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Research Title: Knockdown and mortality effect of herbal essential oils from garlic,
clove, chinese star anise, kitchen mint and cinnamon against adults
of Aedes aegypti Linn. and Culex quinguefasciatus Say

Researcher : Assoc. Prof. Dr.Mayura Soonwera
Plant Production Technology Section
Faculty of Agricultural Technology
King Mongkut's Institute of Technology Ladkrabang,

Bangkok 10520 Thailand

ABSTRACT

The knockdown and mortality effect of 5 herbal essential oils derived from Allium
sativumm L., Cinnamomum verum JS. Presl, lllium verum Hook f, Mentha cordifolia Opiz and
Syzygium aromaticum (L.) Merrill & Perry against Aedes aegypti Linn. and Culex
quinquefasciatus Say using a susceptibility test and compared 4 commercially available
repellents and a commercially chemical inseciticide ((DEET 25.0% w/w (Koryor 15®), DEET
20.0% w/w (Sketolene Shield®), DEET 12.5% wiw (Soffell®), IR3535 12.5% w/w (Johnson's
Baby Clear Lot\’on@)) and cypermethrin 10.0% w/w (Kumakai 10%) as positive control and
ethyl alcohol as negative control. Each of herbal essential oil was applied in sthylalcohol at
concentration of 5 and 10% (v/v). The results showed that ten percent concentrations of S.
aromaticum oil was the most effective, showing 100% knockdown at 5 min for Ae. aegypti
and 10 min for Cx. quinquefasciatus with KT, value of 0.89 and 2.78 min, respectively.
However, 10% of S. aromaticum oil also showed the most toxic to both mosquitoes with
100% mortality at 24 hrs after exposoure and LC,, values of 2.93 and 3.32%, respectively.
These results exhibited higher toxicity than all chemical repellent and chemical insecticides.
Moreover, on KT,, values and LC,, values indicated the order of knockdown and mortality

rate in the herbal essential oils as S. aromaticum oil > C. verum oil > |. verum oil > M.

cordifolia oil > A. sativum oil.

Key words: Aedes aegypti, Culex quinquefasciatus, knockdown rate, mortality rate, herbal essential oil
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Table 1 List of herbal essential oils and perported therapeutic properties, tested in this

study

Scientific name
Common name

Family

Perported therapeutic properties

Allium sativum L.
garlic

F.Amarylidaceae

Cinnamomum verum JS.Presl
Cinnamon

F.Lauraceae

ilicium verum Hook f
Star anise

F.llliciaceae

anti-inflammatory, antiseptic, antibiotic,
antifungal, antitumor, inhibiting sking tumor,
antioxidants, antibacterial, stimulating
digestion, reducing high blood pressure,
prevention of lung cancer, postate cancer,
breast cancer, stcmach cancer, rectal
cancer and colon cancer, prevent heart
disease, slow down antherosclerosis and
lower blood pressure, prevent colds
(University of Maryland Medical Center,
2013)

antibacterial, antifungal, antiviral, cytotoxic
property, antimicrobial, antibiotic,
antispasmodic, aphrodisiac, astringent,
cardiac, carminative, emmenagogue,
stimulant, stomachic, tonic, vermifuge
(Reichling et al., 2009; Yingming et al.,
2004; Puangpronpitag and Sittiwet, 2009;
Ooi et al., 2006)

antibacterial, antifungal, anti-spasmadic,
antioxidant, carminative, stomachic,
stimulant, diuretic properties rheumatism
and insecticide (Wang et al., 20100;

Reichling et al., 2009; Yingming et al., 2004)
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Table 1 Continued

Scientific name Perported therapeutic properties

Common name

Family

Mentha cordifolia Opiz antimutagen, antioxidant, carminative, mild

Kitchen mint antiseptic, local anesthetic, diaphoretic,

F.Lamiaceae insecticide (Bakkali et al., 2008; Kumar et
al., 2011; Samarth et al., 2005; Villasenor et
al, 2002)

Syzygium aromaticum (L.) Merrill & Perry antibiotic, antimicrobial, antifungal, antiviral,

Clove general stimulating, hypertensive

F.Myrtaceae aphrodisiac, carminative, anesthetic, light

stomachic (Edris, 2007; Bakkali et al., 2008)
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Table 2 List of five species of herbs, part used, location for extracted essential oils in this

study

Scientific name Part Used
Common name

Family

Location

Allium sativum L. bulb
Garlic

F.Amarylidaceae

Cinnamomum verum bark
JS.Presl|
Cinnamon

F.Lauraceae

licium verum Hook f. flower
Star anise

F.llliciaceae

Mentha cordifolia Opiz leaf, stem
Kitchen mint

F.Lamiaceae

Syzygium aromaticum (L.) flower
Merrill & Perry
Clove

F.Myrtaceae

Chiangmai

China

China

Bangkok

Chumporn
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Table 3 KT,, values and percent knockdown of Aedes aegypti at 5% concentration of five
essential oils ethyl alcohol (negative control) and chemical insecticides (positive

control) at 1, 5, 10, 15, 30 and 60 minutes post-exposure

Treatments Knockdown (%)/ time (min.) KTy,
1 5 10 15 30 60  (min)
2
A. sativum oil od” of 0d 0d Oc Oc 0
I verum oil 08+1.6d  6.0:23c 112+44c 160i57c 176+4 19246 3456
Ob 6b
C. verum oil 40.0+4d - 64.0+40c  100a 100a 100a 1002  4.32
M. cordifolia oil 0d of 0d 0d 0c 0c 0
S. aromaticum oil 47.3+4.3a 100a 100a 100a 100a 100a 3.04
Koryor 15° 26.7+470c 613456, 100a 1008 100a  100a  4.38
(DEET 25.0% w/w) i
Sketolene shield” 207483c 347414, 893+12.  100a 100a 1002 858
(DEET 20% w/w) A 20

