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Chemical Composition and Mosquito Larvicidal Activity of
Essential Oils from Leaves of Different Cinnamomum
osmophloeum Provenances

SEN-SUNG CHENG,T Ju-YUuN Liu,T KuN-HsieN Tsal,* WEI-JUNE CHEN,® AND
SHANG-TZEN CHANG* T
School of Forestry and Resource Conservation and Department of Entomology,

National Taiwan University, Taipei 106, Taiwan, and Department of Public Health and Parasitology,
Chang Gung University, Kwei-San, Tao-Yuan 33332, Taiwan

Chemical compositions of leaf essential oils from eight provenances of indigenous cinnamon
(Cinnamomum osmophloeum Kaneh.) were compared. According to GC-MS and cluster analyses,
the leaf essential oils of the eight provenances and their relative contents were classified into five
chemotypes—cinnamaldehyde type, linalool type, camphor type, cinnamaldehyde/cinnamyl acetate
type, and mixed type. The larvicidal activities of leaf essential oils and their constituents from the five
chemotypes of indigenous cinnamon trees were evaluated by mosquito larvicidal assay. Results of
larvicidal tests demonstrated that the leaf essential oils of cinnamaldehyde type and cinnamaldehyde/
cinnamyl acetate type had an excellent inhibitory effect against the fourth-instar larvae of Aedes
aegypti. The LCsq values for cinnamaldehyde type and cinnamaldehyde/cinnamyl acetate type against
A. aegyptilarvae in 24 h were 36 ppm (LCgqo = 79 ppm) and 44 ppm (LCgo = 85 ppm), respectively.
Results of the 24-h mosquito larvicidal assays also showed that the effective constituents in leaf
essential oils were cinnamaldehyde, eugenol, anethole, and cinnamyl acetate and that the LCs, values
of these constituents against A. aegyptilarvae were <50 ppm. Cinnamaldehyde had the best mosquito
larvicidal activity, with an LCso of 29 ppm (LCgyo = 48 ppm) against A. aegypti. Comparisons of mosquito
larvicidal activity of cinnamaldehyde congeners revealed that cinnamaldehyde exhibited the strongest
mosquito larvicidal activity.

KEYWORDS: Cinnamomum osmophloeum ; Aedes aegypti ; leaf; essential oils; GC-MS; mosquito larvicidal
activity; cinnamaldehyde; eugenol

INTRODUCTION undesirable effects on nontarget organisB)sThese problems
Mosquito not only is the most important vector for the have highlighted the need for new strategies for mosquito larval
transmission of malaria, filariasis, and viral diseas@$(t also control. Essential oils recently have received much attention as

is an important pests to humans, causing allergic responses thapotential bioactive compounds against insedjsengue fever
include local skin reaction and systemic reactions, such ascases have increased significantly in Taiwan recently, so much
angioedema and urticari@)( For instance Aedes aegyptis effort has been focused on exploring bioactive chemical
one of the mosquito species responsible for the transmission ofcompounds from indigenous plants for mosquito contspbj.
dengue fever and dengue hemorrhagic fever. Constant applica- Lauraceae is an economically important family consisting
tions of organophosphates such as temephos and fenthion anghostly of trees. The genu€innamomumcomprises~250
insect growth regulators such as diflubenzuron and methoprenespecies that are distributed in Asia and Austraifp Cinna-

are generally used for the control of mosquito larv&. ( momum cassibark oil is generally used in food and beverages
Although effective, repeated use of these controlling agents hasand is very valuable in commerce. In addition, its antimicrobial
fostered several environmental and health concerns, includingactivity has also attracted great attention from many researchers
disruption of natural biological control systems, outbreaks of (8—11). The main constituents of. cassia bark oils are
other insect species, widespread development of resistance, a”einnamaldehyde and eugenol. Cinnamaldehyde is recognized

