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Abstract

The repellent effect and oviposition deterrent of five different essential oils from ylang-
ylang (Cananga odorata Lamk.), clove (Syzygium aromaticum L.), lemon grass (Cymbopogon
citratus DC.), citronella grass (Cymbopogon nardus L.) and sweet basit (Ocimum basilicum L.)
were assessed against female adults of Aedes aegypti L. and Culex quinquefasciatus Say
under laboratory condition. The essential oils were prepared 5, 10% concentration in coconut
oil/ and ethyl alcohol. The repellent efféct of essential oils were evaluated using the human-arm-
in cage method, 0.1 ml of each essential oil was aplied to 3x10 cm of exposed area on a
volunteer's forearm against 250 non-blood-fed (nulliparous), 4-5 day — old female of Ae. aegypti!
or Cx quinquefasciatus in a cage (30x30x30 cm.). The essential oil of ylang-ylang gave
protection time against Cx quinquefasciatus for 126.67+5.77 min. and 0.8% biting rate and
against Ae aegypti for 86.67+10.40 min. and 1.06% biting rate. The positive control (coconut oil)
and negative contro! (DEET, N,N-diethyl-3-methyl benzamide) were effective for 20-25 min. and
390-400 min., respectively. All herbal essential oils exhibited oviposition deterrent activity
against Ae aegypti and Cx quinquefasciatus. The 10% ylang-ylang oil in coconut oil and in ethyl
alcoho! caused complete oviposition deterrent in 100% effective repellency. 10% essential oil
resulted in the maximum deterrent of 95.70-99.83% as shown by clove oil, lemon grass oil,
citronella grass oil and sweet basil oil, whereas the coconut oil control and ethyl alcohol control

provided 72-81% and 0.26-4.41%
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1. List of herbal essential oil repellents in coconut oil and ethyl alcohol tested 12

against Culex quinquefasciatus and Aedes aegypti

2. Effect of 5% herbal essential oils in coconut oil as repellents against _ 23

Culex quinquefasciatus

3. Effect of 10% herbal essential oils in coconut oil as repellents against 24

Culex quinquefasciatus

4. Effect of 5% herbal essential oils in coconut oil as repellents against 25

Aedes aegypti

5. Effect of 10% herbal essential oils in coconut oil as repellents against 26

Aedes aegypli

6. Oviposition deterrent effect of 5% herbal essential oils in coconut oil 27

against Culex quinquefasciatus

7. Oviposition deterrent effect of 10% herbal essential oils in coconut oil 28

against Cufex quinquefasciatus

8. Oviposition deterrent effect of 5% herbal essential oils in ethy! alcohol 29

against Culex quinquefasciatus

9. Oviposition deterrent effect of 10% herbal essential oils in ethyl alcohol 30

against Culex quinquefasciatus

10.Oviposition deterrent effect of 5% herbal essential oils in coconut oil 31

against Aedes aegypti
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11.0viposition deterrent effect of 10% herbal essential oils in coconut oil

against Aedes aegypli

12.0viposition deterrent effect of 5% herbal essential oils in ethyl alcohol

against Aedes aegypti

13.0viposition deterrent effect of 10% herbal essential oils in ethyl alcohol

against Aedes aegypli
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1. Comparison of protection time (min.) and biting percentage
for 5 and 10% herbal essential oils in coconut oils against
Culex quinquefasciatus; Y = Ylang-ylang oil, Cl = Clove oil,
L = Lemon grass oil, Ci = Citronella grass oil,

S = Sweet basil oil, C = Coconut oil, D = DEET

2. Comparision of protection time (min.) and biting percentage
for 5 and 10% herbal essential oils in coconut oils against
Aedes aegypti; Y = Ylang-ylang oil, Cl = Clove oil,

L = Lemon grass oil, Ci = Citronella grass oil,

S = Sweet basil oil, C = Coconut oil, D = DEET

3. Comparision of oviposition deterrent and effective repellent
of 10% herbal essential oil against Culex quinquefasciatus,
Y =Ylang-ylang oil, Cl = Clove oil, L = Lemon grass oll,

Ci = Citronella grass oil, S = Sweet basil oil, C = Coconut oil

4. Comparision of oviposition deterrent and effective repellent
of 10% herbal essential oil in coconut oil and ethy! alcohol
against Aedes aegypti; Y = Ylang-ylang oil, Cl = Clove oil,
L = Lemon grass oil, Ci = Citronella grass oil,

S = Sweet basil oil, C = Coconut oil
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Study on repellency and oviposition deterrent of essential oils from ylang-ylang, clove,

lemongrass, citronella grass and sweet basil against Aedes aegypit and Culex quinquefasciatus
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thifunanszivenzlafanaauididu 15% + vanillin 5% Hasiugeansaaulsl 3 au. HnTuven
szmpgAdUFRANdNAL 16% + vanilin 5%; vanilin 5% uax DEET 4% &nwnsoilesiu
gNAEAUARTH 5, 1 AT 6 TN, AMNAAL unziifunenstinenslafuenaruidudu 10%
annsotlasiugeiininy (Cx nigripalpus) fialiunu 312 wnd Tuanizdl DEET Annsdinds 7%
aunsollasiugeiimnyinld 288 wnii (Maseti and Maini, 2006; Yang and Ma, 2006; Zaridah
et al., 2005; Barnard and Xue, 2004) Phasomkusolsil and Soonwera (2001a, b) i"lf;l\ﬂufhﬁﬁﬁu
wansyimenzlaiuen arndndu 10%  Haonudufiwsadaindogeaistiy geiiany uas
gafiuland (An. dirus) atraan TnedAn KTy, Aa <1.0 Tmﬂﬁwaﬁﬂﬁm%\immﬁmmw 100%
UAINIIMAADS 24 TN, meﬁm‘lum?"lziqa%\ammﬁm”lﬁ 100, 98.0 WAY 98.0% MANATAL UaTEN
namtumsilasiugaieannalafall 72.0, 84.0 uaz 132.0 1l AMAWL dnurtinsunenszme
nelafAnnadindu 10% RaouduRssesndudeenanatinu esian uasganulansatnann
uReafursuvensmens lasnan Iaufian KT, Add 1.22, <1.0 uaz <1.0 Wil Audsy uaz
N@ﬁﬂﬁigé%\iﬂ’m‘ﬁﬁﬂmqﬂ 97.60, 100 uaz 100% WAINITNARDY 24 TU. ANUATAL uenannii
Sritabuta et al. (2011) mmqurjq{iﬁﬁummuuﬂmz’lﬂ’i’mmmﬂmﬁ’uqamﬂﬁﬂu nazeNiulang
(An. dirus) ia KA 98.66:11.56 Uaz 98.0+15.28 wnil fldmsINasrin 0.97 Uz 0.80% MNAAL

dufunszasantne (Cananga odorata) Tudqunaniitintiansywe fiansdndo Ay
siaenine Phasomkusolsil and Soonwera (2011a, b) MewTidueNsT mens TR neAY
Wudiu 10% dAaniilufiusiasafindegeanaiiu eesianny waveeiullans (An. dius) luszéu
thunanslnefisn KT, A 21.33, 1,70 uaz 2.44 Ui Lm:ﬁwaﬁﬂﬁq\i%qmmammﬂ 54.40, 60.0
LAY 89.60% MAINNINARDN 24 TN, ANNRIGL uanmnﬁﬁﬂﬁNa‘lum‘a*'la'qa%\immﬁm’lﬁ’f 66.0, 90.0
WAz 92.0% Himsnsia 1.70£1.06, 0.50£0.53 Ua 0.402£0.70% RNANHL

daulusznn (Ocimum basilicum L.) ﬁmmwi'niqﬁuwamzmamn‘luimzwqﬁﬂmamﬁ
Tumsla uazzinunag mu%\iffl’qﬁqw%r“lum?ﬂmﬁum?ﬁ'mmqqmﬂﬁqu fairney uavddigualu
nssingniingeaetiiug uazgningeiANnY (NGNAGANENNNTUNE, 2546) %4 Phasomkusolsil
and Soonwera (2011a,b) mﬂmudﬂﬁﬁﬁuu@m:maim:mmwLﬁ’fuﬁu 10% RAauiufssaa
WinTeseanatiu gediangy uazgefiuldes lussiudhunans el KT, A 62.18, 1.66 uaz
< 1.0 Wit uasfuavinWiekeanaeilnne 70.40, 47.20 AL 76.80% WAINTNARGY 24 T,
ANdNAL samedainalunsldgefeanaial 84.0, 90.0 uAz 96.0% uazdidmsanisiin
0.800.79, 0.50£0.53 Uaz 0.20£0.42% MINATHU wanmnﬁﬁqﬁN@”Lum?ﬂmﬁuqq%qmmﬁmﬁm

61 30.0, 42.0 uaz 30.0 W RINAFL Amer and Mehlhorn (2006) $1eRMWIN S UMANTEIVEIATN
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Tuszinad lunistiasiuntsingeanediou eeirianty uazeeiuiaadls 120.0, 480.0 uaz 210.0
RWAAL Sritabutra et al. (2011) mmudq{iqﬁummzmaqmﬁﬂﬁﬂm'mn’l’uﬁ’u 5% + Yafuven
szmsluszwiaondindu 5%  ludiuiteinalunisilesfugeanati uaze iy inls
98.89+10.28 UaT 210.0£10.70 Wil uaziidnsn191in 0.90 uas 0.93% AMNSIFL Phasomkusolsil
and Soonwera (2010a) senuitinduvenszveinszvn + vnduvenszmena Asdaedi 10%
‘luﬁqﬁuﬁﬂi’imaﬁ’lumsﬂmﬁuqqmﬂﬁqu g9iIANTY UaTENAULADR (An. mimimus) finld 90.1,
165.0 Uz 205.0 WA ANAIFL NEg (2553) sewinifumenszinenzlaiuen tiuen
szvedy 5qﬁuuﬂmzmmumfﬁﬂﬁa iﬁqﬁuuamzmamuwﬂa ‘fiﬁ:i’ummmuﬂquﬁﬂﬁawau{i’wﬁu
NONSZIMBINUYA LLaz{iﬂﬂuu@m:maqmﬁﬂﬁamuﬁﬂﬁumm:mmmz‘lﬂ%'mu AnLdindiy 10%
Tuenianeansaeaiinavinlifafudaediinngyane 100% wasnisnased 1 o Tnaiad LT, =
4.20 WA# Warikoo et al. (2011) mmﬂudﬂﬁﬁﬁw@mzmﬂm:wq ﬁ']ﬂ’uu@m:mﬂmﬂﬂ? ﬁﬁﬁu
wanszmelsasd thiumdnauld uazindululefiu Wuailunstiasiunisansldaasgans
thu IneifiAn ER (Effective Repellency) st 95.5, 97.0, 74.7, 36.0 ua¥ 97.5% AINAIAL el
fomwsinfmeuszmeanszaniisiawesumsils 2 4lnda Ocimum suave (Wild) uaz
Ocimum kilimandscharicum (Guerke) gsnsatlasiueniiae)inls 88.65 uaz 90.5% AnaAY
luseusii DEET Hasiuseianmninld 91.30%
u'anmnﬁﬁqﬁmm'\udqﬁﬁﬁumu?::Wiﬂmnﬁmuu’lwwmwﬁmﬁmmmﬁqm’mums
Hasiueanetinu uazgediany 1mu Kumer et al. (2011) sednihfurenszmahiesiu
(Mentha piperita) ﬁﬁﬂ%@ﬁi@@,nﬁmqmﬂﬁ’qﬁuﬁ 4 TnufA LC, = 111.90 ppm NAININAADY 24
. uazdainalunisilasiunsinaasgaaratiule 100% Tuan 150 uril Ansari et al. (2005)
mﬂmudqﬁﬁﬁuﬁuﬂiznfauﬁqzlm?a?qﬁzym'u k-terpineole, eugenol, isoeugenol filuadanisme
gaaindeges i uszeniaglaalAd LC,, = 82.10 was 85.70 ppm suainuaudedug
Tunstlasiuedrmaials 97.4041.70% lunan 9 7. Gilliji et al. (2008) ey
sTmegAALIRA (Eucalyptus saligna) mansidindiss 12.50, 25.0, 50.0 uaz 90.0% finalunisilasiu
greanetiuin i 20.0£20.00, 17.0+7.0, 90.0 uaz 90.0 W# Misni et al. (2008) BT
wanszmsanwIn e de Piper aduncum Linn. (F.Piperaceae) ANENgU 0.4 g flm‘lum'a‘
flasfunsinasgeanatiuls 100% 1w 2 on. dou DEET annsudindu 10% Anatlasiunisin
209e9aels 100% 1w 4 11 Yang et al. (2005) M TmaNszveandu @
(Citrus sinensis) HansdndryAa O-citral uaz citral HuainlisiaAndagdagmne J LC,, =
0.0513% WAIMMARRY 24 T4, HANANHEETEIE TN IMEAIN eSS (Cinamomum

