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[Abstract] Both hydrodistillation and headspace-GC methods were applied to extract essential oils
from leaves, heartwood, sapwood, twig, and bark of Cryptomeria japonica D. Don and their chemical
compositions determination and oil yields were analyzed. The antioxidant activities of these oilswere
also evaluated. The hydrodistillated | eaves, heartwood, sapwood, twig, and bark essential oils contained
53, 44, 50, 87, and 60 identified compounds, respectively. Whereas the headspace methods separated
from those parts 38, 35, 46, 61 and 46 identified compounds, respectively. Both methods showed
similar main components and yields. The main composition of leaf essential were kaurene (19.1%),
a-pinene (16.5%) and elemol (16.3%). Its heartwood oil had 1-epi-cubenol (18.9%), 5-cadinene
(17.2%), andcubenol (14.9%) as the main ingredients; the sapwood oil contained cubebol (19.5%),
cubenol (13.3%), 1-epi-cubenol (12.5%) and ferruginol (10.8%) as the main components; the bark
oil, however, contained camphor (46.5%) and a-pinene (16.2%) etc.; and a-eudesmol (25.2%), v-
eudesmol (11.8%) in the twig oil. Essential oils from the leaves, heartwood, sapwood, and twigs of
the species were predominately oxygenated sesquiterpenes, while the bark oil was mostly oxygenated
monoterpenes. The antioxidant activities of these oils in a decreasing order was sapwood > twig >
heartwood > bark > leaves. After TLC fractionation of the sapwood oil, we found that ferruginol
processed the highest antioxidant activity, and may be applicable as a natural antioxidant.
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[. INTRODUCTION

Sugi, Cryptomeria japonica D. Don (Tax-
odiaceae), originally growsin Japan and is one
of its most representative plantation tree species.
It is a fast growth tree with the good wood
workability. Dueto its excellent wood properties,
it is well received in Japan and other Asian
countries. The sugi wood is reputed to have
various bioactivities such as antifungal (Morita
et al., 1991, 1997; Kofujita et al., 2001, 2006;
Cheng et al., 2005; Matsushitaet al., 2006; Cha
et al., 2007); antibacterial (Matsushita et al.,
2006; Chaet al., 2007; Li et al., 2008), antitermitic
(Yatagi et al. 1991; Sogabe et al., 2000a, b;
Cheng and Chang, 2002); antimite (Morita et
al., 1991; Moritaand Yatagi, 1994), antifeedant
(Chen et al., 20014, b; Kashiwagi et al., 2007),
repellent (Morisawa et al., 2002), anti-ulcer
(Matsunaga et al., 2000), insecticidal (Wang et
al., 2006; Cheng et al., 2009). However, to the

best of our knowledge, thereisrare reported on
the antioxidant activities of the essential oils
from this specie. In our current study, thevolatile
componentsin the different parts of sugi, including
leaf, heartwood, sapwood, twigs and bark were
collected by using hydrodistillation and headspace-
GC (HS-GC) methods. Following, GC-FID and
GC-MS analysis, the composition of volatile
compounds were evaluated. Furthermore, to de-
termine the essential oil yields, a multiple
headspace extraction (MHE) method was
employed. Finally, the antioxidative activity of
essential oilswere also study in this study assay.
The purpose of this study was to establish a
chemical basis for the effective multipurpose
utilization of the species.

[I. EXPERIMENTALS
(1) Materials
Sugi logs of 50 years old were harvested
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from astand in Chilan Mountain, in northeastern
part of Taiwan. The leaves were collected
separately, and the stem divided on the siteinto
heartwood, sapwood, twigs and bark. Materials
for samples were then shipped to the Taipei lab
of Talwan Forestry Research I nstitutefor extracting
theessential oilsand conducting subsequent works.

(1) Methods
a. Extraction of essential oilsand compositional
and yield determinations

(a) Hydrodistillation

A kilogram each of the leaf, heartwood,
sapwood, bark and twigs was placed in around-
bottom flask and added with 3 L of distilled
water. The water was heated to boil and refluxed
for 8 h. The essential oil layer above the water
layer was separated and added with anhydrous
sodium sulfate to dewater. The essential oils
obtained were placed in specimen bottles and
the yields determined. Each test was repeated
three times and the data were averaged.

