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Terpenoid Analysis of the Normal, Damaged Needle
and Pinecone in Pinus densiflora™*?

Choo-1-Boo Choi - Byung-Ho Hwang*?

ABSTRACT

To analyze terpene components, the essentail oil were extracted with steam distiliation method
from normal needle, damaged needle and pinecone of Pinus densiflora. The extracted essential oil
was analyzed by gas chromatography and gas chromatography-mass spectroscopy.

The results were summarized as follows;

1. Normal needles involve 43 kinds of terpene components, but damaged needles contained only 29
kinds, The most abundant components of normal and damaged needles were respectable «-pi-
nene and caryophyllene oxide. a-pinene content in normal meedles amounted to 15.99 percents
and caryophyllene oxide in damaged was 8.15 percents.

2. Pinecone showed 23 kinds of terpene components and among them the most abundant
component was £-phellandrene, of which content showed 19.31 percents.

3. In normal needles, excluding a-pinene, the contents of 8 kinds of other monoterpenes, reached
to 48 percents of the total terpenes,

4. In damaged needles, excluding a-pinene, the contents of 4 kinds of other monoterpenes,
reached to 11 percents of the total terpenes.

5. In pinecone, excluding camphene, the contents of 6 kinds of other monoterpenes, reached to 58
percents of the total terpenes.

Keywords : Terpenoid, essential oil, a-pinene, 8-caryophyllene oxide, green air bath, phytoncide

.¥% #4552 3ok
o] HEFwolt= £3] Mty 5 IR K
ol o8 Bz EYA E2A5a s (essential oi)2A £8 #HESIL YeH =3
terpenoidss HEMol M EBEEMWEE FR8T 1F monoterpene, sesquiterpene, diterpene® < %

HE stn glom 1 #EEE <oF 4,000 F 0 R FHE 7H Ae RS2 kol HE, k8

*1 #% 28 178 Received on February 17, 1994
*2 LIS HELK# College of Forestry, Kangwon National University, Chuncheon 200—701, Korea



ry R Gl BIARC RN U] o [HE
B o] A9 Mk (FRHKIE, green air bath) i
G ORE Ee phvtonadeﬁk 43O 7 we B2 s
mE A Helon #Ht o] el T i
o}ﬁ’—_oi ,(] 31 oh% El

R EAE = terpene My T 5, Y,
e, WalEo] EAson i vk ofufdh

terpene WE EESe Hoole B &
i, Wy 2ol it Y o] & needle oillE U=
O mamel UMAoR AN L o8l b
ol Blglofl M= A Sl 2 #H
¥ ar gk

w8 ki terpene 3ol A rr‘onoterpene

:esqulterpene diterpene 52| #4gE oIt -
2lal olE & olF3 = MHES B 150
coA] 270 ¢ A vl SRSkl EELRI St 1A
of APow BE WS HEshs AL vg ol
},

Terpeneff ] ssrarigel ol 851 dolz
1ol PEG 20M(Carbowax 20M)o] wo] # 7 it
=], o Aol & 70‘ Koy 7ol » r’;’J‘JTi"
9] ethylenegivcol® #Fil 2lolx] 47}%01' Mfg;oi
A terpene e} ¢S WHE sk
8 Zoeg YEA i’lb}." Terpeneti ‘S;-OHA]
mOﬂOtefpeneﬂP 71 FERES EEMS vHAL
2ly= Ao o)z 9k Monoterpene®l % &t
& 7HAF 7ber2 Ohloffol] gt ofshd monotﬂr
pcne«—l [riestoh SLABHEE - WS '%ﬁﬁ»m!’tOE
77 el e @t vk lohy olaigh ter-
pene’;‘iiﬁ"k 7h el EaEo] ali: A s

L
pi
L]’ *' S F*o} & 31]“?1};{!/:%: o% ] ¥ 7}‘{5" (tg\o‘ Oo}:

