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Abstract. We conducted this study to investigate the efficacy of herbal essential
oils from 12 species of Zingiberaceae plants to determine their larvicidal and pu-
picidal activity against fourth instar larvae and pupae of Aedes aegypti and Culex
quinquefasciatus mosquitoes. Probit analysis was used to analyze the data. Larval
mortality was recorded at 1, 5, 10, 15, 30 and 60 minutes and 24 hours. Pupal
mortality was recorded at 15 and 30 minutes and 1, 3, 6, 12, 24 and 48 hours. All
the essential oils tested showed larvicidal activity. Zingiber cassumunar and Amo-
mum biflorum oils proved to have the greatest activity against Ae. aegypti larvae
with LT, of 1.4 minutes and 100% mortality at 5 and 10 minutes, respectively.
Boesenbergia rotunda, Curcuma zedoaria and Hedychium coronarium essential oils
had activity against Cx. quinquefasciatus larvae with LT, of 1.7 minutes and 100%
mortality at 10 minutes, 5 minutes and 15 minutes, respectively. All the herbal
essential oils tested resulted in 100% mortality against Ae. aegypti and Cx. quin-
quefasciatus larvae at 60 minutes and 30 minutes, respectively. Ae. aegypti and Cx.
quinquefasciatus pupae were susceptible to Z. ottensii oil (LT, of 0.2 hour) and Z.
zerumbet oil (LT, of 0.6 hour) and had pupicidal activity with 100% mortality at 6
and 3 hours, respectively. All the essential oils test had pupicidal activity against
Ae. aegypti and Cx. quinquefasciatus by inducing 100% mortality at 48 hours.

Keywords: herbal essential oil, larvicide, pupicide, Aedes aegypti, Culex quinque-
fasciatus

INTRODUCTION

Mosquitoes are a major public
health problem worldwide. Vector borne
diseases carried by mosquitoes cause
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major health problems in many countries
(Kovendan and Murugan, 2011). Aedes
aegypti, the primary vector for dengue and
yellow fever is distributed widely in the
tropics and subtropics (Paul et al, 2006).
Cx. quinquefasciatus is a vector of Japanese
encephalitis (JE) and causes annoyance,
may cause dermatitis (Shultz et al, 2008)
and is a vector for lymphatic filariasis.
(Bernhard et al, 2003).

A common approach for mosquito
vector control and to reduce vector
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borne diseases is chemical insecticide
intervention measures (Paul et al, 2006).
Synthetic insecticides may have adverse
environmental effects, high cost and poor
community acceptance (Sutthanont et al,
2010). Natural products used as insec-
ticides may have less of an environmental
impact due to shorter latency, possibly
resulting in reduced resistance (Hardin
and Jackson, 2009).

Larviciding is an effective method to
reduce mosquito densities before they
emerge as adults and synthetic insecti-
cides have been widely used for this
purpose (Tiwary et al, 2007). The larvicides
may best be used in small breeding places,
such as containers and coolers, where the
water is stagnant (Ansari et al, 2005) be-
cause it is easier to kill larvae in stagnant
water than to kill adult mosquitoes. Essen-
tial oils of many plants have been observed
to have mosquito larvicidal and pupicidal
properties (Tewtrakul et al, 1998; Ko-
malamisra et al, 2005; Promsiri et al, 2006;
Phasomkusolsil and Soonwera, 2010).

The purpose of this study was to
investigate the larvicidal and pupicidal
activities of essential oils from 12 species
of Zingiberaceae plants against Aedes
aegypti and Culex quinquefasciatus using a
standard WHO method under laboratory
conditions (WHO, 2005).

MATERIALS AND METHODS

Mosquitoes

In this study, Ae. aegypti and Cx.
quinquefasciatus mosquitoes were used.
Both types of mosquitoes were raised in
the Entomology and Environment Labo-
ratory, Plant Production Technology Sec-
tion, Faculty of Agricultural Technology,
King Mongkut’s Institute of Technology
Ladkrabang (KMITL), Bangkok, Thailand.
The mosquitoes were maintained and all
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experiments carried out at 26-28°C with
70-80% relative humidity. Adult mosqui-
toes were maintained in cages (30x30x30
cm) and fed 5% glucose solution in water
soaked on cotton pads. On days 5-7, the
females were given a blood meal via artifi-
cial membrane method. Two to three days
after the blood meal, the gravid mosqui-
toes laid their eggs. Larvae were reared
in plastic trays (30x35x5 cm) containing
2 liters of tap water and fed on fine fish
food. Fourth instar larvae and pupae were
used for the experiments.

