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ABSTRACT : The number of natural products obtained
from plants has now reached over 100,000 and new chem-
ical compounds are being discovered ever year. Medicinal
and Aromatic plants and their extracts have been used for
centuries to relieve pain, aid healing, kill bacteria and
insects are important as the antifungal and anti-herbivore
agents with further compounds being involved in the sym-
biotic associations. Although their functions in plants have
not been fully established, it is known that some sub-
stances have growth regulatory properties while others
are involved in pollination and seed dispersal. The com-
plex nature of these chemicals are usually produced in
various types of secretory structures which is an impor-
tant character of a plant family and also influenced and
controlled by genetic and ecological factors. Detailed ana-
tomical description of these structures are relevant to the
market value of the plants, the verification of authenticity
of a given species and for the detection of substitution or
adulteration. Volatile oils are used for their therapeutic
action for flavoring of lemon, in perfumery of rose or as
starting materials for the synthesis of other compounds of
turpentine. For therapeutic purposes they are adminis-
tered as inhalations of eucalyptus oil, peppermint oil, as
gargles and mouthwashes of thymol and transdermally
many essential oils including those of lavender, etc. With
these current trend for using volatile components in essen-
tial oil will be increasing in the future in Korea and in the
world as well.
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Table 1. Market trend of the largest gained and declined herbs in
the USA in 2001.

Gain (%) Decline (%)
Soy (115.6) Ginko (32.1)
Valerian (70.5) Asian ginseng (25.2)
Elderberry (58.2) Echinacea (20.4)
Green tea (39.4) St. John's wort (45.4)
Garlic (20)

HAlFo] Fl=lo] 3d7F S EAH AFo] ) oo R AR
sttt 38 20003 =Nl =g 4 - Qb At B
FupPloae] s1EAYE AF BEA|Fo] Hd o] 598 3
T gl 7 (15%)=EJE ol B AFe] sl 7t
Ao AYA o S n|H AL wlantjo)rt 3B g
AT BAAFTY 58S AvREA Ad= ALsiA
37l W os spotelar Qlti(Table 1).

ol 7l E-7slal FEAIF] AgAM 7L A% 2 A
o2 AIEL AW et ol 3Bt dAl FrAlE
9} g=olA <1718 A3 = oiAlQgte] g e FFe
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Fig. 1. Secretory cavities of orange fruit peel (Katerina er al.,
2000).

2 AFHA 710w} AR 2300 Apolrt e 5%
o] AEAAM FEE HAer & Ak A& 71 e F
59 AuaAdd) Ael7t slof Td AESelEte $Ud 3
71 B 7158E 7 F gle AoE HISNthE: §
1998; ©l, 2002). A4 =ze] FF8laL e Ao FH
(Secretory structurey= FHZE T}Y3}] Secretory structure(
HJR)EE 2 259 $& ¢ 5 ATl 3= Secretion(F
)& Aolgle Al EzZ A

Y

EHEZE salts, latex, waxes, fats, flavonoids, suger, gums,
mucilages, essential oil 5 TFd HEES FFsL
2Eo| ety Y AR Fule AP An|Z(SEM)
Aeldv| MR B2 T 4 glon ZEH 38 HH §
Bl caity, ducts, grandular trichome, cell2 %32 St}

Secretory Cavity?] FEl= Cirus® A& oA Fol
#zE =
bergamia, C. sinensis, C. limon®} Eucalyptus spp.oir =
#gE=d AR dule Y e g3t

Secretory Ducts®] i mivels} A& 710 41
ZApIA 23] Yel F2 U2 (Pinpinella anisum), W'Y
(Foeniculum vulgare), & X(Anethum graveolens), F.2] <t
(Coriandrum sativum), rol-<=&)(Petroselium crispum), B
(Angelica archangelica) |~ T2 #H2= 3 SIthFig. 2).

