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Abstract

This study was carried out to investigate the volatile constituents change according to extraction methods,
parts and heating methods. The research results are as follows: 23 kinds of components were extracted by
steam distillation method; 8 by head space method; 16 by ether extraction method; 9 by Tenax-GC. This fact
indicated that volatile constituents differ depending upon the extracting method. When the volatile con-
stituents were extracted by steam distillation method and analyzed by GC-MSD, the content of the volatile
constituents was 41.71 mg% in the stem and 85.37 mg% in the leaf. A total of 23 components - 14 kinds of
hydrocarbon, 5 of aldehyde, 4 of alcohol- were detected in the stem. A total of 31 components - 21 kinds of
hydrocarbon, 5 of aldehyde, 4 of alcohol and 1 of ester were detected in the leaf. The leaf had comparatively
more varied volatile constituents than the stem. In the stem, the octanal content was highest and the contents
of limonene, sabinene, Y-terpinene and B-myrcene were higher; in the leaf, the content of octanal was highest
and the contents of isobicyclogermacrene, limonene, B-farnesene, undecaethiol, y-terpinene, sabinene, elemene,
B-myrcene were higher. These were the major volatile constituents of the water dropwort. The volatile con-
stituent formation changed as the water dropwort was heated. The volatile constituents of the water dropwort
heated in 1000 m! were the most similiar to those of the raw water dropwort, and volatile constituent content
was highest.
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Table 1. The condition of GC for analysis of volatile
constituent

Instrument Hewlett-packard 5890 A series Il
Detector Flame ionization detector
Column Ultra 2 (cross-linker 5% phenyl methyl

silicone gum phase) HP Co. 25 m X0.
2 mm

Column oven temp. 60°C (5 min) — 10°C/min.
— 280°C (15 min.)

Carrier gas He 1.0 m//min.
Injection 10 p! (split rate 80:1)
Injector temp. 180°C

Dectector temp. 280°C

icone Pt 2 23k F Ao 147} WF=]F}+ ¥ head
space®] gas 1 mlZ gas chromatography-mass selec-
tivity detector(GC-MSD)l] injection 3}¢3c}.
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Table 2. Analytical condition of GC-MSD for volatile
constituent

Instrument Hewlett-packard 5970 series

Detector Mass selective detector Mass range m/z 20-
300 Ionization voltage 70 .V

Column Ultra 2 (cross-linker 5% phenyl methyl sil-

icone gum phase) HP Co.

25 mXx0.2 mm

60°C (5 min.) — 10°C/min. — 280°C (15
min.)

Helium (1 m//min.)

10 ! (split rate 80 : 1)

Column temp.

Carrier gas
Injection
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water dropwort sample (100g, length 5 cm)

blanching in

boiling water 500 ml boiling water 1000 ml
(1 min,) (1 min.)
cooling cooling
in in

(5 min, ) (5 min.)
room —;]d room :L
temp, water temp. water
(8) (B) (A) (B)

boiling 1% NaCl 1000 ml wicrowave oven
(1 min,) (650w, 1 min. )
cooling cooling
in in
(5 min.) (5 min, )
rc[;‘ cold rc[;‘-cjd
temp, water temp. water
(A) (B) (A) (B)

Fig. 1. Schematic diagram of heating method of water dropwort.
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Table 3. The volatile constituents identified from stem of water dropwort according to extracting method (mg%)
Compounds Retention time(Min) Steam distillation Head space  Ether extract  Tenax-GC