as a safe food additive and widely used as a flavoring agent. It
* Author to whom correspondence should be addressed (telepr@s@ y . . 9 g
2-23630231-3196; fax-886-2-23654520; e-mail peter@ntu.edu.tw). has also been demonstrated tGatassiabark-derived materials
TSchool of Forestry and Resource Conservation, National Taiwan could be of practical use as new preventive agents against
University. - . . .
* Department of Entomology, National Taiwan University. Me_Ch(_)”_S ursulug(12), f’md C'nnamomum Zeyla_mcum' _has
8 Department of Public Health and Parasitology, Chang Gung University. an inhibitory effect against meat spoilage organisii3.(Singh




and co-workers have also demonstrated @aeylanicunbark

oil has fungitoxic properties against fungi involved in respiratory
tract mycoses, such @spergillus nigerAspergillus fumigatus
Aspergillus nidulansand Aspergillus flaus (13). Huang and
Ho (14) reported that a methylene chloride extract of cinnamon,
Cinnamomum aromaticuiNees, was shown to be insecticidal
to Tribolium castaneunfHerbst) andSitophilus zeamaillotsch.

at 27°C with a photoperiod of 12-h light and 12-h dark and-8A.0%
relative humidity. A 10% yeast suspension was used as the growth
medium. The method of Rafikali and Na1) was modified and used
to conduct mosquito larvicidal activity tests. Ten fourth-instar mosquito
larvae were placed in 24.5 mL of degassed distilled water, followed
by the addition of 50@L of DMSO solution containing the test essential
oil or the known compound in a 30-mL cup, shaken lightly to ensure
’ h a homogeneous test solution, and incubated at the room temperature.
Indigenous cinnamonQinnamomum osmophloeukaneh.) A total of 8 essential oils and 14 known compounds were tested in
(Cinnamomum is an endemic tree that grows in Taiwan's this manner. Essential oils were tested at 400, 200, 100, 50, and 25
natural hardwood forests at elevations between 400 and 1500ug/mL, and each compound was tested at 50, 25, 12.5, 6.25, and 3.15
m. Chemical constituents of its leaf essential oil are similar to u«g/mL. The control was prepared with 24.5 mL of degassed distilled
those of the famou€. cassiabark oil (8, 15). Hu et al. (L5) water and 50@L of DMSO solution to which larvae were added. Each
analyzed the composition of essential oilsfosmophloeum ~ test was replicated four times. _ _
leaves collected randomly from 21 provenances in central, Mortalltywa_s recorded after 24 and 48 h of exposure, during which
southern, and eastern Taiwan and found that cinnamaldehydéﬂlo food was given to the larvae. Percent mortality was corrected for

- . control mortality using Abbott’s formula, and the results were plotted
;Vsj t?ﬁa?qﬂzr Zonrg)sltltvt\jzgt Ofrzgerﬁ:tofrTooTr]yléc)re%rs‘pr;?c\)lerT I?)r(]a(fjerﬁ on log/probability paper using the method of Finn2g)( Toxicity and
9 p . . - p . activity were reported as Légand LGy, representing the concentration
provenances. On the basis of differences in the chemicaliy micrograms per milliliter that caused 50 and 90% larval mortality,