Plant materials

Twelve herbal essential oils (10%)
in ethyl alcohol were used in this study
(Table 1). These oils were provided by
the medicinal plant laboratory, Faculty of
Agricultural Technology, KMITL. All for-
mulations were kept at room temperature
before testing.

Bioassay procedures

The test procedures were conducted
according to World Health Organization
(2005) recommendations. One milliliter
of test oil was added to 99 ml distilled
water in a 250 ml plastic cup, which was
shaken lightly to ensure a homogeneous
test solution. Twenty-five specimens each
of fourth instar larvae and pupae of Ae.
aegypti and Cx. quinquefasciatus were di-
vided into respective groups and placed
in cups. No food was provided during
the treatment. The larval mortality was
recorded at 1, 5, 10, 15, 30 and 60 minutes
and at 24 hours while pupal mortality
was recorded at 15 and 30 minutes and
1, 3, 6, 12, 24 and 48 hours. Larvae were
considered dead if they were incapable of
rising to the surface or did not show the
characteristic diving reaction when the
water was disturbed (Tiwary et al, 2007).
The mean mortality was recorded. Each
experiment was performed in five repli-
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Table 2
LT,, values of twelve essential oils from Zingiberaceae plants against fourth instar
larvae and pupae of Ae. aegypti and Cx. quinquefasciatus.

LT,, (min) in larval stage LT,, (hr) in pupal stage
Herbal
essential oils Ae. aegypti Cx. quinquefasciatus Ae. aegypti  Cx. quinquefasciatus
Alpinia sp 13.2 (12.6-14.0) 3.7() 0.4 (0.1-0.7) 1.0 (0.8-1.3)
Am. biflorum oil 1.4 (1.0-1.8) 2.2(1.9-2.6) 1.0 (0.9-1.1) 1.9(1.8-2.1)
B. rotunda oil 2.3(2.0-2.7) 1.7 (1.4-2.1) 1.7 (<2.7-4.6) 4.1(-)
C. comosa oil 7.5(7.0-8.0) 8.1(7.6-8.7) 6.6 (4.1-10.2) 2.4 (2.2-2.6)
C. longa oil 8.3 (-) 3.8(3.3-4.2) 8.4 (6.3-11.5) 3.5 (3.1-3.9)
C. xanthorrhiza oil 6.5 (5.9-7.0) 5.7 (4.9-6.5) 29.6 (26.8-33.1)  15.0 (13.3-17.2)
C. zedoaria oil 4.0 (3.4-4.3) 1.7 (1.4-2.0) 9.3 (6.8-12.8) 1.9 (1.6-2.2)
E. littoralis oil 3.2(2.9-3.5) 3.7 (3.0-4.3) 3.1 (<0.1-5.8) 1.0 (0.9-1.1)
H. coronarium oil 6.1 (-0.9-10.3) 1.7 (1.1-2.2) 0.7 (-) 10.8 (7.6-14.9)
Z. cassumunar oil 1.4 (1.0-1.7) 3.0 (2.7-3.3) 23.9 (21.5-27.0) 6.8 (6.1-7.7)
Z. ottensii oil 2.6 (2.3-2.9) 2.2(1.9-2.8) 0.2 (<0.7-0.6) 2.4 (2.2-2.6)
Z. zerumbet oil 2.6 (2.3-3.0) 3.6 (3.3-4.0) 4.8 (1.4-9.5) 0.6 (0.6-0.7)

LT, lethal time for 50% mortality at 95% confidence limit.

cates with a simultaneous control (1 ml
ethyl alcohol in 99 ml water). Lethal time
for 50% mortality (LTso) values were calcu-
lated using probit analysis. The mortality
data were analyzed by Duncan’s multiple
range test using SPSS for Windows, ver-
sion 16.0 (SPSS, Chicago, IL).