Soffel® (DEET 12.5% w/w) 35.2422.3b  84.0£7.5 100a 100a 100a 100a 3.15

b
Johnson's Baby Clearlotion” 0d of 0d 0d Oc Oc 0
(IR3535: 12.5% wiw Ethyl-
Butylacethyl amopropinonate)
Kumakai ‘]O® 49.32+12.8 100a 100a 100a 100a 100a 2.35
(Cypermethrin 10% w/w) s
Ethyl alcohol od of 0Od Od Oc Oc 0

¥ mean % knockdown in each coloum followed by the same letter are not significantly

different (one-way ANOVA and Dancan's Multiple range test)

¥ 50% knockdown time
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Table 4 KT,, values and percent knockdown of Aedes aegypti at 10% concentration of five
essential oils, ethyl alcohol (native control) and chemical insecticides (positive

control) at 1, 5, 10, 15, 30 and 60 minutes post-exposure

Treatments Knockdown (%)/ time (min.) Kl
1 5 10 18 30 60  (min)
2

A. sativum oil 27415  40#57e 40:57c 53+48b 538 67:3% 8305
C. verum oil 50.7£10.1b 100a 100a 100a 100a 100a 1.32
1. verum ail 16.0+4.0  664+92c 852+6.1b 920¥02a  100a 100a 478
M. cordifolia oil Oe 484232 56+l4c 80+57b 8.0#57b 9.6:74p 8253
S. aromaticum oil 64.0+4.1a 100a 100a 100a 100a 100a 0.89
Kaoryor 1 5® 28.7+148cd  65.3+154¢c 100a 100a 100a 100a 4.38

(DEET 25.0% wiw)

Sketolene shield® 957+9.3d ~ 408+151d 90.5+14. 1002 1002  100a  8.25
(DEET 20% w/w) Sa

Soffell® (DEET 12.6% wiw) ~ 368:202c 850650 ~ 100a 1002~ 1002 = 100a  3.02
Johnson's Baby Clearlotion” Oe Os Oc Ob Ob Ob 0
(IR3535 12.5% wiw)

Kumakai 10° 54.0+108ab 100a 100a 100a.~ 100a  100a  1.30
(Cypermethrin 10% w/w)

Ethyl Alcohol Oe Oe Oc Ob Ob Ob 0

¥ mean % knockdown in each coloum followed by the same letter are not significantly

different (one-way ANOVA and Dancan’s Multiple range test)

¢ 50% knockdown time

14 A1 N1
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Table 5 The mortality rate and LC,, value against Aedes aegypti among five herbal

essential oils, chemical insecticides (positive control) and ethyl alcohol (native

control)
Treatments 5% concentration 10% concentration LGy 81
% Mortality Susceptibilty % Mortality Susceptibilty 24 hrs *
(%)

A. sativum oil oc” ns 6.7+3.7¢cd R ns
C. verum oil 100a s 100a S 3.25
[. verum oil 21.3£6.3b R 100a S 7.53
M. cordifolia oil Oc ns 11.246.7b R 20.24
S. aromaticum oil 100a %) 100a S 2.93
Koryor 15° 100a S 100a S 3.15
(DEET 25.0% w/w)
Sketolene shield” 100a S 100a S 4.02
(DEET 20% w/w)
Soffell” 100a S 100a S 3.05
(DEET 12.5% whw)
Johnson's Baby Clear 2.4+1.4¢ R 2.8+1.5¢C R ns
lotion” (JR3535 12.5% wiw)
Kumakai 10° 100a S 100a S 2.95
(cypermethrin 10% w/w)
Ethyl Alcohol Oc R Oc R ns

Y mean % knockdown in each coloum followed by the same letter are not significantly

different (one-way ANOVA and Dancan’s Multiple range test)

" LC,, = 50% lethal concentration

"§= Susceptible is defined as 98-100% mortality

R = Resistance is defined as < 100% mortality

‘ns = not comuted by Probit analysis
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Table 6 KT,, values and percent knockdown of Culex quinquefasciatus at 5%
concentration of five herbal essential oil, chemical insecticides (positive control)

and ethyl alcohol (negative control) at 1, 5, 10, 15, 30 and 60 minutes post-

exposure

Treatments Knockdown(%)/ time (min) KTSOE

1 b 10 15 30 60 (min)

