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Abstract

The main purpose of this study is to analyses the phytoncide of three main forest
trails in Alishan Forest Recreation Area of Chiayi Forest District. The results are
summarized as follows: The contents and compositions of volatile components collected
from different species in different seasons are diverse. The main components of
phytoncide in three forest trails are: sabinene, « -pinene, p-cymene, & - 3-carene,
D-limonene, g -myrcene and « -humulene in Giant tree group Charity Walk,
D-limonene, sabinene, y -terpinene, L-bornyl acetate, p-cymene, /3 -myrcene,
a -pinene and & - 3-carene in Sun-lookout trail, p-cymene, /3 -myrcene,
S -caryophyllene, f-pinene, y-terpinene, D-limonene, ¢ -3-carene and « -pinene
in white magnolia trail, respectively. The phytoncide components are more rich 10m
away from the trail than those at the trail side. The amount of phytoncide at 160 cm in
height is the most abundant, while the phytoncide amount at 30 cm in height is still rather
high. It is probably caused by the emitting terpenoids materials of ground cover. The
average emission amount of main components emitted from Japanese cedar in Giant tree
group Charity Walk is the highest from 12:00 to 15:00, the amount of sabinene is the
most abundant , followed by a —pinene, D-limonene. The average emission amount of red
cypress is the highest from 15:00 to 18:00, the amount of « —pinene is the most abundant,
followed by ¢ -3-carene, D-limonene.
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Table 1 Geographic site of sampling location of six main tree species
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7% T4 18~24 60 ~ 75 S
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Table 3 Molecular weights and fragments of standard compounds

No. Compound M.wt Base peak Main fragments Ref. KI Kl

1 «a-pinene 136 93  91,92,77,79 937 938
2 camphene 136 93  121,79,41,67 941 951
3 p-pinene 136 93  41,69,79,77 979 978
4 [ -myrcene 136 41 93,69 992 995
5 « -phellandrene 136 93 91,77,92 1001 1005
6 o -3-carene 136 93  91,77,79,92 1006 1013
7 «-terpinene 136 93  121,91,77 1009 1020
8 p-cymene 134 119  134,91,117 1016 1029
9 D-limonene 136 68  67,93,79,94 1023 1031
10 y -terpinene 136 93 91,77,121 1062 1060
11 sabinene hydrate 154 71 93,111,81,121 1073 1072
12 terpinolene 136 71 121,136,91,79 1090 1089
13 linalool 136 71 93,4341 1099 1103
14 citronellal 154 41 69,55,95 1154 1154
15 terpinene-4-ol 154 71 43,111,93 1180 1179
16 D-(+)-menthol 154 71 81,95,41,55 1191 1190
17 « -terpineol 140 59 93,43,121,81 1192 1192
18 nerol 154 69  41,93,68,84 1219 1223
19 citronellol 156 41  69,55,67,81 1227 1235
20 L-carvone 150 82  54,93,108,39 1232 1238
21 geraniol 154 69 41,68,67,93 1234 1244
22 linalyl acetate 154 93  43,80,41,69 1259 1259
23 trans-cinnamaldehyde 131 103 77,51,78,104 1272 1271
24 safrole 162 131  104,77,135 1291 1300
25 eugenol 164 77 149,131,103 1360 1360
26 cinnamyl acetate 176 43  115,92,134 1544 1542
27 nerolidol 222 69 93,107, 136,161 1562 1576
28 caryophyllene oxide 220 41  43,79,93,92,69 1580 1583
29 cedrol 222 95  150,43,81 1603 1604

