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Abstract

The larvicidal, pupicidal, adulticidal, ovicidal, and oviposition deterrent activities
against Aedes aegypti (Linn.) of combinations of plant essential oils (EOs) and their main
components were evaluated. Those combinations were the following: nutmeg (Myristica
fragrans Houtt.) EO 2% + alpha-pinene 1%, nutmeg EO 2% + geranial 1%, nutmeg EO 2%
+ trans- cinnamaldehyde 1%, lemongrass (Cymbopogon citratus (DC.) Stapf) EO 2% +
alpha-pinene 1%, lemongrass EO 2% + geranial 1%, lemongrass EO 2% + trans-
cinnamaldehyde 1%, cinnamon (CGinnamomum verum J. Presl.) EO 2% + alpha-pinene
1%, cinnamon EO 2% + geranial 1%, and cinnamon EO 2% + trans- cinnamaldehyde 1%.

The larvicidal activities of the combinations of plant essential oils and their main
constituents against the fourth instars of Ae. aegypti larvae were determined by a dipping
bioassay. Cinnamon EO 2% + trans- cinnamaldehyde 1% was found to provide the highest
mortality rate at 100% after 6 hours, with an LTs, of 1.4 hours. It also caused some
morphological aberrations of the fourth instar larvae at the time of death. Their abdominal
membrane did not have black, burnt patches. However, aberrational morphological
changes of Ae. aegypti larvae from larvae to adults were not observed. After treatment,
they usually died suddenly as normal larvae (NL).

The pupicidal activities of the combinations of plant essential oils and their main
constituents against Ae. aegypti pupae were determined by a dipping bioassay.
Lemongrass EO 2% + alpha-pinene 1% was found to provide the highest mortality rate at

100% after 24 hours, with an LTs, of 2.3 hours. It also caused some morphological



aberrations of the pupae at the time of death, such as black and pigmented cuticles in
the cephalothorax and abdomen of the pupae, which could be the result of abnormal
cuticular melanization. After treatment, they usually died suddenly as deformed pupa
(DP).

The adulticidal activities of the combinations of plant essential oils and their main
constituents against the female adults of Ae. aegypti were determined by a contact
method with a WHO standard susceptibility test kit. The result showed that lemongrass
EO 2% + alpha-pinene 1% provided the highest knockdown and mortality rate at 100%
within 10 min and 24 hours, respectively, with a KTsy and an LTs, of 1.6 min. Therefore,
Ae. aegypti was susceptible to lemongrass EO 2% + alpha-pinene 1% according to WHO
guidelines.

The ovicidal activities of the combinations of plant essential oils and their main
constituents against the eggs of Ae. aegypti were determined by a topical method.
Cinnamon EO 2% + alpha-pinene 1% showed the highest hatching inhibition rate at 81.3%
after 48 hours of exposure.

The oviposition-deterrent activities of the combinations of plant essential oils and
their main constituents against female adults Ae. aegypti were determined by a double-
choice method. The results revealed that cinnamon EO 2% + trans- cinnamaldehyde 1%
had a strong oviposition deterrent activity, with 99.0% effective repellency and an
oviposition activity index of -1.0.

To conclude, cinnamon EO 2% + trans-cinnamaldehyde 1% showed the most
potent larvicidal and oviposition deterrent activities, while cinnamon EO 2% + alpha-
pinene 1% had a good ovicidal activity. Lemongrass EO 2% + alpha-pinene 1% was able
to effectively control pupae and female adults. These combinations can be developed
into a product for preventing, eliminating, and controlling the population of Ae. aegypti.

They are safe for users and environmentally friendly.



NARNTSUUSZNA

Weninusaduildniegarladuegned denunianeddwin mansesy as.
Uy quUEITE NENUTnuInerlnug fainenenninuikasmduurlun1sAuainidy invy
o aw a v o = | v a a & & 2 ¢ I Y
1591398 L@vaaziarbiaiusnwn maLLf"flsumammuwuﬁﬁmmwuasﬁ]amgim sl
LoNANIINMSANYIRRWINLLEY LazUseaunisalsng q NllnuAInaanseezIaIn1sAny an
v v I~ 1 I~ 4 a o ddd
Medadunuvegnevesnuidue19sduasdniTuNananvedInan mwmmnmwuﬂu
asmEmLLaJuaﬂimﬁuawmmuammm o Tennaleae
VONTIUVBUNTL A ANENSI9158. AT UN LAY ASozianes Usesiugauing anus
TIANENT19138.09.9730y AU SoeranI1a13d.as il 531SnY war AT vvisun
Weise AavNIsuNTaeUIne tnusiluod19a9 MﬂqzmLaaaaxnmé’uﬁmﬁq%’mﬂuﬂisumi
aoudnentinug auvislimuiuavauuginsudulseleviseaiugnseiuazauauysal
YUUBNINNIBING
YBVRUNTEAMBITEUIITOUNT Asamad NeseieimdanagliAusnulunisileuy

a

UNANUNTATIINTTEAVUINYR 75.33900 FUTAT AT.ATIA aslyn wiesugil deiing

3

a

Wdy (InAnwuTeysynen) wag wiganss inyaud ndnwidSygiin) flinnueuasied
LUEUILUINIITENTTINITANTUNU N15TATIEVTaYaN 1A 1UaT A AaDAIUATITLA LY
Ingriwusasuililermanysalnndu Snidinestrmieatuayunasduiidlaly
TINANARATLELLIAINITININGTNUS

AuARLA UTElevdSuiilosanninetdnusiaut vousuudaamesss nautse
wazAU Y NN waEgnsams wialva wazwgdney $na glrnsatuayulunn g
#u uazaeeiduradlalunsAnvundmidnunlaenasn aumuewRvesinednusatiuil

DTNt 11501 ATUIBNANSELaYHENTEAMYNVINY

UNNEITNVUN a41UIn



a130YA19)

Voo o DN ML LA A

GRPAITELRY)" A A s ey WS ORI, .

umi LuMN......... [ o842 [ A

1.1 anudunnuazanuddyvesdam

1.2 AN B TNOUTEEAAUBINITANE e

1.3
1.4

VOULIAUBNNUIVY v

W e SR e e s SRTE A cononon N ke | 1

UNT 2 UG IVBY. oo

2.1
2.2
23
24
25
2.6
2.7

U 3 5N HUU

Fmeuastiimingvesgme Ui

NANNIIAAAURDAUDIE. crorerrrvve

WOANTINNIHANNUS 11527900 UWATUMBRATERN oot

ANNAAYNIINTUNYIELa L AI157150

L. .

N13AIVANLAENTUBINUAITRBIRIEUN. i

NYWALAITDIAUSLNBUNANANNUAUUTYIUNITNARDY e

R R R Sl e LT

3.1 MeseRQUNTAIIUNITANTUIIUITY e

technique)

3.1.1 aunsaldlunisinesdesgsansdiuluiesljiansveaes......

3.1.2 gunsallumsividengsaiedn

ULUULTIBY (Membrane feeding

i = I

—_

o U0 A W W

10
11
13
15
22
25
25
25

25
25



#1505y (#i0)

314 gunsaifllumawSemiussenniivuaresdansussnaunan
FUNTTIUANIIIARBG .o
315 gunsaliflilumnaaeuussansnmvesisiuneussimeaniiy
naufuansosRUsEnaunan senstlestufidngnuinie 4 wasdliiesssanetinu uay
AnwALTUR URDE NYEN AT IUMAZES TINENVBIERATEUI e
316 gunsnifilunmmeseulssdvi mvesidimeussmennionay
fuansenUszneunan famsaauasnIImevaflfuTmAleg @ed Y. ...
3.1.7 gunsaiftldlumsvaaeuvszAnsamuesiduvonsaeaniny
NanfuANsesRUsENRUNAN RonsdudInIsiAlIvB A T e
318 gunsaiflilunisnageulsyansnmuesiituneusy e annity
naufuansosrUssnauvdn Aenissiussmsmilvesiafiu ey et .. ...
31,9 arsniideseiitdduansnismeassuSoudiou (positive

cdhlirolo.... glae? X1 . AOKONAIATOW .. € T gty o LK
5,2 QTN R YW (P e I - -

321 nswnwdesgsaetuluiesfianndieldlunismeas.....

322 tusountaweudidmiundureseanetin. .

32.3 mawdsnuiusrmeniiviaraTesiUsznauvanithuldly

LREY (111G LRI N SO 7 SO A . P < A
32.4 nsvadevlsyAnsnmvesthiunonssienfisnauivas
osfUsznaundn denstlastuirdngniinte 4 wazdlihwesganethu uasfnu
AU LA YA O UG URAZATTINE VBRI TN e
325 nanadeuUsEavEnmesiniuvensEIniRaniuaTS
9IAUTENOUNAN HONITAAUKAZNIIANEVBIR AL TNATHEIAIET M. e
32.6 nmavadeulszAnsnmvosihdunenssivenfitnauiuas
osFUsenoundn Ao sEudan sl 98 8IBT ML o
32.7 maveaeulsyAvsnmrenituneussienfisnaufuans

aadUsznoUnan sen1sdudenisndluvesiufuTonmdossatetiU e

26

26

26

26

27

35

35

36

36

41

a8

52

54



#1505y (#i0)

UM & BANTIVIARB. ...
4.1 wan1sAnwUsEAnsninvasihdunonssvenfitnaniuans
padUsznaundn somsdesturdagninte 4 wasfnwarunlufiviedugu
WAZESTINENUDIEIANI UM ovsssesiesiinis s
4.2 wansnwUsEAnsninvenintunenssvenfivwaufuas
aadUsznouman senistesiufdailis uasfnwiauduiviodugiues
G 1 1R TN N 12K e O SN
43 wansfnwUsEAnninvosidunessmeanfitnan fuans
9IAUSYNBUVAN FONITHAULATAIEVDIRAANTINATSEIAIETN e
4.4 wan1afnunUszdndnnvenindiunon s fignau fuans
DIAUTENEUVIAN AENSEUSINISHATTENATE U e
4.5 wansfnwiUszAnBninvestinduveussme I nfitnanuans
asfUsznoundn demadiudamsndlivesiadnummiogsanatin ...
UM 5 B9VTRINANNITIOAROE . e e
5.1 nafnwUsgAnsaimuestnduneuszivsainfisnaufuans
pIRUTENOUMEN @iamsﬂaqﬁ’uﬁﬁmgﬂfﬁa 4 uazAnwAnuduiiviodugy
I Pl 1 TN N 1L e s T SO
5.2 arsfnwivszAnsamvesituveussenfisnaufuas
asRUsznaunan sentstlosiumidndilis wazfnwerudufiviodugiunas
AT TINYVUBIEA NI UM ot essesi s
5.3 nsfnwUszAniamvesintunenssmeanfisnaufuas
93AUTZNOUNAN FIENITHAULAZNIIMIBVBIR AL TBNATBEA18 T Y. ...
5.4 nsfnwUsgAnsaimvestnduneuszieainfisnaufuans
09FUsENBUNEN FoMsEudan SNl Y BBt
5.5 nsfnwiUszAniamvestitunenssmeanfisnaufuas

DIAUTLNOUNEN FBNITTUEINITINVYIAIEUIM e

2
NU1

57

65

72

79

82

85

85

87

88

89

90



#1505y (#i0)

Y
W

=i av
UNN 6 AFUNANTTAY oo 93
6.1 ATUNANITNADD 93
6.2 VDMAUBMUE .o osesssee s 94
UTTOUTUNTU oo sssss bbb 95
AU ITITATUNITANLIT e 102
P2 T o e SN VE7 907, N, S 189



=
M139N

2.1

4.1

4.2

4.3

4.4

4.5

4.6

a.7

4.8

#150A1519

p9AUsENRUMLATveIUNTUraNsE eI UNILTMA aelasUu way

¥

AULELNA ALEINNIAsIEdaemallia Gas Chromatography-
Mass Spectrometer (GC-MS)........cocvrrrrieineeeeee e,
NaYDILNITUMBLS TN NAL AU S0 IAUS RO UNAN Aonns
maﬁuaqqﬂﬁﬁa 4 geaneU1u nan1sveaes 1, 5, 10, 15, 30 w1l
199709, 2 92109, 6 FT09 48E 28 TS oo
anudufiwvesinunoussievesfisnauiuansesdusenaundn
Giamsms;lLLazmiﬁwmﬁﬁmﬂﬂﬁmﬁmgmLLazaciﬁwmsuaqqmj:’]
98U NEINNTNAADI 20 T e
nave It UeNS LM N NaNR VA1 589RUTENO UNEN Ranas
MIEYDIRILUNEIA18UTN EaN1sNREaeY 1, 5, 10, 15,30 w17 1
Flus, 2 309, 6 Falug, 26 Flus waz 48 TG,
Astdufiwuosindunous s ya v NEL T UA1SaRUSENOUNEN
domsmelagm AL iReUnAv @ Uk aI T we el
AT VEINISVIAGB B8 HATUT. oot
NAYD W UNONTENEVE I TN AN UANS0IRUSYNBUNEN Hen1s
davvosdnduismealegsaletny naanIneass 1, 5, 10,15, 30
WRZ A0 U N R S (S NLY. oL
AV T UMEUSE NI N AN UAT589AUSYNBUNEN fan1s
mevpsif ety ndanismeass 24 4l ..
naveIL T UeNS IR WA UANTa9AUSENEUNEN fants
Sudansilldvesysaretiu udansmanes 48 Al ...
naveInTueNsE YR I NN UANS8IAUSYNEUNEN fan1s

[
LYY

fuganmsmsldvesiuduipmediogsaetiu vdinisneass 3 Ju..

&

21

60

63

69

70

76

e

80

83



=
AMINN

2.1

2.2

2.3

24
2.5
2.6
2.7

2.8

2.9

2.10

d150yN W

1995%Inv0389a18UU (Aedes aegypti L) Niiinsiudgundag

sUT1auvanysal (Complete metamorphosis) Usgsiad 9-14

838180 uin15.95 LA ulaud sundasgusisuuuany sal

=Y

(Complete metamorphosis) &I 4 sz fiw n) szegla v) syoy
¥ o ¥ o ¥ o ¥
NUNILN 1 A) S38EPNUIIBN 2 9) 388EENUNIEN 3 9) T388gNUN

=

Toil 4 @) svazdilis ¥) fdnivgaaetiunade uay @) faau
TNV oo e s e e
AWl 2.3 dwdhuasgsaetu (n) waz drulsenouresin
oatitys e Y XS “H7JANNS N ¢ SN WS O W
Uinnenudenarsvedgsmetnuiliduavnuiagd (dulae) 2 du.
AN AAUAAT A AL TNAT AT M e

NATHALNUTUBIENA 1 UNUNAUAZ NI i

=

HAnSugianseilduasienmangsnuisluiawain n) 1% (w/)
temephos (151831 18-1%; temephos 1% w/w) ) 20 % (w/v)
wetilnslveosu (giilsoau 20 Flea®) A) 1.6% (W) Wi kaNIY
(lunou® wag 9) 0.3% A-sakansu UnOU®)...... i,
Jumiwa (Myristica fragrans Houtt.): n) WaaTuning way @)
Ej@lﬂﬂiﬂﬁ%ﬂﬂmx‘lLﬂflGUE]Qﬂ’]’iaﬂﬁ‘digﬂ@Uﬂﬁﬂﬁiﬁﬂ’]ﬂﬂE’lﬁUﬁ@M
FUNUUAATUNUNA 7D alpha-PINENE. ... eectteesite oo
nzlasUIu (Cymbopogon citratus (D.C) Stapf): n) a1Audn
ngla¥thy uay v) gnslassaievnaniivesanseaduseneundnii
Iganniuneussmeddungladdiu fe geranial. ...
ULYELNA (Cinnamomum verum J. Presl): n) lU@ananau
ouULEINA UAY 1) gslassainsnaniivesansesduszneundndi

laandenaulewna fe trans-cinnamaldehyde........cccoooooee....

10
11

15

17

19

20



=
AMINN

3.1

3.2

83

3.4

3.5

#150N N (519)

gUnsalfildlunisimizidesgeanstuluiosu fodnsiield
Tunisvaaes: n) dsnanadin wuin 50 03 9) naowmanadin
dmsuiissgninuagdilale 1uin 18x27x10 lwuRLng A) 0193
dmiuid segniingaatetiu: osvansdadialusiu 38%
(OPTIMUM®) 9) fgwaafin YuAdURIUALENaTS 9 LwURLIAT
LAZEY 3.5 LUUAKINT 9) NIABIWLAT TUIA 30x30x30 LHURLAS
uar 2) ownsdmsuAssi s Togsane Ty dimmueududy
5% + multivitamin ALY 29%...c.. it
gunsallunisiiidenysarg Ununuuiisy (Membrane feeding
technique): n) d1ldny v) m?laamumqquﬁuzﬂmeu
(Circulating water bath) A) asziUrzuA1 (Glass feeding) Aun
s uAugNang 3.5 lwuRmg 9 agens (Rubber tube) 1) 1Fen
Nié‘iﬂ‘&j LAy ) ‘maamamﬁam (Dropper) YUIA 4.6 LBURUAT...........
gUnsallunisnaldgsanetiau : n) thusenagedu 2) nszaty
38 (Whatman Luas 1) 111m 6x15 lwufiuns uag A) ooy
WAERn YUIALFUHINANOINAN 9 lURAKIAT g4 3.5 URLUAS.......
gunsaifldlunswiemidussiveainfivuazansesiusyneundn
fiimldlunisnaaes + n) ¥isimainaaeTu ) tween 60
(RHEODOL TW = S120v®) #) 1A3 8348 1a15 (Vortex Mixer
Genie®2) 9) thifunevszweduning 1) diffuneszineaylag
Ty a) wisfunousvgaulgeme %) @13 alpha-pinene %) &15
geranial ez al) @15 trans-cinnamaldehyde.........c.cccoveriieieinne.
punsnifldlumavnaeuyseavs nvwenindunesssvieanivaa
fluansesfusenaunan Giaﬂm’]aaﬁ’uﬁﬁmaaqﬂﬁﬁa 4 uagAalil
194¢ 98180 wazfinwianuduivsadnvuznsdugiunas
#37INeWRL@gU N : N) MIENAERN VWIREUHTUAUGNATS 9
WURLIAT g9 3.5 l9URLWIAT U) 1aenaqa (Dropper) A) AU

15%15 WWUALAT 1) WIRNUAN Hae Q) UWUIANNAGDIU. ...

27

28

29

30

31



=
AMINN

3.6

3.7

3.8

3.9

3.10
3.11
3.12
3.13

#150N N (519)

gunsaifldlunsneaeuyszavsnmuenituneussmeainii
HAUAUAITOIAUTTNOUNAN FDNITAAURATNITNNBVDIRAANTY
wiellegeangtnu : n) Lﬂ?aqamLLum (Aspirator) ) NTEATYNTB
(Whatman 35 1%) au1a 11.5x15 @ufiins kag A) Yanegey
WHO Standard Susceptibility Test Kit.......oooovieviricicics
gunsaifldlunisvadeulszans imuasiduneussmeainity
nanfuansessUsznaundn senssudanisiinldvegsatstin
) 1Wyaanetiiu 1) 1ndesiusiuru a) diunaainaaedu 1)
DIUNAAAN VUIMA UK IUANINA O LYUALUAT 9 3.5
LURLLAS LAz 1) NABIALRasLe (NIKON®, Type 102).....oovu.......
gunsaifildluntsmaaeulszansninvesihsduroussmenniiy
wawfuasessUsEneuvan Aen1ssussnisliveaiadu o
Fogeanatiu : 0) NI0AsILIAY TUIA 30x30x30 LLRIAT )
SIUNANERAN VUIAFUHIUALENAI 9 LIURALIAST 89 3.5 LBURLINS
A) NsEATENTa (Whatman Lwes 1%) vua 6x15 1gudituns )y
TasDung (FNNPIPETTE® F2) 9) faewanad ndwsulavmmiu
PWIAFUHILAUE AT 4 LWURIINT 89 2.5 lWURLNS 2) U1nY
AL NTU 5% + multivitamin A21anTudY 2% wag o) 1
Vet PYUGERT s ey~ Pl = o M 4
ansaddnasigiildiduansnisneasuisuiiiou (positive
control) : 1) 1% (W/w) temephos (M318aW19-1%) Lag 2) 1%
(w/v) alpha-cypermethrin (ANSOUA 10®)........coooovoeeeeeeeeeeeeeeccecrrs
fupounsmizdesgsane o RS (-9
fumoumslesAudeauuuiiios (Membrane feeding method) (-a)
Fupounsieteuiiedmsunldgmet g (1) .
fupounsveaeulsyansnmueninduneussveniinauiy
a1509AUTENBUNANTRIANTUAa YT Giamiﬁﬁmgﬂﬁﬁﬂﬁ 4
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SnvugnspBTesgnigwethuLuURsUNR Tasudndusi
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FnwaEn13AM8KUY White Pupa (WP) A dnwagn1saied
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n1smevesliauuuund Ahiinsdsunasdnuniznis
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anwauzN1IMLULU Deformed Pupa (DP) Ao anwusiaunfiveag
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6

AUYTONG D H AL TV VD

ANWYN15A8LUY Deformed Adult (DA) Ao dnuazn1sAIed
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Anunfvesdfudvgsaradiunuuiiaund InedaldegsareUiu

9

v a L3

anysal wasAuiefidnwasnadugiunazas sinetluauy sol
loun d167 mauarUnliauysel Unne uwarlndaded (0-v).......
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1.1 anuduauazarudrfyvesdem

Jagdunmsidsuudasaningionnieiniuege5ansrannsenind@eumnddulsenu

12

QAANYNTTU MISENEWHY MadesUadndniuunty siamsdaldianedn Wedulidgn

Y

Tauaafinsarsueulaeenled fglunsaeenled wasfinednuniavauegiduduiuuiniaggn
Uaedtuussennieneliinannuseunszanviennglandouiiunsaduegrann e

Tunguussmawaioularaudu Jnmsiasuwlasliomediuliundudsanauneniny

Juegvosyud gunn wavduIndeun9sssuya (European Commission, 2023) 4118491N

Y

'
=

gamninawurzdmariivinsvsulaeenled luihawudmaliuuasdssesnisnsyivlaly

o¥

mﬁmisumaﬁ’us‘uazuwiﬁ’uﬂﬁaeﬁwimL%ﬁ (Fitho et al., 2019) LazUUANT 1A YA DA

ca vo

UWSNTY R]WEJ“UENI?WVIN(]’]‘JLLWVIEW\i’ﬂ]ﬂﬂUEJEJ’NLLWi‘Ma’]EIﬂE] EJ\‘]ﬁ’lEJ‘U'TLl (Aedes aegypti

Y

ﬂﬁwﬁﬁmsmmmdmhm Imaaﬂmﬁ]yﬁﬂaammimlmLiasuumﬂ 7 51 Wy

5 Yu uazgamnifiasududladed dafidsmanensiansesgiulavesy e Uiu

a

Iunauds 4 win lnsaangll 22 esrgaidea faladsaziaundugsiabudy ¢ Ju usily

Y

g ounn T 32-3¢ eeAnwafea falusavainrsawaundug sddudeies 15y

s

(Apiwathnasorn, 2012) gaanatrugintsanulailyuiaudiwsau dunawnigiug

]

yeneRuglunvuziull iessuieinie 169 daesesungiudng visetntukaiunentyd Wudu

dwansbinanisszuiavedlsafnsenlgsanetuduninzilsaneusanguyvduazdnd

.
W lsaldidenoentisd (dengue hemorrhagic fever, DHF) lsadinuaynselsaldvande
gaa8 (Chikungunya) wazlsalasadng (Zika virus) Wusiu (nsumauanlse, 2566n) 91NN13
Iunudeyasgnuussinlsainsedilagiins nsuAIUAIlIA NTENTIEITNEY Wl
2565 WU31 SuufUeuazidedinanlsaldidenseniisi nudUasazan 45,145 51g
e 31 10 fsnenuiiisnnnnindikiuan 4.5 wh Taedminiidsnsnogean 5 susu
LN AD wildasaau (2203.33) sedanAe AN (252.74) ¥ay3 (152.29) el (136.38)
LAZNTHNNUMIUAT (135.38) saUseynsuaunu aua1du (nsuAIunulse, 2566v) dmsu

a

Iiﬂlﬂ%HUQMHW WU"U’WU’JUN‘U’]EJE’I”&EJ 1,370 518 IﬂEJf\]\Wi’JW‘VI 3’]1]’38?1\‘1891 5 SUAULIN AB

s

n1wdug (13.93) 599891NAD NTaMNUNIUAT (13.93) Fuqdl (8.10) nuesane (5.41) uag

9

JuNY3 (5.13) aUserINshauAl AINaIAU (NTuAIUANLIA, 25650) kazlsalasagniny

I Uigazan 66 518 Wl Urenly 45 518 Mgananssa 20 518 waznIsnATusan



1 518 Tngdaniadifidnsviogean 5 Susiuusn fie gnsfnd (8.05) sesasnde Uy (1.26)
Weesng (0.58) njamnvnnuas (0.13) uaga1une (0.28) seuszmnsuauau dmsulul 2566
mansalidaudssiisgnudiaelsefndelhadnm Suuinniy Weswnusemalved
mssruInguussvedlsafniol¥atniludas 5 Ik Sanguidesie nduisnsfinae
domsniirseninunsaiidaidelafainn eramunnizunandeuiizuussdio mnufinisms
aNeMarsEULUTEaM warANNRaUnAvIuiRuINIstunenas (nsuaunulse, 25639)
Fadumstastufingsanetuifioannistavesssuaztiosiunssuniuaings 3.5
Tunstleafunansds wu mslddudnlin wdadusianasiediduasgialdlunisdostu
Adaunazladududegsarssuuailsddawy wazyidana 1oy DEET (N,N-diethyl-3-
methylbenzamide), IR 3535 3-[N-Butyl-N-acetyl]-aminopropionic acid) 5 ’Juwgﬂmﬁ]q AN WY

1 I

wuvuaildrunauresaseitungulninseuananansanulaniuiesmain uenantdmuans

¢ A

ponans M dd i denldnluaudus eunidunldlunsdesdumdngnun de Allvea

(temephos) t1asaniis1A19N dzainuazdenanisidauaiusamdelanilunuvionain

LA A v Ao ot a an o ~
wikl el sldansedlduaselussoeauny wasludSunamllvunsauwuasazinalnlunig
AUVUEN A IENNTY (B3R d3eNs, 2562) BNTINEdransEnUse uywd d0d dwindey

' !
a aAada = U

wagdlBdnnlulddmunglunisdesiumdn (nyfa Aumduns wageas, 2563) 3ndym
fanandsdinatiarsesnguianiisiegluzlindunenssmenildlunistostuidngsans
Srudonaunumsliaaaiiduamest msztnmeiiuivagulnsildiduemns wasen
Mutusiduaainia 1,000 U eafiu Sundna (Myristica fragrans Houtt) azladdu
(Cymbopogon citratus (DC.) Stapf) Wein (Uicium verum Hook. f.) gmauda (Eucalyptus

globulus Labill.) autsaina (Cinnamomum verum J. Presl.) autgaeyIu (Cinnamomum

=

loureirii Nees.) waraukyedu (Cinnamomum aromaticum Nees.) GaNBLRa UL 518971431
Zm%s[,um'iﬁﬁjﬂsﬁmaﬁ’miéja (walny, 2564; Aungtikun and Soonwera, 2021; Soonwera

and Sittichok, 2020) minwan1sAnwluassillahduveussveviinlayianilaniifnenings

[ v

Tunsidnganetiu Aaunsadniauidundadariidngaieiuivasasdesouywd
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wazdulingrodAInaoy



1.2 AUanNIgLazIngUIEaIAvaINIsANEI

1.2.1 Lﬁaﬁﬂmqwémaqﬁﬂﬁwamsmsmﬂ%’uwﬁmﬂ (Myristica fragrans Houtt.) azlas
U (Cymbopogon citratus (DC.) Stapf) Wagauwweine (Cinnamomum verum J. Presl.) Waufy
ﬁﬂiﬁ]@ﬂﬁ]%é%ﬁﬂ alpha-pinene, geranial Wag trans-cinnamaldehyde Giamimasuaqqﬂﬁ;w
gaane U

1.2.2 eRnwUszAns amweniniureNstmeandumime arladiu waveuweime
mamﬁ’umaaamqwémé’n alpha-pinene, geranial a8 trans-cinnamaldehyde #an15A18994
lsdagaanednu

123 efnuUsvansamusniduredsymennduning azladdu uaveuweme
wamﬁ’uawaamqmémé’n alpha-pinene, geranial kag trans-cinnamaldehyde #an15A18994
Fufuigsanetu

1.2.4 iefnudszans nmenidunensymennduniong arladu uaveuweme
wauﬁ’umsaanqw%éﬁ alpha-pinene, geranial Lag trans-cinnamaldehyde fonstuds
nsiinldgeanediu

12,5 ieAnwdszansammesidunensymenndumime agladdhu uareuiseme
wamﬁumiaaﬂqméwé’ﬂ alpha-pinene, gseranial lLag trans-cinnamaldehyde Aonssud

ny1aluvesesanedu

1.3 YULINVBINITANE

[V (%
v A

MTIATIANYIMARDY  MeIUHURANISANINENTU 3 e D313 Uag D313/1 91A13
WIS Al malulagnisuaniy answelulagnisnens aartunaluladnsyaey
ndugummsatanseds Tnsflveuanisfnu Gl

1.3.1 AnwieuifisuszninsUszdni nnvenituneuss e anfisnaniuans
adUsznauvdndantImeesgninte 4 upzdlisesaethuiasaufiauninisdguuas
4353nenivansialdunsied A9 1% W) temephos (M3183#1e-1°) A1875n157u
(Dipping bioassay)

1.3.2 Anwnuieuifisuseninuszansamvosiiunenssimeandivnauiuans
aefUsznounanaenIsnievesdAniegsatedudvaisiadduasied Ao 1% wA)
alpha-cypermethrin (Ansaegs 10°) A1835n115d U@ (Contact method) Taeldaunsal
MA#U WHO standard susceptibility test kit wagldinauinisussiiiunuannsngiunisasig

ANMUAUNIUYBIBIANITBUNNBIAN (WHO)



1.3.3 AnwuuSeuieuseninelse@nSanvesndunoussiveniiy nauiuans
s v U Y] & | v [ N o [
peRUsEnaunandon1sdudanisiinlygsaredrudvansiaddauasied Ao 1% (w/w)
temephos (M3183Wle-1%) Ae35n15nen (Topical application)
1.3.4 AnwUTeuleuseninaussd@nsamvead i uroussing NNy Haui vans
asAUsEnaUNanaen1sdudinisinsliassdafuiogaansdrudvansiaddunsizi Ae

1% (w/w) temephos (N3183#a-1%) 18385115 Double-choice method

1.4 wafnmninazlasu

v aa

1.4.1 nsuviinvesifuneussgainiunauiuaiseangnananfiinuauunalunis

MeveIgni Lavsialdegaaneiny

[

1.4.2 yyvriiavesidiunenssmeainfivnauiuaiseongnavanidaaaudiaiunis

mevedfuiugsate Ui

'
v aa wva

1.4.3 nywyilavesdiunenssmeaniivnauivaiseongrsvanniaaudialunis

gugamsiinlivesesargdnu

o A

1.4.4 yyugiaveshdurensemeainiivrauivaiseengvavanideaeaudialunis
ugansndlavesiaiuisgsanatny
1.4.5 ieldidunuimslunsiaundundndadaniduneuszimveniuszdnsamly

nsUesiumangaednu
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2.1 YguaziiaAIng1vasgaiediu

geanetudneglusudu Diptera 23 Culicidae FoTnenmans Aedes aegypti (Linn.)
LﬂuLLuaaﬁﬁmiLf\]‘%fg@*uimLU?{suLLﬂaqgﬂimwuaugsaﬁ (Complete metamorphosis) &4
anunsauusly 4 syey Ao szezle (eg) iSEJ%QﬂiE’] (larva) syezmlils (pupa) LayTEeLAmILAN
Yo (adult) (1wt 2.1) Feluudazgaeinisasagivulnvetuiaysyezazuand1afuny
anwindentazladesie o 017y gumgll 9113 UavANUILUUYeIUTEYINT Wusy
gaaneUuluwiasruagn Suwinrnuenafiuszuin 4-6 Jadwes dansaw 2 a1 lidien
e vouuazdulnunaauseindn vduudesdiuazdvnaduiiulsdaiau fmuuuudinm
drusnvzduoudurnduguifes 2 u gaatethuegldszaznailunisasgdulaainly
unsgaduiufuoUszana 9-14 Su Tnegsaethuasendomududou tudovditudn
vdeles daduiamadeazeenmiulunainasiuludanataguare Usnaiisun
flufieanmiiu 19y Tuotans Tl vieauaisisne WWudu laenisansgafudenuyud
wagmdedu 9 1Wuens uazanmnsanvgsaetuldmnluwnieunasivmeusuiionmai
Usganas 28-35 09Aanidied (@wifl an33e way 5501 WSaITesam, 2556; Uesn audise,
2560; AU NoITAIY, 2560; NS JUNIINT, 2563) ﬁ’aﬁ?uqqmaﬁmﬁaﬁmimmaﬂ’uﬁ:um

winsiuglaegnesnss Tnafiasiinuesgeaiatiunall

1-27u ﬁ‘
T
P \

Life cycle
RS » Aedes aegypti
¥ 4,~*
BT
359 1-2 3

AW 2.1 19358TInveg9a8UU (Aedes aegypti L.) MinsiUAguLUassUsIluvaNysal

(Complete metamorphosis) Uszangs 9-14 Tu



[

szazl (ege) livesgsaetuasiidnuarends vun 1 Tadiuns aliduneaien 9
wideusnawout lussesusnldiaun wdnddsududsm nelunaiussann 12-24 $alus
Waenldfaeadensuidedan liavaunsoilneanuidugniildniely 12 Tu wagly
annsaegluanmituidlddusouvieiullnedifisounelulidiaunsoddineg uidneg
Tuannzwinduszoznaunuiulusseunmeluazameuazliiingy wadldlanuantizwii

wemgauziinditvselifineeuiediu dniuldgsmetiudesiunsindiegluanie

(% £ '
[ =

uwsegnsifosdsvanm 57 Yu iteliisouiauiiugniigsldessauysaivadag uey i
anmWIndeNLATANINEINA (MWl 2.2 1)

szazgnun (larva) gnuazdsznaulusaediuia (head), on (thorax) kag¥as
(abdomen) gniiwasgsdiviavun 4 szay (19-4" instar lava) Fefinmnsdapsiessians chitin 1y
drulsznouil ddnuedasiadelsddve e sns e sl Imaqﬂﬂfﬁﬂﬁ 1
fuwevesddadvlaysvana 1 Tadwns duruusianenwasyiesdaliauysaldnuusiing

wavkaztduguannnd vy (i 2.2 9) gourien 2 Fdumialasuiadidaussunn

[

2-3 fladiung vesgniunavdanvalzimilauualyadninuuuaniu lngfsvelvualvguay
/

fsusrndunsnay (amdl 22 a) gnunden 3 dawaduiniaty wwieadussuiu

Y 9

v '
o w A

4-5 Tadlans (A MN2.2 9) Lazaniden 4 Tvueadiussin 6-7 Taduns Lduauusian

Y Yy a a ¢ ' & A ~ S a
{40! aﬂLLagwaﬂuﬂqﬁLf\]ﬁiuaNyjim DAVYIUBYIUAUN (ATNN 2.2 7) @Jﬂum%UUMWIf\]LLUU

¥ 1

Metapneustic respiratory system @sfivtoniglasgusianiangieananingiienia siphon

1% 1% [
1 o o o w o A v LY

waglau subventral tuft nilea andigsa1eUIUEBINENAARILY AR YINLLADUAIRINA

Y U 9 9
14 14 ¥
a ) ) =

A gnundadnthasiufinemsinuuenivuy dnvuen1seiounasaaeiugiiosause
al alv v 1 < o o g [~ a a6 3 PN g 1 |

\AFRUTTlARENTILTY dmsueTvesgniavilugduniddn q Negluul wWu amse uay
a aada I3 P 129} A o = a a i 2 v
dulddInvuanan Weldsuemisiieaneazinisiaigiaulneg1esinga wayldszeziia
Uszana 5-7 Tu iienanndudlls

szazA21is (pupa) Aalu9agiauInaIAI81IUTEUNal 2-3 HaalunT Wefaldennin
Tl agdidihnena wavidsuludn drufnazensseuiniuadaidudiuieniundae
AulAT eavuegania faldadiseuun1smeglanuy Propneustic respiratory system 1o
Uinadmimuemelagnilsdnuaeadounsisondn trumpets wazluudesanyingas
Waswduwrundgusiseanglume (paddle) 1 g dldudussezilidnisivemslagas

[ = [ a 1 < Y [~ aa v a 1 a % 1 a aa
ngANNLNDNAIUIUASULUAIFUTITURILANIEY IUAETOUADEUNDYUURNIUILAELADUNLYY
A o 1 ¥ a a < o < [ [
\dlegnsuniu Mmldagaenasunagldszeviianlunsasyduladuiiauisyssaa 1-2 u
Tneduduieazihdruieenuineuiiomelathonmeadiiieluvenedesisaiieasnasiu

290N (mwﬁ 2.29)



AT 2.2 geansUudnisias i ulald suwdasgusisuuvanysal (Complete

metamorphosis) il 4 szey fio ) seerly ¥) svevanu1ien 1 A) sserani1ien 2 9 seue

S o ° o o v ! (]
aniei 3 ) szvanunien 4 a) seevdilie ) A

3

wivgeaatumeile uaz @) dudy
Fogsane Ui



szazdaAndy (adult) Auduisvesysmetuiidaimaduisinain fanaeddu
39 Avnmuaii lnglanzdonavesugnag Fesaeaess udnear dn vz euty
wasiiniy (nndl 2.2 9, @) ansnsauuady 3 @ ldun @ (head) dauen (thorax) wazdu
701 (@bdomen) fail
- gauiia (head) Uszneulusiemsan 2 m (compound eye) laifinfien Ailgusns
adetuwdad A mifind nlunisuesiusarSunin UNUUULAEn A (piercing-sucking
mouthparts) AsNANU3 s uviasuealn (proboscis) fetenziusmeenuiludnuasveve
g1 IneUszneusediusing o ddnvaswiieusuduem 6 @ l8un mandible 2 @y maxila 2
1@ hypopharynx 1 1&u labrum ag19az 1 1du e?fwzﬂssﬂauﬁ’ulﬂuvial,ﬁaiﬁﬂumiamﬁam Tu
naUnfduusznaui 6 dasgnifulily labium Wisuiadougwiuun Wogsaeduinfu
Fon labium zselAved uuiavt Yinasuuwwesnaziisendiiuy fdnvasiuudes Snou
3 Udes 158031 maxillary palp geanetnuil palp 2 du fidnwaduviody geaneUuneALly
palp dutlsvanas v voain gy palp YDA U guazivunnIUApsEaTno LAz
3 &a palp v‘imﬁﬂﬁLﬁuai’mﬁuﬁuﬁaﬁa%’u?ﬁﬂizéjumqmﬁ WU @Sl smeannuioves
Wit (Ml 23 n9) 1IN (antenna) vesganetuannsaldduung uneuaznadels lag
vuInvesg WA xdvumilousjruun 1endn plumose Sivtilumssusdudssannanseiie
Invesyaanetrumadiglumwansiug dwiumnnvesysatetunadsfidnvaraudu 9
B pilose fntilun1sSuanaduaineania Sunauuasismsvoulasenledannmde

(mwﬁ 2.2.%, %)

Proboscis

A 2.3 divesgsaietiu (n) wae diudsenevvesdingsaietiu (v)

(Fian: https://artpictures.club)


https://artpictures.club/

- d2uan (thorax) wuseenidu 3 Uaes laun enudaausn (pronotum), enudas
a9 (mesonotum) karenUaswas (metanotum) enddssnarsdvuiaiilrgiiuiaudnuin

al' a | v = = Ao o, 1 & A v oo =
‘Vl'sjfﬂiﬂEJ'U?L'JQJ?[TU‘UUGUE]\T@ﬂﬂa@ﬂﬂaq\iﬂgu scutum %ﬂmaﬂﬂmgLﬂULLNuLLmﬂﬂJLauasﬂqqgﬂLﬂEJ'J

¥ ¥ 1

(1ulAa) 2 1 agN9PUTIITRIENIAaERY (AT 2.4 ) WazUSaRUYNYeIeNLARZE Y

v o
U B = 14 IS

P Al AW & | D& &
WUV UDDAUT 1 /) AIUUIINVIVIINNA 3 A danwuzilunosInuadulans 9 dinaaun

Y

9 LA

AANRARATIINARUAYILALEA dmTusndiunateadtn (wing) 1 A Busenunddnuuyin

| 1 d' ] [ 4 v aa] i & N v [d
VUL ULE DU i (membrane) LLazaﬂmwawmqqmamumuUﬂwmauwuaﬂwmzwu

a

1Al =3 A o v Y A
AUUNAN 9 (halters) MihnthfiasuaumM s luaingadu

]

AN 2.4 vsianUaesnatetgsaeUIuiidudrIsURLL (1Fulag) 2

- d9uiias (abdomen) wuseanidu 10 Ydad uraunsawiuladmudios 8 Uane @4

sxflindndunadusiunaquaaeavisusaadiuies wazusaisaUdesanvingveunagdl

Y

'
L v & a

pivagdunudmousn (terminalia) Busenuidusnwuzveinen 13en11 claspers Tuvagh

9

'
Y a % U

wedevsfidnuauzidunwvisdug 16 Son cerci lng claspers vaanaiivinfgaduiu cerci
vaunadeluseninanisnaniug Weganadiasyesnandalusing o claspers azoglu
anwagnetuliansadndu cerci vaanadala aulisnanaiuly 12-24 47lus claspers

VYUATIAT IWAN30NTATUAY cerci 1o AsdulusssurfganegazinIsasayauln

[ 1 =

Juddufensuganadeuszann 1 3w iiieseli claspers nyunduauegludnuaziindon

Y

wanugiunadiglaviuiiilog wnelelasymueanuin1ends MnwgHatenaviligLne

9 9 o

1%
Y 1 v ¢

gL ARUT LA LUSTTUYV IR TUN THALNUGUA?
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2.2 nalnmsfianudenuases (hsuiug nesian, 2560)
fdtuTegsmetudetowmeluiiddy Ao somianseyluendmivimifindmae
Geazgniallsiiiumavi hypopharynx iledadnluldfaiimeandslunaiigafiuden thaneas
vhmiidestumsudasveaden (anticoagulant) ililaiAnnsgaduvesngaseminsfigaiiu
Gon dedelseiodegadunmeiisnidddemilumeynindigenmenasuidednd (m

i 2.5)

Feeding process of mosquitoes

TS
K

4 NS Labium
= ;:/" e \*\\\{;’ ]

— - ==
[ o ."\ Numbing agent Host's body

Lowers the frequency of the motion to pierce softer
blood vessels, and starts the sucking

A waenw 8
' &
»,~~12k Anti-blood-clotting agent

Stops clotting of the blood and retracts.

i 2.5 msiiaRudesussifuiamadisgsanetiu

(ﬁiﬂ: Gurera et al., 2018)

2.3 WRANTIUNIIHANANUG 11591910 wazunaun1ewn @uwafl a1y uwazaws,

2553; fingaiug naadaind, 2560; 8nws Junsng, 2563)