Heptanal 5.40 0.90 0.20
o-Pinene 6.07 1.00 10.62 0.30 15.65
Sabinene 6.85 4.67 2.36 7.81 7.15
B-Pinene 6.95 0.43 1.00
B-Myrcene 6.97 2.03
Octanal 7.16 6.63 0.10
Limonene 7.70 545 0.54 0.15 2.11
v-Terpinene 8.24 4.23 0.25 0.10 0.11
Linalool 8.90 0.54 0.53 0.48
Unknown 1 9.34 0.42
Octadecanal 9.65 0.48 0.24 0.27 0.65
Undecanethiol 9.86 1.67 0.72
1, 4-Terpineol 10.28 1.39 2.95 0.92
1.0-Terpineol 10.47 1.04 0.61 1.15
Unknown 2 11.00 0.80 0.30
Unknown 3 11.08 0.69
Hexamethyl-cyclohexadien 11.24 1.03
2-Decenal 11.48 0.76
Unknown 4 11.75 0.40
Unknown 5 12.11 021
Unknown 6 12.15 0.36
Decadienol 12.35 0.38
Unknown 7 12.52 0.67
Unknown 8 12,65 0.61
Elemene 13.55 0.49 0.46
Unknown 9 13.62 0.47
trans-Caryophylen 14.05 0.31 0.56
Isobicyclogermacrene 14.12 0.76
B-Farnesene 14.28 1.05 1.21 0.76
Bicyclosesquiphellandren 14.87 0.47
B-Bisabolene 15.07 0.56 0.96
a-Guaiene 15.14 0.39 0.71
Unknown 10 16.77 0.21
Unknown 11 17.58 3.62
Unknown 12 18.30 2.67
Unknown 13 19.83 0.86
Heptadecadiene 21.03 0.72
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Table 4. The volatile constituents identified from stem and leaf of water dropwort (mg%)
Peak No. Compounds Retention time (Min) Stem (%) Leaf (%)
1 Heptanal 5.40 0.90( 2.16) 3.66( 4.29)
2 o-Pinene 6.07 1.00( 2.40) 1.73( 2.03)
3 Sabinene 6.85 4.67(11.20) 3.79( 4.44)
4 B-Myrcene 6.97 2.03( 4.87) 3.09( 3.62)
5 Octanal 7.16 6.63(15.90) 8.77(10.27)
6 Limonene 7.70 5.45(13.07) 7.52( 8.81)
7 y-Terpinene 8.24 4.23(10.14) 4.87( 5.70)
8 Linalool 8.90 0.54( 1.30) 0.73( 0.86)
9 Unknown 1 9.34 0.27( 0.65)
10 Octadecanal 9.65 0.48( 1.15) 0.47( 0.55)
11 2-Nonynoic acid 9.75 0.52( 0.61)
12 undecanethiol 9.86 1.67( 4.00) 5.04( 5.90)
13 1, 4-Terpineol 10.28 1.39( 3.33) 1.43( 1.68)
14 1.o-Terpineol 10.47 1.04( 2.49) 0.74( 0.87)
15 Unknown 2 11.00 0.80( 1.92) 1.13( 1.32)
16 Unknown 3 11.08 0.69( 1.65) 0.57( 0.67)
17 hexamethyl-cyclohexadien 11.24 1.03( 2.47) 0.39( 0.46)
18 2-Decenal 11.48 0.76( 1.82) 0.80( 0.94)
19 Unknown 4 11.58 0.43( 0.50)
20 Unknown 5 12.11 0.21( 0.50)
21 Unknown 6 12.15 0.36( 0.86)
22 Decadienal 12.35 0.38( 0.91) 0.94( 1.10)
23 Unknown 7 12.52 0.67( 1.61)
24 Unknown 8 12.65 0.61( 1.46) 0.42( 0.49)
25 Unknown 9 13.37 0.53( 1.27) 0.79( 0.93)
26 Unknown 10 13.41 0.32( 0.37)
27 Unknown 11 1345 0.34( 0.40)
28 Elemene 13.55 0.49( 1.17) 3.67( 4.30)
29 Unknown 12 13.62 0.62( 1.49)
30 trans-caryophyllen 14.05 0.31( 0.74) 2.05( 2.40)
31 Isobicyclogermacrene 14.12 0.76( 1.82) 8.01( 9.38)
32 f-Farnesene 14.28 1.05( 2.52) 6.37( 7.46)
33 Humulene 14.52 0.36( 0.42)
34 o-Bergamotene 14.78 0.36( 0.42)
35 Unknown 13 14.81 0.29( 0.34)
36 Bicyclosesquiphellandrene 14.87 0.47( 1.13) 2.96( 3.47)
37 trans-Famesol- 14.97 0.41( 0.48)
38 B-Bisabolene 15.07 0.56( 1.34) 2.14( 2.51)
39 o-Guaiene 15.14 0.39( 0.94) 0.90( 1.05)
40 Unknown 14 15.29 0.47( 0.55)
41 delta-Cadinene 15.35 0.62( 0.73)
42 Unknown 15 15.56 1.09( 1.28)
43 Unknown 16 15.66 0.58( 0.68)
44 Farnesene 15.72 1.19( 1.39)
45 Isocaryophyllene 15.92 1.83( 2.14)
46 Unknown 17 16.23 0.40( 0.47)
47 Unknown 18 17.44 1.83( 2.14)
48 Neophytadiene 18.92 0.26( 0.30)
49 Heptadecadiene 21.03 0.72( 1.72) 0.85( 1.00)
50 Unknown 19 21.84 0.56( 0.66)
Total 41.71(100.0) 85.37(100.0)