(b) GC and GC-MS Analysis

A Hewlett-Packard HP 6890 gas chromatograph
equipped with a DB-5 fused silica capillary
column (30 mx 0.25 mm x 0.25 um film thickness,
J&W Scientific) and a FID detector was used
for the quantitative determination of oil components.
Oven temperature was programmed as follows:
50°C for 2 min, rising to 250°C at 5 °C/min.
Injector temperature: 270°C. Carrier gas: He
with aflow rate of 1 mL/min. Detector temperature:
250°C, split ratio: 1:10. One uL sample was
injected. ldentification of the oil components
was based on their retention indices and mass
spectra, obtained from GC/MS analysis on a
Hewlett-Packard HP 6890/HP5973 equipped
with a DB-5 fused silica capillary column (30
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m x 0.25 mm x 0.25 pm film thickness, J&W
Scientific). The GC analysis parameters were
the ones listed above and the M'S was operating
(full scan mode: scan time: 0.3 s, mass range
was m/z 30-500) in the EI mode at 70 eV. All
test data are the average of triplicate analyses.

(c) HS-GC analysis

The leaf, heartwood, sapwood, bark and
twigs were cut into small pieces with scissors
or ahandsaw just prior to the headspace sampling.
Each sample (20 mg) wasfilled into a20 ml vial
respectively, and then the vialswere hermetically
sealed with a PTFE-coated rubber septum and
an aluminum cap. A Perkin Elemer Headspace
Turbomatrix 40 unit connected to a Hewlett-
Packard HP6890 GC was used for the analysis.
The Headspace analysis programs and conditions
were asfollows: Thevial oven temperature was
100°C for each analysisastransfer line (110°C),
and the needl e temperature was 110°C . Treatment
in oven with ashaker lasted 50 min. Pressurization
time was 3.0 min; the thermostaiting time was
50 min; and the injection volumewas 10 ul. The
GC and GC-MS analysis programs used were
the same as the above section. Each test was
repeated three times and the data were averaged
(Ho et al., 2008).

(d) Qil yields determined by MHE method
The total amount of oil in each sample was
determined by HS-GC. Calibration curves were
made with different quantities of different tissues
essentia oilsprevioudy obtained by hydrodistillation.
A special quantitative method, MHE, was used.
According to Kolb (1985) and Ho et al ., (2008),
the matrix effect can be eliminated by using the
MHE method. The total area of each oil volume
was cal culated according to the following equation:
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SA=ALZ (AL —A2) i €)]
Where: ZA isthe total area; A1 isthefirst area
value; A; is the second area volume from 2
successive chromatograms.

(e) Identification of the components

Identification of theleaf essential oil chemical
constituents was based on comparisons of the
peaks Retention indices (RI) (Van den Dool and
Kratz, 1963), their retention times (RT), and
mass spectrawith those obtained from authentic
standards and/or the NIST and Wiley libraries
spectraand literature (Massada, 1976; Adams, 2001).

b. Determination of antioxidative activity
(a) DPPH (2,2-diphenyl-1-picrylhydrazyl) free
radical scavenging capability test

The method of Cuendet et al. (1997), Kirby
and Schmidt (1997), Buritset al. (2001) and Ho
et al. (2008) used for DPPH assay in this study.
Fifty uL of various dilutions of the oils were
mixed with 5 mL of a0.004% methanol solution
of DPPH. After an incubation period of 30 min,
the absorbance of the samples was determined
at 517 nm using a Jasco 7800 spectrophotometer.
Testswere carried out in triplicates, and ascorbic
acid was used as a positive control.

(b) TLC analysis and determination of the DPPH
staining method

After activating a20x20 cm TLC plate, we
dotted 3 pl of sapwood essential oil on the plate
and developed the plate using a solution of
hexane: ethyl acetate=95:5. The platewasdried
and observed under a UV light, and the color
changes of the separated components were
recorded. And then, the plate was immersed in
the DPPH solution for 10 s. After drying, parts
of the separated components would turn from
purple to yellow, which was deduced to be the

portions having free radical scavenging capabilities.
GC-MSwasthen applied to the active separations
to identify the compounds (Choi et al., 2002).

[ll. RESULTS AND DISCUSSION

(1) Yieldsof leaf, heartwood, sapwood, bark and
twigs essential oils

a. Oil yields by the hydrodistillation method

The yields of essential oils from leaf,

heartwood, sapwood, bark and twigs after hy-

drodistillation of C. japonica. were 3.93 + 0.09,

0.90 + 0.05, 0.11 + 0.01, 0.68 + 0.03, and 0.31

+ 0.02 ml/100 g of o.d. materials, respectively.

Leaf had the highest essential oil content and

sapwood had the least.

b. Oil yields by the HS-GC method

The medium values of the total area corre-
sponding to each volume of the |eaf, heartwood,
sapwood, bark, and twigs oil, submitted to the
multiple headspace extraction on HS-GC (Table
1), were calculated by means of the previously
described equation. Theleaf, heartwood, sapwood,
bark, and twigs oil calibration curves obtain
from those values corresponds to a simple
regression equation of theformy = a+ bx. The
equation of leaf oil wasa=-21.64, b =17942,
and r2 = 0.9971; the equation of heartwood oil
was a = -30.789, b = 4396.2, and r2 = 0.9980;
the equation of sapwood oil was a=-0.2625, b
=1085.8, and r2 = 0.9998; the equation of bark
oil wasa=-7.385, b = 2276.8, and r2 = 0.9989;
the equation of twigs oil was a =-20.307, b =
1429.9, and r2 = 0.9910.