& 6LTF6f wckar gho),

23} olt 101 terpenedf 7} itk 2 ydo] 2
S <>¥‘1LL]“ ”r%”Oﬂ [EENE O N S

Auk§he] gmEgE

HZ ol o

el el vle

3 Q) 0111
58 B n]fm /]
#e sk vk
gt o] HEK5<S terpenefiol tHE % JH O]
gl %ol O]E olg e, o]zl terpeneif7t
AE Foll ol T K og fFfeshesA B9 M
o] uj¥-ol 16—'] Tf%EO =xell e HELE %5

SHA| AT AL Ak

Zakel g Vezes$ Dupont” & French
pines W8 #HiRsrS o] Bl dgrol
3= o] a-pineneoldlil #Esty o Mirov
2 Hoff* = Israel pines?| ¥imiks & ZAMIA
fsrel  ®li= 3MgHEo]  a-pinene,
sesquiterpene® ol g} & s

Tconomou, Walkanas & Buchi” %2 terpene
ol s £ 9 7HA] 4y, & a-pinene, p’Apmene,
myrcene, hmonene, A’-carene, camphene, £
-phellandrene, terpinolene, ¥-terpinene%-% I#
gAsted #iikshd ol

Ekundayo!” = P. caribaea, P. merkusii, P. ell-
iottii®F P, mansoniana®l needle oil& 7FA L
GLCE ol &5} 4783t 5 2F iRor& st £ 8
a-pinene(18-83%), ﬂpinene(”%%( %), A’-carene
(6-20%) 2.8 ERSE BT o 8- phellan‘
drene, myrcene, hmonenevo—ol Tl #
s np ol

Yatagai's= fiAclA] KE o2 Bubs e
terpeneffioll Wated Eucalyptusiiol A Hii s+
terpeneffi-® Tenax-GC= f#sle] GC, GC-MS
OOl omorit s abEsklch L B apine-
ne, A-pinene, sabinene, myrcene, a-terpinene,
limonene, 1,8-cineol, 7¥-terpinene,
p-cvmene ¥ terpinolene% 11714 $#H &
Gl ELLE ppbE ) ol Ekn o} cb Ef‘lo
#s sl v} Asada®™s ’I‘hu]opsza dolabrata®l
o A KIRFAREI 6ﬂ 3 terpeneffiE
GC capillary columng FpHE B 15744
monoterpene-s MSol i sl # i T -ﬂP ] 1l 5}
o} 12714 monoterpene-% M7 ch

Nabeta™' %<& European oak 2} Jdpd nese oak
o 3 BiES Ul o= WMRNTE 3
g 9L terpenetfit GC, GC- ’\/I‘%: ke
Gy FEINSIAVE 1 RS 46 O] S WA H
Hrabed ok

w8 terpenedi o it ool oSt BRE
Hanover''oll 21&la] o] Fo]H =uf Hanover+ it
St B B Ud fipsel KES FHS
woshed 10 Fzmely, AEEMRNY mAdE, 20 (WM T
B3 (LB Fl 4) Foke EERE vy

myrcene,

ocimene,
Bg AL 01’

]Cﬂr} 11

(e}

Rt el TAR{pEE o] métd Tad A9Es
st sl o, ol ik Foll = phenol#,

alkaloid., waxgo] 1o 71A F9&
terpeneffehl 4 vh it

1 plol



Hanover'¥o} Smith'™ = #igol A 713 #Eg it
o] 7% monoterpene©] Bl et MM &
B REE Foka gesstg .o, o #ikel olehd
monoterpene°1 fitaxtE HHECl FIHE 4 2l v
BdE #sch ¢ 5V P thunbergu"# ik
A A 9] QoA limonene®} 8-pineneo| &
051].2:—4'4 iﬁfﬁlﬂz‘)ﬂ 1_040}\_ ffk’ﬁ'ola}' OI'M—aﬂ

of garel AAe] dAlglo] m& WmEd a3l
ohal ok 212] 3 Gara®V' 2 sitka spruce 9ol
~] spruce weevil?] #F 3 i#ZEF) FE IRl monoter~
penefi o] 2 #% S v X1 myrcene?] &9
U A2 PR gEe] e 5& 7FRA
spruce weevile] o] gEEESicl sl ¢l
=3