RESULTS

The LT, values of the essential oils of
12 species of Zingiberaceae plants against
fourth instar larvae and pupae of Ae. ae-
Qypti and Cx. quinquefasciatus are shown
in Table 2. Z. cassumunar and Amomum bi-
florum oils proved to be the most effective
larvicides against Ae. aegypti larvae with
the lowest LT,, (1.4 minutes) while the
essential oils most active against Cx. quin-
quefasciatus larvae were B. rotunda oil, C.
zedoaria oil and H. coronarium oil (LT50 1.7
minutes). The least effective essential oils
against Ae. aegypti and Cx. quinquefasciatus
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larvae with the highest LT,, were Alpinia
sp oil and C. comosa 0il (13.2 minutes and
8.1 minutes, respectively). The essential
oils most effective against Ae. aegypti and
Cx. quinquefasciatus pupae were Z. otten-
sii oil and Z. zerumbet oil with LT, values
of 0.2 and 0.6 hour, respectively, while
C. xanthorrhiza oil was the least effective
against Ae. aegypti and Cx. quinquefasciatus
pupae with LT, values of 29.6 and 15.0
hours, respectively.

All the essential oils induced 100%
mortality against Ae. aegypti larvae by 60
minutes (Table 3). Am. biflorum oil and Z.
cassumunar oilhad the greatest larvicidal
activity at 1 minute with 43.2% mortality;
a significant difference from the other es-
sential oils. Z. cassumunar oil gave 100%
larval mortality at 5 minutes. The essential
oils from Am. biflorum, B. rotunda, Z. otten-
sii and Z. zerumbet were highly effective
against A. aegypti larva with 97.6% and
100% mortality at 5 and 10 minutes, re-

Vol 44 No.5 September 2013



Erricacy oF EssENTIAL OILS AGAINST LARVAE AND PUPAE OF AE. AEGYPTI AND CX. QUINQUEFASCIATUS

‘JuedyIudIs Jou ‘su

(1891 98uer oidnmnuwu s, uedUN g pue YAQNY Aem-auo Aq ‘G0 o< d) U1 Tp A[IUedygTuds 10U a1e 19)19] dures alf} Aq P2MO[[O] UUIM]OD e UT SUeIA

VN VN 04T 8¢S QI S0°ST 6V19 %AD
00 00 500 200 200 200 500 (10Y4odTe [Ay3) [0U0D)
0°0F0°001 0°0F0°001 «0"0F0°001 0'0T000T  «0'0T0'00T WOEFYL6  SFEITI6 [10 Joquiniaz 7
0°0F0°001 0°0F0°001 «0"0F0°001 0'0T000T  «0'0T0'00T T TFYL6 1'979'6 [10 11512330 7
0°070°001 0°0F0°001 «0"0F0°001 0'0T000T  «0'0T0'00T 0'0F0°00L I'TIFTEY [10 1pununssyd 7
0°0F0°001 0°0F0°001 8’ SFV6 STIFY68  GCTIFILS STLIFOH9 20°0F0°0 10 WN1Y10400 “[]
0°0F0°001 0°0F0°001 «0"0F0°001 0°0F000L  «00FO00L  o9FF9E6 FIFCE 10 s1jv40331] *q
0°070°001 0°0F0°001 20070001 0°0T000T  «0'0F0'00T o LFVT8 50°0 [10 vL1D0paz D)
0°070°001 0°0F0°001 20070001 Q00FO00T  o£'STO96  pl'STFOFCT 200 [10 VZIYLLOYFUDX "))
0°070°001 0°0F0°001 o8 TFT 66 4€'8F9°€6 STO6FHT9  p90IF09E 500 110 v8u0]
0°070°001 0°0F0°001 20070001 «0°0F0°001 >1'6¥8'89 p1'979°€E 200 10 15011409 *D)
0°070°001 0°0F0°001 20070001 0°0T000T  «0'0F0'00T T TFYL6 OFFIIT 110 vpunjoL °g
0°070°001 0°0F0°001 20070001 0'0T000T  «0'0F0'00T TTFYL6  oSTIFTEY [10 wniojfiq “ury
«w0'0F0'00T  «0'0F0"00T 20070001 »€'8FF99 pE'8FHTT 9 EFHT 500 1o ds vnudpy
4 ¥¢ Ut ()9 U g urw g1 Ut 01 unw g urw |

awn paymads ye qSTFANTLIION %

S[10 TeT}UaSSd [eqId

‘13dA8av *3}/ JO eATE] TRISUT U}INOJ JSuTeSe S[I0 [e1IUISSd [eqIay JO AJIATIOR [epIdIATET]

€ 9lqeL

765

Vol 44 No.5 September 2013



SOUTHEAST ASIAN | TRoP MED PusLic HEALTH

‘JuedyrudIs jou ‘su

“(3s91 98urer spdnnur s treoun(q pue YAONY Aem-auo £q ‘Gp’0<d) Jua1a33Tp AJULdYTUSIS JOU a1k 19119] SWIes 3} Aq PIMOT[OF UWNTOD DL UT SUEA]