(12.12%), pulegone(9.48%), germacreneD(8.34%) & pinolene(3.70%), P-caryophyllene(3.68%), B-bourbo-
B-pinene(7.68%)01 3, 1 24| o-pinene(3.81%), ter- nene(3.14%), a-terpineol(3.03%) o] 5ol gled,
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3. gXj2|E o|L2|e] sviME

mv}E] ¢ £7]& 500 mi, 1000 m/, 1000 m! A g5
(1%), microwave oven® & W23t F Yz
e}, vlve]e] R HEE $5r] SFHoE
¥43t A7 Table 5-85} 2t}

Az whge wet mlvele] g E 240l v}
2A Jepgbed Wubyel Agle] 1000 mi €A
gl 37|82 eFo] 7P ¥9ker, 500 mi2
dA A 7F3F A vhebtc}. Table Sell4] 500 ml
A" vivie|e AR e Aenkx] Yzt
1} Yl zbel| A 257 mgZ(A)} 10.24 mg%(B)E 1}
byt 3, Table 62] 1000 m! G 2]ojlxl+= ZH2}t 1041
mg%(A)$} 26.71 mg%(B), Table 72] 1000 ml 2] g
1% = 2+t 7.85 mg%(A)2} 12.49 mg%(B)s] 2
o], Table 82] microwave oven Qa]g]o|r= z+z}t
4.39 mg%(A)2} 20.42 mg%(B)3ic}. )8} o] Wzhy
Wl alel Fr1AdEe] AT o] tp=A e

Table 6. The volatile constituents identified from wat-
er dropwort blanched in 1000 m/