Ref. KI: Reference KI;
K1 : Kovats index relative to n-alkanes (C9-C24) on a DB-5 column.
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L4, — 1 7.42(0.67%) ~ = 7 6.45(0.58%) ~ = * 38.37 (3.48%) - -
1 15.23(1.38%); ‘=4 1~ 7 261 (021%) = 7 278 (0.23%)~ = 7 4.49
(0.37%) ~ - * 7.07 (0.58%) ; & # % 4p 1 — * 14.96 (1.31%)~ = * 17.74
(1.55%) ~ = » 52.85 (4.62%) ~ - " 26.58 (2.32%); £ < 4+ f§: - » 0.07
(0.01%) ~ = * 0.19 (0.02%) ~ = * 1.14 (0.10%) ~ - * 0.09 (0.01%) ; %
HEPEi- 2 0182 2 018~ 2 035~ 2 0.04> ¥ u AjF:
~ 7 1.00 (0.08%) > = " 3.46 (0.29%) - = " 1.26 (0.11%) ~ + ' 2.47
(0.21%) » 4rde 4 #5577 o d b7 Sl ff FIOHE W 20 2 R AE
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Table 4 Yields of essential oil from leaves of six species

# 55 8 (5)] mL/kg (%0)]

L omm e —— = kg —

© Lai 0874 1496(131) 17.74(155) 5285(462) 26.58(2.32)
¥y 0906  7.42(0.67) 6.45(0.58) 38.37(348) 15.23(1.38)
B ek 0813  261(021) 2.78(0.23) 4.49037)  7.07(0.58)
® 4515 0868 007001) 019(002) 114(0.10)  0.09(0.01)
¥ A 0837  100(008) 346(0.29)  126(0.11) 2.47(0.21)
B

T 0.18 0.18 0.35 0.04

S ARESEAEEIE 2 TS 2

LG 2 M 2 B4R M E B~ (SPME) e Mt 2 38 M2 > > i GC-MS
A7 T AR LS TR S 2 AT S drd 510 Aror o H P AR
B @ o P E IS IR > — 7 > 12 sabinene (18.80%)% 5 - H =t i
a-pinene (17.68%) % y-terpinene (9.81%) ; = * i» 12 sabinene (17.93%)#
% 2=t i a-pinene (12.32%) % 16-kaurene (12.01%); = * i» 14 o -pinene
(23.20%) % 5 » H =t % 16-kaurene (11.95%) % cedrol (10.50%) ; m - * i»
P 12 sabinene (28.14%)# % » H =t i « -pinene (10.81%) % » -terpinene
(8.83%) - 2 SPME #fexffz FEHF M A (1 & F KA F £ FHEHF 2