zeylanicum) mz\A%8U (Litsea cubeba) uasaa (Zingiber officinalis) Araidindiu 20% Hlasiunis



fAnndesraey el 480, 480 uaz 120 WAl mNAAL nan1saseslugeaatitunLdn tsTuman
szImERINWENaN (Zanthoxylum piperitum) Weudnauldan (Anethum graveolens) wazilsnzuas
(Kaempferia galangal) anadindu 0.1 mi30 cm® fnalunnsilasiunsinaaseanetinuls 1 ou,
30 uaz 15 il uaiflensshimenszmausazatingag vanilin 10% duavnlfanunsoilasiu
m‘;‘ﬁ”mmqqmﬂﬁﬂu’lﬁmnﬁuﬁa 2.5 3. 30 U Ua 1.25 BU. ANANGL (Gleiser et al., 2010;
Choochote et al., 2007) eIt e anRaNE LT (Zanthoxylum
limmonelia) waz W& (Citrus aurantifolia) AT NdY 30% AT WRasannSA Wi
5’13?1&14@34?3mﬂ%mmmﬁmﬁmuﬁqﬂ:ﬁ’am?’m‘lﬁua’lum?ﬂmﬁumiﬁmmmqqmamu‘lﬁﬁndqﬁﬂﬁu
Nznin uaztsTuveNsT BNz uuAT L 30% + Tamdn Inadfigalunstiasiunsia
paeaneiaaulfiu 296.0 wAt (Das et al., 2003) Choi et al. (2002) eIt UM T e
AINAIULAAS (Lavender officinalis) Tmuzﬁl (Rosemarius officinalis) uazlnad (Thymus vulgaris)
finalunistlasiunisinaaseeinangy (Culex pipiens pallens) 16 65, 77 uaz 91% luaan
31.0£3.67, 47.0£8.28 UWAY 65.4+12.2 U BANAIAL
FuilulnsmAdeiRainmnduinfimenssieannnannszfaenng ARNNTUYA A6
“1a¥ srdunzlauen wasluTuszwn Waldlunasmaseslunistiasiufnda waznisndldas
ganetinu wazeAnny demainlslemitlizanmsifeiife nnumiaseniniumenssie
fiflszansnmalunisilasiufidn uazAse ldeasesana iy wazeeiiany sauiansth

£
naedde lUWmudnsneiayuinglunstlasiumdn uaznisndlisesmsaasiin



o act
a1nsl WAYAEN1TNAADS
1Y @
aflunimaasduteanifudusausiheial
1.a0ufAnITiunMAaad
LY I~ al a o ) 14 ?& 2 o
Vel JiAn1sngingn uasfeuandan 41 4 AnYUUIA (LBA) LASITAUNAREY
anzmalulaiimainums antumaluladinszaeunddnummeaansziis ngamne
g L o d’ -
2.nsiaeNgaETing tazeiianny e ldlunmaang
1Y
fusaulunismasasinamaiusausanldgeanating uazeeiagluFeaunnand agldon
¥
WAYARNTUA 25.0x35.0x8.0 TH. 411U 2 1A WiaznIaldinaratnlsAaInAsaIusIuY
1,500 HA. FBNNA DIAKTINNNIENTTANHAUIAEURAUENAN 6.5 T4, g9 10.0 T.27UU 3 N3El
I dﬂl 2/ o >3 s =l + 74 1 = ) b 73K o v ar 3 o~ = o
aas e liisindawmeaisgeatatiunnddd usrdnoalddminlisamndtneddessininy
= 1y v o 2 <4 o z o
il WawFauanaldGuufesndainanaisaasninliaelfluBaunaaas udsanniiu 2-3 §u
=3 ? 1] = 1] 3 o ngl' 27 oS erax 174 n:l'
uldgaudazainlundazonn whaniuemaeeluiesdfidnsinaldaaiaesgnes
k%4 1 14
(25.0x35.0x8.0 TW.) AntisAaInAREIW 1,500 1a. sianna udarinsae ldeeanatiuug au
¥ : 74 2
amaz 1 naeld dvdugesiannyriuwle 12 uw awuuiatih lunnaiaesgnitedszann 12 u
¥ 1 ¥ ¥ '
lagausiaradafindugninded 1 Wdlsauudaluidueimis udsainidu 3-5 Tu gnuagedeh 1
o s El oo £ oA o w0\ £ | o E o 4
wiryAnTnilugniingeded 2 gniieeded 3 uavgnidnended 4 puanai lnagnuingeded 2, 3 uas
' tY v ]
4 Tramwnalaradaudsndllsfiuninnda 26.0% Wuatwmng aandugnitasidadnud (i) dei
t
Twazlifuatmns amiuldusangn (dropper) gadalids lddaanataiinann 500 ua. 499U 50
2 3 ¥
siastading udavindelddnlietinns 3 Tunsudenteann 30.0x30.0x30.0 9. antuldfiaaunyy
¥ g o X 2 g ol N - o
inlgailansafees 2 douiiaiinanngy wazgungl innsaniuninasyiiuinassiali
1’4 ¥
HusiafindeiFaiiu aaniu 2-3 4 fldassaiulndudadindaldermsinfinielae iddanu
‘J L -] - o
Auenatlszinng 20.0 . ldmadeinalag (glucose) + vgmina (fructose) + ¥af lamnfiulain
4 8
(multivitamin syrup) Aaudidiu 10% w¥ennslfiRendndiaagnaotun daususnmndamals
watanepanatinyg wasgeimyRaNTug uasfufandnudo 2-3 Tu tunalaudazatinazanald
' 2/
THirTadgaunaa (aspirator) paganAiieusiazaiin 50 #a ldnsaiaeea (30.0x30.0x30.0 14.)
1 £ 2
whanmsENdaanatainldinauns 300 Ha. ldtiazedn 200 Na. uazldnsaenseanusadan
1 ¥
e WS faesaneiuale doueedrangylddanaunn 300 ua. lddrgeain 200 wa. udaaedine
P v ar = o 3 di ] = 1o [ ) = Agl' = af 44
Tunssgaive s legeinanaeld Wegsudazaiingndld drligeusiazafinllideminGznis
nanannudaaunseiseusarinsyduindusaiingg Aaihdindasaseudazatiaunldly

A ) 1] - § % 1
nsnasa g Y wasivaeanundauuan B usssatinne e f i lunmaansalil
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3. mstfusussfiagging saznisndsindumenssveaniiaasins

ﬁmgu’lwaﬁﬁmﬂ%’tumiwmamﬁﬁ 5 aiipliunnannszisntng (ylang-ylang, Cananga
odorata Lamk; Annonaceae) mBnNUWa (Clove, Syzygium aromaticum Merr. Et Perry;
Myrtaceae) ansiunzla¥ (Lemon grass; Cymbopogon citrates (DC.) Stapf.; Gramineae), 815iu
n=la5uaw (citronella grass, Cymbopogon nardus (L.) Rendle; Gramineae) ‘[maﬁmuu’lwaﬁa 4
afatEuann 2.0 ndee a.uasmTann wazluTuszm (sweet basil, Ocimum basilicum L.
Labitag) ILAMNAIANTELN NFIUMW (Table 1) mni%uﬁqﬁmgu”lwa‘urfiamﬁmﬂi'mqu 1,000 n¥u
Erailazann e fulls LLﬁQLLﬂnﬁLuLﬂu%u_Lﬁﬂj uazaiin AL nndutinurensz e uA
azaiin IneWirtasndulernile Wriumenss e uda uoniiuldanndan sareliunanudiudulu
faalnsudiazaindl 2 aswidiuduie 5 uaz 10% Tutishunznitn uazievdaueanagas il
wise Wi lunnmeaasraly (Table 1)

4.nenanadiunmstiesiunisinreseatatinuy uazeesnny

manaaadldianig human-arm-n cage HEinmmpasudiuay 3 au ang 20-50 1 Tduen

k74

< = =l ¥ = ar 3’1
WA NQININm Faounianlunismaaall wazfiannasinslalunnmegay Tma’tummmmnuuw

u
nasauuazaulinemAagay 1 0 uiazneageuiiuANdwA e sanaTiuany 3-4 4u
1 2
qruqu 250 fia AdeliinefuAanudau 14lunsudauuasauin 30.0x30.0x30.0 IH. faunIs
2 Y o ; 34 Y
nasaLliinagaudneie uildasern Tinniwen utledu Tadu viatrFalseiiufingu aaniu
' 1 1% i

Wmemaseunainuasesanatiy lnennstiuuaui idldnmhduranssive vizeanmasausiialan
v a o = Y o g Y @ 1 o oo
Wl lunssgdlunan 5 3und windgemetiwinuuntud bl unsesuanddivivingeanadum

] :l/ 124 ?/ ° < ol o ]
aglunseiunFanlunismeaan aaniduiigalieeneilagiugiotszinnl 50.0 T4, FADDY

]
=

P a9 v 2/ ¥ <A ¥ o o My o ?/
AWMKREHAUNAUNDILTUAUNA 3x10 TN, Ltmmuqawa’lumemwm'lu”lmmmmmafau ANUUNN

¥ H
° =i

. D) & S N M '
Snifunenssmeiidon1flu Table 1 USand 0.1 g, Aufluaundoniianzded ey
[ ?/ < Py 173 97 P } %4 <l 1< 3 o 3
wdRNTil 5 il Asdiunad i unseegeanetituneten i 3 unil winldilgeanatiuiali
< : = Y o = < T - P
Aauaanainnags wariiundalllungeeatetiugng 30 wih winlegansiuimisnninug
al o 2’/ ! o .2{ P=3 3 2 ar <} «a‘ dl 13
paufiinInaaeudcus 2 faauldamgainnnmageuudatiuiininan Guinuaudtlllunse
v ?z <% ] d‘d (Y n:-g Py 2.’/ 1 o ‘g ) [ J
guaneinuafsusnaufeinananiifigsatsacuianiuinagaudud 2 faull daanaidinga
v 1
A liifuszazinarflasfugaatiuinsaniniunenss e inaaauusazila AuonaIn
] ¥ 3 @
Alednsnsrzeriaiugainaasnaaausie 3 au felunimagauiugataiuivinnimageu
Tudaaiaan 8.00-16.00 u. mszifludasinafieeniuzespaatiulunainaedu gwiunis
b b
nagaulugsinaiusiiiimaduReniuiugeanatiulugniuneuiisasinnmaseulu

daq19an 18.00-20.00 u. wsnziflugainlunainandu dufunimeasslfauiieudiiunis



11

yageuduFEAunMmadeulay Whiunenszmeifeend 14 DEET uazvinumzniramuauuny
nsisumenszie Lm:ﬁﬁl’@gaﬁ‘lﬁ%\mum‘lﬂﬁmm:ﬁmﬁfa‘lﬂ

5. mamasadiunmsiiasiunismndddueseanaring uasgediagy

AN maaasTaeanmswizandlanasasunduiiguegnang 1.20 0. g2 50.0 Tu. 1F
1t 200 18, AntuFT s meNszmeTwEen 1 Table 1 1B 5.0 ua. adhusasiemagey
doudoeififlunmasenBafeuiubiduhidumenszmesialaise uatifemnsas uaz
faemasauBaudiaudnilonalunseidgeaatiumaiioes 34 5u ifuRenduudo uay
w¥asfiazandld 4mau 50 Fsanse uaintu 48 Tu. thienaaas uazdavasau By
aanannseeanetiog udaiudnuaildsesegaatatiulaeinnnmaans 10 41 Tunmasasag
Ydfumenszmeisazain mm%uﬁﬁﬂuuaﬁ’\mum”lﬂv‘iqmﬁLﬂﬂzﬁmmiﬂ‘lﬂ Aniunnsmaaasugs

9 ¥
Srmnnyiiu AiiuAgnsduiReniugateiyniuneu
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Table 1. List of herbal essential oil repelients in coconut oil and ethyl alcohol tested against

Culex quinquefascitus and Aedes aegypti

Common name/ Origin of plant Plant used Formulation

Scientific name /chemical consituents

Family

1.Ylang-Yiang Nakhon Ratchasrima Flower 5, 10% ylang ylang oil
Cananga odorata Lamk Thailand essential oil in coconut oilf ethyl alcohol
F.Annanoceae .