composition of leaf essential off;. osmophloeuwas classified respectively, in 24 or 48 h.
into nine types: cassia type, cinnamaldehyde type, coumarin  Cluster Analysis. Percent composition of the essential oil samples
type, linalool type, eugenol type, camphor type, 4-terpinenol was used to determine differences among the eight provenances
type, linalool-terpinenol type, and mixed typd5). (A—H) of C. osmophloeunby cluster analysis using multivariate
Chang et al. § 16—19) found that the leaf essential oil of  statistical package (MVSP) software. Euclidean distance was selected
the cinnamaldehyde typ€. osmophloeunhas an excellent as a measure of similarity, and the unweighted pair-grogp method with
inhibitory effect against bacteria, termites, mites, mildew, and 2"thmetic average (UPGMA) was used for cluster definition.
fungi. However, there are no prior studies of mosquito larvicidal Statistical Analyses. Percent of mortality was determined and
g . . . o transformed to arcsine square-root values for analyses of variance
activity of leaf es_sentlal oils a_nd their compo_smon fran (ANOVA). Significant differencesR < 0.05) were determined by the
osmophloeumin light of the existence of chemical polymor-  gcpeffe test.
phism of leaf essential oil from different provenancesCof
osmophloeun(20), it is interesting to study differences in the
bioactivity of varieties of indigenous cinnamon leaf oils. In this
study leaf essential oils from eigBt osmophloeumrovenances Yields and Chemical Compositions of Essential Oils.
(Table 1, A—H) were analyzed by GC-MS for their chemical Distillation of eight provenances of. osmophloeunteaves
composition, and the mosquito larvicidal activities of these leaf Yielded from 0.13 to 4.69% (v/w) essential oils based on dry
essential oils were investigated. In addition, the mosquito Weight (Table 1). The highest oil content was found in
larvicidal activity of cinnamaldehyde congeners was also Provenance F (4.69%), followed by C (2.19%), G (1.11%), A
examined to elucidate the effects of chemical structure on the and B (1.02%), H (0.89%), E (0.82%), and D (0.13%).
mosquito larvicidal property. Compositions of the eight essential oils also are reported in
Table 1. A total of 54 compounds were identified in the eight
leaf essential oils, constituting 86-400% of the oils. The leaf
Isolation of Essential Oils. Leaves of eightC. osmophloeum essential oils Of, provgnances A, G,andH ShO,W the presence of
provenances (AH) were collected in July 2001 from the Lien Hua- 19, 19, and 10 identified C(_)mpounds a_cc_ountlng for 99.6, 99.3,
Chin Research Center and the Da-Pin-Ting of Taiwan Sugar Farm @nd 100% of the whole oil and containing 60.22, 85.32, and
located in Nantou County in central Taiwan. The species were identified 74.57%trans-cinnamaldehyde, respectively, as the major con-
by Yen-Ray Hsui of the Taiwan Forestry Research Institute, and stituent. Provenance B leaf essential oil contained 20 identified
voucher specimens (provenancest4) were deposited at the Labora-  compounds, accounting for 100% of the whole oil, and its main
tory of Wood Chemistry, School of Forestry and Resource Conserva- constituents werrans-cinnamaldehyde (50.93%) and cinnamyl
tion, National Taiwan University. The samples (150 g each), in acetate (28.48%). Provenance C leaf essential oil contained 19
triplicate, were subjected to hydrodlst.lllat.lon in a Clevenger-type identified compounds, accounting for 100% of the whole oil,
o ot Wi cinamyl acetae (44.94%) artanscinamaidehyce
(33.93%). Provenance D leaf essential oil contained 27 identified

chromatographymass spectrometry (GC-MS). . . .
GC-MS Analysis. The mass spectrometer was equipped with a compounds, accounting for 86.4% of the whole oil, with

PoLaris Q mass selective detector in the electron impact (EI) ionization T-cadinol (17.46%) anda-cadinol (11.68%) as its main
mode (70 eV). A Trace gas chromatograph was used and operated undegonstituents. Provenance E leaf essential oil contained 22

RESULTS AND DISCUSSION

MATERIALS AND METHODS

the following conditions: RTx-5 capillary column (30 s 0.25 mm;
film thickness= 0.25um); held at 80°C for 1 min, raised to 200C

at a rate of £#C/min, and held for 5 min; 256C injector temperature;
carrier helium at a flow rate of 10 mL/min; 1:10 split ratio. Diluted
samples (1.QcL, 1/100, v/v, in ethyl acetate) were injected manually
in the splitless mode. Identification of the major componentof
osmophloeunteaf oils was confirmed by comparison with standards,

by spiking, and on the basis of their mass spectral fragmentation using

identified compounds, accounting for 100% of the whole oil,

with camphor (43.99%) and bornyl acetate (20.81%) as its main

constituents. Provenance F leaf essential oil contained 11
identified compounds, accounting for 99.2% of the whole oil
and containing 90.61% linalool.

