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Table 1. Classes of compounds found in essential oils.

Classes of compounds Components
Hydrocarbon Terpenes
Oxygenated alcohols, aldehydes, ketones, esters, phenols, oxides, peroxides, lactones,

acid, furans, ethers

Other sulphur
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Table 2. Some common terpenes found in essential oils.

Monoterpenes Sesquiterpenes
camphene bisabolene
careen cadinene

cymene caryophyllene
dipentene cedrene
limonene chamazulene
myrcene copaene
ocimene farnesene

phellandrene germacrene-d

pinene humulene
sabinene selinene
terpinene terpinolene
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@HiN“ﬁ 3 ﬁ1iﬂ§$ﬂ’fJ‘U%@QﬁWﬁuﬁﬂhﬁxlﬁﬂﬂ1ﬂ1UL!ﬁ$W’Jlﬂﬁﬂﬂﬂl@\‘l Citrus medicar var
“Diamante”

Table 3. Components of essential oil from Citrus medicar var “Diamante” leaves and peels.

Components Leaves (%) Peels (%)

Monoterpenic hydrocarbons

Q- pinene 0.97 2.25
[3- pinene 2.87 12.54
myrcene 12.78 12.59
O-3-carene 1.64 0.74
limonene 205.4 249.3
(Z)-B-ocimene 2.97 3.48
(E) -B-ocimene 4.45 6.76
Y-terpinene 1.47 3.32
Terpinolene 0.72 0.44

Oxygenated monoterpenes

linalool 7.69 5.31
terpinen-4-ol - 2.57
o-terpineol 4.54 2.29
neral 165.2 80.8
geraniol 10.1 22.3
geranial 175.8 133.7
citronellyl acetate 1.61 0.62
neryl acetate 10.76 10.57
geranyl acetate 38.5 6.3
neryl propionate 1.54 0.15
geranyl propionate 4.2 1.14

Aliphatic compound
nonanal 4.17 1.62
decanal 7.72 1.35

undecanal 4.85 1.54
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Table 3. (cont.)

11

Components Leaves (%) Peels (%)

dodecanal 3.56 0.7

Sesquiterpenic hydrocarbons

[3-caryophyllene 4.71 4.07
trans-Ol-bergamotene 2.28 3.29
o-humulene 3.84 5.27
farnesene 2.22 1.43

N : aaud591n Vekiari taznue (2004)
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Sharma 142 Tripathi (2006) AN¥1EINY TNV UNBNSLIMEVBY Citrus sinensis
o A ~ A s I
(L. W‘Uﬁ1§‘ﬂﬁ$ﬂﬂ‘ﬂ“ﬂ\1°ﬁuﬂ 10 %u@uﬁ@ﬂumﬂm 5 TﬂEJiJ limonene (84.4 !ﬂf)il“]ﬂn!@]) !ﬂu

o [
p9nlsznouvan

v v
@nﬁN“ﬁ 4 ﬁﬁu'ﬂ3$ﬂ@ﬂﬂl@\‘lﬁ1ﬁuﬁﬂﬂﬁglﬁﬂﬂ1ﬂNﬁﬁﬂlla%Nﬁllﬁjiﬂlﬂ\‘luﬁlﬂﬂ Citrus aurantifolia
(Christm) Swingle

Table 4. Composition of volatile oils of freshed and dehydrated Citrus aurantifolia (Christm) Swingle.

Components Fresh (u1/100 g) Dried (n1/100 g)
linalool 1.3 0.6
fenehol 0.4 1.2

4-terpineol 6.8 4.7

o-terpineol 13.3 10.2

neral 1.8 0.3
geranial 4.1 0.6

O- elemene 0.6 1.1
neryl-acetate 0.5 0.4
geranyl acetate 0.6 0.5
o-cedrene 4.5 34
o-bergamotene 4.7 3.5
o-humulene 0.4 0.3
(Z)-PB-santalene 0.2 0.2
(Z)-B-farnesene 0.6 0.4
Germacrene 0.7 0.2
valencene Tr 0.1
nerolidol 14.3 6.4

Q- pinene 6.8 6.6
[- pinene 32.1 17.6

Limonene 75.5 53.3
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Table 4. (cont.)

Components Fresh (ul /100 g) Dried (ul /100 g)
Y-terpinene 19.0 18.1
terpinolene 3.2 5.1
(E)- B-farnesene Tr 0.1
Y-elemene 0.5 0.2
a-bisabolol 0.2 Tr
(E)- y-bisabolene 0.2 0.1
[-bisabolol 0.4 0.1
hexadecanoic acid 0.5 0.1
cis-ocimene 0.7 Tr
[B-elemene 0.6 1.0

A~ 4
Tr = trace < 0.01 1o IHFUA

N : Aans1n Yadav uazame (2004)

131N 5 A15UTLNBUVDY Citrus sinensis (L.) Osbeck

Table 5. Components of Citrus sinensis (L.) Osbeck epicarp essential oil.

