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Thesis Title The effectiveness of herbal essential oils on the oviposition deterrent,
larvicidal and repellency activities against dedes aegypti (Linn.) and

Culex quinquefasciatus (Say)
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Thesis Advisor Assoc. Prof. Dr. Mayura Soonwera
Abstract

This research studied the effects of essential oils derived from medicinal plants. The
essential oils were extracted from 8 plant species such as ylang ylang (Cananga odorata), clove
( Syzygium aromaticum), ginger ( Zingiber officinale), lemongrass (Cymbopogon citratus),
citronella grass (Cymbopogon nardus), eucalyptus (Eucalyptus citriodara), orange (Citrus
reticulata) and sweet basil ( Ocimum basilicum) and prepared as screening formulations and
tested against two mosquito species — Aedes aegypti and Culex quinquefasciatus under laboratory
conditions. The essential oils were also evaluated for oviposition deterrent larvicidal-pupacidal
effect and repellent activity against Ae. aegypti and Cx. quinquefasciatus.

Essential oils from 10% clove oil in olive oil and 10% ylang ylang oil in ethyl alcohol
olive oil and coconut oil exhibited high degree of oviposition repellency of 100% against two
mosquito species. For larvicidal found that 10% citronella oil in ethyl alcohol was the most
toxicity against larvae of both species with LCj, values of <0.50%. In contrast, Ae. aegypti and
Cx. quinquefasciatus pupae were susceptible to 10% lemongrass oil citronella oil and orange oil
in ethyl alcohol. These oil had larvicidal and pupacidal activities with 100% mortality against two
mosquito vectors at 1 and 24 hours, respectively. The essential oil obtained from 10% clove oil in
coconut oil and 10% citronella oil in olive oil provided excellent repellency against de. aegypti

and Cx. quinquefasciatus for 96.00+15.87 and 165.00+£103.92 min. (0.97 and 1.20% biting rate),
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respectively. These research suggested that the effective herbal essential oils have the potential to

be used as an ideal eco-friendly approach for controlling mosquito vectors.
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yMAVAH (E. citriodara) 5 404.00£75.66*  1974.33£102.27 -0.66  79.53 8.08 0.002
& (C. reticulata) 5 192.00+£13.89*  2141.674733.50 -0.83  91.03 3.84 0.045
32 (O. basilicum) 5 125.67+15.14*  1707.67+136.21 -0.86  92.64 2.51 0.003
nsnaasafSeunoy
H P 5 1716.00£190.94  1738.00468.63  -0.006  1.26 34.32 0.892
(lopaLeanoaoq)
N32A31 (C. odorata) 10 1.00+1.73* 1770.00£192.80  -0.99  99.94 0.02 0.004
NTUNG (S. aromaticum) 10 1.67+2.88* 1983.67+24 .41 -0.99 9991 0.03 0.000
9 (Z officinale) 10 11.67£12.01*  1775.67£7626  -098  99.34 0.23 0.001
a2l (C. citratus) 10 16.67+16.04*  2061.67487.00  -098  99.19 0.33 0.001
azladveu (C. nardus) 10 33.67429.50*  1738.00+183.24  -096  98.06 0.67 0.003
yAaUAd (E. citriodara) 10 257.33473.52*  1815.334296.12 -0.75  85.82 5.15 0.008
&1 (C. reticulata) 10 172.67+10.40*  1796.33+263.18 -0.82  90.38 3.45 0.009
M32W (0. basilicum) 10 43.00+41.14*  1765.67£179.05 -0.95 97.56 0.86 0.003
mIinaasafSouney
- ) 10 1517.67495.77  1888.33+374.25 -0.10  19.62 30.35 0.161
(leTaupanedeq)

y
S o

" OAI = A¥UFIANITIN

it (Oviposition Active Index)

YER = UszanBamns la (Effective Repellency)

' = - | Y - aa " @ aad o a4 49 ax
* ﬂ'llﬂﬂ(ﬁz'ﬂ']'Nﬂ')ﬂllﬂ"ﬁllﬂzﬂ')ﬂilﬂﬂnﬁVluﬂ']’ll.lllﬂﬂﬂ’Nﬂqu’NﬂﬂﬂﬂizﬂUﬂ'nlllﬂfﬂU'HSﬂUaz 9519\01'5

Paired Sample t-test (P<0.05)
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a ¥ A a y g ¢d o
A13149N 4.2 Na‘umumuﬁam:mumnwmaqu"lm 8 ¥UA ANWVUVY S uaz 10 1Wosiua

? o 1 w & ' v oS o
1umuuuznanﬂﬂmiuummiJN"lwmmmmmmwmﬁuqamuﬂm

$1uu 1y + D (Mewdw) wtnu"l-u
o AN (RAUABY
FUAL W UNOUITEINY v v , " =
Y ILHILTAY 0OAl ER% INAe1 A7 P-value
e %) duiias daulaifians il
a3
N32A (C. odorata) 5 25.67423.45%  3435.67+448.78  -0.98  99.25 0.51 0.006
NUNG (S. aromaticum) 5 0.67+1.15* 2972.67+132.21 -0.99 99.97 0.01 0.001
V3 (Z. officinale) 5 153.33425.10% ~ 3331.00+536.91 -091 9539 3.07 0.009
¢'1a¥v (C citratus) 5 14.33424.82%  3477.33+713.59 099  99.58 0.29 0.013
az'lndview (C. nardus) 5 34.00+30.04*  3409.33£622.51 -0.98  99.00 0.68 0.010
yaUAT (E. citriodara) 5 278.67£20.40*  2979.00£210.75  -0.82  90.64 5.57 0.002
& (C. reticulata) 5 201.334£51.82* 3383.00+311.74  -0.88  94.04 4.03 0.002
vseW1 (0. basilicum) 5 18.67432.33*  2791.004852.22  -0.98  99.33 0.37 0.028
MsnaasaSeuney
v . 5 392.33+42.91* 5208.67+403.44  -0.85  92.46 7.85 0.003
(Wuyznen)
N32AN (C. odorata) 10 4.3346.65* 3500.334£553.40  -0.99  99.87 0.09 0.008
NUNY (S. aromaticum) 10 0.00+0.00* 2926.67+78.70 -1.00 100 0.00 0.000
33 (Z officinale) 10 109.00+77.90*  3212.004204.67  -093  96.60 2.18 0.003
ozl (C citratus) 10 5.3349.23* 3174.67£26534  -0.99  99.83 0.11 0.002
az'ladmeu (C. nardus) 10 20.00+18.33*  3404.33£1209.79  -0.98  99.41 0.40 0.041
yMadAd (E. citriodara) 10 89.00489.20*  3129.333409.54  -0.94 97.15 1.78 0.008
& (C. reticulata) 10 21.00+£22.86*  4280.00+878.81 -0.99  99.50 0.42 0.014
52w (O. basilicum) 10 3.33+5.77* 2984.67+272.41 -0.99  99.88 0.07 0.003
MsnaasafSoumeu
v . 10 73.33+48.95*  5250.00+831.14  -097  98.60 1.47 0.008
(dniuuznen)

y
S o

" 0AI = A¥i¥3AN15219 14 (Oviposition Active Index)

YER = dsz@ninmmsla (Effective Repellency)

' - ' - [ aa ) aad o A4 49 ad
* ﬂ‘]lﬂﬁﬂs:"TNﬁ’juuﬁ'ﬁllazﬁ’i\ﬂ1uuﬁ'ﬁYlllﬂ'nllllﬂﬂﬂ'Nﬂu‘/l'Nﬁnﬂﬂi:ﬂua'ﬂul’fﬂuusaUa: 95 TﬂU?ﬁ

Paired Sample t-test (P<0.05)
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a ? o A a y /3 o
M13194N 4.3 Nﬁ‘llﬂ\iu'liluﬁﬂlﬁzlﬂﬂi]']ﬂW‘]fﬂlgu1“5 8 ¥UA ANUIVUIU S Lay 10 lﬂﬂﬁl“ﬁuﬂ

g @ L) e 3‘, ' v o
1uumunzw%’nmamwummsan"lwam'Jmmmwmﬁuqaawﬁm

$1u2u 14z SD (Wewdho) wfnull‘"
e A MaLABY
FUAL N UNOUTSINY v s . s 1
"l [EPVETRY] OAl ER% INFALNE1 @3 P-value
S %) dauiiens faulilicns Tudani
as
N3LAN91 (C. odorata) - 28.33+32.62* 6034.00+66.91 -0.99  99.53 0.57 0.000
NUNQ (S. aromaticum) ] 7.00+£12.12* 5974.67+129.36 -0.99 99.88 0.14 0.000
Y3 (Z. officinale) 5 87.33436.77*  6020.00+154.44  -0.97  98.54 1.75 0.000
az1a3T (C. citratus) 5 25.00+£43.30%  5864.33467.11 099  99.57 0.50 0.000
az'lniven (C. nardus) 5 50.00+£33.06*  5963.33+56.75 098  99.16 1.0 0.000
YMAUAT (E. citriodara) 5 96.67£15.30%  6001.33£198.28  -0.96  98.38 1.93 0.000
& (C. reticulata) 5 101.00£125.14*  6135.674£329.58  -0.96  98.35 2.02 0.002
MseN (0. basilicum) 5 43.67+46.75%  5913.00+13598  -0.98  99.26 0.87 0.000
msnaassnlssunoy
. . | 5 905.33£137.58* 6067.33%131.23  -0.74  85.07 18.11 0.000
(UIWWUHUSHIN)
N32AY91 (C. odorata) 10 37.334£34.15*  4160.67+886.74  -0.98  99.10 0.75 0.016
ATUNG (S. aromaticum) 10 1.00£1.73* 4246.00+£765.99 -0.99 99.97 0.02 0.011
%3 (Z. officinale) 10 61.67£3521*  4168.00+588.67 -0.97  98.52 1.23 0.007
az'lndw (C citratus) 10 32.00433.60*  4972.33+506.11 ~ -0.98 ~ 99.35 0.64 0.004
az'ladviown (C. nardus) 10 43.33£18.00* 3712.67+¢720.23  -097  98.85 0.87 0.012
gMAUAT (E. citriodara) 10 74.33£25.57*  3777.00+284.16 -0.96  98.03 1.49 0.002
& (C. reticulata) 10 91.67+30.98* 4209.67+609.18  -0.95 97.82 1.83 0.007
32w (0. basilicum) 10 18.00+31.17* 3860.00+958.26  -0.99 99.53 0.36 0.021
minaasuSsunoy
- % 10 680.00+146.60* 4208.33+629.48  -0.72  83.84 13.6 0.016
(UNUUZNI )

v
ad o

" OAI = AFUFIANITIN

19 (Oviposition Active Index)

YER = szaniamnisla (Effective Repellency)

' - ' a aa " @ aad o a4 O oy
* ﬂ‘lmﬂUSS‘H’JNﬂ'li'nﬂaiNlla:msvmaENuEU'iJl‘nUUYIuﬂ’J'mlmﬂﬂNﬂuﬂNﬁﬂﬂvli:ﬂ'ljﬂ’nul‘lmu'uiBﬂaz

95 175 Paired Sample t-test (P<0.05)
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A135199 4.4 wavoniuneuszmeninsayulns 8 ¥iia mwanududu suaz 10

d d d a a1 o 3 v v o = o
l‘].]'f)ﬂ“lﬂlﬂ 1u10ﬁﬁllﬂaﬂﬂﬂﬂﬁﬂf’Jﬂ'liU‘UfNﬂ'li'TNul‘\l"llﬂﬂﬂ?lﬂﬂ?ﬂlﬂﬁlﬂﬂgﬂi'\ﬂ"ﬂ‘;

$1uu ez SD (Wewdaw) anulh’
e A RALADY
yUAUNUNBUSIINY . y . Lot
Wy 0Al"  ER%” meiliol @2 P-value
ayu'lng i = o
¢ %) delians e ltiens Tt
a3
ASLA (C. odorata) 5 5.00+2.00* 1861.33+133.00  -0.99  99.73 0.10 0.002
AU (S. aromaticum) 5 18.33+3.05*  1943.00+86.64  -098  99.05 0.37 0.001
33(Z. officinale) 5 42.67+4.04*  1932.67£101.68  -0.95  97.79 0.85 0.001
az'ladv (C cirratus) 5 42.33£13.50%  1892.67+127.87 095  97.76 0.85 0.001
az'ladvien (C. nardus) 5 58.0046.55*  1987.00£154.78  -0.94  97.08 1.16 0.002
yMaUAT (E. citriodara) 5 294.33426.65* 1936.33£103.51 -0.73  84.79 5.89 0.002
& (C. reficulata) 5 191.67+12.09*  1903.33+158.57  -0.81 ~ 89.92 3.83 0.003
TMs2W1 (0. basilicum) 5 46.33+2040*  1994.33+253.00  -0.95  97.67 0.93 0.005
nsnaasafsounsy
- ., 5 1754.33487.78  1820.00£93.74  -0.01  3.60 35.09 0.551
(GFGTGGIBERD)]
N32A391 (C. odorata) 10 0.0040.00* 1946.33+85.51 -1.00 100 0.00 0.001
ATUNG (S. aromaticum) 10 3.3345.77* 2049.67+114.73 ~ -0.99  99.83 0.07 0.001
33 (Z officinale) 10 5.0048.66* 1992.33£105.50  -0.99  99.74 0.10 0.001
az'ladw (C. citratus) 10 13.00£5.29* 210133439626 = -0.98 ~ 99.38 0.26 0.012
azladvow (C. nardus) 10 34.67£1601*  2120.67+245.73  -096  98.36 0.70 0.005
YAAVAT (E. citriodara) 10 143.67437.11*%  2053.00+79.07 -0.86  93.00 2.87 0.000
& (C. reticulata) 10 98.00+14.93*  2047.33x11547 -090 9521 1.96 0.001
V521 (0. basilicum) 10 7.00£12.12*  1927.00£166.27 -0.99  99.63 0.14 0.003
nsnaaslSoumou
- J 10 1841.67490.29  1844.33+200.78 -0.0007  0.14 36.83 0.970
(lapaudanadaq)

v
Y 0Al = Ariixiansaaly (Oviposition Active Index)