On the basis of their main constituents, cluster analysis of

the identified compounds classified the leaf oils into five main

the Wiley GC-MS library. The quantity of compounds was obtained 9roups Figure 1): trans-cinnamaldehyde (provenances A, G,

by integrating the peak area of the spectrograms.
Mosquito Larvicidal Test. Larvae ofA. aegypti(Kaohsiung strain)

and H), trans-cinnamaldehyde/cinnamyl acetate (provenances
B and C), T-cadinoti-cadinol (provenance D), camphor

were reared in the Department of Parasitology, Chang-Gung University, (provenance E), and linalool (provenance F). On the basis of



Table 1. Chemical Compositions of Leaf Essential Oils from Eight Provenances of C. osmophloeum

no. compound RT2 A B C D E F G H
1 benzaldehyde 412 1.74 2.07 0.87 b - - 1.75 5.92
2 camphene 4.33 - - 9.01 - 0.63 - - -
3 [-pinene 4.65 - - - - 224 - - -
4 p-cymene 5.38 - - - - - - 0.26 -
5 limonene 5.45 - - - - 8.70 - - -
6 salicylaldehyde 5.83 - - - - 1.79 0.77 - -
7 o-terpinene 6.74 - - - - 0.81 - - -
8 linalool oxide 6.77 - - - - - 0.59 - -
9 linalool 6.93 - - - 0.50 - 90.61 - -
10 camphor 8.29 - - 0.85 - 43.99 - 0.26 -
11 benzyl alcohol 8.32 - 0.44 - - - - - -
12 benzenepropanal 8.71 4.50 3.69 1.22 - - - 3.39 8.41
13 borneol 8.80 - - - 0.26 0.92 - - -
14 terpinene-4-ol 9.11 - - - - 4.22 - 0.44 -
15 o-terpineol 9.42 - - 0.21 0.80 2.18 0.55 - -
16 p-allylanisole 9.60 - - - 3.80 - - - -
17 anethole 9.64 1.78 1.25 0.38 - - 1.02 1.45 2.75
18 cis-cinnamaldehyde 10.33 1.10 1.00 0.62 - - - 1.42 1.32
19 geraniol 11.13 - - - 0.59 1.39 - - -
20 4-allyphenol 11.29 - - 0.32 - - - 0.31 -
21 trans-cinnamaldehyde 11.66 60.22 50.93 33.93 0.24 0.96 - 85.32 7457
22 citral 11.78 - - - - - 1.93 - -
23 bornyl acetate 12.15 4.69 1.61 0.48 9.75 20.81 - 0.17 -
24 cinnamyl alcohol 12.77 - - 0.23 - - - - -