< [

v v N o & v a 3 = dl' %
EN@']UUTNLWﬂE! LA S LW A L SQWLUumaﬂaﬂﬂuuﬂﬁﬁﬂu%ﬂﬂW‘U LN i’ﬂﬂj LU uwaﬂmui‘lmﬁ

v

AN39TIN FIN1TNANNUTUD NI NIAATUNRA9BINA BIFTNANTUT LU e e 6

9

[

TUIUNTLS

Twdunqu (swarming) luniahmuazlndss Snidanisduudungumionuliniualas
A A o d' ] = < v =i = o a Vv
wseushalnaduwie wu vuAswzvetsau 1w (1 2.6) Wegsanetunadlglasunis
L AN | [ ¥ a I~ & dl' o 1% I V- Y]
auiugudiianuIndudeansivsiunndenuywdiduemsiiedilasiely Jaduaude
geaneUIuYaUgAfudanuwduINNINaendnd (anthropophilic mosquitoes) lageane
Unueanmnulugiwiadi (09.00-11.00 U.) wazyaIa1ue (13.00-14.30 U.) FalingAngsy
sanmiungludiu vasniudeaudigsatgdiudninizegneluiiu uavlaguniigeany
UnuagiudondudumdsUssann 3 Tadnsuded Wegsanetrunseunnsldgsaieiiuazm

WHaINIPUENUTIRADY wasdnginssunsaslunaunsganiingan Tuiiviasudielans
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melunazneuentnuiseu azazonnseliazenils nioudnsznausnaniunda e
Wiluenssaeus uiu Jddvgsareduanunsaegluanmuislaidunaivaiaiiou waznasn
91gTvesgsmetiunallisaiunsanalvlauszana 4-7 a3t Suiuliinfensiag 100-150

Woa dwsvuinangiarsiuldlumsinieinerdednasnumudednnieswyiu 49 wWan

a1eln 1eTesltnsIseu way fhunu Wuduy

MNA 2.6 NIHANTUGYeEsaeTIINARLAZ ALY

2.4 AMUFIAYNINITUNNEUALEISITUEY

(v

geang Uil ug g nnuaUIusa U Ava At U ve s TEmalng way

q

[y

gaaneUndusuasifinnudidgnensuwnnduagnelifadgmiussuvansisaguialan

o

Tnglanzuiuisigiennmonieu-Auanieu 1wy Yssmelne Tasduiithminzilsed
sunsanguywdlasfiseasondal
n). lsaldidanaenn (dengue hemorrhagic fever, DHF) (ﬁ’liﬂﬁuﬁ: Novin, 2560;
lsamguianymansiuniaw, 2023; anvudsstuaiuaulsawniiies, 2024)
lsaldidonoaninaidgsatsdnudunivgtilsalagianyluun guvuiies (urban

transmission) &e9ae U UENSANTUANMALIINNTLTUTDIMEAIIEIUG WoeaINsy

AR egamginguinidunisisinisasaydule 8nisannnsfidannunuiwiues

Y
Uszrnsludseimalneindy 31n51ea1uvesnsuaIuAulsafawaiui 1 unsiau 2566 -11
unsau 2567 wugthelsaldidensen 91w 158,705 518 et Ind1uau 190 518 9ganin
A ] = DA & I oA v W oo DA [
UMkwan 3.5 wh uazliwwdlduiugeiuegnesiailies 5 Jwdausniididnnugtvasan loua

FJIIAYAYT TEURI INYTUST @9Va1 UazaynIaIns auanu lngldedinaziiongsening
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LY
Y

55-64 U wagannuansiamaviesdfuanstugidedinnulidaneine 4 anefiuglaenyu DENV-
2 3nfign 599891 Ao DENV-1 DENV-3 Wag DENV-G ssianei
L%uamm@;: Th5awman (dengue virus; DENV) @na Flavivirus Tua9d Flaviviridae f13Tuw
\Uu single stranded RNA {1 4 &1597a% serotype Aa DENV-1, DENV-2, DENV-3 uay DENV-4
Snvaugansvedlsn: filldsuideasilonnsligeegaudsundu vinfsus Uianssuonmm

dnnanuiile Uinnseanuazlintes o19iigadensaniiusniaimvitl wavdmudnuazueiu

= [ I~ o

AlaRnund lngaziindadanstaziinissveadndonnneaniiuenvasnden a1kilasu
n13snwUaeasdiondaidu luauisodudnasuazinaudulalussesineUieasd

pufideandouly wavoradedinnegly 12-24 43lus ndsandnnegden

v

n133nw: Jaguulutsemalnedindudesiuliifensen 2 wiia Ae 1aTu CYD-TDV

(Dengvaxia®) wayinTu TAK-003 (Qdenga®) anunsadnlivisluiinuaszdvailenysening
8

=) =

4-60 U

= a a

fiuszansnmlunistesduldidensanaingsaralannateiugle 80.2% wazd

]

g
Uszansnm Tunisdesdunisusulssnenuiaantdidenaondseuna 66-90% 1uwig 4-4.5
Ko aax ) A o v v o w | v ¢ o o & 9
wenaNtGIsmstasiugsaefiaunsaiilape nsidaunasnisiusian1suginiuil
o tutuseu lddnvzilusuu nusewndivim ensasudin W lnenismih
° Ao v & v W Y H v e va a ~ ) )
sonuavainnwuelilaly sumnstesiuduesnenisaluderlidintaiataaiuyia
%). sAgaunuEInIalsnltUIndetsais (chikungunya) (NsuAIUANLSA, 25663; A5
Wug needaid, 2560; lsmenuaundenan 8, 2562)
lsafigunuenselsaliindessaaddnuwazeinisedionuldidensenian wiezlud
NsTveINaIaLeenuendudan JUedullennsilaliuusnn wiazlaimsuindendn
[~ a = A o Y Y 1 ) i :j v A
Judnnilsanmanvilvg dagldanunsaluvinuld 3nsisauvesnsuauaulsadausium
1 un31AU=12 nNQIAY 2566 WUKUILsATAUNUEY 91UIU 598 918 wazlidsngau
AdeTIn nquetgAinudUlegegn fe 10-14 U sesnwnme 65 Yauld uag 5-9 U aud1siu
Waanue: Welifadaunuen (Chikungunya virus: CHIKV) @na Alphavirus Tuaed
Togaviridae #3Tusdu single stranded positive virus U RNA virus fgsanetnuuazesans
arudunvzilse
anwareIN1Tvedln: 1sATAunuenIziioN sAsutInleunay lnelssesiindivadlse
2-3 Ju (ndaanlaugenia) Temsuindseeiuuse [Wagadeundu rduld 01duu dounds uag
AUawaulngjavdionisuindeniusenie wu deile dewin detadle defiwvin Wudu lae
p1mMsUnRzilasuiunisluGey ¢ wazonraziinssniauuinuasauliasnsavduiila eanis
Uandainazmeluluy 1-2 §UA19 @ U150NUINITWNSNG UL N USEUUUSEAM 11719 way

PAAUDMNT LS
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nsnwn: mssnwlsadaunuenasdulumudnsageinisiiindu Tasenizoinis
tndefarldfunuihnuaseanld dmsutrtuilestumsfndedseglutunouresmsiinm

A). 1sald@n (Zika virus disease) (Wnns Miedl, 2558; nossyu1nIne nsuauAxlse,
2566)

lsaldgindin1sseuinlunivewsng wensni iy suduelenyiusenidesls
Tnefigsanetudunmzailsn awnginannisilaugefifidelifadni falasnsauaznis
unsitorhunsfimaduiug vionsunsnansiidfidelsadnmdnsnlunses

Foauvn: lh¥adng (Zika virus) Felafadnuduordiueaeniion (single-stranded
RNA) aglunseanarilasa (Flavivirus)

Snwaizeinisvedlsn: stezilndivestsali@nldaieds 4-7 Junddlaugaineinis
vouifitelaiadn ailld Waynidnau vaandunile wariiiuuas Unfudaasdiennis
wanihfsadntes uandelifaniaunsadenesnudlggn manfinaonainuisandidn
Folhsa@mavnunisiin n1axdisesidn (Microcephaly) 18 laisnsnsaasfindslasadnn
Tuddlasanadi 1, 2 n3e 3 uasiinanuinUndldudinsadlifiernisinund dsnuainm
Aounfudinidafidimiudfunisinidalhiadng wu mafnniazAssadnueiuie Tnsetes
l@sunansenumesinuszuuUszam seuunIsueaiu N1skAgy wazauiin1snIInIeLen

m3sne: Tutaguudshindmdudesiulsald@nlagiame mssawilamensindeu

Toiesne ANUBIN 9 wazinwinine1nis Wi leudvanieanldwieusimennisdan

2.5 MIAUANKAENI5UBINUNIINYa18UI (gu1ad 01152 wazAmy, 2553; Snws
Funsn, 2563)

2.5.1 N15IANISUNALNIEIUS (Breeding place management)

gaangUnuveu Nl uUNuENUEnINNIINITINlLLEILY Saunsseuelaly

(%
o a v

AMvurddunussadnddy o lnsanmidiaziduiineudidda o1vavazeavieliazennile

q
£ 1%

| ) P I3 i 1o Al 1 a o 3 v H < v o &
Wy wanumenldl Wlugnesasud lesldunau waglonaunindaunluioadn (Judu faty
aal oA o ' = a = v < o =
Fen1sdesdufenisdinivie wiedulan1vusiieldauada inauazeinnivusuasl
srurgdInaldsuinnn 4-5 Ju dmsunivusiuan vseenasaeusinaflilalduseloyd
anunsaluldRudgniuled viiethluvhuwnududesiunisgnaduenzyiiate [Wudu
2.5.2 msmunaulagnsldansiail (Chemical control) (nwi 2.7)
¥ a ¥ = £ 1 o v v = ¥
nstdansailunsmivaudedinsununsidegedany gldnedininug uay
= N1 9 Ya & a1 ¢ aa 13
AMUTEINEY InTanTalineWiinauluiiwienywd warsavesnsaliniluesrusenay

f5aung ewinansailnldegnsvasadelunivasisaguidwiuldunnin anvensly
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answeilluszeznagniuudmanegunin luadannasluanmuindon anviedsdanalvies

(%
LY

WnEinANA U aaNSANBNAIY AetunsldasnilinuaANd Y TEYINTVDIE NN TS
wsuenlisagszarnmaaiydulavessaetn oy dmsumsldasaifiingldlunis
muaugsanetiuluiiagtuided nsmugugming et uiasaiingueasniluienis
(Organophosohate) 11 1% (w/4v) temephos 7 o8 lug Unsemdagnuldlusnsidau
mwaﬁﬁwqﬂﬁﬂ 1 03 sioth 10 dns (nududuresans Wity 1 ppm) Tneldanslsenules
11 wazmruging 9 Mduumaameiuges mamuaudafiuTogsaetudeisnawudidons
Andeiuvaanizin dansiadingulninsesddauaseyt (Pyrethring) 1wy 0.075% (wA) Alpha-
cypermethrin, 0.05% (Ww/V) permethrin ikag 0.05% (w/V) Deltamethrin Vfagﬂugﬂmiazmﬂ
T3anuuTiomeing g iflesondvey Seanaiailunguifimnudufiviedniidosgnieuud
wagliusednsandlunisiidags wasnsarvaudnfuisgsaredaudieds nsunuuils
nsznefifigrinsounquituiinie Ssansiedsidausas flesdniseuntelanuuzhlnldly
nsaanulaun aswausnguaasnilunean lnsvseundansnz 1wy malation THusum
112-600 n3u/48n913 wise permethrin 19USu1M 5-10 nSu/Agna1s (1 18013 Wity 10,000
AN5UAS WsaUsEINM 6.25 19) lngdBnisnuluunrtenaiy (fogging) LagituUUNeuaYDs
(Ultra Low Volume: ULV)
253 mspauRulaeliIameTinen Biological control)

nsindms ey esTIIIARannsamid e unldlunisaaunassnsves
gapthuynavesmaiaiuln TnelifusurmeseaadiTindu 4 wu gringsng weiids e
51 vidauaugnti us

). msliuafiugnun (Lanvivorous fish) Samaneanaiiiueiunugseedsalug
sziludanlu suborder Cyprinodontidae Uanfitig ﬂﬁﬂﬁﬁaﬂ%gﬂu Family Poecilidae it Ua1vng
ung (Poedilia reticulata) e rnsliUaiugniniildnaie Tgnth 35 dadefluiiinimils
s GeemnsovhasgsnslusseginsTineyludild idussesld ssovgmivdedliis

v). M3k (nvertebrate predators) Amndudngsssmiiaunsomunssrns

o L

vosgdls WU uiauniles, wawiuuwvsegnuading (Toxorhychites) Tadinievegdndine
Jeliiriudon ungnuesgdndreuiugnuiveseaiulaes sasmavisesats agnelsnaull
v - o Y] [ v O a a ) H o ¢
ansaligningednduiueesluuld Wewnaglududmanayiulnaunssignuiigdnyme
A). MslEuuaiiise (Bacteria) wuailiSefanansaridngnunesansladigade Bacilus
thuringiensis serotype i3engein Bti Wegnuiukuafiseriluamsiivasdllviunseniaiivlu
nswinevilvignumenmeluam 1-48 iluuegfumnudaiunld laeddvesgnifianeazild

M BnnadnuesensivilanusondaldvmagnamnssdlugUvemsezaten davEaream
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dsooua0t

=

- !
f U /
3 J

AN 2.7 wEnsiaeiansnildunseandngenueluiowain: n) 1% w/w) temephos (51830
10-1%) ) 20 % (WA) WesTilnsivieou @illlseau 20 Tea®) @) 1.6% (w/iv) wiensu (lunau®)
way 9) 0.3% A-datavisu (lunaw®)

(fian: https://expertpestsystem.con/, https://enrichfogger.co.th/, https.//www.baygon.co.th/)

2.6 Nywaza1509rUsEnaUnRanaINNBNUIN I lun1sNnass

[ (2
v A v A

N lrlunisanwiastsl 3 vile ds19avpunnadl

2.6.1 JUNUWA (FIuTaYaLATENT AuZFYAIERS 1 INIdBaUaTIsTl, 2567n;

Y 9

Aungtikun et al., 2021; Vespermann et al., 2017)
Yoo udu 9 : Jundiu (aenie), gniun, aonduni, nuigaiy,

Funtiuiu (M), Ui @any, suaide), needdls, witnisialed (u)

A a 4

YWIWYUAENT = Myristica fragrans Houtt.

%amﬁzy : Nutmeg

WA : Myristicaceae

a a & 14 14 <) val 1 Ly a a a =
Haane : Wuldiveseu wudulddulumginiedunn Ysemeaduladde vie

NPz IUnNYIOIUITIABULAY 1a3LAUlnlAR s TouTulnlanIznIINIARg IuDDNLAZYI

maldvedlvy ansaduldluiunniinnugainssdudimeialszanas 900 wns

Y

anwaEmIINgABIAEAT | Fundnaaslauiag wasduddle lnedudagagln

o
Y v A £

Aonanzdag uardudulisaglinenanzdidiowintu lunendulufeilagesnisesadu


https://expertpestsystem.com/
https://enrichfogger.co.th/
https://www.baygon.co.th/
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anwuzvaslulugus wie gulinaws Yareluuman lauluasu diuvevluisey Tufivuin
A1eUszanm 4-5 wuRang wazemUszanas 10-15 wuies deluuds vadluGeuiduy
warudderendmieseu dwvieduteu wanludledeu duuiulueniuseann 6-12
fiadums aeneenilute YoavUszanas 2-3 non vide senilunenifen lasazesnmusenly
nonifudindesdausurn naunenidouiniu aendusuaulnain Yanenduusnesnidy 4
LanuvavteneneUsTaNa 2.5-5 leufluas danenazidunuuusninatusgauazii
Taononmagazifnidundy q drunenmadivaziindunenie uazaeninalivas

fvwalvginieninar Tassudidowimiuidauddymansugia dudumedazugnld
denaunastusuidlomiidu nadunaan Aoutasdnin Snvazvemadugunsideudis
nay gﬂiﬁmé’wﬁ’uqﬂm?{ g19UsENIU 3.5-5 LwuRlunT wardidurigudnatsssana 6-7
wufans WienuaiSeududiviesuia Avdesdeu wdasoondu vie Aunsdeu druiledia
pRufisaiierhndlonaudunngroandu 2 dn windnvugnau evssam 2-3 wuRiues
fradurugudnansyszana 3 wuliues wiaduitne e uasionuds Swau 1
widadenn dusmiuenudntsndunaiiuianguit

dsswaad : Jumimeliuslovlognaunnue lnesniuudnuazidnvesgniun
fnauaudluzesweshzsmalusnne Wuhgeids thigeila deuiddiu Faenszas
Fenau uiorn1stinfisue ufernisveuiin Yreviiliasyenns uieinisideans daud
Youllu devhliiefune uioinisnsgvetn dasufidendinilva dreduiaums roufenns
rauldondou deufauaniduauduios Paglunistosemns Baeuioinsiiesda veile
Proufennaiiosns fasufornisuinungn Sreisahd uazdieudiudy

dauiianldlunisfinen : widn (il 2.8 )

asAUsznoUMaATl : thiuvoussiveainudnduniivaiians alpha-pinene
(21.6%) \J upaAUsEnoUNA N S99A9U1A D @15sabinene (19.4%), myristicin (14.4%),
beta-pinene (14.1%), limonene (5.6%), terpinen-4-ol (4.1%), gamma-terpinene (3.9%)
alpha-terpinene (2.8%), Safrole (2.2%), myrcene (1.9%), alpha-thujene (1.7%), 3-Carene
(1.7%), terpinolene (1.7%), o-cymene (1.0%), cis-Isoeugenol (0.8%), alpha-terpineol
(0.7%), alpha-Phellandrene (0.7%), camphene (0.4%), eugenol (0.3%), alpha- copaene
(0.3%), elemicin (0.3%) wag trans-sabinene hydrate (0.2%) \Uudu (M15797 2.1)

ds0edUsznaUnS nvas T uneussvesundne: a5 alpha-pinene il
Snvazidureunadldlufid Ouasuszanlulumesiu (monoterpene) MiAnT ua1w

5550917 Tansnaad Ao CioHig (1A 2.8 9) wagldiduansunsnduluhdunazansnszane

Y
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naw susansaldidueduuzisdunisunndunudu frun1sdniau drugdunsd du

Uzl5e AMunnalunszmnzenms nsedunud wazanandRvesiussuumaiuems

H3C

H3C

\

CHgs

AW 2.8 Juniel (Myristica fragrans Houtt.): n) wandunilue uag 1) anslasasng
a I3 o Ay v ALY & o ¢ a .
MLATIUD9E1389AUTENDUMANTILAINUNIUNDLTLINELIANTUNIIVA A alpha-pinene

(- https://www.sigmaaldrich.com)

2.6.2 nzla¥tinu (g1utoualAsasy ANKNEYAENS UANINEIRERUATIYENT, 2567%;

Aungtikun et al., 2021)

o v a A ¥y = a a ¢

Yoviaeduay 9 : Avew (Ligesaen) azlas (wile) Walnsy (LN q3uns)
nglas (01ANA19) vierensly (Newised wiigasdew) adsle (uus Us13uys) maosinse
(s g5uns) las (Auaums)

Yo Ieeans : Cymbopogon citratus (D.C) Stapf

Yas3igy : Lemongrass

249 : Poaceae

a a v v el A ~ A v o adaa & ]

fadnel : azlasUruduiivydaniaigniuividddnvesaulneisiunsus

= v o & Y& A Aaa o a o a = | '

afnua stlnszazladiduieidiundalukaundouresnively 1wy g wain a1
wafe dulndide dulie wavAsaena 1udy uagdeaunsanulalulssmalnsauuis
Uszialuwouaudnmldiguiu egladthudaduiivduanasegan

o/ -4 Y YV ) = ¥ v a 1 | é/
ANWUSNIIWENYIATIEARNT © azlasUnudunivduan dndenguinnin 1 1 (YUY

9 9 Y

2V

fuladensaninwinden) ddunglaiindiwilifiu vulidnuaenmss sunsinsyuen

D

Augelads 1 wes (saumisly) duvesdsunsueniuasidudiuvaanulufioendesou
Aundu lauduiidnwaugnivluiuvun #a5eu waslivugauunaay diulaudsuineweiu i3
1 1 I3 v 1 a I3 [~ 1 <) v < | J

Ungoudntes uarAee 9 ISundnamnargiludiuvedly ununaraduudeuds diuilas
Uszanas 20-30 wufuns Juegiuauaauauysaivesiu waziug wazidudiufivhuild

dmsuusznavemis lungladuiudsenausie 3 dw fie Aulu ylu (@wseseninanuly


https://www.sigmaaldrich.com/
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waglu) waglu Tungladtnu Wuluies T83 Tdnwaersnd YarglulAsgasiu laulu
= W ~ a N = a '
Wousaruylu Tudisyveuwuu filuanile wasiivuunagu Yangluuvay veulueu usay
a v < = = 1 [y 1 [ g a
nansluilidunanslunds dvmen weaiudsiulauludaau Tuniisussana 2 wuRums
a v v & A A = ' ] v v
817 60-80 WwuAues azlasiuduisneonnensin FsliAssnuiu aenpzlasiiunonas
[ 1 a v 1 a Y 1 1 a [~ I 1 1 a
sanaaniduranszany A utensnyid waziiudensndesiseudug 9 luusazaasily
UseAUT09sU dnduveu aendlvuinlugadiunande
7R % = 1 o [ 1 o ya A 5

asanan : azlasinuliassnanudievngelaliudause daelilavinulas 8nmns
ferrglunistnszansuazidnvendendusunsigesnaingienie usineINsUInLazns
SNEU NMFUITIMOINTUIRkaEMTINtEUaINlsalede Hgane1nISUINeNEy ane1n1suan
ey uiaandagan uienisueulundy Wrevrgadulszam felauuas grenisanld
UIT11917M159IR SnlsAUInIIN U953 UUUT I Lasaud UssmIAuAsen 43y
AANEAILIRNNMaLazANUWTpga AR AN B AreTesnunisavauvesladulu
Wuden euUsImIeINsisufsesiazaauld

dauniunlglunisdnen : aduan (i 2.9 n)

asAUszRaUNIwall : UdunensseaInafunzlasUiudans citral wie
geranial (45%) L0 UpIAUTENBUNAN S89a3U1AB @15neral (24.8%), 1,8-cineole (10.6%),
geraniol (4.7%), eeranyl acetate (4.3%), alpha-pinene (3.4%), caryophyllene oxide
(2.4%), linalool (0.8%), alpha-terpinene (0.2%) 8¢ gamma-terpinene (0.1%) v udu
(152991 2.1)

d1599AUsEnaUnaAnYa sl uMausEieagladtnu: flans geranial Nflanweug
= & aNa A A A l A a 1Y | I3 ¢
Fadureaurarlaluiidviofindesoeu dndulsindieuzunilvesinielazias Wuaisives
Auwoadlan arursanule luidunensyivevesievarssila a1y uzu (Citrus
aurantifolia Swing) &% (Gitrus Osback (L.)) waznglasuau (Cymbopagon citratus (DC.)
Stapf gnsn1aAll Ag CyHy O (7l 2.9 9) warludagtuidnisihunlduselovising q
WINNevaenu 917 TugnavnssaeATesdane Meidmen ATUMNRY ATIUNTIR I
I a o ¢ A v = a ° ) A A
sy lugeamnssundaduaiatedddludiutou In1sivanned$a vuley gneu n3esay
wazu1gnaune 9 drulugeaivnssuendadinisdiansaenaniunldlunisndndnidu A
Anniu E dazmaolsilad dnene wonainilunsAinunIdedanuinans ceranial fignsaiu

d’l’ IS v ¥ =) % a a % a = 1 4 [ 2/
LUBYAYN NV Uosiunisiingdn ﬂ@ﬁﬂUﬂ’liLﬂﬂa’]ﬂﬂi‘ﬂqﬂLﬁ‘EJG’ILLL!‘LW]EN Wunu
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CHO

A9 2.9 agladtnu (Cymbopogon citratus (D.C) Stapf): n) aduannzlasinu wag @)
anslassanamaaiivesasesrusenaunanildnuidurensemeddunglaiio fe
geranial

(ﬁm : Silva et al., 2009)

2.6.3 BULBHNA (FTUTBLAATOIE) AMTLAFYAIANS WMINETBQUATI¥EN, 25678;

Aungtikun and Soonwera, 2021; Chansang et al., 2018)

A yooa A ° a = a

YBNBIAUBU 9 : UBnABN (81U19), WeyrUsnu (UATIITEN), @229 (UT13UY9),
N32A9 (N1gyauy3), dnau (Mwalan), 518 (@lune), nTzuantus luavey (vaus3),
N52L80 LIUANSTIIU (82aN), BULEAY UMIUSIU (NANAN4)

A a s .

YIRS : Cinnamomum verum J. Presl

a o -

Faga1uey : Cinnamon

4

14 : Lauraceae

WAAINYT : aULELNATLAAIN DA TUUURB UR AL TUANLR LA ASHINT
AEIUAN UAZITUVINLUALLRIH (EU13As) Vot In1stiluugndmangussme souduly
O R R T Ao o a | J o Ao A% o o«
Masruiuiivtndu q MdnvargiienniAougy wasuiidunns liveunitwsouas

ANWUTNIINGNYIAEAT AuineuawalinunafteglusemanIaen
& DY) & = Ao oW _ o Y & o a o &
Wuldiuduruaandsvuinnannbindalu wasndrdududiniwazvul Asuiuiuiuway
fatuty TuduluimetsaniSssaduiumudiau é’ﬂwmwaﬂuLﬁugﬂvlfdw%gﬂmﬂ Yanelu

t v

wiay Tauluwvay druveulusey Tdulu 3 du Tussudravun frluSeuduiu Aleudy

sanaanidureniulatsis aandivuisanidudivdswariinduney naludmianuuzaany
sUlY AadeniSauuns nundszunm 2-3 Sadiuns euwellun3osvsoin3aaneillaun
= 5 ¥ % & gj 1 o 4 V| =
MNNsYAeNUFentusentivun wiaeniUdentulueenainunudiiu tngldinnianuens
99979 tartlURdluRsuaduiumnwaaUsEa 5 U wazluvaznanliltilninue1ua U

v
v [ a o

@999 U19NNY Woasnwiiakandeinsiuiu lneldenaumeNauuazfaaduduiniaseu
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A a a =

vidodadu danunsauazesedisasiiate Tasemuszana 1 wng saayu ia udnies
wardinduveuuuuNg

assnan : Wionduwasidoliveseuemaiisadn wugu dnduvew Wuen
Younangniseln 9y uagnszimnzdaane 19duguigessnanie vilwsanigeusu
Hrenszaemudulusenie vibideanyuisud Hedesaasluiu auauszauluiuly
Fen widoons dreduusda uildnia [Wauiuim wiornwmia wienisle ufeinisle
vouin uiadsdou ufernmseduldendeu ufensanideautiuries Yaedumean 01mns
lalgos uABINSYiRese uivieade uwiviesdeludn uide waztissnwiunalunseinizems

daufivanlFlunisinen : Waendisu (nwdl 2.10 n)

ssfUsznaumaadl : difumeuszmeaniUdendidueuiwemailans trans-
cinnamaldehyde (73.21%) 1J uansesa Usyneunan sesasuifie a@15benzyl alcohol
(12.83%), cinnamyl acetate (2.51%), copaene (1.83%), eugenol (1.29%), borneol
(1.13%), alpha-pinene (0.84%), camphene (0.57%), 1,8-cineole (0.57%), limonene
(0.54%), beta-myrcene (0.45%), cinnamic acid (0.45%), methyl cinnamate (0.28%) way
cadalene (0.21%) Hudu (ansn9f 2.1)

§1509A USENOUNE NV U T UNDUTLLNE DULYELNA: S E15 trans-
cinnamaldehyde Filgnwailuvewnatunindmae LAntuleImussSUTIF fgnsnaad
A9 CeHsCH (Wit 2.10 ) J2Uuinisua1s trans-cinnamaldehyde Tdusenaulunuin
153 lornu gnes ungiesasi wadlfidumunalugranunssuedosdiionsd maviniives

wasi Wl duasasdgiluenmsla

U

AR 2.10 auwweswna (Cinnamomum verum J. Presl): n) LWURNa1AUDULTILNG Lag
2) gnslassairmaaiivesansesdusenoundnilaainidenaulvewma fe trans-
cinnamaldehyde

(fian : https://www.sigmaaldrich.com)


https://www.sigmaaldrich.com/
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A5199 2.1 29AUSLNBUNLALYIUNTUMEUTEAETUNUWNA AzlASUNY WaLaULYELNA Ao

PMNNTIATIERMELIATA Gas Chromatography-Mass Spectrometer (GC-MS)

Linear retention

Kovat retention

P ¢ &
WD TIUATDIANTBIAUTENDUTINUA

el foans
index index Jumime”  sgleddng’ euwewa”

1 Alpha-Pinene 935 936 21.6 34 0.84
2 Camphene 945 946 0.4 - 0.57
3 Sabinene 967 967 19.4 - -
4 Beta-Pinene 971 970 14.1 - -
5 Myrcene 987 988 1.9 - -
6 Beta-Myrcene 991 991 - - 0.45
7 Alpha-Phellandrene 1002 1002 0.7 - 0.41
8 3-Carene 1006 1005 1.7 - -
9 Benzyl alcohol 1009 1009 - - 12.83
10 Alpha-Terpinene 1012 1012 2.8 0.2 -
11 1,8-Cineole 1024 1024 - 10.6 0.57
12 Limonene 1025 1029 5.6 & 0.54
13 O-Cymene 1042 1041 1.0 S -
14 lambda -Terpinene 1052 1050 3.9 0.1 -
15 Terpinolene 1081 1079 i o -
16 Linalool 1085 1086 3 0.8 -
17 trans-Sabinene hydrate 1090 1087 0.2 - -
18 Terpinen-4-ol 1162 1162 4.1 3 -
19 Borneol 1170 1171 - f 1.13
20 Alpha-Terpineol 1176 1175 0.7 - -
21 Neral 1216 1217 g 24.8 -
22 Cinnamaldehyde 1221 1222 73.21 - -
23 Geraniol 1235 1237 - a7 -
24 Geranial 1246 1247 - a5.4 -
25 Safrole 1267 1269 22 2 -
26 Eugenol 1333 1335 0.3 - 1.29
27 Methyl cinnamate 1364 1364 - - 0.28
28 Alpha-Copaene 1374 1375 0.3 - -
29 Copaene 1381 1381 - - 1.83
30 Geranyl acetate 1381 1380 - 4.3 -
31 cis-lsoeugenol 1410 1410 0.8 - -
32 Cinnamyl acetate 1414 1414 - - 251
33 Cinnamic acid 1462 1462 - - 0.45
34 Myristicin 1494 1493 14.4 - -
35 Elemicin 1523 1521 0.3 - -
36 Caryophyllene oxide 1581 1580 - 24 -
37 Cadalene 1657 1658 - - 0.21

Total identified (%) 99.8 96.7 98.24

" doyaan Aungtikun et al. (2021)

9l
Y
oy
Y

9YaN Aungtikun and Soonwera (2021)
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2.7 ewidpiieades

Hagunansznuresannglanfou dwalnenssienisdiseguesdsdidinuulani
Taglowzgaangtuiiiinsiivdnnulssrnswasunsiugedamnd Fadunistleaturidn
geangthusendndusianasiediduasgiiadammdiniuogdanszannsoandiui
Uszrnsvesgsanetuldedurad uiidedefodediuiinumsadfmniuniniue
Homntagugaanetuinanudumuseasieddaanegimaril (Moungthipmalai et
al., 2023) mﬂLwlmaéﬁ’qﬂéf]ﬁqﬁﬂﬁﬂ’ﬂ%’sﬁmé’mﬁamLmewﬁﬂL?{mm{l%’a’ﬁmﬁ
Hunsgiitnasedldolaenss Seddihidunenssmeanfisanldlunistoatufdngsans
{71 WavwNaImnsuIS wazdmunmeuindy 9 lewn ﬁﬂﬁwamzmamuwg (Syzygium
aromaticum) IuUnne (Myristica frangrans) aglasuiu (Cymbopogon citratus) Wein
(Illicium verum) NgvIU (Zanthoxylum myriacanthum) Qﬂﬂaﬂﬁa (Eucalyptus globulus)
auLEINA (Cinnamomum verum) kazeuitedu (Cinnamomum cassia) @muiniiuseansnm
Alumsmanly fgeu wazdunAuievessaneUil gaaeaiIu (Aedes albopictus) wazuiiasiu
U1 (Musca domestica) tJugu (Farag et al., 2024; Nakasen et al., 2021; Soonwera et
al., 2022a; Soonwera and Phasomkusosil, 2016; Uniyal et al., 2016) i’mﬁgﬂﬁmiﬁﬂmi
osddsenouvanitldainihsiumansyveaniivlungs monoterpene viangiinanldidale
Mgeu wazduaudagaIetiy gea1uaIu ge31angy (Culex quinguefasciatus) wazuiasiu
1 8 7ily @15 D-limonene 21NUSTURONSHMELELTY, 615 geranial nunue
syingnzlas Uy, @13 alpha-pinene N UM eI ME TUNY INA, @15 trans-
cinnamaldehyde mnﬁwﬁwamzmaam%mm WaEd1T trans-anethole mnﬁw:ﬁ’umm

suveldedn WUy (Andrade-Ochoa et al., 2018; Aungtikun et al., 2021; Moungthipmalai

[
=

et al., 2023; Pavela, 2015; Soonwera et al., 2022a) usnand Sailsreeuigi sty
weusTWEIINRYLNAN UsEI T uMeNTTIME N ReNau T UaNs 9AUsENOUNEN 1Se
ansesRUsEneUndNHaL UE1 5 IRUTENOUNEN WU nsKaNRuTeLNuMeNS TN
NEUAUENTDIAUTENRUTAN 138 @15dAUsEneunanNaNiuaIsesauseneunan Tanalunns
fdngeanetiunazusasindu q lddninhduneussmeanfisviearsosdusznoundn
AR Fauansaszezafiviiliiuasmieasluasamil 50% (LTs,) wasmszesnaniiviili
Luasaauasiuas s 509 (KTs) Funianszeznanivinlyuasaaunionevesinguse
SENRYMINNUNI 0@ T99AUTENOUNA NTIRALAEY (Aungtikun et al., 2021; Soonwera et al.,
2022a) 91N351897UN15ANIV8Y Moungthipmalai et al. (2023) $7891UIINITHANAUVDS
dhfunensyveouwemea U geranial 8,318 2:1 (10,000 ppm) Tutefiaueanesed Tina

asugnaiulumsdugainisiinluvesesanstnuiasesaivaiy Inedinavilvilinieg 100% nds
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nsneae 48 HTue waxilen LTs, Wity 17.7 wae 16.2 4alus audsu uvarinisiune
STAMEEULELNA 30,000 ppm LAz geranial 10,000 pprm a@snsadudanisilnleyls 86.4-
91.0% War31891UYDI Yoassefi et al. (2019) WU NITHANAUTLNINNVDIANT thymol AU
carvacrol §n91d7u 1:4 IﬁmaLa%uqm'éﬁuiumiﬁﬁmlﬂLLazqﬂﬁwqqé’ﬂmm (Cx. pipients) 1oy
1A LCso WMNAU 3.5:5.5 ay 12:8 mg/L mua1fu SAIFIBUNTANITET Soonwera et
al. (2022b) 518931 MIHANFUYEINTUMBLSEIE DUEINA 5% U Wsfumensymelde
i1 5% ludsfudandes Wnawasugns fulunisidnle uwasavewssu (Perplaneta
americana) Bsanusadudanisitnldle 99.3% ndan1smaass 30 Fu

o8 19lsf muaInnnsine Benell ef al, (2017) s1891un1sKaT UL s WeN T o
w1l (Trachyspermum ammi L) Fuiuneussmefioud mpyse (Pimpinella anisum L.)
NTE 1:2 L.Laz“fflﬁumwamwaLﬁsuﬁmmqwéﬁuﬁwﬁwamzmaﬁn%ﬂ%"wﬁ (Smyrnium
olusatrum) §091du 1:1 wudbinaiasugudtulunstdagnihie 3 vesgeiiag Tnesie
LCso WAV 15.2 Uaz 16.9 pl/L™ sud1au Lags1831uvee Soonwera et al. (2022a) WU
nsnaufuszvansidunensewmieldetn 2.5% fu trans-anethole 2.5% lifnafliaSugrdiu
Tunstingninuaslivwesesanstuasesansau Tnednavilvigmiuasilamo syt
2 %ia a8 100% FflAn LTs ﬁwﬁqﬂﬁa 0.1-5.2 #7139 muasy Tuvessdt trans-anethole
2.5% ﬁwaﬁﬂﬁqumazéfﬂmms 41.7-97.5% Taedien LTsg iWiu 0.4-57.6 Falus 5uwa
nsAnwIwes Pandiyan et al. (2019) NeauInIsHaNfuvasTumenssmelenniuriniy
NOUTLAULI LU IINEY WwaLa§qu§ﬁuﬁﬁiuﬂwiﬁwﬁmqﬂ‘quamaﬁm Tawilpn LCs, Winfiu
27.67 mg/L ! uazn13@n®1ved Dhinakaran et al. (2019) $1891UINNINANAUTZINING R-(+)-
limonene AU trans-anethole way R-(+)-limonene AU carvacrol lusnsdiu 1:1 wt/wt)
11)7&4@La§mqw§ﬁuMﬂﬁﬁﬁ@qﬂﬁ;ﬂqqmaﬂm Fafldn LCspuinAu 11.86 uay 10.42 ppm
PUEIRY WONNNEIBUMSANYIYEs Pavela (2015) WUIIMIHANTUSYI NS p-cymene
iU R-(+)-limonene, @13 eugenol iU R<(+)-limonene, @13 eugenol U cinnamaldehyde, a3
1,8 cineole U cinnamaldehyde uazan3 alpha-pinene U menthone Tiwatasugn3 fu
(Synergistic) 1unﬁiﬁ’1€]’mqﬂﬁwqﬁwmw AUNITNANAUIENINNETT p-cymene AU alpha-
pinene, @13 gamma-terpinene AU cinnamaldehyde Waza1s 1,8 cineole AU (-)-camphene
TnalaiaSugndiu (Antagonistio) Iuﬂﬁﬁﬁmgﬂﬁﬂqﬁwmm ANTUNTHANAUTZNINNET
trans-anethole U beta-pinene waxa13 (--limonene fu thymol lrinalsiiadugniualsl
angwsiu (no effect) ium'ﬁﬁﬁﬂqﬂﬁwqﬁwmﬁg (Andrade-Ochoa et al. 2018) Uagn13An

Y93 Jyoti et al. (2019) $1891UINNITHANA UYWL DULYELNA (C. Zeylanicum)

L

o w

Audniuveussiveaglaiiiu dnsidiu 1:1 wazuniuneussien ungrauivdniuvey
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sumpoulsmAkasiTuenssmenylasti Shsd 1:1:1 WnaaSugns fulunisiida
faeeuveiula (Rhipicephalus (Boophilus) microplus (Acari: Ixodidae) taafian LCs,
Wiy 0.113 wag 0.106% Muanu

UBNIINTINTIBUNSANBIDY Soonwera and Sittichok (2020) WU INSHANTY
sewhsihifuneussmenglaitiu 5% fuinsuneussmegaausta 5% liuaadugniu oy
fnavibidafuizgsanetu gaaneaiu wazwuasiutudauwazaig 100% wasilan KTy,
Wity 1.4-3.4 wift lusnsfihduveusssenyladtiiu 5% wasifuneussmeyaduia
5% TraviliisiuTouuants 3 ¥ie daunazay 59.5 - 87.3% AudIiU wazn1sAnyIves
Aungtikun and Soonwera (2021) s1gUIINsHENiusERI T ueNsE e UL LN A
2.5% futuneyszneeuLEIu 2.5% (C. cassia) Tinawasugns fulunisidadaduse
geaneUunazesaInaIy iligsiafuiuaauuase 100% tnefiAl KTs, 551309 1.8 - 2.1
unit Tuvnzfithifunenssmeeumema 5% wasihifumensseauisedu 5% fuariligash
FiuTeite 2 il daulaza1y 90.4-92.6% MNUEIU $7T9N15AAYIVEY Aungtikun et al.
(2021) MeNUINAIHENTUSEWITNT uenssvEldenn 0.5% U eeranial 0.5% linaesy
gnifulunsmdadufutonariutu Suavhliusasiutuaauuazate 100% lnadian
KTae WU 4.0 W1t wagiiAn Loy Wiy 6.0 Wil aidisu TuvasiivsumenssmeTedn
19 fuszavsamlunmsmdadadiatouastuduldfifiss 6% daumssafugositunes
sengnglasUIUL 0.5% AU alpha-pinene 0.5%, drsfunenszivesuning 0.5% AU trans-
anethole 0.5% Wag trans-anethole 0.5% U alpha-pinene 0.5% Iﬁwalma%qwéﬁjﬂu
AsaRsiL TaLuasTuT W agslsinuaInnsfnyives Balboné et al. (2022) $18371U77
nssufuvestnduveussengladven (C. nardus) futhiureuszmeussdn (Ocimum
americanum) 89518214 90:10 AL duTu 1% TuaiasugvdiulunsidadauduTe
gafuUaes (Anopheles gambiae) il i i oy sfula osaauuazme 100% 4 silan LCs
Wity 0.22% luvauziidsuneusssiengladnen 1% uazinduneusseuaedn 1% fuar
Tiduauipgsiuldesaauuazmeszniig 6.38-86.36% ae19lsNnuaIns1e9uves Baker et
al. (2023) WM sTufusEnineans methomyl fu carvone Tnaiadugitulunisiida
fustuiegsaetiu dravilidudivgeaetume 83.3% ndsnsmaass 24 9las luvasy
fians carvone fnavilvisufiutogeanethume 57.5% sausisn1sAnyives Nwanade et al.
(2022) T1897uIINSHANTURIES benzyl benzoate U cinnamaldehyde TnaiaSugms

[y

4‘ o w W 1 v @ o < . . .
AUNRUNISANIRMBaULaL AN IBYBAY (Haemaphysalis longicornis)
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A5115ALHUU

3.1 nswssugunsallun1saniuanuidey

3.1.1 aunsalnldlunismnzidesgsaetuluiesujianisweldlunimaaag

(mwﬁ 3.1 @)

1) dedmanadin vue 50 &ns (1w 3.1 )
2) napmAERNE M UGB egnU ezl YUm 18x27x 10 lWURIMS (Wil 3.1 )

3) 9sd M UA BsgaUesaredaw: o1 sUanval alusiu 38% (OPTIMUM®)

4) fRENANERN WWINFURTLANINA HBUFALNT 89 3.5 WURALINT (NN 3.1 9)
5) NTUALIUNAT YUIA 30x30x30 LYUFUAT (11971 3.1 )

6) e mSUABIA ATy saeUw YUl ity 5% + multivitamin

AVLILTY 2% (N7 3.1 )

3.1.2 q‘tJnszﬂum'ﬂﬁtﬁaﬂqﬁmEJﬁ"NLLUULﬁEJaJ (Membrane feeding technique)

1) @l (1wi 3.2 )

2) Lﬂ%aaﬂauqmqmmﬁmeuuau (Circulating water bath)(nwil 3.2 %)