2.Clove Nakhon Ratchasrima Flower 5,10% clove oil
Syzygium aromaticum Thailand eugenol in coconut oil/ ethyl alcohol
Merm. et Penry isbeugenol

F.Myrtaceae

3.Lemongrass Nakhon Ratchasrima Stem 5,10% lemongrass oil in
Cymbopogon cifratus Thailand citroneltol coconut oilf ethyt alcoho!
F.Gramineae

4.Citronelia grass Nakhon Ratchasrima Stem 5, 10% citronelia oil in
Cymbopogon nardus Thailand citroneliol coconut oilf ethyl alcohol
F.Gramineae

5.Sweet basil Bangkok Leaf 5, 10% sweet basil oil in
Ocimum basilicum L. Thailand essential oil coconut oil/ ethyl alcohol

F.Labiatae
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HANSNASAILATIATH]

rannsnaaadlil Table 2 Aanataetinunenszmaarniaanuing 5 ol Wuriiumen
ssmenszdenng shifmenssmenmuna fuvenszvengled ddunenssivenslaiven uaz
Shifumanszmeliszyn prsdindu 5% Tuthiumzndn dwiunmeseBenifieud 3 alnde
vindfunew¥1a DEET  (N,N-diethyl-3-methyl benzamide) ua il riuvensymesiinln
(untreated) Aantstlasiunisin uazmslageiiancy (Cx. quinquefasciatus) FaflenFeuieu
nanadelunistiasiugein wefifusnistlesiugein uazdmsnisinaases wudntsumey
srmenszin e Wnadfignlumstiesmmasesiasiinaluntstiasifugdiamainlduigada
90.0+0 u# Ineiinalunstiaaiugeriald 96.0% uazidnmnisinesgeirnyls 0.80% avan
Aathifumenszmeny vy thihimenszimenuna tiunenszwelnsznn dlunenstie
nlp% Thifusewdnn uaz untreated Sneflnaniadnlunistiaafugediannialfum 55.0£2.35,
40.0+0, 40.0£10.35, 35.0+2.35, 21.35+4.71 4az 0 Wit mudndu Sedinantunnstlesiugeinmngy
finl& 96.0, 94.0, 94.0 96.0, 96.03 UAZ0% MINAIAL mw}l”qﬁqﬁﬁmﬂm?ﬁ’mmmqq%ﬁm:‘gﬁa‘ﬁ 1.06,
120, 1.20, 0.80, 4.0 U8 20.05% AnSAL §1uFu DEET aafhumsdaiaszyiilunistiasiunis
ﬁ’mmqqﬁfuwudﬂﬁwa‘lum?ﬂmﬁuqq%qmzyﬁ'm”lﬁﬁmnndwﬁqﬁummzmmnnﬁmuu‘lwmmjﬁm
Aaanunantlasiugesianqintiuunantie 401.0:8.36 Wil Tnefinaluntsilasiugainls 96.0%

warfidnseanin 0.80%

14
K3

nannsmaaasty Table 3 Anazaninduenstmpanigaylng 5 7iin Wniiafumen
szmEnsTAw ne '*:i'ﬁummzmmmuvga ndfmanszvanzlad tuvensswenzlaiven uaz
Sastumanszme sy aonuididn 10% Toefinismaasafauiien 3 ol Aeroduuzni
DEET sazbilfviiuvasszinariala (untreated) lunnsflasiunisinuasgeinansy duila
wWianfaunalunistlesiueedn wesiduinistlasiugeia uazdnsnisinaace g
yanszvenszivnng Wnaangalunstiasiugeininlilunes 126.67:5.77 it Tnaiing
Tumstlasiussinld 96.0% uazldnsesin 0.80% saamnAermanszme uszvn dduien
szmenuna Tdunenssinengla¥uen friiumenszmenz1ad tfunzwite uazlilidiam
enszweanfiaanuinstiale (untreated) Tneilinaniadelunistieatugaialy 93.33415.20,
90.0+17.32, 86.67+10.40, 78.33+2.80, 22.31£2.37 Uaz 0 WH AMWAAL .

fiualunstlesiueain'ld 04.05, 94.05, 94.05, 96.03, 94.05 uaz 0% muaAL Tnaddne

&R 1.20, 1.20, 1.06, 0.80, 1.20 UAZ 20.20% ANAYSL dau DEET linan1snaaasAninnda

4

©

a Tt

iniunanszimeannasyulnsynaila Jsamnsailasiugeiniduiu 389.1247.35 uni flasiugs

finl& 96.03% warildmsearinld 1.20%
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14 ¥
nanenaaesiy Table 4 Asnazavinfunenssiaanfizasulne 5 1lia IHudtduvay
v v v
smenszAan ne dnfmenszimenuys ihiluanssmenzla¥ dnffunenszienzlafnen uas
¥ ¥
dnfuvanszma sz pomdidiu 5% daunmmessuBaudfieudl 3 slinrauniunzwiin DEET
¥
warliilfsinunanszimeainla (untreated) slamstleariunisiin uaznisiageanatii (Aedes
lﬁl‘ <l 4 o s o o o o o o
aegypt) InaflaiBauiisunaeaslunstiasiugein wafiduinilesiugeia wazdnsinnsin
' 2 o @ 4 PP 4 o o o v
183U sinfunensymenylafvaniinanfigalunimaaes Gefinalunisflasiugeinlduy

14
60.0£6.30 uh amnsntlasiugsanatihuiald 92.38% uaclidnsnisin 1.60% redasmnaaunli

L4
° s

v 174
nenszimanzAwt e dndunanszmaniuye dniunenstiens|a¥ dnfunanssmeluszwn

o ar

v ¥ ¥
vintiunendie we il fiiunenszweailalneilnaneds lunistlasiunisinld 53.20£5.79,
45.57+1.38, 35.64+2.58, 30.71£2.68, 25.31£4.79 Uz 0 W mud AL Feilnalunisilasiueein
¥ i
15 94.29, 92.38, 94.29, 92.38 UAZ 0% AINATAL FauvHaneTAfail 1.20, 1.60, 1.60, 1.20,
1 1Y
1,60 Uz 21.0% sudnsu dwn DEET MfiflunsmassenSeuifeudngsfaniiaiunudn linas
Y74 » e waan¥ o
TummeaasmInndn tfuvenssmeanimayulnsynaia dnduneniiae uarlilildinTuren
szwe Seanunsnilesiugainliuim 397.61+7.93 wnil tlaaiugaia'le 94.29% uazildnaneinld
1.20%

¥ v

nanaaes U Table 5 AanatainsiuvensTmaanigayulng 5 aila Ifuitiniuvay
v v ¥
stmenIzasn ne thifunanszvenauna dduvanszmensla¥ nfunenssivenslniven uaz
2 ar % 1 | = o gu’ ar &
indfuvanszmenrznnanudindu 10% daunimeaeaiFeuiniauil 3 oilane dilunzwin
14
DEET uazlailiidiunenszmenilala (untreated) sanistiasiunisin uaznisldgeanatiing
A < A o or o o o o’ ar o o
WawBauifiaunanedalunisilesiugeatadn wesidusinislasiueein uazdnsnisinuedgs
¥

) o o A o o
wudnindunensswanlaiiinasngalunisasas Inefinalunistlasiugednlduiu
96.67+11.55 unit unsatlasiuegpanatiunall 96.61 Inndidnaegeanaiuin 0.80% 389830

¥ 14 v v
Aatinfunenszienszin ing ddunansyienslafuan dnfunensswmaniuya dluvay
% o 1% 1 9/’0’ % o <] o o 1% 2
semnlusenn tndunening welildiduvenszmaniinlalnadnaedalunisilesfunisinlé

86.67410.40, 86.67+5.77, 77.0£3.46, 63.67+3.21, 25.1143.21 Uaz 0 Ui mua i Telinalunis

°

o o

flasueanerituin 04,75, 94.75, 95.38, 94.40, 96.61 UAZ 0% AMWAAL unzlidnsgaindall
A 1] ’9/ ar

1.06, 1,06, 0.93, 1.13, 0.80 uaz 20.20 dau DEET Iinasngnlunmnassdinelinaauinndntinadu

< ,5’ ar v I y’o’ ar = ] o ar 2/

vanszveanfiayuing thifunendn uadlilfinumenszimeaiinla wuddnatlaiugsinls
409.048.53 unil thaafuennnld 94.45% uacfldnagein 1.12% -

& 2
nanasaslu Table 6 Aanaradtinduvensswaaniizayulne 5 tlalduiiniuven

¥ v £ 4
symansyin ine thunanszmeniuna idunenssinenzlaf dnfunenssenslaivey uas



15

ffunesszmelusznn Araadindu 5% lukhsumzninuastinfumzning renislageitAnnyin
il wenBeuiausunultiedy swadliiedeseganide 1/ ulefifusinnsldgeliliondd
uazsaiinenald Naﬂmngdqi’iﬁﬁumm:mmnszﬁwﬂmﬂiﬁuaﬁﬁqm‘lum&‘vmaa\ﬁmﬁm‘lun'w
8l e naianadldls 100% Seildwnulieds 0 wes hansfimmassiFauiay
fidaunnlld 3,207.06110.67 wes waziifaiinnanndla 1.0 dueriunensavanszionined
At lumslsgamediehilnnsliligann sesmniedunenszieinszn dnTuman
szmenzlag ddfunenstiveniuya Safumenszmenslatuen uazihiimznn (nMmaaas
whannfien) Tnafidauauld 10.371.65, 20.6716.05, 25.0£2.36, 28.31£8.67 UaT 612.0£34.0 Wag
Ry usniinsmassaieuifinuiléunuldiedasil 2,367.06125.50, 2,107.0£120.56,
3,006.0£90.20, 2,138.0£125.37 Uz 2250.0£137.0 Waw armdndi Fedidnuavlisesgawaiile 1 5
fail 0.21, 0.41, 0.50, 0.56 uax 12.24 Was sesamuddL taefFaiinsldyslilnandldsl
99.56, 99.02, 99.16, 98.67 ¥ 72.80% Andnsil sastisilatinisandlasil -0.99, -0.98, -0.98,
0.97 U -0.57 mudaRl Fuintiiusnisiuvenstineanaguinstuszn fnsuvenszme
nla% difunenszimantuna sastnfunenstmenslaiues fsz@nsnngelunisduansla
T epedraneyanalal douinfseminiiussangnmlunslaeslihnandldly usina iRt
wanszieanvaaning

HAnITNARDA Table 7 AanaTetninenssmeanitmaning 5 alalFurtinfunansz e
nezdanng vhunessmenmine tniuvensyimenslad fnfuvanszmenslnivan uaziniu
vanszweluszn aomduiy 10% huisimzwiag LaZtnsuLENEn (ManaaadiFaLiiew)
siamslabildesianinaiiannanld lenRauieudsiuanitiade srovldadnsassinanny
il 1 wlefidudnnslagelailiiangle sazdafinaeandld watlsnginindunenszmeannits
ayuwsnnailaiinalunislagedrmymaileldWiunndalinanlndiAa i wstiTunanszive

v el )

nsvdaning wazthduvensmanuns WinsAngalunmaans Taegaiannyisunsaunandld
"I Snalunislaegsiana bilinaddil 100% waziidaiinmldguanie -1.0 Fomnefeingu
enssweaeiafinanidudu 10% duszandaongeluninifuduanslaliligenigun
andld spsaamnAevinfumenszmeinszin dhifunenszmenylad tfunensswenylainax
wazinifunzninn Geddunldinds 5.20£1.50, 10.513.70, 12.0+3.77 ua 580.0£53.50 Waa
Arudndy delunisnaaaandouifeuddauauladeil 2,060.0660.54,  2,107.0670.34,
2,331.66+120.37 Uaz 2080.0:70.40 was mwaiy Inefldruauldsageirannmads 1 gt
0.10, 0.21, 0.24 uaz 11.60 Wawie 1 Moty uenanniideilnlefidusinnslag bilifunaldsd

99.74, 99.50, 99.48 Y 72.11% mnuansu sanviasaiinatinasanslaasil -0.98, -0.98, -0.99 ua