A. sativum oil oc Oe Oc 0c Oc Oc 0
C. verum oil 17.3+12.8b  41.316.1c  80.0+18.3b 100a 100a 100a 6.52
[. verum oil 16.0+4.0b  18.4+2.3d  20.0#4.0 ~ 213£23b 24.0+107b 21.0£1070 29.32
M. cordifolia oil Oc Oe Oc Oc Oc Oc 0
S. aromaticum oil 44.0£5.7a  78.4+7.0b 100a 100a 100a 100a 472
Koryor 15° 6.7:2.3bc - 44.3:33%c 100a 100a 100a 100a  7.43
(DEET 25.0% wi/w)
Sketolene shield® ~ 12.0:7.0b  41.3t61c 880+106ab  100a 100a 100a 675
(DEET 20% wi/w)
Soffeli® 4164833 74441690 90.0+10.0a 100a 100a 100a 3.42
(DEET 12.5% wiw)
Johnson's Baby Oc Oe Oc Oc Oc Oc 0
Clear lotion”
(JR3535 12.5% wiw)
Kumakai ‘|O® 30.7411.6a 100a 100a 100a 100a 100a .02
(cypermethrin 10%
W)
Ethyl Alcohol Oc Oe Oc Oc Oc Oc 0
T

mean % knockdown in each coloum followed by the same letter are not significantly
different (one-way ANOVA and Dancan's Multiple range test)

? 50% knockdown time
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Table 7 KT,, values and percent knockdown of Culex quinquefasciatus at 10%
concentration of five herbal essential oils, chemical insecticides (positive control)

and ethyl alcohol (negative control) at 1, 5, 10, 15, 30 and 60 minutes post-

exposue

Treatments Knockdown(%)/ time (min) KTSOZI

1 5 10 16 30 60 (min)

A. sativum oil oc’ of 0d 0c Ob 4.0¢1.70  90.15
C. verum oil 38.7+14.0ab 60.0:16.0c  80.0:10.66 - 100a 100a 100a 4.58
1. verum oil 18:16cd  29.3+152¢  32.0+18.3c 832:44b . 100a 100a  14.56
M. cordifolia oil 0d of Od Oc Ob Ob 0
S. aromaticum oil ~ 47.2£100a — 93.6:6.7a 100a 100a 100a 100a 2.78
Koryor 15° 6.7#23cd - 44.3:3390  100a 100a 100a 100a  7.43
(DEET 25.0% wiw)
Sketolene shigld®  12.0:6.9c  41.3:61d  88.0:106ab  100a 100a 100a 7.75
(DEET 20% w/iw)
Soffell® 41.6:83a  744s16%c 90.4+10.1a  100a 100a 100a 3.42
(DEET 12.5% wiw)
Johnson’s Baby 0d 0f 0d Oc 0b Ob 0
Clear lotion”
(JR3535 12.5% wiw)
Kumakai 10° 30.7+11.6a 100a 100a 100a 100a 100a 2.85
(cypermethrin
10% wiw)
Ethyl Alcohol 0d of 0d 0c Ob Ob 0

¥ mean % knockdown in each coloum followed by the same letter are not significantly
different (one-way ANOVA and Dancan’s Multiple range test)

# 50% knockdown time
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Table 8 The mortality rate and LC,, value against Culex quinquefaciatus among five herbal

essential oils, chemical insecticides (positive control) and ethyl alcohol (negative control)

Treatments 5% concentration 10% concentration LC,, at
% Mortality Susceptibilty % Mortality Susceptibiity 24 hrs *
(%)
A. sativum oil 0d” R 4.041.7¢ R 45.87
C. verum oil 100a S 100a S 4.48
I. verum oil 2.40+10.6¢ R 100a S 8.45
M. cordifolia oil 0d R 8.0+4.9c R 36.45
S. aromaticum oil 100a S 100a S 3.32
Koryor 15° 100a S 100a S 3.98
(DEET 25.0% w/w)
Sketolene shield” 89.3+6.1b RS 90.0+5.3b RS 5.92
(DEET 20% w/w)
Soffell® 100a S 100a S 4.21
(DEET 12.5% w/w)
Johnson's Baby Clear 0d R 0.84£0.70c R ns
lotion” (JR3535 12.5% wi)
Kumakai 10° 100a S 100a S 2.98
(cypermethrin 10% w/w)
Ethyl Alcohol 0d R Oc R 0

Y mean % knockdown in each coloum followed by the same letter are not significantly

different (one-way ANOVA and Dancan’s Multiple range test)

? LC,, = 50% lethal concentration

"ns = not comuted by Probit analysis

" S = Susceptible is defined as 98-100% mortality

RS = Possible resistance is defined as 80-97% mortality

R = Resistance is defined as < 100% mortality
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p
UNN 4