Grandular trichomese EE3} A& 7] - ¢l - £--5&
oA F2 A&AET UTHFig. 3).

o138t el vl (Ocimum basilicum), SPE (Lavandula
spp.), PUFE ¥ (Majorana hotensis) BrSHMentha spp.), EFY
(Thymus spp.)°lr] & & S

Secretory cellse 714 7Fagh EujzHol HEE gt
B}l secretion (F-H])Z22A]thFig. 4).

olggt ez opdet A EXH A el el F2
H 212}~ (Andropogon spp.) WI©l(Laurus nobilis) NEZ Az}
(Cymbopogon nardus and C. winterianus), *873(Zingiber

T2 Citrus aurantifolia, C. aurantium, C.
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Fig. 2. Two oil ducts lined with secretory cells(left). Five year old stem (T/S). Xylem and bark tissue clearly visible showing resin ducts in

bark (Katerina et al., 2000)

Fig. 3. Secretory glands of dragonhead flower
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Fig. 4. Secretory cells of in embryo (Katerina er al., 2000).

olg 7|EA R 2YdA ARtEH Y
terpene] BEEELS ZF mevalonateZF
o1X)™ phenylpropanA] 3FEELS shikimic acid®

|

LA EAWONME acetyl coenzyme AZFE] acetate
A8k AZE 7A acetate 3EATT ATE €4 o7
AMEES A2 3H= mevalonic acid®] HAMIZE Al
ez dHet Aol slo] A EA AR Afe
[HdNE B Ud&S onsith Fo grdezs
mevalonic acid’} terpene SFEES WYl AT A
AR & o] F27F B yie] ZHCE FEEo]
isoprene®] W= wpITHFig. 5).
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Fig. 5. Biosynthetic scheme of terpenoids.

pyrophosphate(GPP)7} A} A =] =1 o[ geranyl phosphate
syntheseZli= &4} o3}, GPPE Ei-H 23| slE9
71 7127t He SEER o] 23S 7|28 tE das
o W} 2 ZF7 monoterpene EFo| FAFHTE Eg
GPPll &= ThE PP SHEAP7} 7o) ¥ 157) 249 7]
Eo] H& famesyl pyrophosphate(FPP), <5 sesquilerpene 3}
FEo| A== I 2715l A It GPP/t A
= B8] oJal o] Fefe] vl 7FsEH, acyclic
monoterpen”ll 3HHE©] A7) 93 Z7|SARE GPPY
pyrophosphate F-22] A A= AlZtEo] o] Felof Aksld =t
£ 23l AkzlE¢l 3 Al ehalaed 315HE(oxygenated
monoterpene?]  geraniol®1 4} linalool} &3F4A FIE
(hydrocarbons)?] ocimene =& myrcene 5°| AAEH, A&
A ol TRELS i) HAvh 254 &5 #
Aol ozl HEP o] LAol|A] LHls|=2 HAgHE citral
 citronellal®} 2+ EZE0] AAE T} bicyclic monoterpene
7 3g=S GPPe IPPEF-E| A Hox| )i A4
52 camphane?} pinane® FAE 7 AUrt At 3t
SRS 'sla, fUI4 4, od2EE, AR, dE, s
elz, gE, Frui, 1E, f7124sRtE, 7R s
E508 BF & & st olF A 3o 4y
¥ o ZrkTable 2). 710k 24, AR, ALY,

phenylacetic acidgo] glon], ¢z Augoa §% B-
phenethyl alcohol2 H]%, linalool, eugenol, thymol, benzyl
alcohol, cinnamyl alcohol,
menthol, SlacikIR=R0

borneol, geraniol,
terpineol 53} A ¥ 3k
aldehyde® Y|%3}od vanillin, citral(cis-neral3} trans-geranial
9] F3A), anisic aldehyde, benzaldehyde, salicylic aldehyde,

heliotropin(piperonal), citronellal 53 #|EH+= acetophenone,

citronellol,
cinnamic

benzophenone, camphor, carvone, thujone, pulegone,
isophorone, undecanone °l|Z~H|Z:= Phenylethyl acetate, linalyl
acetate, geranyl acetate, citronellyl acetate, benzyl acetate,
nerly acetate, methyl benzoate, benzyl benzoate, methyl
salicylate, ¥+ carvacrol, chavicol, thymol 5°] 1oH,
HZollH| 2R+ safrol, o-methylchavicol, anethol, eugenol &
oF FRHI AUvk Afre] YIRS CH2, 2 dvE
7 B2 oS ATt et aje] o wet 3719
o|2ATSE 1 17t §E (myrcene, ocimene)s}3HE}, 2
Ne] olFAd V18] ZHE ZE+ (limonene)3H e, 17R2]
olZ2Z%I Ve IBE ZIE= (o-pinene)dlEES EkHE
Ho R Eejn CHyhe ¥HE Zie AlLFHEAS o]
23502 o vt wE+xE Zed Caryophyllene,
zingiberene, bisabolene £-°] sesquiterpenel] E&HTHEvans,
1998; Hornok, 1992).