25 eugenol 14.29 240 1.63 459 - 2.32 - 0.63 3.02
26 cyclosativene 14.57 - - - 0.38 - - - -
27 o-cubebene 14.84 0.57 - - 2.95 - - 0.41 -
28 o-fenchene 14.94 - - - - 1.53 - - -
29 humulen 15.30 - - - 0.18 - - - -
30 [-caryophyllene 16.19 471 1.09 1.07 - 1.60 1.02 0.66 0.80
31 coumarin 16.79 - - - 2.01 - 1.09 - -
32 cinnamy! acetate 16.83 7.54 28.48 44.94 - 0.74 - 0.43 1.89
33 o-caryophyllene 17.23 0.78 - - - - - - -
34 aromadendrene 17.42 - - - 3.03 - - - -
35 T-murrolene 17.82 - - - 177 - - - -
36 valencene 17.95 - - - 0.47 - - - -
37 o-murrolene 18.51 - - - 121 - - - -
38 y-murrolene 18.94 - - - 1.78 - - 0.20 -
39 f-cadinene 19.19 0.62 0.61 0.65 1.44 0.56 - 0.61 -
40 y-elemene 20.23 0.68 0.50 0.23 0.51 0.85 - 0.32 0.54
41 isoledene 20.80 0.54 - - 2.24 - 0.50 0.24 -
42 caryophyllene oxide 20.98 3.59 0.91 0.26 8.02 0.75 0.49 0.68 0.79
43 guaiol 21.32 0.72 - - 0.68 0.46 - - -
44 o-guaiene 21.54 - - - 0.80 - - - -
45 unknown 22.20 - - - 10.32 - - - -
46 copaene 22.25 - 0.35 - - - - 0.34 -
47 T-cadinol 22.55 0.89 0.74 0.43 17.46 1.56 0.63 - -
48 o-cadinol 22.94 - 0.61 051 11.68 0.97 - - -
49 azunol 23.48 - - - 2.94 - - - -
50 [-cadinol 26.67 - - - 0.61 - - - -
51 rimuen 30.03 141 1.75 - - - - - -
52 labda-8(20),12,14-triene 30.39 - 0.38 - - - - - -
53 verticiol 31.79 111 157 - - - - - -
54 kaur-16-ene 32.82 - 0.39 - - - - - -
identified components (%) 99.6 100.0 100.0 86.4 100.0 99.2 99.3 100.0
monoterpenes (%) 0 0 9.01 0 13.91 0 0.26 0
oxygenated monoterpenes (%) 4.69 1.61 1.54 11.90 73.51 93.68 0.87 0
sesquiterpenes (%) 7.36 2.55 1.95 14.52 3.01 1.02 2.54 134
oxygenated sesquiterpenes (%) 5.74 2.26 1.20 51.01 3.74 1.62 0.92 0.79
diterpenes (%) 141 2.52 0 0 0 0 0 0
oxygenated diterpenes (%) 111 1.57 0 0 0 0 0 0
other (%) 79.28 89.49 87.10 8.99 5.81 2.88 94.70 97.88
oil yield (%, v/dry wt) 1.02 1.02 219 0.13 0.82 4.69 1.11 0.89