YER = szandamnisla (Effective Repellency)

* AURAUTTYININMINARBAATAITNARBAS sUMsUNTIANNLANARAUN NADANT S AUANITRNUS DAL

95 1A675 Paired Sample t-test (P<0.05)
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M1314N 4.5 Nﬁ'(lﬂﬁu111uﬂ011531110%1ﬂ'ﬂ‘!fﬁ1qlu"lW'i 8 ¥UA ANUIVUUIY 5 11aY 10 Wosiua

Y ' o ' - Y a 0
11!14'11114113ﬂﬂﬂﬂ0ﬂ15U‘U(ani'TNulﬁlﬂlﬂﬁﬂ')lﬂn’lﬂlﬂﬁlllﬂq@i’lﬂ']fg

$u2u vz SD (Mewdan) mx'nu'l'u
i A IRAUADY
yUuAUNIUYaNIINY v v L 3 "l
1 ILpVETATE OAl" ER%  IWFUUl A7 P-value
R %) daufians §oifiens Y s
M3
A3LAA (C. odorata) 5 4.00+6.92* 5401.33+123593  -0.99  99.92 0.08 0.017
NUNY (S. aromaticum) 5 7.67+4.72* 4788.00+591.32 -0.99 99.83 0.15 0.005
A (Z officinale) 5 86.00+82.29% 488433168546 -0.96  98.23 1.72 0.042
az1n3 W (C. citratus) 5 7.67+7.09* 5023.33+719.83  -0.99  99.84 0.15 0.007
¢'1ndveu (C. nardus) 5 6.00+5.56* 5361.33£1049.50 -0.99  99.88 0.12 0.013
yAaUAd (E. citriodara) 5 109.67420.84*  4559.33+1550.05 -0.95 = 97.59 2.19 0.039
& (C. reticulata) 5 500.33+12.22*  5414.67+70453  -0.83  90.75 10.01 0.007
32 (0. basilicum) 5 59.00+46.89*  4914.00£186.50  -0.97  98.79 1.18 0.000
nsnaasafSeuney
% . 5 598.33+£125.32*  5694.00£1098.71  -0.85 = 89.49 11.97 0.018
(MWwuUuEnan)
N32A3 (C. odorata) 10 0.00+0.00 1472.74972.97 -1.00 100 0.0 0.120
NUNY (. aromaticum) 10 0.00+0.00 1809.00+1206.44  -1.00 100 0.0 0.122
34 (Z officinale) 10 40.33469.85 1273.334909.82 093  96.83 0.81 0.130
az'lndv (C citratus) 10 0.00+0.00 1835.3+889.54 -1.00 100 0.0 0.070
azlndvew (C. nardus) 10 0.00+0.00 2127.67£112321 ~ -1.00 100 0.0 0.082
gMaUAT (E. citriodara) 10 150.334260.38*  1572.00+40543  -0.82  90.43 3.01 0.043
&y (C. reticulata) 10 331.674205.87  1145.33+1460.78 -0.55 71.04 6.63 0.414
M32W1 (0. basilicum) 10 63.67£110.27  1484.674987.32  -091  95.71 1.27 0.117
nMsnaasfSouiioy
" 10 907.67+58.75*  2702.33+373.99  -049  66.41 18.15 0.010
(Hwuusnan)

¥
" 0AI = Ayt iAn1s e 1y (Oviposition Active Index)

YER = szaniamnis la (Effective Repellency)

* A UANAYTTMINNINARBAATNIINARB AT sUNEUNTANUUANANAUNNADANTEAUAMTRIUS DR

951AY7D Paired Sample t-test(P<0.05)
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a A o a y v ¢ d o
MN1919N 4.6 NavmumuﬁauszmUmnw‘mgu"lws 8 FUA ANUVUYU 5 L1ay 10 Lllﬂil‘lmﬂ

? o v v ¥ ' v o W a °
1uu1uunzwg1jﬁﬂﬂ’ﬁﬂﬂﬂﬂfni']”Nvl‘lﬂlﬂ\iﬂ')lﬁll'JUIWﬁLNUQ\ﬁ1ﬂ’]q‘l

$1uu'ly £ sD (Wewdw) %1"L1')u‘111
- A mavABY
riaiiuneNsTIvY o o ., Y o .
[STPURTAY] OAIl" ER% INFALJY1 A1 P-value
ayu'lns i 2 oL o
(%) aulas 020 luliens Tudei
s
N5LA (C. odorata) 5 2.00+3 46 3998.004268.36  -0.99  99.94 0.04 0.002
NUNQ (S. aromaticum) 5 18.00£18.00%  3913.334263.07 -0.99  99.54 0.36 0.002
33 (Z. officinale) 5 123.67427.09*  4007.67£176.75 -0.93  96.83 2.47 0.001
az'ladv (C citratus) 5 32.67+29.14%  3909.00+97.87  -0.98  99.16 0.65 0.000
az'lndview (C. nardus) 5 37.00£16.82*  3963.67+170.37 -0.98  99.06 0.74 0.001
YMAVAA (E. citriodara) 5 102.00£19.67%  3960.00+233.39 -0.94  97.42 2.04 0.001
& (C. reticulata) 5 172.33458.07*  3751.67+580.37 -0.91  95.40 3.45 0.009
M32W1 (0. basilicum) 5 5.3349.23* 4386.00+464.19 -0.99  99.87 0.11 0.004
nsnaaswlsounou
$ 5 305.33457.74*  4260.004426.33 -0.86  92.83 6.11 0.004
niuuzni)
N3LANN (C. odorata) 10 0.00+£0.00* 4257.67+413.78  -1.00 100 0.0 0.003
ATUNY (S. aromaticum) 10 5.3346.11* 3836.674219.45 -0.99  99.86 0.11 0.001
33 (Z officinale) 10 88.33+25.10%*  3837.674274.57 -0.95 97.69 1.77 0.002
azladthw (C citrats) 10 13.33£13.01*  4530.334276.16  -0.99  99.70 0.27 0.001
az'ladvien (C. nardus) 10 27.67£11.37%*  4113.00£114.32  -098  99.32 0.55 0.000
yMaUAT (E. citriodara) 10 99.67+17.03*  3993.33+221.19 -0.95  97.50 1.99 0.001
& (C. reticulata) 10 156.33+44.99*  3860.33+297.44 -092  95.95 3.13 0.002
M3EW1 (0. basilicum) 10 4.67+8.08* 3554.67+£198.74 -0.99  99.86 0.09 0.001
msnaasalSounoy
- 5 10 320.33+115.77* 3850.33+103.51 -0.84 91.68 6.41 0.000
(HIWUUZNI )

vy
" 0AI = A¥ii¥3AN15219'19 (Oviposition Active Index)

YER = Uszaniamnis 1a (Effective Repellency)

* AUNAUITMINNINAABILALNIINARRAS sUNEURTANULANA A UNNADANT L AUANNTRIUS DYy

951AY7b Paired Sample t-test (P<0.05)
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11u3th 4 Moinde 54.1345.56 Wesiyua seansmneniunenszmogaralaa azladiu
9 @ S o Y 2 9y o o o
au ATZAIN MIUNYG waz Tuszn Unavi1 Idgmingeareuion 4 awmie 39.4742.53,
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26.67+4.79, 2.40+1.05, 1.87+0.74, 0.53+0.35 1tag 0.27+0.25 nlosikud awday daniniu
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sesnanfAeviunouszmoymalae azladthu nsew du nszdan NUNG Hazdalinam
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a e Yy v y o a a o Y
ﬂ']allﬂﬂ ﬂzvlﬂi'lnu I?‘WSW'] [1¢Y MUNG NITAIN “ﬁz‘UQNNﬂﬂ"ﬂ"ﬁf’l'LI'lUQﬁ']U‘U'Iu'JU'V] 4 My
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nSouiouTasldir lilinadenisaevesgmirgesainiuish 4 vasnisnaass 1 ¥2lus
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LA
1.87£0.74°"  3.20£1.32°  11.73£3.26°  15.474£3.50°  27.20£2.80°  96.27+1.03* 9.66
(C.'odorata)
MUNY ] 5 2
0.53+0.35° 1.60+£0.63°  8.00+2.32%  17.07+4.33°  28.27+5.16°  69.07+4.18 16.99
(S. aromaticum)
i\’ D F E D B
0.00£0.00°  0.00+0.00 2.13+0.63 7.20£1.56 16.27+2.18°  66.40+7.19 19.03
(Z. officinale)
y 9y
azlndiw
26.67+4.79°  63.47x4.15°  85.60+3.54° 95.20+2.11*  100+0.00" 100+0.00* 0.10
(C. citratus)
az'ladvien
54.13+5.56"  73.07+4.69"  98.67+0.61°  100+0.00" 100+0.00* 100+0.00" <0.05
(C. nardus)
gaadda
39.47+2.53%  63.73+3.97°  95.47+1.64" 98.67£0.72"°  100+0.00* 100+0.00* 0.05
(E. citriodara)
&
2.40£1.05°  18.67+5.66°  22.40+£5.28°  31.47+4.77°  46.40+3.41°  100+0.00* 0.99
(C. reticulata)
Tnsem
0.27£0.25° 8532229  42.93+3.08° 78.67+4.28°  100+0.00" 100+0.00" 0.34
(O. basilicum)
-
nsnaasas ooy . z
- p 0.00£0.00°  0.00£0.00°  0.000.00"  0.00+0.00°  0.00£0.00°  0.000.00 -
(GEGIGLIRERL))
-
nMinaasSouiou
y L, 0.00£0.00°  0.00£0.00°  0.00:0.00"  0.00£0.00° ~ 0.00£0.00°  0.00+0.00° -
(wla)
CV. (%) 79.6 52.97 28.75 25.45 17.43 14.50 -
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6.93+1.705"  17.87£3.96°  41.33+6.77°  69.60+5.17°  85.07+3.76°  100+0.00" 0.45
(C. odorata)
AUNG
84.53+5.01°  99.47+0.35*  100+0.00" 100+0.00* 100£0.00*  100£0.00*  <0.15
(S. aromaticum)
TR
0.00+0.007 720+2.59°  28.80+5.74°  60.00+5.55°  81.07+4.86°  100+0.00" 0.56
(Z. officinale)
az'ladihu
90.93+4.13*%  98.40+0.63*  98.93+0.59"  99.73+0.25*  100£0.00*  100£0.00"  <0.15
(C. citratus)
azlasveu
93.60+1.99" 100+0.00" 100+0.00" 100+0.00* 100£0.00"  100£0.00*  <0.15
(C. nardus)
gamadaa
68.27+3.78°  93.60+2.84"  99.73+0.25%  99.73£0.25" ~ 100£0.00*  100£0.00"  <0.15
(E. citriodara)
&
16.80+3.80°  54.93:4.58%  73.07+3.67°  77.33+3.95°  84.00+3.74°  100+0.00" 0.18
(C. reticulata)
Tnszm
12.53+1.40°%  56.5+3.68°  96.53+1.80" = 99.20+0.77"  100+0.00*  100+0.00" 0.15
(O. basilicum)
mMsnaaslsouiney ¢
- ) 0.00£0.00° 0.00+0.00°  0.00£0.00° 027025 0274025 0.27+0.25"° -
(LaTauvanadan)
-
mInaasalisuney
s 0.00:0.00"  0.00£0.00°  0.00:0.00°  0.00:0.00°  0.00£0.00°  0.00+0.00° -
(dudan)
CV. (%) 30.26 19.42 19.43 15.43 12.15 0.41 -
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0.00+0.00°"  1.33+0.48" 3.20+0.67° 5.60+0.82 7.20+0.86 66.40+6.87° 19.50
(C. odorata)
AUNY
0.00£0.00°  21.87+2.94°  33.33+2.66°  60.53+2.09°  72.00£1.64°  78.13x1.99" 7.07
(S. aromaticum)
U9
0.80+0.41°  5.33+0.97°F 13.60£2.52°  29.07+4.55°  71.2024.66°  98.40+0.73" 5.67
(Z. officinale)
Yy 9y
azlndhu
22.13+2.66°  48.80+4.55°  65.33+3.39°  92.53+1.76*  98.13x0.63*  100£0.00" 0.19
(C. citratus)
v
azlniveu
46.93+6.29"  82.13+3.35%  90.40+1.95*  98.13+1.06"  100+0.00" 100+0.00" <0.19
(C. nardus)
gamarda
16.80+1.42°  41.60+3.77°  54.67£3.99°  70.67+3.06° 91.47:1.64° 98.67+048*  <0.19
(E. citriodara)
&y
2.93+1.03°  16.00+2.32°  30.40+3.75%  63.73£3.05°  72.53+2.53°  100+0.00* 0.57
(C. reticulata)
Tnsewr
30.40+2.82°  65.33+3.79°  75.73+4.04°  93.60+2.35" 98.13+1.12*  99.47+0.51*  <0.19
(O. basilicum)
mMinaassnlSsuney
L ) 0.00£0.00°  0.00£0.00°  027+0.25°  027%0.25°  027+025°  0.27+0.25" -
(GELITGRURER))
mMinaasulIsuinoy
€ oy 0.00£0.00°  0.00£0.00°  0.00£0.00°  0.00+0.00°  0.00:0.00°  0.000.00° -
dwdan)
CV. (%) 80.15 39.02 30.01 18.16 12.43 12.35 s
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sumoayuIng 0.08 0.16 0.25 0.50 1 24 (#ue
LA » ] . "
6.93+1.70°%" 40.27+1.70 67.47+4.68"° 89.07+1.83 98.67+1.29"  99.47+0.51 9.67
(C. odorata)
n1qu € BC BC B A
83.73+3.30% 85.33+£2.99 90.40+2.13 91.47+1.99 95.47+1.12 100+0.00 <0.26
(S. aromaticum)
O
8.53+1.50° 36.80+6.55° 72.53+3.71° 82.40+2.82° 92.27+2.08¢ 100+0.00* 0.26
(Z. officinale)
azladihu
64.53+3.79°C  94.93+1.48"° 99.47+0.51% 99.73+0.25% 100+0.00* 100+0.00* <0.26
(C. citratus)
9y
azladveu
86.40+2.35" 98.13+0.83" 99.73+0.25% 99.73+0.25" 100+0.00* 100+0.00* <0.26
(C. nardus)
gmaaa [ £
58.87+2.77° 76.53+1.45 84.80+1.69 94.67+1.49° 99.47+0.35"  99.73+0.25*  <0.26
(E. citriodara)
#u
72.2741.75° 85.07+1.33¢ 88.80£1.26°  91.73+1.38°¢  94.13+1.35%¢ 100+0.00* <0.26
(C. reticulata)
Tnsew
64.47+5.12° 89.60+3.64°C  95.2042.33*° 100+0.00* 100+0.00" 100+0.00* <0.26
(0. basilicum)
MINAADY
wsuney 0.00+0.00" 0.00+0.00" 0.80+0.41° 0.80+0.41° 0.80+0.41° 0.80+0.41° -
a 4
(l95auvanaden)
NINAADY
wWSeuiney 0.00+0.00° 0.00+0.00" 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.000.00° -
4 Ll
(dudan)
CV. (%) 24.15 18.05 12.89 7.50 4.97 1.12 =
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ayu'lns anududy Aty LG, anududu  anmududy 3
2 (%)
5% 10% (%) 5% 10%
AN
9.66 0.45 6.84 19.50 9.67 6.98
(C. odorata)
AUNG
16.99 <0.15 5.55 7.07 <0.26 2.37
(S. aromaticum)
TR
19.03 0.56 7.63 5.67 0.26 1.76
(Z. officinale)
az'ladihu
0.10 <0.15 <5.0 0.19 <0.26 0.36
(C. citratus)
az'lnivou
<0.05 <0.15 <5.0 <0.19 <0.26 <5.0
(C. nardus)
gaalee
0.05 <0.15 <5.0 <0.19 <0.26 <5.0
(E. citriodara)
&
0.99 0.18 5.41 0.57 <0.26 1.90
(C. reticulata)
Trszm
0.34 0.15 <5.0 <0.19 <0.26 0.36