VN VN VN €T 95°S 0r°er vTze %AD
00 00 00 500 00 00 200 (1oyoo[e [Ayig) [o1u0)
0°070°00T 0°070°001 0'0F0°00T  0'0F0"00T 0'0F000T  oL'979'68 200 [10 jaquuiniaz 7
0°070°00T 0°070°001 0'0F0°00T  0'0F0"00T 0'0F000L  0'0FO00T  -CSTCTL [10 11SU2HO 7
0°070°00T 0°070°001 0'0F0°00T  0'0F0"00T 0'0F000L  «8°TT6 200 10 AvUnunssy 7
0°070°00T 0°070°001 0'0F0°00T  <0'0F0"00T STIFC66  OFFF06  £EFT6E [0 WNLIVL0L00 "[]
0°070°00T 0°070°001 0'0F0°00T  0'0F0"00T W99TTS6  o8'8TOLL  FSTIEL 10 swiogn] g
0°070°00T 0°070°001 0'0F0°00T  <0'0F0"00T 0'0F000L  «0'0F000T oL LFTSE 10 vLivOpaz )
0°070°00T 0°0T0°001 0'0F000I  <0'0F0'00I  qFOIF9SS  TOESFHFHS  pCTFhe 10 DZILLOYIUDX D)
0°070°00T 0°0T0°001 0'0F0°00T  0'0F0"00T TTFIL6  QIFTSL  STTFHOL 10 281u0] )
0°070°00T 0°0T0°001 00T000I  oFFFCS6 STIFOLL  p9FFILL p0°0 10 BS01109 D)
0°070°00T 0°0T0°001 0'0F0°00T  0'0F0"00T QO0F000T  «8TFT66 o LFFFE [10 vpunjos °g
0°070°00T 0°0T0°001 0'0F0°00T  0'0F0"00T 0'0F000L 0070001  ql'9F91T [10 wni0}f1q “ury
w0 0F000L  «u00FO'00T  «u00FO00T  e0'0F0'00T 0'0F000L  FFFCC6 200 1o ds vrudyy
4 2 uru 09 urw g urw g1 urw O urw g urw

awn) paymads je (g F ATelIoN %

S[10 [eT}UASSd [eqI9H

‘snyv1ospfonbuinb "x) Jo deAIR] IRISUT }INOJ 3]} Jsuree s[Io [e1JUassa [eqIay Jo AJIANOE [epDIATeT]

¥ olqeL

Vol 44 No.5 September 2013

766



Erricacy oF EssENTIAL OILS AGAINST LARVAE AND PUPAE OF AE. AEGYPTI AND CX. QUINQUEFASCIATUS

‘JuedyrudIs jou ‘su

"(3s91 98uer spdnnur s ureoun(q pue YAONY Aem-auo £q ‘Gp'0<d) Jua1a33Tp AJULdYTUSIS JOU a1k 19119] SWIes 3} Aq PIMOT[OF UWNTOD DS UT SUEA]

VN 1701 941 86'7C L8TT Sh'/T 0018 SE'8vL %AD

00 00 p00 200 500 00 500 500 (10Y40dTe [Ay3) [0U0D)
00F000L  €€FCS6  a9PFI68  a69F0F8 w9LIFIEL  8LF9TIT  -8TF80 500 [10 joquiniaz 7
0'0F0'00T  «0'0F0'00T  0'0F000T  «0'0F0'00T q00IFS8T6 el ZIFHT8  @f6ETVPS  LFETTEY [10 11512330 7
0°0F0°00L  pL'TIFSOF  -€'SIFE0T  -0°01FS'S 88’1780 500 40°0 40°0 [10 Loununsswd 7
007000  «00FO00L  9EFH'86  q9'€TIL6  v6'9T096  »0CIFLL @l OFVTY  qG'8F0T [10 Wn1Y10100 “[]
0'0F0'00T  »a£'9F9E6  q€F968 @TIIFF9IS ¥ SIFFSL  p8O0IFFYS  FHFCSI 500 10 s17v.40331] *q
0'0F0'001 »8'SIFOVS  a€9IF89L wlZIFHT9  o£SITCLY  81F80 40°0 500 [10 v1wopaz *D
0'0F0°001  0FIFTSL  pb0IFCIL 200 500 00 500 500 10 DZILIOHJUDX D)
00F0'00T »ab'STFP6  a9SIFCES  pOCHFCIS  SISIFFIT  jTTFVT 8’1780 500 110 v8u0] D
00F0'00T  -ab'STOE6  aQOTFOFS 2040CFYLL  opl'TEFILS  CETTE 500 500 [10 15014100 D)
0'0F0'00T  -CLFTES €9F08  oqe€LFHSL  wl'9FIEL  pwbSTHT9  G6TSIE  aaEETS'S [1o vpunjos g
0°0F000L  «0'0F000L  00F0°00L  «0'0FO'00L  «0'0FO'00T pL'0TFF0S  -9°9F89T 500 10 wni0}fiq “ury
w00FO00L  0'0FO00L  «0'0F0'00L  «0'0FO00L  «8TF896  6'SFCL6  oI'STFEIS  q9'€TFILT 1o ds pudyy