16

0.56 ThuRethiunanszmpannigasinsnaiadlsang mwdilunaduanslabildgeianngy
ANty
nanagadiu Table 8 Aenazanituvenszimeanniiasalng 5 slalfunthduey
semnszsenng thifuvenssivemia shilfuensziensla¥ dhifunenszvensla¥uey uas
thsfumanszmeiuszin powidhdu 5% luevsauaanaged uaziandauaanamed senistalalif
geiminAifiennaels WenRanfausiuoulinds sualdeiudegsaymaids 1 #
whafidudnslagalsiliangly uazfinimndld naLlsngEnuvanscveanigadlnmnaiia
fsvansnmalunslabiWyeiaymaiienndld nsimenssmenssianineWnadiqaly
nanmaes Tnaidunuld 7.6741.35 Wastise 0.15 Wesdadaiie 1 5 luansiinimases
WRefeufiduald 1,220.0:07.56 was deinalunizlaldlidndannanldly 09.37% uasi
faiinnsndld -0.99 wreduhiimenszveriaifauanFiiuasladliligsamymadomn
ndlatlige dfuvenszmeinailusziusasaanie Thifumanszmeliszin thifuvanszive
NUKA Snfunenszmengled thifuenssmenlnfven uaziavsauaananed ddunuldieds
9.70£2.10, 17.33+5.67, 26.048.51, 28.33:7.51 Ua 1,300.50+60.54 Wa1 nwardu Taelunns
paaaaReufouildnlia 1,300.60£50.40, 1,200.60£69.26, 1,360.0£63.0, 1,100£53.70
uaz 1,360.0+62.60 vae musna Hauanlasegediarymamide 1 fa #et 0.19, 0.35, 052, 0.57
LAz 26.01 Wadssiasia MNATFL mu%\iﬁqﬁqu'L%uﬁnw'ldqxﬁﬁmzymeﬁﬂ’lmﬁmqw”lﬁiﬁqﬁ
99.25, 98.36, 98.00, 97.51 Ua¥ 4.41% AudA uazdilinsanslasail -0.98, 0,97, -0.96
18z -0.02 AuAndL TuAettunenszmaanfisan ineynatiadilss@ninawaluniniluansls
"ailepsrmnymaiianndls dowandaueanagedliiannsalageiaymaislydlsnnalals
uan1snaaaslis Table 9 Aanazastinfuvenssimmannitsaanding 5 oin Wuriuves
cienszienng Yurenssvenuya dhiluvenszvengla¥ tilunenssmenslaiuen uaz
Thtfunenszme sz annsdiudu 10% lueniaueanenad uazianaueanasad nenislass
$ranqindiesnandld WenBumrusundldnde Sruauliedaseguimymaiie 1
whafidudnislageiangymeiilelilingdd uszdatinngansld nadsngin thiuvenszieannii
auu’l‘wmnmﬁmﬁuaﬁ’tumﬂdm%wmmmﬂLﬁﬂ‘lsi‘lﬁmmah'Lﬁmﬂ?ﬂmﬁﬂuﬁumw%mmemfaﬂ'aﬁ
waznmmmaasuFauiey (uldn) safanuinthiunenszinensz i naliinaRngnlunns
naaeshifinalumslagenainy lfunndldle 100% lusnsiinmasaudBauieuiiduald
unfa 1,208.06120.67 Waq uanannildefidainnsansls -1.0 dununafeintunensz e
nezsaneiinnuamiRidusnslalilfegdng i bilinmnddiduedwnun iy

H ¥ t4
wanszmaanfnayuinsfiliinafsesacnfainfunanszieaniuys dfunenssimaiuszng



— —b;-—..______ o - ’9'\ : &
Si¥nvodianan HIzIeNInMMANTEIN .

Snunenszinenslad diunenszmenslaiuen unziandaueanaged Jeisuavldads
1.33%0.67, 4.0£0.16, 9.34+2.34, 71.0£3.51, 2,560.0+70.50 Way AMNAAL Tumm:ﬁm?wmam
RuLFenfdunliiedndil 2,610.3472.17, 2,100.0£10.67, 2,107.10£60.31, 2,050.0£70.53
W8 2,580.0£60.50 Wae maidndy Tnefisunuldinanseginicyinaile 1 & il 0.03, 0.08,
0.19, 1.42 uaz 51.2 Wasradh mudl saeildatinneandldsil 0,99, -0.99, -0.99, 0.9
uaE -0.003 FudndL e umenszves ity nsnaiadinuaniRiduaslsgeimey
nAiebilhnandWldluatng dnsuievaueanesediilifnalusislsesiagmais
Tadlinnanglalls

wansmaaedli Table 10 Aenavesinfmenszmaaniivayulng 5 5in lHur vsdunen
svmenszdning dhimenszveniuya tnifumanszveny1ag thiumens menylnfven uay
difumenszimaluszrn urindusswinonanuddu 5% LLazﬁqﬁumzwé’ﬂwi@mﬂa’qqmﬂﬁqu
wadle i inandld WeuBauifuusualdiads srunldiadaregeanetinumaie 1 6
wlafiduinslagantiumeadehlmndl usesatinndi waLlngihiTeNsEmEATN
AoanutnsynaiiaWinan lunslassanstiumeadsldiingngl urtnsTumeNsE MEnsz N Ine
u,azﬁqﬁummmﬁﬂnqumalﬁwaﬁﬁqﬂ‘lum?wmamimﬂﬁNaiunﬁﬁiziiﬂiﬁqqaﬂﬂﬁﬁuLwmﬁﬂm
a1 100% Tnefidmnuld = 0 (geanathumeidelianansmandlald) usnsiinmaaed
WRanfauddnuala 2,011.06120.17 uaz 2,100.21£110.56 Wad AMmNAL uazifaiinasndld

J ¥ v i
-1.0 s taifuvenssmanszien ng wenihumanszanmuysiauantfnaniduansia
<

¥
o

T leanaiumaiiangild dsutinfunansz e inaa lusziusesasnie vinduay
semelisewn Tifumenszimensla¥ thiumanszvenznfven uazinunswig Sefldauaul
|88 8.0£5.27, 20.0:2.50, 25.0£10.20 UAT 405.50:60.45 Way mudndu Tnefiduauldsa
saneiumAile 1 i 0,16, 0.40, 0.50 uaz 8,11 Wasias Tuaniziinemaaanamitend
Squaullsiadn sl 2,008.565110.67, 2,203.14£123.67, 2,100.34:112.56 UA% 2,150.50£120.56
Wad MNAIAL ?QN%\‘iflLﬂ‘ﬂﬁ%ﬂﬁﬂ’)ﬁﬂlﬂda’mﬁﬁumﬁLﬁﬂlﬁ’)’lxﬂ‘ﬂﬁxﬂ‘ﬁ 99.62, 99.09, 98.81 uaz
81.14% AmAndy wazdldidaiinnanndld #if -0.99, -0.98, -0.98 uaz -0.68 mudL Tumeda
hifuensmvaannfaginsynaiiasutamntus e inaa lunsduanslalifgsiariu
mrRennlEFeen sy Ananmd Tnendumeniinliualunsldgeanetinmeadelaln
ndabiRvmenszissanagulne

uansmaaedlu Table 11 Aenaraninfuvenszmvaannitnagulng 5 1iin 1§ urithdfuwen
sveinsznng thiumenszmenuya thilunenssmenslad Sfumenszwenylaiven uas

%’ o : 74 k73 ,: [ E%4 90’ o E%4 ] J 27
nTuvanszine s arudiudu 10% luinfunzniig Lmzmuumwmmmﬂaqqmﬂmu

121232



18

wade s denBauiausundldings Sruavldeiesegmiaiunads 1 5
wafidusinnslageanaiulilinnasle uazdaiinasnsld nadsnginituvensziveaanite
aapdlwennaiinWinailunaslsgeanetiumaie i uenanniifmudnintuenssie
nssis ne uazﬁﬁﬁuu@u-a‘:mslmuvga’lﬁmaﬁﬁzgm‘lumswmameﬂﬁN@’Lunﬁ?‘lzi'lﬁlﬁqqmﬂﬁﬁu
Afinnnalaly 100% Fefiduanli = 0 (eanetiumadelismisnndsls) usnsiinns
naaavFauifisuiidauauld 2,033.0458.77 uay 2,000.67+36.17 Wad mNaAL waridaiinns
29ldl -1.0 unnefs i’iﬂﬁuu@m:ma%mawﬁmﬁ@nmuﬁ’ﬁﬁﬁ‘lum?Lﬂum?‘la"lﬁlﬁqamﬂﬁﬁmwﬁ
Sl dwsuttfumesssmeAlaa hussiisasnanatinimenssmslsew dhifuvey
szmpnzla¥ Sfunenstmensladuan sazidunzwiin feiidauauldieds 5.83:1.64,
10.25+2.11, 11.50£2.27 Uaz 590.50£70.64 Was MNATAL Tﬂﬂﬁ'ﬁﬂu’]u‘hiLﬂﬁﬂlﬁi@ij\mqﬂﬁ'}umﬁ
e 1 i daid 0,12, 0.21, 0.23 uaz 11.81 Waa dedn mwAAL TraziinmesaaBeuieud
drunuliiafn 2,178.61£22.03, 2,108.06110.15, 2,149.33£174.58 uaz 2,208.61480.33 Waq
AR santailidefifusinslageanetinmede a0l fatl 99.73, 99.51, 99.46 uaz
73.26% ANANFL unzefiFatinnsanclasil -0.99, 10.99, 0.99 uaz -0.58 MINAL waneda
ﬁﬁﬂ’uuﬂm:m&mnﬁmmu’lwmnmﬁmmu%\aﬁﬁﬁuu:w%’w‘lﬁnaE‘S’lumﬂﬂum?’l@ﬂzj’lﬁqmwﬁqu
wadlenndldFesndilss@ininmi Tnetnsimendninalumsldgeanatunade 1
adla iR unenssmmannitnagune

WANMTNARES Table 12 Aenauestinduvenszimaanniitgauing 5 iln K urtinsunen
stmenszinng Thifmenssemuya thimenszmens|a¥ difunenszmenslafven
TdfumenszmeTvszwn aoidiidu 5% luiensauaanaaed unzianausanesadsanislayany
Frumade i nndld wenBuuifinudiuadldieds Suauledasegaetimmee 1 d
Lﬂm'l.%uﬁm‘:’ldqdmﬂﬁqu’lmﬁmmq‘hi nazAaiinagansld mﬂmngdqﬁwﬁumm:mamnﬁm
mgu‘lw-mnﬁﬁmﬂnﬁumm%aLvaan'aafaa"’l,ﬁuaﬁ’Lunw‘lzﬁ‘hfLﬁqamﬂﬁﬂuLWﬂLﬁﬂmqw‘lﬁiiﬂﬂ{iﬁﬁu
enszmenszin e iaafigaluntmaaedasiidiualdieds 3.33+2.88 s dmouldiede
sasaindamale 1 fAe 0.07 Wassiasn dnalunnslabilfigeaamemilaandld 99.83% uazll
Fatinnsandl 0.99 vaneBuhifmenszmenssin nafiananifidunnlunnsiugnslabils
geanatituneiiaunanld dmsuindunenszmaanfiganuingi iuailussAusesnanie
{iﬂﬁumm:mamuma Sntfuvenszmenslaiven Tfunenszmenzlag thifunenstieluszwn
uaztendauannaded Tnuiidtuauldinde 8.0£13.11, 36.065.29, 53.33+5.78, 70.33:8.14 Uax
1,005.06110.50 Wae pudrdy S8 wavldadereranatiumeails 1 6 fatd 0.16, 0.72, 1.07,

2
ar =

1} o o o i 0 1] A
159 uax 3810 wWasramd muatsu lwansinimeseudisufsuissuauldieasdsil