3) nseiizin (Glass feeding) Gummé’whu@uéﬂaw 3.5 uAms (il 3.2 A)
1) @87 (Rubber tube) (AWl 3.2 9)

5) ideauyws (1wl 3.2 9)

6) vaeAgALaen (Dropper) YUIA 4.6 LYUALLAT (il 3.2 2)

3.1.3 aunsailun19nslugeangdnu

1) dUsdannaasIy (Mnd 3.3 n)
2) N5EMENTDY (Whatman wos 1%) 9un 6x15 wuiuns (nwd 3.3 2)

3) QUNANERN ?JU’W]L%UBJ’M@JU'E%@N 9 L YURLLAT G\ 3.5 URLIAT (ﬂ’]‘Wﬁ 33 a)

3.1.4 gunsalnldlunismienindiussmeainianazasasausenaunaniiunun gl

N1INNADI

1) drusiAnaaesy (M 3.4 n)

2) tween 60 (RHEODOL TW — S120V®) (1wl 3.4 %)
3) \A3eUEIE1s (Vortex Mixer Genie®2) (nwil 3.4 p)
8) Yfuveuszvedundnd (1wl 3.4 9)

5) dnfuveusemenzlastiu (N 3.4 9)
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6) thifuveNsEEaUEWA (T 3.4 2)
7) @13 alpha-pinene (AWl 3.4 %)
8) @13 geranial (n il 3.4 )
9) @13 trans-cinnamaldehyde (T 3.4 01
3.1.5 gunsalfildlunsvageuuszans nmussiiunesssvennivnaui uans
asdusznauvn damstlasiufndngninde 4 uasialsisvasysmetiu uasAnunanadudiv
foanwaENTugULATEITINe Vet sane Uy
1) fewanain sumdUuALINans 9 WwURAS e 3.5 lwURAT (W7l 3.5 )
2) viaanan (Dropper) (i 3.5 %)
3) fentg WA 1515 LeuRluns (1wil 3.5 a)
4) WnRMFue (1w 3.5 9)
5) thusIAINAAEIL (Wil 3.5 9)
3.1.6 gunsaiiildlunismadautszAvsaiwvasiniuvenszineaniivwauiueas
29AUTENBUNAN Han1saauLazNITNNEYasA AN TaINATiBgsae i
1) Lﬂ%@ﬂ@mLLmaq (Aspirator) (n#1fi 3.6 )
2) n3EAENIe8 (Whatman 1Wes 1%) wu1m 11.5x15 Wwufiimng (il 3.6 1)
3) wanegdayu WHO Standard Susceptibility Test Kit (T 3.6 A)
3.1.7 gunsaliildlunimadeuiszdninmvssirsiunsussavsaniivnauiuans
ashUsznaUNEN dan1sdudanisiinlyvasgsanethu
1) lveeanetinu (Ae. aegypti) 87g 5 Yu (awil 3.8 n)
2) idestiusuu (nwil 3.7 9)
3). HsIENARETY (Wil 3.7 )
4) dhemanafin vnadUTUAUENAs 9 lIURIAS g 35 WURLIAS (1Ml 3.7 9)
5) ndedawaste (NKON®, Type 102) (1wl 3.7 1)
3.1.8 gunsaliildlunisnegaulszAviawvesiniuneussiveiniivwauiuans
asfusznoundn den1sdudanisnalivasiuiniomaiogsanetiu
1) NSUFBINLAT TUIA 30x30x30 LHURILAT (ATl 3.8 1)
2) dewanain WNAEENUALINANT 9 WURALAT g9 3.5 lwuRBmS (1N 3.8 2)
3) N3EAWNTBY (Whatman e 1%) 1unn 6x15 wufians (il 3.8 o)
4) TulasTiast (FNNPIPETTE® F2) (il 3.8 9)
5) drewanaRndmsuldi vy suaduriuguEna 4 wuRies g 25 isufes

(mwﬁ 3.8 9)
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6) WIMITUANULVUTY 5% + multivitamin ANULINTY 2% (AN 3.8 2)
7) WUSIENNAFBIU (NN 3.8 %)

3.1.9 aswiidaameiilddussnisnaassuieudiou (positive control)
1. 1% (w/w) temephos (M51839l8-1%) (1wl 3.9 n)

2. 1% (W/v) alpha-cypermethrin (Ansess 10°) (Wil 3.9 )

10 \BURNN3

-
)
ot
e}
=
=
l
7

5

o

A 3.1 gunsadililunisinigidesesarstiuluesyjiinisineldlunisvaass:
n) dananain vue 50 a5 ¥) naesataRndMIUIAEsgnULaAIlals YUIR 18x27x10

a ° o & 5 o a < a ®
wuAAT A) 9WNsEmTuldesgnungsae i ewnsuanviadlalusiu 38% (OPTIMUM®)
3) HIENAERAN VWIALFURILAUDINAN 9 LYURLIUAT Wazgs 3.5 WURLUAT 2) NTLALIULUAY

a o (Y dy (% @ %3 v go’
YUIN 30x30x30 LHUALAT WA 1) DIMTEMS U Bai AN Togaae Uu: UImanuadny
WUTU 5% + multivitamin AULTUTY 2%
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A 3.2 gunsallunisiiidengsats Unukuuiiiey (Membrane feeding technique):

n) anldny ) iTsmuANgMgiitiuuulu (Circulating water bath) @) nseiU1eul (Glass
feeding) YuNALTUNTUAUINGNE 3.5 LWUALLNT 1) 7188719 (Rubber tube) 1) LHoaNywYd uag

2) naeAgALien (Dropper) WA 4.6 LBUALIAT
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15 L WURALUANS

Und
=
3
(=
b=
(4
\O

9 LGURLUNT

3.5 LGURALIRS

7w 3.3 gunsallumsinalvgeatetnu : n) YUsIARINAGETY V) NSEAIENTEY (Whatman
1wes 1°) Aun 6x15 WURWAT 4aY A) GAENAIERN VLAEUNILALENAT 9 WURLLAT g9

3.5 LGUALLNT
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A —— UNUNDUTELY UNLUNOUTE LY
aglastnu DULIELNA

FuMne

@13 trans- cinnamaldehyde

Al 3.4 gunsadiilglumswlenindussmeaniswasaisesaussnauvannianldlunis
NAaY : N) UIUTIAIINAADTU ©) tween 60 (RHEODOL TW — S120V®) A) LAT0LUENE1T
(Vortex Mixer Genie® 2) ¢) Unsiunaussingduntng 9) UisdureussiienylasUiu a) Wiy

WOUTLNYBULTLLNA %) @13 alpha-pinene %) @13 geranial Wag &) @13 trans-cinnamaldehyde



31

FUALINT

LYUALLRS

k)
)

15 LWURALNAT

15 \URLUAT

awil 3.5 gunsalildlunisvaasulszansnmvesindureuszivenin fenaufuas
peAUsENOUNAN Giamiﬂaqﬁ’uﬁﬁmmquﬁa 4 wazsililaregemnetiy warAnwIAIY
Juiivaadnwaensduginuaza3 sine1vegiaietau : n) G2ewandain vunduniy
AUENANN 9 LBURLINT g4 3.5 Ll9uAling ¥) vaenge (Dropper) A) {AA1e 15x15 lURLiAS

3) YIRNIAULIAN kay ) WIUSIAINNARDSUY
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11.5 LURLUAT

U—o
&
3
=
=
g
LN
i

o & al a a lol C% A Y
Awd 3.6 aunsalnldlunisvaaeudssdnsnmvesdiuneussimeanNynaufvans
aarUsENoUmEan AonIsdaURAYNIIANEVRIRAANTBNATEEIR18UY | N) LASDIRALUAY
(Aspirator) ) A5EA1¥NTEY (Whatman w3 1°) 3uin 11.5x15 [Wufiliing wag A) Yanaaey

WHO Standard Susceptibility Test Kit
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9 LYURALUAT

3.5 LgURUNT

A 3.7 gunsalfildlunisnegeudsvdnsamvesindunanssime i onauiuans
aeAUsENaUnan demsdudinisiinluresgsaiednu : n) lWesanedi 2) wseatuduau
A) 1UI1ANARDTY 1) HIENAIEAN VWIALAURIUANINGI 9 LOURAWAT &9 3.5 LwuRLUnS

uag 2) naovE3le (NIKON®, Type 102)
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a il 3.8 gunsaiildlunisvnasuUsrans nmwesinsfunouseineanfionaufuans
asfUsznaundn sensdiudamsnidldvesifutameadogsanetin « n) nsndsauuas 1unn
30x30x30 LwURLIAT ¥) AITNAERN VUIPLEURIUAUINAIS 9 LTURLAS g9 3.5 LURIIAT
M) N58ATBNT8Y (Whatman o35 1%) wum 6x15 wufuns 9 lulastidad (FNNPIPETTE®
F2) 9) faewanadndmiulduma YUINLF U UAUINAN 4 LUTUAT 89 2.5 LURLUAT

Q) UIIUANUINTUE 5% + multivitamin AUTNTY 2% wag o) UNUsIAINNAasu

Awf 3.9 ansiadidaasiginliiuaisnisnaassuseuifisu (positive control) : n) 1%

(w/w) temephos (M5183918-1%) wag v) 1% (W) alpha-cypermethrin (Ansaes 10°)
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3.2 Fnsaniiueu
3.2.1. mawzdsegearstulufesfifninieldlunmanss

Sun1sinzid Bsgsanetiu (Aedes aegypti (Linn) Aivesufufinisfiginen
#e3 D313/1 Fu 3 erPdnmnms metvunalulaBnisudni Auzmaluladnainuns
andumaluladwszaoundndinummsaanszds lwamanseds ngawmamnuas danely
enfoRmfigamnd 2527 evmnieaidea wageududusing 70-80% lasfdunounindss
gaanetin (nwdl 3.10) dadl

n) mawnihldlunaidesgs Tnenmaiuiussuiasidludainaadin aun
50 ns wadaliUszana 2-3 fu itelVinaeiusswgeenulsivun ndunisinEum 2 303
161'ﬂa'aawmaam%’m%’m??mgmquamaﬁm YA 27x18.5%10 WU wddlvesaednu
wiadlulundeadssys ndsnudldgdluudrussann 1-2 $2lus geaitneanainldundy
amin ndsntulssnn 2 $u Swhnsusngninldndonissesszann 250 fsondes

v) srergnun desdsoUainiiagin OPTIMUM® fusity 38% gminiei 1 uas
anided 2 agliormsludaaddssna 1 e dwiugniniofl 3 uazguhtedl 4 sl
pwnslutaad Yszanm 2 din gmingaanethuasliinalumassyduladualiossunn
7-10 U

A) seozialis 1ussegilifimsueims wgldmasnga (droppen aadliis
1y 250 7 ldlugienarafnuunaiusiugudnans 9 wuAmmg g9 3.5 WuRuns laeidy
ihadluusaina 100 88305 vdmnduhdenarainlUldilunsafesgsung 30x30x30
WURLUAS tagniely 1 ﬂi%?ﬁquwzﬁﬁﬂmmzmm 2,500 7 mmf?u’[,%’rfhsuwuﬁsumm
50x150%0.5 teufiuns fguiuneauduuurasnsaitedumsliaatuudgsiauiuty
Fagliadddsveznatlunisaenasuyssann 2 Ju Susasaydulaludududute

9) swseiufinde lussogddutsarliomsdasdmiuaududu 5% +

Y

multivitamin AERTY 2 % Tasagimsiudsulivaundu lunsudesgeasiiaadaiy

[y

(el

1

weilauszaas 1,000 Aasense Wedafuientgussunn 5-7 Tu gednfnienaniug

ol

o w = Y a A A o a = a 1a¢ o Y a
dmsvganadgazaesiuifoniiiailusiuainidenunldlunisndnledsazinisiveg siu
AoaLuULiEy (Membrane feeding method) mu35n15ves gua gl (2559) lawldifen
sa vo ¢ =2 ay o &
wywdnlasuanueyaTIERanan MIalng Fealltunoudail

i U ¥

1) Ansdsaldvyuun 9x9 wuRwng wanhwdsdldnyidaudsluugiiie
anendeeanliaren nasnuuAwlundsaldnylvifwdnseuuunselziil (glass
feeder) uagSavtisendlviuiy antunsiaasugindsessuintuvselyl vnnnuilisesTuinuu

sty ivhnsdeundsaldnygulmineudhldldlumsliben (awi 3.11 n)
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2) WisATesAUANENMYILULLIY (Circulating water bath) 7ifiussy
aeneluudasorsenadfunszzsuifivionly udmndudaededliilnadounely
i Tnessgungiilii 37 ssnwadoa (nwdl 3.11 2)

3) thyansuiizuiafmisulfiZeudesudamnnnalisuuunssgaiides
wadisoganelu Ggunmdodoshnisenatmuogietes 12 Falus TnglidFguiuddn
UsiAnAaeTuLNY

4) livaengaidion (dropper) gaidanldatlunssidizund Useua 2 1adans
TngldnalunsTvgsfudeauulszanm 60 wiil Weasunaidsnennszilzuiieonain
m%laammmqmmﬁuwﬁnu udathnszizailuurluthensnnde (Clorox 10%) Wunan
30 W#t ndsniuddlifarenn udthnsziheuiidiuieiigamgiines (Mmil 3.11 e)

3.2.2 fumsuniaeisutasdmdunslivegeatstu

N) WILUNENAEANVWINLEULUARINGND 9 LYURLIAT 9 3.5 LYURLIAT U7
FutUnnaaeIn UTuns 100 fadans anifuthnsza1enses Whatman No.1 ® u1n
6x15 guiiuns fuadluiuasiidauesnsemuiiagmiioftlitiosndt 2 wufiuns el
fedensnslivesganet i vdnnduthdedinseulilalunsafesgeuun 30x30x30
wuRas AdgsanetummilenlsfunssaiusiasiudonSouiooud ddldszoznanlv
gaanethunsldussann 5 fu tuaniuilvgaiuden (mwi 3.12 n)

1) mstivinwldgsaetn Wegsnsliasumuszeznariidmuauds azh
nszmwnIesfigansliGeuosudiesninisanliwisnionmaiivies Ussana 3-5 Ju nsnels
yosgsateduldannsadlilldliaeviuil Sndudeddszaznalumsimussezioouli
3giulnfuiineudiaziinoonuudugnunydld Satununseasligsanstuiulaly
genanadniivaniinuiy uaziivldnasswanadndesliadnifiedesiunsviansusuua
¥iindu egnalsfinumngsdiviinaiinnismedaivlihnmeassely (rmd 3.12 %)

3.23 nswissuihdussmenfiruazaisesdusznaundniinanldlunisuaaas

Wi runldlun1s@nwnd 3 ada tawn Sund e (Myrstica fragrant Houtt)
pzlas U (Cymbopogon citratus (DC.) Stapf) wagauemnd (Cinnamomum verum J.Pres\)
waza1999AUIENaUNan Llawn alpha-pinene, geranial Wag trans-cinnamaldehyde 195U
ATWEWATIETINTesURTRNRn Ve D313/1 du 3 o1mdeanns nedtelulad
N1sHAANY Anzalulagnisinens aa1dumaluladnszaeunatanAunmsaIanseds
ngamaIMIUAs ntuthinuuenudutulassauiutian wag tween 60 (RHEODOL

TW-5120v®) Tusnsraueig ¢ fall
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Fdweaeen 1 Usznausie diduronszinedunilne 2 1a88n3 + alpha-pinene 1 1adans

NENAU tween 60 3.5 Hadans wazidan 93.5 ladans
g 2 Usznaumie dndureussivedumive 2 daaans + geranial 1 Jadans wauiu

tween 60 3.5 Laaans kay Ulal 93.5 Uaaans
a a 9 Y ) ¢ a aa .
A99Pa09N 3 UT¥Nauniy UILUNUILAEIUNUWMA 2 Uadans + trans-cinnamaldehyde

1 18805 NAUNU tween 60 3.5 Uaaans wazuuan 93.5 1adans
A0a999 4

Usznaume ddureussienzlaiiiu 2 1addns + alpha-pinene 1 ladans
NaEuiU tween 60 3.5 1addnT Wag WUan 93.5 ladans
dwnaee 5 Useneuniy Wsiuvenseivenglastnu 2 Jadans + geranial 1 Jadans weuiu

tween 60 3.5 iadans waztnddn 93.5 Jaaans
Anaesdl 6 Ussneusie Wisunenstmenyladdiu 2 adans+ trans-cinnamaldehyde
1 fladans HaufU tween 60 3.5 Tadans waztulan 93.5 fadans
Ameaadil 7 Ussneusae dnunesssesuema 2 dadans+ alpha-pinene 1 1adan3
NealTU tween 60 3.5 iadans uaziwan 93.5 Jadans
Avnaedil 8 Uszneudie tifurensuesUwEmA 2 aaans + geranial 1 Ha8aAT NANAY
tweens0 3.5 Jadans uaztiuldl 93.5 adans
Amnaedil 9 Uszneudie tsfureusEmeauweng 2 aaans + trans-cinnamaldehyde

1 11A53895 NAUNU tween 60 3.5 Jaaans + Yuan 93.5 1aaans
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n. wudUsIeaIneaeiu 2 dns ldlunaes
N9 YU 27x18.5x10 bUALUAT
wtlgsmetuwdadlungas vty

1 5u ligeanetuagilnilugnunieq 1

v. usngninte 2 lalundeaunizidvays
U 250 A/na s wdlie1nisvan
gsUa1ilawin OPTIMUM ® i nasann
1 7-10 Yu g Fssiannissgdulndui
Tadg

. Lﬁalﬂuéfﬂmwﬁmaamam (dropper) $1
Taly 977w 250 fa/dne waziluldlilunss
Lf?i”maqq YUIN 30x30x30 LWUALLAT N3O
i lF U manu 5% + multivitamin A3

WuTY 2% tieduensvasdiu e

3. WNWUIMNULININNTUA B89 LV Bl
gaaneUenimun eunslilieng aiu
L@BALUUIIEH (membrane feeding method)

wewiseslesaetialy

A 3.10 Fumeunisinsidesgsaetuluiosufuing (n-9)
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n. hldvyluudihagenaiiomaniseentv
v NUA U uNdsa ldvy Ide udn
Unldmaseuuunsziuizuna (glass feeder)

NUUSTANTIe19 ALY

9. m%‘amﬂ?awnuqumumu 1a18819
sedfunseisuimeeamnsing-oen
i el anunsana old sanseiUzuA
Fuuen Mntudeedediinnslvaiouves
ineluindes Tnsgaunniivesneyd 37

DIANALT YA

A, dganszdagniafnsenlinn1auunss
geaneiunyinIsentvITuLad 9 nuuly
& A a aa
naeagALien gadenussunn 1 Jaddns
lalunsziurzwna tngldnuldenuny 30-40

U7

and 3.11 Yuasunisvigaiufenuuuiied (Membrane feeding method) (n-A)
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n. nasngIateviuiudonasaundn
1-2 TU 8RS 8UAWNAARNVUIALEUNIU
AUENAY 9 LYUFRLUAT 89 3.5 LYURALUAT W
ButhusiAnaaesy USunns 100 Sadans
91T uYINTEA1EN589 Whatman No.1®
YU 6x28.5 LYUALUANT ﬁ;'uaﬂmffu,l,azﬁ
dauvesnseaiiogwidefinildtiosnd
2 wudiuns lalunsad g sruin

30%x30x30 Lgufuns ioligsaigdumne

el

U, 4INTEAI8NT097 897191915 UTaauAn
sanudsauliuisigungiivies Ussun
3-5 U nduinuEunsEalvg e Uy
=3 I A aa = 1 [ !
wnuldaluganatainnUaninuiy waziiuld

nasanaasnUnelatin

AN 3.12 Funpunswseuiudniuineligaiedin (n-)
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324 nsvadeulsEAnsnwvesisiuneusssnRYkauiUa1TaeAUsENOUNAN
semstlasiudidngnine 4 uazdalisvasgsaretu uasdnwanuduiviodugiu
waraITINY1vasEIANEUIU

AN UNITNAADIR 2875115 Dipping bioassay n 11350159949 Phukerd and
Soonwera (2013) lag39uKNUN1TNARBIRUUELANYTA] (Completely Randomized Design:
CRD) il 11 Asmpaes luudazAmaaowi 5 91 udazwenaaeddgninfy 4 niedls
gaanety $1uau 25 fadedaenaaes (1) tnefinmmeaesuTeuliisuifu 3.5% tween 60
U negative control uay 1% (w/w) temephos M51837le-1%) 18U positive control gl
Funoudil (nnil 3.13)

N) W3LUNILNARDWUIALFUKIUAUEINA 9 LYURUAT g9 3.5 LWURLAT UAUFY

(%
o

g N =) 2 a aa ! b 3 v %
WNUTIMNAREIY Usuns 99 Taddnsdadiag anuulivasnga (dropper) ananingsle 4

9

(%
o w

WsaMliawegmutu 911U 25 i1 adluusiasiiennass wazldeslatundventiuvey
semeudaeyin Usua 1 10805 adluusiaediennass

) N FUUNNHAVNEIN1TNAADS ImaﬁuﬁwmumimEJGuaqquﬁs 4 fnan 1, 5,
10, 15, 30 U1t 1 Falag, 2 214, 6 F21a9 way 24 Halue wazusnumsAneosialale
an 1, 5,10, 15,30 Wil 1 47139, 2 42109, 6 93lue, 24 Falue uae 48 Falue FaTnaeinig
Usgiliunismenesgninie 4 wngiliwesgsanad e lifinisedeulmvieassvuiuity
Ardwesgningsvdedalis suisfnwarmnduiveesiduvonsse infignaufuans
osfUsenouvdnuaayyiln Alnadedaguiazaisinewesgninis 4 uazdliswesgians

[

1 udasuunnsiadis audsniTues Soonwera et al. (2022a) fsil

- Normal Larvae (NL) fia &nwaugnsmeuuudnivesgningsaiediu flsifng
L‘LJ?iwuﬂawwé’mgmuaza%ﬁwm (At 3.14)

- Deformed Larvae (DL) e dnwiugnsnievasgmingsarsduuuuiinung il
annsaasuuiassusisluduiliiddogiseuysal (nni 3.15)

- Deformed Larval-Pupal Intermediate (LP) @ ﬁﬂwmzmimmmqﬂfﬂqqma
Srunuuiiaund Tneudnudiuivesgmingsaietuiaung liausadsuniasdneay
yednuguuazaisinewesgmingaanethuluduilivdauysal (md 3.16)

- White Pupa (WP) fia dnwaizmisaefiinundvesdaliageanetiu lasdin
Uinamilsdiaiidviieon sniudumiiund (mwdl 3.17)

- Dead Normal Brown Pupa (BP) A9 dnwagn13a1883iiliegqigdiuiuy

Unit NliinsdsunUasdnyasmedugunazassingl (0w 3.18)
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- Deformed Pupa (DP) Al dnwauziinundvesililsgsmethudidiuinveslng
AdEdILTI94 (Elephantoid) (nwdi 3.19)

- Adult Attached to the Pupal Stage (PA) A® aN¥UENITAIBULUURAUNAUDS
yosiuiniogsanethunisualiauysal (amil 3.20)

- Deformed Adult (DA) A d@nwaugnsmediinunfvesiufuiogsatstunuy
AaUnA Tnasaligsanetuanysal uidhuielidnvauznedugiusasaisinenldauysel
1 & mueuasdnlilauysdl Tnna uaslindaden (nndl 3.21)

- Normal Adult (NA) fia dnwauznismievessiufuivesaistiuiung lneiignun

1 Y

anunsoimw i uiilie wagdaudnieagnsanysal (nnd 3.22)

n19AIsideyaais

N5 1zRTanani1sanRagldlusknsy SPSS (version 25) @93LAS1EMMALRAY

U

4

Sovarnamevasgninied 4 uazdalisesanetiu diadsfesarnsdussnisimuniiiaund
vosgnunted 4 falils uazdafulogemethuteurnzaINaaeY LALNARBUAIILLANGIS
nadfvesrnadedieds Dancan’s Multiple Range Test (DMRT)

WATIERAT LT, (50% Lethal Time) : nm‘mé’ﬂmsmamﬁﬁﬂﬁqmﬁﬁaﬁ 4 uay

Alesa1eUIUAeRIInie (50%) MedT Probit analysis



9 LHURLUAT

3.5 [URALLAT

anily 4

ani1iy 4

vy

>
[
el
Aralals
oy
Es - ]
5
P

N. IW3HUNIENAFBUIUIALFURNUAUG NGNS
9 LYUALUAT §9 3.5 LOUALUAT waLAND
Usinaaeu Muay 99 ladans

¥ insugaaInnassuaazyie vllnag

1 123305 astutenadau

1
o w

A. linaenganaladin (dropper) gaantts
4 v3edaldegaateviu 31w 25 @9 ldly

eNAaU

3. Mnstufinuasnsnisvasgninfe 4
g9a1gUU NaINIINAR8e 1, 5, 10, 15, 30
urit 1 9alus, 2 $alue, 6 Talus way 24
Falas dwduialsgearetutuiinnands
MsvAaes 1, 5,10, 15, 30 Uit 1 $9lu,

2 $al319, 6 4alua, 24 2l wag 48 Falas

9. USINTNARY 24, 48 Uaz 72 Falug v
nsTuunnIsRaRvreuifuveu e
Mnivvedidayasinaouiinasedaug
waraisine1vesgnin flds uazdaufute

gaane U

AN 3.13 TUNBUNITNAZBUUSEEANT N INVDIU 1T UNBUTLLNYINNNYNAUA VAT

2eAUTENOUNANTBIASUARzn fan13Mdngnun e 4 uazddlaesanetiu fae

75M1534 (Dipping bicassay) (n-1)
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AN 3.14 anwarn1sANEWUU Normal Larvae (NL) A8 anwaignisanewuuund tagliiinng

wWaguuUamedugiusazassivel (n-n)

1 mm

T

1 mm

A

R

1 mm

A 3.15 Snuarn1IMN8LUU Deformed Larvae (DL) A® §Nuagn15M189099nUILhUY

AnunAnldanunsadeuwdasgusnlyduilildegsauysal (n-)
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R

= ‘ i D 3

AN 3.16 dnwurn19M18LUU Deformed Larval-Pupal Intermediate (LP) A9 dnwauznIs
MevesgnUigmIstINkuLAaUNA tnguSnaduiivesgniigsatediuiaung lianunse

WasuwdasdnuasnivduguiasassingvesgninesaeUiuluidudldaldauysal (n-9)

] — || 174

AT 3.17 8N¥ENIIANEWUY White Pupa (WP) A9 dnwaignisaieiiaunavessialus lay

v a

ARIUINAUNTIASTFU RN AUEIUMAUNR (1-)

e T

N e U —_—=

AN 3.18 dnwaurn15MN8uLUU Dead Normal Brown Pupa (BP) fig §nwuzn10n8v896

Tlwuuund NliinsiUasuslasdnuaznisdugiusasassingl (n-v)
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I mm 1 mm
« D
3
— AN ==
1 mm '1 mm Q

A 3.19 dnuaznIINERUL Deformed Pupa (DP) Aa dnwuginunfveswiilisegaany

Unundunesglng Adieduide (Elephantoid) (n-9)

GLW U fiom u

1mm
—

Al 3.20 dnwarn15M1BLUU Adult Attached to the Pupal Stage (PA) fio §nwaiznis

a a v & o v Aa ' ' ¢
m']EJLLUUN@Iﬂﬂmm@ﬂﬁﬂ@flﬁnLG]@J’JQQQaqﬂUqumuzﬂﬁqQ‘lﬂJaﬂJU‘ﬁm (N-2)
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il

1mm U

AN 3.21 §nuzn1sAeLUU Deformed Adult (DA) A dnwaznIsaeNtaUunAuaI@LHL

[ v

peeaneUunuuRaUng tnadaldgsatevnuanysal wadufuieidnvaenedugiunag

assimenlianysal loun 8167 minawazlnldauysal Unna wasUndaden (n-v)

f amowd| jJ —

Al 3.22 dnvaizn1saneRuy Normal Adult (NA) Aa dnwasnisaieesiafuisgas

Uuiung tnenignianunsataunluidudalis wasdnnivessauysal (n-1)
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3.2.5 nMaasauszAnsnwvesiniuvenssmeaniivnaniussasdusznaundn

fan1saauLasN1ANeYaIRdadBmAlisgsanetnu

AT UN1INAaIR 1875 Contact method M7 §v84 Cotchakaew and
Soonwera (2019) kag World Health Organization (2018) IA8319MHUNITNARDILUUEY
auysal (CRD) &1 11 Awnaes luusiazAmaaaai 5 61 uwiagnionisvaaaddiadiue
gaarediunadoTiuau 25 danenszuen (£1) lasdnisnaasudiouiieuty
3.5% tween 60 10 negative control way 1% (W) alpha- cypermethrin (Ansoes10®)
Hu positive control n1snaaasiiiumsnagoumuduiiveesidunenssmenniivua
AuansesdUsznoundn sadaududogatstruwedes lneldyngUunsal WHO Standard
Susceptibility Test Kit fiusznousevasamatainnanvuinduruguénans 4.4 wufluns
3 12.1 wufiuns Uaeviaenvisaesdiu (Un-Ua ¢ Tnedidnuagfundemyusu 2
nszUeN Ao NrUBNINALAY (exposure tube) Bsagltiluvannnaaeuifiel sy Togsane
Urulddudaduarsnadeu Inediganandunsinnulitienszuen diunssuenyndiden
(holding tube) MvJunszueniniuasnewvnisnaaey lnedganandileadidulidig
nsvUan dsdituneuntanaaeudid (nwil 3.23)

n) MASEUNTEATENTBS (Whatman No. 1%) 1A 11.5x15 10ufiuns 391uu
2 Wiy nsgAmNTeKLT 1 yinduluvesnszueniiiendiden (holding tube) Tnefnliuuy
adniunszuen AssTsUniislvnszmunsesuunainiunszuen

¥) dhdsfisgeaetumaile S 25 61 Adslaldfudenldlunszueniil
99dLde7 (holding tube) Wdin1sanszuenmedwdeuda-Un iewnuuasneuriinng
LR

A) dinszaunsesunudl 2 wrnsveatitunenssMe AN aRaufuanS
osfdsznouvdnusiassiin Usina 2 faddns vuusunssanunsesliiaiousiy udadislil
uwisUszann 20 Wi Indnsgarwnsesufndiulureanszuendiiignduas (exposure tube)
TngAnlsiuuvainiunszuen alameamunmufielinseaunseauvainiunsyuon

1) nszueniifignduns (exposure tube) fifnnszawudaludseneudrdndu

a A 1

nilaveenszuaniiiiyndidel (holding tube) uaiviuindedliuiu nudeusvuinlngeg

9 Y
asatunsyuen vnsvaselidufuiegsaretiuueglunssuanfdgaduns (exposure
tube) lvmunuadsinnistanssuanmeiiaou

9) Yaeglimiauivgsanedududatuaismagouwiu 1 9909 vinistuiinua

a'”m']miaausuaaéf';Lﬁﬁaqqmaﬁflmwmﬁa a1 1, 5, 10, 15, 30 kag 60 U REIRINUU

grefuanTogeanetiuneglunseueniifiyndides (holding tube) uaslnridoulviatinue
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08ANTEUBNTNNAFUAY (exposure tube) 88N WAIINEIRYUUIMINUAIUTUTY 5% +
multivitamin AR 2% Luudinnszuendielduomisauasy 24 4alus Ngangiivios
25-27 aeenwaidiva Iwinstuiinianisaievedesatstumede dmsuinueiussiuns

mevaiufuipesaetIufe wasueulls wervsorud wazlivdouln

N153ATIENTRYaN1ENR

mMTiAszideyameaiaarlilusunsu SPSS (version 25) ddiiasesimeaniade
Fovazdnsnisaauuarn1snevesfiuivysarediumallsrousazaIsnageu Las
VAAOUAILLANAIIVIARAYDIARALE87S Dancan’s Multiple Range Test (DMRT)

AATIERAT KTs, (50% Knockdown Time) : ianndanisviaaesiivinlisaiu sy
gaanethumealioaauniands (50%)

ATIERAT LT, (50% Lethal Time) : L’Jamé’qmimamﬁﬁﬂﬁé}’aLﬁu*‘a’aqqma

UruneLlan1ean3avil (50%) Aeds Probit analysis

g9IMUININIINITAAUYDILIANLUIY

It uNaay
x100

9r3INIHaUVRENaI8U1Y (Knockdown Rate) = [ S
JuggUILAYAdEU

g9 UINEATINITAYBENAILUIY

UGB UIUNY
x100

8n3INIMeVBeEaIe U (Mortality Rate) = [ o
FUIULIAYUVIUNNATBU

mﬂﬁfuﬁﬁayjaé’mﬁmimamLLUaNamuLmeamﬁmsamﬁsﬂaﬂ (World Health

Organization, 2018) #4il

(v LY =3 [ v =1 1 = =

IMINNNTAIYVBIAIANTULABUILNALEETLEIIN 98 — 100% e @15d
anuduiiviodifuivgsaedhuwadelussiuas (S; Susceptible)

é’mwmsmaﬁuaaé’hLﬁaﬁasgqmaﬁml,wmﬁmwdw 80 — 97% MUY @THAIY
Lﬁuﬁwia&hLé:u%fas;amaﬁmmﬂLﬁﬂiuizéﬁ’wmﬂmﬂ (PR; Possible Resistant)

[ Y @ [ v a ° 1 =2 = I~

9NIINTAEVRIR AN TEgIa18U Nl gFINI1 80% e d1silaadu

a 1 Y] [ v = [ ° = 1 2/ = .
W‘HG]EJGYJLWLI'JEJE‘JqflﬁqEJ‘U'TL!L‘WFiLNSIUiS@I‘UG]Wiﬁi@@@mqua’ﬁmm (R; Resistant)
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A, M38UNTEAIYNTBY Whatman was 1®

YUIA 11.5x15 QURLLAT TIUIU 2 LHY

15 Lwudung

11.5 Lusilumg

. dinszarnseauiui 1 ydadiuly
nsrUeNNaIainyndLded (holding tube)
wazfAnTogsare U unedisony 3-5
Tu 31y 25 M ldlunszuennanainyad

= < LY
WU UN I UDNNALUAS

A, AIMSUNTLATYNTDILAEUN 2 UIU19EA

AN5719a09AaTYNA USUNal 2 1aaanT wan

Wldyindulurenszuanduns (exposure

tube)

z 3. nsEUanNINyndLns (exposure tube)

‘?‘ i a 1% v v ¢
v NAnNTEAuLa1lUUTENBULT1DNAUNTI
9 - , v
(L Y8INT2UBNTININGEYT (holding tube) UA7
., vyunde ity
e A \W

WHO Standard Susceptibility Test Kit

AN 3.23 TUABUNITNAFBUUSLANS NINVBIUNT UNDUTELNYINNNYNAUA VAT

avdUszneundnusazyiin AonsaaukaznIneefLivesae Uy fae35nns

Ly

Jund (Contact method) (n-9)
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3. Whwelenszueniuny iieuaesliish
Wudegsanedunalisannszuendiden
ludanszuenduadyivun waidaiinisia
nszuensend sulaelvduduiogsae

UuduRaEaIsuIn 1 9akud

2. vhnstuiindwiuiauiogsaietiui
dauusaznIzUeNA@eUIa 1, 5, 10, 15,

30 ke 60 U7

¥, oAy 60 Wi (1 F9lus) Fnsdesa
Windpesaretuwadenduandinsyuenys
80 Vanszuendnoridey antuansdd
guumaruamdudu 5% 1 uuu
NILUBNFLTYY LaLyinNISUUNNNITAIE N

A1SNAABY 24 9ILU9

AN 3.23 (M8) TUNBUNISNAZDUUTEENT A INVBIUIT U DU LR INNTNANA VAT

avdUszneunanusavyin fonsaaukaznInneeBhlibaIae ey 2835013

LY

dund (Contact method) (n-%)
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3.2.6 nMaageulsEAnBnWvasihdunenseNRYHANTUA IR UsENOUAN
san1ssudanisiinldvasgsanetiu

AL UNIINAABIR2875n1918A (Topical method) AnLUaININTTN19V0Y
Cotchakaew and Soonwera (2019) Tagnsnaunumsmaassiuvduauysal (CRD) 1 11 &g
naaes luusazdmaaeh 5 41 udazmenaaeddlivesgiaretiu 01y 5 u S1uaulal
oun31 25 Wlos dodaenaans (41) lasdin1sveaeuuseuifioudy 3.5% tween 6015y
negative control Wag 1% (W/w) temephos (N5183W1a-1%) W positive control RN
Tunsudsil (nmdl 3.20)

N) W3LUNIWNAGBI VUILTURIUAUINANS 9 LIURALUAT 89 3.5 LYURALUAT UWaLAY
thansenaneiu Ui 99 Sadansrefiennass mntuldeelsliundveminsumey
semeignanivansesdusenaunanudazeiln Usuiu 1 faddns adluwiasiienaaeu

%) IN13ngnany ettt tiunnrleinelindesanssduuuames
19 (Nikon®, Type 102) mmfwmsziqamaﬁwuldiuﬁaawﬂaau

A) i stufinmanisiinlivesysanethu udemsnaaes 1 uaz 2 Yu feia3es
ffudnu (counter) Intfutuiinuagirdieyalumsasnsdudanistinle (nhibition Rate)

N1TIATIENURYAN1IANR

nTasiveyanwataagldlusunsu SPSS (version 25) Fnsinaadey
fopznstiudansiinlauosuiayansnagey waTNnae UANALANANM1SAaRve AR Y
75 Dancan’s Multiple Range Test (DMRT)

ATILAAT LTs (50% Lethal Time) : namdInInnassfinnasenistudinis

finlyvesesangtnu ¢ag7s Probit analysis

gusAwIuensINsdudinisiinluvesy et

y e : Fruladilidin
ansn1sdudanisfinla (Inhibition Rate) = |———=—— x100
Punliviaun
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A, WS8UNWBNAABY bAANUILUEN
Us1A91nAae5u USu1al 99 Tadansne
A18NAADY NUUNLARNTNAADULG AL

FUn Usuned 1 Hadans

U, asaaNanysalveslvyateviu
918 5 11 Melindesganssmiiuuane
578 (NIKON®, Type 102) 7 a7
auysaldnuau 25 e udnldgeane

Tuldasluorenaaau

A, A9 uwarvunndwulYf luin
2948987180 NFINISNAADY 1 uaz

23U

AT 3.24 TupsuNIsNAaRUUsSEANTA MY BN TUaNSEMEI NN Y NANA VAT
asAUsEneunanuAazylln sion1sdudinisfinlyvesysatediu ae3gnimven

(Topical application) (n-A)



54

3.2.7 nManadeulszAnsnmussifuveussmeanfivnauiuansesdusznaundn
san1susamendlivesiufuiowadogeaatiu

ALTUNTITNAGBINIEITNT Double-choice method M113EN15¥84 Chantawee
and Soonwera (2018) TngnaununsAaosUUdNaNYsal (CRD) I 11 Amnass Tuusazds
eaesh 5 91 uiagmhenaaeddfufutesanmiedau 15 § densmaaeu (61) waed
nsnaasaUseuLiisuiu 3.5% tween 60 U negative control wag 1% (w/w) temephos
(n137le-1%) 1Uu positive control Felldumousall (ndl 3.25)

n) legamailoeny 5-7 Yu lésumsmasiusudavihgsiaudufomedouvau
doauuuiiiey ndmingsfiudenaiauda 1 u ldvaongauuas (aspirator) ageiaiude
wadle S1uam 15 @ Tdlunsmageusuin 30x30x30 wufiuas niouvialidvanuai
st 5% + multivitamin Avwidaty 29% Weldifuemsvosgsindade

1) MNTUATELEBTARBUILIURIUALENA 9 WURLAS 39 3.5 WwuRiums
AU rInAReI U NS 99 Taddnsratnesiuau 2 fhe Taedaeil 1 Teoldtad
veainduvenssme N fivkaniuansasdUsyne undniiunasaiia Ysum 1 Saddns (el
an3) daufedl 2 veasednUseanaaeiu Uunn 1 faddns (aelaidans)

A) ldnsen1wnses Whatman No.1® 4u1a 6x15 tgufituns dmsuligensly a
Tudreiians wardaelufans Inglvnszatunsosdmivindiguadivlutuasfidiuves
nsvawiiegmileAniilidosnd 2 wiufums

9) anduthiefvselildlunsmagey Tnenadeiyumesnsmaaeulufians
pssfiutn Felun1maaes 5 61 uiasdrarnstedasunzdelifasluihwnliinssiuthy
wazligfusumiad

?) WleAsy 3 fu instuiineanisnnass lngihiedasuazdelifarseen
MnnsImadey kdatusuldvesy il luudazdoudazen faeiadesfusiuay
(counter) neldnavsganssAdkuvamasla (NIKON®, Type 102) mﬂﬁ?uﬁﬁaaﬂaﬁgwumm

LABLAISNAADUNIMAZDUAINULANA NN NED R

NTATIETeLAN1NERR
nmaszvideyan1vaifazlilusunsu SPSS (version 25) BEIATIEIMIAINANTS
NSV AR EINAABY W IMARDUANULANANVSERRAAIYIS Paired—sample t-test

AnT1ziAREY IAn1521918 (OAI = Oviposition activity index) #1335n15U94

Chantawee and Soonwera (2018) 941
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[
LY [

sutatan1s19le (OA)

v waulvgsluiiedians —duulvgslumelifians

[y [

fafYInn1snele (Al =

waulvgsluiiedians +3unulvgdumelifians

nadiAn OAI fienagsewing -1 & 1 uwanadsll

A1 OAl Wuuan (+) mneds Swlvlufefansuinniidielifians uansinans
tuinalumsiagasasiuiommiovesgsanethulsiumdly (Attractants)

A1 OAl uau () nunedis Sunulvludiefiansdesnindielifians wanainans
fuinalunstulasufuTomeadevasgsaednlalyingy (Repellents)

A OAl Wuaud (0) vanedis Inulvlumefianswiduiuuliludielidans uans
Tanstulifinalumsiageuasdulagauiutomadovssaedulumaly (Fain)

Tunsdie OANTuLIN uans difuvesssvedauaniRlunsigalvdfute
WALl egaangUunnely FediYeyaundinsisiniAusEansnmnnsag e (Effective

Attractancy, %EA) s Tanadieasgdiunanale

Frwulgedludietans—dwoulvedudelyfians
% EA = x100

ruulveslumeians

Tunsalan OAl Wuay wansin dnlfuneuszimedinaeandflunislalilidiaude
wAlegaateUIun1ely dahdeyaurdmssiniaiussdnsamlunisla (Effective

Repellency, %ER) sufudemeadevasgslilinaely el

Sunlgdudelifians —dhwuldgdlugiedians

%ERzl ]xlOO

Fwaulvgduielifians
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= v & o o A ag va
il WﬁEJﬂJG]'JLWNUQQQaWHUWULWﬂLNUWIVIﬂU