NANI5IA8

4.1 wAN5IAE
k4
nan1Tanedlu Table 3 Aauaresiiumenszmeanfiganulng 5 1iia a191adAdn
wHad 5 1A (positive control) LATIANTALEANBEAR (negative control) AHLENTL 5% FenT

aaupeNENa1EtiTUNAEE (Ae. aegypt) UAINTNARD 1 WM waLlsIngdn cypermethrin 10%

[l
=

Winasngalunimaasddneinainigeatetituasuls 49.3212.8% PR LR AT EORTGIIEY
FZIMANNUWA BULTE DEET 12.5%, DEET 25.0%, DEET 20.0% wa\tlern Tnafuanniieane
tiuanu 47.3+4.3, 35,2422 3, 26.7+14.7, 22.7+8.3, 0.8+1.6% AN Tneintuvenszme
AINNTzifiun azssun IR3535 12.5% uaziandauasanaged Winasfan1saauadeateliou
PEINNTNARDY 5 1T HANINAREINLINTTMBLIZIMENIUNA WAS cypermethrin 10% U
nanngalunmaaeddasfinaiilfeaialiuaay 100% sesamafa DEET 12.5%, fiifuven
suimtoLLTe, DEET 25.0%, DEET 20.0% waziinsumanszvelafn fednavinlieanoting
ANLAITL 84.047.5, 64.044.0, 6134561, 34.7+14.1 UA% 6:02.3% MINAIAL Tnatiutumen
sumenIziien azazunil IR3535 12.5% UAZIaNBALDANDHDA (HANAABNTAALIDIENANE
tiu nan1meaasiuna 10 1 ﬂmngdﬂﬁﬂﬁumm:ma@wﬂﬂ nuwa DEET 25.0%, DEET
125% uas cypermethrin 10% Winadngaluniamaasd lnsfinasinligsaiariuaaugean
100% 709ANAAE DEET  20.0%  Uazindumanszueilein Suaiiliganotiugay
89.3+12.2 UAY 11.244.4% AN doutiifumenssmanszilon ayszuml, IR3535 12.5%
uasiandauasneged hifliadanisaatienatatiiu nawnTAaed 15 W7 wudnintuven
TMEAULTE NUNA DEET 25.0%, DEET 20.0%, DEET 12.5% Wwas cypermethrin 10% iinad
figalunnamaaaslnefnainliigsanatiuaay 100% seaaunAetintunenszmeTlofn ded
Hann Lifeaneinugay 16.045.7% dvsuiniunenssmenszifian avszumi IR3535 12.5%
waziendaneanesed lifluasanisaaunesgaiating udin1maaed 30 U ﬂmngdnﬁﬂﬂu
VANTZIMEIOLLTE NUYA DEET 25.0%, DEET 20.0%, DEET 12.5% Waz cypermethrin 10% 1
nadgalunimaaes Inefinainligianotiuaan 100% seqnsnRetiunenszve et
fefluavinliigaanatituaay 17.6:4.0% doutinuvenszmvenszifion azszuv IR3535 12.5%

¥
uazienBanaanaged iflnadenisaauaesgaiatitu nan1mmases 60 Wil wuditiduney
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T IMEIALLTE NUWA DEET 25.0%, DEET 20.0%, DEET 12.5%, cypermethrin 10% 1¥inafign
lunrsnaaaslasinanilfieaaratinuaauligega 100% dautsuvenszmeTlafnduaili
guattinuaal 19.2+6.6% uastifumensrvensmifiun azszuvi IR3535 12.5% uazionda
UBANAZDA W HNAABNITAALIBIENATELNY atnalsfimailenaufians KT, value (50%
knockdown time) HaL$INN41 cypermethrin 10% Iﬁwﬂﬁﬁqmiumwm@mimﬂﬂm KT,, value
finnfiqnie 2.35 uf seAunAaTuaNTINEN YA DEET12.6% dnsuvens ey e
DEET 25.0%, DEET 20.0% wastinifuvanszmellan dailn KT, value Winfiu 3.04, 3.15,
4.32, 4.38, 8.58 UAY 34.56 W MNAGL

nanamaaeshy Table 4 Asnaresinfuvexszweaniisayulng 5 1n arsinfifidn
WHAd 5 1A (positive control) WazlanBaLaanaaas (negative control) ANMLINIY 10% Fe
nsdauTaseateiTun ALY Kan1INAReIlsINgIudin1maaed 1 U fnsumanszme
nunaliikadifigelunisnaes e fuainleganetinuaaugugnie 64.064,1% s09aeunRe
cypermethrin 10% ﬁﬂﬁuu’aa‘xma@m‘ﬁa DEET 12.5%, DEET 25.0%, DEET 20.0% iﬂﬁuﬂau
szmelein waenssilon Selueialfgsaontivuany 54.0610.8, 50.7410.1, 368202,
28.7414.8, 25.749,3, 16.0£4.0 UAY 2.7+1.5% AN Fainunenssvgaz sz, IR3535
12.5% wazianiaueanaged Idnadanisasusatiaietinu uaAINIITMAASY 5 U7 natlsng
funenssmeny e NIUWA uaTcypermethrin 10% Iﬁmaﬁﬁﬂﬂiuﬂﬂ?wmaﬂQImﬂﬁmaﬁ'ﬂ,ﬁ
gaanafinuaal 100% so9assRa DEET 12.5% whw, sinsfuvenszmeTladn, DEET 25.0%
wiw, DEET 20.0% wiw, nifuvenssmeasszun uaztinfumeussivenszifion tanfidasnig
mummqmwﬁmﬁﬁ 85.0+6.5, 66.4+9.2, 65.3+15.4, 40.8+15.1, 4.8:2.3 Uaz 4.0t5.7%
AR d9u IR3535 12.5% wiw uaziavsausanededliinasenisaauredeaaietinu vdd
MIMAGe 10 11T wudiuvenssiten e NUYa DEET 25.0% wiw, DEET 12.5% wiw
uaz cypermethrin 10% wiw Teiinavinlfiesarsfinuanugeqaiia 100% s84a401Aa DEET
20.0% wiw tifuvenszmellefn thilumenssmeazszuml tazinfunenszmansiion Tng
flN@‘ﬁﬂﬁﬂdﬂﬂﬂﬁﬁuﬁﬂuﬁdiQO.Si‘l4.3. 85.246.1, 5.6+1.4 UATY 4.0+5.7% AINAAL AIMTU
IR3535 12.5% wiw Uaziavdauaanagad IiNaAan1saauIadgeatiny nan1mmaaesly
1981 30 W# ﬂi‘ﬂﬂgd’]li”]ﬁ%ﬁ’ﬂﬂi‘ﬂﬁﬂfﬂﬂ%ﬂ aULTY NTUWa DEET 25.0% w/w, DEET 20.0%
wiw, DEET 12.5% wiw Wazcypermethrin 10% wiw iinangeanlunimaseslaeiingyinli