19

1,921.67£103.40, 1,838.0+70.06, 1,879.0£109.42, 1,846.0+80.67 ua 1,910.0£98.56 Wa4
ATNAIAL Tﬂﬂﬁ§M?ﬁﬂﬂ?12\'13J1ﬁﬂ\1aﬁﬂﬁﬁuLWﬂLﬁil’)’]\ﬂ‘ﬂﬁd‘ﬁ 99.58, 98.04, 97.16, 95.70 UAZ
0.26% mmddL Inefaatinnsanslasall -0.99, 0,96, -0.94, -0.92 uaz -0.001 Fvmnes
vanszea gy wenadainuasfiduaslsgeaaduwadis e laduagunn e
uanAeanniavEaLeanagesisunen il liltnandld s

nannsmasadlu Table 13 A HamsmARsmaUVENIZIMEANHTaN g 5 afinldud
Sfunesszmensienng Shifunenssmeaniuys dhiimenszmandla¥ thiunenszivenlad
wew uaztnuvenszmeluszin Aosididu 10% lulavsausanenes uaziavialeananedia
nlageanetiumaiislilfunandsidenBendendwaldeie dmould inAusaganiig
weille 1 i ulafifuinnslageanatihumefislilinonsd wazdaiinngansld uaLlsngddindu
vanszveaniimayulnsnoiin @niiuevsateanades) Winad wnaslallfesanadmeids
snandldl Drernfumensrmenssdnng uasihfuenszmeniuye WuaAngalunimases dedl
Sruanildiede 0 uas 0 Wae lurnifinemaassauieudidunliied 1,647.3456.05 uaz
1,784.33:143.48 Ylad musAiu uaziidnsnislabiligeanainunaifiananaly|fedrsauugnd
A8100% uax 100% sasiadafifatingsnndld -1.0 naz 1.0 mudnsn tumnaarudnindunen
sumeieanriafiguanimiduansisgansinumeadeliliunondlelFiuednoa dnuFuningdu
nensvvaanfigayuineilfuan luntmmasaslussfusasawnie drfunenszimaluszin
Snstunenszmenylag Shiunansrvenslnfnen uaziensaieanegad Tnalduovldieds
5.3441.77, 10.045.20, 20.0£10.39 WAz 1,890.0£120.50 Was madndl Asildnunuldindesia
#aAELWALTE 1 Sl 0.11, 0.20, 0.40 uaz 37.80 Wasdasia mud L Tunziinimasns
Winnideuddnuauldiafe 1,867.06104.24,  1,820.0:00.45,  1953.33:55.08  UAY
1,900.50£110.56 W3 ANAAL muﬁ’qﬁ\iﬁé’mﬁmﬂa’qqmﬂﬁﬂutwrﬂiLﬁﬂ‘lﬁiﬁmqqﬂﬂiﬁqﬁ 99.71,
99.45, 98.97 UA% 0.55% MuSAL uenanfitedifatinnsandldail -0.99, -0.99, -0.98 uaz -0.003
AR SamneBainfmenssmaannitosyyinstinuauAiFuan lunniduas i e
thumadieunansll lnefiedaeanasadisnunenlaldlfeanetiumende bilinanddlg

annuansmasedluafiiinut thifumenssimaainiisagulnee 5 otia 1§ uritsusan
sumenszdenng Snfuvessrannuma thiuszmendled thiunenssmenslafues wazyinTu
yenszmeluszn prdid 5 uaz 10% Tudiuuzwiia Taaasmdindu 10% Winanamnas
Andnaawdindn 5% uasiinaadingu 10% diueR lunniuanslavieldmilasiugsang uss
geanatiuiale 100% Tuasn 78-126 il uaz 63-86 U KA AL s itnsussnga e

flasfugaiagasaiianalilunan 20-25 unil uaz DEET (N, N-diethyl-3-methyl benzamide) @aiilu



20

) 9: o <

¥
answnildunnmsilinalunsmeascdlesiugeisesaiiafialinndhduvenssmeanioayuing
k%4
- o or o’ A
NnatinAa 390-400 U7 Iaendunanszansyivn neinanngalunimaaeanszlunen
or < 96’ o~ d’d ) Lo o = ] 9: = L 1
nszdsn ineinfuvenssvenlaseangnandrAg lumaidufusiegnineg uazilignslunnslays
] ¥
$ranry wazeeanathuliliundalidlunaiade 86-126 unil Iaelunimaasillingllluuuanig
o . A 1 ,: o
IAEaUNAN1INARE322Y Phasomkusolsil and Soonwera (2011a,b) Aiwudaninsiunanseius
nszaen neavdindi 10% faouidluRusesafiudugaaiatinu uazgeiiaglaeiian KT, Aa
v, ¥
21.33 4Az 1.70 Wi mNAIAL sanieafinaiinligeiiaasaiinang 54.40 uaz 60.0% MmN
k4 ¥
uananilfeinalunislagaiiaeinle 66.0 uaz 90.0% Hansinnsia 1.70 uaz 0.5% AINANGY
‘QI < 1 ao’ o o 1’, v B o ° [ $d ) ¥
Feaziuiniduvenssmensyisn neiulinan nislasiugeiragialéimunndrgeanetiu
X LAoo s o o o Y
uananilian1smasedluafiislnfRefuNan1IMAaRIT2e Tjahjani (2008) Asteniudiningdi
¥
WaNITIMEAINNIUYA uaztdunanstinaanazlafuanlinaluntstiasiugeirannyinliuiu
d . \ Y .
123-287 W1l luanuz? DEET Hlasiugesiminyinld 731 undl uazinduvansyivanIuys uas
14 ¥ v
thifuanszmany lnfuanilasiugedrannyin idnusanndnenanatiyg sauiedadisaeanudningiu
9 o o Yyl Wi <
vaNszimeamaanniuya Winalunstlasiuesinldmnnndniniiensyneainaannouys i
Lo o ar o <4 ' 16) <3 9
arsaangnandrAngluntstlasiugedn vTalanglildiuasunaufe eugenol,  isoeugenol,
3 k3
Bcaryophyliene (Kang et al., 2009) sanfienaniaaasildelifuallluuaniunaaiunanis
i ¥
MAR2IT8Y Phasomkusolsit and Soonwera (2011 a,b) AinuanTuwaNsyivenuyanudndu
4
10% AAonuilufinsieffndaegatatiou wavesiinney laaian KT, Al 3.44 uaz <1.0 uil
FANAIAL uavinavin Iy wisaasTiiame 93.60 uaz 100% RINANAL
v -4 v
dAwfunanisnaand luiduvanssivans la¥ uaztinfunenssmenzlafuaninwudaly
¥ 2 ¥ $e ) & 1 . .
Unfuvanszmaisaastiiatidansaangns lunslagelilfunsunauldun itronellol, citronellol,
L7
geraniol Tng'lunsnaaasiilndiAasitnnmaaasand Yang and Ma (2005) 4a2 Maseti and Maini
< ¥ : o .

(2006) Ninenudnidunenszwenzlafuanandnd 30% desfugeatetiudnld 60 wni
o o o o .
Tuanueil DEET awnsadlasiugeanatimdals 250-300 ufl wazrlndiAeiusieiugas Sritabuta

E4
et al. (20100) eI dunanszmenz lafamnsnilasiugeaatiudnls 98.66:11.56 il
9 } 4
wazfldnsnsin 0.97% uananiuseddeildelilusuamaanfunanuidaaeses (2553)
dil 1 i: or b %4 ,; o ¥ 72 74 o o
Inuiminfuvenszivenslafuen uastinduuenssmeanzla¥annudindn 10% lueniauesnades
HuavinWishwiudteeiaonig 100% ndansmaaes 1 1o, Inefian LT, = 4.31-20.32 uni
s:: ar ?/ = 1 e ] ar 2
dauthadunanssweannssniulisanud fnuantilunislageuaziasiueganatiou
¥ v

wazedAin s (nquigineanisnisunnd, 2546) Tnaluntmmasasiindunanszivaiusewn

1 v
annnsaflesiugeatatiig uasgeianainls 63.0 war 93.0 W anNaAY Galluvanssive



21

Tszynanunsntiesfumsinzasesirmeyi¥enaunumnnndgeanatinu Seluntmaseddiltinants
nagediiluuanafefunimanasuas Phasomkusolsil and Soonwera (2011a, b) fiwudningi
vanszmelnsswiamadudu 10% Spanuiufusiesadiniageatatiu uazgeiiag Taefisn
KT, 591 62.18 48z 1.66 11 mmdndi i’qw};’\zﬁ’aﬁwaﬁﬂﬁqqmﬂﬁﬁu UAZENTIAIYAE 70.40
WA 42.20% WRININAREY 24 TN. ATNATFL
atha’lsﬁm'mm?ﬁﬁﬁﬁﬁumm:mmﬁnﬁ*ﬁﬂuu‘lwmﬂ%‘lum?ﬁmﬁumsﬁmmqqmﬂﬁm
uazgeiAyiussnsatiasfilliunanihiumAdifemuauzaninidan nune Wil
iU sidadaunAL RN G mu%\imﬂﬁumﬁ'm W ludnuanmasihiunenszmeannits
mgu’lwsﬁ'v'@Lﬁuﬂizﬁwﬁmw‘lumiﬂmﬁ'uﬁﬁmmqa‘lﬁﬂfnmumnﬁu umstinifuvenszive
fomauwsnauiunanndy 1 sdafeumMIistaes Sritabutra et al. (2011) wudtndTuman
seweluszwaadindu 5% wauﬁﬁﬁwﬂmzmaqmﬁﬂﬁmmm@’u%’u 5% Jutfuiteiinalunns
flasiugeanatiny ua:qq%qm:yﬁm’lé’mnndﬁmﬂ%ﬁqﬁummzmamnﬁmauu‘lwstﬁﬂwﬁﬂLﬁm
Aaasatlasiugearetiounalé 100% Tunad 98.87 unil wastlesiugedanayinls 100% u
1981 210 Wil 2a¥is Phasomkusolsil and Soonwera (2010a) Wit umenszive isznA N
dindiu 5% nasthduvenszweng aaadindi 5% hudfuieiaatunsilasfugeanatiu
uazendAinla 90.0 uay 165.0 w7 ANATAL ﬁﬁlqmmmﬂﬂqﬁuqq%\iamﬁﬁmﬁﬂﬁmqmu
unndmsliiiuenssimeannfigsgunafewliafes venaniifelneniAdudnisis
vanillin Namﬁﬂﬁuu@m:mmqnﬁ‘mgu”lwsmmmLﬁuﬂ?x‘aw‘ﬁmw'lumiﬂmﬁ’um?ﬁmmmqﬂﬁ
guunnrimsiituvesseannioayu Insiesaiiadaadaisu Choochote et al. (2007)
menuimsldihfueuszmenuen uazﬁﬁﬁuuﬂmnuﬂuJm:wau’tﬁm’lumsﬂmﬁ'uqqmﬂ
andl 1 20, uaT 15 10T auddy e vanilling 10% TuriimenssmeWinven wastingiy
vansziveILsTveN wm"]mmmﬂmﬁuqqmﬂﬁ’ﬂuﬁﬂ”lﬁmqmumn%uﬁ@ 2.5 . WAz 1.25 1.
ANNANRL saasRediadl Zaridah et al. (2005) uax Barnard and Xue (2004) g udTITue
szivenzlafuananudindu 15% waw vanitin 5% awnsaldflasiugaaiaasuliunu 3 . vida
5ﬂﬁuuﬂmuuﬂgmaﬂﬁamwL“il’u%fu 15% uan vanillin 5% aunsaldtlasiugeataslé 5 o,
- dwinWdiuinilaiinans vanilin Nauﬁ’uﬁﬁﬁuu@mxmamnﬁmgu‘lwsﬁNaiunﬂﬁtﬁuﬂsxﬁw%nﬁw
TumstlesiugeilFermumsnnndmsdidhiuenssmemniisaspinsifieetnodien
zﬁ"m?uwam?wmammﬂ%’ﬁqﬁuwﬂm:mamnﬁﬁmu”lwﬂumﬂd virantstlasiugeans
thu Lm:qq‘}'xm:yLWﬁLﬁﬂu'\ma‘lﬂiﬁuwudqﬁﬁﬁummzwmmnﬁmauu‘lwmn"nﬁmﬁna’lumsﬂmﬁ’u
iialalilhenesinunandlilnainn Tnaiismenalaedld 94.0-100% neninsfunenszive

124 . ¥ ¥
nezdsnning uazihduvanszmaniuyaliuangalunislasniudy walavesiaesaiin



22

Bl ez lunantasigaguinsisessiafinurenssefisianseangrandndoyiin
Wignansntiasfvielagaetiu uazgesmamadeailiunnsldidetnelfuaiunn sk
dumenszmsnnlubumzndnduhfmenssmeiitilszavanmignaiaviatufeaiilums
shwnduanslagefisessinbilnandldls dmanimaaeiinesndasiumeuniidonns
Warikoo et al. (2011) i imenssmeTusswn Winaalunnafud vrallasfugeanatinume
welailansldlaniiAn ER (Effective Repeliency) = 95.5%

faulunimihiuenszmen Wlumsilaafugeanatiy uszeNIAtyia uazla uia
nsflasiuiainimaidiuresgeiesasiabithnadliduiniuiansiiaiuiringaies

a o aal o o ¥ @& - - 3 ) T )
ﬂuﬂ‘ﬂgﬂ’Jﬁﬂﬂﬂ’]ﬁ‘ﬂ’ﬂ\iﬂuﬂq\?ﬂﬂ‘lﬂ nmmmammmmmmnm?mmfmmm L‘ﬂuhlm’ﬂﬂ’ﬂﬂﬂ

X

Tivaes MHihadetae wihdh uazldaneineuiluiu medlsaseuanifigafiunimzinles

PRy

3’/ ] 1 g 1d o or 2/ aal 1 o
svlsasremaniivanalsalifidadulunistlasiuisald uazAgnsiinfigaadimildanis
flasfusainiiuies athdlsfimulumsilesiuasisaesia lhnansldidu (Thiddnnsiaunnlunns