A B
o] 3Al=x] 4= glely @ gl ow® o]|E EAo] ml
Jf o = 4 o‘_]‘;.;l;} H{aq;q 32 s im ] Compounds Content ... Content Com-
E, IAE e A s FuA RO R position position
(mg%) (mg%)
e Eaz=1=h (%) (%)
o-Pinene 0.80 7.69 0.58 217
Sabinene 1.00 9.61 1.27 4.76
Table 5. The volatile constituents identified from wat- B-Myrcene 0.73 2.73
er dropwort blanched in 500 m!/ Octanal 0.95 916 131 4.92
A B Limonene 0.96 9.22 1.32 4.94
y-Terpinene 1.64 15.76 2.04 7.64
Compounds Content -2 Content pg;g:n Iéina?ol 1 8.1; g.ig
me% ctadecano E E
eh ) ™ " Undecanethiol 063 235
o-Pinene 1.13 11.04 1.4-Terpineol 0.16 0.60
Sabinene 110 10.74 1.a-Terpineol 0.23 0.86
Octanal 0.20 7.78 0.90 8.79 Hexamethyl- 0.21 2.05 0.25 0.94
Limonene 0.30 11.67 1.05 10.25 cyclohexadien
Y-Terpinene 0.50 19.46 1.10 10.74 2-Decenal 0.23 218 0.29 1.09
1.o-Terpineol 0.20 1.95° Elemene 0.23 218 094 3.52
2-Decenal 0.30 2.93 trans-Caryophyllene 0.19 186 0.66 2.47
Elemene 031 1206 030 293 [sobicyclogermacrene  0.83 801 305 1142
trans-Caryophyllene 0.41 1595  0.22 2.15 B-Farnesene 1.05 10.06 298 11.16
Isobicyclogermacrene  0.20 7.78 130 12.70 Bicyclosesqui- 0.27 256 081 3.02
B-Farnesene 0.20 7.78  1.01 9.86 phellandrene
Bicyclosesqui- 0.35 3.42 B-Bisabolene 0.55 525 155 5.80
phellandrene o-Guaiene 0.17 0.64
j-Bisabolene 0.50 4.88 Isocaryophyllen 0.14 135  0.63 235
Isocaryophyllen 0.20 7.78 022 2.15 Heptadecadien 0.95 916 593 2220
Unknowns 0.25 9.74 0.56 5.47 Unknowns 0.41 3.90 0.89 3.32
Total 2,57 100.00 10.24 100.00 Total 1041 100.00 26.71 100.00

A: Cooling in room temp, B: Cooling in ice water.
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Table 7. The volatile constituents identified from wat-
er dropwort blanched in 1000 m/ (1% NaCl)

Table 8. The volatile constituents identified from wat-
er dropwort blanched in microwave oven

A B A B
Compounds Content ositi(;n Content oo Compounds Content c():s(;glo-n ontent gs(;i?o-n
(me%) Py me%) P me%) Py mem) PG

o-Pinene 0.40 510 1.10 8.81 o-Pinene 050 1139 053 2.60
Sabinene 080 1019 1.20 9.61 Sabinene 075 1708 256 1254
Octanal 085 10.83 040 3.20 B-Myrcene 0.49 2.40
Limonene 0.70 892  0.80 6.41 Octanal 0.35 797 1.14 558
Y-Terpinene 0.65 828 0.84 6.73 Limonene 0.39 889 239 11.70
Linalool 0.30 2.40 y-Terpinene 0.39 889 224 1097
Octadecanol 0.15 1.20 Octadecanol 0.32 1.57
Undecanethiol 0.25 2.01 Elemene 0.63 3.09
1.4-Terpineol 0.42 3.36 trans-Caryophyllene 0.57 2.79
1.o-Terpineol 0.33 2.64 Isobicyclogermacrene 0.56 1276 245 12.00
Elemene 0.26 331 0.29 232 -Farnesene 0.50 11.39 243 11.90
trans-Caryophyllene 0.21 1.68 Bicyclosesqui- 0.82 4.01
Isobicyclogermacrene 0.85 10.83 1.55 12.40 phellandrene
B-Famesene 096 1223  1.09 8.73 B-Bisabolene 0.31 7.06  1.30 6.37
Bicyclosesqui- 0.44 5.61 0.53 4.24 o-Guaiene 0.28 1.37

phellandrene Isocaryophyllen 0.52 2.55
B-Bisabolene 0.51 650 071 5.68 Heptadecadien 0.43 9.76  1.26 6.17
o-Guaiene 0.28 3.57 Unknowns 0.21 478 049 2.39
Isocaryophyllen 0.27 2.16
He;:zefag;en 062 789 191 969 Total 439 10000 2042 100.00
Unknowns 0.53 6.74 0.84 6.73 A: Cooling in room temp, B: Cooling in ice water.