Hanover®! Hoff"'= Pinus monticola® ol 4
simple phenol#} polyphenole] vieldolir 319
oo AT JEmSEAC Ul A =
ol Qivk Mty cl = Tiia¥ Houston™ &
eastern spruce gall aphidoll ™3} Picea abies
o] mt&dEk ) JEEt&EMEA ] oA simple phe-
nol® polyphenoleo] Vielutth o &9l om, it kit
Aol A] tE-e phenol%"&iol HWHE A= o] Aol
EH ] B ¢ Yrha s

B A 9? 2] 7lef it o] gtgedioll Al 4
o] AFkeE, gD MEmEiy ABREme R
Hl 3l BFgES uh gl vlvh AvbRol A hako] SEiE)
2 Eediarel RS A 2oia e
ol Bk dF o £EHE AAs Y
# &5 3koh Matsui 2 Torikata® &= ¥y
Heoll A TAAS RiEESE S tryptophanol
off Mo} Fof Hhfuslol Y MibSol B9 K
kEME T stobn HiEstE o
22 &l Z e ghahol A EEEolv] BE, &
8, mAK, HBE, MREE, BT S it
1 RS a2
IR AR TR *1'— i’}i"f} T8 sHERS &
AR, 8 JILP 4 terpenefi 5 & 4

A

T

= AL

=4
w F
o0
=11
5
al

;L.

3
ﬂ‘ﬂl”-‘mwéﬁi&

&
et ‘0 U\;’ 011

2,
CH "712 %Hio}oi SN ] h""]/EJ'U, rEHA R, TR
AZ A sl Ao

el g UM E £95
KEC] 4ol U= REYN FEE
FERE AFS Y 2 989 terpene
s o2 A kit BrE 45 a] B
frfzeo] thayrl ©58 ERERRE
Az et

delof wER

S
k2] ¢re.

= A L
?_’—9}]\‘-—

2. M#t H Ak

2.1 gEsE
F el AMEE B TEGE Mol BA
33 ¥ 15 4% /‘l/}T Pinus densiflora) &

olc Q
jE. oy ;t]_

le), HEEZE A

e,

By hb I FPLS IR O 2 s o,
e AR, ARE,
o] sl& Riktkol A,

2. 2 Terpenoid2| H#75 %
2.2.1 KERE FiBO| 25 kiR
wELEh 7F el o3 e e

ﬂ 94 &led 2~3 cm Tlrr t)JHzoMUr YB3k
> 60 g(REER), 5082 100 g(FLER)
S 000 ml F&S F Egfazio] YAvh HmE
B2 2% FAEES KiERS 300 ml AHgEte
Uh Fit B obolAf Slab e ol
1~2 % wﬁ{m 1 ohg ARE Psiich K
F= Fig. 19 b}E}lﬂ‘”L} Kigmg e goboldt
~ 50 VUl 2 #@Eiste] 10043 CE HEsEstH A
»
-

Fig. 1. Steam distillation apparatus

% #9Evel wEE wo d(damaged need-
{normal needle)2 10¥
—# 4 o] £ (pinecone) & 109 %4
of FRELSIETE TBGE FNE EE B2 19 28

27lth 2R Fol EA)

KIER KiEsH



tim7E s o] Vo) gbg W7t (56 hr.) &
BAHG. ZREE o7 fHibs FIESFS Yol
24 A 7F AR Z] TR oil #sratg srEEste A3
FA ok ol RSt WAool et

2. 2. 2 Gas chromatography %47

KER EEE Jold #HEE o GCe=
Hewlett-Packard 5890AE 3G o™, car-
rier gas2E A2 AL, €02 DB
Wax(30 mx0.25 mm i.d.)E #ms5, injec-
tion @2 1 4 & 315e, #&7|2+ FIDE #H
slod spiralodct, GCol gAlgh srtfifdeft2 Table 1
gt

2. 2. 3 Gas chromatography-Mass spectrome-

try S47

KEEE HEECLR dod Ky GCze
Hewlett-Packard 5710AZ #H&A12, carrier
gasZ2¢ #HEE AHEetg ) oo IEA 7 MSi=
Hitachi Model M-80 B& #fH3IY o™, & &5

Table 1. Operating condition of GC.