=‘ - t [l - o O  as d. o t o v
anlszansgs Hazinuguludquasisnnstlasiuindafign wezdszudningn sauviadanunn
¥ ¥ 32
unfunenszieaniisayulnssinediiifuieldgs lnsamasodudanisinlals 100% wanaanil
Tumslfiiuvanszeainizayuing lunstlasiugsin uazilasiunisaildvesgeiueanls
nannInndnslfansiaidaasrziuiline lunstlasiuiadn i wiannalidaaszifinon s
Watlnfegunndiniia wezanulsendasedwnfanudofuiiuitnaninsiainsssutd fden
Winanndnslfasafiduassd Wumslhinhimenssweannfaayuinsisinnuilaaniasia

2

o o t o & o 2/ dl o 1 14
el dndiaes BbinliRansud siseduiuuas amnsaiun 1818 luiuEay liiRenndag iy
fmsfiu@nonden uazilsznisidrdtyne biinWefapousinunuisasin e nlunisilasiu

AAREIINNIRAN



23

Table 2 Effect of 5% herbal essential oils in coconut oil, as repellents against Culex

quinquefasciatus
Repellents Protection time % Protection” %Bitingﬂ
in minute + SD

Ylang-Ylang oil 90.0+0b 96.0 0.80
Clove oil 40.0 £ Ocd 94.0 1.20
Lemongrass oil 35.0 £ 2.356d 96.0 0.80
Citronella grass oil 55.0 £ 2.35¢cd 96.0 1.06
Sweet basil oil 40.0 + 10.35¢cd | 94.0 1.20
Coconut oil 21.35+4.71e 92.03 4.0

(negative control)

DEET 401.0 £8.36a 96.0 0.80
(positive control)

Control of 0 20.05

(untreated)

o, Protection = total biting of control — total biting of treatment X 100

Total biting of control

% o4, Biting = B/250 X 100
B = total biting or landing by the end of the test
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Table 3 Effect of 10% herbal essential oils in coconut oil, as repellents against Culex

quinquefasciatus
Repellents " Protection time % Protection™ %Bitingﬂ
in minute + SD
Ylang-Ylang oil 126.67 £ 5.77b 96.0 0.80
Clove ol 90.0 + 17.32¢ 94.05 1.20
Lemongrass oil 78.33 + 2.89d 96.03 0.80
Citronella grass oil 86.67 + 10.40cd 94.85 1.06
Sweet basil oil 93.33 + 15.28¢ 94.05 1.20
Coconut oil 22.31 -i 237e 94.05 1.20

{(negative control)

DEET 389.12 + 7.3ba 96.03 1.20
(positive control) -

Control of 0 20.20

(untreated)

“ o, Protection = total biting of control — total biting of treatment X 100

- Total biting of control

29 Biting = B/250 X 100

B = total biting or landing by the end of the test
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Table 4 Effect of 5% herbal essential oils in coconut oil, as repellents against Aedes

aegypti
Repellents Protection time % Protection” %Bitingﬂ
in minute £ SD
Ylang-Ylang oil 53.20 £ 5.79bc 94.29 1.20
Clove oil 45.57 +1.38¢ 92.38 1.60
Lemongrass oil 35.64 + 2;58d 92.38 1.60
Citronella grass oil 60.0 £ 6.30b 92.38 1.60
Sweet basil oil 30.71 £ 2.68de 94.29 1.20
Coconut oil . 25631 +4.79e 92.38 1.60

(negative control)
DEET 397.6 £ 7.93a 94.29 1.20
(positive control)
Control of 0 21.0

(untreated)

“ o Protection = total biting of control — total biting of treatment X100

Total biting of control

2 % Biting = B/250 X 100
B = total biting or landing by the end of the test
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Table 5 Effect of 10% herbal essential oils in coconut oil, as repellents against Aedes

aegypti
Repellents Protection time % Protection” %Bitinga
in minute + SD
Ylang-Ylang oil 86.67 £ 10.40b - 94.75 1.06
Clove oil 77.0 £ 3.46¢b 95.38 0.93
Lemongrass oil 96.67 + 11.55b 96.61 0.80
Citronella grass oil 86.67 +5.77b 94,75 1.06
Sweet basil oil 63.67 £ 3.21e 94.40 1.13
Coconut oil 25.11 £ 3.21f 96.61 0.80

(negative control)

DEET 409.0 + 8.563a 94.45 1.12
(positive control)

Control 0g 0 20.20

(untreated)

%o, Protection = total biting of control — total biting of treatment X 100

Total biting of control

2 9 Biting = B/250 X 100

B = total biting or landing by the end of the test
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Table 6 Oviposition deterrent effect of 5% herbal essential oils in coconut oils against Culex

quinquefasciatus
_ Mean no. of eggs + SE Mean no. of egg " ”
Herbal essential oils % ER OAl
treated control per female
Ylang-Ylang oil 0 3207.0£110.67 0 100 -1.00
Clove oil 25.042.36 3006.0+£90.20 0.5 99.16 -0.98
Lemongrass oil 20.67+6.05 2107.0+£120.56 0.41 99.02 -0.98
Citronella grass oil 28.31£8.67 2138.0+125.37 0.56 98.67 -0.97
Sweet basil oil 10.37£1.65 2367.0+125.50 0.21 99.56 -0.99
Coconut oil 612.0+34.0  2250.0£137.0 12.24 72.8 -0.57
%o ER=NC - NT X100
NC

ER = Effective Repellency
NC = Total number of eggs in control

NT = Total number of eggs in treated :

Z0OAI = NT - NS
NT+ NS

OAl = Qviposition Activity Index
NT = Total number of eggs in ireated

NS = Total number of eggs in control

OAl + 0.3 and > 0.3 = attractants
OAIl - 0.3 and < 0.3 = repellents
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Table 7 Oviposition deterrent effect of 10% herbal essential oils in coconut oils against Culex

quinquefasciatus

- Mean no. of eggs + SE

Mean no. of egg

Herbal essential oils % ER" oAl
treated control per female

Ylang-Yiang oil 0 2070.04£90.53 0 100 -1.00
Clove oil 0 2334.33i140.16 0 100 -1.00
Lemongrass oil 10.51£3.70  2107.0£70.34 0.21 99.50 -0.99
Citronella grass oil 12.0£3.77  2331.66+120.37 0.24 99.48 -0.98
Sweet basil oil 5.20+1.50 2069.0+60.54 0.10 99.74 -0.98
Coconut oil 580.0+£53.50  2080.0+70.40 11.60 72.11 -0.56

Log ER=NC~NT X 100
NC

ER = Effective Repellency
NC = Total number of eggs in control

NT = Total number of eggs in treated

ZOAI=NT-NS
NT+ NS

OAl = Qviposition Activity Index
NT = Total number of eggs in treated '

NS = Total number of eggs in control

OAl + 0.3 and > 0.3 = attractants
OAIl - 0.3 and < 0.3 = repellents
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Table 8 Oviposition deterrent effect of 5% herbal essential oils in ethyl alcohol against Culex

quinquefasciatus
o Mean no. of eggs + SE Mean no. of egg " i
Herbal essential oils % ER OAl
' treated control per female
Ylang-Ylang oil 7.67£1.35 1220.0+£97.56 0.15 99.37 -0.99
Clove oil 17.33+5.67 1200.60+£69.26 0.35 98.56 -0.97
Lemongrass oil 26.0+8.51 1360.0+63.30 0.52 98.09 -0.96
Citronella grass oil 28.33+7.51 1100.50+53.70 0.57 97.51 -0.95
Sweet basil oil 9.70£2.10 1300.60£50.40 0.19 99.25 -0.98
Ethy! alcohol 1300.50+60.54  1360.0+62.60 ' 26.01 4.41 -0.02

Yoy ER = NC~ NT X 100

NC
ER = Effective Repellency
NC = Total number of eggs in control

NT = Total number of eggs in treated

ZOAl = NT - NS

NT+ NS
OAl = Qviposition Activity Index
NT = Total number of eggs in treated

NS = Total number of eggs in control

OAl + 0.3 and > 0.3 = atiractants
OAl - 0.3 and < 0.3 = repellents
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Table 9 Oviposition deterrent effect of 10% herbal essential oils in ethyl alcohol against Culex

quinquefasciatus
_ Mean no. of eggs + SE Mean no. of egg y ”
Herbal essential oils % ER OAI
treated control per female
Yiang-Ylang oil 0 1208.0+120.67 0 100 -1.0
Clove oil 1.33+£0.67 2610.31£72.17 0.03 99.94 -0.99
Lemongrass oil 9.34+2.34 2107.10£60.51 0.19 99.56 -0.99
Citronélla grass oil 71.0£3.51 2050.0+£70.53 1.42 96.54 -0.93
' Sweet basil oil 4.0£0.16 2100.0+10.67 0.08 99.80 -0.99
Ethyl alcohol 2560.0+70.50  2580.0+60.50 51.20 0.78 -0.003
%% ER=NC - NT X100
NC

ER = Effective Repellency
NC = Total number of eggs in control

NT = Total number of eggs in treated

Z0OAl =NT - NS
NT+ NS

OAl = Qviposition Activity Index
NT = Total number of eggs in treated

NS = Total number of eggs in control

OAIl + 0.3 and > 0.3 = attractants
OAI - 0.3 and < 0.3 = repellents
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Table10 Oviposition deterrent effect of 5% herbal essential oils in coconut oils against Aedes

aegypfi
Mean no. of eggs * SE Mean no. of egg g o
Herbal essential oils % ER OAl
treated control ' per female
Ylang-Ylang oil 0 2011.0¢120.17 0 100 -1.0
Clove oil 0 2100.21£110.56 0 100 -1.0
Lemongrass oil 20.0£2.50  2203.14+123.67 0.40 99.09 -0.98
Citronelia grass oil 25.0£10.20 2100.34£112.56 0.50 98.81 -0.98
Sweet basil oil 8.0£5.27  2098.56+110.67 0.16 99.62 -0.99
Coconut oil 405.50£60.45 2150.50+120.56 8.11 81.14 -0.68
*9% ER=NC—NT X 100
NC

ER = Effective Repellency
NC = Total number of eggs in control

NT = Total number of eggs in treated

ZOAI =NT NS

NT+ NS
OAl = Qviposition Activity Index
NT = Total number of eggs in treated

NS = Total number of eggs in control

OAl + 0.3 and > 0.3 = attractants
OAIl - 0.3 and < 0.3 = repellents
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Table11 Oviposition deterrent effect of 10% herbal essential oils in coconut oils against Aedes

aegypti
) Mean no. of eggs + SE Mean no. of egg 9 o
Herbal essential oils % ER OAl
treated "~ control per female

Yiang-Ylang oil 0 2033.0+£58.77 0 100 -1.0
Clove oil ' 0 2099.67+36.17 - 0 100 -1.0
Lemongrass oil 10.25¢2.11  2108.0£110.15 0.21 99.51 -0.99
Citronella grass oil 11.50+2.27 2149.33+174.58 0.23 990.46 -0.99
Sweet basil oil 5.83+1.64 2178.61+£22.03 0.12 99.73 -0.99
Coconut oil 590.50+70.64 2208.61+80.53 11.81 73.26 -0.58

Los ER=NC - NT X 100

NC
ER = Effective Repellency
NC = Total number of eggs in control

NT = Total number of eggs in treated

ZOAI =NT-NS

NT+ NS
OAI = Oviposition Activity Index
NT = Total number of eggs in treated

NS = Total number of eggs in control

OAl + 0.3 and > 0.3 = attractants
OAl - 0.3 and < 0.3 = repellents
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Table12 OQviposition deterrent effect of 5% herbal essential oils in ethyi alcohol against Aedes

aegypti
o Mean no. of eggs + SE Mean no. of egg " "
Herbal essential oils %ER".  OAl
treated control per female
Ylang-Yiang oil 33.33+2.88 1950.33£82.65 0.07 99.83 -0.99
Clove oil 8.0+13.11 1921.67+£103.40 0.16 99.58 -0.99
Lemongrass oil 53.33+5.78 1879.0£109.42 1.07 97.16. -0.94
Citronella grass ol ' 36.0+5.29 1838.0+£70.06 0.72 98.04 -0.96
Sweet basil oil 79.33£8.14 1846.0+£80.67 1.59 95.70 -0.92
Ethyl alcohol 1905.0£110.50  1910.0+98.56 38.10 026  -0.001
o4 ER=NC— NT X 100
| NG