WWoaawa 314U 15 62 tawilulunss
NAADUVUIN 30x30%x30 LYURLUAT

edlans

)
f - iifuveuseive e
- ,g \
\!v

Us1ea1nAaasuUsuInT 99 faaans tneale
7
ANV

/
felsiflans

9. WILUDWNAABUIIUIU 2 TU haduLn

1 ngA@ISNAda UL aLINA USual 1

N

=

ylan

Haaans Wudiefians duded 2 neasie

l ,..,.::V'; j

van Usunes 1 fadans iudaeluians

yagaInUuldnTEA1¥nIee whatman Yu1n
6x15 WURLUNT

A. U107

awseulalunsmeaau Ineng
8

Muvenselufirmensaiudimiu

3. WeAsy 3 U YnsUurinNanIsnaass
Tneduiuanlevesgsinnaliluudazdious

azgn neldndesqanssauuuvanesle

AN 3.25 TUABUNITANWIUSLANS ANV IUITUNBUTLLREAINNANYNAUA VAT
choice method (n-9)

asRUsznounanudazyiin sden1sdudinisidduiiauisgsatstiu dae38n1s Double



unil 4

NaN1INNAD

4.1 wamsAneUsEdns nmwvesidunesszmeaniarss uasesAUssnaunan dens
Hosfutdngminde 4 uasAnunaudufwieduguuassisive e et
NansAaeslumTIT 4.1 wara il 4.1 fe navesunenssea N NaNT UES
D3AUsENaUVAN siomInevasgninte 4 geanetiu nauTngin ifuvesssvBUREmA 2%
+ trans-cinnamaldehyde 1% Winafiiaslumsvnaes sesanfotsuewssmengladtinu 29 +
trans-cinnamaldehyde 1%, YsTunenseouLseLne 2% + geranial 1%, difuvenszive
UWENA 2% + alpha-pinene 1%, Yrshumenssveduime 29 + alpha-pinene 1%, drsfume
suimenzlastnu 2% + geranial 1%, UTUMeLS LB UmImA 2% + geranial 1%, vhsfuvey
SEMBTUNYINA 2% + trans-cinnamaldehyde 1% wavusiunoussenzladsu 29% +
alpha-pinene 1% M13a9U Fanavauifunenssmeainianauiuaisosidsznaundnly
nstlasitufingniinte 4 gesmetu Alskadfianliuauandanisadi (P< 0.05) funaves

WnliuvedssignNsRaivaIsesnUsEneuvaniunismingnitie 4 geanetiulusesiu

$
AN v A

5098931 B3 wazBentuuiastieianiagg
MEMSTABEY 1 Uay 5 uiil wudi WisluvenssmeniisRaLTuasesAUsEnoundnat
9 gms laifinavilvigminte 4 gametiune 0%

WEINTNAADS 10 WT WUF UnTune SUNEOUEWA 2% + geranial 1% Suaviily
meﬁ’a 4 qqmsﬁmmaqﬁqm fo 3.5% sesaunie UiunoustmeTumine 2% +
alpha-pinene 1%, 51ﬁuwamzm8%’umﬁm9ﬁ 2% + geranial 1%, ﬁwﬁwamzma%’uwﬂmv@i
2% + trans-cinnamaldehyde 19%, rtumenssinenzlad iy 2% + alpha-pinene 1%,
vhsfuneuszinenslaginy 29% + geranial 19, Urstunaussimenzladtu 2% + trans-
cinnamaldehyde 1%, UhifunensTIgaULTEINe 2% + alpha-pinene 1% wazvinuve
SEMEBULIELNA 2% + trans-cinnamaldehyde 1% laifinavilvigninie 4 geanethune 0%

WEIN5NAas 15 Uit WU thureNsTIeaUEINe 2% + geranial 1% fwnavinla
meﬁs 4 qqmaﬁmmaqaﬁqm Ao 8.3% 309a9UNADUNTUVBNTEMEOULELNA 2% +
alpha-pinene 1%, dhifumon s auLwEne 2% + trans-cinnamaldehyde 1%, iifume
sEMeTunynA 2% + alpha-pinene 1%, urtuneuszinenslag vy 2% + trans-
cinnamaldehyde 1% finavinligni1¥e 4 ane Wiady 6.8, 6.3, 5.3 uay 5.0% Auady

95U UuneusENeIUNUINA 2% + geranial 1%, UNSTUMONIZIAEIUNUNA 2% + trans-
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cinnamaldehyde 1%, thifuneuszmengladtau 2% + alpha -pinene 1% uaz Wisunew
sememzladting 29 + geranial 1% laifiwavilsigniinte 4 gaanetueme 0%

WEINNTNAADS 30 YT WUT TTUNEUSLIBOULELNA 2% + trans-cinnamaldehyde
1% fuavilsigninte 4 gaanethumegsiian Ae 283% soswandotifuneussveauise
WA 2% + geranial 1%, dsfumenseveSunng 2% + alpha-pinene 1%, Ysfumensme
avladdu 2% + trans-cinnamaldehyde 1%, UnsfumeusELMe D UL ELNA 2% + alpha-
pinene 1%, Yisfuneussivengladnu 2% + geranial 1%, Yifuneussivengladdnu 2% +
alpha-pinene 1% wazthsuvenszmedumime 2% + geranial 1% ﬁmaﬁﬂﬁqﬂfﬁa 4 gne
WINAU 20.3, 16.3, 13.5, 12.8, 7.8, 5.3 1ag 2.8% AIUa16U dvduihiumenss e dunting
2% + trans-cinnamaldehyde 1% lsifiuaviliantiniy 4 gearethume 0%

wdImsnaaes 1 $2lus wudn sdunenssmeauEIA 29 + trans-cinnamaldehyde
1% fwaviligninte 4 geaigthumegiian fio 553% sosaunfetifunousanenglaf
U 2% + trans-cinnamaldehyde 1%, YsmeNs LI ULIEIMA 2% + geranial 1%, ity
NBUIENYBULYELNA 2% + alpha-pinene 1%, ‘13Wﬂu1ﬁamzmaﬁ'umﬁm¢1 2% + alpha-pinene
19%, ThsiumonssmeTunting 2% + geranial 1%, Yshumensewvienglasting 2% + geranial
1%, tifumensumenzlnstiu 2% + alpha-pinene 1% wazisfuneussinedumie 29% +
trans-cinnamaldehyde 1% fiuayilignuiie 4 ane winifu 48.0, 413, 32,5, 30, 16.5, 13.8,
10.8 uay 3.0% MUAINY

WEINSVAADS 2 Falae WU UNSTUNEUSL A DULTELA 2% + trans-cinnamaldehyde
1% fwaviliigninte 4 geanethumegfign Ao 55.3% sesannfetiiuvonsanenslaf
U 2% + trans-cinnamaldehyde 1%, dsfuneusymesuweme 29% + geranial 1%, vt
NOUTLLNEBULYYLNA 2% + alpha-pinene 1%, ﬁﬂﬁuwamzma%wﬁwﬁ 2% + alpha-pinene
19%, ThsfumonsemeTumtine 2% + geranial 1%, Vsumenseivienglastng 29% + geranial
1%, Ysuneusznenslndthu 2% + alpha-pinene 1% wagtsfuneuszimeuming 2% +
trans-cinnamaldehyde 1% fiuasinlignints 4 m1e wirfu 87.3, 85.8, 81.8, 59.9, 56.0,
34.3, 27.5, 23.5 uag 8.3% ANUAGIU

wdInsneaes 6 alus i tsurenssvensladty 2% + trans-cinnamaldehyde
1%, UnTuMOUITNREDULIEINA 2% + alpha-pinene 1%, UTUNOUTHREBUITEINA 2% +
geranial 1% uay UITUMBNILMEDULEINA 2% + trans-cinnamaldehyde 19% fiwavinls
Qﬂﬁﬁa 4 ysanptunegeTian 100% sesasnAeuiiunoussinesuning 29% + alpha-
pinene 1%, Tsfuvensemenzladiiu 2% + geranial 1%, uag Thrfunenssvesunin

2% + trans-cinnamaldehyde 1%, UunauseIneIUNILNA 2% + geranial 1% uagiiiu
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nouszeaglasuu 2% + alpha-pinene 1% :ﬁwaﬁﬂﬁqﬂfﬁa 4 e iU 93.0, 59.5,
49.5, 46.0 uag 39.5% AUAIGIU

wdn1sMaaes 24 Falus wudn ifunenssivengladdu 29 + geranial 1%, vhstuney
sewienglasUnu 2% + trans-cinnamaldehyde 1%, YsumeNsEVEaULEIA 2% + alpha-
pinene 1%, LSTUMENIEMEBULTEINA 2% + geranial 1% wazUTUNOUTEME BULTELNA
2% + trans-cinnamaldehyde 1% finavhliigniinte 4 geanethumegsdian 100% sesasn
Aovhfunenszmeduming 2% + alpha pinene 1%, tfuneussmeduning 29% +
geranial 1%, dsfuneuszmesunting 2% + trans-cinnamaldehyde 1% uag Lag vsfu
nouszenglasuu 2% + alpha-pinene 1% ﬁmaﬁﬂﬁqﬂﬁ;ﬁa 4 ang WNU 99.8, 94.8,
88.0 WAz 72.5% MUa1NU

d1usun1InaaeulIsuney 1% (w/w) temephos (positive control) WU 184113
ey 1-10 unit lufinaviligminte 4 searetihueme (0%) usvdsnisnaass 15 undi-24
F2119 1% (w/w) temephos fkavilwantngsatetiunie 2.4-93.8% Tuvmel tween 60
(negative control) sifraviliigninte 4 geanethumenaonsyssaailumavnae

oS sufiauan LTy (50% Lethal Time) Ag Laamé’qmwmamﬁﬁﬂﬁqﬂﬁﬁ’a 4
gaanetunatns i (50%) Hau3nngen VaTUMeUTEAD QULTELNA 29 + trans-
cinnamaldehyde 1% &A1 LTs, ﬁwﬁqm Ao 1.4 1lus sesannAesiumeussmenyladin
2% + trans-cinnamaldehyde 1%, WS MeLS B ULTEIWA 29 + geranial 1%, Yrsfumen
FELAYDULYELNG 2% + alpha-pinene 1%, vafunenszmedunding 29 + alpha-pinene
19%, Thsfuvensymengladinu 2% + geranial 1%, SsfueNsEve Tunting 2% + geranial
19, 1hsiunexssmeTuMme 29% + trans-cinnamaldehyde 1% wagiiuneussmenylag

¥

U1 2% + alpha-pinene 1% fiA1 LTs, AU 1.7, 1.7, 2.4, 4.6, 5.0, 11.4, 12.8 wag 17.7

'
Y

Falag muanau Turugdinan1smaasauseuisu 1% (w/w) temephos (positive control)

e

A1 LTy, 11110 9.8 9alae d195U tween 60 (negative control) laignansadiasigiananal



M13199 4.1 HavesuveNsEmeIINHYNaNUANTIAUTENOUNAN Aan1saevegni1ie 4 gaaneUiu waansmeaed 1, 5, 10, 15, 30 Wil 1 Falug, 2

UG, 6 TILU9 by 24 FILUa

PUAUDIUIUNDUTLNY

8nINIAIEVRIgNINEsaIEtIN (%) + SDARMEINTNAGRY

LTso? (dalas)

o)

(Aee-gaetn)

1ud 5uif 10 W1l 15 W1l 30 Uil 1 s 2 Hlus 6 Falu 24 Fala
Thifuveuszmedumime 2% + a-pinene 1% 0+0Y 0+0 0+0° 5.3+1.9° 16.3+10.9™ 30.0+13.1¢ 56.0+23.3" 93.0+13.0° 99.8+1.0° 4.6 ()
Yfunenssvedumime 2% + geranial 1% 00 0+0 0+0° 0+0° 2.8+4.6° 16.5+8.0° 34.3+26.7° 46.0+31.4> 94.8+7.4% 114 ()
Yfunenssveumime 2%+ trans-cinnamaldehyde 1% 0+0 0+0 0+0° 0+0° 0+0" 3.0+1.1"% 8.3+4.1% 49.5+22.1°  88.0+11.6° 12.8 (11.5-14.3)
Yhifuveuszmenzladtu 2% + a-pinene 1% 0+0 0+0 0+0° 0+0° 5.3+5.8% 10.8+9.4° 235+£14.3“ 3951169 72.5416.5° 17.7 (16.0-20.2)
Yfunenssmengladthu 29 + geranial 1% 0+0 0+0 0+0° 0+0° 7.8+6.95% 13.847.6° 27.5+9.7° 59.5+10.2° 100+0? 5.0 (4.7-5.35)
Yfunenssvenzladiu 29 + trans-cinnamaldehyde 1% 0+0 0+0 0+0° 5.0+1.8° 13.546.2° 48.0+8.9%° 85.8+5.1° 100+0? 100+0? 1.7 (1.6-17.8)
dhifuveussmeoUEINA 2%+ a-pinene 1% 0+0 0+0 0+0° 6.8+1.9° 12.8+10.9" 32.5+13.5% 59.5+13.1° 100+0° 100+0° 2.4(2.2-2.6)
ThifuveussmeauIEINA 2% + geranial 1% 0+0 0+0 3.5+3.2° 8.3+2.3° 20.3+5.9°° 41.3+9.5 81.8+11.3° 100+0° 100+0° 1.7 (1.6-1.8)
thsluvenssingauweme 2%+ trans-cinnamaldehyde 1% 0+0 0+0 0+0° 6.3+2.0° 28.3+11.5° 553+11.8° 87.3+7.2° 100+0° 100+0° 1.4 (1.3-1.6)
tween 60 (negative control) 0+0 040 0+0° 0+0° 020’ 008 0+0° 0+0¢ 0+0° NAY
1% (w/w) temephos (positive control) 0+0 0+0 0+0° 2.4+1.3 11.3+6.9"% 35.3+16.2 76.3+11.1° 90.3+8.6° 93.8+8.3% 9.8 (4.8-22.1)
df o F-test 54" 54" 54" 54" 54" 54" 54" 54" 54" -
CV. (%) . - 1223 105.2 46.5 24.1 17.4 4.6 1.6 -

Y favaadslunuifsinundamefdnuswilouiy lluand1anieeaia
g
]

75rAUALT0IY 95% lneA5n1s DMRT

¥ 50% Lethal Time (LTso) visnefia viamaanisnaaesiviligninie 4 gsanetumeadluaimila (50%)

¥ Not Available (NA) idefie llanunsadmsgiarmeadinla
* UANANNNEDATISEAUANUTBNY 99%

09
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NAN1TVAAIlUAITINT 4.2 AD NaURINLUNUTELIREINNINANAVUAITOIAUTZNDUNAN
ABENISIERAENTHMUARAUNAN T UgINLALATTINg1VeINUTY 4 geanednu KausIng
11 U UNDUTELN NN VRALAUAIT99AUTZNDUNAN NafasnITINITAeLazAINRAUNG

v o a a v %’ ) Y 1 Y I3 [ ’5 o
Maiudugukazas sInetlunisiawivesgnunluiludqlie wasdaude Insuidure
TLNEBULELNA 2% + trans-cinnamaldehyde danuluiivaegnunis 4 gearediuuin
an sesawnfetdunenseeduniing 2% + trans-cinnamaldehyde 1% e U1siuney
suinenzlasinu 2% + trans-cinnamaldehyde 1%, Wiuneuseweduniline 2% + alpha-
pinene 1%, UNIUNBNTELNEDULYELNA 2% + alpha-pinene 1%, Untunenssmenzlasiiu
2% + alpha-pinene 1%, iiuneuseirunzladtnu 2% + geranial 1% wagunsiuneussLne
% L3 o q" sé’ C% A [ 13 [ 1
JUNLLNA 2% + geranial 1% FINAVDIUNTUNONTENEIINNIRALNUAITDIAUTZNDUNAN 61D
anuuiivresgninie 4 geaetiuilinadngalunismaaedlinauansnmiads (P<0.05)
AunavesuiureNssie MNINauivalsesdUsznounandonnuduiiviesgnuiis 4
geareUruluseavsesaaunlaelisigaziduansdasyianue sniuneuseuga NN uNauans

6 v W a’lj
29AUTENBUNANAIY
U UNONTEAYTUNUINA 2% + trans-cinnamaldehyde 1%, undunouszienslas

U1U 2% + trans-cinnamaldehyde 1% Las W1 UROUSLLRYBULSULNA 2% + trans-

=< o

cinnamaldehyde finyndufivgaiigadsinarilignitie 4 geaetuimunfaundun
flan 1 wuv 1éin nMameuuy NL (Normal Larvae) Ao gningsanetiunisdnddilainig
WasuLUasdnwEnsdgIuLAYaTTIMEN 100% (1wl 3.1.4)

thifuveuszveSumin 2% + alpha-pinene 1% fnaviligniniy 4 geanetiusiaiun
Anundunnian 2 wuu TeeA MImeuuy NL Wiy 99.2% uaynsaneuu DL (Deformed
Lanvae) 70 gringsmetumeuuuinuni Tasdllaunsowdsuutasgusndlodusilasld
otsauysal Wity 0.8% (awil 3.1.5)

nfunousEeduniing 2% + geranial 1% finasinlignunie 4 gaateTuiamn
Aaundsndign 4 wuu leun MseELUY DL R 85.6%, 13meuuy LP (Deformed
Larval-Pupal Intermediate) Ao gniresanetiumenuuiiaunilasusonsuimesgmitae
Uruiinund 3eliiannsod suutasusaduibisldauysel windu 7.29% (nwdl 3.16), DP
(Deformed Pupa) fie AalslsgeareUrungiuuinunflagusiaudiuiivesitliaenyingy
wifloud1a Wiy 4.8% (A ndl 3.19) wagn15M18WUU BP (Dead Normal Brown Pupa) f3lii
geanetumenuuiaund Tnefildanunsadsunvasgusrsluidudnduislfodsanysel

WU 2.8% (A9 3.18)
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Uhfunenszimenzladiu 2% + alpha-pinene 1% ﬁmaﬁﬂﬁqﬂﬁ;ﬁa 4 gaan8Uu
finnAnundAunniiga ¢ wuu T8uA Msmenuy NL widy 70.4%, Msaneuuy DL Wiy
9.2%, NSABUUY LP iy 1.2% Uagnsangwuy BP winnu 19.2%

dhdfuneussmauewmA 2% + alpha-pinene 1% ﬁmav‘iﬂﬁqﬂﬁﬁa 4 gaang Ui
Anunfiannilan 2 wuu A mameuuy NL winfu 83.2% wagnsmeuuu DL iy 16.8 %

huvousEIEaUEINA 2% + geranial 1% fnavilignunTe 4 gaaretuwaLA
AnUnfisnndian 3 wuu TiuA Msmeuuu NL winfu 44.8% nsmewuu DL winfu 55.2% uaz
NSANELUY LP iy 0.4%

dunsunisneasnlIsusiieuly 1% (w/w) temephos (positive control) Wu31 Anayia

Tiianth e 4 geaetudinnsiauniinunfiuinags 2 wut laua Msmeuuy NL whity 72.8%

LAENMIMERUY DL Wiy 22.0% dmsugninie 4 gsanatiu 5.2% dunsaimundudilis

'
a

wagdndndaldesnsauysal Inelddnisudsuwlamisdugiuiavaisinet (NA) Tuvaed
tween 60 (negative control) Wui1 gnunie 4 esanetu anansaimunidudiliuasd

ar¥eld 100% (NA: Normal adult, n il 3.22)



A157199 4.2 anuduiiveenhiuveussivevesiivnauivansesfusznoundn AonsaeuaznsianIiaUnAnsdugiuiarassingvesgninesaistiu

PAINITNAFDY 24 T3

’ej"m']msmaLLagmiﬁwmﬁamﬂﬂamaqqﬂﬁwqqawﬁm (%)

FUAVDIUITURDUTZ LY

NLY pLY 12 DPY BPY DAY wpY NAY
Yhsfunenssmesuine 2% + alpha-pinene 1% 99.2% 0.8° o 0° 0° 0 0 0°
Yhifunenssimeduniime 2% + geranial 1% 0° 85.6° " 4.8° 2.8 0 0 0
Yhfunensziedumime 2%+ trans-cinnamaldehyde 1% 100° 0° 0° 0° 0° 0 0 0°
diuneussmengladt 2% + alpha-pinene 1% 70.4° 9.2 12° 0° 19.2° 0 0 0°
Yrfunenssimenyladdn 2% + geranial 1% 44.8° 55.2° 0° i 0° 0 0 0
dfunenssimenyladdn 2% + trans-cinnamaldehyde 1% 1007 0° 0° 0° o° 0 0 0
ThiunenssmepuweWA 2% + alpha-pinene 1% 83.2" 16.8“ o° 0° 0° 0 0 0°
YrafunenssmeouwemA 2% + geranial 1% 44 8° 55.2° 0.4° o° 0° 0 0 0°
Yrafunenssimeaume 2%+ trans-cinnamaldehyde 1% 100° 0° 0° o o 0 0 0
tween 60 (negative control) 0 0° 0° 0° 0° 0 0 100°
1% (w/w) temephos (positive control) 72.8° 22.0° 0P 0° 0° 0 0 5.2°
Afioats F-test 54" 54" 54" 54" 54" 54" 54" 54"
C.V. (%) 17.1 429 2779 501.2 214.3 NA” NA 26.6

YNL= Normal Larvae, DL= Deformed Larvae, LP= Deformed Larval-Pupal Intermediate, DP= Deformed Pupa, BP= Dead Normal Brown pupa, DA= Deformed Adult, WP, White Pupa wazNA= Normal Adult
7 favanadsluuniiinumdsneisnesmiioutu liunnsameadffisesuenandeiu 95% lag33ns DMRT
%/ Not Available (NA) munefis ldanunsadinsngsamsatale

** L ANANNINADRNTEAUAILT DAY 99%

€9
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— = 14825K- 34 681
- y= 1539235089 5 , A
23 | 08567
| R‘”.“f? T 079-35.785
Y ye 1520003108 R =08481
iy V135793453
R=0857
0 0 Ly

R*=0.7187

L y=1003%- 28583
= : - R=0723
g | y= 86667 - 26806
> e 2 68
£ * y=7.7708¢- 22011
‘é‘ ' . R=0.7302
o
2 :
[ B
)
0 [ ]
A/ °
2 @
o ¢
i ] .
10 ! ¢
g °
° 0
0 ] ) ° e ° o o o nan
0 . .
1wl 51l 10 11 15 il 30 Wil 19l 2 #ilug 6l 24 §alus
B luveussiveduntivg 2% + alpha-pinene 1% o idluvensylreduntve 2% + geranial 1%
1 dsfuvensswedunivng 2% + trans-cinnamaldehyde 1% dhduvensEmETUNIA 2% + alpha-pinene 1%
B dwfunensswengladdnu 2% + geranial 1% B nsfurensewmenzlasUu 2% + trans-cinnamaldehyde 1%
B dniuvessgineouleina 2% + alpha-pinene 1% 7 UV g UEWIA 2% + geranial 1%
iureNTEIE D UELNA 2% + trans-cinnamaldehyde 1% B tween 60 (negative control)
B 1% (w/w) temephos (positive control)

AN 4.1 ANUAURUSTENINIDOATINITRNUTLELNIA1DBIUTUNBUTEMEANN AN ALY

ansesAUsznaunan siegninde 4 geaneUnu
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4.2 wamsAnwUszans mmussisuvenssmea N tNaNA Usnsae Ussnounan sens
Jasfiumdndalis wasfnunanuluiereduguuazas sinevasesaettu

NANSNARDIIUANTIT 4.3 WAz NT 4.2 Ao NAYDIL ITUNENTHMEIINT YHANA U
asfUsznoundn sensnevesialisesanet weusngin thiunenssmengladtin 2% +
alpha-pinene 1% luaffigalun1snaass se9adunde vhumeuseTuntiva 29% +
geranial 19, Unsiuensvinenzladsiu 2% + geranial 19, Yifunensvmeduning 29% +
alpha-pinene 1%, Uhsfuneuspinesuming 2% +trans-cinnamaldehyde 19%, Yrsfuney
STANYBULSBINA 2% + trans-cinnamaldehyde 1%, fuvenssenglasu 2% + trans-
cinnamaldehyde 1%, ﬁwﬁwamzmaamﬁumm 2% + geranial 1% gy ﬁu’wﬁwamzma
DULBELNA 2% + alpha-pinene 1% M1Ua19 U § wavewigluneuszmean i aNau uans
oarUsznoundntumsduamsihdnglisesanetu Alinediaalyiausnsnmneadia (P<0.05) fu
nave eI e U s s neundun s dadlisesanetiulused
sevaun Sseaudnuaz e s

wSamInaend 1, 5, 10 uay 15 Uil wudn dnlurewssimeanienaui uansessUssnoundn
1 9 a3 Lidiavhlislsiesmnetiueme 0%

v amsveae 30 Wi wui drsiumenssvengladting 2% + geranial 1% Sraviilyialals
gaatt UM an Ao 9.0% s04a3Aeu s uneusHnenzlAT ST 2% + trans-
cinnamaldehyde 1% Suavhlilisme vty 3.1% dmsuindunensymensladnu 2% +
alpha-pinene 1%, UsensseSUTTIA 2% + geranial 1%, Uihumesiseme Sumime 29%
+ alpha-pinene 1%, dhsfunenssmeSumima 2% +trans-cinnamaldehyde 1%, dumen
FLNYDULELINA 2% + trans-cinnamaldehyde 1%, ﬁgﬂﬁwamzmaamﬁaamm 2% + geranial 1%
watsueLsTEaUwEIA 29 + alpha-pinene 1% Lifinavivisialalseanetusme 0%

w§amsmaas 1 $9lie wuin ihsuneusymensladdan 2% + alpha-pinene 1% inavh
Tialsdsgeanetinumegiign Aa 30.0% setmnFottuveuse e dumiig 2% + geranial
1%, Yrsfumenszinenzladtau 2% + ceranial 1%, YaTumenssneoueme 2% + trans-
cinnamaldehyde 1%, ﬁwﬁwamzmaamﬁamvﬁ 2% + alpha-pinene 1%, ﬁﬂﬁwamzmaaums
WA 2% + geranial 1%, difuneussmengladdhu 2% + trans-cinnamaldehyde 1%, Yt
WoUSTMETUNUYNA 29% + alpha-pinene 19 wazt T uneNIZMeTUNYLNA 2% +trans-
cinnamaldehyde 1% dixavhlvisalisesanetmume winiu 13.2,11.0, 80, 52, 4.2, 3.2, 0 uaw 0%
PNUEPU

wdnsneass 2 Falus wuin ditfunenssmensladu 29% + alpha-pinene 1% fa

ilidaldsgeanetuneasiian Ae 75.0% setavunasuiduneusemenslasinu 2% +
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geranial 1%, UhsuveusTeTuUmIme 2% + alpha-pinene 1%, dhsuveussme Yunime
2% + geranial 1%, dhsfumonsTMERULEWA 2% + trans-cinnamaldehyde 1%, tsfume
FELNYBULYELNA 2% + alpha-pinene 1%, ﬁﬂﬁwamzmsam%mﬂ 2% + geranial 1%,
difuneuszmensladiiu 2% + trans-cinnamaldehyde 1% uagununon sz suntime
2% + trans-cinnamaldehyde 1% finavilvasldsgsarediunie wiadu 25.0, 19.5, 17.0,
11.0, 6.0, 5.2, 4.8 Lag 4.2% M1UA1AU

wdINsNeas 6 $9lus wud tsiumensymensla3inu 2% + alpha-pinene 1% iina
yilvlalsgsanstumegeiian fe 98.0% sesasnferiuvonssvengladtiu 20 +
geranial 1%, UhsuveNsEE T UMImA 2% + alpha-pinene 1%, dhsuveussme Yunme
2% + geranial 1%, YrumousTETuNimA 2% + trans-cinnamaldehyde 1%, Yhifumen
sumenyladiny 2% + trans-cinnamaldehyde 1%, Yisfunenssiveauwwewme 2% + trans-
cinnamaldehyde 1%, ﬁwﬁwamzmaam%&m 2% + geranial 1% LLawfﬁﬁwamzma
DULIELNA 2% + alpha-pinene 1% Hnayildalusgaaisdaumie winiu 68.0, 49.0, 49.0,
17.1,17.1, 14.0, 11.0 4ag 10.1% Aua9U

VEINNINAR0 24 Falus Wit thurenssESUTmA 2% + geranial 1% wazaigiy
venszinenzla¥ iy 2% + alpha-pinene 1% slwaviilviilsgeanetiumegsiian 100%
sesasAeuTuMeNsTTETUNTINA 2% + alpha-pinene 1%, Bnsfuneuszienyladty
2% + geranial 1%, drsuvensvmedumting 2% + trans-cinnamaldehyde 1%, Yfunen
STARYBULBING 2% + trans-cinnamaldehyde 1%, Ysiumenszivengla¥ting 2% + trans-
cinnamaldehyde 19%, dhiunensEvsa UEWA 2% + alpha-pinene 1% wazsuney
FELVUBULLEWA 2% + geranial 1% HnavinlydalysgsateUiunie wirfu 98.0, 97.0, 41.0,
30.0, 25.0, 16.0 uag 14.0% ANa10U

wdIn1sNAaD 48 Falus nudn uifunensTesuNUA 2% + alpha-pinene 1%,
Ysfunenszves undng 2% + geranial 1%, YT uneNsEMes U e 2% + trans-
cinnamaldehyde 1%, dhsiunenszinenlafdau 29 + alpha-pinene 1% waziinsiumoy
szvpngladinu 2% + geranial 1% finavilvidnlsgsanetunegeiian 100% se3a%nAe
UnsfueNIHME D UL ELIA 2% + trans-cinnamaldehyde 1%, Yifunenssmengladiny
2% + trans-cinnamaldehyde 1%, difuneusmeauwemne 29% + geranial 1% waztniiy
NOUTLANBULYEWNA 2% + alpha-pinene 1% inavinlviaaldsgeargdiunie winiu 59.0,
43.0, 22.0 kaz 20.0% AUAIGU

dmsun1snaanalIuulisu 1% (w/w) temephos (positive control) Lagtween 60

(negative control) wud1 Wifinavilvidaldesanetnunnenaenssesiaitunmaaes
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Sloneudiour LTy (Lethal Time) o L’;mwé’qmﬁmaaqﬁv‘iﬂﬁﬁa‘hjqqqmaﬁ”mmaﬂ?mﬁq
(50%) HAUTINGIN dhifunenszimenzladdu 2% + alpha-pinene 1% ilAn LTy, ﬁwﬁqmﬁa 14
a4 T0a0NAD BsTuvRLSHETUNTIA 29% + geranial 1%, Uiumensewengladinu 2%
+ geranial 1%, vhsfuviensEmes umime 2% + alpha-pinene 1%, YsfuvensEe Uy ina
2% + trans-cinnamaldehyde 1%, ﬁwﬁuwamzmaawnamﬂ 2% + trans-cinnamaldehyde 1%,
‘ﬁﬂU%@MizLﬁﬂmﬂﬂ%’ﬁﬂu 2% + trans-cinnamaldehyde 1%, ﬁﬁﬁumamzmaawﬂamﬁ 2%
+ geranial 1% waztnfuveusTEaUENA 2% + alpha-pinene 1% & sfl@n LTs, Winfiu 5.8,
70,7.8.25.2,39.9, 47.1, 68.1 uay 71.2 Flu1 audsu luvasfimanaasalseuiieu 1% wi)
(positive control) lagtween 60 (negative control) luignunsadiasigiA1adnle

NansMAaesluTeTl 4.4 fie NaveuhTueLsEEnRTHANUAse AU EnaUMEn
AensneuagnI s inunAnadugiutagaisine1vesdalisgaars i nausingin
dsfuneussineaniionauiuansedUsyneundn dnasonismenasanudauniniadiiy
fuguuazasinelunsianvesilldudusufiate Inedtuneussineayladd 29%
+ alpha-pinene 1% faruniufiuded sy et nniian sesaunie dnduneuszme
JUNUWA 2% + alpha-pinene 1%, YsTunenss e unme 2% + geranial 1%, viTuvey
SymeSumiine 2% + trans-cinnamaldehyde 1%, Wisfunenszmenzladnu 2% + ceranial
1%, ﬁéﬂﬁwamzmaamﬁ&m 2% + trans-cinnamaldehyde 1%, ﬁéﬂﬁwamzmaaummm 2%
+ geranial 1%, Wsfuneusumengladtny 2% + trans-cinnamaldehyde 1% uag Unsfumney
SUMEBULENA 2% + alpha-pinene 1% SsHavedniuenssmeanivranfuasosrUseneay
vdn seanuidiufiwresinlisgsanetnlinadiigalunsvaaediinaunndomeeia (P<0.05) A
s siveNsTm N et U sesdUssnaundnderiduiiwnesiablesmetnlussiy
sesaan lneiieaudsnusaseiinvenivhmenssvetined

difumenssves umime 2% + alpha-pinene 1%, dafumenspves uming 2% + alpha-
pinene 19, UnsfuneusziveSumiding 2% + geranial 1%, Ursiumouszimedunding 29% +
trans-cinnamaldehyde 1% waztnfumonssmensladtu 2% + geranial 1% flmnudufiv
aetgadinavhlyisldsesanethuimnnmsisunfanniiga 1 uuu I¥uA mspewuy Deformed
pupa (DP) A® é’ﬂwmzﬁmﬂﬂﬁmmﬁﬂmqamsﬁmﬁﬁauﬁ’wmﬂm@ AAIYAIUN 1T
(Elephantoid) W1fiU 100% (nwil 3.19)

UnifumeNTHMEBUELNA 2% + trans-cinnamaldehyde 19 & uaviTl Tl s saned 1y
Wansiaunduniian 4 wuu I8uA n13eeuuy DP WNRY 32%, n15An8uuy Adult

attached to the pupal stage (PA) fia dnwairn1smeLuURnUnAveassifALTagiaetu
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fisigushalaiaaysal Wiy 119% (a1l 3.20) mMsmenuy Deformed Adult (DA) fio dnwme
mMymeiaunAvesfuisigsaetuuuuiaund Tneslisgsmetuauysal uddufadod
anwagndugukarasTIetllanysal lauwn 81d0 nuakarUnldauysal Ynne wazlnde
e Wity 16% (nwdl 3.21) wagnsmeuuy Normal adult (NA) fe dnunignisaneves

(Y < v v P

dfaftafogeansduiiund Inefigmirannsadwulududalile uasdafuToossauysal
Wi 41% (nmil 3.22)

T UNeNTHNEDULTEINA 2% + geranial 1% fuavilwialdsgeanetuiamLInis
Eimﬂﬁmnﬁqm 3 WUU bOWA N1SANELUU DP WINAU 32%, N1SAN8LUU PA WINAU 1% wag
N15ANBLUU NA 1WNAU 78%

thifumeussinengladthu 2% + trans-cinnamaldehyde 1% fnavlsilsiagsanstiy
wWauinsiaUafianndiga 5 wuv IduA n13e1BuuY DP 1Ay 18%, 113M1BUUY Dead
normal brown pupa (BP) Ao dnwaen15aevaIfalywuuund 7 Lidn15UE susdas
ANYUENIIFUFIVLAZASTINGT AU 10.7% (AWl 3.18), NIMBLUU PA YINRU 6% N3
AELUU DA WinAU 14.3% wazn13anewuy NA Wiy 51%

dhsfuneussnesUWEnA 2% + alpha-pinene 19% Travilviailiesangtuimung
ﬁmﬂﬂﬁmmﬁq@ 3 WUV bRLA N15ANELUY DP WA 17%, N15AN8LUY PA WINAU 4% wag
N13M8LUU NA 1IN 79%

d11UnN1IMAaulIouLNeU 1% (w/w) temephos (positive control) wagtween 60

(negative control) wu31 dlisaaanetnuainsoauiluddudsasaetuld 100% (NA)



M19197 4.3 NavesduveNsEmENIYRaNT U UTYNaUVEN don1smevesialisesae U vidansveaes 1, 5, 10, 15,30 Wil 1 9k, 2 Tk, 6 93k, 24

9 LAy 48 TIlaN

YUAUDIUNLIUNDUTELRE

ansIn1Imeasililsesa1etnu (%) + SDAIRMAINITNAGeY

LTso? (#alas)

1Wd 5uf 10wW 15w1@ 30w 1 4lua 2 dlug 6 dlua 24 3l 48 g (G?W?jﬂ*?jﬂfjﬂ)
Thifuveuszmedumime 2% + alpha-pinene1% 0+0Y 0+0 0+0 0+0 0+0° 0+0° 19.545.7 49.0+12.9  98.0+4.2° 100+0° 7.8 ()
Thifuveuszmedumime 2% + geranial1% 0+0 0+0 0+0 0+0 0+0° 13.244.7°  17.0£10.6™¢  49.0+12.9" 100+0° 100+0° 5.8 (5.3-6.4)
Yfunenssveumime 2%+ trans-cinnamaldehyde 1% 0+0 0+0 0+0 0+0 0+0° 0+0¢ 4.2+2.0° 17.1#5.0°  41.0+11.9% 1000 25.2 (23.2-27.48)
Thiuveussmengladtin 2% + alpha-pinene1% 0+0 0+0 0+0 0+0 0+0P 30.0£9.4° 75.0+15.8° 98.0+4.2° 100+0° 100+0° 2.3(1.94-2.92)
Yfunenssvenzladthu 29 + geranial 1% 0+0 0+0 0+0 0+0 9.0+5.172 11.0£5.7°  25.0+13.5° 68.0+13.2°  97.0+4.8%° 100+0? 700
drifuveuszmengladtiu 2% + trans-cinnamaldehyde 1% 0+0 0+0 0+0 0+0 32410 32+1.0¢ 4.8+2.1 17.1#50°  25.0+13.5“  43.0+12.5" 47.1 (43.4-53.4)
thilunenssingouweme 2%+ alpha-pinene1% 0+0 0+0 0+0 0+0 0+0° 5.2+2.4° 6.0+4.7 10.146.7°F  16.0452°  20.0+46.7°" 71.2 (59.8-89.4)
ThiuveussmeauIEINA 2% + geranial 1% 0+0 0+0 0+0 0+0 0+0P 4.2+2.0% 5.2+2.4°" 11.045.7%  14.0+6.9%  22.0+11.4 68.1 (58.0-83.5)
Thilurenssngauweme 2%+ trans-cinnamaldehyde 1% 0+0 0+0 0+0 0+0 0+0° 8.0+4.2° 11.045.7° 14.0+5.2 30.0+9.4° 59.0+17.3° 39.9 (36.2-44.4)
tween 60 (negative control) 0+0 0+0 0+0 0+0 0+0° 0+0° 0+0° 0+0° 0+0° 0+0° NAY
1% (w/w) temephos (positive control) 0+0 0+0 0+0 0+0 0+0° 0+0° 0+0f 0+0f 0+0¢ 0+0f NA
df o F-test 54" 54" 54" 54" 54" 54" 54" 54" 54" 54" -
CV. (%) - . = - 225.1 106.7 56.9 34.8 153 135

Y favaadlunuifsinundameidnusvilouiy ldunnd1anadfinseiuainideu 95% lagisn1s DMRT

? 50% Lethal Time (LTso) el panvdanisnaaesivinbvimlisesaethuneadluadmis (50%)

¥ Not Available (NA) id1e5e llanunsadnagiarmeadinta

aad

| ANANNNEDANSEAUAIULTBNY 95%
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A19199 4.4 eduivreahiuneussievesisnauivasesrussnaunan sensneuaznIsiauINRaUnAndugIulazasTInevesiliaisdiu
NSINITNAGDI 48 TILu4

. 9n3INIMBuAENITRRLNRRUARYBIRIltsesaeU1Y (%)
yinvesntuneussine?