Components %
Q- pinene 0.9
[3- pinene 0.6
myrcene 4.1
limonene 84.2

linalool 44
citral 0.5

o~ terpineol 0.8
terpinolene 1.3
citronellal 1.9
geraniol 1.3

11 : Sharma 1@ Tripathi (2006)
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3.4.1 n359051vlearh (sponge process)
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3.5 msnauiae (destructive distillation)
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Table 6. Antifungul activities of citrus essential oils.

20

ED

50

Citrus species

P. digitatum P. italicum

Citrus sinensis

Al= Washington Navel 2180.2 5407.5
A2 = Sanguinello 1594.1 4277.4
A3 = Tarocco 1496.9 4470.6
A4 = Moro 1004.6 3147.2
AS = Valencia Late 2245.6 4330.0
A6 =Ovale 2389.9 4436.3
Citrus aurantium

AM= Sour orange 1015.4 1490.6
Citrus deliciosa

MI1= Avana 713.3 1977.0
Citrus paradisi

P1= Marsh Seedless 910.3 1498.4
P2= Red Blush 688.7 2361.7
Citrus limon
L1= Femminello (Dec.) 1056.4 2505.4
L2= Femminello (Feb.) 574.1 1040.9
L3= Femminello (Jan.) 569.1 1687.9
Citrus sinensis * Pocirus trifoliata

CZ= Carmizo citrange 275.5 246.2
TY= Troyer citrange 311.8 251.2

. . I a g‘ % Aq ¥ 1A Y z dy
ED;, (Median effective dose) = L’]Juﬂiﬂ1m%@ﬂu1ﬂu‘ﬁ@ﬂi$t‘ﬁ8‘ﬂiﬁNaﬁ@ﬂ%ﬂiimﬂﬁﬂ‘ﬂﬂﬂlﬁf@ﬁ

Fowaz 50

111 : Caccioni azAay (1998)
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Table 7. Component of citrus essential oils grouped in classes and significant correlation with antifungal activities.
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9 Y Y
penguansdsznoulininiunenszmennisasznadununanssumMsduduios

Citrus spp.
Significance °
Components
Al A2 A3 A4 A5 A6 AM Ml PI P2 L1 L2 L3 Cz TY P. P.
digitatum itaticum
minor monoterpene
323 34 251 359 3.06 324 299 247 34 366 236 218 344 165 14 a
hydrocarbons
limonene 948 92 953 91.1 96 95 943 727 93.6 937 71.1 694 602 654 72
total monoterpene
98 96 978 947 98 982 973 974 97 974 947 912 949 819 86
hydrocarbons
oxygenated
126 25 131 39 09 129 149 1.02 1.09 1.01 349 592 329 197 09
monoterpenes
total monoterpene
449 59 382 749 396 453 448 257 449 467 271 27.8 376 18.1 15 a a

other than limonene
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Table 7. (cont.)

Citrus spp.
Significance °
Components
Al A2 A3 A4 A5 A6 AM M1l Pl P2 L1 L2 L3 Cz TY P. P.
digitatum  itaticum
sesquiterpenes 0.01 0.1 <0.01 0.15 004 <001 02 029 037 03 05 093 074 996 99 a a

aliphatic aldehydes 047 0.7 049 078 0.68 023 02 019 094 069 024 019 025 14 1
aliphatic alcohols 007 02 018 024 0.12 003 038 0.03 015 016 001 0.04 006 02 0.1
esters - - - - - - 028 046 0.06 007 056 094 054 0.15 02

A 5 oA /3 A A 1 A A Y
o AR 1:1Jmwu@lwummmmaamaqwsﬁmzqaﬁu
b A 1 1 A v o w Yy 9 J 3 J 1 1 oy % A Y v a @ a’/‘
ADANULANANDYNYUITIAYUDIANNIVNUY (Lﬂﬂﬁl“ﬁu%) ﬂlfJ\‘]ﬂQNﬁﬁﬂﬁgﬂﬂ‘UﬂN 9 Gll!unJuﬁ@iJi%mEl%WﬂW‘lfﬁﬁ%Qaﬁuﬂﬂﬂ%ﬂiiuﬂﬁﬁmEl\‘]
Y
1%931 (ED,)
Al = C. sinensis Washington Navel, A2 = C. sinensis Sanguinello, A3 = C. sinensis Tarocco, A4 = C. sinensis Moro, A5= C. sinensis Valencia Late,
A6 = C. sinensis Ovale, AM = C. aurantium Sour orange, M1 = C. deliciosa Avana, P1 = C. paradisi Marsh seedless, P2 = C. paradisi Red blush,
L1 = C. limon Femminello (Dec), L2 = C. limon Femminello (Feb), L3 = C. limon Femminello (Jan), CZ = C. sinensis xP. trifoliata Carmizo citrange,