Hipfgsi - " @23 8252 2 sabinene (20.01%)% % » # =
% a -pinene (18.64%) % D-limonene (17.89%) ; = * i» 7= 12 sabinene
(26.21%)% % » H =t % a-pinene (20.13%) % D-limonene (15.82%) ; = *
> 11 a-pinene (32.05%)# % » # =t = D-limonene (18.78%) % & -3-carene
(18.07%) ; @ L+ 7 i» ] i5 12 a-pinene (19.13%) 8 % » H =t 5= sabinene
(16.24%) %2 B -myrcene (9.53%) - g”“ I S FH o - > Y
a -pinene (78.89%) & % > H =X i p -myrcene (3.54%) %2 & -cadinene
(2.87%); = * i» 7% 1L o-pinene (73.73%) 3 % » H =t i s-humulene (5.53%)
% p-myrcene (3.49%) ; = * i» =~ 12 a-pinene (53.02%)# % » H = E
B -myrcene (9.38%) % 16-kaurene (8.04%) ; @ - * i» B i% 12 o -pinene
(59.91%)% % » H =t % p-myrcene (5.07%) % g-phellandrene (4.06%) - 2
SPME #ro g2 LFM I LS e BEH2Z WAL LS Y A B G
a-pinene % g-myrcene > I ApRF R I E A A oe (- 0 A B
55.02%~15.90%; = * i» 5 57.26%+13.20%; = * i» % 45.28%-14.19% ;
L8 >R 5 4168% ~ 17.78%) > @ % = A1 & & G o “fw : ,;,\;;
a-humulene (6.55%) ¢ » H 4% &' % 5-3-carene (- " » 5 7.01% ; -
Tira 927%; - % xRl i 12.35%) - @ i,?m%pti;‘fiﬁ,é HIPANIE
> 72 12 o -terpinyl acetate(16.80%) % % » H =t i sabinene (13.90%) %
L-bornyl acetate (12.09%) ; = * i» 12 « -terpinyl acetate (26.88%) % % - H
=X % L-bornyl acetate (16.62%)% sabinene (13.01%) ; = * i» 12 «-elemol
(22.00%)35 % » # =x i « -terpinyl acetate (17.02%) % sabinene (8.59%) ; -+
" i» B] 72 sabinene (23.78%) & % - o -terpinyl acetate (16.73%) %
D-limonene (10.50%) o 2 SPME #fe stz 33 443 & 2 (3> - 3 (32 1J
D-limonene (19.82%)# % - H =t % sabinene (17 29%) % y -terpinene
(10.30%) ; = * i» 12 sabinene (36.85%)# % - H =t % y-terpinene (13 44%)
% L-bornyl acetate (12.19%) ; = * i» 12 sabinene (15.87%)# % » H =x 3
p-cymene (15.43%) %2 p -myrcene (10.70%) ; -+ * > B] 12 D-limonene
(17.24%) % % » H =t % sabinene (16.67%)% p-myrcene (12.08%)
IVBERNA £ L HFFEIHN - 1 > 11 y-elemene (46.25%)
B % » H =t i 16-kaurene (14.49%)% farnesene (13.92%) ; = * i» 14
a -elemol (35.15%) & % - H =x i farnesene (18.34%) %2 S -eudesmol
(15.75%) ; = * i» 12 y-elemene (15.59%)# % » H =t 5 cis-hydrindene
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(12.08%) %2 farnesene (12.04%) ; -+ * i» R 16—kaurene (63.32%) % % -
H X % a-elemol (8.83%) %2 y-eudesmol (3.60%) - # SPME #fex*t2_ 1 &
REEAF A > o — 2 > 12 p-cymene (16. 17%)& » H =% % linalool
(10.27%) 2 methyl salicylate (6.53%); = * > hchm = fa1 & = (& -

PirARR o R A ESAL R A T > L u L p-cymene (12.27%) ~ linalool
(5.04%) ~ methyl salicylate (2.97%) ; = * i» 12 3-octanone(14.04%)% % -
H =t % methyl salicylate (13.98%) % linalool (11.88%) ; - * i» R 14
p-cymene (17.85%)# % » H = % linalool (4.53%) % sabinene (3.53%) - %4
d EIHPEEIHEDRE > - > 1L g-elemol (59.32%)E F - H = 4
a -eudesmol (12.12%) % 17-norkaur-15-ene (11.37%); = * i» 12 16-kaurene
(91. 04%)&% » H =t 5 farnesene (8.96%) ; = * i» 12 o -elemol (20.87%)
B % » H = % farnesene (12.50%) % sabinene (9.52%) ; @ - % i» P d 3+3%

B FER ’&E*:}%E’»%;\uiﬁu Bt HpFw by e E > UREEL
17 o SPME #7ex 2z 4 & 428 1 i rhwp x> H > — ¥ {»1 p-cymene
(2.26%) 2 B myrcene (1 31%) = 2 5 = * i» 12 p-myrcene (0.72%) %
p-cymene (0.23%) = : = % > 1 pg-myrcene (0.36%) % p-cymene

(0.16%) = 2 > e Eﬁpﬁﬁ ﬂz%#g*%“ﬁ BRI R RARE L L gt
ik BE i iF B (TR 0 TR JEF M A R AT o @

oA R ESH M IA > - 1 > 2 2 g-pinene (20.33%) % 5 - H =

p-myrcene (10.13%)% p-cymene (8.41%) ; = * i» 12 g-pinene (17.46%)
B % » H = % nerolidol (11.90%) % p-myrcene (10.69%) ; = * i» 14

nerolidol (10.62%)# % - H =x 7 p-caryophyllene (10.27%) % farnesene
(8.97%); -+ * i»R] 12 p-pinene (29.94%) % % » H == = D-limonene (13.15%)
% pg-myrcene (12.55%) o # SPME #fex ' 2 4LF M1 & x> - 1 (» 72