DPY BPY pAY DAY wpY NAY
Yhfunenssmesuing 2% + alpha-pinenel% 100° 0° 0° 0 0 o'
Thfuneuszmeduniing 2% + geranial 1% 100° 0° 0° 0° 0 of
dhifuneussimeduning 2%+ trans-cinnamaldehyde 1% 100° 0° 0° 0 0 of
Yrfunenssmenzgladdn 2% + alpha-pinenel% 100° o 0° 0° 0 o'
Yfunenssimenyladdng 2% + geranial 1% 100° 0° 0° 0° 0 of
dhfuneussenzladdu 2% + trans-cinnamaldehyde 1% 18,0 10.7° 6 14.3%° 0 51.0°
dhiunenssmeouwEmA 2%+ alpha-pinenel% 17.07 0° g 0 0 79.0°
YrafunenssmeouwemA 2% + geranial 1% 21.0° 0° 100" 0° 0 78.0°
YhfunenszimeauemA 2%+ trans-cinnamaldehyde 1% 32.0° 0° 11.0° 16° 0 41.0°
tween 60 (negative control) o 0° 0° 0 0 100
1% (w/w) temephos (positive control) 0° 0° 100° 0° 0 100°
fiorats F-test 54" 54" 54" 54" 54" 54"
C.V. (%) 14.6 746.2 251.8 214.8 NAY 227

1/DP: Deformed Pupa, BP= Dead Normal Brown Pupa, PA= Adult Attached to the Pupal stage, DA= Deformed Adult, WP, White Pupa tagNA= Normal Adult
7 gavaadslusnsaiinumdwnofisnusmilousu ldunnanseadansziunnudesiu 95% 1ne35n15 DMRT
¥ Not Available (NA) vunefs llanunsadasieamisanile

(
** UANANNNADATISEAUANULTDIU 95%

0.
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@
=

Mortality rate (%)
& =

[EN & A o F— & el RI=#N/A| 1781
0 1wt 5 il 10 Wit 15 wii 30 il 1 dhalu 2 $ilwa 6 ol 24 il a8 4l

B ifuveussvedumivg 2% + alpha-pinene 19 hifuvonssesuntive 2% + geranial 1%

U hifunousyineSunilng 2% + trans-cinnamaldehyde 1% hifuseussveuniiive 2% + alpha-pinene 1%

B uveusvvenslasing 2% + geranial 1% B humoussmenyladtau 2% + transcinnamaldehyde 19%

B funeussveouieng 2% + alpha-pinene 1% B dhifuvenssieouisena 2% + geranial 1%

ﬁwﬁuuamzmaaumamrﬁ 2% + trans-cinnamaldehyde 1% B tween 60 (negative control)

1% (w/w) temephos (positive control)

AN 4.2 ANUAURUSTENINIDATINITANNUTLELIA1VDIUTUNBUTEMENNAUNANAU

a1sesAUsEnaUnan siadalaisgsanetnu
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43 wamsAneUszAs aMwvsni et N IRENA U sasRUssnaundn Aensaau
wazBvaw IRIBWAd By sne Ty

nansnAaeslumIsed 4.5 waznni 4.3 fie navestituneusy eI NiTrauTUaNS
p9fUsznoundn son1saauuaranesvesifuTomedegsaretiu nausngindtuney
sumenglaftu 2% + alpha-pinenel% likaffigalunisvaass so9adu1fe isfunew
semenzladdIu 2% + trans-cinnamaldehyde 1%, Wsfuneussinasunying 2% +
ceranial 19, TSUMOLIHNEBUENA 2% + alpha-pinene1%, triuneussimengladdm
2% + geranial 1%, S UMOUTEMERULEA 2% + geranial 1%, Yifumenseve Suntine
2% + trans-cinnamaldehyde 19, drfuvansmesunding 2% + alpha-pinene1% uag
dhifumen sy auLwea 2% + trans-cinnamaldehyde 1% anuadiu Fenavesinfunen
seINiTnau U5 Usenaundn fenisaauaznisingvaduiuTamedogaany
tu Alsinafianlfuaunndiensadn (P<0.05) furatesinduvenssmenivnaniuas
03AUTENOUNAN Aemsaauuaznismevasdadnowalogsate v lussdusosan G
NuasSunusartI AN

wdnnsneaes 1 uiit wuin disfumenszienzladtu 29% + alpha-pinene1% @i
Tidusutemadogsanetuanugaiian fio 52.4% sesaunfetsiunenssmenyladdin
29% + geranial 1%, Yndumenszengladdn 2% + trans-cinnamaldehyde 1%, ¥hsiuve
FLLNEDULYELNA 2% + alpha-pinenel9%, YrfunenssieSundina 29% + geranial 1%,
YU UTEMERULTE LA 20 + geranial 1%, TR N T MESUNLNA 2% +trans-
cinnamaldehyde 1%, ﬂéwﬁ’umamzmsam%mm 2% + trans-cinnamaldehyde 1% WLag
thifuveuszmeFuntiing 2% + alpha-pinene1% SnavhlsidufuTonadogaisduaay
Wiy 45.6, 43.4, 37.6, 31.8, 30.0, 23.6, 14.0 ua¥ 6.4% ANUAGU

M&INNINAEBY 5 U wuIntsunenssmenyladtau 2% + alpha-pinene1% iinash
TidudnTomadogaaietuanuasiian flo 97.2% sesaundetsiuneussmengladdiu
2% + trans-cinnamaldehyde 1%, SRS ESUNIIA 2% + geranial 1%, Yrsfuves
FLLNYBULBULNA 2% + alpha-pinenel9%, ﬁﬂﬁuwamzmﬁam%mﬂ 2% + geranial 1%,
sfuensevenglasiu 29% + geranial 1%, T UM0LTLVE UL BN 2% + trans-
cinnamaldehyde 1%, Yrafunenszinesundng 2% + alpha-pinene1% wazunafuney
FLMETUNULNA 2% + trans-cinnamaldehyde 1% finavibisadniomeilisgsaetiuaay
WINAU 93.6, 93.0, 84.0, 58.8, 55.6, 55.4, 46.6 a8z 44.6% AUa1RU

w&INIVAans 10 UM Wi dsiumeussmeduntdng 29% + geranial 1%, Yhituven

szLnenzglasUnu 2% + alpha-pinenel1%, unsiureusemenzlasiiu 2% + geranial 1% uay
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vhifuneuszinenzladsiu 2% + trans-cinnamaldehyde 1% finavilddaufuomende
gaaneTuAaUgsTan 100% seauNABT UL MERUREINA 2% + geranial 19, thafu
NONTLLNYDULBELNA 2% + alpha-pinenel%, YriTunensziesundne 2% + alpha-
pinene1%, fuvensmeSuning 29% + trans-cinnamaldehyde 1% LaruTuMe
FUMUBULYBLNA 2% + trans-cinnamaldehyde 1% finavibisuduiamadogsaiatiiuaay
WU 97.6, 92.2, 89.2, 74.2 Uay 66.6% ANA19U

wdnsNeaes 15 Wi wuin dfumenssimedunioe 2% + geranial 1%, Yhifumey
STANYIUNTNG 2% + trans-cinnamaldehyde 1%, dstumenseivenyladinu 2% + alpha-
pinene1%, dhiuveusywenyladinu 2% + geranial 1%, dhiumeusswenyladiu 2% +
trans-cinnamaldehyde 19%, UNSTUMOUTE Y DULELNA 2% + alpha-pinene1% waviny
VOUTLMBOULIENA 2% + geranial 1% finavilsidafuiamemilog ot uaaugsiian
100% 50989 e U TuNneNTEMES UNnA 2% + alpha-pinene1% Laziuneusng
QULTBLNA 2% + trans-cinnamaldehyde 1% dwaviliisauiememdoysatotu winfy
94.2 wag 77.2% HNUAIAU

wdnNsNAaes 30 war 60 Wi wuhdunen s I InReHANTUaITe I UsTnaUnan
73 9 290 Ioud druneussmeduming 2% + alpha-pinene 1%, Yrdunenssnesuntine
2% + geranial 1%, dhsfumonsTmeSuntne 29 + trans-cinnamaldehyde 1%, vhsumey
sengnzlasUu 2% + alpha-pinenel%, vhsunenssmenslagdiy 2% + geranial 1%,
11513]’ummmamslﬂ%'ﬁm 2% + trans-cinnamaldehyde 1%, ‘fﬂﬁwamzmaam%mm
2% + alpha-pinene1%, dume s s UL 2% + geranial 1% LaztTuneNs v
QULIBINA 2% + trans-cinnamaldehyde 1% faviliiafuSomadioysanetuaaugedian
100%

dmsunisveassUSeulieu 1% (W) alpha-cypermethrin (positive control) Wuan
PRINSNAABY 1, 5, 10, 15, 30 Lag 60 U ﬁmaﬁﬂﬁﬁaLﬁui’aqﬂmaﬁ’wul,wmﬁaaau WinAY
18.2, 54.8, 97.2, 100, 100 La% 100% Aua1RU luraisfin15Mnaes tween 60 (negative
control) wuin Lfinavilidufuiowmadogsarstudaunaenssesiailun1smaaes

dawSouiiouan KT, (50% Knockdown Time) i niamdsnisvaassiividlimuiy
Sounedogaarotiuaauaseadmis (50%) nausingin unduneussmengladiu 20 +
alpha-pinene1% fifAn KTy, iilgade 1.6 117l s09a9Ae dduneusznengladdiu 2% +
trans-cinnamaldehyde 1%, ThiumonTHe SUMITMA 2% + geranial 1%, Thifumonszme
DULYELNA 2% + alpha-pinenel%, drtuneuszmenyladin 29% + geranial 1%, Yisfunew

ITANYBULSBINGA 2% + geranial 1%, UNTIUNOUSLRITUNINA 2% + trans-cinnamaldehyde
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1%, thifuneussieduntng 2% + alpha-pinene1% LAZINT UL BUEINA 2% +
trans-cinnamaldehyde 1% lagiian KTy, AU 2.0, 2.3, 3.3, 3.5, 4.0, 6.0, 6.3 lLag 7.8
Wit auasu Tuvazd n1smaaesu3suliiou 1% wA) alpha-cypermethrin (positive
control) iA1 KTso tM1AU 4.5 Wil @3u tween 60 (negative control) lia@unsa3msnzs
AADRLA

an1saaeslumsei 4.6 fe navesuneusEmeNTTNELTUANsa R sEnEUNEN
sonsmevesiuiutommdogsanetiu vdinimmaaes 24 dalas wausinginindunes
sumpInfianauiuasesdusznoundniis 9 gas ldud diuvoussmeduntdna 2% +
alpha-pinene 1%, ThsuveussvesumIme 2% + geranial 1%, dhsuveussme Yunme
2% + trans-cinnamaldehyde 1%, Pratuveusyimengladiin 2% + alpha-pinene 1%,
vhsfuneuszinenglafUay 29% + geranial 1%, ursiuneussinensladtiu 2% + trans-
cinnamaldehyde 1%, YT AMeUSEV DU EINA 2% + alpha-pinene1%, dhiuveusEive
DULBELNA 2% + geranial 1%bay ﬁwﬁwamzmaam%mﬂ 2% + trans-cinnamaldehyde
1% Tuavilisafaioumadogsaigtiunig 100%

dusun1TmaaeaUIsuiey 1% (wA) alpha-cypermethrin (positive control) Wuia
ndansnaae 24 $alus Awavilidaduiogsaetummdons 1009% Tuvaziinismaass
tween 60 (negative control) w31 lufinaviliddudeinaidsgaigdiunienasn
37821a1lUNTNAA0Y

dlowSeudiaudn LTy, (50% Lethal Time) Al 1amasnisnaassfivihlidudutowme
JHegaanethunisasnimils (50%) wausing i1 ddunenszimenglatiu 2% + alpha-
pinene 1% A1 LTs, ﬁwﬁqmﬁa 1.6 Wil Sesa9nfe thifuneusymenyladiiu 2% + trans-
cinnamaldehyde 19%; tifunensemeSumiine 2% + geranial 1%, thduneusiveouLe
WA 2% + alpha-pinene 1%, fuvenszenglad iy 2% + geranial 1%, vsTumey
FENUBUEWNA 2% + geranial 1%, difurieusymeduntiie 2% +trans-cinnamaldehyde
1%, thifuvenssmeSuntmd 2% + alpha-pinene 1% LasISTuMENIT BB UENA 2% +
trans-cinnamaldehyde 1% laadipn LT, AU 2.0, 2.3, 3.3, 3.5, 4.0, 6.0, 6.3 uag 7.8 Ui
auasu luwaedinismeasuuSeuiisy 1% (wA) alpha-cypermethrin (positive control)
A1 LT, AU 4.5 u¥l @u tween 60 (negative control) ld@unsaiinsigvienaiiale

agdlsfinuflewdasnismeniuieufiousnsnmaiefisnuwuiniesniseundy
Tan (World Health Organization, 2018) wui1 thsfunenssienfivrafuasesUsEnay
wannniadanuduiiv seduduiomediogsanetiulusedivas (Susceptible, S) 5aufanTs

naapuUIguiiBy 1% (wA) alpha-cypermethrin (positive control) wui1 finanuilufiuae
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gaaneUnuluseaua (Susceptible, S) Wwneaiu luvaginismaasulIeuiiey tween 60
(negative control) lla@ansaSeufisusnsinsanels Wesmnlifinasildmiduiomedly

AN UIUAIENABATEELLIATUNNTNARDY



A13197 4.5 RavesduneusievesiivNauiuansesdUszneunan sensaauresiufuTemeAllisgsatetiu waInsveaes 1, 5, 10, 15, 30 waz 60 w1l

o w dnsINTEaUTEsEIaIL U (%) + SD/ LIAMAINIINARDS (W17) KTso” (W)
vilpvasidiuveuseime ;
1 5 10 15 30 60 (AeR-gaen)
Yhsfunenssmesumine 2% + alpha-pinene 1% 6.4x2.4°Y 46.6+57%  89.2¢45°  94.2+33°  100:0°  100:0° 6.3 (6.0-6.7)
Thfuneuszeduning 2% + geranial 1% 31.846.7° 93.0+5.0° 100+0° 100+0° 100+0° 100+0° 2.3(2.2-2.5)
ﬁwﬂwamxma%’wﬁmﬂ 2% + trans-cinnamaldehyde 1% 23.6+7.2% 44.6+8.8° 74.2+13.5° 100+0° 100+0° 100+0° 6.0 (5.7-6.4)
Yhfunenssmenzladdn 2% + alpha-pinene 1% 5204458 97.242.9% 1000 100+0? 100£0°  1000° 1.6 (1.4-1.6)
Thfuneuszienzladd 2% + geranial 1% 45.6+3.8" 55.6+4.1° 10007 100+0° 100+0° 100+0° 3.5(3.2-3.8)
Yfunenssiengladdng 2% + trans-cinnamaldehyde 1% 43.4+9.3° 93.6+86" 10020 100+0° 100+0° 100+0° 2.0 (1.9-2.2)
TdunensyveauwamA 2% + alpha-pinene 1% 37.6+10.6° 84.0+9.9" 92.2+6.3° 100+0° 100+0° 100+0° 3.3(2.8-3.8)
TdunensyveouwamA 2% + geranial 1% 30.0+8.8° 58.8+15.3° 97.6+4.2° 100+0° 100+0° 10007 4.0 (3.7-4.3)
%ﬂwamsmaauwamm 2% + trans-cinnamaldehyde 1% 14.0+3.6' 55.4+9.3 66.6£10.9" 77.2+10.3° 100+0° 100+0° 7.8 (7.3-8.4)
tween 60 (negative control) 0+0° 0+0" 0+0° 0+0° 0+0° 0+0° NAY
1% (w/v) alpha-cypermethrin (positive control) 1824126 54.8+17.4°% = 97.2+7.8 100+0° 100+0° 100+0° 4.5 (4.2-4.8)
f ra, F-test 54" 54 54" 54" 54" 54" -
CV. (%) 18.7 12.3 4.5 2.8 NA NA -

Y gauAninaslungainuvdadeisnyswiteuiu lilumnsnmnadfiissiuanudesiu 95% TagEnns DMRT
% 50% Knocdown Time (KTso) 1isneiia naWa"qmswmamﬁﬁw‘lﬁﬁﬂmqqawﬁmmﬂaﬂﬂﬂ?awﬁn

¥ Not Available (NA) vanefis lalanansadiasgsiamisanala

= uaneaneaanTisesunadotiu 99%

9.



A13197 4.6 KavesuneNTIEvRsTigNaniuaNTeIdUTENeUnEN siansmevesinTumelisssaietiu waansvaaes 24 Falug

o w SasmImeladevesiuiui LTso? (W) P
yllpuesinsiunensziney N\vt A AMuduity
drsuneussmeSumime 2% + alpha-pinene 1% 100+0?Y 6.3 (6.0-6.7) S
drfuneusymedunime 2% + geranial 1% 100+0° 2.3(2.2-2.5) S
drifuneussmesumime 29+ trans-cinnamaldehyde 1% 100+0° 6.0 (5.7-6.4) S
difunenssmensladtnu 2% + alpha-pinene 1% 100202 1.6 (1.4-1.6) S
drfuneussmensladinu 2% + geranial 1% 100+0° 3.5(3.2-3.8) S
drfuneussmengladinu 2% + trans-cinnamaldehyde 1% 100+0° 2.0 (1.9-2.2) S
dhiuneussneaUEmA 29+ alpha-pinene 1% 100+0° 3.3 (2.8-3.8) S
drifuneussmesuwewmeA 2% + geranial 1% 100+0° 4.0 (3.7-4.3) S
drfuneusymeeuwema 2%+ trans-cinnamaldehyde 1% 100+0° 7.8(7.3-8.4) S
tween 60 (negative control) 0+0° NAY R
1% (W/v) alpha-cypermethrin (positive control) 100+0° 4.5 (4.2-4.8) S

Yghsmsmeadevesinfiuieasaieti

% 50% Lethal Time (LTso) vianedls amdsnisnaassiivilidadu fowmneidegsaethumeaduasmis (50%)
YSasmemeszning 98-100% vunedis Sanandufivaeasiaiilussiuas (S: Susceptible) nsin1sniesznine 80-97% et fiaudufivieasiaiilusziudunans (PR: Possible Resistant) Shsinismesiinit 80%

= o oA = LY S B = .
et Snnuduiiveeasiniilussruivsesonuansiad (R: Resistant)

¥ Not Available (NA) nanefis ldanunsaiinsiziamneanala

L



y=16.4x+16333
R? =0.8665

: ,.--"y:15411x+114[
o R?=0.9056

y=11.577x+43.013
=0.7099

90

80 y=7.04x+66.96

70

y=10.343x+51.267| .-
R=0.4982

60

y=136x+ 33.467 [
®=077 B

Knockdown rate (%)
S

8.091x+9.4133
R?=0.7844

F
B s

u
10

i [ v=0

| R*=#N/A
0 y 8 . T N o T N = i /ll.“.lﬁ"l
0
1wt 5 10 it 15wt 30 Uil 1 9l
B JuveuszveSuming 2% + alpha-pinene 19 ¥ © ahduvensymeIuntng 2% + geranial 1%
v w A 8 e ¥ ,

¥ dhduveussvedunioe 2% + trans-cinnamaldehyde 1% UNLUVBUITLIUNUNA 2% + alpha-pinene 1%
B iuveusyiviengladtiu 29% + geranial 1% B JfumeuszmenylaiUnu 2% + trans-cinnamaldehyde 1%
B sfuvenszmveaueing 2% + alpha-pinene 1% T dhuveusEieauEIVA 2% + geranial 1%

o

0 dnfuvenssiveeulseme 2% + trans-cinnamaldehyde 1% M tween 60 (negative control)

B 1% (Ww/V) alpha-cypermethrin (positive control)

AN 4.3 AUFUNUSTENINNONIINITAAUNUISELIANUDIUNN UMDUTELNEANN NI AU AU

ansesrUsenaunan sesauiemAlisssareiu
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4.4 NaANSANYIUILANS NMWVDIUN UVBNSSVB NN UNEUN UANS8IAUSENBUNAN Han1saued
msinldgeanedau

Y a' = T W = o
Naﬂﬁ%ﬂaaﬂumﬁw 47 LagA Ny 4.4 A9 NAUDIUNN UNRDUTLIRYINNNINFUN VAT

[
LYY

s Usznaundn semstiudsnsfinlgsmet i nausngimifuneussiveeuseme 2% +
alpha-pinene 1% Iﬁmaaﬁqﬂiumimaaq sesauNReLBTUVBLSEMEDUEIA 29% + trans-
cinnamaldehyde 1%, Yfunenssmensladtinu 29% + geranial 1%, thsuvenssvesumime
2% + geranial 1%, sfuveussnenglastu 2% + alpha-pinene 1%, sfuvenseIvy
aglasUU 2% + trans-cinnamaldehyde 1%, vatuveNsEneTuUNLIna 2% +trans-
cinnamaldehyde 1%, Yafuvenssimedumimg 2% + alpha-pinene 1% wavuneNs Ve
QUELIA 2% + geranial 1% TenavestinfumeusEmenfionatfvasesfUssnoundn se
nsdudensitnlylusyiusosan ndenisnaasd 48 Falus wud WifuvewsTvEsUwEINA
2% + alpha-pinene 1% amﬁaé’ufamiﬁﬂlﬁjqqmaﬁmlﬁ 81.3% sesaunAetiuveusse
DULYULNA 2% + trans-cinnamaldehyde 1%, ﬁgﬂﬁ’wamzmamlﬁ%’ﬁ’m 2% + geranial 1%,
dfuneuszmedunime 29 + geranial 1%, uisuwienssmengladdu 2% + alpha-pinene
19, dhsfunensewenglas i 20 + trans-cinnamaldehyde 19%, YiumesEe Yuning
2% +trans-cinnamaldehyde 1%, tinshumensziedumie 29 + alpha-pinene 1% waztingiy
VRUTHNEOUIIENA 2% + geranial 1% aunsndudsmsiinlassanetiuld 790, 78.4, 734,
72.9, 67.5, 58.0, 56.7 Wag 49% H1US1AU

AusunmsnaaolsauLieu 1% (w/w) temephos (positive control) aunsadudanis
inlald 20.99% luvazit tween 60 (negative control) llaunsagudsmsiinlale Tngla

a1unsainlala 100%



M15199 4.7 navesduneussrevaIisNaniuasaadussnaundn sean1sdudanisiinluvesysaietiu naIn1sneasd 48 Falug

FUNVDIUNUNDUTENY

gnsnsdudansilnle (%) + SD

UduroNszmeTUNUIA 2% + alpha-pinene 1%

1%

56.7+16.9°7

UNTUROUTLNTUNIUNA 2% + geranial 1% 73.4+16.3°
dhfumenssimesuntiie 29% + trans-cinnamaldehyde 1% 58.0+15.8>
drfuneuszmenzladdu 2% + alpha-pinene 1% 72.9+19.4°
drfuneussmensladinu 2% + geranial 1% 78.4+23.4°
dfumenssmengladinu 2% + trans-cinnamaldehyde 1% 67.5+14.2%°
dhiuneusseauEWA 29+ alpha-pinene 1% 81.3+6.3°
ﬁwﬁwamzmaaumamﬁ 2% + geranial 1% 49.0+13.5°
ﬁwﬂwamzmaauwamﬁ 2% + trans-cinnamaldehyde 1% 79.0+12.5°
tween 60 (negative control) 0+0°
1% (w/Ww) temephos (positive control) 20.9+13.6°
dfioral, F-test 54"
CV. (%) 16.9"

Y dnavanndelusindiinuvdessesidnusimidouny ldunnsnanieanfinseduanudesiu 95% lneisn1s DMRT

¥ 50% Lethal Time (LTso) vinefia niamaanisnaaesiivinbiligsaetmldanunsadnled
* Not Available (NA) viangfia lianansadnsgsiamediald

aad

| ANANNNEDANTEAUAIULTBNIY 95%

08
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100.0
90.0
80.0
70.0
60.0

' ]
100 sl
\ N\ \‘\A !'3'-‘_ . _.\

Yonnadiutianiainldegaaneiou

NOWwWw B U
o o o o
o o o o

0.0
B Jfuvensswesuming 2% + alpha-pinene 1% *  drdtuvenssive uming 2% + geranial 1%
T itumeussweduviine 2% + trans-cinnamaldehyde 1% whifumonsyineduntine 2% + alpha-pinene 1%
B fuveusvvensla®in 2% + geranial 1% B hsfuneussmenyladthu 2% + trans-cinnamaldehyde 1%
B humousviveeuiems 2% + alpha-pinene 1%  dhsuvenssimeauinoie 2% + geranial 1%
N ufumenssgeusame 2% + transcinnamaldehyde 1% M tween 60 (negative control)
B 1% (w/w) temephos (positive control)

Al 4.4 Weswudonsinisdudanmsilnlvvesgaanetuveshiuveussmveaniivuauiu

A1599AUTENDUNGN NEINITNARBY 48 TLa
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4.5 mamsAnwUszansamveniduneuszmenianauiuasessUsTnaunsn fe
nsdudanisndlivasiuintemafigsanetiu

nansVnaedlunsed 4.8 warnnil 4.5 fe navestTuneNTTIEA N NN UES
psfUsznounan demssudsnsnddvesinfuiomedegaarstu vdsnsmaaes 3 u
naUT NG thifunewsEEauEIA 2% + trans-cinnamaldehyde 1% Tiadigalunis
noaesausalalilidufuimedeogsaetiuunslale (% Effective Repellency: %ER)
99.0% warfiArduiuluiad srogearotumade 162 ludefans wiidu 1 Wey/d
sesa9nAe Ysfumeussmens Ay 29% + geranial 1%, YUV NSEME B UL 2% +
geranial 1%, Yifumeusziengladtiny 2% + trans-cinnamaldehyde 1%, Ysfumenseive
DULYUNA 2% + alpha-pinene 1%, diuneuszeTuine 2% +trans-cinnamaldehyde
19, unsfunensEmenzlastu 2% + alpha-pinene 1%, Ursiunenssinesumime 2% +
alpha-pinene 1% wazthnsunenssesuming 2% + seranial 1% lagfiuszavsnmlunis
lalalidunusmadlogsaratiuunangle wiadu 98.5, 98.1, 98.0, 97.9, 96.8, 95.9, 93.9
uay 89.4% mud iy wardidndunuliiadodegsargtumade 1@ ludedans iy
1.1,1.2,1.3, 1.4, 1.4, 2.0, 3.4 waz 3.4% Woy/M? MUAINU sadieFouiiousuiy ve
1527914 (Oviposition activity index: OAD wuin drfunesssmessladdu 29 + seranial
19%, dnsfunenseinenyladdny 2% + trans-cinnamaldehyde 1%, 1siumessineouLe
Wift 2% + alpha-pinene 1%, ﬁ?ﬁuwamzmaam‘zﬁ&lmﬂ 2% + geranial 1% e 1§Wﬁuwam
SUNLDUWELNA 29% + trans-cinnamaldehyde 1% SAdwiidTan1sa1dly (OA) Wiy -1
sevaunie ufurenssvesuntding 2% + alpha-pinene 1%, dsfunenssinesunine
2% + trans-cinnamaldehyde 1% ﬁé’lﬁuwamzmamﬁﬂ%ﬁm 2% + alpha-pinene 1% uay
itunonssmesundine 2% + geranial 1% f1A1 OAl 1M1aU -0.9,-0.9, -0.9 uag -0.8
Ay yonaniiathnanisislaludefiansuazdrgliiiansanvihnisimsieiaay
LANFA1IN19adAMEASAT Paired sample t-test wudn Srurultvesgaanetulufefidans
ysuneusTImenfinantua1saFUsEnaundnia 9 gns dannuuansnaiuegadl
HodAysedia (P<0.05) Audglaidians

dusunieasaUIeuLieu 1% (w/) temephos (positive control) WUl HUszaNSA W
Tunmsfgasuanfogsaetumeadeliunnsly (9 Effective Attractavcy: %EA) Wiy 33.4%

a1 o 1 a J Y =Y v = (Y v =] Y Y
LLﬁZlIﬂ’]ﬂ]TL!’JUhJLQa gABAILANIYYIAIYUTULNALNEY 1 @2 Tugledans wiAv 89.5 Wo9/M"

(%
aa v

unadlassuisusuiainn1sngla (AN windu 0.2



M19199 4.8 HavesdureNsEievesiaNaniuaIsasRUsznaunan densdudanisduvesiuduismamiegsaistiu vaanmeass 3 Ju

Frnultindede
T1uwuls = SD (Wov/ee)” Y

silpvanisiuneusyive OAI¥ %FERY %EAY it P-value

S =z e 16 Tudhe

aedldns Mlaidany s (o)
Thifunensyvedumime 2% + alpha-pinene 1% 50.8+2.8" 840.3+140.1 -0.9 93.9 - 3.4 0.001
Thifunensyvedumime 2% + geranial 1% 67.0£11.3" 632.8+73.1 0.8 89.4 - 4.5 0.000
ﬁﬂﬂuwam:maﬁuwﬂmﬂ 2% + trans-cinnamaldehyde 1% 18.8+4.6* 590.3+159.1 -0.9 96.8 - 1.4 0.005
Yhifumenstimensladthu 2% + alpha-pinene 1% 30.545.3" 756.5+126.4 -0.9 95.9 1 2.0 0.001
Yhifumenstimensladthu 2% + geranial 1% 19.0+7.5" 1247.0+204.8 -1.0 98.5 - 1.1 0.001
Yhifumenstivensladthu 2% + trans-cinnamaldehyde 1% 17.06.3" 841.8+117.8 -1.0 98.0 . 13 0.010
YhifumenstimeauwenA 2%+ alpha-pinene 1% 21.5+7.1" 1007.0+72.2 -1.0 97.9 - 14 0.000
ﬁﬂﬂwam:maauwﬂmﬂ 2% + geranial 1% 18.0+2.9" 943.5+436.9 -1.0 98.1 - 1.2 0.000
ﬁﬂﬂuwam:m&lam‘vﬂmﬂ 2% + trans-cinnamaldehyde 1% 12.5+2.4" 999.5+436.9 -1.0 99.0 - 0.8 0.023
tween 60 (negative control) 451.8+24.2 720.0+229.5 -Opke 80.9 - 30.1 0.078
1% (w/Ww) temephos (positive control) 1343.0+221.9 894.0+211.1 0.2 334 89.5 0.019

Y fiadeain 5 4

“ fstin1321919 (Oviposition Activity Index: OAI)

¥ UsganSanlunsla (Effective Repellent: ER%)

¥ UsgAvdnmlun1sfiagn (Effective Attractancy: EA%)
¥ dnuldindssiogiansthumadls 1 dludoans

* fiadysEninen1aneass (Hedlans) wasnmamaasauioudisu @elifians) Aanuunnansiunieaia Aseiuanuiieduiesay 95% laeiSn1s paired t-Test (P<0.05)

¢8
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B duvenszvedumiong 2% + alpha-pinene 1% ~ dnfuvensemeduning 2% + geranial 1%
¥ o o S ) o o« .
U fuveuszedumivia 2% + trans-cinnamaldehyde 1% WIUVBUILMIUNUNA 2% + alpha-pinene 1%

o¢
oe

e o

1sfuveuseivenzlastu 2% + geranial 1% B uvenssivienslaiinu 2% + trans-cinnamaldehyde 1%

o¢
3

o

UNNUNDUTLLNRDULBULNA 2% + alpha-pinene 1%

UNIUNRONIZLREDULTELNA 2% + geranial 1%

WUSUVOLIEN BULIEINA 2% + trans-cinnamaldehyde 1% B tween 60 (negative control)

1% (w/w) temephos (positive control)

A 4.5 AaantvediureussigniRaNTUATeIAUTENBUNAN fan1shegaLas

lasunTanadoegsatetiulunisnaly
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2150INANISNAADY

InHaNsANYIUsEANE Mwss uveLsEmE N aREL T UansesA Ussneuvdnit I ann
dfunensswedumime (Myristica fragrans Houtt.) aglasu1u (Cymbopogon citratus (DC.)
Stapf) eulEWA (Cinnamomum verum J. Presl) wazansasausznaunantaun alpha-pinene,
geranial waz trans-cinnamaldehyde lusnsdausail vifuneusyinesumiing 2% +
alpha-pinene 1%, ThsuveusEvETuUMimA 2% + geranial 1%, Thsuveussme Yuntime
2%+ trans-cinnamaldehyde 1%, Urfunenszinenzladdiu 2% + alpha-pinene 1%,
vhsfuneuszmensladtau 29 + geranial 1%, Urfuneusziensladvau 29% + trans-
cinnamaldehyde 1%, dsunonssREOUREIMA 2%+ alpha-pinene 1%, difuneuszive
DULYYLNA 2% + geranial 1% Wag ﬁwﬁuwamzl,maumjal,m 2% + trans-cinnamaldehyde
1% Giamiﬁﬁmqnﬁgﬁa 4 flals fadiute nissudennsilaly uagnisdudanisandlyves

o

gaanetnu vlinswinhdureusemeainiivinauivansesauseneunaniudnsadiusing 9
ﬁ waaa ) L2

AaauURNAdonIsUesiukasMingsatet suiabikafuinnInsldansidngmietiu

Nnanseiidansiet FswanisAnuluassiuisesndulseifusng § Al

5.1 nsAneUszandnanvesinduveussveanienauiua1sosRUsznaunan denis
Hasfufndngninde 4 uasfnwanuduivdedugiuuazaisinevosgsmetiou
nwan sAnwUsEANE MmvesisiuneNsy e niananTuasesUsEneundn e
m3fdngnuinde 4 TasfinaderuRcunAifudug uiaraisivevosgningmetiu nud
miwﬁuﬁusxm'wu%m”uwamzmaauL%Lwﬂ 2% + trans-cinnamaldehyde 1% i
Uszﬁw%mwﬁﬁqﬂ v‘l’ﬂﬁgﬂﬂfﬁa 4 918 100% NEIN15NAaDe 24 Falus uazdlan LTy, Wiy
1.4 4alus Tuwaigil 1% (w/n) temephos finaviligniinte 4 geanethume 93.8% waxdien
L Too iy 9.8 $2109 91ARanisAnwaseilndifssiusisauues Jyoti et al. (2019) 4
srenudnilsthifunensymesuedn (C zeylanicum) naufutuneussenylad
iy damdn 11 danandufivgs Wnatasugns fulunsiidadigouveaivla (R (8)
microplus) Iaeilan LCso i1y 0.113% Turnuedihsunenssmeouremavinienliualy
mﬁﬁ’ﬁmquﬁqaf’fuﬂdm (An. stephensi) laauasian LCs, Ay 37 ppm (Firooziyan et
al., 2021) wagn15AN©YIVBY Pavela (2015) 51891UINNITHANAUVDIETT eugenol AUAIT

cinnamaldehyde Waza13 1,8—cineol iUa1s cinnamaldehyde Tvnataiugnsiu Inavinli
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qﬂu%’]qqs‘ﬁmﬁg (Cx. quinquefasciatus) A8 20.0 waz 38.5% Aua1ay luvas a1
cinnamaldehyde wagas 1,8-cineol ﬁwaﬁﬂﬁgﬂﬁwqﬁﬁmmma 6.5 ke 0.4% MUAIRU
$20%1991891UN15A 81999 Andrade-Ochoa et al. (2018) finuinnisuaufuszninsans
cinnamaldehyde A" U@15 thymol, @13cinnamaldehyde A U@1% limonene, Lag a3
cinnamaldehyde ffUans trans-anethole dns1dau 1:1 innadufivgs Tinaaiugvaiulu
miﬁﬁmgﬂﬁwaqqﬁwmﬁy (Cx. quinquefasciatus) ﬁﬂﬁqﬂﬁﬁma 42.7-60.2% Tuvaizdians
cinnamaldehyde sfiafierfluszansnmlunismidngningsiiagld 8.3% wasien Loy,
WU 18.4 pg/mL Auany
oghdlsfimuannisnmariiaUnAdudugulasaisinelunsimusesgniily
JudduFenuin Yrfuneussiveaulwema 2% + trans-cinnamaldehyde 1% dsWaln
Qﬂ‘fﬁmmwu Normal Larvae (NL) @uﬂquaawﬁwu%mwﬂﬁ Alifinsasundasdnuny
g uuazaiTIng Wity 100% lasynafusvnsvesgmingianstuddnuasun Tl
fadudusnandsdaiseslunddd ndmaedlogningsanetududaiuiifuneussme
BULYBWNA 2% + trans-cinnamaldehyde 1% qﬂﬁwqﬂ%ﬁmmiﬁuuazLﬂ?{auﬁaﬂéﬁuﬁﬁa
susavessveasuviuil lnefieimsindoulmdadiluinazdnnseanegaivlddn 1ile
nadulasu 6 $alis maiedeulmsuesgninazdnasasmeluiian Famanisfinuluads
lndiAsafumesunisfinuued Soonwera et al. (2022a) fistesuinisnauiuvesingy
nensgineldoin (L verum) 2:5% fuans trans-anethole 2.5% finuiduiivgasiognin

LYY o Y

gaang Ui Wegninladudaivatsagyiinneiuiiuuy N tngusinmdsddilanyasui

=

wagiian1siudsuulasuendadusiansey o a1savesgnil wasusnamomela (siphon) &

ndtsadnwustduseylnil viTlililaunsananiasuinsnazeendaumileniile sau91

9

USiia papillae 1ingn1suid deradavuIumsianilisuingeendiauvegniiilong iy
W1 Mlvignundeangalunisingd uazangluiiga @en15Any1ves Pavela and Benelli
(2016) waz Nakasen et al. (2021) WU UNBNTHUNG DULEINATETUL M INTULAE 117

lsununisivaiswvesvesnaingludidignings wazlinnuduiiviessuumaiu

aa o

915V MAY YIMAAANITEARY dINAlIUTMNTET BN wavTEuUMAAunIglaliden

= a a a & aada v O o a & 1
Lu@ﬂ'ﬂnﬂﬂrﬁm@ﬂ']'uJNﬂUﬂﬁ“U@ﬂLll@ﬁVlLﬂﬂﬁ]"lﬂﬂqiﬂUUQﬂ"ﬁﬁﬂLﬁi’]%ﬁlﬂﬁ]u I@ﬂﬂavl,ﬂ UL AN

1%
o a o

Tanunflanwue AR UNANIIE LS IULALAS TINVINILAASTOUAENEU VN WAZLAALNAUY

Y <9
(% (%

nidsaniy uluidmaliduluiunaslusfuludundagadiianzwadunn auduasyi
aninng wendnihidiuvenszveauemalignivihateseuulssamvasuas lngdugs
n19v19uYeaeulal acetylcholine esterase (AChE) wag butyrylcholenesterase (BChE)

Faveulesl AChE Swiniilunisgesansdeuszamaes Acetylcholine : ACh wag BChE ¥
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wiilunsidnansiivuazidn ACh iWloteules] AChE waz BChE viaulailddailviAn
MsazauvetasaeUszam waniilefnsarvauvesansdeuszainunn q asiiiiwaduszam
yosuvasiimsdeansnasnalivgaiin Jwilviszuulssamdeme uassoudn uazaely
flan (uys queise, 2560) Faiutindunoussmeoumema + trans-cinnamaldehyde

wunltualunsilvimundundadasimdngninganetuld

Y

5.2 msAnwUszAnsnmvesiduneussineanivnauiuasasAUsznaundn denis
Jasiumdnaalais wazAnenanuduiivredugiuazassivervasgsaietnu
MnransEnUszansamvenidurensy e fianautuansesiusznoundn se
n1sfdnaalae lnelinasonuiaUninudugiuwazassaneivesdilisegaaiediu wuin
difuneuszmenzladdiu 2% + alpha-pinene 1% fiuszAvSamAiian vilvidalaane 100%
vidsmsnaaed 48 9l wasdien LTy, wiriu 2.3 43lus Tunaedt 1% wiw) temephos i
uaviliifalisgsmetumenasnszeziiatluniavaass annansinwiadilndifed
S189UNSANWIVOY Pavela (2015) Tis18NUIINITRANAUSEWI9ETS alpha-pinene Ua13
menthone 8319y 1:1 Iinatasugns fu fanuduivgevilignuyssiang
(Cx. quinquefasciatus) a1y 100% luvaugfians alpha-pinene ﬁwaﬁﬂﬁ’qmﬁmmﬁm
20.5% WarIIEIUUBY Tak et al. (2017) WUAINITHANAUVBIATT citral (geranial) fildann
infumenszmeazladiiiu fuans limonene (§as1au 50:50) Inaiaiugnilunisrida
vupuRl e UNE AN (Trichoplusia ni) Wnefian LDs, Wiy 115.0 pg/s vauefians citral
wazans limonene upagwinda LDs, AU 135.9 uag 233.8 ug/fil AMNAIRU @15 UAIN
AnUnAdudugiuuaraisinetunsimuvesialidlufusufiute wud dsduvenssme
melpsUnu 2% + alpha-pinene 1% ddnaliidialaisanaiuu Deformed Pupa (DP) fialslsgeane
turgmeuuufinund AldfinnsdsunladnuasmadnsuuaraiTineivesslis Wiy
100% lagustadiuivssiluslidnyuzveslngraemdne LarusnuaIumlazaifg
sevlvsinaruin nanfewdloldwsanathuduiatudifuoussmenyladtiu 2% + alpha-
pinene 1% flisazilonmshuuazedeuiinaeanan Taglidesinginiuinamienni de
nansuluasu 24 $ala Falilazedoulminauasneluiian samsinunilndidestusen
%83 Soonwera et al. (2022a) fisenuinsaaniuvenituenssmeldenn 2.5% fu trans-
anethole 2.5% famduiivgssodalsisgsarotu damasiliialssmowuy DP mniign
Tneusiadni a1 wazviemela (respiratory trumpets) ¥ 2 919 iinseglndiuazuay

Malinsmevesialigmietiuenadunssiniuenssmeniivuasalsesrusenoundn

2 lUTUNIUNTEUIUNTTIINUTBH UL TH D NIAIUANTEUULUNIUDATU VR ILLAY danalit
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gosluuauAuN1saseYAule Juvenile hormone) ¥auRAUNG TA3199UIUN1TABNATIU
LLazmiLﬂﬁauLLﬂaqgﬂiNmﬂéfﬂmlﬂLﬂuﬁalﬁmi’ﬂﬁmmﬂﬂﬁ (Wg51 qudIsy, 2560; ONYS
Funin, 2563: Soonwera and Phasomkusosil, 2016) W3 zunsiunenszimenslasiu
wazansesrUsenaunan geranial danudufivsosruumanumelavesiuas danavinlvvie
mela (respiratory trumpets) i 2 413 iinseslvsiuazuan sasalinadeszuundiouas

\oldeaniaafae48e (Soonwera and Sittichok, 2020) fanuunsiunaussmenslasiu +

alpha-pinene fuwwaltuatunsinluimundundndusidadilidesanetiula

5.3 nsAnwUszansnnvesiduseusREnRYRau UA15aIAUSTNOUNEN ABnns
dausazn1smevasifudemailisgsanetu
MANaM3ANUSEAVE A NwR N TUMeNSsE M NTianaUENs0IAUsENOUNEN Fi
nsaaukAyNIIEvasR iR Binedsgeatetau wuin difuneussmensladt 2% +
alpha-pinene 1% fiUszAvSnmAlian s oy smetuaauuagae 100% lagd)
AN KTso 8% LTeo AU 1.6 W7l 1l 0v8msn1seneluilssuiiousnsinisiinfiwaiy
wuIsesdniseunsfelan (World Health Organization, 2018) wudmindunauszwenzlag
U1 2% + alpha-pinene 1% faviuduii e ad udueineid vg saneviulusedugs (S,
Susceptible) Tuumugdl 1% (wA) alpha-cypermethrin Suasinlsidudado e dogsaistu
FAAULATANY 97.2 LAz 100% WaHAT KTso agad LTs, WnnAintsuensEmeantNELR

a1509AUTENDUAB A1 KTgo lWNAU 4.48 ¥l wagen LTy, 11AU 4.5 W1¥l maaniu waziiaiia

3 a v G S 17 [ ¥ | a 1Y = = & [ [y
Uuiwsiaduaifogametiluseauga (S, Susceptible) Wil Fwan1sAnuilaenaqeariy

£%
1 o w

F189UNNSANBIVY Soonwera and Sittichok (2020) A UIINTHENA UTZNI 19U WD

LY a 1

semenglasin 5% fuunduvewsuimeganauda (€ globulus) 5% lvinaleSagms iudive

[
1 o

Afutanallsysaetulazesaiaiu (de. albopictus) lieeis 2 vdinaauuazang 100%
lnedlan KTs, 11U 0.3 wag 0.5 Wi mudwu Tuvasitdiuvenssmvenslasinu dnaviligs
14 2 BUAAAULAZHNY 85.6-87.3% WazdlAn KTg, 81179 28.5-30.2% MUE1AU Larn1SANEIU84

Soonwera et al. (2024) $1891U3INNSHANA UVDIUT UMeUTEMenElAS U 1% + @15 trans-

'3
A v aa 1

anethole 1% uazans geranial 1% + @13 trans-anethole 1% WinawaSugnSiuliivgewonuiy
TounasTutu (M. domestica) ¥lvidufsisaaulaznng 100% laeilan KT, Wiy 3.2 Wil
wawilen LT Wity 007 Flus mudnsiu Tuvasediisuneusemensladtiu 2.5%, @15 trans-
anethole 1% Laza1s geranial 1% wiiawi el A uiwneduauTouuasTud 1wl oani
answany 2 wiln sl KTy, Wi 1016, 59.2 wag 8.4 wiil madsy wenanniiselsesu

NMsaunuvesiueussuellenn 0.5% + @13 geranial 0.5% Lazas alpha-pinene 0.5%
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+ @13 geranial 0.5% M’maLa%mqwéﬁuiuﬂﬂiﬁﬂﬁmﬁaLﬁui’mmaﬁuﬁ’m TnediAn KTsy WU 4.0
uay 6.1 uifl mudsu dauans alpha-pinene Aldantsuveussmedumime laifinavilsen
Wudsulasiutuaaunasnszeznallunmnass dusuans geranial Agninuneussive
arladdu Suavhlisuduteaau Felan KTy windu 6.5 wift (Aungtikun et al, 2021) 594
sne91uves Balboné et al. (2022) finuinmsuaufuesinfunenssmensladven (C nardus)
futhsunenssmewssdn (O. americanum) Sasdu 90:10 TnaiaSugsiu anssofdnd
WwarTeegariulans (An. gambice) et 100% laediAn KDTg, Wosnin 1% squasiAn LCq windu
0.22% dninsunenssmenyladvas 1% wavidlsidaufutosstuldesmelfifios 35.20% waed
A1 KD Ty 118U 60.19 W1 ﬁaﬁwamsaauLLazmammﬁaLﬁui’aqqmaﬁ’m anadlammndufiuty
ganetuiimsduialaensstuituveussmenniisnauiuasesduszneundn Snituvey
sumpINivuazansosrUsznaudnigrs lunistaramsvhavesszuusng 4 meludiives
wias Tnenhdunesssinensladtu wazans alpha-pinene Tldantnduenssmesuming &
AU U we enuinvesd ALt BLLas Ul 1w viharessuumad umela wagsyuuUszam
Sudund Wi nay sumsinnuduiveededont e Touasudu luvasitans
aerUsvneundnveswiunesssmenzladdnu Ae ceranial fiaudufiusoszuuszamues
98180 11 wariuas g1 (Soonwera and Sittichok, 2020) Tesudansvieusesiaules]
AChE ey BChE ﬁﬁmﬁwﬁLﬂumsﬁaﬂszmmaumaq (Aungtikun et al,, 2021; Soonwera et al.,
2024: Manh et al., 2020) Faanisfuvensumenglad sy + alpha-pinene il wualtudislunng

o v [ a o o ¥ U @ U o v
‘LJ’]VLU‘WGMUWLUUNaGlﬂiL!“Vlﬂ"l‘i]@]ﬁ]’JLG]ﬁJ'J‘EJQQﬁ’]EJU’MI@