FEI YR 22| - S8 3 MI|E
822 (extraction)yS Fol| w]$- Bk sle] A Eajj=

E 37 AES ghaske ASE AZsked 2ol 7]
= WA (maceration), >3 (digestion), W& H($EF

f

Z: enfleurage), E3}31x] &= |vl& Algdls A&
(percolation), -&-1ll5Z(solvent extraction), YA FAH5
(supercritical fluid extraction : SFE), Z2#}& (Florasols)
o] ot WAMS olgsle AR AES dosd W A
Eo] gr)agito]l FAIZk AX WAZt gl F=ae AW
GIANE, 2715) Be I8F (EEEne HASEEE &)

2o A Ee TR E4Ee] B3 @) RS Erjs

ATV gl
(absolue)h FETE. ], vl e, LA, W F3 2
& B 32 o] WHoR FHT LML WAYS

FE8 X8Rz 7o) tE Folvk. ¢EFF(enfleurage; cold
faye} WETHE dYAlo|ES 23] HARg FE317] flst
of go] o] gErh WML 2HEWND), HIF(d4Y), %
SAED?) 5o B4 AE &4 ¥ 27Hacid number),
o] 28| Z7Hester number), 7}2'd7Hcaronyl number) & 5
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Table 2. Composition of volatile components in essential oils

Important constituents

Mentha spcata and M.cardiaca Carvone (55-70%); limonene, esters

Name Botanical name
Ketones
Spearmint
Caraway Carum carvi
Dill Anethum graveolens
Phenols

Cinnamon leaf

Cinnamomum verum Presl.

Clove Syzygium aromaticum (L.)
Merr & L. M. Perry
Thyme Thymus vulgaris
Horsemint Monarda punctata
Ajowan Trachyspermum ammi
Ethers

Anise and Star-anise

Esters and alcohols

English lavender
Continental lavender
Rosemary

Pumilio pine Pinus mugo var. pumulio

Peppermint Mentha piperita
Aldehydes

Cinnamon bark Cinnamomum verum Presl.

Cassia Cinnamomum cassia

Lemon Citrus limon

Lemon grass
'Citron-scented' eucalyptus

Pimpinella anisum and
Hlicium verum

Fennel Foeniculum vulgare

Eucalyptus Eucalyptus globulus

Cajuput Melaleuca spp.

Camphor Cinnamomum camphora

Parsley Petroselinum sativum

Indian dill Peucedanum soja

Nutmeg Mpyristica fragrans
Terpenes or sesquiterpenes

Turpentine pinus spp.

Juniper Juniperus communis

Cade (Juniper Tar Oil) Juniperus oxycedrus
Alcohol

Coriander Coriandrum sativum

Otto of rose Rosa spp.

Geranium Pelargonium spp.

Indian or Turkish geranium Cymbopogon spp.

(Palmarosa)
Sandal wood Santalum album

Lavandula intermedia
Lavandula officinalis
Rosmarinus officinalis

Cymbopogon spp.
Eucalyptus citriodora

Carvone (60%); limonene, etc.
Carvone (50%); limonene, etc

Eugenol (up to 80%)
Eugenol (85-90%); acetyl eugenol, methylpentyl ketone, vanillin

Thymol (20-30%)
Thymol (about 60%)
Thymol (4-55%)

Anethole (80-90%); chavicol methyl ether, etc.

Anethole (60%); fenchone, a ketone (20%)
Cineole (over70%); terpenes, etc.
Cineole (50-60%); terpenes, alcohols and esters
After removal of the ketone camphor contains safrole; terpenes, etc.
Apiole (dimethoxysafrole)
Dill-apiole (dimethoxysafrole)
Myristicin (methoxysafrole) up to 4%; terpenes (60-85%);
alcohol phenols

Terpenes (pinenes, camphene)
Terpenes (pinene, camphene) ; sesquiterpene(cadinene) ; alcohols
Sesquiterpenes (cadinene); phenols (guaicol, cresol)

Linalol (65-80% alcohol); terpenes

Geraniol, citronellol (70-75% alcohol); esters
Geraniol, citronellol; esters

Geranoiol (85-90%)