o p-cymene (34.60%) & % > H = i p -myrcene (26.56%) %

p-caryophyllene (8.52%) ; = * i» 12 g-myrcene (37.46%)% % » H =x i

B-pinene (10.76%) % y-terpinene (8.73%) ; = * » 11 g-myrcene(36.27%)
B % » H= % p-cymene(23.94%) % D-limonene (9.77%) ; - * i» R 12

p-cymene (40.43%) & % > H =X % p -myrcene (25.71%) 2 p -pinene
(12.61%) o

B AR R TSI & A PE.%;?H%/J: g B oA 8 d
SPME s #7442 1 & & (3 = F /> R Hr) & i = fd 1 & & 5 <
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Table 5 Comparison of essential oil and volatile constituents from Japanese cedar leaves
17 47 77 10 *

Compound ler' EO SPME EO SPME EO SPME EO SPME
) ) ) %) *) ) (%) *%)
2-hexenal 856 — 015 - 132 - 493 - 541
a -thujene 929 219 466 144 327 032 182 210 3.96
o -pinene 937 17.68 18.64 12.32 20.13 23.20 32.05 10.81 19.13
camphene 941 288 340 166 203 589 528 126 7.29
sabinene 976 18.80 20.01 17.93 26.21 4.30 8.28 28.14 16.24
[ -pinene 979 - — 021 - 154 - — -
S -myrcene 992 397 823 229 835 370 570 366 953
a -phellandrene 1001 0.18 175 013 145 010 - 041 204
o -3-carene 1006 058 357 049 213 875 18.07 261 6.16
o -terpinene 1009 7.30 - 351 651 064 - 6.54 -
p-cymene 1016 059 7.13 0.28 345 0.07 385 036 3.78
D-limonene 1023 3.00 17.89 5.06 1582 859 1878 3.80 9.31
y -terpinene 1062 981 746 6.05 850 098 - 8.83 5.77
a -terpinolene 1090 340 440 242 507 153 - 3.22 435
4-terpineol 1180 754 0.72 6.00 053 060 - 7.28 0.32
linalyl acetate 1249 044 011 023 045 054 - 0.34 0.07
L-bornyl acetate 1288 130 046 059 077 371 020 1.00 234
o -elemene 1338 026 018 0.06 0.11 042 - 0.32 0.87
thujopsene 1436 - — 10.65 250 1.00 - — -
a -humulene 1458 030 - 0.13 0.12 086 - 0.12 0.18
himachalene 1483 0.16 - 155 - 122 - 033 -
y -cadinene 1517 019 - 028 - 099 - 0.23 -
o -cadinene 1525 091 - 126 - 489 - 129 -
o -elemol 1555 594 032 1184 241 011 - 6.18 1.78
cedrol 1603 - - 1.30 - 1050 - - -
y -eudesmol 1637 - 0.09 - 0.06 - - 1.62 -
a -cadinol 1652 226 0.07 016 010 164 - 0.38 0.07
o -eudesmol 1660 181 0.07 0.09 0.06 - - 1.39 0.17
T-cadinol 1664 — — — — 188 - — —
15-kaurene 1998 - 019 - 071 - - 0.11 0.16
16-kaurene 2044 8.45 0.49 1201 3.05 11.95 0.30 7.33 0.35
Total 99.94 99.99 99.94 99.29 99.92 99.26 99.66 99.28
—: not detect.

Ref. KI: Reference Kl; EO: essential oil; SPME: solid phase microextraction
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Table 6 Comparison of essential oil and volatile constituents from red cypress leaves
Ref 17 4" 77 10 *

Compound k| EO SPME EO SPME EO SPME EO SPME
) () () () ) ) () ()

cis-3-hexen-1-ol 869 — 402 - 6.37 - 10.62 - 12.57
a -pinene 937 78.89 55.02 73.73 57.26 53.02 45.28 59.91 41.68
camphene 941 - - - - 057 - 058 -