Table 2 shows the peak area values corre-
sponding to different quantities of plant material
(leaf, heartwood, sapwood, bark, and twigs)
submitted to the MHE on the HS-GC and by ex-
trapolating of the areaval ues of theleaf, heartwood,
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sapwood, bark, and twigs oils calibration curve,
we obtained three valuesfor the leaf, heartwood,
sapwood, bark, and twigs oils of respectively of
3.92 + 0.04, 0.91 + 0.02, 0.12 + 0.01, 0.68 +
0.02, and 0.30 + 0.02 mI/100 g of 0.d. materials.
These results were nearly identical to the oil
yield results of the hydrodistillation method
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which mentioned in the previous section. Thus,
our results indicated that HS-GC method can
providereliable essential oil yields from various
plant materials which are comparable to those
obtained by the hydrodistillation method (Table
3).

Table 1. The values of the total area corresponding to each quantity of |eaf, heartwood, sapwood, bark
and twig oils subjected to MHE on HS-GC

Leaf Heartwood Sapwood Bark Twig
Qil (ul) Area Oil (ul) Area Oil (ul) Area Qil (ul) Area Oil (ul) Area
0.3 50123+18.2 0.1 396.7+57 0.1 1059+26 0.1 2138+35 01 1283+21
0.6 10623.2+265 0.2 8039+6.0 0.2 2164+28 0.2 4513+53 02 261.8+35
09 16036.7+20.3 03 1266.0+65 0.3 3289+26 03 6789+38 03 3839+36
12 22316.3+185 04 1757.0+x109 04 438.1+35 04 900.3+56 04 531.3+£38
15 27635.3+286 05 2231.6+11.3 05 536.9+£2.9 05 11024+6.8 05 660.2 + 5.8
18 31256.7+239 06 2561.9+126 0.6 6522+39 0.6 13830+81 06 890.2+8.2

Table 2. Area values corresponding to different quantity of leaf, heartwood, sapwood, bark and twig

subjected to MHE on HS-GC

L eaf Heartwood Sapwood Bark Twig
'(-rfg) Area He?rr;"é‘)"’d Area Sa?r‘]’n"g)od Area ?;’;‘{5 Area -(rvr;lllg% Area
10 69853+13.1 10 376.3+24 30 378+28 10 151.2+39 20 70.9+28
20 14296.7+15.2 20 768.3+5.7 45 60.0£29 20 310.1+48 40 146839
30 20965.4+18.6 30 1185.7+106 60 778126 30 4513+46 60 2389+4.2
40 27956.9 + 25.3 40 1538.7+128 75 892+28 40 6014+58 80 3008148

(I1) Compositional and content analyses of
essential oils from various tissues
a. Composition of leaf essential oil
A total of 53 compounds were identified
from the hydrodistilllated |eaf oil of the samples.
The main components were kaurene (19.1%), o
-pinene (16.5%), elemol (16.3%), 5-3-carene
(9.5%), a-eudesmol (8.9%), and y-eudesmol
(5.4%). Furthermore, when the identified
compounds were grouped as monoterpene hy-
drocarbon, oxygenated monoterpene, sesquiterpene
hydrocarbon, oxygenated sesquiterpene, diterpene

hydrocarbon, and oxygenated diterpene; these
6 groups had relative areal percentages in
decreasing order of oxygenated sesquiterpenes
(40.1%), monoterpene hydrocarbons (34.8%),
diterpene hydrocarbons (18.1%), sesquiterpene
hydrocarbons (2.8%), oxygenated monoterpenes
(2.3%) etc. From the HS-GC analysis of leaf
essential oil, a total of 38 compounds were
identified and again with kaurene (18.8%), a-
pinene (16.8%), elemol (15.8%), 5-3-carene
(9.9%), a-eudesmol (8.6%), and y-eudesmol
(5.2%) as the main ingredients. Similarly,



68 #1%Z (Cryptomeria japonica D. Don) 5 & i HiH A 7 b LA LIE 1 2 165

oxygenated sesquiterpenes predominated the
leaf oil aswell.