aRetention time (minutes). ° Not detected.

the classification by Hu et al1f) and the results obtained from  oil from provenance D was classified as a mixed type because
cluster analysis in this study, we classified the leaf essential of the lack of a dominant compound.

oils of provenances A, G, and H as the cinnamaldehyde type, Mosquito Larvicidal Activity of Essential Oils. Mosquito
those of provenances B and C as the cinnamaldehyde/cinnamylarvicidal activities of the five chemotypes 6f osmophloeum
acetate type, that of provenance E as the camphor type, andeaf essential oil against fourth-instar yellow fever mosqu#to (
that of provenance F as the linalool type. However, the essentialaegypt) larvae are shown ifigure 2. Results showed that the
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Figure 1. Dendrogram obtained by cluster analysis of the percentage

composition of essential oils from eight provenances of C. osmophloeum.
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Figure 2. Mosquito larvicidal activities of leaf essential oils from five
chemotypes of C. osmophloeum against the yellow fever mosquito A.
aegypti after 24 h. Means (n = 4) were determined using 10 fourth-
instar mosquito larvae per replicate. Numbers followed by different letters
(a—f) are significantly different at the level of P < 0.05 according to the
Scheffe test.

Table 2. LCsy and LCyq Values of Leaf Essential Qils of Five
Chemotypes of C. osmophloeum against Yellow Fever Mosquito A.
aegypti Larvae

24h 48 h
LCSO LCQO LCSO LCQO
chemotype (ug/mL)  (ugimbL)  (ug/mL)  (ug/mL)
cinnamaldehyde type 36 79 23 43
(provenance G)
cinnamaldehyde/cinnamyl acetate 44 85 34 76
type (provenance B)
mixed type (provenance D) 108 180 94 168
camphor type (provenance E) 115 189 109 182
linalool type (provenance F) 177 296 144 318

Table 3. LCsp and LCq Values of 11 Compounds in C. osmophloeum
Leaf Essential Qils against Yellow Fever Mosquito A. aegypti Larvae

24h 48h
LCso LCq LCso LCy
compound (ug/mL) (ug/mL) (ug/mL) (ug/mL)

cinnamaldehyde 29 48 21 42
cinnamyl acetate 33 >50 26 48
benzaldehyde >50 >50 33 >50
camphor >50 >50 >50 >50
benzenepropanal >50 >50 >50 >50
eugenol 33 >50 13 37
bornyl acetate >50 >50 48 >50
p-caryophyllene >50 >50 34 >50
caryophyllene oxide >50 >50 >50 >50
anethole 42 >50 16 38
linalool >50 >50 >50 >50

toxicity againstA. aegyptiarvae in 24 h, the L& values being

36 and 44ug/mL with corresponding L& values of 79 and 85
ug/mL, respectively Table 2). When incubation was extended

to 48 h, the LG values of these two chemotypes werei2f3

mL (LCgp = 43 ug/mL) and 34ug/mL (LCyo = 76 ug/mL),
respectively. Chang et a6 examinedCalocedrus formosana
leaf essential oil again#. aegyptilarvae and found complete
mortality at a concentration of 200 ppm. Araujo et 2B)(also
found thatHyptis martiusiileaf essential oils induced 100%
mortality of A. aegyptilarvae after 1 day at a dosage of 500
mg/L. From comparisons of the results mentioned above, the
essential oils of both cinnamaldehyde type (provenance G) and
cinnamaldehyde/cinnamyl acetate type (provenance B) have
excellent mosquito larvicidal activities.

Mosquito Larvicidal Activity of Main Compounds in
Essential Oils.Eleven main compounds in indigenous cinnamon
leaf essential oils were tested for mosquito larvicidal activity
against fourth-instaA. aegypti As shown inTable 3, among
the 11 compounds tested for 24 h, cinnamaldehyde, cinnamyl
acetate, eugenol, and anethole exhibited the strongest activities
(LCsp < 50 ug/mL). The LGy values of these four compounds
were 29, 33, 33, and 42g/mL, respectively. It is clear that
cinnamaldehyde has the best mosquito larvicidal activity, with
an LG of 29 ug/mL (LCyo = 48 ug/mL). When the test was
extended to 48 h, the Lggvalues of cinnamaldehyde, cinnamyl
acetate, eugenol, and anethole were 42, 48, 37, and)38L,
respectively Table 3). Although cinnamaldehyde, cinnamyl
acetate, eugenol, and anethole all possess a stronger mosquito
larvicidal activity, eugenol and anethole exist in only minor
guantities in the leaf essential oils of &l. osmophloeum
provenances (AH). In addition, cinnamyl acetate also exists
as a minor essential oil constituent in most provenances except
in provenances B (28.48%) and C (44.94%). Therefore,
cinnamaldehyde clearly is responsible for the excellent mos-
quito larvicidal activity of provenance G and B essential

cinnamaldehyde type (provenance G) and cinnamaldehyde/oils.

cinnamyl acetate type (provenance B) induced 100% larval

mortality of A. aegyptiafter 24 h with a dosage of 1Q@y/mL.