1 8% g 74 1 9 g 1 utw (g utw g1

awny payads je (g F AN[eoN %

S[IO TeTIUSSa [eqIo]

‘13dh8av -3y jo sednd ayy ysureSe sio Tenyuassa [eqiay Jjo Aj1anode fepoidng

G 9lqeL

767

Vol 44 No.5 September 2013



SOUTHEAST ASIAN | TRoP MED PusLic HEALTH

“JUedYIUSIS JoU ‘su

"(3s91 93uer opdnnuu s, ueoun( pue YAQNY Aem-auo Aq ‘6" (<d) JUaIagITp A[IUedygrudIs Jou a1e 19339 Sures 9} Aq PaMOT[0F UIM]0D s UT SUBIA]

VN 6V'L €9'/ STEl 1€°2e 905 89's8 LT %AD
00 200 00 200 200 50°0 200 00 (1oYodre [Ayrg) [onuo)
0°0F000I  «00T0°00I  «00T0°00T  0'0F0'00L  0'0F000T  «C'SFH06  G0TFS'SY 9'9FT I 10 Joquuniaz 7,
0°0F0°00I  «00F0°001  «00F0°00T  0'0F0'00T  -6'6IFF99  8opV' 6709 >9°€FH9 a8 TTOF [10 11SU2HO 7
0°0F000T  «00F0°001  oFFF8T6  -STITFCTIE  £TITOTL 886708  -£EFCE 200 10 AvUnunssy 7
00F000T  oL'6IFTLY  qTLITO09  oSLIFFSS  p6'6IFTSS  jpS6FCEC  HI'9FFOL 9'€T9G [10 WNLIVL0L00 "[]
0°0F000I  «00T0°00I  «00F0°00T  0'0F000L  0'0F000T -8 €EFOTS  -6'9F0F b STHT [10 sywioj1] g
0°0F000T  «00F0°00T  «00F0°00T  0'0F0'00T oqel TCFFT8  m9€TFHFE  F'SFHT a9ETY'T 10 pLivOpaz )
00F000T  «8TIFH06  VEIFFIT  pSLITICT  oF'670'8 aTCT8Y  o£ETCE Al TFVT [10 DZIYLIOYUDX D)
00F0'00T  «00F0°00T  «0'0F0'00T 00TFF98  pS6IF09 7 F78F 200 200 10 w8101 D
0°0F0'00T  «00T0°00T  «00T0'00T  0'0F0'00T peSTIFFPL  8L'GTOS  CTFIT 200 10 pS0UI00 D)
00F000I  «0FF096  9FFFH6  £8FF06  pCSITOT9  opl0TFIST  STIFSTL  9€FHT [10 vpunjos °g
0°0F0°00T 20070001  «00F0°00T  c0'0FO'00T  aqellTTLS  op€E€TST  -I'9F96 28 T80 [10 wni0}f1q “ury
w0 0FO00L  «00F000T  «00F000T  «00F000I  oCLF8T6  oS0TFO'89  ql'9IFTIE ST 1o ds vudyy
1y 8% 4 g gl 149 ¢ 1 Ut g urw g1

awny paymads je (g F A[elIoN %

S[10 [eT}UASSd [eqI9H

‘snjvrosvfonbuinb x7 jo sednd ayp 3surede s[ro [enuassa [eqiay jo Ljranoe [epoidng
9 9lqeL

Vol 44 No.5 September 2013

768



Erricacy oF EssENTIAL OILS AGAINST LARVAE AND PUPAE OF AE. AEGYPTI AND CX. QUINQUEFASCIATUS

spectively. For Cx. quinquefasciatus larvae,
all the essential oils induced 100% mortal-
ity at 30 minutes (Table 4). The essential
oils from Am. biflorum, C. zedoaria and Z.
ottensii caused 100% larval mortality at 5
minutes and the essential oils from Alpinia
sp, B. rotunda, Z. cassumunar and Z. zerum-
bet caused 100% mortality at 10 minutes.