The leaf oil composition of sugi had been
studied by Uchida (1916) and found to be mainly
a-pinene, dipentene, cadinene, and a-cryptomerene.
Nakatsukaet al. (1957) obtained hydrodistillated
sugi leaf oil and found a-pinene, camphene,
dipentene, p-cymene, 4-terpineol, cadinene, o-
podocarpene, and a-cryptomerene predominated;
Shieh et al. (1981) separated 38 compounds with
B-eudesmol, a-eudesmol, and elemol asthe main
ingredients. Lee and Lin (1986) found the leaf
essential oil to contain mainly (-)-kaurene,
elemol, and sabinene etc.; Cheng et al. (2005)
determined only 20 compounds with ent-kaur-16-
ene, valencene, a-gurjunene predominated; in
2009, Cheng et al. again determined |eaf essential
oils of Japanese cedar from different age classes
to contain mainly 16-kaurene, elemol, a-eudesmol,
(+) B-eudesmol, and sabinene etc. for atotal of
30 compounds.

Comparing with the literatures, more com-
ponents were identified in this study, and the
composition of essential oil seems to different
with the literatures. It might due to originate
from differences in the provenances, tree ages,
habitats or methods of extraction.

b. Heartwood oil composition

Forty-fore compounds were identified from
the heartwood essential oil, with 1-epi-cubenol
(18.9%), 6-cadinene (17.2%), cubenol (14.9%),
a-muurolene (9.1%), a-eudesmol (5.6%), and
trans-calamenene (5.3%) asthe main ingredients.
And we group according to the scheme described
above, oxygenated sesquiterpenes again made
up the largest fraction (52.1%), followed by
sesquiterpene hydrocarbons (40.7%), oxygenated
diterpenes (5.4%), and oxygenated monoterpenes

(1.2%), and diterpene hydrocarbons (0.5%),
Therewasno presence of monoterpene hydrocarbon.
On the other hand, HS-GC identified a total of
35 compoundswith mostly similar main components
of 1-epi-cubenol (18.6%), 5-cadinene (17.3%),
cubenol (14.8%), a-muurolene (9.3%), a-eudesmol
(5.7%), and trans-calamenene (5.3%) etc., and
revealed identical fractionoal group distribution.
Comparing our results with those reported
in the literature, Nagahama et al. (1996a, b;
1998; 2000; 2001; 2002) noted that the heartwood
oil of sugi contained mainly sandaracopimarinol,
ferruginol, cubebol, and §-cadinene etc., somewhat
different from out results. Cheng et al. (2005)
determined from their heartwood samples mostly
d-cadinene, isoledene, and y-muurolene. Twenty-
six compounds were identified in their report.
The number of compounds identified in our
report was greater than these reports while the
compositions also varied. The marked differences
among the results were the possible causes
included the factors mentioned above.

c. Sapwood oil composition

Fifty compounds were identified from the
hydrodistilllated sapwood oil. The main components
were cubebol (19.5%), cubenol (13.3%), 1-epi-
cubenol (12.5%), and ferruginol (10.8%) etc.
Integrating the areas of the 6 compound fractions,
oxygenated sesquiterpenes made up the most
(61.4%), followed in decreasing order by sesqui-
terpene hydrocarbons (17.9%), oxygenated
diterpenes (16.9%), oxygenated monoterpenes
(1.4%), diterpene hydrocarbons (0.8%), and
monoterpene hydrocarbons (0.1%). Analysis of
the sapwood sample by the HS-GC found atotal
of 46 compounds, mostly cubebol (20.5%),
cubenol (13.2%), 1-epi-cubenol (12.3%), and
ferruginol (8.9%) etc. Their group distribution



MEWTFEZTF] 32(1) : 63-76, 2010

was al so dominated by oxygenated sesquiterpenes
as described above.

Literature reports concerning the sapwood
of Japanese cedar were limited. Nagahama et
al. (1995) found sandaracopimarinol and ferruginol
etc. asits main components. Cheng et al. (2005),
on the other hand. detected diterpenes of sclarene
and cupressene as its main components. The
marked differences among the results were the
possible causes included the factors mentioned
above.

d. Bark oil composition

The hydrodistillated bark oil contained 87
identified compounds, its main components
included camphor (46.5%), a-pinene (16.2%),
and 6-3-carene (7.5%) etc. Integrating the peak
areas of the 6 groups suggested that oxygenated
monoterpenes composed of the major fraction
(50.9%), it was followed by monoterpene hy-
drocarbons (27.7%), sesquiterpene hydrocarbons
(7.7%), oxygenated sesquiterpenes (6.8%), oxy-
genated diterpenes (2.0%), and diterpene hydro-
carbons (1.0%). Whereas the HS-GC analysis
identified 61 compounds also with camphor
(48.4%), o-pinene (17.1%), and 4-3-carene
(8.6%) etc predominated. Grouping of the
chemicals also indicated a preponderance of
oxygenated monoterpenes.