However, a dosage of 2Q@/mL of camphor type (provenance
E) and a dosage of 4Q@y/mL of mixed type (provenance D)

Araujo et al. 3) demonstrated that 1,8-cineole caused a high
mortality rate ofA. aegyptiarvae after 1 day of test at a dosage
as low as 100 mg/L. Rahuman et aR4) also found that
n-hexadecanoic acid irFeronia limonia dried leaves was

and linalool type (provenance F) were required to reach 100% effective against fourth-instar larvae Gtilex quinquefasciatus
larval mortality Figure 2). Because the essential oils of mixed Anopheles stephensindA. aegyptiwith LCso values of 129.24,
type (provenance D), camphor type (provenance E), and linalool 79.58, and 57.23 ppm, respectively. In another investigation,

type (provenance F) showed an 4G 100 ug/mL against
fourth-instarA. aegyptilarvae in 24 h Table 2), they conse-

Ramsewak et al.26) found that both linoleic acid and oleic
acid isolated from the hexane Biirca palustrisseeds had an

quently were considered to be not active. Both the cinnamal- LCsp value of 100ug/mL when tested against fourth-instr
dehyde type (provenance G) and cinnamaldehyde/cinnamylaegyptilarvae at 24 h. The results of the present study suggest
acetate type (provenance B) essential oils showed an excellenthat cinnamaldehyde is a potential natural mosquito larvicide.
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Figure 3. Chemical structures of cinnamaldehyde congeners: (1)
benzaldehyde, (2) 4-hydroxybenzaldehyde, (3) benzenepropanal, (4)
cinnamyl alcohol, (5) cinnamaldehyde, (6) cinnamyl acetate, and (7)
cinnamic acid.

Table 4. LCs and LCq Values of Cinnamaldehyde Congeners in the
Mosquito Larvacidal Assay against the Yellow Fever Mosquito A.

aegypti

24h 48h
LCso LCo0 LCso LCoo
compound («g/mL) (ug/mL) (ug/mL) («g/mL)

cinnamyl acetate 33 >50 26 48
cinnamic acid >50 >50 >50 >50
cinnamyl! alcohol >50 >50 >50 >50
cinnamaldehyde 29 48 21 42
4-hydroxybenzaldehyde >50 >50 >50 >50
benzaldehyde >50 >50 33 >50
benzenepropanal >50 >50 >50 >50

Mosquito Larvicidal Activity of Cinnamaldehyde Conge-
ners. To examine the structuremosquito larvicidal activity
relationships, cinnamic acid, cinnamyl alcohol, and cinnamyl
acetate Figure 3) with their chemical structures similar to
cinnamaldehyde were studied for mosquito larvicidal activity.
Table 4 presents the L and LGy values of these compounds
against yellow fever mosquitd. aegypti showing that cinna-
maldehyde had the strongest mosquito larvicidal activity. The
24-h mosquito larvicidal activity of these four cinnamaldehyde
congeners in order was cinnamaldehyde {4 € 29 ug/mL;
LCgo = 48ug/mL) > cinnmyl acetate (L& = 33 ug/mL; LCqo
> 50 ug/mL) > cinnamic acid (LGo > 50 ug/mL; LCqp > 50
ug/mL) = cinnamyl alcohol (LGy > 50 ug/mL; LCqo > 50
ug/mL). It is noted that cinnamaldehyde with an aldehyde group
has the best mosquito larvicidal activity. Thus, the mosquito
larvicidal activities of 4-hydroxybenzaldehyde, benzenepropanal,
and benzaldehydé&igure 3) also were studied. The lsgvalues
of all three of these compounds wer&0 ug/mL. These results

suggest that a compound having a conjugated double bond and
a long CH chain outside the ring, such as cinnamaldehyde, has

a much stronger mosquito larvicidal activity. A similar observa-
tion also was noted in our previous study on the antibacterial
(8), antitermitic (L6), and antifungal activities10) of C.
osmophloeum

In conclusion, this study demonstrates that the cinnamalde-
hyde type and cinnamaldehyde/cinnamyl acetate typ€.of
osmophloeumleaf essential oils have excellent mosquito
larvicidal activities and that cinnamaldehyde is responsible for
such activity. Therefore, cinnamaldehyde as well as the cinna-

maldehyde type and cinnamaldehyde/cinnamyl acetate type
essential oils are natural and more selective larvicides against
A. aegyptilarvae.
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