} 51%, 14%, 12%% et AL, $4E dEo=2e
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Fig. 3. Comparison of major essential oil contents of Perilla collected in kangwon university farm samples.
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Fig. 4. a) GC Chromatogram of the 16 standard compounds (a), GC Chromatogram of $140 (b) and GC Chromatogram of S139 (c) in
kangwon university farm samples. 1. a-pinene 2. hexanal 3. B-pinene 4. d-3-carene 5. limonene 6. t-2-hexanal 7. 6-methyl-5-
heptene-2-one 8. anisol 9. 1-octene-3-ol 10. benzaldehyde 11. caryophyllene 12. o-humulene 13. B-farnesene 14.

perilladehyde 15. tetra-tetra-contane 16. tricosane.

hexanal, t-2-hexanal, l-octene-3-ol, benzaldehyde, contane®]
1% v|¥+S, a-humulene, B-farnesene’t 1% =9 $He

=,

B S109= unknown (R.T. 47.94, 55.08)3} caryophyllene

o] FAROZ 22} 65%, 10%, 8%S] FHE BT $HE
AJES 2= hexanal, t-2-hexanal, 1-octene-3-ol, benzaldehyde,

o-humulene, B-farnesene, contane®] Z}z} 1%u|gte] kS
RSt} S1132 unknown (R.T. 47.81, 55.08)3} caryophyllene
S FAECE 77t 53%, 14%, 10%2] T3S B, t-2-
hexanal, 1-octene-3-ol, o-humulene, PB-farnesene, contane®]
1% w|vre] ghake 1ok S100, 102, 108, 1132 A= wj$-
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FARSE 240012 Btk S114% unknown (R.T. 34.34, 69.93,
43.870) FARo = 77t 28%, 27%, 9% TEHS HAL, 5
e AEOFE= l-octene-3-ol, contane®] 1% H|THe] ShkS-
BT} Caryophyllene FZE5A] 4UTh. S1182 unknown
(RT. 47.81, 55.08, 47.35)°] FAEOZ 717} 31%, 47%,
5%2 Tt AL FAHE AHEOFEE caryophyllene©]
3%, hexanal, t-2-hexanal, 6-methyl-5-heptene-2-one, 1-octene-3-
ol, benzaldehyde, o-humulene, perillaldehyde, contane®] 1%
vgke] &8 B9tk S119% unknown (R.T. 69.93, 34.34,

4412y} FAECE 747} 44%, 25%, 9% TElal AN



SA4E AE O ZE hexanal, t-2-hexanal, 1-octene-3-ol°] Z+zt
1% "Fre] S Bt} Caryophyllene S1149F 7Fo] 2
%A &okth 8133 unknown (R.T. 70.86, 44.12)2
caryophyllene®] FAEC 2 72t 45%, 27%, 1%S §H-3kaL
AN, FRE AEoEE
benzaldehyde, B-farnesene, contane®] 1% H|¥F, a-humulene
o] 2%¢] #ES BTl SI34E unknown (RT. 70.86,
44.17)2 caryophyllene®] FTO02 Z}7F 47%, 7%, 28%%
ShRSlal AL, 9 AE S Z = t-2-hexanal, 1-octene-3-
ol, B-farnesene, t-t-contane®] 1% V|%F, o-humulene®] 2%<]
FHS HAth S136> unknown (RT. 70.86, 47.65)%F
caryophyllene®] FAESZ 7172} 52%, 11%, 21%2 -3}
3 YA, FHEH HEOZEE t-2-hexanal, 1-octene-3-ol, P-
farnesene®] 1% W|%F o-humulene®] 2%9] daS Bt}
S1372 unknown (R.T. 47.94, 55.08, 44.12)%} caryophyllene
o] FAROR 69%, 12%, 5%, 5%E THratal AN, B4
H AJE OS2 = limonene, t-2-hexanal, 6-methyl-5-heptene-2-
one, l-octene-3-ol, benzaldehyde, a-humulene, perillaldehyde,
contane®] Z}Zt 1% w|Rke] $HS RSt} S1382 unknown

t-2-hexanal, 1-octene-3-ol,

D100, 4.7
D102, 0.1

D141, 22.7

D139, 27.0
D107, 25.4

D138, 4.0
D108, 16.5

D113, 5.2
D118, 2.9
D119, 23.8

D134, 18.3

D133, 28.5

@)
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\

S140, 20.6 ~5102, 6.8
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$137, 5.3~ \\3118_ 2.9

L8119, 0.0
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S134, 28.4

(€)

(RT. 47.94, 55.08, 44.12)3} caryophylleneo] FAE o= 7}
Zy 5%, 5%, 5%, 5%E Sl SIlAL, $HE AReR
+ hexanal, t-2-hexanal, 6-methyl-5-heptene-2-one, 1-octene-
3-ol, benzaldehyde, o-humulene, B-farnesene, perillaldehyde
o] Z}zt 1% mgke] kS BT} S139 (Fig. 4)= unknown
(R.T. 70.86, 44.12)<} caryophyllene®] F4ECE 59%, 4%,
24%% YR UL, FHE AESEE ochumulene, B-
farnesene”} ZV2; 2%9] S RSt S139= WU o)A
L2 AE T F8E ARl 7P A% S140 (Fig. 4y
o EAANA AjE ReRE FYEAl o-pinene, B-
pinene, limonene®] HEEN oM FHE o] 7 BUTh
Unknown (R.T. 70.86), perillaldehyde®} caryophyllene®] /3
O 33%, 14%, 20%= okl L, s4E HEess
o-pinene, [-pinene, t-2-hexanal, 1-octene-3-ol, benzaldehyde,
B-farnesene, contane®] Z}Z} 1% w©|%H limonene®| 6%, o-
humulene®] 2%9] $HFS A

= essential oil2] &2t H|w
A% A3, D102, D108, Sl14,

D100, 6.10
Ip102, 0.01

D104, 20.90

D107, 18.60

{ D108, 9.20

D113, 5.20

D141, 42.05
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o7 46 S113, 4.90
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_s133,
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Fig. 5. The comparison of content (%, a) and mM (b) of caryophyllene 1 uL in Dongsanmyon filed samples and content (%, c¢) and mM
(d) of caryophyllene 1 uL in kangwon university farm samples.
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