Pertinent literature included a study by
Yatagai et al. (2002) who found the inner bark
of sugi containing mostly a-pinene (16.18~51.14%),
D-limonene (7.42~13.35%), 3-carene(6.57~13.16%),
and 3-cadinene (3.73~8.65%); Cheng et al. (2005)
detected 3-carene. and limonene in the bark of
the tree. The disparaging bark oil compositions
might be the results of the af orementioned factors.

e. Twig oil composition
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A total of 60 compoundswere detected from
the hydro-distillated branch oil of the tree. In
decreasing order of presence, there were a-
eudesmol (25.2%), y-eudesmol (11.8%), elemol
(8.7%), cryptomerione (7.5%), and bisabol atrien-1-
ol-4-one (5.8%) etc. By integrating the peak
areas of the 6 groups of compounds, oxygenated
sesquiterpenes showed preponderant presence
(73.7%), followed by oxygenated diterpenes
(11.1%), sesquiterpene hydrocarbons (7.3%),
oxygenated monoterpenes (0.5%), monoterpene
hydrocarbons (0.4%), and diterpene hydrocarbons
(0.1%). Similarly, 46 compoundswereidentified
from the HS-GC branch oil run. There were a-
eudesmol (25.6%), y-eudesmol (11.8%), elemol
(8.5%), cryptomerione (7.6%), and bisabol atrien-1-
ol-4-one (5.7%) etc. The HS-GC analysis of the
twig sample produced an identical chemical
grouping with oxygenated sesquiterpenes made
up the largest fraction. This is the first report
on the composition of Japanese cedar twig oil.

The above yield values and compositions
indicate that hydrodistillation and the HS-GC
methods gave comparable leaf, heartwood,
sapwood, bark and twig oils yields. When the
composition of these oilswas compared, however,
minor components obtained by hydrodistillation
(content < 0.1%) could not be detected by the
HS-GC. The major reason was probably due to
the small size of the specimens used, as the
former used ca. 1 kg of sample, while HS-GC
only took 20~50 mg. Overall, the HS-GC yielded
main components and compound groups similar
to those of the hydrodistillation results. The
methodology proved that HS-GC can be an
effective method for an essential oil compositional
analysis; furthermore, it requires only a minute
amount of specimen and a long period of
distillation is not needed (Ho et al., 2008).
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Table 3. Chemical compositions and yields of essential oils obtained from C. japonica leaf, heartwood,
sapwood, bark and twig by hydrodistillation extraction and headspace methods

Concentration(%)

Peak Consituents K12 Leaf Heartwood  Sapwood Bark Twig Identification )
HD® HS9 HD HS HD HS HD HS HD HS

1 tricyclene 927 01 01 — — — — te) 01 —f) — MSKIST

2 o-thujene 930 01 02 — — — — t — — — MS, KI, ST

3 a-pinene 939 165 168 — — 01 01 162 171 02 03 MSKI,ST
4 camphene 9%54 10 11 — — — — 08 09 — —  MS/KI, ST

5 sabinene 975 12 13 — — — — 02 02 — —  MS/KI, ST

6 p-pinene 979 09 09 — — — — 04 04 — —  MS/KI, ST

7  B-myrcene 991 1.4 1.6 — — — — 0.3 0.4 t — MS, KI, ST

8 a-terpinene 1017 03 04 — — — — t — — —  MS/KI, ST

9 p-cymene 1025 02 02 — — — — 03 03 — —  MS/KI, ST
10 limonene 1029 23 25 — — — — 14 14 t —  MS/KI, ST
11 §-3-carene 1031 95 99 — — t 01 75 86 01 01 MSKI

12 1,8-cineole 1031  — — t 01 — — 08 08 t —  MS/KI, ST
13 trans-p-ocimene 1050 t — — — — — t — — —  MS/KI, ST
14 y-terpinene 1060 05 06 — — — — t — — —  MS/KI, ST
15 m-cymenene 1085 0.1 — — — — — 01 02 — — MS, Kl

16 terpinolene 1089 08 10 — — — — 01 01 t —  MS/KI, ST
17 p-cymenene 1091 t — — — — — 03 03 t — MS, KI, ST
18 linalool 1097 03 04 t 01 — — t — — —  MS/KI, ST
19 exo-fenchol 1122 — — — — — — 01 01 — —  MSKI

20 camphor 1146 t — 11 1.3 12 15 465 484 04 04 MS/KI, ST
21 camphene hydrate 1150 — — — — — — 01 01 — — MS, Kl

22 trans-pinocamphone 1163 — — — — — — 01 02 — — MS, Kl

23 pinocarvone 1165 — — — — — — 02 02 — — MS, Kl

24 borneol 1169 — — — — — — 04 04 — —  MS/KI, ST
25  4-terpineol 1177 13 14 t — 0.1 0.1 0.6 05 t — MS, Kl, ST
26 o-terpineol 1189 02 03 t — 01 01 17 16 01 01 MSKI,ST
27 verbenone 1205 — — — — — — 01 02 — —  MS/KI