ENAETINUARL 100% TedasunARtiureNTs AT s UMY uaznITiien Huavinliigeanetinu
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AAL 8.055.7 WAT5.3+4.8% AMNAINL 491t IR3535 12.5% wiw uaziavauaanaged kiinasie
N9aaL2a9ENANETinU UFIN1TNAREY 60 uinatlingdnan1en1mmaaeaaIiiuuIni
FenfuerniunenszveTlefn auie uazn1uye DEET 25.0% wiw, DEET 20.0% wiw,
DEET 12.5% wiw uacypermethrin 10% wiw Winafigalunimaseneiinaiiliiganetin
aanmnﬁqmﬁ@ 100% douindfumenssmanssifion uazazszumi HuainWigeanstiuaay
6.743.9 AT 9.657 4% ANLENAL 3034 IR3535 12.0% wiw uazieviaueaneded Lifluasie
MsanLLaEaETing uenaniliienfaudiandn KT, mﬂﬂmngfm‘fwﬁumummmuvga’lﬁ
uaRfigalunnmaaaslnefnaingiaredinuanyls 50% L%q@@‘lumﬁ&ﬁﬁmﬁ@ 0.89 W
2A9MUNAR cypermethrin 10% wiw ﬁ/ﬂﬂummxmﬂfaumﬂ, DEET 12.5% w/w, DEET 25.0%
wiw HnunenssueTienn, DEET 20.0% wiw Sifumenszimeaz szl waziinuvanszive
neifen Tneflen KT,, 49l 130, 1,32, 3.02, 4,38, 4.78, 8.25, 82.53 uaz83.05 w1l nudndi

namanaaesli Table 5 Aenavesivumensuve 5 wia a1seilindnuuns 5 1ia
(positive control) LAYIaNTALBANEaaA (negative control) ANE NN 5 Waz10% FBN1TANE
2RENAETNUNAINITNARD 24 TH. Nﬂﬂmﬂgdﬂﬂfﬁﬁuwﬂm:mﬂmnﬁ'nmguvlwmn‘nﬁmﬁm'm
divsdiu 10% WinaR unsiRuragmeinugannndaiinos s 5% Taelsngirinfuven
TTAMBaULEY AU DEET 26.0% wiw, DEET 20.0% w/w, DEET 12.5% w/w Lazcypermethrin
10% wiw ﬁﬁwifaqqmﬂﬁmqw%ﬂuﬁmL%M’iu 5 uaz 10% Inefidnsnnaniegeqnae 100%
taziilautlanaaindnI N1 audanudniiA1 S = Susceptible (8m3INI9ATY 98-100%)
umﬂmmdﬁqqmaﬁm@'ﬂuLmﬂﬂ'Nmnﬁim‘.’rﬂﬁw@m:mmﬁnﬂuwjﬂ NUYA UATATTLAT
AndAuNae (DEET  wascypermethrin) dufunanan TnanesiaInin 5%  lusedy
s09adnRe Thifuvenszvelludn, 1R3535 1 125% wiw taefldnsniimerasgsaieti
12.3£6.3 UAZ2.4+1.4% AN druiuwenszmensifion uazievdaueanagedlifing
pan1IAneveeafting daunanisnaaesiinaididiu 10% ﬁuﬂﬂﬂgfjﬁﬁﬁﬂ’umm:manﬂ
1A LLﬂ:ﬂ’Ti‘Lﬂﬁﬁ’]ﬁlﬁ]LLNﬂdﬂﬂ"ﬁﬁfﬂﬁNﬂﬁi’ﬂﬂ']Tﬁl’lﬂﬂ]’ﬂ%;dﬁﬂﬂﬁ%ﬁiﬂﬁuﬂ winudTuen
semeeyie [Wefn nuwa DEET 25.0% whw, DEET 20.0% wiw, DEET 12.5% whw Ua%