5.4 nsAnYUsEANS A NUeTUeN B NRYHANAUENsaeAUsTNaUWEN AanTs
fudsnsiinlvgsanetiu
PnNansANEUsEAVS we T ueNTT AN RHaL TUaNsearUssnoundn de
mié’ué’jqmiﬁﬂlﬂimmqﬂmaﬁm WU BUMBUS A UENA 2% + alpha-pinene 1% 1w
wadian anunsndudanisilnlald 81.3% ndsnismeass 48 Flus Tuvmed 1% (ww)
temephos @130 U8 sn59lnlvvesgsaretuldifies 20% anwanisdnuiluaded
danAdoeiuNIsAnEIT8s Moungthipmalai et al. (2023) As1ea1uinn1sra fuve sty
NDUTLLNYDULBULNA 2% + geranial 1% Lazd1s geranial 1.5% + trans-cinnamaldehyde
1.5% AMALTUTY 10,000 ppm iﬁmaLa%qu'éﬁ’uiuﬂwsﬁuégqmsﬁﬂlszﬂé’ 100% M&INITNABD
48 §Tas uazdlAn Lo Windy 17.7 wag 20.4 92us anudsu Tuvasinunenssine

DULBLNA LazaIs trans-cinnamaldehyde Aatdudu 30,000 ppm asnsadudanisilnle

17 91.0 ha% 96.7% MIUAINU FINNISIHIIUNISANYIVEY Soonwera et al. (2022b) WU
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nskaiusTninaiuesEMEaULEINA 5% + uniuneussiveldein 5% luthduia
wdes annsadudinmsitnldvosuuasauews iy (Periplaneta americana) 161 99.3% &4
nsmeaes 30 Yu annanismevesligsanatuluads eunandnuagialurenudentd
szfunuulveuii (lipophilic) Lﬁ"a“LSdqqmaﬁ’mé’uﬁaﬁ’ufﬂﬁwamzmaauL%Lwﬁ 2% +
alpha-pinene 1% withldeshendaganssal wud Ushaneuenvedldenligniniey
AgasaaeUdULHUTSIUN 9 G'Tfaﬂmﬁgugmaiﬂ (aeropyles) ﬁagjﬁnmau 5 vuRURDN
19 siwihilunisuanidsuinauazeendiauvesissuiieg eluly Weseulianunsa
wanid sudiguazeendiauls viliiaseuniey aeluly (Nakasen et al., 2021;
Moungthipmalai et al., 2023) Fafisrgeuitdaiunoussive oulwene uazans trans-
cinnamaldehyde farudufivioszuumelavesuuas Ingannisvinauaes ATPase Tuie
Huwadueafiseudiagnielulaes yatesudantsiauvasoules cytokinesis uazvili
go3luuAIUANNITHITYAULA (juvenile hormone) vi91uinUnA (Moungthipmalai et al.,
2023) luvauedians alpha-pinene Sianuduiusonsiud insynnuveaeulss] AChE VDIE
(Aungtikun et al., 2021) fedutuneussvuouwewma + alpha-pinene fluwaliufinluns

luiadundndamidaligaateduld

55 msAneUszansninvesindureussmeanisnauiua1sesAUsEnaUNEn Aants

fudsnisansldgeatedau
9INHANSANIUSEANS NwBs T UM NsEIME A nuRaLRUaN eI UsENOUNEN Ho

mw’”uﬂgamamqw'maaqaa’]sm”m WU T UROUTLLREDULTELNA 2% + trans-

cinnamaldehyde 1% linadfign dUszansamlunislalilidiuiomeaiisgsaisdiuun

[
aa v

1316 99% Laziimnatiainnisnsla (OA) windy -1 Tuvadzil 1% (/i) temephos wung
Usgdvsamlumsisgalisaduiomendeyaet sl 33.4% wazdia1 OAl wiriu 0.2 910
nan13AnyluAT I lNALABSAY Moungthipmalai et al. (2023) ANUINITHANAUTERINUILIUY

[ ]

NOUTELRYOUEINA NUETS geranial (§R5d@U 2:1) Auidudu 10,000 ppm finanudufiy

(
guiolvasgsangtiu Tnoanusadiudamsitnlale 100% Felen LT, wihiu 16.9 dalus wasdl
AN LCsy tINTU 2,303.5 ppm 5aumias8un1siineves Farag et al. (2024) fiseauinti
VieNsTEaULEWA AN 6% TuszavsamdAlunslaliliduduismeidon ssiagun
laléR fieh OAl ity 092 vdsmanaaes 5 Yu analumslalalsid sy Tomadogwane
Frumdlaly ifeananlessmevesinfuneussmeuns nszaglduiatveTors fududa
(palp) YlwadUszavvose’d mzﬁ’mﬁdqmmiﬁﬂiﬂE"J’qanwismmmiswﬂismw Ml

gametinuiingRnssuedeuviinduveniduvieNsemvy nswinnuseAefewilie Ty
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dulavegsangiuinuRaUng 91n518971U809 Soonwera et al. (2022b) wuin lasuieues
U uneLIHNEIULIBINA Wavas trans-cinnamaldehyde §I A48 Wil wa 99 038 UUNINAY
wielavesuuatany faiutnsunensTmeauweme + trans-cinnamaldehyde Suwnldudialy
mst Ui dundadasisudameniddganetiuld

Uaytunistesiumarindngsmediudenldansiaddunseiingzaiunsoaniiuiu

[
=1

Uszmnsvesgsanetuadidegnsmaiiudannuansdneluedsduandiifudn dduven
sempIninauivansesdusznouman Wnalunistesiuuasidngaiediulafnitanswed
HaiA199 (temephos ua alpha-cypermethrin) lunnszeroesasdin Uedinganetiud
Awfumusemsaiiduesizi esannslfmaeiifuasgidetunay ingsanetilu
Usinaftinnifunitdinue Gansinundlulufiemafiuiunsinwues Melo-Santosa et
al. (2010) wa¢ Nagaassh et al. (2016) fiT18a1uITaq Yugsaevud auduniuse
temephos WasNT 1 TnedAMnsI5Eiun15E1UMIY (RRy) 110037 200 1917 4AZSI89TY
N3ANENVDY Shafiq et al. (2023) WU’j’lq\ia’lslﬁjmﬁm’lm’f’mw}uﬁa alpha-cypermethrin i
1NN B9iiAN RRey 58W319 10 B9 100 Wi uenandansiniiduesizimandiinansenulnenss
sogunneafldnu uazddliTiedlilaitmne s temephos finrundufivieszuy
ﬂizmwuaawwej‘ﬁaiﬁﬁmimam%gu (Attention Deficit Hyperactivity Disorder: ADHD)
lsadalawues (Alzheimer's Disease) hag 1sAdaLan (Schizophrenia) (Bisset et al. 2020)
suvainnuduivdeny LLazﬁaﬁ%%ﬁmﬁaa@uﬁw TnediAn LCso Ny 298.7-526.7 ppm
nauaaen (Poedilia latipinna) uazUaimnaung s (Poedilia reticulata) (Soonwera et al.,
2022a; Moungthipmalai et al., 2023) @1%5uans alpha-cypermethrin finauduiive e
sruumadumela szuudszam uagszuvduiuguesyed Tnewnmzsyuugiauduludn &
fnsdulaiuans alpha-cypermethrin Wusgeznaruiuazdsaylidmdunianisseane
Fos uazuaufould suiadeuduivgeiedidinililsd wanefiordeeyTufu 1y
iteu Fefiipnuiufvsodndideareua (50% Lethal Dose) LDy, Wity 247 mg kg 79
Unnvaanyinay uag 309 mg kg’ n1eUnvaanyinad e (Soonwera and Sittichok, 2020)
Tunwssiutuniduvenssvenniivuaransesduszneuvdnduasiniurienfionantu

v v Y

TooanusIsuYR Jasrusenauvresasalinadududautaskanatenuaanty JalAnamiunis

L2 v

Mdngsaotluusiazsrervesisastinddunndtetu uarlifsisnuiuwanianiiy
Frumusiettunenssmenitg (Pavela and Benelli, 2016) Fuhuneussmenniiuas
asesAUsEneundn neliiAnfiwreunasannsiu duda vielesuve Jqnivhanessuy
Maduems nszvaumamela Judensruaumaiauveseuleding q ieadestuns

WwigtAule wazdulauuas (Aungtikun et al., 2021; Pavela and Benelli, 2016; Soonwera
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(%
(Y

et al., 2024) uilsiifwiedniifeagnieuy ddidinnlilydmang uazuywd Jelasnsuse

Y

¥
o w

fdou lneflsenuiniduesssengladtwulifufiviodnideagndaeu Tnefid LDs,
WU 2,000-7,046 mg kg MaUnveInY (Soonwera and Sittichok, 2020) a1se3AUTENOU
vdn geranial fildandhsunenssvengladi Lidufivdesuiienn (Podisus nigrispinus)
1agdAn LDsy t1NAU 25.56 pg/fauuas (Brugeer et al., 2019) Uifumenssmes UM AL
audasadeiuuywe a1 LDy, 1nndn 5,000 myke vasimiindauyudilofuseniy
aULELNA (Muhammad et al., 2017) wazlaiifumurondnss (Apis mellifera) (Hybl et al.,
2021) ansesRUsENeUNAn trans-cinnamaldehyde fildantnsiunenssmesusamelldify
ﬁwm’aé’mﬂgm@ﬂﬁwum A7 LDs 1YY 2.22 g/kg M9UINUBINY (Voedingsmiddelen
Dierenvoeders en Andere Consumptieproducten, 2020) LagasasAUsznaunan alpha-
pinene 7l a1ntnunensemesunsiina $A1 LDg infu 4,716 me/kg MaUINveInY
(Agilent, 2019) wenaNd L TuneNIEIEIINTiITRaTANTe R UsEneUndn Snduvey Fedlon
vl duduusenouvdnvesandnsiindesdoid uavermns Snvisdsdiasmaalunis
$nwilan uazenMEIe 9 WU Fuides dumsdnay weedgrslumsdesiunsiielsauzss
(Soonwera and Sittichok, 2020)

Fafuaziiuldannsduneustmeanelad i wey sulemne WnaLTuans
osdUsEneundnidnenmuazUsrdvsanlunisidngiaethu SumnyauiaziiniAidouay
finuosenlfiundnsusiielilunisiidaly gnih dali wasdadutogeanethu alifle

Wunmsiaunuazaaasunislduiunenssweaniislumstesiunazidagsarpdnunsizd

Anulasnietazidulnsnedsinnan
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#5UNaN1539Y

6.1 @3Unan1maasy

MnHanIsAnuUszANS ime i tunenszien isnauiuansesdUsznaundn
Taun dnfumenszimedundng 2% + alpha-pinene 1%, tsunouszeSundng 2% +
geranial 1%, difuneussivedunsing 2% +trans-cinnamaldehyde 1%, thifunenszine
nrladdnu 29% + alpha-pinene 19, usfumeussnengladsiu 2% + geranial 1%, Uiy
nousEnenslAsUIN 2% + trans-cinnamaldehyde 1%, ﬁwﬁwamzmaauwmm 2% +
alpha-pinene 1%, difunensy e auwEINA 29 + geranial 1% LRSSV E L B ULE
WA 2% + trans-cinnamaldehyde 1% Giamimmmqﬂﬁﬁa 4 slale ffiase sduds
nsilnld wagnsdudansmildvessmetiu. annsoagunansdnulsel

6.1.1 dTuneNsEINERULTIINA 2% + trans-cinnamaldehyde 1% fUszansama
flanlunisidagnins 4 gearediuld 100% wdinismaaes 6 Falus Tuvaed 1% (ww)
temephos anansantdngniinie 4 gaanatiuld 93.8% ndnismaaes 24 Falug

6.1.2 thiumeussenzlaitiu 2% + alpha-pinene 1% fsgansnmafianlunis
fdnslasgaanetiule 100% nasnisvaaes 24 Falas Tuvaei 1% (wWAY) temephos Ll
anusaidadmiligsaietiuld (@nsinsme 0%)

6.1.3 Uhiuneussnenzladtiu 2% + alpha-pinene 1% fisvAnsnmaianlunis
Adasiaiogsanetn vilvidaiduivaauiazae 100% wdsnavaass 10 uil luvaigd
1% (w/V) alpha-cypermethrin @ansaniapiiuiegsaietnild 100% wain1snaaes 15
W7

6.1.4 UNTUVBNTHUUBBULLENA 2% + alpha-pinene 1% ﬁﬂizﬁw‘ﬁmwﬁﬁqmiuma
fudanisiinlageanetu anunsadudamsiinlald 81.39% wdnismaaes 48 $alus luvmed
1% (w/w) temephos annsndfudamsilnldgsanatiuld 20.9%

6.1.5. UITUNOUTLRBDULTENA 2%+ trans-cinnamaldehyde 1% $Usz@N3SA1NA
faplunstudanisnslivesinsuiogaetiu lnefssansnmnislaldlissasdumne
dlonanala Wiy 99.0% ER wariian OAl Wiy -1 Turaedi 1% (W) temephos il

. o

Usgdniamlunisdudanisnaly uwifsgalidiaudesmaiiogsaiodiuuningdy lned

Usgansnnnisiagabigsaiediumedionninaly wiiu 33.4% EA uwagila1 OAl Wiy 0.2
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6.2 UBLEUDLLUL

6.2.1 asihiduneusyvienzladUuNINauiuas alpha-pinene 1aIUIRDYDA
< a o v o w v = o v Y
Jundndaeildlunislestuidngsmietu iveanduiudseansvesgsanetiuuag iy
anuilamaieniuguilag

6.2.2 pysvandeamsldndndagiasialimdnwuasiunistesiunasindngsans iy
wszenaneliiinnsuikazdunsesegldlnenss anviadaviligmediuinanuiumiy

foa1IAdllusTeLe?
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Abstract The hatching inhibition and knockdown rates against Aedes aegypti of two essential
oils (EOs): Cymbopogon citratus DC. Stapf and llicium verum Hook F was evaluated. The
efficacy of each of these EOs, at 1, 5, 10% emulsion in water, stabilized by tween 60®, was
compared to that of 1% wi/v temephos and 1% w/w cypermethrin (common, harmful synthetic
insecticides). Topical and contact assays showed that 10% C. citratus and 10% I. verum
emulsions were the most effective in inhibiting the hatching of mosquito eggs (100%) after 48
hours of exposure. Moreover, they were also the most toxic against mosquito adults (100%
mortality) after 24 hours of exposure. This study also established that tween 60® had no effect
on hatching inhibition or mortality rate of treated Aedes aegypti mosquitoes. All EO emulsions
were more potent than temephos and cypermethrin against these mosquito species. Coupling
this higher efficacy with no or benign known side effects of natural EOs, it can be concluded
that 10% C. citratus and 10% I. verum emulsions are better alternatives than temephos and
cypermethrin for a mosquito control program at the present time.

Keywords: Aedes aegypti, Cymbopogon citratus (Stapf.), Illicium verum Hook. F.
Introduction

Aedes aegypti (Linn.) is considered a destructive insect in medicine and public
health. Even though it is found mostly in tropical regions, it can live anywhere in the
world. Their habitats are such as waterlogging area, hollow, and water tank. Mosquito
eggs are hardy, i.e., they can stay viable through a drought (Silvéri o et al., 2020;
Reinhold et al., 2018). Most importantly, it is a vector of many serious human diseases,
such as dengue, yellow fever, chikungunya, and Zika virus. Dengue infects humans
easily, inflicting 50-100 million people annually (Tantawichien and Thisyakorn, 2017,
WHO, 2020a; Wilder-Smith et al., 2019). An estimate of 2.5 billion people being at
risk around the world annually, and the infection rate has been increasing rapidly.

* Corresponding Author: Soonwera, M.; Email: mayura.so@kmitl.ac.th, mayura.soon@gmail.com
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Dengue is believed to penetrate into capillaries, causing thrombocytopenia and
possibly eventual death (WHO, 2020a). Chikungunya is another destructive
virus that causes pain in the joints and muscles in the early stage of infection,
whereas Zika virus affects the nervous system, causing Guillain-Barré
Syndrome and meningoencephalitis. Pregnant women infected with Zika may
give birth to microcephalic child, baby having an abnormally small head
(Chansang et al., 2018; WHO, 2020a; WHO, 2020b).

The most popular prevention method against these diseases has been to
destroy the vector population with effective synthetic chemicals. Widely used
ones are organophosphates, carbamates, and pyrethroids (Nicolopoulo et al., 2016;
Kandel et al., 2019; WHO, 2020c). However, after these chemicals have been
used extensively and effectively to control insect vectors in a region, the insects
developed resistance to them (Demok et al., 2019; Collins et al., 2019; Hamid
et al., 2018). Nowadays, insect vectors all around the world are resistant to
these insecticides. Not only being ineffective at the present days, these
previously effective synthetic chemicals also cause serious damages to human’s
nervous and respiratory systems (Demok et al., 2019; Nicolopoulo et al.,
2016). Moreover, they persisted in the environment for a long time, not
biologically degraded quickly like natural compounds (Aungtikun and
Soonwera, 2021 ; Isman, 2017).

Therefore, safe and sustainable alternatives have been explored. Good
candidates have been essential oils (EOs) extracted from medicinal herbs
because they are not toxic to humans and animals and do not leave persistent
residue in the environment. In addition, the following EOs have already been
reported to repel or destroy some mosquito vectors (Chansang et al., 2018;
Nicolopoulo et al., 2016; Sarma et al., 2020; Pavela and Benelli, 2016):
Murraya koenigii, Ficus benghalenssis, Hottuynia cordata, Callistemon
linearis, Psidium guajava, Eupatorium odoratum, Ageratum conyzoids,
Zingeber offcinale, Polyalthia longifolia, Spondias pinata, Lantana camara,
Hamalomena aromatica, Ocimum sanctum, Eucalyptus maculatus, Lippia alba,
Mentha piperita, Azadirachta indica, Allium sativum, Plumeria rubra, Cyperus
rotundus, Alpinia galanga, and Cinnamomum alangum. However, the ovicidal
and adulticidal activities of Cymbopogon citratus and Illicium verum against
Aedes aegypti have not been reported in the literature yet. Therefore, this study
attempted to evaluate the efficacy of these EOs against all life stages of Ae.

aegypti.

Materials and methods

Mosquito rearing
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Colonies of a mosquito species, Ae. aegypti were provided by the
Entomological Laboratory, Department of Plant Production Technology,
Faculty of Agricultural Technology, King Mongkut’s Institute of Technology
Ladkrabang (KMITL), Thailand. The colonies were kept under the following
conditions: 27.0+3.3 °C, 72.5£1.5%RH, and 12-h light and 12-h dark lighting
period. The eggs hatched out into around 200 larvae in a plastic box (28x35x4
cm’) filled with 2000 ml of drinking water. They fed on fish food
(OPTIMUM", 32% protein). Fourteen-day-old larvae developed into pupae,
then 150 pupae were collected and put ina 250 ml plastic cup containing 200
ml of drinking water. The cup was transferred into a mosquito cage (30x30%30
cm’). No food was fed to the pupae in the cage. Two-day-old pupae developed
into adult mosquitoes.The adults fed on 5% glucose solution mix 1%
multivitamin syrup solution in drinking water in soaked cotton pads. When they
were 5 days old, female mosquitoes were given blood as food for 60 min by an
artificial membrane method (Aungtikun and Soonwera, 2021; Cotchakaew and
Soonwera, 2018). Three days afterwards, the gravid mosquitoes laid eggs. An
ovicidal bioassay was performed on most of the eggs, but some of the eggs
were hatched into adults, and two-day-old female adults were subjected to an
adulticidal activity assay.

Essential oils

Plant materials used in this study were fresh stems of Cymbopogon
citratus DC. Stapf gathered from local plants in Samutphakan province,
Thailand. Dry fruits of /llicium verum Hook. F. were purchased from Vejpong
Pharmacy (hock ann tung) Co. Ltd, Thailand. Specimens of the two plants were
positively identified by a plant taxonomist from the Faculty of Agricultural
Technology, King Mongkut’s Institute of Technology Ladkrabang (KMITL),
Thailand. The fresh stems and dry fruits were cleaned, cut into small pieces,
and extracted for 5 h for their EOs by a water distillation method. After the
distillation was completed, EOs were collected from the separating funnel,
stored in airtight bottles, and kept at 4 °C for later experiments. All EO
formulations (solutions with different concentration of an EO) were prepared
by diluting the stock extracted EO solution with drinking water containing
3.5% tween 60" to the desired concentration.

Positive and negative controls

- A positive control was cypermethrin (Cyperguard 10 EC®, 10% w/v
cypermethrin), manufactured by Expert pest system Co. Ltd, Bangkok,
Thailand.
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- Another positive control was temephos (SaiGPO-1%, 1.0% w/w
temephos), manufactured by Thailand’s Government Pharmaceutical
Organization, Thailand. Of note is that temephos was a solid product, hence to
use it as a control, 0.01g of it was dissolved in 100 ml of drinking water in a
250 ml plastic cup.

- Tween 60" was the negative control, manufactured by Kao corporation,
Japan.

Ovicidal bioassay

The ovicidal bioassay was the dipping method used by Cotchakaew and
Soonwera (2018). This experiment was of a completely randomized design.
Five replicates of each treatment were run, and the average results were
compared to that produced by 1% w/w temephos. LCsy (Lethal Concentration
for 50%mortality) were calculated by probit analysis. A Duncan’s Multiple
Range Test was conducted on the mortality data, with SPSS statistical software
for Windows (version 16.0).

Twenty five eggs of each species of mosquitoes were placed in a 250-ml
plastic cup containing 99 ml of drinking water. One milliliter of each
formulation of C. citratus and /. verum EQOs was added to the cup. After 48
hours, the hatched larvae were counted. Five replicates of the treatment were
run, and the results were compared to those produced by temephos and drinking
water. The percentage egg inhibition rate was calculated by the following
formula:

Inhibition rate (%) = [NT/NC] x100,

where NT is the total number of dead eggs (not hatched within 48 hours) and
NC is the total number of treated eggs.

World Health Organization (WHQO) susceptibility test

Knockdown rate, mortality rate, and susceptibility classification of
adulticidal agents were determined by the standard World Health Organization
(WHO, 2018) contact method, with acompletely randomized design. Five
replicates of each treatment were run, and the average results were compared to
that produced by 10% w/w cypermethrin, the positive control. Twenty-five-day-
old female mosquitoes (2 days after emergence) unfed with any blood meal
were exposed to C. citratus and I. verum EOs. Two milliliters of either 1 or 5 or
10% concentration of the EO were dropped onto a filter paper (the size of
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12x15 ¢cm, Whatman No.1") which was then placed in the treatment tube (44
mm in diameter and 125 mm in length). After 1 h of exposure, the mosquitoes
were transferred to the non-treatment tube containing a plain filter paper to
ensure that the filter papers, by themselves, did not affect the assay outcomes.
The knockdown rates were recorded at 1, 5, 10, 15, 30, and 60 min, and the
mortality rates were recorded 24 h after the start of the exposure. Knockdown
and mortality were evident by no movement of any body parts (head, antenna,
thorax, wings, legs, abdomen, and other appedages) when the treated mosquito
was prodded with a soft brush.

Knockdown rate and mortality rate were calculated by the following formula:

Knockdown rate (%) = [NT/NC] x 100,

where NT is the total number of knocked-down mosquitoes, and NC is the total
number of treated mosquitoes.

KTso (50% knockdown time) and LCsq (50% lethal concentration) were
calculated by probit analysis. Mortality data were analyzed by Duncan’s
Multiple Range Test with SPSS for Windows software (version 16.0).
Adulticidal agent’s susceptibility criteria as classified by WHO (2018) are as
follows: 98.0-100% mortality signifies susceptibility (S); 80.0-97.0% mortality
signifies possibly resistant that needs confirmation (PR); and less than 80.0%
signifies resistant (R).

Results
Ovicidal bioassay

The percentage hatching-inhibition rates against 4de. aegypti eggs of
C. citratus and . verum EQOs at 1, 5, and 10% and temephos are listed in Table
1. C. citratus and 1. verum EOs at 10% exhibited a 100 %inhibition rate against
Ae. aegypti eggs. In addition, at a half of the maximum concentration tested,
5% C. citratus and I. verum EQOs exhibited 80.6 and 91.1% inhibition rates,
respectively, and at only a tenth of the maximum concentration, the 1% EOs
provided a 47.0 and 63.4% hatching-inhibition rates, respectively. In contrast,
temephos showed a much lower toxicity to the eggs of those mosquito species
tested, with an inhibition rate of only 34.6%, while tween 60” (the negative
control) showed no toxicity at all against mosquito eggs.
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Table 1. Ovicidal activities against Ae. aegypti eggs of 1%, 5% and 10% C. citratus
and I verum EQOs and 1% w/v temephos

Inhibition rate+SD

Treatment Conc (%) LCs"(%)
24h 48 h

C. citratus 1 64.5+1.5% 47.0£4.2°

C. citratus 5 87.5+£8.0° 80.6+4.82° 1.38

C. citratus 10 100+£0* 100+0*

T R v 7T Eammneneeeeee

I verum 5 93.1+5.3 91.1+2.5° <1

1 verum 10 100+0° 100+0"

Temephos Clwh 59.2+31.1° - 34.6+19.6" ns’

Tween 60" 0 0" ns

dfioral, F-test 39 39

C.V. (%) 60.8 58.8

YLCs., 50% lethal concentration.

ns: Could not be determined by Probit analysis

*Mean % mortality rates followed by the same letter in the same column are not significantly
different at p < 0.05 (one-way ANOVA and Duncan’s multiple range test).

World Health Organization (WHQO) susceptibility test

Knockdown rate and knockdown time, KTsp, against females of Ae.
aegypti of C. citratus and I. verum EOs are tabulated in Table 2, while their
LCsy and WHO susceptility status are listed in Table 3. Both EOs at all 1, 5,
and 10% concentrations provided a 100% mortality rate after 1 hr of exposure.
However, the more concentrated 5 and 10% C. cifratus provided a shorter
mortality time (after 10 min of exposure) than the less concentrated 1%
formulation (after at least 15 min of exposure). Interestingly, 7. verum provided
a 100% mortality rate at all 1, 5, and 10% concentrations after only 15 min of
exposure. Based on the KTsy of C. citratus, 10% concentration provided the
shortest mortality time, followed by 5% (2.1 min) and 1% (2.9 min). Regarding
LCso, Its LCso was calculated to be 11.92%. Following the same trend, the KTsg
of 10% I. verum was the shortest at 2.1 min, followed by 5% (2.6 min) and 1%
(3.1 min), with an LCs of 13.2%. In contrast, the KT, of cypermethrin was 4.3
min, which means that it takes at least two times longer to destroy Ae. aegypti
females than both EOs at 1%, the lowest concentration tested. As expected, the
tween 60" control did not destroy or affect any mosquitoes throughout the
experiment.
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Table 2. Knockdown rate and KTsy against Ae. aegypti of 1, 5, and 10% C. citratus
and /. verum EOs and 1% w/w cypermethrin

%) £
T (i;mc Knockdown rate (%) = SD . KT,
(%) 5 min 10 min 15 min
C. citratus 1 60.0+4.0 992+1.7* 100° 29(2.5-34)
C. citratus 5 96.8+3.3% 100 100° 2.1(1.7-2.6)
Ceirams 10 992¢17  100'  100'  19(324)
I verum 1 59.2+5.2¢ 85.649.2° 100° 3.2(2.8-3.7)
I verum 5 72.8+7.69¢ 95.2:+4 30 100° 2.6(2.2-3.0)
I verum 10 85.642.1° 992+1.7* 100* 2.2(1.8-2.6)
Cypermethrin Lwiw 21.3+6.1° 50.646.1¢ 100° 44 (3.9-5.0)
Tween 60" 0 0o 0° ns”
dfiora, F-test 39 39 39
C.V. (%) 37.06 27.88 27.22

YK Tso, 50% knockdown time

*ns: Could not be determined by Probit analysis

3Mean % mortality rates followed by the same letter in the same column are not significantly
different at p < 0.05 (one-way ANOVA and Duncan’s multiple range test).

Table 3. Mortality rate and LCsy against Ade. aegypti as well as WHO
susceptibility status of C. citratus, I. verum EOs, and 1% w/w cypermethrin

Mortality rate (%) £ SD PP
Treatment Conc (%) 50 i « %) LCs (%)" ;Stl;stf:sg"bm“
C. citratus 1 100 S
C. citratus 5 100 11.9 S
C. citratus 10 100 S
I verum 1 100 S
1 verum 5 100 13.2 S
Cypermethrin 1 why 100 ns” S
Tween 60 0 ns R

"LC 50, 50% lethal concentration.

*S, Susceptibility is defined as 98-100% mortality; RS, Resistance suspected is defined as 80-
97% mortality; and R, Resistant, is defined as <80% mortality.

¥ns = Could not be determined by Probit analysis.

Discussion

The first point of discussion is that 10% [I. verum EO was more effective
than temephos at hatching inhibition of Ae. aegypti mosquito eggs, most likely
because temephos was ingested by the larvae but not the eggs (Ling ef al.,
2013). This conclusion is supported by a finding by Cotchakaew and Soonwera
(2018) that 10% /. verum EO was able to inhibit, at 100% rate, the hatching of
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the eggs of Ae. albopictus (Skuse) and Anopheles minimus (Theobald).
Moreover, it was also able to inhibit the hatching of housefly eggs at 97.3% rate
(Sinthusiri and Soonwera, 2014).

The second point is that our finding that 10% C. citratus EO was more
effective than cypermethrin in knocking down Ae. aegypti mosquitoes is
consistent with a finding by Soonwera and Sittichok, (2020) that C. citratus EO
and geranial provided a high mortality rate against the mosquitoes. Not only
providing a higher knockdown rate than cypermetrhin, 10% C. citratus EO also
provided a higher mortality rate.

The final point of discussion is that C. citratus and I. verum essential oils
are better natural alternatives to cypermethrin because they not only were more
effective at the time of this study but also safer to non-targeted organisms since
they were natural substances that have been consumed since ancient times as
folk medicine (Silvério et al., 2020). In modern time, it has been used in
perfume industry because it smelled good and was safe for users (Irshad ez al.,
2020). However, a gold standard safety evaluation of these EOs should be
conducted before they are released as an alternative commercial product to
cypermethrin.
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Abstract This study evaluated the oviposition deterrent; ovicidal, larvicidal, pupicidal, and
adulticidal activities of essential oil (EO) from Litsea petiolata leaves against Aedes aegypti,
Aedes albopictus, Anopheles minimus and Culex quinquefasciatus with double-choice, dipping,
and contact assays. Litsea petiolata EO was tested at 1, 5, and 10% concentratiens in ethanol
and their efficiencies were compared with those of 1% w/w temephos and 10 % w/v
cypermethrin. Oviposition deterrent was evaluated on gravid females. Larvicidal and pupicidal
activities were tested on the fourth larvae and 2-day-old pupae. The adulticidal activity was
tested against two-day-old adult females. Ten percent of L. petiolata EO exhibited the highest
oviposition deterrent activity against gravid females and 100% repellency against Ae.
albopictus — and ' An. minimus, 97.0% against de. aegypti and  94.6% against Cx.
quinquefasciatus. The oviposition activity index (OAI) against females of those four mosquito
species ranged from -0.9 to -1.0. Ten percent of L. petiolata EO also exhibited the highest
ovicidal activity against the eggs of the four mosquito species, with an inhibition rate ranging
from 87.2 to 100%. Moreover, it also showed the highest larvicidal and puicidal activities
against the larvae and pupae of the four mosquito species, with a 100% mortality rate at 10 and
60 min, respectively. The adulticidal activity was recorded at | and 24h. Ten percent of L.
petiolata EO exhibited the highest toxicity to female adults of the four mosquito species, with
100% knockdown (1h) and mortality (24h) rates. On the other hand, 1%w/w temephos did not
deter gravid females, and it was only slightly toxic to the eggs and larvae and non-toxic to the
pupae. In the same manner, 10%w/v cypermethrin was less effective against the female adults
of the four mosquito species than 10% L.petiolata EO. L.petiolata EO is a highly effective and
eco-friendly alternative to synthetic insecticides.

Keywords: Litsea petiolata, Aedes aegypti, Aedes albopictus, Anopheles minimus, Culex
quinquefasciatus, Essential oil

Introduction

Mosquitoes are serious vectors and a considerable threat to people's
livelihood worldwide. They are a major cause of death for 700,000 hundred

'Corresponding Author: Soonwera, M.; Email: mayura.so@kmitl.ac.th, mayura.soon@gmail.com
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thousand people per year (WHO, 2020). Serious diseases vectored by mosquitoes
include dengue, malaria, japanese encephalitis, filariasis, yellow fever, and zika
virus. Aedes aegypti (Ae. aegypti) and Aedes albopictus (Ae. albopictus)
mosquitoes, in particular are vectors of dengue widely distributed globally
especially in tropical and subtropical areas (Paixao ef al., 2018; Sharma et al.,
2022). Areas infested with dengue vectors are habitats of about two-thirds of the
world's population. Three-point nine billion people in more than 128 countries are
at risk of contracting dengue. In 2019 an estimated 229 million cases and 56
million cases of dengue had been reported worldwide (Mustafa, 2015; Pompon et
al., 2017; Demirak and Emel, 2022. Culex quinquefasciatus (Cx. quinquefasciatus) is
a globally distributed cosmopolitan mosquito, especially in tropical and subtropical
areas (Chaiphongpachara et al., 2018). Cx.quinquefasciatus is a vector of lymphatic
filariasis, West Nile fever, and Japanese encephalitis. Also, about 859 million people
are vulnerable to lymphatic filaniasis, and over 3 billion people are threatened by
Japanese encephalitis worldwide (WHO, 2020). It causes annoyance, pain, and
dermatitis (Muthukumaran ef al., 2015), and it is reported to cause lymphatic
filariasis, a widely distributed tropical disease estimated to infect around 600 million
people in the Southeast region of Asia in 2019 (Rai et al., 2019). On the other
hand, Anopheles minimus (An. minimus) is a vector of malaria. Malaria is a
severe disease and public health problem that causes many deaths of children
and adults annually. A report stated that, in 2019, there were 214 million
infected cases worldwide (Moxon et al., 2019). Most of the deaths were under
S-year-old children (Sonkong et al., 2015; WHO, 2016).

In recent years, many synthetic insecticides have not been used
comprehensively in mosquito control programs: their harmful effects on human
and non-target populations, their difficult-to-biodegrade nature, and the ever-
increasing mosquito resistance to them (Forstinus ef al., 2017). Thus, new, safer
insecticides for controlling the mosquito population are urgently needed.
(Demirak and Emel, 2022). Recently, plant extracts or phytochemicals as
potential sources of mosquito control agents have attracted much attention from
researchers (Singh ez al., 2006; Arokiyaraj et al., 2015). Natural products are
more desirable because they are safer for non-target organisms and biodegrade
quickly. Essential oils are suitable potential controllers of mosquito vectors of
diseases. Plant essential oils (EOs), the first generation of herbal pesticides, are
known as green pesticides. They show anti-insect activities, including insecticidal,
antifeedant, repellent, oviposition deterrent, growth regulatory, and (Tahghighi
et al., 2019). Many researchers have observed that some EOs from herbal plant
sources had larvicidal and pupicidal activity (Chantawee and Soonwera, 2018),
repellent activity (Wu ef al., 2019), insecticidal activity (Dua ef al., 2010), and
ovicidal and oviposition-deterrent activity (Cotchakaew and Soonwera, 2018)
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against mosquito vectors. This study focused on Litsea petiolata Hook.f.
(L. petiolata), Lauraceae family. It is a native tree in the South and Northeast of
Thailand. L. petiolata leaves and twigs odor like an edible insect called Mangdana
(Lethocerus indicus: Hemiptera; Belostomatidae), which is used as a common
flavoring agent in Thai food.

The objective of this study was to evaluate the efficacy of Litsea
petiolata EO against Aedes aegypti, Aedes albopictus, Anopheles minimus and
Culex quinquefasciatus in terms of oviposition deterrent, ovicidal, larvicidal,
pupicidal, and adulticidal activities.

Materials and methods
Mosquito rearing

Colonies of four mosquito species—Aedes aegypti (Ae. aegypti), Aedes
albopictus (Ae. albopictus), = Anopheles minimus (An. minimus) and Culex
quinquefasciatus (Cx. quinquefasciatus) were provided by the Entomological
Laboratory, Department of Plant Production Technology, Faculty of
Agricultural Technology, King Mongkut’s Institute of Technology Ladkrabang
(KMITL), Bangkok. The laboratory colonies were kept under the following
conditions: 27.0+3.3 °C, 72.5+1.5%RH, and 12-h light and 12-h dark lighting
periods. The eggs were hatched in a tray (28%35%4 c¢m’) and filled with 2000
ml of drinking water. The tray held about 200 larvae. They fed on fish food
(OPTIMUM®,  32% protein). Fourteen-day-old larvae developed into pupae,
then 150 pupae were collected in a 250 ml plastic cup containing 200 ml of
drinking water. The cup was transferred into a mosquito cage (30x30%30 em’).
No food was fed to the pupae. Two-day-old pupae developed into adult
mosquitoes. The adults fed on 5% sugar solution in drinking water soaked in
cotton pads. When they were 5 days old, female mosquitoes were given blood
as food for 60 min by an artificial membrane method (Chantawee and
Soonwera, 2018). Three days afterward, the gravid mosquitoes laid eggs. An
oviposition deterrent bioassay was performed on 2-day-old female adults that
had been fed with the blood meal, while the eggs were used in an ovicidal
bioassay. Larvae of the four mosquito species were collected. Fourth instar
larvae were used in a larvicidal bioassay, and pupae were used in a pupicidal
bioassay. Two-day-old adult female mosquitoes that had not been fed with
blood were used in an adulticidal activity assay.

Plant materials

Fresh leaves of Litsea petiolata (L. petiolata) from 3-year-old trees were
collected from Bankhai district, Rayong province (12° 40" 48” N and 101° 16" 48" E)
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in the Eastern part of Thailand (Figure 1). The specimens were identified by a
botanical taxonomist from King Mongkut’s Institute of Technology
Ladkrabang. Fresh leaves were rinsed with drinking water and cut into small
pieces. One kilogram of leaves was placed in a flask (5L.), then added with 2,000
ml of drinking water and extracted for their EO by a water distillation method. The
extraction process took about 5 hours. The EO obtained was diluted into 1, 5 and
10% solutions in ethyl alcohol. All EO solutions were stored at room temperature
(27.5£1.5°C; 75.5£1.5 %RH) before being used in a test. Gas chromatography and
gas chromatography-mass spectrometry were used to analyze the composition of
the L. petiolata EO.

Figure 1. Litsea petiolata Hook.f. (F. Lauraceae) (A) tree, (B) fruits, (C)
flowers and (D) leaves

GC-MS determination of oil components of L. petiolata

The composition of L. petiolata EO was analyzed by GC-MS are
presented in Table 1. The analysis was carried out at the Scientific Instrument
Center, Faculty of Science, King Mongkut’s Institute of Technology
Ladkrabang, Bangkok, Thailand. The GC-MS system was an agilent system. It
was composed of a model 6890-N gas chromatographer, a model 5973-N mass
spectrometer with 70 EV electron energy, a 7683 Auto-sampler, and a
Chemstation data system. The GC column was an HP-5 ms fused silica
capillary with 5% phenyl methylpolysiloxane coating and 0.25-pm film
thickness—length of 30 m and an internal diameter of 0.25-mm. The initial
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oven temperature was kept at 50 ‘C for 2 min, and then it was heated up to
200°C at a rate of 10°C/min"' and held there for 20 min. The injector
temperature was maintained at 270°C. Each EO sample was diluted at 1:100 in
ethyl alcohol, and 0.2 pl of the diluted sample was injected into the GC-MS
system at a slit ratio of 1:100. The mobile gas was 99.9% helium. The flow rate
was 1.0 ml per min. Spectra were scanned in a range of 30 to 500 m z '
Chemical components of EOs were analyzed and identified with Agilent
software (version G1701DA D.00.00), NIST mass spectral search program for

Wiley 7n.1, and NIST tandem mass spectral library v7.1.
Table 1. Chemical composition of Litsea petiolata EO as identified by GC-MS

No. Constituent Percent of total R.T. (min)
1 Benzene 0.17 727
2 1.8-Cineole 2.74 7.39
3 8-Nonen-2-one 015 8.23
4 2-Nonanone 54.69 8.48
§ 2-Decanone 31.30 11.31
6 Undec-10-en-2-one 141 11.40
7 2-Undecanone 047 11.46
8 2-Dodecanol 0.04 11.72
9 2-methyl 0.03 12.58
10 1-Hepten-6-one 0.02 12.97
11 a -Cubebene 0.04 13.10
12 Butanal 6.81 13.18
13 1,3-Oxazin-2-one 2.09 14.00

Total 99.96

Positive and negative controls

- Cypermethrin (Cyperguard10 EC®, 10% w/v) manufactured by Expert
pest system Co. Ltd, 4/151 Borommaratchachonnani Road, Chimplee, Bangkok
10170, Thailand, functioned as a positive control.

- Temephos (SaiGPO—l'E, 1.0% w/w) manufactured by 138 Government
Pharmaceutical Organization, Rangsit -NakhonNayok Road, Pathumthani
province, Thailand, functioned as another positive control.

- Drinking water (Crystal®) manufactured by Sermsuk Co. Ltd., 72

Phaholyothin Rd, Nakhon Sawan province, Thailand, functioned as a negative
control.

Assays for determination of various activities of L. petiolata EO

Oviposition deterrence bioassay

The oviposition deterrence bioassay was a double-choice method. Each
treatment was performed in five replicates. The outcomes were statistically
analyzed by a paired t-test (P<(0.05). It was performed on 15 gravid females in
a mosquito cage (30x30x30cm) mentioned in the section "Mosquito rearing
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method." Two 250-ml plastic cups were brought into the cage and filled with 99 ml
of drinking water, then placed at opposite corners of the cage. The cups were
switched their positions in each replicate of the experiment. The treatment cup
was added with 1 ml of either 1 or 5 or 10% L. petiolata EO or 1 ml of drinking
water with 0.01g of dissolved temephos. The non-treatment cup was added with
I ml of drinking water. After 72 hours and under a stereomicroscope, the
number of eggs laid in the treatment and non-treatment cups was counted and
recorded. The results from the two types of cups were statistically analyzed and
compared. The oviposition activity index (OIA), percentage effective
repellency (ER%), and percentage effective attractant (EA%) were determined.
The OAI was calculated by the following formula (Govindarajan et al., 2018;
Shaalan and Canyon, 2018; Soonwera and Phasomkusolsil, 2017):
OAI= TC-UC/TC+UC,

where TC is the total number of mosquito eggs in the treatment cup, and UC is
the total number of mosquito eggs laid in the non-treatment cup. The values of
OAI ranged from -1.0 to +1.0, where an OAI=0 signified a neutral response
(N); an OAI from O to +1.0 signified an attractant (A), i.e., more mosquito eggs
were laid in the treatment cup than in the non-treatment cup; and an OAI from 0 to -
1.0 signified a repellent (R), i.e., more mosquito eggs were laid in the non-treatment
cup than in the treatment cup. A highly negative index value was what we were
looking for, which would show that the test solution deterred the female
mosquitoes from spawning their eggs.