28  4-methylene-isophorone 1218 — — — — — — 03 02 — —  MSKI

29 carvacrol, methyl ether 1245 — — — — — — t — — —  MSKI

30 carvotanacetone 1247 — — — — — — t — — —  MSKI

31 piperitone 1253 — — — — — — t — — — MS, Kl

32 isobornyl acetate 1286 05 05 — — — — 01 01 — —  MS/KI

33 safrole 1287 — — t — 02 03 t — — —  MSKI

34 carvacrol 1299 — — — — — — t — t —  MS/KI, ST
35 d-elemene 1338 t — — — — — t — t —  MS/KI

36 a-cubebene 1351 t — 03 02 02 02 03 03 01 01 MSKI

37 a-copaene 1377 t — 01 o1 t 01 03 02 t 01 MSKI

38 B-cubebene 1388 0.1 t 03 03 02 02 02 01 01 02 MSKI

39 p-elemene 1391 0.1 t 0.3 0.3 0.3 0.2 0.2 0.1 0.1 01 MSKI

40 a-cedrene 1412 01 01 01 t 01 01 04 03 03 04 MSKIST
41 B-caryophyllene 1419 t — 01 — 02 02 02 02 01 02 MSKIST
42 B-cedrene 1421 01 — t — t — 0.1 — 0.1 01 MSKI

43 cisthujopsene 1431 01 01 — — — — — — — — MS, Kl

44 B-copaene 1432 t — t — t — 04 04 t —  MS/KI

45  B-gurjunene 1434 — — t — — — t — t — MS, Kl

46 cis-muurola-3,5-diene 1450 — — 06 06 08 09 01 — 02 02 MSKI

47  o-humulene 1455 — — 0.7 0.7 0.3 0.4 0.1 — 0.2 03 MSKI

48 trans-B-farnesene 1457 01 01 — — — — — — — —  MSKI

49 allo-aromadendrene 1460 t — t — — — 0.1 — t —  MS/KI, ST
50 trans-cadina-1(6),4-diene 1477 01  — 19 20 38 41 04 03 13 12 MSKI