Total 7.85 100.00 12.49 100.00

A: Cooling in room temp, B: Cooling in ice water.

oo, 7 AlgoA BT Y5 WA FrIE ek
o] A FL& AL & F Ut

W W2t vive] o] r)AdEe] 232 500 m/
gda7] stgdeu] 1024 mg%(A)3), isobicy clo-
germacrene®] 31efo] 1.30 mg%= 7V &9k, 1 v}
9 1 mg% o)Al Z> o-pinene > sabinene > y-ter-
pinene > limonene > B-farnesene] <=0]glen, o]&52
AA o] 65.33%F vieblict. 1000 mio] A$-= &
3teko] 26.71 mg%]al heptadecadiene®] o] 5.93
mg%2 7P £33, 194 1 mg% o]l AL iso-
bicyclogermacrene > B-farnesene > y-terpinene > B-bisa-
bolene > limonene > octanal > sabinene $0]¢. 27 o]E
< A A 9] 72.84%F viepdct. 1000 ml AlE(1%)9
729 Z3}lepo] 1249 mg%3] T isobicyclogermacrene
2] gepo] 1.55 mg%= 7MY w3kew avtel 1 mg%
0|4kl 71L& heptadecadiene > sabinene > o-pinene > -
famesencs] 01919 o] S-& A 4924%F 1he}
Wrt. microwave oven?] 739+ E3lefo] 20.42 mg%
4112 sabinene?] §efo] 2.56 mg%h=. 7 Eoka, 1}t
2] 1 mg% oJAkal 7L isobicyclogermacrene > f-far-

Yze|getslA) A 11 A 4 5(1995)

nesene > limonene > B-bisabolene > heptadecadiene > oc-
tanal®] o0]%l.2. o] &2 A A 2] 68.62%F tehyrt.

vva]e] E71%-94E dA=] A dxen F o
A2l wbgel G wiele] Sr)4% Wske Table
99} 7t}

dxeg] A el o) A8 RS 4171 mg%
13 dAl2] §ol wWel 10.24 mg%-~26.71 mg%=
71882 ko] FFasden, FFEe FRe
dAe] A 23F)A A F 15~16F 2.2 =gl
t}. 1000 m/Z A7k ol 4= P18 F
7t 7P ek, @9 7P FA vebst e, mi-
crewave oven > 1000 m/ A} d<=(1%) > 500 ml2] < 3]
2] $olgich

v }2] & microwave oven &z g]ol|A vlwd W
7] A& #al e, o]= Macleod 570] B
33 zefupyo] cabbage®] F7|A4 o FlAE 9%
T ZARE AFelA 2] AR Aol AR
Wshel] oc}A] Fo8kA] ow, dARs Fog &
el H& ARG, dubdal Iz W
microwave oven G g]o]] 2]3le] B2 AESo] &
Hylvhs 23t fralstsdch Wu §2 shallotE 4
#12] (baking, deep-frying)3tsie o Aol
3tedar, FA3Hal dimethyl trisulfide, methyl propyl
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Table 9. Changes of volatile constituents of the water dropwart before and after heating mg% (%)
after heat trearment
Compounds before

