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Abstract. The larvicidal and pupacidal effects of eight herbal essential oils were
tested against third instar (L), fourth instar (L,), and pupal stages of Culex
quinquefasciatus and Anopheles minimus. Probit analysis was used to analyze the
data. The larval mortality was recorded at 1, 5, 10, 30, and 60 minutes, and 24
hours. Pupal mortality was also recorded at 24 hours intervals for 96 hours when
completed mortality was achieved. Citronella grass oil #2 (Cymbopogon nardus)
proved to have the greatest toxicity against 3" instar Cx. quinquefasciatus and An.
minimus with LT, at 1.2 and <0.2 minute, respectively. It exhibited a high level of
effectiveness against 4" instar Cx. quinquefasciatus (LT, at 5.1 minutes) and An.
minimus (LT, at 0.9 minute). Regarding pupacidal activity, Cx. quinquefasciatus
and An. minimus pupae were susceptible to Lemon grass oil (LT, at 1.2 hours)
and Citronella grass oil #1 (LT, at 0.6 hour), respectively. These oils had larvicidal
and pupacidal activities with 100% mortality against L,, L, and pupal stage
Cx. quinquefasciatus at 10 minutes, 30 minutes and 24 hours. They also caused 100%
mortality of An. minimus at 5 minutes (L; L,), and 24 hours (pupal stage).

Key words: essential oil, larvicide, pupacide, Anopheles minimus, Culex
quinquefasciatus

INTRODUCTION ing mosquito densities before they emerge
as adults. Larval stages breed in water and
are more easily dealt with in this habitat;
therefore, they are attractive targets for
pesticides (Chowdhury et al, 2008). They
are killed before they disperse to human
habitations. Larvae, unlike adult mosqui-
toes, cannot change their behavior to avoid
mosquito control measures (Killeen et al,

2002). Larviciding depends largely on the

Larviciding is one approach to vector
control carried out at breeding centers of
the vectors (Mohan and Ramaswamy,
2007). This is a successful way of reduc-
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use of organophosphate synthetic chemi-
cal insecticides (eg, temephos, fenthion)
and insect growth regulators (eg,
diflubenzuron, methoprene) (Ali et al,
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1995). In the past, vectors formed resis-
tance to synthetic insecticides, which were
expensive and not well accepted by the
community (Brown, 1986).

During the last decade, there have
been attempts at development of alterna-
tive, environmentally friendly and sustain-
able approaches for mosquito control us-
ing natural products with greater target
specificity, lower bioaccumulation proper-
ties and reduction of malignancy in non-
target animals (Benner, 1993). These natu-
ral products utilized as mosquito insecti-
cides limit the environmental impact of
pesticides due to shorter latency, which
may be beneficial for preventing the evo-
lution of resistance (Hardin and Jackson,
2009). There have been no reports of resis-
tance by pests and vectors against botani-
cals (Madhumathy et al, 2007). Active in-
gredients from many plants have been rec-
ognized, isolated, purified and formulated
as insecticides. The control of mosquito
larvae using indigenous medicinal plants
is beneficial in developing countries, such
as Thailand and its Southeast Asian neigh-
bors. Many studies have shown chemicals
from indigenous plants in Thailand have
insecticidal properties against mosquitoes
(Komalamisra et al, 2005; Promsiri et al,
2006; Tawatsin et al, 2006).

The purpose of this study was to in-
vestigate the potential for eight herbal es-
sential oils, prepared as recommended by
KMITL's laboratory, of being used against
the immature stages of Culex quinque-
fasciatus and Anopheles minimus.

MATERIALS AND METHODS

Mosquitoes

In this study, Cx. quinquefasciatus and
An. minimus, were used. Both species of
mosquito were raised in the laboratory of
the Entomology and Environment Pro-
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gram, Plant Production Technology Sec-
tion, Faculty of Agricultural Technology,
King Mongkut’s Institute of Technology
Lad Krabang (KMITL), Bangkok. Larvae
were reared in plastic trays (size 30x35x5
cm) containing 2 liters tap water and fed
on fine fish food. The mosquitoes were
maintained and all experiments carried
out at 26-28°C with 70-80% relative humid-
ity. Adult mosquitoes were maintained in
cages (size 30x30x30 cm) and continuously
provided with 10% sucrose. On Days 5-7,
the females were given a blood meal via
artificial membrane method. A few days
after the blood meal, the gravid mosqui-
toes laid their eggs. Third and fourth in-
star larvae and pupal stages, were used for
the experiments.