(O. basilicum)
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H a o o 5,
FUMINUNONTZIVY NISAURAY + SD(%) / NAIMAINITNAADY (T2 119) LT,
ayu'lns 0.08 0.16 0.25 0.50 1 24 (#1109
LA . . . . c n
0.2740.25"" 0272025 0274025 0.2720.25° 0274025 0.27+0.25° >105.18
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ﬂ.'qu A BC BC ez C CD
0.53£0.51"  0.53+0.51°¢ 0.5320.51 1.6740.59  3.20+1.01°  4.53+1.06 91.59
(S. aromaticum)
qu A o C B
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(E. citriodara)

du

(C. reticulata)

A

90.13+1.72" 95.73£1.09" 97.33£0.72% 99.47+0.35* 99.47+035*  100+0.00" <7.85
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ATTAIN y . 5 o }
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gq A A B B CD DE
0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 2.13+0.91 5.87+1.18 58.02
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0.00+0.00 0.00£0.00"  0.27+025° 0.80+0.41° 2.13+0.63° 5.33+0.88 66.59
(E. citriodara)
ﬁu A A B B D DEF
0.00+0.00 0.00+0.00 0.00+0.00 1.07+0.59 1.33+0.61 5.07+1.43 64.02
(C. reticulata)
Tnsewa
0.00+0.00*  0.00£0.00* 0.80+0.41° 5.07+1.16" 9.60+£1.72*  20.00£1.55°  42.69
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nsnaasafisumoy N ’ . . S .
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ayu'lns 0.08 0.16 0.25 0.50 1 24 T
nizﬁ’qq‘] Bl/ B CD C CDE C
0.27£0.25 0.53+0.51 3.73+0.88 5.60+£1.12 6.67+0.97 24.53+3.94 37.97
(C. odorata)
ﬂ‘]qu B B CD CD DE C
0.00+0.00 2.40+0.91 2.67+0.89 3.47+0.91 5.33+1.11 31.47+4.65 31.84
(S. aromaticum)
%\j B B B B B B
1.07+0.59 3.20£1.01 9.60+1.80° 21.07+3.26° 24.80+3.23° 86.40+2.94 12.52
(Z. officinale)
azladiu " I w A .
2.1340.63 3.20+0.56°  4.80+0.56 8.27+1.22 11.20+1.42 100+0.00* 2.54
(C. citratus)
ﬂ:'lﬂ%‘“au B B CD CcD DE A
0.00+0.00 1.07+0.59 1.87+0.63 5.07+1.43 5.87+1.35 100+0.00 2.64
(C. nardus)
gﬂ’]aﬂﬁlﬁ B B CcD CD EF D
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Pupicidal Activity of Herbal Essential Oils Against Aedes aegypti (Linn.) and Culex quinquefasciatus (Say.)
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Duangkamon Sritabutra and Mayura Soonwera
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Duangkamon Sritabutra and Mayura Soonwera
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Entomology and Environmental Programme, Plant Production Technology Section, Faculty of

Agricultural Technology, King Mongkut’s Institute of Technology Ladkrabang, Bangkok.

ABSTRACT

The pupacidal effects of herbal essential oils from ylang-ylang, clove, ginger,
lemongrass, citronella, eucalyptus, orange and sweet basil were tested against pupal stages
of Aedes aegypti and Culex quinquefasciatus. The pupal mortalities were recorded at 0.08,
0.16, 0.25, 0.50, 1 and 24 hr. Aedes aegypti and Culex quinquefasciatus pupae were found to
be susceptible to orange oil with LTsy at <7.85 and <2.54 hr., respectively. These oils have
pupicidal activities of 100 and 87.20% against pupal stages of Aedes aegypti and Culex
quinquefasciatus at 24 hr. The data showed that orange oil was effective for the control of

mosquitoes at their pupal stages.

Keywords: pupacide, mortality, orange oil
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NaNIAABININ Tablel wudh diuveussmedsiienududu 5% fnademsmeves dnudeeany
Yiiian fio 43.47% Tesawno tiluveussvenslaiveuuasdu ndanisvaaes 0.08-24 F2la
wazilAn LT, Wiy 26.26, 35.09 way 47.17 $3lue mudidu dmsunisneaes wWisuifisy wui
nsnnaeslngltiosausanased duavnlnanuataIeuumey 0.27% AINTT NAABITENIN 1 fa 24
Hlus dhunsmeaeavsuiisulagldtnua wuilifinsmeuasinug gaanoty

wan1svaaesly  Table 2 wudh dafuvenssveduiinrandudy  10% Tnadenismeves
Fnudteaethuifian o 100% sesasunie uniuvauszimeTauasazlaivey viinnsmaaes 0.08-24
lue wawilan LTg, Wiy <7.85, 7.85 uaz 21.27 $2lua anudsu dwsunismeass wWisuidieu
nuinsvaaadlagliiedausanagediinavinlvisinuaesaietiuay  0.27% waans NAaesemIn 1
fla 24 dalas dumsmeaeaFouiiivy Tagliiha wuiliinsmevesinud geanetu

wan1svnaaslu Table 3 wudh hifunenszsmenzladveuiinududu 5% duasents ae
voIRnNUAENIAATan Ao 58.13% sesawnfe iifuveussvensladtuasvszin vds  ms
vAaas 0.08-24 lua wavilen LTy, Wiy 21.70, 27.62 waw 42.69 Hlaa audisu dwsu ms
aasuUSuiisu wuitniveasdlegltieSausanased dnavinlidnuagesiamymie 0.27 - 0.53%
wFINIMARBISEIINY 0.50 §4 24 Halas dumsvaseateuidioy Tagldiuua wudilisl msee

UYBIANUALITIAEY
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wamsveaasly  Table 4 wud dniuvenssmeduiauidudy  10% Jnadensn 16ves
v v o ad - a 8w [R% % 9
FnudEesInATign Ao 87.20%  sesawnfe wiluvensuvearlaitunazaglaven vains
NAADY 0.08-24 Hla4 wazdAn LTy, winfu <2.54, 2,54 way 2.64 Falad muanau dmiunis vnaes
Wisuiisu wuinisveaes leeldledausanesed dnavinlvisinuay ssiaeyane 0.27 - 0.53% wed
MINAABITENIN 1 - 24 Falus daumsveassd3ouifisy lagldinuar wuilifidnuagesiagne

dyUuarinnsaluan1snaaes

nmsinwgrvesiiuvenszmenivalng 8 wia 6ud nsrdsn nung 31 arlad
U ezladvie u ganduda du uazlnsewluleSausanased  fiensnievesdnuAgsay U uazes
Sy wuinthifuvewsyvedy fikarnisaevesinudgsanstiu. tazgeshnylianan Swaenndos
fUs1891UYDY Anusan et al. (2005) lasisaudn arsadnandendulevnu dnanensneves
amirgsaetufirududu 0.8 uay 0.3 ppm wainsmeaass 36 Falus vl angeaetiume
95 uay 90% AWAWU UeNING Tennyson et al. (2013) wudniufu veuszweanndy duadenis
mwmqnﬁnqqmaﬁwqﬁqm TafiAn LCq, WiniU 85.93 ppm 584 asnde thiumesziveniauls
g1 nENs1 uay Suning muddu waansviaass 24 49l LAYIINTIBNUTEY Ramar et al.
(2013) WFsrwansi dhsuneusavennldenn suie nung  lss newsn wazudnvey Sinase
N1SALVDIRNUALIIIAEY 100% Arududu 1000 ppm vdnIVeaes 26 Flue aghslsAnu
vhifuneuszvenndy LildTAwdednuissaethy  uasgy Smguiniu Slisenuinisuven
sumpandu Sedlnadenismevesiie sunuasa ety fs duded IWee (RAefwsl, 2550; A
nsaluaruy Y, 2555 uay Imjai et al, 2008) wazlurhii veusswveduiiansussneumaailse
limonne, myrcene, a-pinene, sabinene, octanal, decanal, 1,8-cineol %@ﬁqmamﬁﬁwuv‘ga
wuAfiSe Fuites ssensUndnnie uaztdae nsvusTuUgRANAY (IUTY nedihunsia
, 2550; ASUAWESHNISINEAT, 2010)  AINKANTT NAADY ziulaan mminﬁwﬁﬁﬂwauszma
alws nldlunistlesiu Mdnfnudgeanedn uazgaiingy funliufesdudululd fehunld
#e30 Famsldansataitldanauulnsiy § anaaensusewud diidsuaranmiindey uasds
Freaansldansiadidnnssi luns Jesfurdagemmeld uioghdlsfinn nmsnwiludusely ms
flazfAnwansuszneu fivengvs fegluthifuvenssmeuazmsiinsmaaeulunipausoly