51 y-gurjunene 477 — - - - —  — 11 11 — — MSKI

52  y-muurolene 1480 01 01 03 04 — — — — — —  MSKI

53 oa-curcumene 1481 — — 01 01 o1 — t — 01 01 MSKI

54  germacrened 1485  — — — — — — 02 02 02 03 MSKI

55 B-selinene 1490 — 02 03 — — — — — —  MSKI

56 transmuurola-4(14),5-diene 1494 0.1 — 12 13 14 15 03 03 03 04 MSKI

57  epi-cubebol 1494 — — 43 4.7 36 37 — — — — MS, Kl

58 a-muurolene 1500 03 04 91 93 34 35 15 13 14 14 MSKI

59 B-bisabolene 1506 01 01 02 02 01 02 t — 02 02 MSKI

60 y-cadinene 1514 02 02 02 02 02 02 03 03 01 —  MSKI



MEWTFEZTF] 32(1) : 63-76, 2010 71

61 cubebol 1515 — — — — 195 205 21 21 45 43 MSKI
62 &-cadinene 1523 13 15 172 173 — — — — — — MS, Kl
63 trans-calamenene 1529 — — 53 53 45 46 11 09 15 15 MSKI
64 trans-cadina-1(2),4-diene 1535 t — 09 10 16 16 03 02 06 05 MSKI
65 a-cadinene 1539 0.1 — — — — — — — — MS, Kl
66 o-calacorene 1546 — — 07 08 06 07 03 02 04 04 MSKI
67 selina-3,7(11)-diene 1547 — — 07 07 — — — — — —  MS/KI
68 elemol 1550 163 158 06 05 06 07 05 05 87 85 MSKI
69 cis-muurol-5-en-4-q-ol 1561 — — 05 05 — — — — — — MS, Kl
70 (e)-nerolidol 1563 — — — 0.1 t 02 01 — —  MS/KI
71 B-calacorene 1566  — — 02 02 — — — — — — MS, Kl
72 spathulenol 1578 — — 02 03 — — — — — —  MSKI
73 caryophyllene oxide 1583 — — 03 03 01 o1 t — 0.1 —  MS/KI
74 gleenol 1587 — — 24 26 18 19 02 01 04 04 MSKI
75 savia-4(14)-en-1-one 1595 — — — — — — 0.1 — — — MS, Kl
76 guaol 1601 — 0.1 — — — — — — — MS, Kl
77 B-oplopenone 1608 0.1 t — — — — t — — — MS, Kl
78 humulene epoxide 11 1608 — — 05 05 — — — — — — MS, Kl
79 epi-cedrol 1619 32 38 — — 03 03 01 01 07 08 MSKI
80 1,10-di-epi-cubenol 1619 — — — — — — — — — —  MS/KI
81 10-epi-y-eudesmol 1624  — — — — — — — — 02 02 MSKI
82 1-epi-cubenol 1629 — — 189 186 125 123 — — 33 32 MSKI
83 y-eudesmol 1632 54 52 — — 10 09 09 08 118 11.8 MSKI
84 t-cadinol 1640 06 06 — — — — — — — —  MSKI
85 t-muurolol 1642 07 07 — — — — — — — — MS, Kl
86 cubenol 1647 — — 149 148 133 132 07 06 40 40 MSKI
87 a-eudesmol 1654 89 86 56 57 37 38 15 13 252 256 MSKI
88 selin-11-en-4-a-ol 1660 — — 15 15 12 13 — — — —  MS/KI
89 trans-calamenen-10-ol 1669 02 04 — — 01 o1 — — 03 02 MSKI
90 8,9-epoxide-cadalene 1676 03 03 — — 02 02 01 o01 — —  MSKI
91 5-neo-cedranol 1685 05 04 — — — — — — — — MS, Kl
92  eudesm-7(11)-en-4-ol 1700 — — — — 04 04 t — 09 08 MSKI
93 cryptomerione 1725 — — 21 19 22 20 02 02 75 76 MSKI
8-isopropyl-2,5-dimethyl
94 -56,7,8tetrahydro-1-ngp 1801  — — 02 02 01 o2 t — 04 04 MSKI
hthalenol
95 bisabolatrien-1-ol-4-one 1914 — — — — 0.7 0.8 0.1 — 5.8 57 MSKI
96 biformen 1927 39 36 — — — — 0.1 — t —  MS/KI

2,4b-dimethyl-8-methyl
ene-2-vinyl-1,2,3,4,4a,4b,

97 5,6,7,8,8a9-dodecahydro 1942  — — — — — — 02 02 — —  MSKI
phenanthrene 01 01
98 isophyllocladene 1967 — — — — t — 05 05 MS, Kl
99 kaurene 2043 191 188 — — — — t — — — MS, Kl
100 abietatriene 2057  — — — — 01 01 02 01 — —  MS/KI
101 abietadiene 2088 — — 05 04 07 06 — — — —  MSKI
102 sandaracopimarinal 2185 — — 0.9 0.7 1.4 13 0.4 0.3 14 1.3 MSKI
103 phyllocladanol 2210 — — 07 05 12 11 03 02 18 17 MSKI
104 M.W.=286 2220 — — — — — — 03 03 — —
105 sandaracopimarinol 2270 — — 14 13 37 33 — — 34 32 MSKI
106 ferruginol 2332 — — 24 23 108 89 10 08 45 43 MSKI,ST
Identifiedcompound (%) 99.1 998 999 998 987 982 962 972 931 927
M onoterpenehydrocarbons 348 366 00 00 01 02 277 298 04 04
Oxygenatedmonoterpenes 23 25 12 14 14 17 509 528 05 05
Sesquiterpenehydrocarbons 28 25 407 411 179 186 77 65 73 75
Oxygenatedsesquiterpenes 362 358 521 521 614 622 68 6.0 737 737
Diterpenehydrocarbons 230 224 05 04 08 07 10 07 01 01
Oxygenatedditerpenes t t 54 49 169 145 20 16 111 105
Others t t t t 0.2 0.3 0.1 t t t
393 392 09 091 011 012 068 068 031 0.30
Yield (ml/200g) + + + + + + +

+ + + + + + + +
009 004 005 002 001 001 003 002 0.02 0.02

3 Kovats index on a DB-5 column in reference to n-alkanes (Van den Dool and Kratz,1963). ® HD : Hydrodistillation extrac-
tion. 9 HS : Headspace method. 9 MS : NIST and Wiley libraries spectra and literature, K1 : Kovatsindex, ST : Authentic
standardcompounds. © trace : <0.05%. " not detected
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(1) Antioxidant activities of the oilsfom various
tree parts
a. DPPH free radical scavenging capability
Essential oils from various tissues of C.
japonica exhibited different DPPH free radical
scavenging capacities and | Csp val ues as shown
inFig. 1 and Table 4. The sapwood oil possessed
the best radical scavenging capability (ICso
=113ug mL-1), followed by twig, heartwood, and
bark oils. Theleaf oil had the poorest antioxidant
activity. Comparing the antioxidant activity (ICso
values) of the sugi heartwood, sapwood, and
twig oils were superior than the leaf essential
oil of black cumin (Nigella sativa) (Burits and

100 |
80
60 &

40

Bucar, 2000), flower oil of oregano (Origanum
vulgare) (Khaled et al. 2002) and leaf oil of
white turmeric (Curcuma zedoaria) (Yildirim et
al, 2001), which have I Cso values of 460, 500,
and 6000 pug mL-1, respectively. Furthermore, a
comparison of the 4 sugi stem part oilswith the
| Cso values of theleaf oilsof different Cinnamomum
osmophloeum clone strains which ranged from

33.38 to 708.55 pg mL-t (Chen, 2003) were
within the same range. Thus, the stem oils of
sugi can be considered to possess comparable
antioxidant activities as the leaf oils of C. os-

mophloeum.