TY = C. sinensis x P. trifoliata Troyer citrange

A o ..
N1 : Aaula’nn Caccioni aznme (1998)
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Table 8. Values of MIC and MBC for different oils.

a b

MIC MBC

Essential oils

(ml/100 ml) (ml/100 ml)

Eucalyptus globutus 0.3 0.33
Melaleuca alternifolia 0.09 0.36
Melissa officinalis 0.05 1.5
Ocimum basillicum 0.06 >1.5
Pimpinella anisum 0.05 0.53
Citrus limonum 0.05 >1.5
Rosmarinus officinalis 0.14 1.5
Syzygium aromaticum 0.049 0.093
Origanum vulgare 0.43 >1.5

a .. . .y . .
Minimum inhibitory concentration

b .. .. .
Minimum bactericidal concentration

117 : Ponce LazAM (2003)
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Table 9. Antimicrobial activities of essential oils from citrus cultivars.

Inhibition zone (mm)

Citrus cultivars Plant parts S.t S.en E.co Clper C.jeju
Citrus aurantifolia Swingle peels 16.5 10 10.3 20.5 11.8
Citrus hystrix DC leaves 18.3 0 12 90 0
Citrus maxima Merr peels 21 20 21.5 20 34.5
Citrus reticulate Blanco peels 9 0 0 34.5 19.3

1§10 S.t = Salmonella typhimurium TISTR 292 ; S. en = Salmonella enterittidis DMST 17368
; E. co = Escherichia coli TISTR 292 ; Cl. per = Clostridium perfiingens DMST 15191 ; C. jeju =
Campylobacter jejuni DMST 15190

11 : 9aulaann Wannissorn lazame (2005)
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Sharma (491 Tripathi (2006) AnyINave i UINTZIMEIN epicarp V0N citrus sinensis
(L.) osbeck eiomstaiy Tauazanyazg1s1aueaved dspergillus niger (L.) van Tieghem W1
Y 1
idule (mycelium) gnduduazareszauanuidududernuie 2.5 uaz 3 lulasniude
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Y 4 4
Tagriniunensziennuznzanazay lndnen uaasusnududslugnanududu uensini
v Y
g 1dmanudududigaveniniunenszine MIC Tagldimaiin broth microdilution taaaly
1 Y
@]151\1ﬁ 11 'WTJ31131ﬁu1fiﬂll§$lzﬁfﬁnﬂﬁgllﬂ%lﬁﬂll 1ﬁﬂ1 MIC 0.005-0.3 uay MBC 0.6-1.2

luTnsaasaoiiadans mudrau azladldn1 Mic 0.6 lulnsaasaeiiadans daurugngauazlu
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nzms e MICc mny 5 luTasansdelanans tazAl MBC UAUMIALU 5 uag 5.0-10.0

TuTasaasrolanans audey

v 4 Y Y
M35190 10 vInududweniniuvonszmonnirayu lws Ineaeido P. acnes #2873 disc
diffusion

Table 10. Inhibition zone of seven Thai herb essential oils to P. acnes by the disc diffusion method.

inhibition zone (mm)

Essential oils
0.25% v/iv  0.50% v/v 1% viv 2% v/iv

citronella grass (Cymbopogon nardus L.) - - 9.5+£0.8 10.1+0.8

lemongrass (Cymbopogon citratus DC.) 9.2+£0.2 10.5+0.6 13.2+0.6 14.043 + 1.5

kaffir lime (Citrus hystrix DC.) 11.5+£09 19.6+0.6 25.0+0.5 28.250+0.2
holy basil (Ocimum sanctum L.) - - 9.2+0.6 9.750 + 0.8
sweet basil (Ocimum basilicum L.) - - 9.5+0.3 9.750 £ 0.6

plai (Zingiber cassumunar Roxb) - - - -
ginger (Zingiber officinale Roscoe) - - - -

control (0.2 % ethanol) - - - i,

17 : 9au1l3910 Lertsatithanakorn LaE AR (2006)

v 9
M1319% 11 A1 MIC 1ag MBC o1 uneuseive 7 ¥1Haa1833 broth microdilution assay.

Table 11. MIC and MBC of seven essential oils to P. acnes measured by the broth microdilution

method.
Essential oils MIC (ul/ml) MBC (ul/ml)
Cymbopogon nardus L. 0.005-0.3 0.6-1.2
Cymbopogon citratus DC. 0.6 0.6
Citrus hystrix DC. 5.0 5.0
Ocimum sanctum L. 5.0 5.0-10.0
Ocimum basilicum L. 50.0 50.0
Zingiber cassumunar Roxb 25.0 25.0
Zingiber officinale Roscoe 75.0 75.0

117 : Lertsatithanakorn lazame (2006)
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