[ -pinene 970 249 390 271 233 454 589 364 4.08
Oct-1-en-3-ol 972 - 3.14 - 0.13 - 10.37 - 6.37
[ -myrcene 992 354 1590 3.49 13.20 9.38 14.19 5.07 17.78
J -3-carene 1006 0.13 7.01 036 031 021 927 0.20 12.35
B -phellandrene 1022 175 071 199 480 361 337 406 285
trans-ocimene 1039 0.06 0.19 0.10 0.47 015 - 0.11 0.17

o -terpinolene 1090 0.22 003 0.26 058 0.63 - 0.62 0.13
L-bornyl acetate 1288 0.61 023 067 031 10/ 056 1.05 0.68

S -elemene 1338 0.36 — 0.08 - 0.65 - 0.63 -

[ -cubebene 1394 0.11 047 035 062 075 - 056 -
p-caryophyllene 1425 092 174 174 314 041 018 0.75 0.12
a -humulene 1458 220 334 553 655 190 0.17 216 0.28
aromadendrene 1441 246 — 149 — 244  — 242 —
y -muurolene 1464 0.70 1./8 1.08 181 - — — —
6 -cadinene 1525 287 - 256 — 222 — 231 -
trans-calamenene 1529 — 241 - 1.84 — - - -
cedrol 1603 - - - - 215 - 186 -
a -cadinol 1652 0.82 - 096 - 405 - 351 -
T-cadinol 1664 035 — 034 - 3.03 - 247 —
16-kaurene 2044 142 0.06 249 0.08 8.04 - 3.59 0.18
Total 99.90 99.95 97.93 99.8 98.80 99.90 9550 99.24
—: not detect.

Ref. KI: Reference KI; EO: essential oil; SPME: solid phase microextraction
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Table 7 Comparison of essential oil and volatile constituents from yellow cypress leaves

Ref 17 4 77" 10 *
Compound k| EO SPME EO SPME EO SPME EO SPME
) ) ) ) @) ) ") %)
2-hexenal 856 — 253 - 334 - 147 - 2.29
a -thujene 929 0.65 260 040 0.17 046 641 097 5.00
o -pinene 937 126 6.85 131 194 088 9.77 374 8.78
camphene 941 039 141 030 - 021 185 0.60 0.90
sabinene 976 13.90 17.29 13.01 36.85 8.59 15.87 23.78 16.67
[ -pinene 979 - — — - 6.17 052 3.83 0.46
[ -myrcene 992 167 9.73 225 552 348 10.70 2.89 12.08
a -phellandrene 1001 0.15 126 0.09 - 012 231 034 258
o -terpinene 1009 2.83 518 270 423 174 652 218 6.30
p-cymene 1016 0.23 181 0.09 - 0.31 1543 0.24 4.05
D-limonene 1023 6.16 19.82 10.22 - 535 7.48 1050 17.24
y -terpinene 1062 5.57 1030 7.35 1344 383 6.03 590 5.84
o -terpinolene 1090 2.06 452 0.09 061 163 485 263 5.66
4-terpineol 1180 10.29 0.34 1197 053 6.22 048 437 0.32
o -terpineol 1192 160 0.78 057 045 191 103 042 081
L-bornyl acetate 1288 12.09 6.73 16.62 12.19 6.82 347 8.67 3.65
o -terpinyl acetate 1352 16.80 4.56 26.88 11.13 17.02 3.28 16.73 3.38
y -muurolene 1403 099 - 005 - 0.67 - 025 -
[ -caryophyllene 1425 - 205 019 230 023 069 010 140
thujopsene 1436 0.76 164 130 3.09 083 035 082 044
0 -guaiene 1503 - — - - - 046 - 0.70
y -cadinene 1517 145 - - - - - - -
o -cadinene 1524 112 - — - — — — —
a -elemol 1555 10.25 0.23 - 2.06 22.00 - 6.45 —
cedrol 1603 0.82 - 220 056 120 - 031 -
y -eudesmol 1637 197 - — - 271 - 0.67 -
/3 -eudesmol 1658 097 - 1.02 009 112 - 052 -
a -eudesmol 1660 1.44 - 139 022 184 - 064 -
17-norkaur-15-ene 2025 3.82 036 - 127 378 024 193 0.73
Total 99.24 99.99100.00 99.99 99.12 99.21 99.48 99.28

—: not detect.