Plant materials

Eight herbal essential oils (10%) in
ethyl alcohol were used in this study (Table
1). These oils were provided by the me-
dicinal plant laboratory of KMITL. All for-
mulations were kept at room temperature
before being testing.

Bioassay procedures

The test procedures were done accord-
ing to World Health Organization (1981).
One milliliter of tested oil was added to
99 ml distilled water in a 250 ml plastic
cup, which was shaken lightly to ensure a
homogeneous test solution. Ten specimens
each of immature mosquitoes, L,L, and
pupal stages of both An. minimus and Cx.
quinquefasciatus were divided into respec-
tive groups and placed in cups. No food
was provided during the treatment. Lar-
val mortality rates were recorded at 1
minute intervals for 5 minutes, then 10
minutes intervals for 60 minutes, and then
at 24 hours. The pupae were observed for
96 hours for mortality. Larvae were con-
sidered dead if they were incapable of ris-
ing to the surface or did not show the char-
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Table 1
List of herbal essential oils tested in this study.

No. Common name Botanical name

Family

Therapeutic property

28 : Citronella grass#1 oil Cymbopogon nardus L.

37: Clove#1 oil Syzygium aromaticum L.

38: Clove#2 oil Syzygium aromaticum L.

39 : Citronella grass#2 oil Cymbopogon nardus L.

41 : Eucalyptus oil Eucalyptus citriodora
Hook
Cymbopogon citratus DC.

Stapf

42 : Lemon grass oil

: Sweet basil oil Ocimum basilicum L.

45: Ylang-ylang oil

Poaceae

Myrtaceae

Myrtaceae

Poaceae

Myrtaceae

Poaceae

Lamiaceae

Cananga odorata Lamk. Annonaceae

Antiseptic, bactericidal, deodorant,
diaphoretic, parasitic, tonic,
stimulant, insecticide.

Analgesic, antiseptic, antispasmodic,
anti-neuralgic, carminative,
anti-infectious, disinfectant,
stimulant, stomachic, uterine,

tonic, insecticide.

Analgesic, antiseptic, antispasmodic,
anti-neuralgic, carminative,
anti-infectious, disinfectant,
stimulant, stomachic, uterine,

tonic, insecticide.

Antiseptic, bactericidal, deodorant,
diaphoretic, parasitic, tonic,
stimulant, insecticide.

Antifungal, antimicrobial, antiseptic,
anti-inflammatory, bactericidal
Analgesic, antifungal,
anti-inflammatory, antiseptic,
antiviral, bactericidal, digestive,
febrifuge, tonic, insecticidal
Antiemetic, antiseptic, antispasmodic,
carminative, cephalic, expectorant,
immune support, insecticide
Antidepressant, antiseborrheic,
antiseptic, aphrodisiac, hypotensive,
nervine and sedative.

acteristic dicing reaction when the water
was disturbed (Tiwary et al, 2007). The
mean mortality number were recorded.
Each experiment was performed in five
replicates with a simultaneous control
(1 ml 70% ethanol in 99 ml water).

LT,, values (Iethal time for 50% mor-
tality) were calculated using probit analy-
sis. The mortality data was analyzed by
Duncan’s multiple range test using SPSS
for Windows (version 16.0).
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RESULTS

The LT, values for the eight herbal
essential oils against third and fourth in-
star larvae and pupal stage of Cux.
quinquefasciatus and An. minimus are
shown in Tables 2 and 3. These clearly in-
dicate Citronella grass #2 oil (no. 39) ex-
hibited the highest toxicity against L, and
L, Cx. quinquefasciatus and An. minimus.
The LT,, values for 3™ instar Cx.

Vol 41 No. 6 November 2010



LARrviciDAL AND PuPACIDAL ACTIVITIES OF HERBAL EsSENTIAL OILS

Table 2
LT, values of eight herbal essential oils against third and fourth instars of
Cx. quinquefasciatus and An. minimus.