Santalols(sesquiterpene alcohol), esters, aldehydes

Linalol; linalyl acetate(little); cineole, etc

Linalol; linalyl acetate(much); ethyl-pentyl ketone

Borneol and linalol (10-18%); bornyl acetate, etc.(2-5%};
terpenes; cineole

Bornyl acetate (about 10%); terpenes; sesquiterpenes

Menthol (about45%); menthyl acetate (4-9%)

Cinnamaic aldehyde (60-75%); eugenol; terpenes
Cinnamic aldehyde (80%)

Citral (over3.5%); limonene(about90%)

Citral and citronellal (75-85%); terpenes
Citronellal (about70%)

A5AE o83l FAEMS HEiMe 1o B4 AR
1kg/5000kg;, SRR 1kg/

L2 1g/1000g; v

1000 kg)3lt}, WakdEEAe- 7|A| Iz E el v g Ay
(GCMS)& GC-FID7t 7122 0% o|8xn x| ¥ W
HANMR)F 227 B3 (UV) 50] BERAO R o4y
Ik AR A71E Hrishe BeRARE A GC-
olfactometry”} 2ol o185 7lo|c}, A4l W R
BAe E5, AR, 715, Az, M7, 87 5

o] ASHARZ <Ig @] A} 1R A7 FEAd
o] A HA Fofl FrIFEe] WstE HRHEHM] oJH& A
4 5, 1998; & 5, 1998; ©], 2002). ]
3t ol Aol 7 wdEEY st o[ dEA e

Bl EA 5L GC BHRE A A9 Bot P
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HAW 715y WEHES Mo|sy
A HFHES mono = sesquiterpene 3}3HE(Table
20"l 8 3HES Fig. 63 2t

UBA0 50| A= LEHE
E7telobe] AFEol e0dio] T °°]—4 Central
Nervous System(CNU) £%5% “FW linaloole] 7174¢3}
AR, 2EHY2AT B0 UE A= E_T’_(Tasev et
al., 1969)8t9.2™ linalools 33t A4 E-S Table 334
Edg= 3
Hoo giE A F linaloold] &3E HAF7] 43l
MiceE 271502 e A8E FPsied Alas2 gyt
R B4 2 22E, A22FS miceEolAl & 994
Ql 2EH A 2L B3 U U 49 linaloots T4
71 3 WS 2 Ad Al1agRvhe A2ager 84 o
17gkst a3t Ade2 EIEHTHBuchbaver er al., 1991).
W o) EY 2 Foel] =g3hH o] F
el TxAIANAM AT Z HPHE'_ o] 147]**& 2RE

9%, 5F, 710, ~EAAS B2E 79 5
7) WEos 45k Utk Y 2de] A%
ARt ohje SEME YRXT Atk &
Re] AR G54 gaksdel 2 £7)9 RS 20

Table 3. The linalool component in Natural resource plants

Geraniol Ciiral
‘ A
r J\
OH i oH
a-Terpincol Menthol

&)~

a-Pinenc

/
[}
O 18-

Cinnamaldehyde

Limonene f-Pheliandrene

4

Menthone Carvone
(b’" @
.
Camphor Cincole
OCH, OH
: |
T T
i T
CH, CH,
Anethole Eugenol

Fig. 6. Main monoterpene components for biological activities.

2 AMRESS w oing 71 AE X A3ert 953 ¥
oe B3N (Bradshaw et al., 1998). =g 255w 8
BT F o] Wolxz PFHo] Yol o] L s

Family Scientific Name Plant Name Using Parts
Umbelliferae Angelica archangelica Angelica Root, Fruits, Stem
Labiatae Ocimum basilicum Basil Leaf, Flower
Lauraceae Laurus nobilis Bay Leaf
Rutaceae Citrus bergamia Risso et poit Bergamot Leaf, Flower, Fruits
Umbelliferae Foeniculum vulgare Fennel Leaf, Stem, Flower, Fruits
Geraniaceae Pelargonium graveolens Geranium Leaf, Flower, Stem
Labiatae Hyssopus officinalis Hyssop Leaf, Flower
Oleaceae Jasminum officinale Jasmine Flower
Labiatae Lavandula angustifolia Mill Lavender Flower
Labiatae Melissa officinalis Lemon balm Leaf, Stem
Labiatae Majorana hortensis Marjoram Flower
Labiatae Origanum Vulgare Oregano Leaf, Flower
Zingiberaceae Curcuma longa Turmeric Root & Stem
Compositae Achillea millefolium Yarrow Leaf, Flower
Annonaceae Cananga odorata Ylang Ylang Flower
Araceae Acorus calamus Calamus Root
Annonaceae Cananga odorata Hook Cananga oil Flower
Zingiberaceae Elettaria cardamomum Cardamom Fruits
Lauraceae Cinnamon cinnamomum zeylanicum Blume Cinnamon Leaf, Bark




SEoA iy 249 f’ém —E— 13& Z HES
Ho| gEzt=dl o= -y <t
A 713 Ax= T&‘&o]—&ilﬂ-(Kerl, 1997).