Instrument
Column

Hewlett-Packard 5890 A
DB Wax (30 m X 0. 25 mm i,
d.)

Wall-coated open tubular fused-
silica capillary column

Nz 34 psi

14 split (ratio 1:50)

Initial 80°C (0 min,)

Rate 2 (¢ /min.)

Injection temp.  Final 200°C (60 min.)

Detector temp. 250

Detector 250

Chart speed FID

5 mm /min,

Carrier gas
Injection
Oven temp.

Table 2. Operating condition of GC /MS.

GC Hewlett-Packard 5710 A
Column DB Wax (50mx0.32mm 1.d.)
Wall-coated open tubular fused-
silica capillary column
Carrier gas He
Injectoin 0.5 44 split (ratio 1:30)
Oven temp. Initial 80 € (Omin.)
Rate 2 (C /min.)
Final 210 © (min.)
Injection temp,  250C
Chart speed 5 mm /min,
MS Hitachi Model M-80 B
lonizing voltage 20eV
[on source temp. 200 C
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Table 3. Terpenoid of the normal needle oil in
Pinus densiflora.

unit : %

Components Normal Components Normal
N needle | needle

a-Pinene 15.99 ¢-Muurolene 0.56
Camphene 3.97 Germacrene-D 5.50
3-Pinene 392 S.H. 0.56
Sabinene 0.61 a-Selinene 0.41
Myrcene 4.66 a-Muurolene 0.70
a-Phellandrene 0.04 Germacrene-B 1.96
Limonene 2.80 o-Methylacetophenone 0,15
A-Phellandrene 5.69 ¢-Cadinene 2.60
Y- Terpinene 0.03 S.H. 0.09
o-Cymene 0.17 &-Hydroxy-e-cyme 0.37
Terpinolene 1.88 Calamenene 0.12
a-Pinene oxide 0.56 M==222 0.12
a-Cubebene 0.06 M==220 0.17
S.H. 0.10 Dodecanol 0.81
a-Copaene 0.20 Caryophyllene oxaude 1.04
& -Bourbonene 0.12 Methyl eugenol 0.56
Qctanol 0.11 Humulene oxide 0.12
Borny! acetate 1.62 UK. 1.45
U.K. 0.56 T-Cadinol 0.50
A-Caryophyllene 12.52 T-Muurolol 0.50
Aromadendrene 0.14 ¢-Cadinol 0.14
Pinocaveol 0.05 a-Cadinol 0.85
4-1sopropyl-2- 0.2 Farnesol 0.30
cyclohexene-1-one U.K. 2.48
Verbenol 0.04 UK. 0.52
Humulene 3.07 UK. 5.09
Borneol 1.58 Phytol 1.55
S.H. 0.18 UK. 0.52

* S.H.:Sesquiterpene Hydrocarbon
* U.K.:Unknown
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Table 4. Terpenoid of the damaged needle oil
in Pinus densiflora.

unit @ %
- . Damaged . . Damaged
Components nee dle Components nee d e
U.K. 0.59 ¢ -Cadinene 1. ,f)
U.K. 0.96 U.K. 0.72
U.K. 10.07 U.K. 0.60
a-Pinene 2.3¢0 §-Hydroxy-p-cymene 1,41
A-Pinene 0.77 Calamenene 0.07
Sabinene 0.74 0.43
£-Terpinene 0.07 1.43
Myvrcene 0.06 UK. (.55
Limonene 0.77 Dodecanol .52
U.K. 1.08 Caryophyllene oxide 8.15
£ Bourbonene 0.2 UK. 3.44
U.K. 1.88 Methy!l eugenol 0.70
Bornyl acetate 4.08 Humulene oxide 1.89
UK. 1.0z U.K, 1.30
U.K. 1.03 T-Cadinol 0.54
B8-Caryophyliene 0.55 T-Muurolol 0.80
Aromadendrene 0.23 UK. 0.56
Pinocaveol 1.22 ¢-Cadinol 0.25
4-Isoprophyvl-2- 3.20 UK, 1.14
cyclohexene-1-one a-Cadinol 1.84
Vervenol 1.9 UK. 0.62
Borneol 260 UK. 0.65
UK. .07 U.K. 0.91
§-Muurolene 0.79 UK. 1.18
U.K. 0.85 U.K. 0.73
a-Muurolene 0.43 UK. 0.54
»Methylacetophenone (0,63 UK, 2,35
U.K. 0.95 Phytol 0.24