AvauAN

o W

YoUBUNSTAM d1NANENTSUNITINBUMIIR  (3%.)  Vaduayun1sideaiail auMave

1
al

YOUNSEAMANAIY AGIEMNNITUWNES Medvimansiunieu uuiinendoudioa  Aildueuly
gaanethunavgesimganldlunismaaes uenanil  veveunsyaavisufiRnsivayulns  fAdn
wias @ vunalulagnisdniis Anzmalulagnisinens aniumaluladnssaunaNINAUNIIS

[
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Table 1. Pupicidal efficacies of eight essential oils against Aedes aegypti in 5% ethyl alcohol

] . % mortality + SD / Time (hr.) LTeo
ssential oils

0.08 0.16 0.25 0.50 1 24 thr)
Ylang-Ylang 0274025} 0.27+0.25° 0.27+0.25° 0.27+0.25° 0.27+0.25"  0.27+0.25 >105.18
Clove 0.53+0.51% 0.5320.51% 0.53+0.51% 1.67+0.59 3.20+1.01° 4.53+1.06" 91.59
Ginger 0.00£0.00" 0.00+0.00° 1.87£0.91% 5.07+1.57° 14.13+3.04° 43.47+7.03° 26.26
Lemon grass 0.00£0.00" 1.60+0.73"° 280+0.73° 2.93:0.70° 4.27:0.79° 5.87+1.24" 105.18
Citronella 0.00£0.00" 2.13+091" 6.13+1.40" 16.53+2.41" 26.13+3.06" 33.33+2.66° 35.09
Eucalyptus 0.00£0.00" 0.00+0.00° 0.00+0.00C 0.00+0.00° 0.00+0.00° 0.53+0.35° 55.24
Orange 0.00£0.00" 0.00+0.00° 0.53+0.51% 1.87+0.74° 1.87:0.74° 11.73+2.05° 47.17
Sweet basil 0.00£0.00" 0.00+0.00° 0.00+0.00° 0.27+0.25° 0.80+0.41° 1.33x0.48° 103.42
Positive control (Ethyl A C C (e C D
gl 0.00£0.00" 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.27+0.25° 0.27+0.25 "
alcono
Negative control (Waten) (.00+0.00" 0.00£0.00° 0.00+0.00° 0.00+0.00C 0.00:0.00° 0.00+0.00° -
CV. (%) 912.87 365.33 214.59 141.90 114.35 99.88 2

' Mean percentages within a column followed by the same letters are not significantly different (P>0.05)
by DMRT
¢ LT, = Median Lethal Time
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Table 2. Pupicidal efficacies of eight essential oils against Aedes aegypti in 10% ethyl alcohol

g % mortality + SD / Time (hr.) LT502
B e 0.08 0.16 0.25 0.50 1 24 (hr.)
Ylang-Ylang 16020.63° " 213+0.63° 4.27+1.22° 560+1.12° 8.00+1.41° 16.53+2.23 54.23
Clove 133:048° 187:0.51° 347+155° 6.93:1.79C 9.33:209° 1253238 77.44
Ginger 9.07+2.63° 13.87+2.85° 20.53+383° 31.47+509° 55.20+7.69° 91.20+3.14° 7.85
Lemongrass 0274025 3.47:091° 4.80+1.14° 7.47+164° 9.60+1.80° 15.20+2.00° 62.73
Citronella 8.27+1.03° 1093:231° 14.93:243° 26.13:3.04° 36.53+4.08 53.874.62° 21.27
Eucalyptus 320:1.69° 4.27+2.15° 4.27x2.15° 5602090 587+2.32° 6.13+2.29° 297.69
Orange 90.13+1.72" 95.73+1.09" 97.33:0.72" 99.47+0.35" 99.47+0.35" 100+0.00" <7.85
Sweet basil 0.27+0.25° 0.53:0.35° 0.53+0.35 1.07+0.45" 5.33+0.81° 44.00£4.45° 25.71

Positive control g > o i 5 G
0.00+0.00° 0.00+0.00"  0.00+0.00"  0.00£0.00  0.27+0.25  0.27+0.25 =

133

(Ethyl alcohol)

Negative control b c b ) 5 G
0.00+£0.00"  0.00+0.00°  0.00+0.00 0.00+0.00 0.00+0.00  0.00+0.00 -

(Water)

C.V. (%) 43.93 43.61 47.00 47.27 52.78 31.41 -

' Mean percentages within a column followed by the same letters are not significantly different (P>0.05) by DMRT
- LTso = Median Lethal Time

Table 3. Pupicidal efficacies of eight essential oils against Culex quinquefasciatus in 5% ethyl

alcohol
: e % mortality + SD / Time (hr.) LTS(,2
ssential oils
0.08 0.08 0.08 0.08 0.08 0.08 thr)
Ylang-Ylang 0.00£0.00"* 0.00+0.00"  0.00£0.00° 0.00£0.00° 4.27+1.22°° 8.80+1.32° 54.10
Clove 0.00£0.00" 0.27+0.25" 0.53+0.35°  1.87+0.63° 2.13:0.63" 3.73:0.88" 97.19
Ginger 0.00£0.00"  0.00+0.00" 0.00+0.00° ~ 0.00£0.00° 2.13:0.91° 5.87+1.18™ 58.02
Lemongrass 0.00£0.00" 0.53+0.51"  2.93+0.70" 4.27+0.88" 4.27+0.88° 39.47+2.79° 27.62
Citronella 0.00£0.00" 0.27+0.25" 2.13:083" 507:0.88" 5.60+0.73° 5813+329" 21.70
Eucalyptus 0.00:0.00"” 0.00£0.00" 0.27+0.25° 0.80+0.41° 2.13:0.63° 533:0.88™ 66.59
Orange 0.00£0.00" 0.00+0.00" 0.00£0.00° 1.07+0.59° 1.33:0.61° 5.07+1.43" 64.02
Sweet basil 0.00£0.00" 0.00:0.00" 0.80:0.41° 5.07+1.16" 9.60+1.72" 20.00+1.55° 42.69
Positive control A A B 8 D EF
i - 0.00£0.00"  0.00:0.00" 0.00:0.00° 0.27+0.25° 0.53:0.35° 0.530.35 s
yl alcoho
Negative control A A 8 B D F
5. 0.00+0.00"  0.00+0.00" 0.00+0.00° 0.00+0.00° 0.00£0.00° 0.00£0.00° -
ater.
C.V. (%) - 750.00 236.40 133.50 111.47 45.58 5

' Mean percentages within a column followed by the same letter is not significantly different (P>0.05) by DMRT
3 LT5o = Median Lethal Time

WU srauUTUIUIADS YauLAY 26 — 28 WOFAINTBU 2556
1159




11th National Plant Protection Conference 134

“Crop Protection in Thailand, Keeping in Step with ASEAN Community”

Table 4. Pupicidal efficacies of eight essential oils against Culex quinquefasciatus in 10%

ethyl alcohol

= 55 % mortality + SD / Time (hr.) LTy 2

Sy 0.08 0.16 0.25 0.50 1 24 (hr)
Ylang-Ylang 0.270.25°" 053:0.51° 3.73x088° 5.60+1.12° 6.67+0.97 " 24.53:394" 37.97
Clove 0.00£0.00° 2.40+091° 267+0.89° 3.47:091° 533:1.11" 31.47:4.65° 3184
Ginger 1.0740.59° 320+1.01° 9.60+1.80° 21.07+3.26° 24.80+3.23° 86.40+2.94° 12.52
Lemongrass 213:063° 320:056° 4.80+056" 827+1.22° 11.20+1.42° 100+0.00" 254
Citronella 0.00£0.00° 1.07£0.59° 1.87:0.63" 507+1.43° 587+1.35" 100:0.00"  2.64
Eucalyptus 0.00£0.00° 0.00:0.00° 2.13+0.63" 3.20+0.67" 3.73:0.70° 7.47+099° 74.88
Orange 15.73+3.49" 47.73+4.19" 61.33:4.18" 77.07+3.41" 84.00+2.50" 87.20+2.04° <2.54
Sweet basil 0.00:0.00°  133:0.61% 587+1.12%  7.73:096° 9.60+0.82" 87.47+2.72° 14.30

Positive control

(Ethyl alcohol)

0.00£0.00° 0.00£0.00°  0.00+0.00° 0.00£0.00° 0274025 053+0.35" -

Negative control
(Water)
C.V. (%) 237.88 97.03 68.43 52.09 40.95 18.44 -

0.00:0.00°  0.00£0.00° 0.00£0.00° 0.00£0.00° 0.00+0.00"  0.00:£0.00" ’

' Mean percentages within a column followed by the same letters are not significantly different (P>0.05)
by DMRT
; LTs, = Median Lethal Time
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P6-06
Effect of Herbal Essential Oils Against Larvae and Pupae of
Aedes aegypti and Culex quinquefasciatus

SRITABUTRA, D.*, S. POUNGJAI and M. SOONWERA
Entomology and Environmental Programme, Department of Plant Production Technology
Faculty of Agricultural Technology, King Mongkut’s Institute of Technology Ladkrabang,
Bangkok, 10520, Thailand
*Corresponding author: i_zanaa_ploy@hotmail.com

Abstract
Five essential oils extracted from herbs species; lemongrass (Cymbopogon citrates),
citronella grass (Cymbopogon winterianus), mandarin orange (Citrus reticulatus), eucalyptus
(Eucalyptus globulus) and clove (Syzygium aromaticum) were tested against larvae and pupae
of Aedes aegypti and Culex quinquefasciatus under laboratory condition. The mortality and
LT, value result revealed that larva and pupa of de. aegypti were susceptible to all essential
oils than larva and pupa of Cx. quinquefasciatus. Lemon grass oil showed the most toxic to
larva of Ae. aegypti and Cx. quinquefasciatus with the LTs, value of 0.52 and 0.68 min.,
respectively, while eucalyptus oil showed the most toxic to pupa of both species with the
LT, value of 0.30 and 0.54 min., respectively. All tested essential oils were proved to have

insecticidal effect to larva and pupa of both species.

Keywords: Aedes aegypti, Culex quinquefasciatus, mosquito control, herbal essential oils

Introduction

Mosquito is a common insect in the Family Culicidae. It is the most important single
group of insects in terms of public health importance in tropical, subtropical and temperate
regions of the world (Ponlawat et al., 2005 and Das et al., 2007). It transmits diseases such as
denque fever, yellow fever, malaria, filariasis and encephalitis of different types including
Japanese encephalitis (Michaelakis et al., 2007). Aedes aegypti and Culex quinquefasciatus
are major urban vectors of denque and lymphatic filariasis. The approach to prevent these
diseases is largely through spraying of stagnant water breeding sites or by killing adult using
insecticides (Tiwary et al., 2007).

To control mosquito, any types of control should involve careful consideration of the
biology and based on scientific surveillance (Al-Mehmadi et al., 2010). A response to control
nuisance mosquitoes may differ from the control of disease vector. Larval control should be
considered as the first potion for protect (Nour et al., 2009). By controlling the adults may
never become a problem. Larva has the greatest target control because they are concentrated
and immobile (Promsiri et al., 2006). Mosquitoes in the larval stage are attractive targets for
pesticides because they breed in water and thus, it is easy to deal with them in this habitat.
The use of synthetic organic insecticides has resulted in the development of resistance
(Elangovan et al., 2009) and effect on environmental, non-target organisms and human health
concems (Makhaik ef al., 2005). These problems have highlighted the need for new strategies
for mosquito control. Aromatic plants and essential oils are very important sources of
mosquito control agents. They included bioactive compounds and nontoxic products for use
in the management programs (Cheng et al., 2009 and Elbanna et al., 2006). In this paper, we
reported the effect of herbal essential oils against larvae and pupae of Aedes aegypti and
Culex quinquefasciatus. The purpose of the study would be useful in promoting research at
the development of new product for mosquito control based on medical plant source.
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Materials and Methods

Rearing method

Larvae of dedes aegypti and Culex quinquefasciatus were collected from the surface
of water in habitation at Prawet canal, Landkrabang, Bangkok. They were reared in plastic
trays in the laboratory and fed on fish food. Pupae were collected daily and transferred to
small bowls containing tap water. The bowls were placed in cage 30 x 30 x 30 cm. covered
with mosquito net for adult emergence. From the day of emergence, adults were fed with
cotton soaked with a 5% sucrose solution. Females were allowed to feed through a membrane
by artificial membrane methods and reared at 26+2°C and 70-80% RH. Under these
conditions, the full development from egg to adult lasted about 3-5 weeks. Immature stages,
third instar larva and pupal stage were used in the tested.

Plant extract and treatment.

The essential oils obtained from stems of lemongrass (Cymbopogon citrates) and
citronella grass (Cymbopogon winterianus), peels of mandarin orange (Citrus reticulatus),
leaves of eucalyptus (Eucalyptus globulus), and flowers of clove (Syzygium aromaticum), by
steam distillation were evaluated for larvicidal and pupicidal test as described.