ER = Effective Repellency
NC = Total number of-eggs in control

NT = Total number of eggs in treated

ZOAI=NT - NS

NT+ NS
OAl = Qviposition Activity Index
NT = Total number of eggs in treated

NS = Total number of eggs in control

OAl + 0.3 and > 0.3 = attractants
OAl - 0.3 and < 0.3 = repellents
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Table13 Oviposition deterrent effect of 10% herbal essential oils in ethyl alcohol against Aedes

aegypti

Mean no. of eggs £ SE

Mean no. of egg

Herbal essential oils %ER"  OA”
treated control per female
Ylang-Ylang oil 0 1847.34456.05 0 100 -1.0 .
Clove oil 0 1784.33+143.48 0 100 -1.0
Lemongrass oil 10.0£5.29 1820.0+£99.45 0.20 99.45 -0.99
Citronella grass oil 20.0£10.39 1953.33+£55.08 0.40 98.97 -0.98
Sweet basil oil 5.34+1.77 1867.0+1 04.24 0.11 99.71 -0.99
Ethyi alcohol 1890.0£120.50 1900.50+110.56 37.80 0.55 -0.003
*9% ER=NC~NT X 100
NC

ER = Effective Repellency
NC = Total number of eggs in control

NT = Total number of eggs in treated

ZOAl =NT - NS

NT+ NS
OAl = Oviposition Activity index
NT = Total number of eggs in treated

NS = Total number of eggs in control

OAl + 0.3 and > 0.3 = attractants
OAl - 0.3 and < 0.3 = repellents
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Figure 1 Comparison of protection time (min.) and biting percentage for 5 and 10% herbal

essential oils in coconut oils against Culex quinquefasciatus, Y = ylang-ylang oil,
Cl = Clove oil, L = Lemon grass oil, Ci = Citronella grass oil, S = Sweet basil oil,

C = Coconut oil, D = DEET
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Figure 2 Comparison of protection time (min.) and biting percentage for 5 and 10% herbal
essential oils in coconut oils against Aedes aegypit ; Y = ylang-ylang oil, Cl = Clove
oil, L = Lemon grass oil, Ci = Citronella grass oil, S = Sweet basil oil, C = Coconut

oil, D= DEET



37

Mean no. of eggs % ER
3000 - - 250

mm Mean no. of eggs in coconut oil
2000 - I Mean no. of eggs in ethyl
alcohol
5 ~4—%ER of coconut oil
1500 -
* == %R of ethyl alcohol
1000
500 -
0-

Figure 3 Comparison of oviposition deterrent and effective repellent of 10% herbal essential oil
in coconut oil and ethyl alcohol against Culex quinquefasciatus; Y = ylang-ylang oil,
Cl = Clove oil, L = Lemon grass oif, Ci = Citronella grass oil, S = Sweet basil oil,

C = Coconut oil,
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Figure 4 Comparison of oviposition deterrent and effective repellent of 10% herbal essential oil
in coconut oil and ethyl alcohol against Aedes aegypit, Y = ylang-ylang oil,
Cl = Clove oil, L = Lemon grass oil, Ci = Citronella grass oil, S = Sweet basil oil,

C = Coconut oil,
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Keywords: basilicum (0. basilicum) exhibited a high repellency against Ae. aegypti with ED,, at < 0.045 mg/
Essential oil em’, whereas C. citratus, C. nardus and S. aromaticum showed repellency against An. dirus with
Repellent EDy; at <0.068 mg/em’. Furthermore, the essential oils of C. citratus, C. nardus, S. aromaticum, O.
Acdes acpypti basilicum and Cananga odorata gave strong effective dose (ED) values at <0.003 mg/cm’ when
Culex quinquefasciatus tested against Cx. quinquefasciatus. For testing by arm in cage method, at 0.21 mg/en’, protection
Anopheles dirus time of C. citratus gave the longest lasting period against three mosquito species, 72 min for Ae.
Protection time aegypti, 132 min for An. dirus and 84 min for Cx. quinguefasciatus. In addition, the two essential
Biting rate oils exhibited moderate repellency against Ae. aegypti, An. dirus and Cz. quinquefasciatus,
Mosquito bites at 60, 90 and 78 min with C. pardus, and 54, 96 and 72 min with S. aromaticum, respectively.
Topical applications Conclusions: The percentage repellency increased when the concentration of essential oils
Vector inereased. Tn contrast, biting rates decreased when the concentration of essential oils increased.
Herbals C. citratus exhibited high efficiency for the protection time and the percentage of biting deterrent

against all of 3 mosquite species.

3. Introduction

The mosquitoes which spread mosquito borne diseases
in Thailand like dengue fever, malaria and Japanese
encephalitis are dominated by three widespread vectors,
Aedes aegypti (Ae. aegypti) (Linn.), Anopheles dirus (An.
dirus)Peyton and Harrison) and Culex quinquefasciatus
(Cx. quinquefasciatus) (Say). The Ae. aegypti is the principal
transmitter of dengue fever and dengue haemorrhagic
fever (DHF) in Thailand bul it also transmits Chikungunya
feverlll. In addition. An. dirus is the major vector of
malaria in border of Thailand and other countries(2l. Cx.
quinquefusciatus is a vector of Japanese encephalitis (JE)

b Yo agal Tocbuolagy. adtis

and it also causes annoyance and dermatitisi3l. Thus the
risk of being infected with a mosquito-borne disease is
caused by the risk of being bitten by the infected mosquito.
Generally, mosquito bites are also very itchy and painful
sometimes. The continuous scratching over the skin will
irritate it even more and make you more desperale.
Therefore, insect repellent using is one of the most
efficient ways to prevent disease transmission by
biting insects, particularly by mosquitoesl4l. Currently,
mosquito repellent containing diethyl toluamide (DEET) is
recommended as the most effective form of bite—preventive
treatnient. The efficacy of DEET in providing long-lasting
protection against a wide variety of mosquito species has
been documented in several studiesisl. Although DEET is an
effective repellent against mosquitoes, there are concerns
associated with its use. Human toxicity has been reported
with DEET, with symptoms varying from mild to severe(6l.
It is irritating to mucous membranes, and concentrated
formulations dissolve plastic. DEET may be unsafe for



48

2 Siriporn Phasombkusolsil et al/Asian Pacifte Journel of Tropical Biamedicine (2081)1-6

children possibly causing encephalopathyl?l. Therefore, the
development of alternative, environmentally friendly and
sustainable approaches for mosquito control is with the use
of natural products owning greater target specificity, lower
bioaccumulation properties and reduction of malignancy in
non—turget animalsisl.

Recently, the laboratory of the Plant Production Technology
Section, King Mongkut Institute of Technology Lad Krabang
(XMITL) has successfully developed the plant extracls and
essential oils as one of the methods in controlling insect
vector. Herbal shampoo from Piper retrofractum proved to
be highly effective against all stage of human head lice and
had no side effects on children, after treatedis). Furthermore,
Phosomkusolsil and Soonwera investigated the repellency of
insect repellent, larvicidal and pupacidal activities of Thai
indigenous plant oils against Ae. aegypti, An. minimus and
Cx. quinguefascatus in the lahoratory(19,111, We have focused
to develop plant-based repellents to increase long—lasting
protection on registered commercially available repellent
products. This study reports on repellency properties of the
seven essential oils against mosquitees, de. aegypti, An.
dirus and Cx. quinguefasciatus using dose—response study to
determine effective dosages of essential oils and arm in cage
method to estimate protection time and biting rate under
laboratory conditions.

2. RMglerials and metheds
?. ;' il‘ln.\c’,'.'u'!:n‘_\

All three species of mosquitoes (Ae. aegypti, An. dirus,
Cx. quinquefasciatus) were reared in the laboratory of the
Plant Production Technology Section, Faculty of Agricultural
Technology, King Mongkut Institute of Technology Lad
Krabang (KMITL), Bangkok. Ae. aegypti and An. dirus eggs
were obtained from the Atmed Forces Research Institnte
of Medical Sciences (AFRIMS). Cx. quinguefasciatus eggs
were obtained from the Department of Medical Entomology,
Faculty of Tropical Medicine. Mahidol University. Briefly,
collected eggs were hatched in plastie trays (30X35%5 em),
which contained tap water (1500 mL). The hatched larvae
were held in plastic trays and larval diet was added to each
tray. Newly emerged pupae were transferred lo screen cage
{size 30x30x30 cm) and emerged as adults. Mosquitoes are
kept in the room with temperature, relative humidity, and
photoperiod range between 30-35 C, 70%-80%, and 12:12
hour (L:D) cycle, respectively. Adults continuously provided
with 54 glucose solution in water soaked on cotton pads. In
this study, 5— to 7—day~old female mosquitoes were starved
by providing them with only water for 12 hours.

3

Plous pnteriels

The plant materials were collected from Canange odorata

(C. odorata) T.amk. (ylang ylang flowers), Citrus sinensis (C.
sinensis) L. Osbeck (orange fruits), Cymbopogon citratus
(C. citratus) DC. Stapf (lemongrass leaves and stems),
Cymbopogon nardus (C. nardus) L (citronella grass leaves),
Eucalyptus citriodora (E. citriodora) Hook (eucalyptus
leaves), Ocimum basilicum L. (sweet basil leaves) and
Syzygium aromaticum (S. aromaticum) L. (clove flowers).
Each plant material was extracted for essential oils by steam
distillation. The oils to be tested were diluted with soybean
oil to concentrations of 0.02, 0.10 and 0.21 mg/em’. All
formulations were kept at room temperature before testing.

2.3, Repellent fivaissa s

There were two different treatment methods to determine
the repellency activity of the seven essential oils against all
three species of mosquito.

20304 Lhose—respowse sturly

The test procedure to determine initial effective dose
was modified from the American Society for Testing and
Materials Standard (ASTM E95]1-94)/12l. This is a standard
laboratory method that was designed for testing non—
commercial mosquito tepellent formulations on human skin
employing laboratory—~reared mosquitoes. The laboralory
bioassay for testing repellent efficacy consisted of a six—well
feeding reservoir system similar to the K & D modulefi3]. It
was made of Plexiglas and Lhe base of the rectangular cage
{26X5X5 cm) has six holes, each with rectangular 3x4 em
holes that opened and closed by a sliding door. The flexor
region of the forearms of a human volunteer was outlined
with four rectangular (3X4 cm) test areas. A volume of 0.025
mL of each concentration of the essential oils in soyhean
oil (0.02, 0.10 and 0.21 mg/cm’) and 0.025 mL of the diluent
(soybean oil as control) was applied randomly to the marked
areas. After air drying for 5 minutes, a plastic cage with
matching cutouts in its floor was secured over the treated
areas by rubber bands. Each hole contained 5 nulliparous
5—7 days old mosquito females (totally 20 females per cage).
The number of mosquitoes biting on each test sile was
recorded each minute for 5 min. Tests were conducled five
times on each repellent—treated area and were completed
within 25 min of repellent application. The effectiveness of
esgenlial oils was determined by the percentage repellency,
using the formula described by Weaving and Sylvesteri14l

100~ No. of bites on treated area
No. of bites on control area

% Repellency = X 100

2020 Profestion lime st

The seven essential oils were tested against 3 species of
mosquitoes under laboratory conditions nsing a screened
cage tesl methodils] following Thal Industrial Standards
Institute (TISh guidelinesfi6l. At 0.21 mg/cm? seven essential
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oils were the top dose tested in this study. Test times were
determined by normal feeding times for each mosquito
species. The Ae. aegypti testing time was between 8:00 AM to
4:00 PM, while the Cx. quinguefasciatus and An. dirus testing
time was 4:00 PM and 12:00 PM.

For testing, a volunteer used the left arm for treatment
and the right arm for control. Both arms were covered with
a rubber sleeve with a window 3X10 em on the forearm.
100 kL of test material was applied to the treatment area
and allowed to dry for 5 minutes. The control arm was
exposed to mosquitoes before the treated arm. If at least two
mosquitoes landed on or bit the arm, the repellency test was
continued. The mosquito cage of 303030 cm contained
250 nulliparous, 5-7 day old female mosquifoes; the test was
conducted for 3 minutes, The total number of mosquitoes
biting on the treatment and control areas was recorded. If no
mosquito bite occurred within 3 minutes, the forearm was
then taken out and the test was repeated every 30 minute
intervals. This was continued until at least two mosquito
bites occurred during the 3—minute study period. The
experiment was completed after two mosquitoes had bitten.

Table v

The protection time was the time from repellent application
until the study was stopped.

For comparison. a percentage of mosquito bitings was
calculated for each testi17} using the following formula:

% Biting = 2_1536 X 100

Where B is the total number of bitings by the end of the
test. The test was carried out 5 times per sample.
2. Swatistival analysis
For statistical analysis, ED,, values were calculated using
probit analysis. The mean protection time was used to
compare the seven essential oils. Differences in significance
were analyzed by one~way analysis of variance (ANOVA)

and Duncan’s multiple comparisons by SPSS for Windows
(version 16.0).