=

cypermethrin 10.0% wiw Winaangalunisnaassineinminligeanatituang 100% uazLile
v

wlanaandmsnisaneLdanudnlAn S = Susceptible (§R17IN17ANE 98-100%) HURHIUAIN

dngaaratiudaunestaindetidunensziveeuige THadn uazniuya Laza1TANAN4n

k%
unad (DEET wazcypermethrin) daunanimmaaedlusziusasasnnetinduvenssiadasszumd
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nesifien uazIR3535 12.5% wiw Ruavinlieaanatinunie 11,2467, 6.7¢3.7 waz2.8+1.5%
AudAy ewdanaaindnanisnieudanudfluen R = Resistance ﬂl’uumamflmmdmﬂ
Hrudunuseturensteaz UM nesfin UAIR3S35 12.5% vitearsmanillianun
i lunstlesiuindngeanatinuls atelsfinuilenRauiaudn Lo, (Anuidindiuaeq
s el lunmeae el 50%) meJiﬁﬂgdﬂﬁﬁﬂuuﬂu?:Luﬂmumat‘l’ﬂﬁmﬁﬁmm
nmaaewiuReduasageatatinugagalaeiial LC, Houfigadn 3.25% 7898NNAR
cypermethrin 10.0% w/w, DEET 12.5% w/w, DEET 25.0% wiw, ‘Lf’lﬁu‘lﬁ’amtmﬂ'am’nﬁ, DEET
20.0% wiw uastintfuvenszme et nefAr Lo, Wit 2.95, 3.05, 3.15, 3.25, 4.02 uaz
7.53% AL doutindunenssmanssdian wazIR3535 12.5% wiw liaunsnAuanmAl
LCq, M souvaaniauaanesedadliifli negative control ilkadanismevesgaanetin
ARBANTNARDY

Hananaaedli Table 6 Aenaretinfuvenssmeanfiaglne 5 alianoududu
5% @1TARRNAALNAY 5 TR (positive control) LAZIONFAUBANDIRR ABEATINITAALIUAIEN
A0y HANINARBIAAT URINITNAADS 1 nfinutsunesszmen e iinaafigalu
nmaaoslasinainlfieeiaiyaan 44.045.7%  79984N1A0 DEET  125%  wiw,
cypermethrin 10.0% wiw, ﬁlﬁﬁuwamzzmﬂ’am‘nﬂ mﬂ%ﬂ DEET 20.0% w/w WAXDEET 25.0%
wiw Tnafuannigeinantyasy 41.648.3, 30.7£11.6, 17.3:12.8, 16.08¢4.0, 12.0:7.0 Uax
6.7£2.3% MNIFL dawinsiinenssimansifien, Azszuil, IR3535 12.6% wiw UAZ1BVEA
ueanaged lHKaAaNITAILTAENTIANY UAINITNARDY 5 UINHANTTNAAEILTINGT
cypermethrin 10.0% w/w ”Lﬁuaﬁﬁqmlumﬁ‘m@m Tnefinaialiigaiainyaan 100% 9996907
ﬁ@mfﬂﬁuuﬂm:mamuma, DEET 12.5% wiw, DEET 25.0% wiw, insiunenszmeaviae, DEET
200% whiw uasinfunenssmeein teduarilfinadiaiaay 78.447.0, 74.4:16.9,
44.3133.9, 41.3+6.1, 41.3t6.1 UAY18.4+2.3% MINAAL dvFuiuvenszmenssfiay
avszunyl, IR3535 12.5% wiw UATIANEALRANDERA lNHAAETNITIN1TAALLRILNINAYANEN
srazinanunnmAaed (1, 5, 10, 15, 30 UAZE0 WIT NAINIINAREY) UAINIINAALY 10 WIT
ﬂmngdﬁﬁyﬁﬁw@m:mamumﬂ, DEET 25.0% wiw, cypermethrin 10.0% wiw Tﬁwﬂﬁﬁqm‘m
menanas Inafinailiigaiiainaan 100% sesasunne DEET 12.5% wiw, DEET 20.0%
wiw,  nsfunenszieeue uazinduenszmalafn deiinadinWigeianyaauls

90.0+10.0, 88.0+10.6, 80.0+18.3 waz20.0+4.0% ANANAL WAIN1INAREY 15 30 LAL60 UP
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HAaLIINHIN dsfuvensz e auie N1UWA DEET 25.0% w/w, DEET 20.0% w/w, DEET 12.5%
wiw uazcypermethrin 10.0% wiw Winaddgalunmmasedlneinligeiniyasugegnde
100%  dourintunesszmeiTefndnainliigeiiaiasy 21,3523,  240£107  uay
24.0+10.7% MRANINARE 15, 30 WAZ60 W AndndL anfiauifiausi KT, (wamdanis
wm@mﬁﬁﬂﬁﬂﬁﬁmmﬂ@u 50%) WU4 cypermethrin 10% wiw Winaanaalunimaaeslnad

q

An KT,, finafigafe 3.02 W1 38496901A2 DEET 12.5% wiw WINUUBNTEMENTUNA AL,

DEET 20.0% wiw, DEET 25.0% wiw uastinsfumenszwelafn deen kT, fiil 3.42, 472,
6.52, 6.75, 7,43 UAL29.32 U AINAIA