Ref. KI: Reference KI; EO: essential oil; SPME: solid phase microextraction
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Table 8 Comparison of essential oil and volatile constituents from oldham’s

rhododendron leaves

1% 4 1 77 10 *
Compound  "S" TEQ SPME EO SPME EO SPME EO SPME
(%) @) ) ) () W (%) (%)
2-hexenal 856 — - - 21.38 - - - -
cis-3-hexen-1-ol 869 — 4730 - - - 1721 - 46.46
o -pinene 937 0.09 - 0.23 - 0.09 - 0.29 1.09
sabinene 976 040 - 019 - 0.88 - 0.25 3.53
oct-1-en-3-ol 978 — 1555 - 5149 - 4279 - 11.22
3-octanone 984 - - - - - 14.04 - 2.46
[ -myrcene 992 — 0.13 - 1.09 030 - 0.11 2.60
o -terpinene 1009 - — — 1.16 - - 027 -
p-cymene 1016 - 16.17 — 12.27 015 - 0.19 17.85
D-limonene 1023 - 056 - - 072 - 0.27 0.76
S -ocimene 1039 - — — — 033 - — —
y -terpinene 1062 - 0.61 6.48 - 0.79 - 0.80 0.57
terpinolene 1090 - 054 - - 1.02 - 038 -
linalool 1099 - 10.27 - 5.04 132 11.88 0.17 4.3
4-terpineol 1180 - - - - - - 087 -
methyl salicylate 1192 - 6.53 - 297 - 13.98 - 3.17
L-bornyl acetate 1288 - — — - — — 0.70 -
a -cubebene 1394 - - - - 132 - — -
o -copaene 1380 - — — — 124 - — —
a -bourbonene 1388 — - — - 233 - - -
[ -elemene 1397 224 — 191 140 569 - 0.46 0.49
[ -caryophyllene 1425 217 025 235 247 636 - 042 -
y -elemene 1433 46.25 - 221 073 1559 - 201 -
aromadendrene 1441 423 - 098 - 553 - 0.77 -
farnesene 1448 13.92 — 18.34 — 12.04 — 244 —
o -cadinene 1524 317 - 1455 — 8.19 - 227 —
a -elemol 1555 6.54 0.06 35.15 — 8.58 — 8.33 1.82
viridiflorol 1593 119 - 1.84 — 3.32 - 041 -
cedrol 1603 - - - - - - 052 -
fonenol 1617 — - - - - - 057 -
cis-hydrindene 1626 - — — — 12.08 - — —
y -eudesmol 1637 - — — - — — 3.60 -
a -cadinol 1652 — - - - - - 1.92 -
3 -eudesmol 1658 - - 1575 - - - 238 -
a -eudesmol 1660 — - - - - - 357 -
17-norkaur-15-ene 2025 531 203 - - 439 - 261 0.89
16-kaurene 2044 1449 — — — 6.95 -— 63.32 2.25
Total 100.00 99.99 99.98 100.00 99.21 99.90 99.90 99.69
—: not detect.

Ref. KI: Reference KI; EO: essential oil; SPME: solid phase microextraction
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Table 9 Comparison of essential oil and volatile constituents from Tokyo cherry leaves

17 4 77 10 *»