No. of herbal essential oils

LT, (min)

31d jnstar

4t instar

Cx. quinquefasciatus

An. minimus Cx. quinquefasciatus An. minimus

28: Citronella grass #1 oil 33.1
(31.0-35.4)
37: Clove #1 oil 1.8
38: Clove #2 oil 21.8
(17.6-26.6)
39: Citronella grass #2 oil 1.2
(0.8-1.6)
41: Eucalyptus oil 11.7
(5.0-19.6)
42: Lemon grass oil 281.4
44: Sweet basil oil 964.8
(<47.1-1,192.6)

1,032.3

45: Ylang-ylang oil

9.5 44.0 19.2
(8.9-10.3) (41.5-46.7) (17.3-21.3)
5.8 22.6 5.8

(5.3-7.5) - -
20.6 281.4 236.6
(16.8-25.3) - (216.1-263.8)
<0.2 5.1 0.9
(0.0-0.2) - (0.6-1.1)
6.5 28.3 12.4
(6.0-7.2) (26.6-29.9) (5.8-26.2)
4.7 14.8 14.3
(4.4-5.0) (12.1-18.1) (12.8-16.0)
51.7 1,066.6 51.6
(45.8-59.8) (381.7-1,239.5) (47.0-57.9)
92.9 1,033.7 137.1
(74.6-139.2) (475.7-1,212.0) -

LTy,

quinquefasciatus and An. minimus were 1.2
and <0.2 minute, respectively, and the LT,
values for L, instars were 5.1 and 0.9 min-
utes, respectively. Ylang-ylang oil (no. 45)
exhibited the lowest activity against L, Cx.
quinquefasciatus and An. minimus, of 1,032.3
and 92.9 minutes, respectively. The essen-
tial oils which exhibited the least toxicity
against L, Cx. quinquefasciatus and An.
minimus were Sweet basil oil (no. 44) with
an LT, of 1,066.6 minutes, and Clove #2
oil (no. 38) with an LT, of 236.6 minutes.
The essential oil most active against Cx.
quinquefasciatus pupae was Lemon grass
oil (no. 42) with an LT, of 1.2 hour. Cit-
ronella grass #1 oil (no. 28) had the great-
est LT, level against An. minimus pupae
of 0.6 hour.
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Lethal time for 50% mortality at 95% confidence limit

Larvicidal activity of the eight herbal
essential oils against 3' instars 24 hours
after exposure, was 98-100% for Cx.
quinquefasciatus and 100% for An. minimus
(Table 4). Citronella grass #2 oil (no. 39)
gave 100% mortality against 3™ instar An.
minimus and Cx. quinquefasciatus at 5 and
10 minutes, respectively. The mortality
rates of the eight herbal essential oils
against 4" instar of Cx. quinquefasciatus and
An. minimus were 94-100% and 100%, re-
spectively (Table 5). Citronella grass #2 oil
(no. 39) exhibited high efficacy against
mosquito species, with 100% mortality at
5 minutes against An. minimus and at 30
minutes against Cx. quinquefasciatus.

Data regarding the pupacidal activity
of the essential oils against the two spe-
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Table 3
LT, values for eight herbal essential oils against the pupal stage of
Cx. quinquefasciatus and An. minimus

LT50 (hr)
No. of herbal essential oils
Cx. quinquefasciatus An. minimus
28: Citronella grass #1 oil 1.5 0.6
(1.3-2.0) (0.5-0.7)
37: Clove #1 oil 25.1 22.9
38: Clove #2 oil 28.3 24.5
(25.5-31.6) -
39: Citronella grass #2 oil 21.4 0.9
- (0.9-1.0)
41: Eucalyptus oil 11.4 0.8
(7.0-29.2) -
42: Lemon grass oil 1.2 1
(1.0-1.4) (0.9-1.1)
44: Sweet basil oil 28.7 1
- (0.9-1.2)
45: Ylang-ylang oil 23.2 1.5
- (1.3-1.7)

LT50, Lethal time for 50% mortality at 95% confidence limit

cies of mosquitoes is presented in Table 6.
Six of eight essential oils gave 100% mor-
tality against An. minimus pupae at 24
hours, but Clove #1 oil (no. 37) and Clove
#2 oil (no. 38) did not give 100% mortality
by 24 hours, but all herbal essential oils
induced 100% mortality 48 hours after ex-
posure. For Cx. quinquefasciatus pupae six
herbal essential oils induced 100% mortal-
ity, by 72 hours, but Sweet basil oil (no.
44) and Ylang-ylang oil (no. 45) did not
give 100% mortality.