For the larvicidal and pupicidal tests, one ml of essential oils was added into 99 ml of
distilled water in plastic glasses (& 6 cm x 5 cm height) with either 10 larvae or 10 pupae. No
food has been provided during the treatment. Each treatment was performed in five replicates
and one replicate of control (with 1 ml 70% ethanol in 99 ml water). All treatments were
performed at room temperature at Entomology and Environmental Programme, Department
of Plant Production Technology, Faculty of Agricultural Technology, KMITL. Mortality was
recorded after 1, 5, 10 and 20 min. Data were evaluated using Duncan’s Multiple Range Test
via SPSS program and Lethal Time for 50% moltality (LTso).

Result and Discussion

The results showed that the effect of herbal essential against larva and pupa of Aedes
aegypti and Cx. quinquefasciatus varied according to essential oils. Lemongrass oil (No.9)
showed the most effective against larvae of Ade. aegypti and Cx. quinquefasciatus of 100%
mortality at 10 min. and LTsq value were 0.52 and 0.68 min., respectively. And eucalyptus oil
(No.14) showed the most effective against pupa of Ade. aegypti and Cx. quinquefasciatus of
100% mortality at 5 min. and LTs value were 0.30 and 0.54 min., respectively (Table 1, 2).

Herbs could be an alternative source for mosquito insecticide because they constitute
a potential source of biochemicals and generally free from harmful effects. Use of these
medicinal plants instead of synthetic insecticides for controlling the mosquitoes could reduce
the cost and environmental pollution.
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Table 1 Effect of herbal essential oils on mortality of larvae and pupae of Aedes aegypti.

Mortality (%) / Time (min.)
Esscntial oils 1 5 10 20 LT (min.)
Larvac Pupac | Larvac Pupac | Larvac Pupac | Larvac  Pupac | Larvac  Pupac

Lemongrass oil
(No.9) 56.00Y 46.0a | 900a 100™ | 100a 100™ | 100 100™ | 052 080
Citronella grass
oil (No.10) 0b 40.0c | 96.0a 100 100a 100 100 100 340 1.50
Citrus oil
(No.11) 0b 80.0b | 940a 100 100a 100 100 100 352 0.60
Eucalyptus oil
(No.14) 0b 96.0a | 520a 100 720b 100 100 100 740 030
Clove oil
(No.15) 440a 86.0a | 900a 100 100a 100 100 100 054 050
Control Oc 0d Oc 0 Oc 0 0 0 - -
CV. (%) 393 30.11 | 15.18 - 591 - - - - -
Means of each column followed by the same letter are not significantly different by DMRT (P = 0.05).

LTso = Lethal Time for 50% mohality.
ns =non significant.

Table2 Effect of herbal essential oils on mortality of larvae and pupae of Culex

quinquefasciatus.
Mortality (%) / Time (min.)
Essential oils 1 5 10 20 LTy (min.)
| Llarvae Pupae | Larvac Pupae Larvae Pupae | Larvac  Pupae | Larvac  Pupae

Lemongrass oil
(No.9) 52." 50 900a 100™ | 100a  100™ 100™ 100™ | 0.68 096
Citronella grass
oil (No.10) 0a 40 90.0a 100 100a 100 100 100 356 1.62
Citrus oil
(No.11) 0a 80 900a 100 100a 100 100 100 368 0.74
Eucalyptus oil
(No.14) 20.0b 90 500b 100 | 900a 100 100 100 836 0.54
Clove oil
(No.15) 50.0a 80 90.0a 100 | 90.0a 100 100 100 0.7 0.63
Control Oc 0 Oc 0 0b 0 0 0 - -
CV. (%) 343 32,12 | 1843 - 643 - - - - -

Means of each column followed by the same letter are not significantly different by DMRT (P = 0.05).
LTso = Lethal Time for 50% molality.
ns =non significant.

Conclusion
The larva and pupa of Ae. aegypti were susceptible to all herbal than larva and pupa
of Cx. quinquefasciatus. All herbal essential oils were proved to have insecticidal effect to
immature stage of both species. Furthermore, lemon grass oil and eucalyptus oil showed the
most toxic to immature stage of both species.
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ARTICLE INFO ABSTRACT

Arudehutory- Objective: To investigate the repellent activity of herbal essential oils from garlic Allium
Rwe;"'ed.“]“.ly 21 sativum), clove (Syzygium aromaticum), lemon grass (Cybopogon citratus), citronella grass
Received in revised form 4 August 2011 (Cymbaopogon nardus), peppermint (Mentha piperita), eucalyptus (Eucalyptus globulus), orange
Acoepled 23 Augus 2011 (Citrus sinensis) and sweet basil (Ocimum basilicum) and their combinations against Aedes aegypti

Available online 10 September 2041 (Ae. aegypti) (L.) and Anopheles dirus (An. dirus) Peyton & Harrion under laboratory conditions.

Methods: In laboratory condition, 0.1 mL of each essential oil was applied to 3-10 cm of
exposed area on a volunteer’s forearm. The test was carried out every 30 min until fewer than two

words:

ﬁ?rba] essential oils mosquitoes bit or land during the 3 min study period and then the repellency test was stopped.
Repellents Results: Essential oil from lemon grass exhibited protection against biting from two mosquito
Mosquito vectors species, for Ae. aegypti [98.66+11.56) min protection time and 0.97% biting rate] and for An. dirus
Aedes aegypti [(98.00-£ 15.28) min protection time and 0.80% biting rate]. The combinations from eucalyptus oil and
Anopheles dirus sweet basil oil were effective as repellents and feeding deterrents against Ae. aegypti [(98.87+10.28)
Feeding deterrents min protection time and 0.90% biting rate] and An. dirus [(210+10.70) min protection time and
Proctection time 0.93% biting rate]. All herbal repellents exhibited the period of protection time against Ae. aegypti
Biting rate which was lower than 120 min. Conlussions: It can be concluded that oils of lemon grass and
Repellent activity combination from eucalyptus—sweet basil are the most effective in repellent activity.

1. Introduction

Aedes aegypti (Ae. aegypti) (L.) and Anopheles dirus An.
dirus) Peyton & Harrion are the major vectors for dengue
fever, yellow fever, chikungunya and malaria diseases
responsible for a number of morbidity and mortality
around the world, especially in tropical and sub-tropical
regionsi!.2].

However, the only efficient way to control these diseases
is to control mosquito vector populations and prevent
mosquito bites. Insect repellents are known to play an
important role in preventing the mosquito vector, deterring
an insect from flying to, landing on or biting human and
animal skin. Widely used compounds as insect repellents
are synthetic chemical repellents which are not safe for
humans, especially children. domestic animals because
they may cause skin irritation, hot sensation, rashes or

*Corresponding author: Duangkamon Sritabutra. Entomology and Environment
Program. Plant Production Technology Section. King Mongkut's Institute of Technology
Lad Krabang. Chalong Krung Road. Lad Krabang. Bangkok 10520, Thailand.

E—mail: i_mnuu_plu\ @hotmail.com

Foundation Project: Supported by Faculty of Agricutural Technology. KMITL. Thailand.

allergyi3l. Many people prefer to use a repellent from natural
origin, natural product or herbal product and the demand
for natural repellent is gradually increasing. The natural
repellents, especially repellents from herbal essential oils
are safe to human and environment and herbal essential
oils are reported to have repellency against mosquito adults.
Strong repellent actions of Azadirachta indica, Cymbopogon
martini var sofia, Cybopogon citratus (C. citratus),
Cymbopogon nardus (C. nardus) and Ocimum sp. have been
reported against some mosquitoesl4-11].

Many researchers pointed that essential oils from
Acantholippia salsoloides, Aloysia catamarcensis, Aloysia
polytachya, Lippia integrifolia, Lippa junelliana, Baccharis
salicifolia, Euphatorium buniifolium, Tagetes filifolia,
Eucalyptus spp., Olea europaea, Ostostegia integrifolia,
Silene macroserene, Eugenia caryophyllus, Litsea cubeba,
Melaleuca leucadendron, Melaleuca quinquenervia, Viola
odorata, Nepeta cataria, Cinnamomum osmophloeum,
Cymbopogon winterianus, Syzygium aromaticum (S.
aromaticum), lanthoxylum limonelia show strong repellency
against Ae. aegypti, Aedes albopitus (Ae. albopitus), Culex
quinquefasciatus (Cx. quinquefasciatus), An. dirus and
Anopheles minimus (An. minimus)34,12-22],
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In Thailand, Tawatsin et all23] reported the volatile oils
from Curcuma longa, Cymbopogon winterianus and Ocimum
americanum with the addition of 5% vanillin repelled An.
dirus, Ae. aegypti and Cx. quinquefasciatus under mosquito
cage conditions for up to 8 h. Trongtokit et all24] reported
that C. nardus, Posgostrmon cablin, S. aromaticum and
Zanthoxylum limonella were the most effective repellents
against Ae. aegypti, Cx. quinquefasciatus and An. dirus and
could prevent mosquito bites for 2—4 h. The essential oils
from citronella and eucalyptus with the addition 5% vanillin
repelled Ae. albopitus with the protection time up to 5 hi2s.
The essential oils from Psidium guajava, Piper nigum and
Curcuma longa are reported to have repellency against Ae.
aegypti, Ae. albopitus, An. dirus and Cx. quinquefasciatus(26).
Choochote et all27) reported the essential oil of Zanthoxylum
piperitum fruit may prove useful in the development of
mosquito repellents as an effective personal protection
measure against Ae. aegypti mosquito bites. Phasomkusolsil
and Soonweral28] reported the plant oils from Zingiber
cassumunar and Ocinum basilicum (0. basilicum) are
effective against An. minimus, Cx. quinquefasciatus and Ae.
aegypti. Oyedele et al reported the formulation of mosquito-
repellent product from lemongrass oil (Cymbopogon citrates)
found that 15% v/w hydrophilic ointment formulation of the
oil exhibited more than 50% repellency lasting 2-3 hours
against mosquito bite—deterrent(29]. Ansari et al reported
the essential oil of peppermint oil (Menta piperita) showed
strong repellent action against An. annularis, An. culicifacies
and Cx. quinquefasciatus was 100%, 92.3% and 84.5%,
respectivelyl30l. Thavara et al reported product of mosquito
repellents that contain synthetic chemicals that are
commercially available, such as deet, KBR3023 and IR3535
are very toxic to humans and animals. In study, observed
44 formulations of mosquito repellents containing plant
extracts such as citronella oil, eucalyptus oil, tea tree oil,
turmeric oil, bergamot oil, lavender extract, tobacco-leaves
extract, clove extract and neem-leaves extract. These agents
can prevent up to 6.3 hours, but there are only 12 species
that have been registered to be sold in the market and must
be protected at no less than 2 hours by a variety of formats
such as citronella oil, eucalyptus oil and tea tree oil were
the main active ingredients. However, National Institute
of Public Health has developed a substance that consists
turmeric oil and eucalyptus oil found that this repellent
provide protection time for 7 hours against Ae. aegypii and at
least 8 hours against Cx. quinquefasciatus and An. dirusi311.

In the present study, an attempt has been made to
evaluate the repellent efficacy of herbal essential oils and
their combinations against Ae. aegypti and An. dirus under
laboratory conditions.

2. Materials and methods
2.1. Herbal essential oils

The herbal essential oils used as mosquito repellents were
extracted from each plant by steam distillation of the leaf
Eucalyptus globules (E. globules), leaf of Mentha piperita (M.
piperita), bulb of Allium sativum A. sativum), fruit of Citrus
sinensis (C. sinensis), stem of C. nardus, stem of C. citratus,
flower of S. aromaticum and leaf of O. basilicum. Soybean
oil was obtained from the market and used as bases of the
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repellents. The repellents were formulated into 2 groups i.e.
herbal essential oils and the combination of herbal essential
oils.

2.2. W().\'qlu'lr)e.\'

Ae. aegypti and An. dirus were reared and maintained in the
Laboratory of Entomology and Environment, Plant Production
Technology Section, Faculty of Agricultural Technology
Ladkrabang, Bangkok, Thailand. Adults of two mosquito
species were fed on 10% glucose under (2842) “C and (78+2)%
relative humidity. 5 days old of 250 female mosquitoes per
insect cage (30 cm x 30 cm X 30 cm) were starved for 8 h
before testing.

2.3. Repellent test

Herbal essential oils and their combinations were
screened for repellency against Ae. aegypti and An. dirus
under laboratory conditions [(28+2) “C and (78+2)% relative
humidity] by using human—bait method and TISI guidelines.
The Ae. aegypti was tested during the daytime from 8.00 am
t0 4.00 pm, while An. dirus was tested during night time from
4.00 pm to 12.00 pmi(28,32].