500 m! 1000 m!/ 1000 m! (1% NaCl)  Microwave
Heptanal 0.90( 2.16)
o-Pinene 1.00( 2.40) 1.13(11.04) 0.58( 2.17) 1.10( 8.81) 0.53( 2.60)
Sabinene 4.67(11.20) 1.10(10.74) 1.27( 4.76) 1.20( 9.61) 2.56(12.54)
B-Myrcene 2.03( 4.87) 0.73( 2.73) 0.49( 2.40)
Octanal 6.63(15.90) 0.90( 8.79) 1.31( 4.92) 0.40( 3.20) 1.14( 5.58)
Limonene 5.45(13.07) 1.05(10.25) 1.32( 4.94) 0.80( 6.41) 2.39(11.70)
Y-Terpinene 4.23(10.14) 1.10(10.74) 2.04( 7.64) 0.84( 6.73) 2.24(10.97)
Linalool 0.54( 1.30) 0.17( 0.65) 0.30( 2.40)
Octadecanal 0.48( 1.15) 0.12( 0.45) 1.15( 1.20) 0.32( 1.57)
Undecanethiol 1.67( 4.00) 0.63( 2.35) 0.25( 2.01)
1,4-Terpineol 1.39( 3.33) 0.16( 0.60) 0.42( 3.36)
1.0-Terpineol 1.04( 2.49) 0.20( 1.95) 0.23( 0.86) 0.33( 2.64)
Hexamethyl-cyclohexadien 1.03( 2.47) 0.25( 0.94)
2-Decenal 0.76( 1.82) 0.30( 2.93) 0.29( 1.09)
Decadienol 0.76( 1.82)
Elemene 0.49( 1.17) 0.30( 2.93) 0.94( 3.92) 0.29( 2.32) 0.63( 3.09)
Trans-caryophyllen 0.31( 0.74) 0.22( 2.15) 0.66( 2.47) 0.21( 1.68) 0.57( 2.79)
Isobicyclogermacrene 0.76( 1.82) 1.30(12.70) 3.05(11.42) 1.55(12.40) 2.45(12.00)
[B-Farnesene 1.05( 2.52) 0.35( 3.42) 2.98(11.16) 1.09( 8.73) 2.43(11.90)
Bicyclosesquiphellandren 0.47( 1.13) 0.35( 3.42) 0.81( 3.02) 0.53( 4.24) 0.82( 4.01)
B-bisabolene 0.56( 1.34) 0.50( 4.88) 1.55( 5.80) 0.71( 5.68) 1.30( 6.37)
o-Guaiene 0.39( 0.94) 0.17( 0.64) 0.28( 1.37)
Isocaryophyllen 0.22( 2.15) 0.63( 2.35) 0.27( 2.16) 0.52( 2.55)
Heptadecadiene 0.72( 1.72) 5.93(22.20) 1.21( 9.69) 1.26( 6.17)
Unknowns 4.76(11.40) 0.56( 5.47) 0.89( 3.32) 0.84( 6.73) 0.49( 2.39)
Total 41.71(100.0) 10.24(100.0) 26.71(100.0) 12.49(100.0) 20.42(100.0)

B

Q—famesene

isobyclogenmnacrene

Y-terpinene

timonene

Content (Mges)

(1%NacCh

Heating method

A, cooling in room temp
B; cooling in ice water

Fig. 2. Contents of major volatile constituents in water dropwort heated by various methods.

trisulfide”} 734512, dimethyl thiopheneF7} 5 limonene, B-terpinene, isobicyclo germacrene, P-far-
g Z718 vetde] Azl 9t 3y JEe] nesene®] §3-& w|Lsle] BH Fig. 29} 2t
w3le-e 1 opsieich A-gubz] WZHANRE vive] el skr] Ao ek

dAelg wlvee] F2 R e vehd 2F 1000 miell 4] A2 wivtelellA] 7 A vebyt
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31, 1000 m! 4] %d4=(1%) > microwave oven > 500 ml

Tolelon, W WZB)RE vivtele] i =

< 1000 ml X2l vy 713 geko] &)
el ¥, microwave oven > 500 ml > 1000 ml A} <=
(1%) =22 vepydct.

Aie BEHHS] Mol oJmupgozER za
FAE AX7] Gl ze" vyl FPE |
= Foldle drtiatelel AzEy, gm|AlEe g
A9 vide]E o] 4& o 713 A4E ¥Y F 9l 7K
Ay o FHF BoA st Yol
B7bahs wbe]l $4lm, 2einRe] HHAS 2
A& 7§ -l microwave oven 2] E]u}eo] xpAdo]
2 ols Aoz Y7gn).
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