Repellent activities of the seven essential oils in three cancentrations (0.02, 0.10 and 0.21 mg/em’) against Ae. aegypti, An. dirus,

Cx. quinquefasciatus adults,

Gone 0.02 mg/em®

Conc 0,10 mg/em’ Cone 6.21 mg/em’

Herhal easential oils Mosquito spp. om;{ug;o Repe;ency OIM ;leléi‘i}io Rep;lency an ::zgql:?t.o Rep:l‘l.ency ED,, (mefer)
biting + SD hiting + SD hiling + SD
C. edorata oil Ae. aegypti 270 % 142° 46 210 £ 1.37 58 170 % 1.06° 66 0.045
An, dirus 0.30 % 0.48° 9 0.40 + 0.70" ) 0.40 + 0.7 ) "2.149
Cx. quinquefasciatus 210 %099 58 0.60 0,70’ 88 0,50 = 0.53° %0 <0.003
C. sinensis oil Ae. aegypti 250 + 118" 50 250  1.43° 50 2.60 % 1.51" 48 0.049
An. dirus 3.00 £ 163" 40 230 x2.11° 54 080 & 1.14" 84 0.068
Cx. quinguefascintus  2.20 +0.63" 56 1.70 + 0.67° 66 0.60 £ 0.70" B8 0.003
C. citratus oil Ae. aegypti 100 £ 0.67° 80 0.30 £ 0.48* 94 0.00° 100 <0.045
An. dirus 1.20 % 1.03% 76 050+ 120 82 0.10+0.3" o8 <0.068
Cx. quinguefasciats 0,40 % 0,70 92 0.10 032 98 0.10 £ 0.32° 9% <0003
C. nardus oil Ae. oegypli 200 £ 1.56" 60 0.70 + 0.82°° 86 0.60 = 0.70° 88 <0.045
An. dirus 0.40 = 0.70° 2 0.40 £ 0.97 %2 0.10 = 0.32" 98 <0058
Cx. quinguefasciatus 090 £ 0.88° 82 0.80 £ 0.79" 84 0.30 + 0.48° 94 <0.003
E. citriodvra oil  Ae. aegypti 4.50 = 0.97" 10 4.20%0.79° 16 3.20 % 1.40° 36 0.285
An. dirus 2.40 + 1.26% 52 1.30 125" 7 0.70 % 1.25° 86 1.043
Cr. quinquefasciolus  0.60 % 0,70 88 0.0 £ 0.82" 86 0.70 £ 0.82° 26 2.526
0. basilicum oil  Ae. acgypti 230 + 170" 54 1.50 % 1.8 7 0.80£0.79" 84 <0.045
' An. dirus 170+ 0.827 6 130 048" 74 0.20 + 0.42° % 0.628
. Cx. quinquefasciatus 120 + 132} % 1.10 0,882 78 0.50 £ 0.53° %0 <0.003
S. aromaticum ol Ae. wegypti 170 + 157 66 0.30 £ 0.67° 94 0.20 +0.42" 96 <0.045
An_ dirus 0.90  0.74 82 0.40 £ 0.52 92 0.10 £0.32° 98 <0.068
Cx. quinquefasciatus 120 +0.52' 7% 0.50 £0.74" 82 0.46 % 0,70" 2 <0.003
CV () Ae. aegypti 56.21 - 66.19 - 74,88 - -
An. dirus 72.10 - 117.11 - 215.52 - -
Cx. quinguefasciatus 73.52 - 85.74 - 136.14 - -

In the column of Mean No. of mesquito biting + SD, Data followed by the different superseripted letters are significantly different (P<0.05. by
ane—way ANOVA and Duncan’s Multiple Range Test): Tested with different oils within the same species.
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In dose-response study for determining effective dose, the
results of ED,, values, the mean number of mosquito bites
and the percentage repellency of seven essential oils against
Ae. aegypti, An. dirus and Cx. quinquefasciatus adulis at
various concentration are shown in Table 1. Meanwhile the
percentage of repellency of seven essential oils for three
species of mosquitoes is presented in Figure 1. ED,, values
of four cssential oils, C. citratus, C. nardus, 0. basilicum and
S. aromaticum against Ae. aegypti were less than 0.045 mg/
em’. In addition, the oil of C. citratus at three concentrations
(.02, 0.10 and 0,21 mg/em) provided the highest repellency
with 80, 94 and 100%, respectively. Likewise the percentage
repellency of C. nardus, 0. basilicum and S. aromaticum
inereased when the concentration of these essential oils
increased, in contrast, biting rates decreased when the
concentration increased. The results showed significant
differences in hoth the percentage of repellency and the
number of mosquitocs biting (<0.05).
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Figure 1. Compatison of repellency percentages for each repellent
plaat oils against three mosquito species (de. eegypti, An. dirus and
Cx. quinquefasciatus).

Table 1 shows the repellents activity against An. dirus
by using the modified K&D module in the laboratory.
'The essential oils of C. citratus, C. nardus, S. nromaticum
gave strong effective dose (ED,) values at <0.068 mg/em’.
The strongest value was shown by C. nardus. it showed
significant percentage repellency (929—98%) and the mean
number of mosquito biting was (0.40-0.10) bite/min at various
concentrations. Finthermore, repellency evaluation of the
esgential oils exhibited ED,, values ranging from <0.003 to
2.526 mgfem® when tested against Cx. quinquefasciatus (Table
1). The most effective essential oil was C. citratus (ED, at
<0.003 mg/em’; % repellency = 929:-98 o; (0.1~0.4 bite/min
of no. of biting) at varions concentrations, One—way ANOVA
showed a significant difference of both & repellency and the
number of mosquitos biting (P<0.0s).

3.2 Pratection Iime study
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Figure 2. Comparison of protection times (minutes) and biting
percentages for each repellent plant oily sgainst three moaquita
species de. acgypti, An. dirus and Cx. quinguefusciatus),
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TableZ
Protection time for each repellent against three mosquito specics (le. aegypti, An. dirus, Cx. quinquefasciatus) and biting percentages,

Herhal essential ojls i /-4e. aeg-ypti __ ___ .An. 'dirus _ Cx. quinquefasciatus

: ) Protection time (min) _ o Biting”  Protection time (min) ¢, Biting Prolection time (roiny __ &-Biting”

C. odorata oil g4 240 % 0.63° 24.0° .96+ 0.22 600" 1,20 £ 0.49
C. sinensis oil 3! 3.12+051% 240 144 £ 073 30.0° 1.76 £ 115
C. citratus il 72.0° 264+061 1320 1.12 £ 033 84.0" 1684118
C. nardus oil &0.0% 416 % 128" o0.0° 1.12 £ 0.33 780° 168 % 118
E. citriodare oil 3.0 456 £1.56" 30.0° 0965022 300" 192+ 111
0. basilicum oil 30,07 3.76 20,96 30.0° 1.36 £ 0.54 a0 1.68 +0.95
8. aromaticum oil s 368001 969" 136 £067° 720° 1522077 .
CV o) - 29.71 - 61.57 - wm

Y Means in each column against each mosquito species followed by the difference letters are significantly different (P<0.05, by one—way ANOVA

and Duncan’s Multiple Range Test).

¥ Means between groups are nat significantly diffen;m (P>0.05, by one~way ANOVA).

In the test by arm in cage method, the results of the
protection time and the biting percentage of 0.21 mg/em®
of seven essential oils against the three mosquito species
are shown in Table 2. There were significant differences
in repellency among the repellents by mosquito species
{P<0.05). Furthermore, there was a significant difference
between the biting percentages of Ae. aegypti but there
was no significant difference between the other 2 species
An. dirus and Cx. quinquefusciatus). ‘The results indicated
that C. citratus gave the highest repellency for the longest
lasting period against de. aegypti, An. dirus and Cx.
quinquefasciatus: for 72 min with a 2.64% bite rate, 132 min
with a 1.68% bite rate and 84 min with a 1.12% bite rate,
respectively. Furthermore, C. nardus and 8. aromaticum
provided moderate protection time against Aedes mosquitoes,
60 min and 54 min, respectively. The relationship between
protection time and biting percentage of the plant oils
against the three mosquito species are shown in Figure 2.

4. Diseusion

In our study, the seven essential oils show action as a
topical repellent that is efleclive over a short time period.
The high repellent activity of C. citratus, C. nardus and
S. aromaticum oil against Ae. aegypti adults was lower
than that of same plant oils when compared with other
researches{18-20. However, our result is not difference
from some reports10213; these essential oils exhibited the
protection time against Ae. aegypti bites of nearly 1 hour
but less than 2 hours. To evaluale the efficacy of repellent,
Amer and Mehlhorn defined that if the protection time of
a compound is long and the percentage of biting is low,
the compound had good efficiency in repelling mosquitoes
and deters biting7l. If the protection time is short but the
percentage of biting 18 low, then the compound is more
a feeding deterrent than a repellent. Conversely, if the
protection time is long but the biting rate is high, then the

compound is more a repellent than a feeding deterrent. As a
tesult, C. citratus exhibited a high protection time of 72 min
against Ae. aegypti, while the biting rate decreased to 2.64%.
This means that this repellent had attributes of a repellent
and a feeding deterrent. Even though the protection time
agaiust Ae. aegypti of C. nardus and S. eromaticum were 60
min and 54 min, but the biting rate increased up to 4.16%
and 3.68%, respectively. This shows that both essential oils
are rather repellents than feed deterrents.

Many researchers improved repellency which provide a
repellent that is effective over several hours with a base
ar fixative materials, such as vanillin, salicylic acid, and
mustard and coconut oilsl22-24], However, the effectiveness
and duration of repellency chemicals depend on multiple
[actors, including the type of repellents (active ingredients
and formulation), the mode of application, environmental
factors (temperature, humidity, and wind), the attractiveness
of individual people to insects, loss due to removal by
perspiration and abrasion, the sensitivity of the insects to
repellents, and the biting density(2526], Moreover, differences
in the mosquito species tested and body size, adult density
in test cages, and mosquito age can affect test resultsi27].

We can conclude that the average protection time for
seven essential oils against Ae. aegypti was noted the order
of effectiveness as follows: C. citratus (72 miny> C. nardus
(60 minY> S. eromaticum (54 min)> 0. basilisum (30 min) >
C. odorate (8.4 min) > C. sinensts and E. citriodora (3 min).
However, the TISI standard determines the repellency time
against Ae. aegypti mosquitoes should be. >2 hours; none of
the repellents met this requirement/16].
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List of herb.d essenlml oil repellenls and combination of herbal essenlial oil repellents lested ag‘unsl Ae aegyplz and An. dirus.

Ciitegory. ™ - ""'Codc No."

Pldﬂt used

E 'Folmulatlon i

Common nume / Sclennﬁc ndme
Fssentml oils; ¥ L

- ,":'.Pepper{i{mt +.Orunge & <

Table 2

Efficacy of herbal essential oil formulatlun E1-E8 and M1-M8, as repellenta agumat Ae. aegypti and An. dirus (mean:tSD)

o F8
. ‘Goybmm ml (pnsmve mntrol)

oy .Untreated (negauve control) 0 00£0.00

Combmduon of M1

5 Untrented (negntwe control)’

5 eviwss o

Mean in each column against each species followed by lhe same letter are not sxgmﬁcdntly different (P>0.05) by one-way ANOVA w1t.h DMRT.

Table 1 listed herbal essential oils and combinations of
essential oil repellents tested against Ae. aegypti and An.
dirus. The protection time of herbal essential oils formulation
E1-E8, soybean oil (positive control) and untreated (negative
control) against Ae. aegypti and An. dirus was shown in Table
2. The lemon grass oil repellent (F6) had the best efficiency
against Ae. aegypti and An. dirus in which the protection
times were (98.66-11.56) and (98.001:15.28) min, respectively.

. All herbal essential oil repellents exhibited lower protection
against Ae. aegypti and An. dirus than Thai Industrial
Standards Institute (TISI) determines whose protection
time against mosquitoes should be more than 120 min.
The protection times of soybean oil (positive control) and
untreated (negative control) against two mosquito species

were (5.0040.00) and (0.00-:0.00) min, respectively.

The percentage of Ae. aegypti and An. dirus biting or
landing on soybean oil (positive control), untreated (negative
control) and treated areas was shown in Table 2. Eucalyptus
oil (E1) had the best efficiency against two mosquitoes
species in which the biting percentage was 0.67% and
0.809%, respectively. All tested repellents exhibited the
biting percentage against two mosquitoes species ranged
from 0.67% to 0.97% while soybeun oil (pusitive control) and
untreated (negative control) gave a range of 4.00% to 10.00%.

Comparison of protection time and biting percentage for
each repellent essential oil group i.e. E1-E8 and M1-M8
against Ae. aegypti and An. dirus was shown in Figure 1 and

Figure 2.
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