Before application of the repellents, the arms of three
human volunteers were washed and cleaned thoroughly
with distilled water. Both arms were covered with rubber
sleeve with a window area of (3 cm X 10 cm) on the ventral
part of forearm. The left arm was used for treatment and the
right arm for control. 0.1 mL of test repellent was applied to
the treatment area of left forearm of each volunteer. After
applying the test repellent, the volunteer was instructed not
to rub, touch or wet the treated forearm. The right forearm,
which acted as a control was not treated and was exposed
for up to 30 sec to mosquito cage (30 cm X 30 cm X 30 cm)
contained 250 nulliparous female mosquitoes (5-7 days
old). If at least two mosquitoes landed on or bit the arm
the repellency test was then continued. The test continued
unitl as least two bites occurred in a 3-min period. If no
mosquitoes bit or landed during the 3—min period the arm
was withdrawn from the cage. The repellency test period
was carried out every 30 min until fewer than 2 mosquitoes
bit or landed during the 3-min study period and then the
repellency test was stopped. The time between application
of the repellents was recorded as the protection time.

2.4. Data analysis

The median protection time was used to compare the
tested repellents. Differences in significance were analyzed
by one—way analysis of variance (ANOVA) and Duncan’s new
multiple range test (DMRT). Percentage of mosquito biting
or landing was calculated for each test using the following
formulal26.28).

% Biting = B/250 X 100
Where B is the total number of biting or landing by the end

of the test. The test was carried out 3 times per sample.

3. Results
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Table 1
List of herbal essential oil repellents and combination of herbal essential oil repellents tested against Ae. aegypti and An. dirus.
Category Code No.  Common name / Scientific name _ Plant used Formulation
Essential oils  E1 Eucalyptus (E. globules) Leaf 109 Eucalyptus oil in soybean oil
E2 Peppermint (M. piperita) Leaf 109, Peppermint oil in soybean oil
E3 Garlic (A. sativum) Bulb 10% Garlic oil in soybean oil
E4 Orange (C. sinensis) Fruit 109, Orange oil in soybean oil
ES Citronella grass (C. nardus) Stem 10 Citronella grass oil in soybean oil
E6 Lemon grass (C. citratus) Stem 10% Lemon grass oil in soybean oil
E7 Clove (S. aromaticum) Flower 10% Clove oil in soybean oil
E8 Sweet basil (0. basilicum) Leaf 10% Sweet basil oil in soybean oil
Combination of M1 Citronella grass + Orange Stem, fruit 59, Citronella grass oil + 59, orange oil in soybean oil
essential oils
M2 Citronella grass + Eucalyptus Stem, leaf 59 Citronella grass oil + 5¢ eucalyptus oil in soybean oil
M3 Lemon grass + Orange Stem, fruit 5% Lemon grass oil + 5¢ orange oil in soybean oil
M4 Clove + Eucalyptus Flower, leaf 54 Clove oil + 54 eucalyptus oil in soybean
M5 Peppermint + Eucalyptus Leaf, leaf 5% Peppermint oil + 5¢ eucalyptus oil in soybean oil
M6 Citronella grass + Lemon grass Leaf, fruit 59 Citronella grass oil + 59 lemongrass oil in soybean oil
M7 Eucalyptus + Sweet basil Leaf, leaf 59 Eucalyptus oil + 5% sweet basil oil in soybean oil
Ms Peppermint + Orange Leaf, leaf 5% Peppermint oil + 5¢ orange oil in soybean oil
Table 2
Efficacy of herbal essential oil formulation E1-E8 and M1-MS8, as repellents against Ae. aegypti and An. dirus (mean=SD).
R Protection time Biting ()
epellents 5 S 3 5
Ae. aegypli An. dirus Ae. aegypti An. dirus
Essential oils El 81.67+11.55" 95.0010.00" 0.67" 0.80"
E2 98.33+15.28" 65.00+10.00" 0.93* 0.80"
E3 31.67+5.77" 41.67£5.77° 0.93" 0.80"
30.65+2.33" 50.33£11.55™ 0.80" 0.80"
Es 88.33+15.28" 48.33+5.77° 0.97* 0.80"
98.66+11.56" 98.00+15.28" 0.97° 0.80°
E7 80.33%10.56" 60.00%10.00" 0.80" 0.97°
E8 65.001:10.00° 45.00=10.00° 0.97" 0.80"
Soybean oil (positive control) 5.00+0.00" 5.000.00" 4.80" 4.00°
Untreated (negative control) 0.0010.00 0.0010.00 8.80° 10.00°
Combination of M1 98.67+10.58" 100.00+10.00" 0.93 0.80"
essential oils
M2 92.73+12.28" 80.56=11.35° 0.80" 0.93"
M3 60.53+10.54° 55.33+6.74% 1.10° 0.80"
M4 60.33115.28° 48.37%5.76° 1.10° 0.80"
Ms 80.35+15.28 60.67£10.53 0.90" 0.80°
M6 60.31%5.78° 100.34:10.56" 0.90" 0.93"
M7 98.87+10.28" 210.00%10.70" 0.80" 0.93*
M8 70.33£15.30" 125.33+5.77° 0.80" 0.93°
Soybean oil (positive control) 5.000.00" 5.000.00" 6.00" 4.80"
Untreated (negative control) 0.000.00° 0.00£0.00" 10.00° 12.00°

Mean in each column against each species followed by the same letter are not significantly different (P>0.05) by one-way ANOVA with 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 (E6) had the best efficiency
against Ae. aegypti and An. dirus in which the protection
times were (98.66+11.56) and (98.00+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 (5.00+0.00) 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
0.80%, respectively. All tested repellents exhibited the
biting percentage against two mosquitoes species ranged
from 0.67% to 0.979% while soybean oil (positive 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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Figure 1. Comparison of protection time (min) and biting percentage
for each repellent essential oil group against two mosquito species.
El: eucalyptus; E2: peppermint; E3: garlic; E4: orange; ES: citronella
gras; E6: lemon grass; E7: clove; E8: sweet basil.
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Figure 2. Comparison of protection time (min) and biting percentage
for each repellent essential oil group against two mosquito species.
M1: citronella + orange; M2: vitronella grass + eucalyptus: M3: lemon
grass + orange; M4: clove + eucalyptus; MS: peppermint + eucalyptus;
Mé: citronella grass + lemon grass; M7: eucalyptus + sweet basil; M8:
peppermint + orange.
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The result of repellency for herbal essential oil formulation
M1-M8 soybean oil (positive control) and untreated (negative
control) against two mosquitoes species were shown in Table
2. The protection time of herbal essential oil formulation
(M1-M8) against Ae. aegypti was 60-98 min and against An.
dirus was 48-210 min and biting percentage gave a range of
(0.80—1.10)% and (0.80—-0.93)%, respectively. The repellents
showing the best protection time for Ae. aegypti were
citronella grass oil + orange oil [M1 (98.67%10.58) min] and
eucalyptus oil + sweet bail oil [M7 (98.87%10.28) min] with
biting percentage of 0.80% and 0.93%, respectively, For An.
dirus, the protection time of eucalyptus oil + sweet basil (M7)
was (210.00=10.70) min and peppermint oil + orange oil (M3)
was (125.33%5.77) min with biting percentage of 0.93% and
0.93%, respectively.

While the protection time and biting percentage of
soybean oil and untreated against two mosquitoes species
were (5.0010.00) and (0.00+0.00) min and (4.80—6.00)% and
(10.00—12.00)%, respectively.

4. Discussion

The essential oil derived from lemon grass, peppermint,
eucalyptus, citronella grass, and clove were effective
against the two mosquito species and that from garlic,
orange and sweet basil showed the least protection time.
The combination of essential oil showed better protection
time against two mosquito species than each essential oil.
The combinations of eucalyptus oil + sweet basil oil and
peppermint oil + orange oil were effective and the protection
time was more than 120 min and biting rate was less than
1.0%. Therefore, the two combinations are efficient in
repellency and can be used as biting deterrent. Treatment
with them makes no skin irritation on forearm area of the
test volunteers.

However, the protection time of this study is short in
some essential oils and some formulations can improve the
protection time. Many researchers pointed that the volatile
oil from plants should be formulated with 5%—10% vanillin
in order to improve the repellent efficacy(23.271. Although, the
repellent effects of herbal essential oils do not usually last as
long as synthetic chemical which can protect from mosquito
bite for up to 6 hi33], and none of herbal essential oils tested
up to now provide the wide effectiveness and duration of
protection time, herbal essential oil repellents are safe for
human life, human and domestic animal skin with no side
effect and no feedback of environmental ill effect.
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Objective: To determine the mosquito repellent activity of herbal essential oils against female
Aedes aegypti and Culex quinquefasciatus.

Methods: On a volunteer’s forearm, 0.1 mL of each essential oil was applied to 3 cmx10 cm of
exposed skin. The protection time was recorded for 3 min after every 30 min.

Results: Essential oil from clove oil in olive oil and in coconut oil gave the longest lasting period
of 76.50 min and 96.00 min respectively against Aedes aegypti. The citronella grass oil in olive oil,
citronella grass oil in coconut oil and lemongrass oil in coconut oil exhibited protection against
Culex quinquefasciatus at 165.00, 105.00, and 112.50 min respectively.

Conclusions: The results clearly indicated that clove, citronella and lemongrass oil were the
most promising for repellency against mosquito species. These oils could be used to develop a
new formulation to control mosquitoes.

KEYWORDS
Herbal essential oils, Repellent, Aedes aegypti, Culex quinquefasciatus, Protection time, Olive oil,

Coconut oil

1. Introduction

mosquito bitesl1-3]. Most common mosquito repellents
available contain N,N—-diethyl-3-methylbenzamide or

Mosquitoes are the most important of insects in terms
of public health importance which transmit a number
of diseases such as dengue, chikungunya, Japanese
encephalitis, filariasis and malaria, causing millions
of deaths every year. Aedes aegypti (Ae. aegypti) and
Culex quinquefasciatus (Cx. quinquefasciatus) are major
urban vectors of dengue fever, dengue haemorrhagic
fever, chikungunya and Japanese encephalitis. Mosquito
bites may also cause allergic responses including
local skin reactions and systemic reactions such as
urticarial. Personal protection is one approach to prevent

also called DEET that has shown strong protection from
mosquitoes. However, it may exert toxic reaction under
some circumstances and age groups and damage plastic,
synthetic materials, thus the alternative new products
need to be explored(4-8l.

Plant essential oils in general have been recognized as
important natural resources of insecticides because some
are selective, biodegrade to non—toxic products and have
few effects on non—target organisms and environment(9].
Many research insect repellents derived from plant
extract, such as Eucalyptus citriodara (E. citriodara),
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Syzygium aromaticum, Cymbopogon nardus, Cymbopogon
citratus (C. citratus), Curcuma longa, Zingiber officinale (Z.
officinale), Azadirachta indica, Ageratum houstonianum,
Pogostemon cablin, Albizzia amara, Ocimum basilicum,
Zanthoxylum piperitum, Anethum graveolens, Kaempferia
galangal, Aristolochia bracteata, Cardiospermum
halicacabum, Clausena anisata and Vetiveria zizanioides,
have been studied as possible mosquito repellents and
have demonstrated good efficacy against Aedes spp., Culex
spp- and Anopheles sppl4.10-22],

In the present, most insecticides are non-selective
and can be harmful to other organisms and environment.
There is a need to develop new formulations for
controlling mosquitoes in an environmentally safer way,
using biodegradable and target-specific insecticides
against themi23-24]. Therefore, the present study aimed to
investigate the mosquito repellent of eight essential oils:
Cananga odorata (C. odorata), Syzygium aromaticum, Z.
officinale, C. citratus, Cymbopogon nardus, E. citriodara,
Citrus reticulate and Ocimum basilicum against Ae. aegypti
and Cx. quinquefasciatus.

2. Materials and methods
2.1. Plant materials

The plant materials were collected from C. odorata Hook.
f. & Th. (ylang-ylang flowers), Syzygium aromaticum (L.)
Merr. & L.M.Perry (clove flowers), Z. officinale Roscoe.
(Ginger rhizome), C. citratus (DC.) Staph. (lemongrass stems),
Cymbopogon nardus (Linn.)Rendle (citronella grass stems),
E. citriodara Hook. (eucalyptus leaves), Citrus reticulate
Blanco. (orange peels) and Ocimum basilicum Linn.

Table 1
List of repellents tested in this study.

(sweet basil leaves). Each plant material was extracted for
essential oils by steam distillation. All formulations were
kept at room temperature before testing (Table 1).

2.2. Mosquitoes

All two species of mosquitoes (Ae. aegypti and Cx.
quinquefasciatus) were reared in the laboratory of the Plant
Production Technology Section, Faculty of Agricultural
Technology, King Mongkut’s Institute of Technology
Ladkrabang (KMITL), Bangkok. Collecting eggs of Ae.
aegypti and Cx. quinquefasciatus were hatched in plastic
trays (24 cmx33 ¢cmX5.5 cm), which contained tap water.
The hatched larvae were held in plastic trays and larval
diet with fish food was added to each tray. Newly emerged
pupae were transferred to screen cage (size 30 cmx30
c¢mx30 cm) and emerged as adults. Adults continuously
provided with 5% glucose solution in water soaked on
cotton pads. In this study, 5 to 7 day—old female mosquitoes
were starved only by providing them water for 8 h.

2.3. Repellent activity

Volunteers for testing are students of the Plant
Production Technology Section, Faculty of Agricultural
Technology, KMITL, and test times was 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. quinquefasciatus testing time was 6.00 pm to 12.00
pm.