ER% was calculated for the case of positively repellent and deterrent by
the following formula: ER%= [UC-TC/UC] x100,

On the other hand, EA% was calculated for the case of positive
attractant by the following formula: EA%= [TC-UC/TC] x 100.

Ovicidal bioassay

The ovicidal bioassay was the same dipping method used by
Cotchakaew and Soonwera (2019). This experiment was of a completely
randomized design. Five replicates of each treatment were run, and the average
results were compared to that produced by 1%w/w temephos. LTsy values
(Lethal Time for 50% mortality) and LCso (Lethal Concentration for 50%
mortality) were calculated by probit analysis. A Duncan's Multiple Range Test
was conducted on the mortality data with SPSS statistical software for
Windows (version 16.0). Twenty-five eggs of each species of mosquitoes were
placed in a 250-ml plastic cup containing 99 ml of drinking water and added
with 1 ml of 1 or 5 or 10% of L.petiolata EO solution.In the case of temephos,
0.01g of temephos was dissolved in 100 ml of drinking water in a 250 ml
plastic cup and used as a positive control, while 100 ml of drinking water in a
250 ml plastic cup was used as a negative control. After 48 hours, the hatched
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larvae were counted. Five treatment replicates were run, and the results were
compared to those produced by temephos and drinking water. The percentage egg
inhibition rate was calculated by the following formula:

Inhibition rate (%) = [NT/NC] %100,
where NT is the total number of dead eggs (not hatched within 48 hours) and
NC is the total number of treated eggs.

Larvicidal and pupicidal bioassay

The larvicidal and pupicidal = bioassays followed the method of
Soonwera and Phasomkusolsil (2017) and were of a completely randomized
design. Five replicates of each treatment were run, and the average results were
compared to that produced by temephos. The LTs, values (Lethal Time for 50%
mortality) and LCso (Lethal Concentration for 50% mortality) were calculated
by probit analysis. A Duncan's Multiple Range Test was conducted on the
mortality data with SPSS statistical software for Windows (version 16.0). In a
250-ml plastic cup, one milliliter of L. petiolata EO was added to 99 ml of
drinking water at each concentration. Ten specimens of fourth instar larvae and
10 specimens of pupae were placed in such plastic cups. Larval mortality was
recorded at 1, 5, 10, 15, 30, 60 min, and 24 h and pupae mortality at 15, 30 min,
1,3, 6, 12, 24 and 48 h. Larvae were considered dead if they could not rise to
the water surface or did not manifest a diving reaction. The mortality rates were
recorded and calculated by the following formula:

Mortality rate (%) = [NT/NC] x 100,

where NT is the total number of dead larvae/pupae and NC is the total number
of treated larvae/pupae.

World Health Organization (WHQO) susceptibility test

The knockdown rate, mortality rate and susceptibility testing of
mosquito females were carried out following the standard World Health
Organization (WHO) protocol (WHO, 2018) contact method, with a completely
randomized design. Five replicates of each treatment were run, and the average
results were compared to that produced by 10% w/v cypermethrin, the positive
control. Twenty-five female mosquitoes (2 days after emergence) unfed with
blood meal were exposed to L. petiolata EO at 1 or 5 or 10% concentration in a
treatment tube. Two ml of an EO solution were dropped and absorbed on a
filter paper (the size of 12x15 cm, Whatman No1®) and put in the treatment
tube (the size of 44 mm in diameter and 125 mm in length). After 1 h of
exposure, the mosquitoes were transferred to the non-treatment tube (containing
a filter paper but without L. petiolata EO). The knockdown rates were recorded
at 1, 5, 10, 15, 30, and 60 min, and the mortality rates were recorded 24 h after
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the exposure. The criterion for both knockdown and mortality was that no
mosquito body parts (head, antenna, thorax, wings, legs, abdomen, and other
appendages) moved.

Knockdown rate and mortality rate were calculated by the following
formula:  Knockdown rate (%) = [NT/NC] x 100,

Where NT is the total number of knocked down mosquitoes, and NC is the total
number of treated adult mosquitoes.

KTs0 (50% knockdown time) and LCsy (50% lethal concentration) were
calculated by using probit analysis. The mortality data were analyzed by
Duncan’s Multiple Range Test with SPSS for Windows software (version
16.0). An agent’s susceptibility criteria as classified by WHO are as follows:
98.00-100% mortality signifies susceptibility (S); 80.00-97.00% mortality
signifies possibly resistant that needs confirmation (PR); and less than 80.00%
signifies resistant (R).

Results
Oviposition deterrent bioassay

The results of the oviposition deterrent assay are presented in Table 2.
The oviposition activity index (OAI) values of L. pefiolata EO at 1, 5 and 10%conc.
Against Ae.aegypti, Ae.albopictus, An.minimus and Cx. quinquefasciatus are
presented in Figure 2. It can be observed that 10% of L. petiolata EO had a high
ER% (percentage effective repellency) and a higher oviposition deterrent
activity against all species of mosquitoes than 5 and 1% concentrations had. L.
petiolata EO at all tested concentrations (1, 5 and 10%) exhibited effective
oviposition deterrent activity against An. minimus females with the highest
deterrent activity of 100% ER and -1.0 OAL In addition, L. petiolata EO at all
tested concentrations successfully prevented oviposition. When compared with
temephos, L. petiolata EO showed a higher oviposition deterrent activity (24.9%
EA (effective attractancy) and 0.1 OAI) against An. minimus females.

Against Ae. albopictus females, L. petiolata EO at all tested concentrations
showed a high oviposition deterrent activity, not as high as it was against
An. minimus but higher against all of the other tested species.

In addition, the EO at all tested concentrations also showed a high
oviposition deterrent activity against Ae. albopictus females with %ER ranging
from 75.0 to 100% and OAI ranging from -0.6 to -1.0, whereas temephos did
not show an effective oviposition deterrent activity against Ae. albopictus
(0.4%ER and -0.10Al). de. aegypti females ranked third out of the four
mosquito species tested in sensitivity to L. petiolata EO (in terms of oviposition
deterrent activity), with ER ranging from 89.7 to 97.0% and OAI ranging from
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-0.8 to -0.9. Temephos did not show an effective oviposition deterrent activity
against Ae. albopictus females (0.03% ER and -0.01 OAI). Cx. quinquefasciatus
females ranked the last out of all tested species in terms of their oviposition
activity deterred by L. petiolata EO. L. petiolata EO at 5 and 10% showed %
ER of 18.5 and 94.6% and OAI of -0.1 and -0.9, respectively, but 1% L.
petiolata EO showed %EA of 52.3%. Similar to the EO at a low concentration,
temephos did not show an effective oviposition deterrent activity against Cx.
quinquefasciatus females (8.6% ER and -0.10AI). To stress, L. petiolata EO at
5 and 10% deterred the ovipositioning of all four tested mosquito species, i.e.,
the number of eggs laid in the treatment cups was significantly lower than laid
in the non-treatment cups, whereas temephos was not shown.
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Figure 2. Ovipositon activity index (OAI) values of L. petiolata EO at three
concentrations (1, 5 and 10%) against Ae. aegypti, Ae. albopictus, An. minimus,
and Cx. quinquefasciatus

Ovicidal bioassay

The percentage hatching-inhibition rates of L. petiolata EO at 1, 5, and
10% against Ae. aegypti, Ae. albopictus, An. minimus, and Cx. quinquefasciatus
eggs are presented in Table 3. L. petiolata EO at all tested concentrations
exhibited a 100 % inhibition rate against Cx. quinquefasciatus eggs. In addition,
5 and 10% L. petiolata EOQ were highly toxic to Ae. albopictus and An. minimus
eggs with a 100% inhibition rate, while the EO at 1% was toxic against
Ae. albopictus and An. minimus eggs at 4.5 and 69.7% hatching-inhibition rate,
respectively. However, L. petiolata EO at 1, 5 and 10% showed moderate
toxicity against Ae.aegypti eggs with inhibition rates of 74.4, 79.2 and 87.2%,
respectively. In contrast to the EO, temephos showed low toxicity to the eggs of
all mosquito species tested, with inhibition rates ranging from 6.2 to 9.5%. Not
surprisingly, the drinking water (negative control) showed no toxicity against
mosquito eggs.
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Table 2. Oviposition deterrent activities (OAI) values of L. petiolata EO at 1%, 5% and 10% concentrations and
1w temephos against Ae. aegypti, Ae.albopictus, An.minimus and Cx. quinquefasciatus

Number of eggs +SD No. of
eggs laid
g : Conc. r female
Mosqutioes species Treatment (%) Trebt bh Non-!‘l:’iil)tment OQATI** ER% EA% |;€ (in
catment
cup)
1 75.08209 . 731.0£105.5 08 89.7 R 5.0
L ”‘I’E”(‘)”""’ 4924175 819.6£65.7 0.9 94.0 - 33
Aeaegyp /4 _ 10 316697 | 10604%150 .09 970 - 2
temephos ke 249.3432 1 256.1446.6 -0.01 0.03 " 17.3
) 1 148.6=128.6°  595.8+122.0 -0.6 75.0 = 9.9
i Y ”eE"C‘)”‘”" 5 9.846.7° 553.8160.2 0.9 982 . 0.6
"D A8 00007 | 5994510705 4.0 - 100 : 0.0
temephos Twiw 308.3+83.58  455.4:171.98 01 0.4 Z 332
_ 1 0.0:00° 533.6295.7 1.0 100 : 0.0
it £ ”‘[’_:"(‘)”“"’ 5 0.0:0.0° 737.2+175.8 -1.0 100 - 0.0
10 0.0+0.0 61021242 1.0 100 - 0.0
temephos TWAY 395341723 297.1+12931 0.1 4 249 26.3
_ 1 974.0+72.4°  4642+97.9 0.4 4 523 64.9
P B, ”;’g”‘”“ 5 646.8:723° | 793.6:64.4 -0.1 18.5 = 43.1
10 6224142 1161.4£192.0 09 94.6 R 42
temephos Twik 24314311 266.0+31.0 0.1 8.6 . 16.2

* Significant difference between treatment and non-treatment cups by paired t-test (P< 0.05)
** The OAI ranges from -1 to +1: positive index value (+) indicates that the test solution was an attractant; negative index value (—) indicates that the test
solution was a deterrent; and 0 indicates a neutral response. OAI = Ovipesition Active Index; ER = Effective Repellency: EA = Effective Attractancy
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Table 3. Ovicidal activities of L. petiolata EO at 1%, 5% and 10%
concentrations and 1w/w temephos against Ae. aegypti, Ae. albopictus, An.
minimus and Cx. quinquefasciatus eggs

Inhibition rate (%)

Mosquite Specis 1% cone 5% conc. 10% conc. 1w/w Temephos drinking water
Ae. aegypti 744652 792484 87.2:8.9 9.5:4.4 0.0
Ae. albopictus 4.582.2" 100’ 100 9.4410.4 0.0
An. minimus 69.7413.1" 100’ 100° 6.244.6 0.0
Cx. quinguefasciatus 100" 100 100" 6.3“.4" 0.0

'Means in each row followed by the same letter are not significantly different (p<0.035, by one-way ANOVA and
Duncan’s multiple range test)

Larvicidal and pupicidal bioassay

The larvicidal activities of L. petiolata EO at 1, 5 and 10%
concentration against fourth instar larvae of Ae.aegypti, Ae.albopictus,
An.minimus and Cx. quinquefasciatus are presented in Table 4. L. petiolata EO
at 1, 5 and 10% concentrations showed higher toxicity against fourth instar
larvae at 10 min of exposure than at 5 min. At 10 min, L. petiolata EO at all
tested concentrations was highly toxic to An. minimus larvae with 100%
mortality, LCso value of 0.5%, and LTsp values ranging from 2.4 to 9.1 min; the
LCs; against the larvae of Cx. quinquefasciatus was 0.7%, with a mortality rate
ranging from 93.6 to 100%, and the LTs, values ranging from 4.2 to 5.4 min;
the LCso against the larvae of de. aegypti was 1.8%, with mortality ranging
from 30.4 to 100%; the LTs, values ranged from 3.6 to 15.4 min; lastly, the
LCsq against the larvae of Ae. albopictus was 2.8% with a mortality rate
ranging from 0 to 100%; the LTso values ranged from 2.4 to 27.1 min.
Temephos showed slight toxicity against the larvae of Ae. aegypti, Ae.
albopictus, An. minimus and Cx. quinquefasciatus within 10 min of exposure.
L. petiolata EO at all tested concentrations were able to control the larvae of all
tested mosquito species, while temephos was not controlled.

The results of the pupicidal activity assay of L. petiolata EO against
pupae of de. aegypti, Ae. albopictus, An. minimus and Cx. quinquefasciatus are
presented in Table 5. L. petiolata EO at all tested concentrations (1, 5, and
10%) were more toxic to the pupae when they were exposed to each of them for
60 min than for 30 min. At 60 min, L. petiolata EO at all tested concentrations
was highly toxic to Cx. quinquefasciatus pupae with a mortality rate ranging
from 4.0 to 100%, LCsq of 2.1%, and an LTsq value ranging from 18.1 to 180.3
min; the LCs, against the pupae of An. minimus and Ae. albopictus was 2.8%,
with a mortality rate ranging from 0 to 100% and an LTs, ranging from 0 to 6.3
min; the LCs, against the pupae of Ae. aegypti was 3.2%, with a mortality rate
ranging from 7.2 to 100% and an LTs, ranging from 18.1 to 138.2 min. In
contrast, temephos was not an effective larvicide against the pupae of Ae.
aegypti, Ae. albopictus, An. minimus, and Cx. quinquefasciatus.
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Table 4. LTsy, LCsy, and Mortality rate of L. petiolata EO at 1%, 5% and 10% concentrations against larvae of Ae.

aegypti, Ae.albopictus, An.minimus and Cx. quinquefasciatus at 5 and 10 min

. MOTahty. ()2 5D - Confidence limit LCs,
Mosquito species Treatment 2“‘:' = 95% (%) X
(%o) S min 10 min (min) at 10 min
LCL UCL
1 1.6+£3.6°  30.4£5.4° 154 0.2 0.2 65.4
) L. petiolata EO 5 87.247.2°  99.2+1.8" 4.8 0.06 0.1 1.8 153.4
Ae. aegypti . g ‘

N 4 A8 -0 98.4+2.2 1007 3.6 0.04, 0.09 150.5

temephos Lwiw 0.0£0.0 0.0+0.0 ns - - - -

1 0:+£0.0° 0+0.0° 27.1 0.4 0.5 51
4 Dovict L. petiolata EO 3 100" 100" 2.4 -0.1 0.1 2.8 178.9
SRR 10 100° 100* 2.4 0.1 0.1 178.9

_J ferephdshs et 0. 95000 00000 g/eemem et s WV - -
1 0+0.0" 100 9.1 0.07 0.2 159.4
B L. petiotatd EOQ 5 100° 100 24 -0.1 0.1 0.5 178.9
An. minimus
Ao 400 (ISP " WA N-01G Jjo1 1789

temephos Lw/w 0.0£0.0 = 0.0:£0.0 ns'’ - - - -
1 89.645.4° 93 64547 54 0.06 0.1 182.4
Cr ouinguefascians - Peliolaia EO 5 95244.4% 100° 418 0.05 0.1 0.7 190.2
e i 10 992418 — 100° 4.2 0.04 0.1 196.3

temephos L w/w 0.0£0.0  0.0+£0.0 ns' - - - -

All values were based on five replications; UCL= upper confidence limit; LCL = lower confidence limit; X* = ¢hi square; LCs, = 50% lethal concentration.

Yns = not computed by Probit analysis
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Table 5. LTsy, LCsp, and Mortality rate of L. petiolata EO at 1%, 5% and 10% concentrations against pupae of Ae.
aegypti, Ae.albopictus, An.minimus and Cx. quingquefasciatus at 30 min and 60 min

) . Cone. Mortality (/6)+SD T Confidence limit I(‘OC/:;
Mosquito species Treatment =3 95% X
(%) 3 4 (min) at 60
30 min 60 min min
LCL UCL
1 4.0£0.0 72433 138.2 96.1 336.3 35
Ae. aegypti L. petiolata EO 5 52.0£5.7  89.6+£9.2 30.3 24.0 36.5 3.2 25.6
Iy 20 ~_m””lO___ s !_09 L) ‘l._OO_‘ 18.1 6.3 A 24.4 0.03
temephos Clww 0 0 ns Y - - ns -
1 0 0 ns - - -
Ae. albopictus L. petiolata EO - 100 100 181 6.3 244 28 0.1
Bl o S\ellLUlild] ~Y/IGROeONe LIS LU P8 o P24 =~~~ 01
| Jicmeite)e XU S VAN ANL I U —~ J§ o8 =~ -
1 0 0 ns - - -
An. minimus L. petiolata EO 5 100 100 18.1 6.3 244 2.8 0.1
10 100 100 18.1 6.3 24.4 0.1
Neerllys GOV Yl 9 (9= 2 Pey o, ff - 000 oS -
1 3.2+5.2 4.0+4.9 180.3 1213 376.1 226
Cx. quinquefasciatus L. petiolata EO 5 89.6+6.1 100 24.2 6.2 24.4 2.1 3.9
10 100 100 18.1 6.3 244 0.03
temephos Iw/w 0 0 ns - - ns -

All values were based on five replications; UCL= upper confidence limit; LCL = lower confidence limit; X° = chi square; LCs, = 50% lethal concentration.
Yns = not computed by Probit analysis.
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World Health Organization (WHO) susceptibility test

The knockdown rate (KTs), mortality rate, susceptibility status, and
lethal concentration (LCsg) of L. petiolata EO against females of Ae. aegypti,
Ae. albopictus, An. minimus and Cx. quinquefasciatus are presented in Table 6.
The mortality rate increased with increased EO concentration. Ten percent of
L. petiolata EO was more toxic to females of the four mosquito species, with a
100% mortality rate than 5 % was (see Table 6). Against An. minimus females,
10 and 5 percent L. petiolata EO exhibited a mortality rate of 100% and a
respective KTsp of 0.7 and 17.3 min after 1 h of exposure. Their LCsy was
2.9%, and the WHO susceptibility status of An. minimus against the 10% L.
petiolata EO was susceptible. These results (KTsy of 0.7 min) were better than
10% w/v cypermethrin (KTso of 3.7 min). Against An. minimus females, 1% L.
petiolata EO and 1%w/v cypermethrin did not show an effective knockdown
rate or mortality rate. Against Ae. aegypti females, L. petiolata EO at 1 and 5%
were not fully effective, with a KTs, at 1h ranging from 7.9 to 46.5 and a
mortality rate at 24 h ranging from 10.4 to 61.2%. In contrast, 10% of L.
petiolata EO showed the highest mortality rate, at 100%, against Ade. aegypti
females with a KTsq of 1.8 min and an LCs; of 4.1 %. Its WHO susceptibility
status was ‘susceptible.”’Against Cx. quinquefasciatus females, 10% L. petiolata
EO provided the highest mortality rate of 100% at 24 h, a KTs, of 2.9 min at 1
h, and an LCsp of 5.8 % at 24 h. The susceptibility status of Cx.
quinquefasciatus against 10% L. petiolata EO was "susceptible." In addition, 1
and 5% L. petiolata EO provided a mortality rate of 2.4 and 28.0% at 1 h and
KTso values of 110.1 and 8.7 min, respectively. On the other hand, 10%w/v
cypermethrin (KTsy of 1.3 min) was better than10% L. petiolata EO (KTsy of
2.9 min) against Cx. quinquefasciatus females. On the other hand, against Ae.
albopictus females, 10% of L. petiolata EO exhibited the highest mortality rate
of 100% at 24 h, KTsp of 0.7 min at 1 h, and LCso of 6.1 % at 24 h. The
susceptibility status of Ae. albopictus against 10% L. petiolata  EO was
"susceptible." However, 5% conc of L. petiolata EO did not show a very high
mortality rate at 1 h (44%), and 1% of L. petiolata EO was not effective against
Ae. albopictus females. Ten percent (w/v) Cypermethrin (KTs, of 5.3 min) was
less effective than 10%L. petiolata EO (KTso of 0.7 min) against &4
quinquefasciatus females.
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Table 6. KTsy, LCsy walue, mortality rate and susceptibility status of L. petiolata EO concentrations and
cypermethrin against Ae. aegypti, Ae. albopictus, An.minimus and Cx. quinguefasciatus

Ae. aegypti Ae. albopictus An. minimus Cx. quinguefasciatus
Yo e
LC LC
Co Yo . Mortal. || 50 = LC
Treatmen .. KT Moral = SR KT ny = 275 Gt KTs % o2 g
t o » S = (%a at B\w Mortal = =w 50 Mortali = = (%o
(%) s iy £ £ 5 50 == ) s0 ity £ Z (% 0 t £ )
(mi at o = (mi 24h o 2" at - (m ‘ g2 ) (min Y o=
n) 54h 2 at 7Y £15 <oef -9 at 2% ) at 2 at
& 24 & h 24h._ & :‘;:n 24h & 24
h h
h
P 1 456. 10;3:2 R ol 0 R e o° R 1 110. 2.4:55.2
o . J [ 0+
P"‘E’c‘;‘"" 5 79 6186:,17 s LB (5 44:53 RN '; 100* s P2 ks.7 282‘;b1 R S8
10 1.8 100" S 0.7 100° p 0.7 100° s 2.9 100* S
1 42 9°‘§f 5 RS ns 0° RS ns o* RS 4.1 92‘334' RS
cypermet
hrin 5 3 100* s .06 1; © “t1o0* s 26 '20‘ 100* s .29 24 100* s 06
10 2.9 100 S 53 100" S 3l'J 100" S 1.3 100* S

KTs4, 50% knockdown time; LCs5, 50% lethal concentration. Mean % mortality followed by the same letter in the same column is not significantly
different (one-way ANOVA and Duncan’s multiple range test). S, Susceptibility is defined as 98-100% mortality: RS. Resistance suspected is defined as
80-97% mortality, R, Resistance is defined as <80% mortality. "ns = not computed by Probit analysis.
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Discussion

The experimental results demonstrated that L. pefiolata EO at 10%
concentration is an effective oviposition deterrent, ovicidal, larvicidal, pupicidal,
and adulticidal agent against Ae. aegypti, Ae. albopictus, An. minimus and Cx.
quinguefasciatus mosquitoes. Ten percent of L. petiolata EO exhibited a high
effective repellency against gravid females of all tested mosquito species and a
high inhibition rate against the eggs. These results are supported by the finding
from Phukerd and Soonwera (2014) that 10% of L. petiolata EO exhibited a
high repellent activity against females of Cx. quinquefasciatus and Ae.aegypti.
Muangmoon et al. (2019) also reported that L. petiolata EO showed a repellency
activity against de. aegypti females. Along with the same trend, Uniyal et al.
(2016) reported that 100 mg/L of L. cubeta EO showed a high oviposition
deterrent activity against Ae. aegypti females with 87.17% effective repellency.
Regarding ovicidal activity, our results agree well with those from
Phasomkusolil and Soonwera (2012) and Cotchakaew and Soonwera (2019).
They reported that essential oils from the Cananga odorata flower, Curcuma
zedoaria rhizome, and Ocimum basilicum leaves were highly toxic to the eggs
of Ae. aegypti, Ae. albopictus, An. dirus, An. minimus, and
Cx.quinquefasciatus, with ECso < 1.0 %. Wang et al. (2016) reported that L.
cubeta EO was highly toxic to the eggs of Callosobruchus chinensis (Bruchidae:
Coleoptera), with an LCsq0f 3.78 pl/L. In addition, 10% L. petiolata EO was highly
toxic to the larvae, pupae, and adults of all tested mosquito species. This results
are supported by findings from Muangmoon e/ al. (2018) that L. petiolata EO
exhibited high toxicity to the larvae (LDsy of 27.7 mg/L)) and adult (LDsj of 2.4
pg/mg) of Ae. aegypti. Along the same line, Sinthusiri and Soonwera (2013)
reported that 5 and 10% of L. petiolata EO exhibited high toxicity against
Musca domestica adults (KTsp ranking of 16.7 to 22.8 min). While Dai ez al.
(2020) also reported that 100 pg/mL of L. umbellate and L. iteodaphne EOs was
highly toxic to the larvae mortality of Cx. quinguefasciatus 100% (LCso of 54.17
and 23.78 pg/mL) In addition, several Litsea EOs have shown good efficacy in
repelling various types of mosquitoes compared to synthetic insecticides.

Identified by GC-MS, thirteen monoterpenes were found in L.
petiolata EO, mainly 2-Nonanone (54.69%), 2-Decanone (31.30%), Butanal
(6.81%), 1,8-Cineole (2.74%), and 1,3-Oxazin-2-one (2.09%). The percentage
of 2-Nonanone) in the chemical profile that we obtained was different from that
reported by Thongthip et al. (2017) and Muangmoon et al. (2018). The major
composition differences may be affected by several factors such as harvesting
time, soil structure and fertilizer, and other environmental factors.
Monoterpenes from L. petiolata EQO are volatile and lipophilic with low
molecular weight, so they can penetrate through insect cuticles and enter their
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tracheae  system, causing mortality (El-Wakeil, 2013).  Moreover,
monoterpenoids from plant EOs are much less toxic to mammals and show only
short persistence in the environment (Ebadollahi, 2011; EI-Wakeil., 2013) than
synthetic insecticides like temephos, an organophosphate or cypermethrin, a
pyrethroid. These synthetic insecticides have been extensively used as mosquito
control agents (Naqqash er al., 2016). Unfortunately, extended and repeated
applications of synthetic insecticide have led to serious problems for humans,
animals and the environment. For example, they are highly toxic to fish and
other aquatic animals; they cause pruritus, numbness and difficulty breathing in
humans; and they are possible human carcinogens (Sisay et al., 2019). To make
matters worse, the usage of chemicals is liable to the development of insect
resistance (Mouhamadou et a/., 2019). Newer generations of insects will be harder to
control. To remedy these issues, we suggest using a natural product like L. petiolata
EO for controlling mosquitoes. It is a preferable and safer alternative to using
chemical insecticides.

Essential oil from L. petiolata was effective at controlling four mosquito
species at all four stages of their life cycle, showing a full potential for
development into a highly effective and eco-friendly mosquito-controlling agent.
Moreover, it was tested to be more effective than cypermethrin and temephos,
widely used synthetic chemicals, in terms of effectiveness against mosquitoes at all
stages of their life cycle (de. aegypti, Ae.albopictus, An .minimus and Ck.
quinquefasciatus).
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Plant essential oil (EO) is a natural alternative to synthetic chemical insecticides for mosquito
control. EOs from Citrus aurantium L., Cymbopogon citratus (Stapf.), and Cinnamomum verum (J.
Presl.) were selected for topical assay of their ovicidal activity against Aedes aegypti (Linnaeus) and
Aedes albepictus (Skuse). Their efficacy was compared ta that of 1% (w/w) temephos. In addition,
their non-toxicity against aquatic mosquito predators, Poecilia latipinna and Poecilia reticulata, was
tested. Found by GC-MS analysis, the major constituent of C. verum EO was trans-cinnamaldehyde,
of C. aurantium EO was p-limonene, and of C. citratus EO was geranial. Both C. verum EO and trans-
cinnamaldehyde at a high concentration (30,000 ppm) exhibited high ovicidal activity against Ae.
aegypti and Ae. albopictus eqgs after 48 h of incubation with an inhibition rate of 91.0-93.0% for C.
verum EO and 96.7-95.2% for trans-cinnamaldehyde. The combination of C. verum EO +geranial
exhibited the strongest synergistic inhibition activity (100%) against the two mosquito vectors and
was five times more effective than temephos. Moreover, they were not toxic to the non-target fishes.
As a safe ovicidal agent for mosquito egg control, the combination of C. verum EO + geranial has
excellent potential.

Abbreviations

EO  Essential oil

EOs  Essential oils

BI  Biosafety index

EIl  Effective inhibition rate index
SI Synergistic index

Aedes aegypti L. and Aedes albopictus (Skuse) mosquitoes that have bitten viral-infected humans transmit the
disease to other humans. These mosquitoes are major vectors of arboviruses such as Zika, yellow fever, dengue,
and chikungunya'~. Dengue is one of the most dangerous arboviruses, causing high morbidity and mortality
rates in several countries around the world including many parts of Thailand™*. According to a report by the
Thai Ministry of Public Health, there were 9084 and 19,380 total dengue cases in Thailand, in 2021 and 2022,
respectively, with 9 and 17 fatalities, calculated into a morbidity rate of 0.06% and 0.09%, respectively®. Since vac-
cines and other drugs have limited effectiveness in controlling dengue, controlling the population of mosquitoes
with pesticides is the most effective measure to avoid this contagious disease®.

Controlling the mosquitoes at their embryonic and larval stages is the key strategy in controlling mosquito
populations®®. Generally, temephos, a common synthetic organophosphate insecticide, is used extensively
around the world, especially in Thailand, for killing mosquito larvae. Unfortunately, its efficacy has been reduced
drastically because populations of mosquitoes have developed resistance to it'. Moreover, temephos incurs serious
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negative side effects. It causes irreversible damage to non-target aquatic predators and humans, thus limiting its
use”'’. In this glum context, many researchers have urgently developed alternative strategies that are safer for
humans and the environment’.

Because plant essential oils (EOs) are natural substances, they and their phytochemical constituents are good,
green alternatives to temephos. They are not harmful or only slightly harmful to mammals and non-target aquatic
predators of mosquitoes at a practical pesticidal level, plus they degrade rapidly in the environment*'". The EOs
of Cinnamomum verum (]. Presl.), Citrus aurantium L., and Cymbopogon citratus (Stapf.) were investigated in
this study. They have been reported safe for humans and mammals as well as having low toxicity on non-target
predators because they have been long used as feed in food industry as well as antibiotic and antioxidant in folk
medicine for thousands of years'*"'%.

Regarding plant EOs insecticidal efficacy, they are strongly insecticidal against many insect pests, such as Ae.
aegypti (Order Diptera)'®, Musca domestica (Order Diptera)'®, Haemaphysalis longicornis (Order Ixodidae)"’,
Pediculus humanus capitis (Order Phthiraptera)'®, Spodoptera littoralis (Order Lepedroptera)'®, and Periplaneta
americana (Order Blattodea)®. Specifically, EOs from C. verum, Coccinia indica, C. citratus, Illicium verum
(Hook.f.), and Moringa oleifera (Lam.) and their major constituents (geranial and p-limonene) exhibited strong
ovicidal activity against many mosquitoes species like Anopheles indica’, Ae. aegypti*' >, and Culex quinquefas-
ciatus™ and housefly (M. domestica)'® with an LCs, ranging from 3.31 to 303,200 ppm. Furthermore, combined
formulations of EOs and EQ constituents showed even higher efficacy than their individual EOs*?*. For exam-
ple, Soonwera et al.*’ reported that a combined trans-anethol + L. verum EO formulation provided complete
mortality against Ae. aegypti and Ae. albopictus larvae. Another group of researchers, Andrade-Ochoa et al.?,
showed that a combined trans-cinnamaldehyde + trans-anethol formulation and a combined trans-cinnamal-
dehyde+ (-)-limonene formulation were highly insecticidal against Cx. quinquefasciatus larvae and pupae, syn-
ergistically high. Youssefi et al.*” stated that a combination of thymol + carvacrol provided strong ovicidal and
larvicidal activities against Cx. pipiens.

To conclude, p-limonene, geranial, and trans-cinnamaldehyde show several dominant activities for mosquito
and other insect pest control. Single and combined formulations of p-limonene showed a strong larvicidal
activity against Ae. aegypti*’ and also shown a strong pupicidal activity against Ae. aegypti and Ae. albopictus®.
Geranial showed a strong adulticidal activity against Ae. aegypti, Ae. albopictus, and M. domestica***'. Single and
combined formulations of frans-cinnamaldehyde also showed a strong adulticidal activity against Ae. aegypti
and Ae. albopictus""*.

From these pieces of studies, our group was inspired to investigate the egg mortality against Ae. aegypti and
Ae. albopictus incurred by EOs from C. aurantium, C. citratus, and C. verum, their major constituents, and sev-
eral of their combinations. In addition, the biosafety of the EO treatment was evaluated against two common,
non-target predators of mosquitoes, Poecilia latipinna and Poecilia reticulata fishes.

Results

Essential oils and GC/MS analysis. GC-MS analysis of EOs was necessary because different parts of
the three plant species—C. aurantium, C. citratus, and C. verum EQs—gave different EO chemical profiles, and
hence can make an accurate efficacy comparison between studies meaningless.

All EOs were pale yellow. Table 1 is a list of the components of essential oils discovered by GC-MS. The
highest percentage of extraction yield, at 1.30% v/w, was recovered from C. aurantium EQ, followed by from C.
citratus EO (1.14% v/w), and from C. verum EO (1.01% v/w). C. aurantium EO, 21 chemical constituents were
found to compose 96.67% of its chemical composition. p-limonene (78.15%) was the major constituent. Some
other main constituents were linalool (4.80%), 6-3-carene (2.40%), and B-myrcene (2.00%). For C. citratus EO, 9
chemical constituents were found to compose 96.54% of its chemical profile. The major constituent was geranial
(45.41%). A few other main constituents were neral (24.80%), 1,8-cineole (10.59%), and geraniol (4.70%). For
C. verum EQO contained 14 constituents as 97.26% of its chemical profile. Trans-cinnamaldehyde (73.21%) was
the major constituent. Some other main constituents were benzyl alcohol (12.87%), cinnamyl acetate (2.50%),
and eugenol (2.35%).

Toxicity against target mosquito. The following ovicidal activity indexes for each formulation against
the two mosquito species: inhibition rate, 50% Lethal time (LTs,), 50% Lethal concentration (LC;), effective
inhibition rate index (EII) versus temephos are tabulated in Tables 2 and 3. The table also includes the deter-
mined synergistic index (SI) of each formulation. For example, from Table 2, C. aurantium EO at 30,000 ppm
alone provided an egg inhibition rate of 78.1%, an LTsy of 55.3 h, and an LC;, of 15,071.7 h, with EII=2.56
against Ae. aegypti. From Table 3, C. aurantium EO at 30,000 ppm alone provided an egg inhibition rate of
76.3%, an LTs, of 51.7 h, and an LCs; 0f 16,592.2 h, with EII=2.59 against Ae. albopictus. Regarding the syner-
gistic index (SI) column, since this formulation is of single C. aurantium EO, the synergistic index of combined
formulation is not applicable. Several individual EOs and EO constituents at 30,000 ppm showed a significantly
higher efficacy than at a lower concentration. The highest egg inhibition rate of individual EOs was at 91.0%
against Ae. aegypti and 93.0% against Ae. albopictus, achieved by C. verum EO. At 30,000 ppm. It provided an
LTs, of 29.7 h against Ae. aegypti and 31.1 h against Ae. albopictus. In contrast, at 10,000 ppm, C. aurantium EO
provided the lowest egg inhibition rate, at 59.7%, against Ae. aegypti and 53.2% against Ae. albopictus, with an
LT, of 83.6 h and 85.8 h, respectively. The highest egg inhibition rate of EO constituents was 96.7% against Ae.
aegypti and 95.2% against Ae. albopictus, achieved by trans-cinnamaldehyde, the major constituent of C. verum
EO. At 30,000 ppm, trans-cinnamaldehyde provided an LT, of 24.3 h against Ae. aegypti and 24.7 h against Ae.
albopictus. In contrast, at 10,000 ppm, p-limonene, the major constituent of C. aurantium EO, provided the
lowest egg inhibition rate against Ae. aegypti at 76.4% and against Ae. albopictus at 72.1%, with an LT, of 39.5 h

Scientific Reports |

(2023)13:2119 | https://doi.org/10.1038/s41598-023-29421-2 nature portfolio

www.nature.com/scientificreports/



136

www.nature.com/scientificreports/

1 |a-Pinene 949 | 949 |1.17+029  [343£006 |080+0.04 |RLMSStd
2 Camphene 952 | 952 |- - 0.61+0.04 | RLMS,Std
3 Sabinene 967 | 969 |0.20£0.01 - - RLMS,Std
4 | p-pinene 979 | 979 |0.91+0.03 - RLMS,5td
5 B-Myrcene 991 | 991 | 2.00£0.05 - 0.52£0.11 RLMS,Std
6 | a-Phellandrene 1003 | 1003 |030+0.07 - 0.42+0.11 | RLMS,Std
7 8-3-Carene 1006 | 1006 |240%0.85 - - RI,MS,Std
8 Benzyl alcohol 1009 | 1009 |- - 12.87+0.69 | RLMS,Std
9 a-Terpinene 1012 | 1012 |- - 021£009 | RLMS,Std
10 Limonene 1032|1032 |78.15£5.19 - 0.64£009 | RLMS,Std
11 [1,8-Cineole 1033 | 1033 |- 10594003 |0.61+0.06 | RI,MS,Std
12 (E)-B-Ocimene 1050 | 1050 |1.13£0.16 - - RIMS,Std
13 y-Terpinene 1052, | 1052 | 4 0.10£0.01 = RIMS,Std
14 Terpinolene 1089 | 1088 |0.60+0.05 - - RIMS,Std
15 |Linalool 101 | 1101 |[480+080 |0sr1:001 |- RIMS.5td
16 | Terpinen-d-ol 179 1179 {017+002 |- - RIMS Std
17 a-Terpineol 1190 /| 1191 [0.92£0.04 - - RIMS,Std
18 Neral 1216 | 1216 -|0.75+0.03 2480462 |- RILMS
19 trans-Cinnamaldehyde - (1221 | 1221 [~ ~ 7321£273 | RIMS,Sid
20 | Nerol 1233|1232 [ 0.10+001 - - RIMS 5td
21 | Geraniol 1235|1235 0224008 [470+000 |- RIMS Std
22| Geranial 1246|1246 |043+007 *|45412226 |- RIMS Std
23 Linalyl acetate 1262|1261 |1.65+0.32 - - RIMS,Std
24 Eugenol 1355 1355 |- é 2354086 | RLMSStd
25 | Nerylacetate 1368|1368 |005+0.01 |- - RIMS Std
26 a-Copaene 1378 11378 |- - 1814041 RI,MS
27 Geranyl acetate 1381 {1381 {0.19£0.02 4302002 |- RIMS,Std
28 Cinnamyl acetate 1414 | 1414 |- - 250£0.53 | RIMSStd
29 Cinnamic acid 1462|1462 |- = 0.51£0.19 |RLMSStd
30 | trans-Nerolidol 1566 | 1565 |0.40+001 - - RIMS Std
31 Caryophyllene oxide 1581 {1581 {0.13+0.02 2.40+0.02 - RIMS,Std
32 | Cadalene 1657 1658 |- - 020005  |RLMS

Total identified (%) 96.67 96.54 97.26

Color Pale yellow Pale yellow | Pale yellow

Yield (% v/aw) 130 114 105

Table 1. Chemical composition of the essential oils Cinnamomum verum, Citrus aurantium, and Cymbopogon

citratus. *Constituents listed in order of elution in the HP-5MS column. ®RI Retention index calculated through
the retention time in relation to the series of C.~C,, n-alkanes. “KIKovats retention index is taken from
https://pubchem.ncbi.nlm.nih.gov. “ID identification method: std: substance matching was done with a readily
available analytical standard (Sigma-Aldrich), RI RI value matching with those reported in NIST 17%, MS a
mass spectrum matching with chemicals in the computer mass library of Adams™.

and 36.3 h, respectively. To conclude, C. verum EO exhibited a stronger ovicidal activity (lower LCyp) against Ae.
aegypti, but trans-cinnamaldehyde was stronger against Ae. albopictus.

Moreover, the ovicidal efficacy of all combined formulations against the eggs of the two mosquito vectors
was greater than the efficacy of individual EOs and EO constituents, with a synergistic index (SI) in the range of
0.26-0.49. The highest egg inhibition rate was at 100% against both Ae. aegypti and Ae. albopictus, achieved by
the combination of C. verum EO + geranial (2:1) 10,000 ppm. It provided an LTs, of 17.7 h against Ae. aegypti
and an LT, of 16.9 h against Ae. albopictus. In contrast, the combination of C. aurantium EO + geranial (2:1)
10,000 ppm provided the lowest egg inhibition rate, at 81.0% against Ae. aegypti and 80.0% against Ae. albopictus,
with an LT, of 35.8 h and 34.3 h, respectively. To conclude, C. verum EO + geranial (2:1) 10,000 ppm exhibited
a stronger ovicidal activity against both Ae. aegypti and Ae. albopictus, in terms of low LCy,.

Regarding the effective inhibition rate index (EII), every combination of separate EOs and EO components
as well as all combined formulations showed higher than 1.0 EIl—they were more toxic to the eggs of Ae. aegypti
and Ae. albopictus than 1 ppm temephos was.
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C. aurantium EO 10,000 ppm 59.7 £4.5f 83.6 (60.6-155.8) | 0.275 0527 |196 |- -
15,071.7 (11,735.3-18,639.5)

C. aurantium EO 30,000 ppm 78.1+3.8d 55.3(402-73.6) | 0.338 256 |- -
p-Limonene 5000 ppm 36.4+5.8h 41.5 (36.9-47.6) | 0.581 0711 |L19 |- -
p-Limonene 10,000 ppm 76.4+2.3d 39.5(354-44.8) | 0429 | 14,604.8 (12,221.9-17,408.3) 250 |- -
D-Limonene 30,000 ppm 84.0+1.9cd 33.8(247-405) | 0431 275 |- -

C. citratus EO 10,000 ppm 72.9+2.0e 76.2 (67.6-89.4) | 0.494 0339 |239 |- -

11,170.2 (7659.4-14,747.1)

C. citratus EO 30,000 ppm 88.0+2.5¢ 32.1(253-42.4) | 0432 288 |- -
Geranial 5000 ppm 40.0£5.9g 36.3(29.9-45.9) | 0.443 0552 | 131 |- -
Geranial 10,000 ppm 86.4+3.6c 33.4(265-41.1) | 0421 | 9907.8 (7260.1-12,843.8) 283 |- -
Geranial 30,000 ppm 90.6+ 1.6bc 30.2 (24.7-38.5) | 0.698 297 |- -

C. verum EO 10,000 ppm 85.1+2.0cd 34.1(27.9-43.3) | 0412 0.508 | 279 |- -

C. verum EO 30,000 ppm 91.0+2.5bc 29.7(25.1-33.0) | 0.719 FRECIEALILEA) 298 |- -
trans-Cinnamaldehyde 5000 ppm 49.4+1.8fg 35.8(30.0-44.6) | 0.431 0.148 | 1.62 |- -
trans-Cinnamaldehyde 10,000 ppm 89.2+5.3¢ 31.4(27.2-42.1) | 0.482 | 72059 (5190.2-10,276.4) 292 |- -
trans-Cinnamaldehyde 30,000 ppm 96.7 £ 3.9b 243(20.1-29.9) | 0.726 317 |- -

C. verum EO + geranial (2:1) 10,000 ppm 100a 17.7 (124-26.6) | 0.881 | 2308.2 (982.1-3001.3) 0319 [3.28 |029 | Synergy
C. citratus EO + p-limonene (2:1) 10,000 ppm. 945+ 1.6b 28.6(22.9-365) | 0.414 | 42123 (2256.1-61012) 0422 [3.10 |043 | Synergy
C. aurantium EO + geranial (2:1) 10,000 ppm 81.0+5.3cd 358 (29.8-446) {0431 | 4306.4 (2581.1-6233.1) 0321 [290 |049 | Synergy
p-Limonene + geranial (1.5:1.5) 10,000 ppm 95.5+5.9¢ 286 (229-36.5) | 0414 | 4200.1 (2011.0-3972.6) 0409 [3.13 |049 | Synergy
Geranial + trans-cinnamaldehyde (1.5:1.5) 10,000 ppm | 100a 204(141-317) | 0459 | 2901.4 (1583.4-4030.2) 0320 [328 |0.37 | Synergy
‘1’63[’)’[‘)";;:16 +trangfinngfaldehyde (1.5:1.5) 100a 229(17.7-30.9) | 0408 | 2916.0 (1905.4-4022.4) 0331 [266 |026 | Synergy
Temephos (positive control) 1 ppm 30.5+4.61 60.2(51.3-77.4) 0.351 - - -

Ethyl alcohol (negative control) Oh n/a n/a - - -

‘Water (neutral control) Oh n/a n/a - - -
ANOVA Df g1, P value, F 5 239,<0.05,n.s

Table 2. Ovicidal effects of EO formulations from Cinnamonun verum, Citrus aurantium, and Cymbopogon
citratus EOs and their major constituents and combined formulations on the hatching rate of Aedes aegypti
eggs after 48 h of incubation. Means percentage ovicidal activities in each column followed by same letters
are not significantly different by ANOVA at P<0.05. LTy, Lethal time that kills 50% of the exposed eggs,

LC;, Lethal concentration that kills 50% of the exposed organisms, LL , 95% lower confidence limit and UL,
95% upper confidence limit, R” regression coefficient, EII effective inhibition rate index, n.s. not significantly
different at P<0.05, SI Synergistic index, n/a not available.