Compound ler' EO SPME EO SPME EO SPME EO SPME

%) %) (%) %) (%) ) (%) (%)
2-hexenal 856 - 4.67 - — — 756 - —
cis-3-hexen-1-ol 869 - - - 8.19 - - - -
benzaldehyde 929 - 9165 - 90.79 - 91.83 - -
o -pinene 937 - - - - 038 - - -
sabinene 976 - — — — 952 - — —
S -myrcene 992 - 131 - 072 222 036 - —
o -terpinene 1009 - — — — 080 - — —
p-cymene 1016 - 226 — 023 240 016 - —
D-limonene 1023 - - - - 112 - - -
3 -ocimene 1039 - — — — 260 - — -
y -terpinene 1062 0.02 - — — 134 - — —
terpinolene 1090 - — — — 206 - — —
f -elemene 1397 040 - — — 6.38 - — -
/3 -caryophyllene 1425 - - - 0.06 9.04 - - -
o -humulene 1471 - — - - 226 - - -
(E)-germacrene D 1475 031 - - - 352 - - -
farnesene 1448 - — 8.96 - 1250 - — —
o -cadinene 1524 3.70 - — — — — — -
o -elemol 1555 59.32 - — — 20.87 - — -
nerolidol 1562 321 - - - 2.66 - - -
S -maaliene 1626 - — — — 270 - — —
y -eudesmol 1637 180 - — — — — — —
S -eudesmol 1658 7.74 - — — — — — -
o -eudesmol 1660 12.12 - — — 464 — — -
17-norkaur-15-ene 2025 11.37 0.11 - — 555 - — —
16-kaurene 2044  — — 91.04 -— 7.30 — — —
Total 99.99 100.00 100.00 99.99 99.86 99.91 — —

—: not detect.
Ref. KI: Reference KI; EO: essential oil; SPME: solid phase microextraction
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Table 10 Comparison of essential oil and volatile constituents from white magnolia
leaves

Ref M 4 7 10 ¥
Compound k| EO SPME EO SPME EO SPME EO SPME
) ) %) %) ) ") (%) (%)

2-hexenal 856 - 121 - 564 — 12.16 - 1.26
a -thujene 927 026 032 0.07 020 067 - 048 1.45
o -pinene 937 462 033 530 181 353 142 737 430
camphene 941 054 039 101 140 128 144 255 4.08
sabinene 976 6.18 - 1.81 - 483 - 6.84 -
S -pinene 979 20.33 5.64 17.46 10.76 6.22 6.80 29.94 12.61
[ -myrcene 992 10.13 26.56 10.69 37.46 5.01 36.27 1255 25.71
a -terpinene 1009 354 026 052 268 324 106 222 0.89
p-cymene 1016 8.41 3460 0.23 6.65 8.09 2394 2.01 40.43
D-limonene 1023 6.23 6.25 9.66 431 475 977 13.15 0.55
y -terpinene 1062 5.63 290 158 873 468 325 4.17 152
terpinolene 1090 155 033 040 104 0.78 046 108 1.04
linalool 1099 559 058 087 038 065 126 262 0.16
L-bornyl acetate =~ 1288 4.54 — 0.81 008 110 - 1.27 0.23
o -cubebene 1394 201 116 034 059 165 - 0.09 0.05
o -copaene 1380 1.11 - 1.14 096 119 - 041 0.29
o -bourbonene 1388 149 523 219 261 124 058 132 145
S -elemene 1397 168 167 257 045 254 - 0.50 0.27
p-caryophyllene 1425 5.07 852 1024 7.99 10.27 138 396 2.52
a -humulene 1471 323 211 236 163 405 - 1.23 0.67
(E)-germacrene D 1475 4.19 0.16 145 106 823 - 192 0.11
farnesene 1448 046 007 034 027 897 - 0.24 0.06
o -cadinene 1524 189 103 386 189 6.22 - 2.09 0.10
nerolidol 1562 123 051 1190 123 1062 0.21 191 0.13
Total 99.91 99.83 98.85 99.82 99.81100.00 99.92 99.88
—: not detect.

Ref. KI: Reference KI; EO: essential oil; SPME: solid phase microextraction
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Table 11 Comparison of major volatile constituents adsorbed by Tenax TA from
Japanese cedar leaves in different seasons
unit : % of total

Compound 17 4" 77 10 *
a -thujene 3.11 2.99 - 1.57
o -pinene 20.48 13.32 76.81 2.49
sabinene 38.44 48.64 7.19 70.36
S -myrcene — — — 5.26
o -3-carene 9.60 14.96 1.96 1.81
p-cymene 16.12 11.72 1.27 1.38
D-limonene 12.24 9.30 6.76 17.11
Total 99.99 99.98 99.99 99.98
— . not detect.