* U. K.: Unknown
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Tabte 5. Terpenoid of the pinecone oil in Pinus

a’enszflora unit : %
Cﬂmponerm Pmegone C omponents Pinecone
Camphene 5.66  Germacrene-D 3.33
UK. 1.36  ¥-Cadinene 0.42
Sabinene 49.59  a-Muurolene .56
Myrcene 5.23  ¢-Cadinene 1.32
a-Phellandrene 0.08 Calamenene 0.20
aTerpinene 0.56 Methvl eugenol .16
£-Phellandrene 19.32 UK. (.82
Y- Terpinene (.09 M==222 4.50
o Cymene U 51 UK. 1.41
Terpinolene 0.58 UK. 0.61
a-Cubehene 0.49 UK. 1.16
Germacrene-B 0.27 UK. 0.81
a-Copaene 1.40 UK. 0.91
Longifolene 4,26 UK, 2.11
Bornyl acetate 2.28 UK. 1.15
UK. 253 UK. 0.51
A-Carvophvliene 7.55 UK. 1.57
Borneol 0.19 UK. 0.50

Hur ulene 1.40

* L. K. : Unknown
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Table 6. Comparison of terpenoid in the normal, damaged needle and pinecone oil in Pinus densiflora.

unit 1 %

Componems A B C N Components A B C
a-Pinene 15.99 2.30 - \ erbenol 0.04 1.99 -
Camphene 3.27 - 5.66 Humulene 3.07 - 1.40
£-Pinene 3.92 0.77 - Eorneol 1.58 2.60 0.19
Sabinene 0.61 0.74 9.59 g-Muurolene (.56 0.79 -
Myrcene 4.66 0.06 5.23 y-Cadinene - - 0.11
S-Terpinene - 0.07 - Germacrene-D 5.50 - 3.33
a-Phellandrene - - 0.08 a-Selinene 0,41 - -
Limonene 2.80 2.77 - a-Muurolene 0.70 0.43 0.56
£-Phellandrene 5.69 - 19.31 Germacrene-B 1.96 - 0.27
a-Terpinene - - 0.06 o Methylaceto- 0.15 0.53 -
¥Y-Terpinene 0.03 - 0.09 phenone
o-Cymene 0.17 - 0.51 #-Cadinene 2.60 1.70 1.32
Terpinolene 1.89 - 0.5% 8-Hydroxy-p- 0.37 1.41 -
a-Pinene oxide 0.05 - - cvmene
a-Cubebene 0.06 - 0.49 Calamenene 0.11 0.07 0.20
a-Copaene 0.20 - 1.40 Dodecanol 0.81 1.52 -
£-Bourbonene 0.12 0.29 - Carvophyllene 1.04 8.15 -
Longifolene - - 4.26 oxide
Octanol 0.11 - - Methy!l eugenol 0.06 0.70 0.16
Bornyl acetate 1.62 4.08 2.28 Humulene oxide 0.12 1.89 -
8-Caryophyllene 12.52 0.55 7.55 7-Cadinol 0.50 0.54 -
Aromadendrene 0.14 0.23 - r-Muurolol 0.50 0.80 -
Pinocaveol 0.05 1.22 - d-Cadinol 0.25 0.50 -
4-1sopropyl-2- 0.29 3.20 - a-Cadinol 0.85 0.89 -
cyclohexene-1- Farnesol 0.30 - -
one Fhytol 1.55 - -

A : Normal needle B : Damaged needle

C.: Pinecone
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