Before application of the repellents, the arms of three
human volunteers were washed and cleaned thoroughly
with distilled water. Both arms were covered with rubber
sleeve with a window area of 3 cmx10 cm. On the ventral

Common name/Scientific name Plant used Formulation (10%)
Ylang-ylang (C. odorata) Flower ylang-ylang oil in olive oil
Clove (Syzygium aromaticum) Flower clove oil in olive oil

Ginger (Z. officinale) Rhizome ginger oil in olive oil
Lemongrass (C. citratus) Stem lemongrass oil in olive oil
Citronella grass (Cymbopogon nardus) Stem citronella grass oil in olive oil
Eucalyptus (E. citriodara) Leave eucalyptus oil in olive oil
Orange (Citrus reticulate) Peel orange oil in olive oil

Sweet basil (Ocimum basilicum) Leave sweet basil oil in olive oil
Ylang-ylang (C. odorata) Flower ylang-ylang oil in coconut oil
Clove (Syzygium aromaticum) Flower clove oil in coconut oil
Ginger (Z. officinale) Rhizome ginger oil in coconut oil
Lemongrass (C. citratus) Stem lemongrass oil in coconut oil
Citronella grass (Cymbopogon nardus) Stem citronella grass oil in coconut oil
Eucalyptus (E. citriodara) Leave eucalyptus oil in coconut oil
Orange (Citrus reticulate) Peel orange oil in coconut oil
Sweet basil (Ocimum basilicum) Leave sweet basil oil in coconut oil
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part of forearm, the left arm for treatment and the right arm
for control. A total of 0.1 mL of test repellent was applied
to the treatment area of left forearm of each volunteer and
used the olive oil and coconut oil as a negative control
and Kor Yor 15% insect repellent lotion (containing DEET
25.63%) as a positive control. After applying the test
repellent, the volunteer was instructed not to rub, touch
or wet the treated forearm. The right forearm, which acted
as a control was not treated and was exposed for up to 30
seconds to mosquito cage (30 cmx30 cmx30 cm) contained
250 nulliparous female mosquitoes (5 to 7 day-old). If
at least two mosquitoes landed on or bit the arm, the
repellency test was then continued. The test continued unit
as least two bites occurred in a three-minute period. If no
mosquitoes bit or landed during the three—minute period,
the arm was withdrawn from the cage. The repellency
test period was carried out every 30 min until fewer than
2 mosquitoes bit or land during the three-minute study
period at which time the repellency test was stopped. The
time between application of the repellents was recorded as
the protection time.
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For comparison, a percentage of mosquito biting was

calculated for each test using the following formulal2s-26]:
Biti B

% Biting= 750 %100
Where B is the total number of biting by the end of the

test. The test was carried out 3 times per sample.

2.4. Statistical analysis

The mean protection time was used to compare the eight
essential oils. Differences in significance were analyzed
by one—way analysis of variance (ANOVA) and Duncan’s
multiple comparisons by spss for Windows.

3. Results

The results of the protection time and the biting
percentage of essential oils in olive oil against Ae. aegypti
and Cx. quinquefasciatus are shown in Table 2. There were

Table 2
Protection time for each repellent in the olive oil group against Ae. aegypti and Cx. quinquefasciatus and biting percentage.
Seidlk Protection time (min) Biting percentage (%)
nEY Ae. aegypti Cx. quinquefasciatus Ae. aegypti Cx. quinquefasciatus
Ylang—ylang oil 48.00+18.00™" 84.00+18.00% 1.40+0.90 1.40+0.69
Clove 76.5043.00° 57.00+25.46" 1.25%1.48 1.25+0.25
Ginger 51.75¢7.97 102.00£23.24° 0.80+0.88 3.60£0.20
Lemongrass 50.25427.86" 97.50+34.07° 1.0020.70 1.000.23
Citronella grass 54.75421.27" 165.00+103.92 1.20+0.21 1.200.56
Eucalyptus 51.75£25.50" 67.50+42.53" 1.500.57 1.502:0.60
Orange 30.75+19.50% 81.75230.63 1.75%1.29 1.75+1.32
Sweet basil 41.25423.67° 97.50+9,00° 1.4041,07 1.4020.51
Olive oil (negative control) 21.004:0.00" 25.50+9.00" 0.9040.69 0.90+0.23
Kor Yor 15° (positive control) 433.00+19.80" 421.0012.65" 0.80+0.20 4.80+0.80

Data are expressed as mean+SD. Mean in each column against each mosquito species followed by the difference letters are significantly different

(P<0.05) by one—way ANOVA with Duncan’s multiple range test (DMRT).

Table 3

Protection time for each repellent in the coconut oil group against Ae. aegypti and Cx. quinquefasciatus and biting percentage.

Protection time (min)

Biting percentage (%)

Repellents 7 : : z : 3
Pl Ae. aegypti Cx. quinquefasciatus Ae. aegypti Cx. quinquefasciatus
Ylang-ylang oil 63.00+8.49% 67.509.00° 0.9320.18 0.9040.20
Clove 96.00+15.87" 85.50+19.21° 0.97+0.20 0.9740.20
Ginger 54.00+10.39° 66.00+10.39" 0.9740.20 1.0740.18
Lemongrass 87.00+8.50b° 112.50£12.37° 1.03+0.20 0.93+0.18
Citronella grass 82.50+17.23> 105.008.49" 1.03£0.20 1.17£0.33
Eucalyptus 82.5019.21> 70.509.00" 0.930.18 0.900.20
Orange 54.00+10.39° 54.00+6.00° 0.9740.20 1.03+0.20
Sweet basil 73.50£12.37°% 84.0010.39" 1.1340.35 1.03+0.20
Coconut oil (negative control) 33.0048.49' 25.509.00' 1.1740.33 0.9040.20
Kor Yor 15° (positive controly 421.50+13.30" 425.50+19.00° 0.900.20 0.9740.20

Data are expressed as meanSD. Mean in each column against each mosquito species followed by the difference letters are significantly different

(P<0.05) by one—way ANOVA with Duncan’s multiple range test (DMRT).
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significant differences in repellency among the repellents
by mosquito species (P<0.05). The clove oil repellent and
citronella grass oil had the best efficiency against Ae.
aegypti and Cx. quinquefasciatus, respectively in which
the protection time were (76.50+3.00) and (165.00+103.92)
min respectively. The essential oil of Z. officinale (ginger
oil) and C. citratus (lemongrass oil) had the best efficiency
against Ae. aegypti and Cx. quinquefasciatus, respectively
in which the biting percentage were 0.80% and 1.00%,
respectively.

Table 3 shows the repellency for the essential oils in
coconut oil against Ae. aegypti and Cx. quinquefasciatus.
There were significant differences in repellency among
the mosquito species (P<0.05). The clove oil had the best
efficiency against Ae. aegypti [(96.00+15.87) min protection
time]. The lemongrass oil and citronella grass oil had the
best efficiency against Cx. quinquefasciatus [(112.50+37.00
and (105.00£8.49) min protection time, respectively]. The
protection time of eight herbal essential oils in coconut
oil against Ae. aegypti was 54 to 96 min (0.90%—1.13%
biting rate) and against Cx. quinquefasciatus was 54.00
to 112.50 min (0.90%—1.17% biting rate). The essential oil
of C. odorata (ylang—ylang oil) exhibited good efficiency
against Ae. aegypti in which the biting percentage was
0.93%. And essential oils of C. odorata (ylang—ylang oil)
and E. citriodara (eucalyptus oil) exhibited good efficiency
against Cx. quinquefasciatus in which both of the biting
percentages were 0.90%.

The Thai Industrial Standards Institute (TISI) standard
determines the repellency time against mosquitoes should
be >2 hi27]. Some repellents provided nearly 2 h protection
against Ae. aegypti and Cx. quinquefasciatus.

4. Discussion

The results of our study showed that the clove oil was
effective against Ae. aegypti. The citronella grass oil and
lemongrass oil were effective against Cx. quinquefasciatus.
The results are similar with report by Tjahjani reported
that the clove oil was the most effective against Aedes
species (131 min protection time) and the citronella oil
and clove oil were effective against Culex species (287 and
287 min protection time, respectively)l4l. Phasomkusulsil
and Soonwera have reported that the lemongrass oil was
effective against Ae. aegypti, Anopheles dirus and Cx.
quinquefasciatus in which the protection time were 72, 132
and 84 min, respectively[28]. Sritabutra and Soonwera have
reported that the lemongrass oil exhibited a high protection
time of 98.66 and 98.00 min against Ae. aegypti and An.
dirus, respectively29l. The phytochemical constituent of

clove and citronella oil are appreciable such as eugenol,
citronellal, citronellol, geraniol, citral, a pinene and
limonene. These constituents have properties to repellent
activity of mosquitoesl30-32],

From the results, it showed that the herbal essential
oils have a protection time less than Kor Yor 15” insect
repellent lotion (containing DEET 25.63%). Therefore, it
may be improved by developing a formulation that would
prolong the time of constituents of the oil on the skin.
Many researchers have demonstrated improved repellency
of repellent products after formulation with a base or
fixative materials such as report from Songkro et al., who
also reported that effect of glucam P-20, vanillin and
fixolide on the mosquito repellent property of citronella oil
lotions and found that the lotion containing emulwax and
5% vanillin was the most effective repellenti33]. It provided
the longest protection time of 4.8 h, while the lotion
containing emulwax and 2.5% glucam P-20 had the shortest
protection time of 1 h. Kongkaew et al. have reported that
the combination of citronella oil and vanillin provided
complete repellency at least 3 h in Anopheles and Culex
mosquitoes, a combination of citronella oil and vanillin
product demonstrated a comparable protection time against
DEET34]. Kim et al. have reported that the combination of
lemongrass oil, xanthoxylum oil and vanillin (1:3:1, vivo:w)
provided 270 min of complete protection time compared
with 15% N,N-diethyl-3-methylbenzamide (247.5 min of
complete protection time)[351.

The results of this study clearly demonstrated that clove
oil, citronella oil and lemongrass oil had high potency
to control two species of vector mosquitoes. Hence, the
results may contribute to a reduction in the application of
chemical in mosquito repellents, which in turn increases
the opportunity for natural product for control of vector—
borne disease. Further studies on identification of
active compounds, toxicity and field trials are needed to
recommend the active fraction of these plant extracts for
development of eco—friendly for control insect vectors.
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Comments

Background

Mosquitoes (especially members of the genus Anopheles,
Culex, Aedes, etc.) play a notable role in the transmission of
several diseases and lead to more than one million death
annually. Several control measures have been developed
against them to reduce their contact with their blood
donors.
Using natural plant—derived extracts as repellent agents
against vector species of mosquitoes will be useful as a
complementary control method.

Research frontiers

This study has evaluated the repellency effect of several
plant—derived extracts against two most important disease
vectors (Ae. aegypti and Cx. quinquefasciatus).

Related reports

Several studies focused on the repellency effect of plant
oils against insects especially mosquitoes (Culicidae).
The aims of all studies are to find suitable plant extracts
and develop their using as a part of mosquitoes and their
transmitted diseases.

Innovations & breakthroughs

This work has used a standard and reliable method
to determine the repellency effect and lasting period of
several natural plant—derived oils against two mosquito
species. Also the authors tried to give a comprehensive
literature review and comparison among different studies
and their results.

Applications

The results of the present study and related works will
help to improve our knowledge in the field of repellency
of natural oils against medically important mosquitoes.
Also one—step toward studies which define the chemical
properties of these herbal extracts and their effective
parts, will lead to gather good understanding of their mode
of action. The final desired step will be the application
of herbal oils as a complementary part of vector control
programs which reduce the contact between host and the
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blood—feeding vectors.

Peer review

This work evaluated the repellency effect of several
herbal oils against medically important mosquitoes.
The study benefits from a good and standard design
and seems to give reliable and confident results. Using
insecticides to control the mosquitoes leads to various
raising environmental problems and on the other hand,
resistance of mosquitoes to different classes of synthetic
chemicals, has complicated the problematic situation.
Efforts like present study are valuable and in a step by step
process, will lead to complete the finding. evaluation and
application of natural plant-derived compounds puzzle
as a complementary and effective part of vector control

programs.
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The oviposition deterrent activity of essential oils from Cananga odorata, Syzygium
aromaticum, Zingiber officinale, Cymbopogon citratus, Cymbopogon nardus, Eucalyptus
citriodara, Citrus reticulate and Ocimum basilicum were evaluated against dedes aegypti (4e.
aegypti) and Culex quinquefasciatus (Cx. quinquefasciatus) under laboratory conditions. The
essential oil of Zingiber officinale in olive 0il and in coconut oil showed high percent effective
repellent against oviposition of female 4e. aegypti at 100% and 99.97%, respectively. While the
essential oil from Cananga odorata, Zingiber officinale, Cymbopogon citratus and
Cymbopogon nardus in olive oil and the essential oil from Cananga odorata in coconut oil
exhibited all oviposition deterrent activity against female Cx. quinquefasciatus with degree of
repellency at 100%. The oviposition activity index (OAI) values of eight essential oils indicated
that there were more deterrent than the control. Although, the results suggested that these oils
are potential source of valuable oviposition deterrent of mosquito, further study is required for
identifying their active compounds.