2122 F X & &L P FFEINL Tenax TA S 2 B 408 (= (> 2 vt i o
Table 12 Comparison of major volatile constituents adsorbed by Tenax TA from
Oldham’s rhododendron leaves in different seasons
unit : % of total

Compound 17 4" 77 10 *
a -pinene 19.98 23.10 25.25 26.31
sabinene 3.87 9.00 11.48 4.50
S -myrcene 5.73 4.34 4.07 5.33
o -3-carene 23.22 18.77 16.41 15.33
p-cymene 32.90 27.05 23.59 29.21
D-limonene 14.29 17.74 19.17 19.31
Total 99.99 100.00 99.97 99.99
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Table 13 Analysis of compounds from white magnolia adsorbed by Tenax TA in field

sampling
unit : % of total
ey FraTeT
Compound 30 cm éoﬁcf 160 cm 30 cm - éSE cr}10 5 160 cm

a -pinene 24.24 - 25.21 26.80 22.33 4.81
sabinene — - 16.89 — — 6.13
B -pinene — - 18.88 — — 4.62
B -myrcene — - - — — 5.86
a -terpinene 10.02 — — 15.12 12.87 6.75
p-cymene 30.38 - 25.42 36.66 39.68 8.88
D-limonene 35.25 - 13.60 21.42 25.02 9.06
ocimene — — — — — 2.69
y -terpinene — - - — — 6.79
linalool oxide — — — — — 32.92
linalool — — — — — 11.48
Total 99.89 — 100.00 100.00 99.90 99.99
—: not detect.
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Table 14 Comparison of volatile constituents from oldham’s rhododendron leaves
absorbed by Tenax TA at different heights
unit : % of total

compound RT(min) 30 cm 90 cm 160 cm
a -pinene 8.52 24.71 19.34 25.25
sabinene 9.74 9.21 5.67 11.48
[ -pinene 9.84 5.57 5.83 4.03
a -terpinene 10.91 21.22 20.89 16.48
p-cymene 11.41 21.33 20.97 23.59
D-limonene 11.54 17.96 27.29 19.15
Total 100.00 99.99 99.98
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Table 15 Analysis of compounds from Japanese cedar adsorbed by Tenax TA in field

sampling
unit : % of total
% i i % 10m

compound 30cm  90cm  160cm | 30cm  90cm 160 om
a -thujene 0.53 - 2.24 0.32 - 4.06
o -pinene 4,75 29.53 18.69 2.34 17.02 16.70
camphene 0.44 - - 0.33 1.81 4.66
sabinene 62.47 6.01 10.60 70.80 3.93 16.82
[ -pinene — — — - 2.18 1.27
B -myrcene 3.26 - - 3.54 6.61 7.23
o -3-carene 2.32 10.93 22.71 0.99 4.78 8.18
p-cymene 4.70 27.07 21.45 341 29.61 17.75
D-limonene 14.89 26.45 20.94 7.49 25.38 17.74
(E)- g -Ocimene 1.72 - - 1.98
(2)- g -Ocimene 3.88 — — 7.39 — —
y -terpinene 1.04 — 3.35 1.41 8.68 5.58
Total 100.00 99.99 99.98 100.00 100.00 99.99
—: not detect.
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Fig. 1 Duration changes of average emission amounts of major volatile constituents
from Japanese cedar in 24 hours.
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Fig. 2 Duration changes of average emission amounts of major volatile constituents
from red cypress in 24 hours.
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Table 16 Major components of phytoncide emitted from main tree species in three forest trail at each seasons
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Table 17 Classification and effects of major component of phytoncide emitted from main tree species in forest trail
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Table 18 Effects of essential oils extracted from main tree species in forest trail for human and environment
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Table 19 Classification and effects of major componen
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Table 20 Effects of major component of phytoncide and essential oils extracted from
main tree species in forest trail for human and environment
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