All the essential oils caused 100%
mortality against Ae. aegypti pupae by
48 hours (Table 5). Z. ottensii oil had the
best pupicidal activity by 15 minutes with
43.2% mortality; a significant difference
from the other essential oils. Alpinia sp
oil caused greater pupicidal activity than
the other essential oils at 30 minutes and
1 hour with 56.8% and 91.2% mortality,
respectively. Am. biflorum oil caused 100%
mortality at 3 hours and Alpinia sp oil and
Z. ottensii oil both caused 100% mortality
at 6 hours.

All the essential oils cause 100% mor-
tality among Cx. quinquefasciatus pupae at
48 hours (Table 6). Z. zerumbet oil caused
11.2, 48.8, 90.4 and 100% mortality at 15
and 30 minutes and 1 and 3 hours, respec-
tively; a significant difference from the
other essential oils. E. littoralis oil caused
100% mortality at 3 hours. The essential
oils of Alpinia sp, Am. biflorum, C. comosa,
C. zedoaria, Z. zerumbet and Z. ottensii all
caused 100% mortality at 6 hours.

DISCUSSION

Essential oils from plants may be of
potential benefit for mosquito control,
since they have a rich source of bioactive
compounds that may be biodegradable
into nontoxic products and are potentially
suitable for use in integrated management
programs for mosquito control. All the
essential oils from Zingiberaceae plants
tested had larvicidal and pupicidal activ-
ity against Ae. aegypti and Cx. quinquefas-
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ciatus. All the essential oils tested induced
100% mortality against Ae. aegypti and
Cx. quinquefasciatus larvae at 60 minutes
and 30 minutes, respectively, and had
pupicidal activity against both Ae. aegypti
and Cx. quinquefasciatus pupae by causing
100% mortality at 48 hours.

The essential oil from Z. cassumunar
and Am. biflorum proved to be the most
effective against Ae. aegypti larvae (LT,
value of 1.4 minutes). Jantan et al (2003)
also found Z. cassumunar oil to be effective
against mosquito larvae with a LC,, value
less than 200 ug/ml. Furthermore, the es-
sential oils from B. rotunda, C. zedoaria, E.
littoralis, Z. ottensii and Z. zerumbet also
exhibited high larvicidal activity against
Ae. aegypti larvae. Isa et al (2012) also
found B. rotunda exhibited insecticidal
properties. The larvicidal activity of H.
coronarium oil seen in our study supports
the finding of Ho (2011) who reported
the leaf and rhizome oils of H. coronarium
exhibited mosquito larvicidal activity.

Many researchers have reported the
effectiveness of plant essential oils against
mosquito larvae. Pitasawata et al (2007)
and Champakaew et al (2007) found C.
zedoaria had larvicidal activity against Ae.
aegypti. Z. zerumbet oil was also found to
have larvicidal activity (Tewtrakul et al,
1998). Sutthanont et al (2010) recommend-
ed the use of that oil to develop larvicides
to against the vectors of mosquito-borne
disease.

Tewtrakul et al (1998) found the
rhizomes of Z. zerumbet had larvicidal
and pupicidal activities. Kamaraj et al
(2010) reported the hexane extract of Z.
zerumbet had larval activity against Cx.
quinquefasciatus and had potential to be
used as an eco-friendly agent to control
Cx. quinquefasciatus.

In conclusion, the twelve essential
oils studied here from Zingiberaceae

769



SOUTHEAST ASIAN | TRoP MED PusLic HEALTH

plants displayed larvicidal and pupicidal
activities. The Zingiberaceae plants are
well known for their purported medicinal
value and are distributed widely through-
out the tropics, particularly in Southeast
Asia (Jantan et al, 2003). These results may
be useful for developing newer and pos-
sibly safer and more effective larvicidal
and pupicidal products against Ae. aegypti
and Cx. quinquefasciatus mosquitoes.
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