F32 9t} ool Hojd ZloE Uy RiE| 27 3}
&2l limonenes TH3k ARY2EL Table 49 7ot
Limonene¥ TlEo] ¢l Holjd Tsol e 2oz
Perillyl alcohol ©] $It}. ©]:= Monoterpene hydrocarbon® 2
2 Sweet orange peel(2#A|FE3)F Citrus fruit peel oil
@EFF FLo 2Pl TRE AR e e vl
o] FHIAE A Y @fﬂ?ﬂ' A3} limonene®.t} Perillyl
alcohole] &%t &3} o Hold-g B3} TH(Phillips er al.,
1993). o213t Aa= 2-H =4 l 3}5HE 2 d-limonene ©|
1} Perillyl alcohol(zinger root, A7 ye] F238A4 i3 A&

R Ol & a7

Tt BwE| =97 3I8HER] geraniols T%E 7R TEY
AZHZAZ o] &3-S B HAPTES AESE0] 50%=
Yepten 27 BEol SHES BEAE AeolE
A8 FE] 20%01M GAEVE DARA] g2 °”\d AH=E
B IS THShoff er al., 1991).

H=2#H4 ¢3-& F geraniol, carveol, linalool, menthol 5

< o AolAARY Holg AN Bt 2Ed AL
2 4R el ol RS TRT ALAES Table 5

ek Ee| g - EHlole{A &8

Ao Fa AR 7% T shie drhvlolzls
50| e AeE dHAd Aie I oFE # A 2w}
ARE HFREA, vjojzt BE g sPout AAEA ¢
APe Agsked Bl o838ttt Tea tree oil(TTO)
AR AAa gol] & g3t e AeE 4eA e
B3] ASEa2 APHAT e 8Yd a50] e AeR
B (Williams ez al., 1996; Jandera et al, 2002)= 3t}

=

REAF T AT % FFEWL 0L, Ahe AS o g Fi F ulelas Tl 2lE A HBLS Table 6%
AATNAG o WHES FaAE F UEE v 7t
Table 4. The limonene compound in natural resources plants.
Family Scientific Name Plant Name Using Parts
Rutaceae Agathosma betulina Buchu Leaf
Umbelliferae Dill Anethum graveolens Dill Leaf, Flower
Euphorbiaceae Croton eluteria Cascarilla bark Bark
Table 5. The geraniol and linalyl acetate compound in natural resource plants
Family Scientific Name Plant Name Using Parts
Leguminosae Glycyrrhiza uralensis Glycyrrhiza Root
Labiatae Nepeta cataria Catnip Leaf, bud, Stem & branch
Umbelliferae Foeniculum vulgare Fennel Leaf, Stem, Flower, Fruits
geraniol Geraniaceae Pelargonium graveolens Geranium Leaf, Flower, Stem
Annonaceae Cananga odorata Ylang Ylang Flower
Umbelliferae Daucus carota Carrot oils Fruits
Leguminosae Acacia farnesiana Cassie absolute Flower
Rutaceae Citrus bergamia Risso et poit Bergamot Leaf, Flower, Fruits
Labiatae Origanum Vulgare Oregano Leaf, Flower
laicne atlaytle Labiatae Lavender Lavandula angustifolia Mill Lavender Flower
Zingiberaceae Elettaria cardamomum Cardamom Fruits
Leguminosae Acacia farnesiana Cassie absolute Flower
Table 6. Effects the essential oil on antimicrobial and antifungal properties in natural resource plants
0il Family Scientific Name Plant Name Using Parts
Thyme oil Labiatae Thymus vulgaris Thyme Leaf, Stem
Citrus oil Rutaceae Citrus bergamia Risso et poit Bergamot Leaf, Flower, Fruits
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