naminaaedluaied 7 Aenatesiulimanssmaannfigaguing 5 18a A
10% @"9LATRN4RLNAY 5 Tiin (positive control) WAZIBYITALAANDAAR (negative control) Ff
SMsNNTAALTBENTIANY NAINTTNARSS 1,5, 10, 15, 30 WALE0 U ﬂmﬂgwamwmamﬁqﬁ
viumanssiveazssuml, IR3535 12.5% wiw Waziavipaleaneaad ifinaranisaauvased
F1ANTYRABAIIATIUNITNAREN dvsuiunenssie nezifonifinarenissausesseinangy
luiaan 1, 5, 10, 16 1630 W7 wiansnanes daumindunessuve azannadiinda o
%uqﬁmﬂmmmau‘umLLum‘Lu?xﬁuﬁLmnﬁmﬁuﬁ’ﬁﬁﬁqmwmam1 afnugninTumes
szimzniuyaifuadngalunnsmaneslaadnaialigiaryaaugegnia 47.2¢10.0%
5098911 AR DEET 12.5% wiw ﬁﬁﬁumm:ma@wnﬂ, cypermethrin 10.0% w/w, DEET 20.0%
wiw, DEET 25.0% wiw uastinsfiienszmellein %aﬁmaﬁﬂﬁqq%wmmmuﬁ@ﬁlm.6¢8.3,
38.7+14.0, 30.7£11.6, 12.0¢6.9, B.7+2.3 Waz1.8+1.6% MINAAL NAINIMAGEI 5 UTHNG
131091 cypermethrin 10.0%- wiw Binadngalunmanestnginarinligainayaauls
qeqnna 100% @mmmﬁmfﬂﬁuwamzmamum, DEET 12.5% wiw, induvanszinseuiae,
DEET 25.0% wiw, DEET 20.0% whv uastimiuvanszmeltlesn deiiuarenisaauresys
AT 93.646.7, 74.410.9, 60.0£16.0, 44.3433.9, 41,346.1 UA¥29.3£15.2% AINAIFL
NAIN1INAGDY 10 ‘mﬁ'ﬂ?Wﬂ{]d’]ﬁ”lﬂﬂﬁ'ﬂﬂﬁ&ﬂﬂﬂ']%ﬁﬂ, DEET 25.0% w/w Warcypermethrin
10.0% wiw Winaangalunimmaaasiedinainliigdianyaaugean 100% 1e9aunAe DEET
12.5% wiw, DEET 20.0% whw, Hnsfunesnszmesuity waxiasn lnafnailiigeiiayaay
15647l 90.4+10.1, 88.0£10.6, 80.0:10.6 UAX32.0+18.3% MNAIAL WEINITNAAEY 15 U
ﬂa‘qngdnfwﬁ’ummzl.umumﬂ nuwa DEET 25.0% wiw, DEET 20.0% w/w, DEET 12.5%

wiw unzcypermethrin 10.0% wiw Winaangalunimaaesiinainliigeiagyaaula 100%
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douinuvensrmaauiseTuann igeinaantili 83 2+4.4% wdan1amaaes 30 1AZE0 w1
finfumanszimeTafn euwte n1uwa DEET 25.0% whw, DEET 20.0% wiw, DEET 12.5% wiw
uazcypermethrin 10.0% whiw  Winadnaalunimmaaasdinainliienianyaanliigegaie
100% dawinshmenssmenssfoninad g aauls 4.0:1.7% (Henfuuieud
KT,, (nanfifnlfigedrannyaau 50%) uaﬂmngdﬂgwﬁuuﬂmzmﬂmuv_ga’l,ﬁmaﬁﬁqm'luﬂw
naaaslasfinarinliiegedaoaauli 50% lunanduqdeilen KT, Wil 2.78 il 5993
fla cypermethrin 10.0% w/w, DEET 12.5% wiw, iﬂﬁumm:ma@mma, DEET 25.0% wiw,
DEET 20.0% wiw, tnsfunanszmeTafn uasiinfunesissmanszifien Geildn KT, it 2.85,
3.42, 4,58, 7.43, 7.75, 14.56 118290.15 W AHAAL