Scavenging effect (%)

20

1000 1500 2000

Concentration (ug/ml)

—o— Heart wood —=— Sap wood

—x— Leaf

—a— Twing —»— Bark

---e--- Ascorbic acid —-o-- Ferruginol

Fig. 1. DPPH free radical scavenging effects of essential oils from C. japonica leaf, heartwood,

sapwood, bark and twig.

b. TLC analysis and determination of the DPPH
staining method

The DPPH assay suggested that sapwood

oil of sugi possessed the best free radical

scavenging capacity. In order to further understand

the responsible constituentsin the oil contributing

to the performance, thin layer chromatography
(TLC) separation of the sugi twig oil were
performed using hexane : ethyl acetate = 95 :
5 as the developing solution. A UV lamp was
then used to ascertain the positions of the
component spots (Fig. 2). The TLC plates were
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then immersed in the DPPH solution whence the
active compounds reacted to become yellow
colored. By measuring the b* values of the spots,
their DPPH scavenging capabilities could be de-
termined (Choi et al., 2002). The activeisolates
were examined using GC-M S to establish their
identities. Theresultsindicated that the fraction
3 (Rf = 0.28) of the sapwood oil of sugi reacted
instantly upon immersing in the DPPH solution
and produced a b* value of 6.56. As noted by
Choi et al. (2002), the fast reaction speed of
DPPH color rendering reaction implied a high
free radical scavenging capacity. The GC-MS
results indicated that the isolate was mainly
ferruginol (Fig. 2). Ferruginol were separated
from fraction 3 using high performance ligluid
chromatography (HPLC) (LiChrosporb Si-60
column (250 mm x 10 mm, 7 pm), mobile phase
Hexane: Ethyl acetate = 90: 10) and was again
tested for the DPPH assay, the |Cso value was
48 pg/ml. The result wasin agreement with those
of Wang et al. (2002) who found that among the
abietane-type diterpenes, ferruginol passed the
strongest DPPH freeradical scavenging capacity.
We concluded that ferruginol is the principal
compounds which contributed to the antioxidative
of the sapwood oil of Japanese cedar.

Table 4. ICsp of C. japonica leaf, heartwood,
sapwood, bark, twig oilsand ferruginol
in scavenging DPPH free radical.

Sampl e [Cso (pg/ml)
Leaf >2000
Heartwood 327
Sapwood 113
Bark 580
Twig 124
Ferruginol 48

73

purple

yellowish

Sap Ferruginol
Wood

Fig. 2. Active compound identification by GC-
M S chromatogram of the fraction separated
by means of TL C dot-blot and the DPPH
staining method of sapwood oil of C.
japonica.

IV. CONCLUSIONS
In this study, we extracted the volatile oils

of the leaf, heartwood, sapwood, twigs and bark
of C. japonica separately using hydrodistillation
and HS-GC methods. The leaf provided the
highest essential oil yield and that of the sapwood
theleast. Asfor the compositions, the main com-
position of leaf oil were kaurene (19.1%) -~ a-
pinene (16.5%) ~ elemol (16.3%); the heartwood
oil consisted mostly 1-epi-cubenol (18.4%), -
cadinene (17.2%), cubenol (14.9%) etc.; the
sapwood oil was mostly cubebol (19.5%), cubenol
(13.3%), 1-epi-cubenol (12.5%), and ferruginol
(10.8%) etc.; thetwig oil was mostly a-eudesmol
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(25.15%), and y-eudesmol (11.78%) etc., and
the bark oil consisted of camphor (46.45%), and
a-pinene (16.17%) etc. The leaf, heartwood,
sapwood, and twig oils of the species composed
mainly of oxygenated sesquiterpenes. The HS-
GC produced results nearly identical to those of
the hydrodistillation oils. Asfor the antioxidant
activities of the essential oilsfrom varioustissues
of the tree, the ranking was sapwood > twig >
heartwood > bark > |eaf . After TLC fractionation
of the sapwood oil, we found that ferruginol had
the best antioxidant activity, and may be applicable
as a natural antioxidant.
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