DISCUSSION

Larvicide application is a successful
way of reducing mosquito densities in
their habitats before they emerge as adults.
In this study, eight herbal essential oils had
a highly toxic effect against L,, L, instars
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and pupal stages of both Cx. quinque-
fasciatus and An. minimus.

Cymbopogon sp essential oils have lar-
vicidal and pupacidal activity against im-
mature Cx. quinquefasciatus and An.
minimus mosquitoes. Citronella grass #2 oil
(C. nardus) proved to have insecticidal ef-
ficacy against both L, and L, instars and
Lemon grass oil (C. citratus) and Citronella
grass oil #1 (C. nardus) exhibited toxicity
against pupae. Citronella grass #2 oil had
greater larvicidal activity against third in-
stars at 1 minute (p < 0.05) and fourth in-
stars at 5 minutes (p < 0.05). It also gave
100% mortality against Cx. quinquefasciatus
and An. minimus, at 10 minutes and 5 min-
utes (L,) and at 30 minutes and 5 minutes
(L,), respectively. C. nardus was found to
have larvicidal action against late 3 in-
star Cx. quinquefasciatus larvae (Ranaweera

Vol 41 No. 6 November 2010
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and Dayananda, 1996) and adulticidal ac-
tivity or repellant activity against Ae.
aegypti adults (Zaridah et al, 2006). Cit-
ronella grass #2 oil (no. 39) exhibited less
pupacidal activity against pupal stages
than Lemon grass oil (no. 42) and Cit-
ronella grass #1 oil (no. 28). These oils were
found to have a higher rate of pupacidal
activity against Cx. quinquefasciatus (LT,
at 1.2 hour) and An. minimus (LT, at 0.6
hour), respectively. Sukumar et al (1991)
reported C. citratus caused significant
growth inhibition and mortality in later
developmental stages of Ae. aegypti. How-
ever, four of the eight essential oils tested
exhibited pupacidal activity against An.
minimus pupae (90-98%) at 1 hour (p >0.05).
Five of the eight essential oils tested exhi-
bited toxicity against Cx. quinquefasciatus
pupae (90-100%) at 24 hours (p > 0.05)
(Table 6). Although Citronella grass #1 oil
(no. 28) and Citronella grass #2 oil (n0.39)
were extracted from the same plant mate-
rial (Cymbopogon nardus) they had different
inert ingredients in each formulations.
Thus, they had the different results for LT,,
and % mortality.

Our results agree with those of Amer
and Mehlhorn (2006) where herbal essen-
tial oils were tested against the larvae and
pupae of Cx. quinquefasciatus and An.
minimus, showing anophelines were more
sensitive than culicines. Herbal oils toxic-
ity gave an LTs,, against An. minimus of
<0.2 minute (L,), 0.9 minute (L,) and < 1
hour (pupal stage).

Cymbopogon nardus and C. citratus
showed larvicidal and pupacidal activity
against both Cx. quinquefasciatus and An.
minimus in the laboratory. These essential
oils might be used to control vectors in the
endemic areas without damaging the en-
vironment. These larvicides may best be
used in small breeding places, such as con-
tainers and coolers, where the water is
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stagnant (Ansari et al, 2005) because it is
easier to kill larvae in stagnant water than
to kill adult mosquitoes. Field trials are
needed to assess the efficacy, cost-effective-
ness and effects against non-target organ-
isms of these essential oils.

ACKNOWLEDEMENTS

Authors are thankful to the Depart-
ment of Entomology, Armed Forces Re-
search Institute of Medical Sciences
(AFRIMS), Bangkok, Thailand for provid-
ing the An. minimus eggs. We also wish to
express our gratitude to Col Chaiya-
phruk Pilakasiri for reviewing the manu-
script.