HAMSMAGEd Table 8 ReratestiuieNszmeaaInfizayuing 5 1ia Aondiadu 5
LaZ10% ANTANNITALNGY 5 A (positive control) LAZIENBALAANDEDR (negative control)
AN TANYIBIENIIANLY WAINIINAREY 24 TN, sngdn nsuvenssmeanisagulnsaay
Windiu 10% WNaﬁiam?mwmqa%’lmnﬂﬁ”\ﬁmnﬂdf]ﬁﬂfnm*ﬁu%u 5% Aarialuvenszing
DU UATNIMYARIINTNAY 5% Tnaangaiiuanliigeiiaamnaldiggn 100% Aelinad
iA=L DEET 25.0% wiw, DEET 12.5% whv Wazcypermethrin 10.0% w/iw Taaidluavinlifes
F1ATYANE 100% duuinumensveledn uazDEET 20.0% wiw fnainWigsiagns
24.0£10.6 UALB9.3:6.1% FINEIAL uanannildanudntiifuvassimensfioy, arszum
A v 5%, IR3535 12.5% wiw acievzaueanegad bilnafenisaneesgsiAngy
ptdlsfimuifievinareswnsnismeresiaaiinisul anatsingdn finfuvenszig
BULTE NUWA DEET 25.0% wihw, DEET 12.5% wiw Uazcypermethrin 10.0% wiw Hen S =
Susceptibitity (98-100% mortality) umﬂ‘ﬁqqq%wmmﬁmma’wumqﬁaﬂ’m‘whfzﬁ"uﬁﬂ @19
¥4 5 1iin SaonndluResegeinaigann dauDEET 20.0% wiw Suainliigedianyme
89.3+6.1% ullanalli RS = Possible resistance (80-97% mortality) anefieea31AITYH
uunliingafiazfinunusie DEET 20.0% wiw dawtituvenszmeTain avuduiu 5% dua
M eadAnyane 24.0+10.6% fuulanald R = Resistance (<80% mortality) winefaes
%"1mnﬁﬂumuﬁﬂiﬂﬁumm:mmﬁjﬂ%ﬂmmﬁu’-ﬂu 5% dquNANIIVARDITBINTIaN
szmeanigayulng 5 siandnudindu 10% rﬁiﬂmimmmqq%wmﬁyﬁuﬂ3ﬁﬂgmaﬁqiﬁwﬁu
nenszmeTafn auwe waznuyaliuadigalunimanesdaiinginliieeianymnig 100%

WRININAGE 24 T3, Tasnan1InAaaI I uaF MU AUNANITNARBIIBIANTLAN NI A KA
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Fig 1 KT, values and LC,, value of Aedes aegypti at 10% concentration of S. aromaticum

oil, C. verum oil and /. verum oil
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Fig 2 KT,, values and LC,, value of Culex quinquefasciatus at 10% concentration of S.

aromaticum oil, C. verum oil and /. verum oil
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6.The Excellent Keynote Speech “Green Insecticides from Thai Essential Qils for Urban
Insect Pest Control at International Conference on Agricultural, Ecological and Medical

Sciences (AEMS-2014), Feb 6-7, 2014, Bali, Indonesia.
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Phasomkusolsil, S and M. Soonwera. 2010. Insect repellent activity of medicinal plant oils
against Aedes aegypti {(Linn.), Anopheles - minimus (Theobald) and Culex
quinquefasciatus Say based on protection time and biting rate. Southeast Asian J
Trop Med Public Health. 41:831-840.

Phasomkusolsil, $ and M. Soonwera. 2010. Potential larvicidal and pupacidal activities of
herbal essential oils  against Culex quinquefasciatus Say and Anopheles minimus
(Theobald). Southeast Asian J Trop Med Public Health. 41:1342-1351.

Phuakbukhao, N and M. Soonwera. 2010. Effect of herbal essential oils to control american
cockroach (Periplaneta americana) P6-10 in 16" Asian Agricultural Symposium and
1* International Symposium on Agricultural Technology. 25-27 August 2010, King
Mongkut's Institute of Technology Ladkrabang, Bangkok, Thailand.

Phasomkusolsil, S and M. Soonwera. 2010. Larvicidal and pupacidal activities of herbal
essential oils against Aedes aegyti Linn. P6-33 in 16" Asian Agricultural
Symposium and 1*" International Symposium on Agricultural Technology. 25-27
August 2010, King Mongkut's Institute of Technology Ladkrabang, Bangkok,
Thailand.

Sinthusiri, J and M. Soconwera. 2010. Effect of herbal essential cils against larvae, pupae
and adult of house fly (Musca domestica L: Diptera). P6-06 in 16" Asian
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Technology. 25-27 August 2010, King Mongkut's Institute of Technology
Ladkrabang, Bangkek, Thailand.

Sritabuta, D; S. Poungjai and M. Soonwera. 2010. Effect of herbal essential oils against
larvae and pupae of Aedes aegypti and Culex quinquefasciatus. P6-06 in 16"
Asian Agricultural Symposium and 1* International Symposium on  Agricultural
Technology. 25-27 August 2010, King Mongkut's Institute of
Technology Ladkrabang, Bangkok, Thailand.

Rassami, W and M. Soonwera. 2010. Insecticidal effect of herbal shampoo against human
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King Mongkut's Institute of Technology Ladkrabang, Bangkok, Thailand.

1l 2011

Phasomkusolsil, S and M. Soonwera. 2011, Efficacy of herbal essential oils as insecticide
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(Peyton and Harrision). Southeast Asian Trop Med Public Health. 42:1083-1092.

Rassami, W and M. Soonwera. 2011. Effect of herbal shampoo from long pepper fruit
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Thailand. J. of Agricultural Technology. 7:331-338.

Phasomkusolkil, S and M. Soonwera. 2011. Comparative mosquito repellency of essential
oils against Aedes aegypti (Linn.) Anopheles dirus (Peyton and Harrison) and Culex
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Phukerd, U. and M. Sconwera. 2013, Larvicidal and pupicidal activities of essential oils from
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essential oils against Dengue fever mosquito (Aedes aegypti (L.)) and filaria
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Soonwera, M. and Sinthusiri, J. 2014. Thai essential oils as botanical insecticide against
house fly (Musca domestica L.) p 26-28 in International Conference on
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