Key words: oviposition deterrent, dedes aegypti, Culex quinquefasciatus, essential oil, olive
oil, coconut oil

Introduction

Mosquitoes are the most important insect that affect the health and well-
being of humans and domestic animal. Female mosquitoes require a blood meal
for egg production and they produce a painful bite as they feed. While feeding,
they can transmit a number of disease-causing organisms to humans and
animals. The diseases these organisms cause include dengue fever, yellow
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fever, encephalitis, filariasis and malaria (Lounibos,2002; Bernhard et al.,2003;
Sakulku et al., 2009). The clear method for control of mosquito is the use of
insecticides and many synthesis agents have been developed and employed in
the field with considerable success. However, use of chemical insecticides can
harm or kill other organisms in the environment. The toxicity problem, together
with the growing incidence of insect resistance has called attention to the need
for novel insecticides and for more detailed study of naturally-occurring
insecticides (Navarro-Silva et al., 2009; Govindarajan et al., 2010). To relieve a
problem, major emphasis has been on the use of natural plant based as
insecticides which can provide an alternate to synthetic insecticides.

Essential oil or plant extracts are among natural compounds derived from a
variety of plants and exhibited mosquitocidal activity. Although, most of the
mosquitocidal activity of essential oils was against larvae and adults of several
mosquito species (Shaalan et al., 2005), their influence as oviposition deterrent
against mosquitoes has not been studied much. A few on oviposition deterrent
potential of these essential oils produced from different plants are available.
The chemical derived from plants have been projected as weapons in the future
mosquito control programs as they are shown to function as general toxicant,
growth and reproductive inhibitors, repellents and oviposition-deterrent
(Sukumar et al., 1991). Rajkumar and Jebanesan (2004) studied that ovicidal
activity of Solanum trilobatum leaf extracts against Cx. quinquefasciatus and
Cx. tritaeniorhynchus. Essential oil of Cinnamomum zeylanicum showed
oviposition deterrent and repellent activities and the essential oils of Zingiber
offcinale and Rosmarinus officinalis also showed both ovicidal and repellent
activities against Anopheles stephensi, Ae. aegypti and Cx. quinquefasciatus
(Prajapati et al., 2005). Essential oils extracted from 18 Thai plant species
belonging to 11 families exhibited oviposition deterrent activity against Ae.
aegypti with various degree of repellency ranging from 16.6 to 94.7%
(Tawatsin et al., 2006). Elango et al. (2009) reported that effective oviposition
repellency (88.26-96.93%) of the leaf acetone, ethyl acetate and methanol
extracts of Aegle marmelos, Andrographis lineata and Cocculus hirsutus
against An. subpictus at relatively high dose (500 ppm.) while the lowest
repellency (47.14-71.09%) was recored at 31.25 ppm. Govindarajan et al.
(2011) have reported that ovicidal activity of crude extract of Ervatamia
coronaria exerted 100% mortality at 250, 200 and 150 ppm. for Cx.
quinquefasciatus, Ae. aegypti and An. stephensi, repectively. While crude
extract of Caesalpinia pulcherrima exerted 100% mortality at 375, 300 and 225
ppm for Cx. quinquefasciatus, Ae. aegypti and An. stephensi, repectively. The
essential oils of peppermint (Mentha piperita), basil (Ocimum basilicum),
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rosemary (Rosmarinus officinalis), citronella (Cymbopogon nardus) and celery
seed (Apium graveolens) exhibited oviposition deterrent activity against the
dengue fever ; Ae. aegypti (Warikoo et al., 2011).

In the present study, we evaluated the oviposition deterrent activity of essential
oils from Cananga odorata (ylang ylang), Syzygium aromaticum (clove),
Zingiber officinale (ginger), Cymbopogon citratus (lemongrass), Cymbopogon
nardus (citronella grass), Eucalyptus citriodara (eucalyptus), Citrus reticulate
(orange) and Ocimum basilicum (sweet basil) against two mosquito vectors; Ae.
aegypti and Cx. quinquefasciatus under laboratory conditions.

Materials and Methods

Mosquitoes

Two species of mosquito ; Ae. aegypti and Cx. quinquefasciatus, were
used in this study. Ae. aegypti eggs were obtained from the Department of
Medicinal Entomology, Faculty of Tropical Medicine, Mahidol University. Cx.
quinquefasciatus were obtained from the Department of Entomology, Armed
Forces Research Institute of Medical Sciences (AFRIMS). They were
maintained in the laboratory of Entomology and Environment Programme,
Plant Production Technology Section, Faculty of Agricultural Technology,
King Mongkut’s Institute of Technology Ladkrabang (KMITL), Bangkok.
Larvae were kept in plastic trays (24x33x5.5 cm) which contained tap water
and they were fed with a diet of fish food. Newly emerged pupae were
transferred to cages (30x30x30 cm) and emerged as adults. Adults were
provided with 5% glucose solution in water soaked on cotton pads. Adults were
5-7 days old when fed blood and 2 days later were used for oviposition
deterrent activity.

Plant materials

The plant materials were collected from Cananga odorata Hook. f. & Th.
(ylang ylang flowers), Syzygium aromaticum (L.) Merr.&L.M.Perry (clove
flowers), Zingiber officinale Roscoe. (ginger rhizome), Cymbopogon citratus
(DC.) Staph. (lemongrass stems), Cymbopogon nardus (Linn.)Rendle
(citronella grass stems), Eucalyptus citriodara Hook. (eucalyptus leaves),
Citrus reticulate Blanco. (orange peels) and Ocimum basilicum Linn. (sweet
basil leaves). Each plant material was extracted for essential oils by steam
distillation. All formulations were kept at room temperature before testing
(Table 1).
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Oviposition deterrent activity

Oviposition deterrent activity of essential oils were studied for gravid A4e.
aegypti and Cx. quinquefasciatus under laboratory condition at room
temperature. Two plastic cups were filled with 100 ml of water. One cup was a
control and the other cup was treated with essential oil dissolved in olive oil
and coconut oil at 2.5 ml/cup. The cups were placed in a mosquito cage
(30x30x30 cm) containing 50 gravid female mosquitoes for 48 hours then, the
egg laid in each up were counted after removal of the oviposition paper. Three
replicates were performed. The oviposition experiments were expressed as
mean number of eggs and oviposition activity index (OAI), which was
calculated using the following formula (Phasomkusolsil and Soonwera, 2012).
OAI = Where NT is the total number of eggs in the test solution, and NC is the
total number of eggs in the control solution. The OAI ranges from -1 to +1 ,
with 0 indicating neutral response. The positive index values indicate that more
eggs were deposited in the test cups than in the control cups, and that the test
solutions were attractive. Conversely, more eggs in the control cups than in the
test cups result in negative index values and the test solutions were a deterrent.
The percent effective repellency (ER%) for each essential oil was calculated in
case of the test solution as a deterrent using the following formula (Rajkumar
and Jebanesan, 2005). ER% = Where ER is effective repellency, NC is the total
number of eggs in the control solution and NT is the total number of eggs in the
test solution.

Statistical analysis

The mean number of eggs deposited in test and control cups were
analyzed using a paired #-test. All differences were considered significant at
P<0.05.

Results and Discussion

The results of the oviposition deterrent activity of eight essential oils in
the olive oil and in the coconut oil against Ae. aegypti and Cx. quinquefasciatus
were presented in Table 2 and 3. The present results showed that the
oviposition deterrence effects of clove oil in olive oil showed 100% effective
repellency and -1.00 OAI against oviposition of de. aegypti , followed by sweet
basil oil, ylang-ylang oil and lemongrass oil showed 99.88%, 99.87% and
99.83% effective repellency, respectively. The essential oils from ylang-ylang,
clove, lemongrass and citronella in olive oil exhibited oviposition deterrent
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activity against Cx. quinquefasciatus with degree of repellency (ER%) at 100%
and -1.00 OAI because Cx. quinquefasciatus did not lay any eggs in the treated
cups in comparison with control (Table 2). Meanwhile, the oviposition
deterrent effects of eight essential oils in coconut oil against Ae. aegypti and
Cx. quinquefasciatus are shown in Table 3. The clove oil reduced egg laying by
gravid females of de. aegypti from 99.97% while the ylang-ylang oil was an
effective oviposition deterrent against Cx. quinquefasciatus, which exhibited
100% inhibition of oviposition. The oviposition activity index (OAI) of several
essential oils in coconut oil against mosquito species when being paired with
control ranged from -0.95 to -0.99 (de. aegypti ) and -0.92 to -1.00 (Cx.
quinquefasciatus). It showed that gravid Ae. aegypti and Cx. quinquefasciatus
females preferred to lay eggs in control cups than in the cups treated.

The essential oil derived from clove was effective against de. aegypti and the
ylang-ylang, clove, lemongrass and citronella oil were effective against Cx.
quinquefasciatus. The results are similar with report by Phasomkusolsil and
Soonwera (2012) reported that the percent effective repellency (ER) of ylang-
ylang oil against oviposition at 99.40% to Ae. aegypt, 97.10% to An. dirus and
100% to Cx. quinquefasciatus. Pushpanathan et al. (2006) have reported that
the essential oil from Cymbopogon citratus was 100% ovicidal activity. C.
odorata or commonly called ylang-ylang, is a fast-growing tree and native to
Philippines, Union of Myanmar, Malaysia and Indonesia (Cheng et al., 2012).
The essential oil of ylang-ylang flower is used in aromatherapy. It is believed to
relieve high blood pressure, normaliza sebum secretion for skin problems and is
considered to be an aphrodisiac (Manner and Elevitch, 2006). The ylang-ylang
oil has been shown to possess insecticide against mosquito and storage insect
(Trongtokit et al., 2005; Nerio et al., 2009; Caballero-Gallardo et al., 2011).
The principal compounds in the ylang-ylang oil were linalool, linalool acetate,
pinene, eugenol and [J-terpineol acetate (Cheng et al., 2012). Furthermore, the
clove and citronella oil are comprised of various groups of chemical
compounds such as eugenol, citronellal, geraniol, citral, trans-geraniol and
limonene. These compounds have properties to antibacterial, antifungal and
insecticide (Simic et al, 2008; Kang et al., 2009; Maia and Moore, 2011;
Setiawati et al., 2011; Shapiro, 2012; Hassain et al., 2012; Thein et al., 2013).
The present study it was concluded that the essential oil from ylang-ylang,
clove, lemongrass and citronella exhibited effective on oviposition deterrent.
Further studies on identification of active compounds and field trials are needed
to recommend the development of eco-friendly chemicals from this plant based
oil for mosquito control.

506

156



ICIST 2013, KMITL, Bangkok, Thailand
November 28-29, 2013

Conclusion

This study will contribute to a great reduction in the application of
synthetic insecticides, which in turn increase the opportunity for natural control
of various medicinally important pests by botanical pesticides. It can be
suggested that since indigenous plants are available in our country, the further
investigation of all plants should be carried out so that they could be used in
control of mosquito and other insect pests.
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Table 1. Name and formulation of essential oils for oviposition deterrent tested
in the laboratory

Scientific Family Common Plant used Formulation
name name
Cananga Annonaceae  Ylang Ylang  Flower 10% ylang
odorata ylang oil in
olive oil
Syzygium Myrtaceae Clove Flower 10% clove oil
aromaticum in olive oil
Zingiber Zingiberaceae Ginger Rhizome 10% ginger oil
officinale in olive oil
Cymbopogon  Gramineae Lemongrass  Stem 10%
citratus lemongrass oil
in olive oil
Cymbopogon  Gramineae Citronella Stem 10% citronella
nardus grass grass oil in
olive oil
Eucalyptus Myrtaceae Eucalyptus Leave 10% eucalyptus
citriodara oil in olive oil
Citrus Rutaceae Orange Peel 10% orange oil
reticulate in olive oil
Ocimum Labiatae Sweet basil Leave 10% sweet
basilicum basil oil in olive
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oil

Cananga Annonaceae  Ylang Ylang  Flower 10% ylang
odorata ylang oil in
coconut oil
Syzygium Myrtaceae Clove Flower 10% clove oil
aromaticum in coconut oil
Zingiber Zingiberaceae Ginger Rhizome 10% ginger oil
officinale in coconut oil
Scientific Family Common Plant used Formulation
name name
Cymbopogon  Gramineae Lemongrass =~ Stem 10%
citratus lemongrass oil
in coconut oil
Cymbopogon  Gramineae Citronella Stem 10% citronella
nardus grass grass oil in
coconut oil
Eucalyptus Myrtaceae Eucalyptus Leave 10% eucalyptus
citriodara oil in coconut
oil
Citrus Rutaceae Orange Peel 10% orange oil
reticulate in coconut oil
Ocimum Labiatae Sweet basil Leave 10% sweet
basilicum basil o0il in

coconut oil
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