REFERENCES

Ali A, Nayar JK, Xue RD. Comparative toxic-
ity of selected larvicides and insect growth
regulators to a Florida laboratory popu-
lation of Aedes albopictus. | Am Mosq Con-
trol Assoc 1995; 11: 72-6.

Amer A, Mehlhorn H. Larvicidal effects of vari-
ous essential oils against Aedes, Anopheles,
and Culex larvae (Diptera, Culicidae).
Parasitol Res 2006; 99: 466-72.

Ansari MA, Mittal PK, Razdan RK, Sreehari
U. Larvicidal and mosquito repellent ac-
tivities of Pine (Pinus longifolia, family:
Pinaceae) oil. | Vector Borne Dis 2005; 42:
95-9.

Benner JP. Pesticidal compounds from higher
plants. Pestic Sci 1993; 39: 95-102.

Brown AW. Insecticide resistance in mosqui-
toes: a pragmatic review. | Am Mosq Con-
trol Assoc 1986; 2: 123-40.

Chowdhury N, Ghosh A, Chandra G. Mos-
quito larvicidal activities of Solanum
villosum berry extract against the dengue
vector Stegomyia aegypti. BMC Compl
Altern Med 2008; 8: 10.

Hardin JA, Jackson FLC. Applications of natu-
ral products in the control of mosquito-

Vol 41 No. 6 November 2010



LARrviciDAL AND PuPACIDAL ACTIVITIES OF HERBAL EsSENTIAL OILS

transmitted diseases. Afr | Biotechnol 2009;
8:7373-8.

Killeen GF, Fillinger U, Knols BG. Advantages
of larval control for African malaria vec-
tors: low mobility and behavioural re-
sponsiveness of immature mosquito
stages allow high effective coverage. Ma-
lar ] 2002; 1: 8.

Komalamisra N, Trongtokit Y, Rongsriyam Y,
Apiwathnasorn C. Screening for larvicidal
activity in some Thai plants against four
mosquito vector species. Southeast Asian |
Trop Med Public Health 2005; 36: 1412-22.

Madhumathy AP, Aivazi AA, Vijayan VA. Larvi-
cidal efficacy of Capsicum annum against
Anopheles stephensi and Culex quinquefasciatus.
] Vector Borne Dis 2007; 44: 223-6.

Mohan DR, Ramaswamy M. Evaluation of lar-
vicidal activity of the leaf extract of a weed
plant, Ageratina adenophora, against two
important species of mosquitoes, Aedes
aegypti and Culex quinquefasciatus. Afr |
Biotechnol 2007; 6: 631-8.

Promsiri S, Naksathit A, Kruatrachue M,
Thavara U. Evaluations of larvicidal ac-
tivity of medicinal plant extracts to Aedes
aegypti (Diptera: Culicidae) and other ef-
fects on a non target fish. Insect Sci 2006;
13: 179-88.

Vol 41 No. 6 November 2010

Ranaweera SS, Dayananda KR. Mosquito-lar-
vicidal activity of Ceylon citronella
(Cymbopogon nardus (L.) Rendle) oil frac-
tions. | Nat Sci Coun Sri Lanka 1996; 24: 247-
52.

Sukumar K, Perich MJ, Boobar LR. Botanical
derivatives in mosquito control: a review.
J Am Mosq Control Assoc 1991; 7: 210-37.

Tawatsin A, Asavadachanukorn P, Thavara U,
et al. Repellency of essential oils extracted
from plants in Thailand against four mos-
quito vectors (Diptera: Culicidae) and
oviposition deterrent effects against Aedes
aegypti (Diptera: Culicidae). Southeast
Asian | Trop Med Public Health 2006; 37:
915-31.

Tiwary M, Naik SN, Tewary DK, Mittal PK,
Yadav S. Chemical composition and lar-
vicidal activities of the essential oil of Zan-
thoxylum armatum DC (Rutaceae) against
three mosquito vectors. | Vector Borne Dis
2007; 44: 198-204.

World Health Organization (WHO). Instruc-
tions for determining the susceptibility or
resistance of mosquito larvae to insecti-
cides. WHO/VB(C/81.807.19. 1981.

Zaridah MZ, Azah MAN, Rohani A. Mosqui-
tocidal activities of Malaysian plants. |
Trop Forest Sci 2006; 18: 74-80.

1351