Toxicity against non-target aquatic predators. The estimated LCj, values against P. latipinna and P.
reticulata, two fish species, of all formulations are summarized in Table 4. The two species were less susceptible to
individual EOs and trans-cinnamaldehyde, p-limonene, and geranial EO constituents than every combined for-
mulation, in terms of LCy,. The range of LCs values against the two fish species of those EOs and EO constituents
was from 8165.5 t0 57,232.5 ppm, while for the combined formulations, the range was 4091.6-5921.3 ppm. On
the other hand, the range for 1 ppm temephos was high toxic to both species with LCs, from 298.7 to 526.7 ppm.

On the biosafety index (BI) are shown in Table 5. All formulations provided a high BI from 1.03 to 9.77, these
BIs were higher than 1. Therefore, all formulations were not toxic to both fish species.

Discussion

Regarding extraction yield, the extraction yields of all tested plants were the same or only slightly different from
the corresponding yields reported by previous studies?**?. The extraction yield of C. verum EO was 1.05% v/w
compared to 1.1% v/w found by Aungtikun and Soonweera® and Soonweera et al.”’; the extraction yield of C.
aurantium EO was 1.30% v/w compared to 1.4% v/w found by Bnina et al.¥; and the extraction yield of C. citratus
EO was 1.14% v/w, compared to 1.2% v/w found by Soonwera et al.”’. The slight differences can be attributed to
many factors, e.g., the harvesting season, the integrity of the plant species, the adequate plant management, and
the degree of fertility of the soil (soil chemicals and relative humidity)***%.

On GC-MS analysis results, the chemical profiles of all tested EOs agreed well with those found in previous
studies'*?". The major chemical constituent and key component (the active component'>*) of C. verum EO
was trans-cinnamaldehyde (73.21% of the profile), very close to 72.2% reported by Soonwera et al.’; the major
chemical constituent and key component® of C. aurantium EO was p-limonene (78.15%), agreeing well with
73.6% supported by Bnina et al.*; and the major chemical constituent and key component'* of C. citratus EO
was geranial (45.41%), agreeing well with 49.4% found by Chanthai et al.*. Nevertheless, some papers report
larger differences. For C. verum EO, Chansang et al.'® reported a higher percentage of trans-cinnamaldehyde
(90.2% compared to 73.21%); for C. aurantium EO, Zarrad et al.*? reported a higher percentage of p-limonene
(87.5% compared to 78.15%); and for C. citratus EO, Briigger et al.* reported a lower percentage of geranial
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C. aurantium EO 10,000 ppm 53.2+1.8g 85.8 (65.4-135.6) | 0.154 0541 |1.80 |- -
16,592.2 (13,357.4-20,170.4)

C. aurantium EO 30,000 ppm 76.345.3de 51.7(39.5-71.3) | 0.429 259 |- -
p-Limonene 5000 ppm 62.4+4.4f 80.5(70.4-95.7) | 0.453 0835 |211 |- -
D-Limonene 10,000 ppm 72.111.9¢ 36.3 (29.9-459) | 0437 7708.9 (5590.4-9991.2) 244 |- -
D-Limonene 30,000 ppm 90.8+ 1.4bc 324 (279-433) | 0.592 308 |- -

C. citratus EO 10,000 ppm 71.413.6¢ 55.3 (52.0-64.9) | 0.386 0314 |242 |- -

12,170.5 (8466.3-15,870.6)

C. citratus EO 30,000 ppm 85.142.0¢ 34.6 (29.9-45.9) | 0.489 288 |- -
Geranial 5000 ppm 81.2+2.0d 730 (61.8-92.3) | 0.374 039 |275 |- -
Geranial 10,000 ppm 81.612.0d 34.1(30.1-44.7) | 0421 4979.9 (3615.9-9279.7) 277 |- -
Geranial 30,000 ppm 92.4£2.0b 29.7(28.3-39.5) | 0.701 33 |- -

C. verum EO 10,000 ppm 88.641.6¢ 41.5(36.0-47.6) | 0.475 0.353 |3.00 |- -

C. verum EO 30,000 ppm 93.0+2,5b 31.1(28.1-40.2) | 0.709 H%2 (6B 1008 315 |- -
trans-Cinnamaldehyde 5000 ppm 83.6+1.9cd 527 (46.4-61.8) | 0.462 0322 (283 |- -
trans-Cinnamaldehyde 10,000 ppm 86.0+2.7¢ 30.3(27.1-340) | 0.592 45309 (3497.5-8731.9) 292 |- -
trans-Cinnamaldehyde 30,000 ppm 95.2+1.6b 24.7(20.0-31.0) | 0.712 32 |- -

C. verum EO + geranial (2:1) 10,000 ppm 100a 16.9 (13.8-254) | 0.879 2303.5 (982.1-3001.3) 0318 [3.39 | 027 | Synergy
C. citratus EO + p-limonene (2:1) 10,000 ppm 93.84+3.4b 27.3 (21.5-352) | 0.490 4255.0 (3344.5-5901.2) 0421 [3.18 | 044 | Synergy
C. aurantium EO + geranial (2:1) 10,000 ppm 80.0+4.7d 343(29.1-432) | 0433 4101.5 (3650.1-6511.2) 0398 [271 |0.26 | Synergy
D-Limonene + geranial (1.5:1.5) 10,000 ppm 91.7£3.8¢ 29.8(23.5-34.2) | 0425 | 4270.4(3451.0-3966.1) 0409 |3.11 |048 | Synergy
Geranial + trans-cinnamaldehyde (1.5:1.5) 10,000 ppm- | 100a 19.7(13.2-29.2) | 0419 2980.3 (1478.2.4-2042.2) 10.325 [3.39 |0.36 | Synergy
II)O[[)'OO ” 4 +fns-cinnanBlhyde (1.565) 100a 213(17.4-316) ~ | 0458 |2901.2/(1815.5-3901.2) 0.339 339 [047 | Synergy
Temephos (positive control) 1 ppm 29.5+2.4h 613 (51.4-78.5) | 0.351 - - -

Ethyl alcohol (negative control) 0i n/a nfa = - -

Water (neutral control) 0i nfa nfa - - -
ANOVA Df 5 Pvalue, Fygs 239,<0.05,n.8

Table 3. Ovicidal effects of EO formulations from Cinnamonum verum, Citrus aurantium, and Cymbopogon
citratus EOs and their major constituents and combined formulations on the hatching rate of Aedes albopictus
eggs after 48 h of incubation. Means percentage ovicidal activities in each column followed by same letters are
not significantly different by ANOVA at P<0.05. LT}, Lethal time that kills 50% of the exposed eggs, LC;, lethal
concentration that kills 50% of the exposed organisms, LL 95% lower confidence limit and UL, 95% upper
confidence limit, R regression coefficient, EII effective inhibition rate index, n.s. not significantly different at
P<0.05; SI synergistic index, n/a not available.

(31.5% compared to 45.41%). This variation can be attributed to seasonal fluctuations, differences in temperature
at the farms where these plants were cultivated, geographic location, ontogenetic variables, the growth stage of
the plant at the time of harvest (pest management), and extraction method®*, and all key components were
robustly identified and quantified.

Regarding ovicidal efficacy results, based on LT, the ranking of inhibition against Ae. aegypti and Ae. albop-
ictus eggs was as follows: (1) C. verum EO + geranial (2:1), (2) geranial + trans-cinnamaldehyde (1.5:1.5), (3)
p-limonene + trans-cinnamaldehyde (1.5:1.5), (4) C. citratus EO + p-limonene (2:1), (5) p-limonene + geranial
(1.5:1.5), and (6) C. aurantium EO + geranial (2:1). All tested formulations were more effective than temephos,
and one formulation was outstanding. The outstanding combination of C. verum EO + geranial (2:1), at the final
concentration of 10,000 ppm each, showed the shortest lethal time (LT, ranging from 16.9 to 17.7 h) and the
smallest lethal concentration (2303.5 ppm for 100% mortality). In contrast, temephos showed a lethal time in the
range of 60.2-61.3 h, which is longer than that (ranging from 34.3 to 35.8 h) of the least effective EO formulation,
C. aurantium EO + geranial (2:1) 10,000 ppm. Previous works"?” have already established the potent toxicity of
several combined EOs and EO constituents against mosquitoes at most stages in their life cycle, except at the egg
stage. The effectiveness of the formulations that combined EO and EO constituents and targeted mosquitoes at
the egg stage of their life cycles was first reported in this study. Regarding the most effective combined formula-
tion, it was not surprising that it was so effective since its individual components, C. verum EO and geranial, have
already been shown to be effective against several pest insects, as presented in the following papers. Nakasen
etal.” supported that C. verum EO at 12.5 ppm showed high ovicidal activity against Cx. quinquefasciatus with
a100% inhibition rate and an LCs, of 3.31 ppm. Soonwera et al.” reported that C. verum EQ had strong ovicidal
activity against Periplaneta americana. Dias et al.*® indicated that trans-cinnamaldehyde exhibited a strong
insecticidal effect against Mahanarva spectabilis eggs. Trans-cinnamaldehyde showed a toxic effect against the
eggs of P. humanus capitis”, and Spodoptera littoralis". Finally, Castillo-Morales et al.** reported that geranial
provided strong ovicidal activity against Ae. aegypti. Regarding the low efficacy of temephos, It can be inferred
that it was low because it was not designed specifically to kill mosquitoes at the egg stage but at the larval stage.
The mosquito subjects were a laboratory-selected strain, not field-collected, and hence the larvae have not
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Poccilia latipinna 18,813.3 (=) y=-0.399+0.001x 0.948 | 0.002 (9) n.s
C. aurantium EO 10,000 ppm

Poecilia reticulata 18,246.2 (=) y=-0.521+0.001x 0.967 |0.004 (9) n.s

Poccilia latipinna 40,062.4 (=) y=-0.153+0.000x 0.785 | 0.001 (9) n.s
p-Limonene 10,000 ppm

Poccilia reticulata 46,772.4 (28,163.8-64,304.2) y=-0.491+0.001x 0.932 | 0.422(9) ns

Poccilia latipinna 57,232.5(-) y=-0.153+0.000x 0.785 | 0.001 (9) n.s
C. citratus EO 10,000 ppm

Poccilia reticulata 51,508.8 (-) y=-0.153+0.000x | 0.785 |0.001 (9) n.s

Poccilia latipinna 48,631.8 (33,621.4-978,426.0) | y=- 0.031+0.000x 0.882 |3.030 (9) ns
Geranial 10,000 ppm

Poecilia reticulata 36,825.6 (28,030.1-68,274.5) | y=- 0.184+0.000x 0,966 | 1.681 (9) n.s

Poccilia latipinna 25,7985 (13,573.1-54,386.7) | y=- 0.767+0.001x 0.785 | 0.080 (9) n.s
C. verum EO 10,000 ppm

Poccilia reticulata 25,7985 (13,573.1-54,386.7) | y=- 0.767+0.001x 0.785 | 0.080 (%) n.s
trans-Ci ldehvd Poecilia latipinna 8165.5 (-) y=0.135+0.001x 0.800 | 0.011 (9) n.s
10,000 ppm Poecilia reticulata 8753.5 (7541.3-10,000.9) y=1.34440.001x 0.627 | 0.056 (9) n.s
C. verum EO + geranial (2:1) Poccilia latipinna 5921.3 (3850.0-6953.8) y=1.000+0.001x 0.608 | 0.226 (9) n.s
10,000 ppm Poccilia reticulata 48323 (-) y=1.632+0.001x 0.499 | 0.038 (9) n.s
GatitratusEO% D-limonene Poccilia latipinna 4470.7 (<) y=-0.153+0.001x 0.778 | 0.014 (9) ns
(2:1)10,000 ppm Poccilia reticulata 44853 (-) y=-0.153+40001x [0.778 | 0.014 (9) n.s
C. aurantium EO-+ geranial (2:1) Poecilia latipinna 4680.2 (3550.0-6993.4) y=- 1.000+0.001x 0.608 | 0.226 (9) n.s
10,000 ppm Poecilia reticulata 4415.4 (3921:1-7020.1) y=0.479 +0.001x 0.801 |2314(9)ns
b-Limonene + geranial (1.5:1.5) Poccilia latipinna 4554.1 (4109.5-6314.3) y=0712+0.001x 0.844 | 0.147 (9) ns
10,000 ppm Poecilia reticulata 4525.4 (3918.5-6605.6) y=-0233+0001x |0.983 |2.550 (9) ns
Gérdnialintrams CiuBamaldes Poccilia latipinna 43435(-) y=1.632+0.001x 0.499 | 0.038 (9) n.s
hyde (1.5:1.5) 10,000 ppm Poecilia reticulata 40916 (-) Y=2.663+0.001x 0346 | 0.034(9)
= sgralls-ci I- | Poecilia latipinna 4343.5(-) y=1.632+0.001x 0.499 | 0.038 (9) n.s
dehyde (1.5:1.5) 10,000 ppm | pecilia reticulata 43435(-) y=1.632+0.001x 0499 | 0.038 (9) ns
Temephos 1 ppm (positive Poccilia latipinna 526.7 (381.3-762.3) | y=0.104+0.000x 0870 | 3.079 (9) n.s
control) Poecilia reticulata 298.7 (=) ==10.077 +0.001x 0.349 | 1.121 (9)

¥

Table 4. Effect of Cinnamomumni verum, Citrus aurantium, and Cymbopogon citratus EOs and their major
constituents and combined formulations against Poecilia latipinna and Poecilia reticulate fishes sharing the
same ecological niche of Aedes aegypti and Aedes albopictus. No mortality was observed in the control. LC;,
Lethal concentration that kills 50% of the exposed organisms, LL 95% lower confidence limit, UL 95% upper
confidence limit, R? regression coefficient, d.f. degrees of freedom, n.s. not significantly different at P<0.05, n/a
not available.

developed resistance to temephos. Their morbidity was confirmed. The low egg-inhibition activity of temephos
is supported by previous works of Puwanard and Soonwera® and Cotchakaew and Soonwera®, indicating that
1% (w/w) temephos showed an inhibition rate ranging from 9.3 to 34.6% against the eggs of Ae. acgypti and Ae.
albopictus, while the EOs showed a 47.0-100% inhibition rate.

On egg morphology, its SEM images in Figs. 1 and 2 show damages to the exochorionic meshwork and tuber-
cles of the outer cells on exochorion cuticle (external chitin layer) with cell borders, papillae, and aeropyles™*..
Moreover, the cell borders and papillae as well as aeropyles were covered with a layer that was assumed to be an
oil layer, which would explain the ovicidal mechanism of the EO, discussed in the paragraph below.

Regarding the mechanisms of ovicidal action, as stated in the paragraph above, the aeropyles seemed to be
blocked by an oil layer, making respiration difficult or impossible. This respiration inhibition mechanism has
been reported by Khedr etal."” C. verum EO induced mortality of embryo and egg by forming a thin film of oil
over the outer egg surface and blocking the egg respiration by sealing the aeropyles. Nakasen et al.** concluded
that C. verum EO destroyed chitin wall by the oil penetrating the eggshell pore leading to embryo death. Another
possible mechanism of action is the mechanism that frans-cinnamaldehyde, the major constituent of C. verum
EO, acts on the egg. Trans-cinnamaldehyde reduces the ATPase activity in the cell membrane of the respiratory
system and inhibits the enzymes involved in cytokinesis as well as retards juvenile hormone production and cell
growth in the immune system of mosquito™*. In short, C. verum and trans-cinnamaldehyde act mainly on the
respiratory system of mosquito eggs. Contrarily, geranial affects the egg’s neurological system. Geranial inhibits
the acetylcholinesterase (AChE) enzymes of neural cells and neuroreceptors™. Castillo-Morales et al.** concluded
that geranial penetrates through the serosal cuticle of an embryo and disturbs the embryogenesis process. Hence,
the synergistic effect of the combination may stem from the fact that both substances acted along two different
pathways, reinforcing one another.

On the biosafety of non-target aquatic predators of mosquito eggs, the combined EO formulation was deemed
safe for P. latipinna and P. reticulata, two species of predator fish, because its Bl was more than 1 and its high
lethal concentration (LCs,). EOs are also generally considered safe for other arthropods and fishes™. Other
authors have supported the conclusion that EOs are safe for non-target organisms. Alsalhi et al.** supported
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Poecilia latipinna 1.25 113
C. aurantium EO 10,000 ppm

Poecilia reticulata 1.21 1.10

Poecilia latipinna 274 5.20
p-Limonene 10,000 ppm

Poecilia reticulata 3.20 6.07

Poecilia latipinna 5.12 4.70
C. citratus EO 10,000 ppm

Poccilia reticulata 4.61 4.23

Poecilia latipinna 491 9.77
Geranial 10,000 ppm

Poecilia reticulata 372 7.39

Poccilia latipinna 2.84 315
C. verum EO 10,000 ppm

Poccilia reticulata 2.84 3.15

Poecilia latipinna 1.13 1.80
trans-Cinnamaldehyde 10,000 ppm

Poecilia reticulata 1.21 1.93

Poccilia latipinna 2.57 257
C.verum EO + geranial (2:1) 10,000 ppm.

Poecilia reticulata 2.09 2.09

Poecilia latipinna 1.06 1.05
C. citratus EO +p-limonene (2:1) 10,000 ppm

Poecilia reticulata 1.06 1.05

Poecilia latipinna 1.09 1.14
C.aurantium EQ + geranial (2:1) 10,000 ppm

Poecilia reticulata 1.03 1.08

Poccilia latipinna 1.08 1.07
p-Limonene + geranial (1.5:1.5) 10,000 ppm

Poecilia reticulata 1.08 1.06

Poecilia latipinna 1.50 1.46
Geranial+ trans-cinnamaldehyde (1.5:1.5) 10,000 ppm

Poccilia reticulata 1.41 37,

Poecilia latipinna 1.49 1.49
p-Li +trans-ci Idehyde (1.5:1.5) 10,000 ppm

Poecilia reticulata 149 1.49

Table 5. Biosafety index (BI) against Poecilia latipinna and Poecilia reticulate sharing the same ecological
niche of Aedes aegypti and Aedes albopictus, exposed to Cinnamomum verum, Citrus aurantium, and
Cymbopogon citratus EOs and their major constituents and combined formulations.

that trans-cinnamaldehyde showed very low toxicity on Gambusia affinis (LC5, =3960.6 ppm). Nwanade et al."”
reported that trans-cinnamaldehyde provided a less toxic effect on Tenebrio molitor (LCsy=28.4 uL/mL). In
addition, Hybl et al.** indicated that C. zeylanicum EO did not show toxicity against honey bee, Apis mellifera
(LCyy=4.542 pL). Sabahi et al.”* reported that C. cifratus EQ was not toxic to A. mellifera (LDs,=53,304.0 pg/
mL). It has also been shown that geranial, the major constituent of C. citratus EO, had a low negative effect on a
predatory bug, Podisus nigrispinus (LDs, = 25.56 pg/insect ')*. In contrast, temephos is highly toxic to several
non-target organisms e.g., Acilius sulcatus, Anisops bouvieri,and G. affinis with LCs, ranging from 0.957 to 4.817
ppm*. Chellappandian et al." reported that temephos showed a highly toxic effect against aquatic mosquito
larvae predator, Toxorhynchites splendens. Along the same line, USA EPA* concluded that temephos showed
highly acute toxicity to risk quotients for freshwater fish: the LC;, against rainbow trout was 3490 ppb. Similarly,
in this study, 1% (w/w) temephos showed a high level of toxicity to two fish species, P. latipinna and P. reticulata
with LCs ranging from 298.7 to 526.7 ppm. Furthermore, temephos resists degradation and accumulates in the
environment at a high level, thus harming non-target organisms*. On the contrary, EOs and their constituents
are natural substances that degrade quickly in the environment and do not accumulate in the environment,
hence much safer for the environment. More than one BI for all formulations verified that those formulations
were absolutely safe for these non-target aquatic predators. The mortality rate after the treatment of the eggs was
much higher than the mortality rate against the fishes (Fig. 3). Most importantly, both EOs from C. verum and
C. citratus as well as their major constituents do not exhibit cytotoxicity activity on human fibroblast cells'’**
and show high LDy, value on mammals***". They have long been used as a food ingredient, cosmetics, and folk
medicine'>'**!. They quickly degraded in the environment®**'. On the other hand, temephos is toxic to the
nervous systems of humans. It can cause Alzheimer’s disease as reported by Martins Laurentino et al.”. Because
of its efficacy and safety, the combined formulation of C. verum EO + geranial should be developed as a natural
insecticide for controlling the eggs of Ae. aegypti and Ae. albopictus to replace commercial synthetic insecticides.
However, to develop the combined formulation into a commercial product (a spray or drops of solution into the
water), it is still necessary to investigate other factors that affect to mortality of mosquito vectors and their eggs,
e.g., a field study and a study of the post-application temperature effect.

Materials and methods

Plant collection. All plants were obtained under national and international guidelines. The plants were
collected under the supervision and permission of the School of Agricultural Technology, KMITL. All of the
authors complied with all local and national guidelines.
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Figure 1. Scanning electron micrographs of Aedes aegypti eggs: (A,B) non-treated egg, intact exochorionic
cuticle with cell borders (b), papillae (p), and aeropyles (a), morphological damage to exochorionic cuticle after
treated with p-limonene (C), geranial (D), and trans-cinnamaldehyde (E).

Dried barks of C. verum were purchased from a local Chinese pharmacy in Thailand (Chao Krom Poe
Dispensary, Bangkok, Thailand). Peels of C. aurantium fruit were obtained from a farm in Nakhon Ratchasima
province, Thailand (14° 58' 47.6400" N/102° 5’ 51.9756" E). Fresh stems of C. citratus were obtained from a farm
in Chanthaburi province, Thailand (12° 36" 34" N/102° 06" 16" E) in July-October 2021. All plant species were
identified by Mr. Tanapoom Moungthipmalai, a herbal specialist at the KMITL herbal museum, and some of the
specimens were kept at the KMITL herbal museum, School of Agricultural Technology, KMITL.

Essential oil extraction. Plant part (1000 g) was washed and extracted by hydro-distillation in 2000 mL of
distilled water at 100 °C for 5 h. The rate of distillation was two drops of EO per second. The EO was then filtered
and stored in a tea color bottle at 4 °C.

Identification of essential oil constituents through GC/MS.  Samples of C. aurantium, C. citratus,
and C. verum EOs were analyzed by an Agilent 6890 N gas chromatograph GC-MS at the central Laboratory,
KMITL, following our previous protocol”. Serving as the mobile phase is 1 mL per min flow of helium (99.99%).
To start, 0.2 pL of extract in ethyl alcohol solution (split ratio=1:100) of each EO was injected into the column. A
5973-N mass spectrometer (using an HP-5 MS fused silica capillary column (30 m x 0.25 mm ID with 0.25 m film
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Figure 2. Scanning electron micrographs of Aedes albopictus eggs: (A,B) non-treated egg, intact exochorionic
cuticle with cell borders (b), papillae (p), and aeropyles (a), morphological damage to exochorionic cuticle after
treated with p-limonene (C), geranial (D), and trans-cinnamaldehyde (E).

thickness of 5% phenyl-methylpolysiloxane coating), an electron ionization system with 70 eV electron energy
(30-500 m '), and an Agilent 6890-N gas chromatograph (USA) made up the GC-MS system. The column
temperature was programmed to increase gradually from room temperature to 50 °C and stay there for 2 min.
The column temperature was then increased to 200 °C and maintained there for 3 min at a rate of 10 °C min™".
In the final stage, the column temperature was raised to 260 °C at a rate of 15 °C min™" and held there for 20 min.
The injector and detector temperature were held at 270 °C. The total running time was 40 min. A mass spectra
search program with Wiley 7 N library was used for identifying all components of EOs. The mass spectra of
peaks were compared with those stored in Adams™ and NIST 17 libraries. Temperature-programmed reten-
tion indices (RI) were determined using n-alkanes (C,-C;,). The experiment was performed in three replicates.

Source and purity of reagents. Cinnamaldehyde (98% pure), a major constituent of C. verum EO,
p-limonene (96% pure), a major constituent of C. aurantium EO, and geranial (96% pure), a major constituent
of C. citratus EO together with standard n-alkanes (C,-C,;) were supplied by Sigma-Aldrich company (USA).
Temephos (1 ppm), the positive control, was obtained from Thailand’s Government Pharmaceutical Organiza-
tion (GPO) (Pathum Thani, Thailand). Ethyl alcohol (95% v/v) was supplied by Thailand’s Liquor Distillery
Organization (Chachoengsao, Thailand). All chemicals used in this study were reagent-grade.
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Figure 3. Mortality rates of the combined formulations against the eggs of Aedes aegypti and Aedes albopictus,
compared to those against non-target predators of mosquitoes, Poecilia latipinna and Poecilia reticulate fishes.

Insect maintenance.  The mosquito eggs used in this experiment were freshly laid eggs of mosquitoes of
two species, Ae. aegypti and Ae. albopictus, reared in the Entomology laboratory at the School of Agricultural
Technology, KMITL. They were reared under the conditions of 26.5+2 °C temperature, 75.0 +2% RH, and an
11413 h photoperiod. Female adult mosquitoes were fed with 2.5% glucose solution +2.5% multivitamin syrup
solution and periodically blood-fed via membrane by an artificial membrane method®. The first generation of
eggs was used in various experiments.

Toxicity against target mosquito.  Ovicidal activity bioassay was performed on the eggs following the
method of Puwanard and Soonwera®. The eggs used for this bioassay were stored at 26.5+2 °C for 7 days after
female mosquitoes had laid their eggs on a Whatman No.1 filter paper. Eggs were selected under a stereomicro-
scope (Nikon" Type 102): abnormal eggs were discarded, and normal eggs were collected for the bioassay. For
each mosquito species, 25 eggs were suspended in 99 mL of distilled water in a 150 mL plastic cup. A treatment
was added to the cup: 1 mL of each EO formulation. This assay was done in ten replicates for each treatment,
with positive, negative, and neutral controls: 1 ppm temephos (based on the recommendation of Thailand’s Gov-
ernment Pharmaceutical Organization (GPO) for destroying mosquito larvae), 70% (v/v) ethyl alcohol, and pure
water, respectively. The numbers of hatched larvae at 30 min, 1, 6, 24, and 48 h post-treatment were observed and
recorded because it was easier and more practical to count live larvae than to count dead eggs under a stereomi-
croscope. The percentage inhibition rate after 48 h was determined by the formulas™ below,

Hatchingrate(%) = [( g—,’; ) X 100} 3 (1)
Inhibition rate(%) = 100 — hatching rate(%), (2)

where NE is the total number of hatched eggs and NT s the total number of eggs.
The effective inhibition rate index (EII) as a comparative efficacy index between an EO and temephos, was
determined by the formula* below,

EIl = [% inhibition rate of each EO formulation/% inhibition rate of temephos]. 3)

Ell<1 indicates that the EO formulation was not as effective as temephos; EII=1 indicates that the EO
formulation was as effective as temephos; and IRI > 1 indicates that the EO formulation was more effective than
temephos.

Synergistic index (SI) is an efficacy comparison index between a combined formulation and the corresponding
individual EO or individual EO constituent. It was calculated by the following formula™,

SI = [LTs, of combined formulation/(LTs of individual EO + LT5pof individual EO constituent)].
(4)

SI<1 indicates synergistic; SI > 1 indicates antagonistic; and SI=0 indicates not either one.

Toxicity against non-target aquatic predators. The experimental methods and procedures were per-
formed in accordance with the guidelines and regulations of the National Research Council of Thailand guide for
the care and use of laboratory animals and approved by the King Mongkut's Institute of Technology Ladkrabang
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of animal care and use committee. This study was carried out in compliance with the Animal Research: Report-
ing of In Vivo Experiments (ARRIVE) guidelines.

The effect of individual EOs, EO constituents, and combined formulations against non-target aquatic preda-
tors, P. latipinna and P. reticulata, was analyzed with a modified technique reported by Rajeswary et al.”. The
test used four concentrations (i.e., 500, 1000, 2500, and 5000 ppm) of treatment that corresponded to the esti-
mated LC,, against the two mosquito species. Both fish species were purchased from a farm in Nakhon Pathom
province, Thailand. They were separately kept in a glass container containing 10.5 L of water at 3512 °C and
77 £5% RH. With the registration number KDS$2021/002 (August 2nd, 2021), the King Mongkut's Institute of
Technology Ladkrabang’s Ethics committee had approved each bioassay used in this study. One adult P. latipinna
or P. reticulata was put in a glass jar containing 99 mL of water and contaminated with a treatment at a specified
concentration. Four replicates were done for each treatment with positive control. Data on mortality and swim-
ming sluggishness were recorded for 5 days post-treatment.

The biosafety index (BI) was determined by the formula® below,

BI = [LCso of non-target aquatic predators/LCsoof target vector species). (5)

BI>1 indicates that the EO formulation was safe for the non-target organisms, and BI < 1 indicates that the
EO formulation was not safe for non-target organisms.

Egg morphology and observation. After 48 h of treatment, the morphology of the external surface of
the eggs of each mosquito species that underwent a treatment or control was observed under scanning electron
microscopy (SEM) at the Scientific and Technological Research Equipment Centre, Chulalongkorn University,
‘Thailand. Samples were placed in a fixative, 2.5% glutaraldehyde for 30 min in 0.1 M phosphate buffer. Thor-
oughly washed with the same buffer, the eggs were dehydrated by soaking in a series of alcohol solutions in
water (30, 50, 70, and 95%). Each 1-h soaking process with an alcohol solution was replicated three times with
an automatic tissue processor. Then, the eggs were dried with a CO, critical point drier. Each dehydrated sample
was mounted on a stub coated with gold-palladium and examined with a JSM-5800 LV (Tokyo, Japan) SEM.
Photographs of the egg surface morphology were taken.

Statistical analysis. The design of the experiments was completely randomized. Analysis of variance
(ANOVA) and Duncans multiple range test at P<0.05 were applied to the mortality data of mosquito eggs. The
treatment time to produce 50% egg mortality (LT,,) was determined by probit analysis. The eggs were observed
at 30 min, 1, 6, 24, and 48 h after the treatment. The concentration of a treatment that provided 50% mortality
(LCsy) against mosquito eggs was determined. The tested concentrations were 10,000 and 30,000 ppm for indi-
vidual EOs and 5000, 10,000, and 30,000 ppm for individual EO constituents. The LCs, values against the two
species of fish were determined at 500, 1000, 2500, and 5000 ppm. SPSS Statistical Software Package version 22
was the statistical software package used.

Data availability
All data generated or analyzed during this study are included in this published article.
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ABSTRACT

Single and mixture formulations of lemongrass (Cymbopogon citratus (DC.) Stapf.) and star anise
(Illicium verum (J. Presl.)) essential oils (EOs) and their major constituents were assayed for their
adulticidal activities against housefly, Musca domestica L., and two non-target species, stingless
bee (Tetragonula pegdeni Schwarz) and guppy (Poecilia reticulata Peters). The efficacies of the
mixture formulations were compared against those of the single formulations and 1.0%
a-cypermethrin, a common synthetic insecticide. GC-MS analysis found that the major constituent
of lemongrass EO was geranial (45.23%), and that of star anise EO was trans-anethole (93.23%).
Almost all mixture formulations were more effective in adulticidal activity against housefly adults
than single formulations and 1.0% a-cypermethrin. A mixture of 1.0% lemongrass EO + 1.0%
trans-anethole exhibited the strongest synergistic insecticidal activity with a 100% mortality rate
(KTsp of 3.2 min and LTsg of 0.07 h). The relative percentage increase in mortality rate over single
formulations was between 1.6 and 91.9%. In addition, it was three times more effective than 1.0%
a-cypermethrin. To find the mechanism of adulticidal action, scanning electron microscopy (SEM)
was done to find morphological aberrations, such as antennal and mouthpart aberrations, after
the houseflies were treated with 1.0% lemongrass EO + 1.0% trans-anethole. The aberrations
included deformed and abnormal shape of arista and flagellum, change in labellum pigmentation,
and damage to pseudotracheae. Regarding toxicity against non-target species, all single and
mixture formulations were not toxic to the two non-target species, while 1.0% a-cypermethrin
was highly toxic. To conclude, a mixture of 1.0% lemongrass EO + 1.0% trans-anethole can be an
excellent, natural, sustainable housefly adulticidal agent.
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1. Introduction

One serious global insect vector of numerous diseases is the housefly, Musca domestica L. This annoyance-causing insect is a source
of more than 150 mammalian infections including viruses, bacteria, protozoa, and helminths [1,2]. Housefly adults are a major
nuisance that interferes with dairy cow and chicken feeding, which is why they are a critical issue for dairy and poultry farms [2].
Currently, controlling houseflies is difficult due to the target its resistance to common synthetic insecticides (chlorpyrifos, cyper-
methrin, deltamethrin, and permethrin) [3,4]. For example, the resistance ratios at median lethal doses (LDsq) ranged from 30 to 153.7
folds for cypermethrin and from 5 to 16 folds for permethrin [3-5]. In many countries, including Thailand, housefly resistance is
increasing [6]. To make matters worse, non-target animals, pollinator insects, beneficial insects, and the ecosystem are adversely
affected by synthetic insecticides [7].

Although synthetic insecticides, especially a-cypermethrin, have several side effects, it is still commonly used to control insect pests
in public health and agricultural sectors in Thailand [8]. Therefore, it is a proper positive control in the framework of Thailand's pest
insect control for the development of brand-new, powerful natural substances that are safe for humans and the environment [8,9].
Many research teams are currently interested in using natural essential oils from plants (EOs) as insecticidal agents [9-11].

EOs and their primary ingredients from Myristica fragrans, Pimpinella anisum, Ocimum gratissimum, Laurus nobilis, lllicium verum,
Eucalyptus globulus, Cuminium cyminum, Cymbopogon citratus, Cinnamomum osmophleum, Cinnamomum verum, Cinnamomum cassia,
Cinnamomum loureiroi, Gitrus aurantium, p-limonene, and trans-cinnamaldehyde are natural insecticidal substances; all of which induce
low resistance in insect pests and are biodegradable [9-16]. Furthermore, EOs from C. verum, C. aurantium, C. citratus, C. cyminum,
E. globulus, O. gratissimum, P. anisum, o-limonene, and trans-cinnamaldehyde are also safe for non-target species such as honeybee (Apis
mellifera), moonfish (Poecilia latipinna), guppy (Poecilia reticulata), manure worm (Eisenia foetida), predatory stinkbug (Podisus nig-
rispinus), and Asian lady beetle (Harmonia axyridis) [17-19]. EOs have been employed both singly and in combination to manage insect
infestation [20,21]. Insect vector control can benefit from the synergy of mixture EO combinations and mixture combinations of EO
and their main active ingredient [22-24). Mixture EO combinations of E. globulus + C. citratus, C. loureiroi + C. cassia, C. verum + C.
cassia, and C. verum + C. loureiroi showed synergistic adulticidal effects against female houseflies and two mosquito vectors, Aedes
aegypti and Aedes albopictus [21-23]. Their mixture combinations have synergistic effects against Dipteran insect vectors [23-25]. The
main active ingredients from plant EOs that had an adulticidal effect on houseflies, Ae. aegypti, and Ae. albopictus mosquitoes were
monoterpenes such as trans-cinnamaldehyde, citronellal, eugenol, limonene, 1,8-cineole, a-pinene, and trans-anethole [22-24].
Mixtures of monoterpene combinations were synergistically effective against housefly and Ae. aegypti mosquitoes, such as combina-
tions of trans-anethole + o-pinene, a-pinene + geranial, carvone + limonene, 1,8-cineole + eudesmol, and 1,8-cineole + citronellal
[21-27]. In addition, several mixture combinations of EO and EO constituents exhibited a higher degree of toxicity against housefly
and mosquitoes. Their advantages are shorter knockdown time (KTsg), especially a 0.5%:0.5% (w/w) combination of I. verum EO +
geranial and M. fragrans EO + geranial exhibited a highly synergistic insecticidal effect against M. domestica [22] and a 2%:1% (w/w)
C. citratus EO + trans-cinnamaldehyde, C. citratus EO + geranial, and C. citratus EO + alpha-pinene exhibit strong adulticidal activity
against Ae. aegypti [28]. A substantial adulticidal action on houseflies was also demonstrated by combined formulations of E. globulus
+ geranial and C. citratus + 1,8-cineole [29].

Most investigations have found that several formulations combining EO and EO’s main active component had a high potential for
controlling houseflies in a way that was both environmentally friendly and non-toxic to non-target species [13,24-27]. Therefore, our
group was motivated to investigate adult housefly mortality incurred by single formulations and mixture formulations of
EOs—lemongrass and star anise—and their active components. At the chosen concentrations, these EO formulations have already been
shown to be effective against M. domestica and Ae. aegypti [20-23]. The chemical components of lemongrass and star anise EOs, the
synergistic effect of mixture formulations, and the biosafety of the EO treatments were evaluated against a non-target species, stingless
bee (Tetragonula pegdeni Schwarz) and guppy (Poecilia reticulata Peters), two common non-target organisms, predator, and pollinator,
in Thailand and Southeast Asia [13,30]. Once their synergistic adulticidal activity and safety to non-target species have been estab-
lished, some EO formulations would be a natural, secure, sustainable, and efficient alternative to a-cypermethrin. The most urgently
needed application is for reducing the housefly populations and hence house fly-borne diseases in urban, suburban, and livestock
areas.

2. Materials and methods
2.1. Collection of plants

All plant material collections and all authors adhered to local, regional, and global regulations. King Mongkut's Institute of
Technology Ladkrabang (KMITL) issued an approval, oversight, and authorized the collection of plant materials under permit
KDS2021/002.

The two EOs used in this investigation were obtained from fresh stems of lemongrass (C. citratus: KMITL-01-08) and dried fruits of
star anise (I. verum: KMITL-01-09). From August to September 2022, fresh stems of lemongrass were harvested at a natural habitat in
Wat Nam Daeng Village (13° 35" 58" latitude N/100° 35' 48" longitude E) located in the town of Samut Prakan Province, in the central
region of Thailand. Dried fruits of star anise were purchased from a Chinese herb vendor in Samut Prakan Province, Thailand.
Hataichanok Passara a plant expert at the KMITL herbarium, identified the two plant species at the School of Agricultural Technology
(KMITL), Bangkok, Thailand. All voucher specimens (KMITL-01-08 and KMITL-01-09) were deposited at the KMITL Herbarium, School
of Agricultural Technology, KMITL for future reference.
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2.2. Extraction of two essential oils and their GC-MS analysis

Cleaned and crushed 800 g (in 1600 ml of distilled water) of each plant were hydro-distilled in a Clevenger-type apparatus to
extract its EO. The extraction process followed the protocol described by Soonwera and Sittichok [21]. Each EO was then filtered into a
100 ml container with a brown hue. It was then kept at 4 °C until it was used in GC-MS analysis as well as insecticidal experiments.

Each EO was subjected to a mass-spectrometric examination using an Agilent 6890 N gas chromatography-mass spectrometer (GC-
MS) at the Scientific Center, KMITL. The used column, the temperature of the column, the temperature of the injector, carrier gas,
acquisition mass range, and essential oil constituents’ quantification were similar to those described in Aungtikun et al. [22]. Iden-
tification of the constituents of essential oils was done by computing retention indices (RD) using a homologous hydrocarbons series
(Cs—Cso n-alkanes) and peak area percentage in the chromatogram. The constituent’s identification was completed by comparing the
RD and mass spectra with one of three standard literature databases: NIST-MS (National Institute of Standards and Technology) [31],
ADAMS [32], or the National Library of Medicine [33]. Every EO was checked three times, and the final observations were presented as
mean =+ standard deviation.

2.3. Source and purity of reagents

This investigation only employed reagent-grade compounds. Standard homologous hydrocarbons series (Cg-Cso n-alkanes),
geranial, the main ingredient of lemongrass EO (C. citratus), which was 96% pure, and trans-anethole, the main ingredient of star anise
EO (I. verum), which was 98% pure, were purchased from Sigma-Aldrich (USA). Alpha-cypermethrin (10% w/v) was used as a positive
control and ethyl alcohol (95% v/v) was used as a negative control. They were supplied by SM Chemical Supplies Company (Bangkok,
Thailand).

2.4. Raising housefly (Musca domestica)

Housefly were reared in the laboratory of the Entomological division, School of Agricultural Technology, KMITL, in an air-
conditioned room under the conditions of 27.5 + 3.5 °C, 75.0 + 2.5 RH, and 12 h photoperiod. A day after their initial feeding,
adult females laid eggs on pieces of mackerel fish on sterile coconut husks in a plastic container (17 x 25 x 6 cm®). The eggs then
turned into larvae and pupae. The housefly-rearing protocol has been described by Soonwera and Sittichok [21]. The insecticidal assay
was conducted on fresh, 3-day-old adult houseflies.

2.5. Aduiticidal assay on housefty

The standard susceptibility test of the World Health Organization (WHO) [34] was used to evaluate the adulticidal efficacy against
housefly adults. In a treatment tube that measured 125 mm in length and 44 mm in diameter, ten 3-day-old housefly adults of both
sexes were exposed to 2 mL of either single or mixture formulations for an hour. Two milliliters of each formulation, one at a time, were
put onto a sheet of Whatman No 1® filter paper with a surface area of 12 cm by 15 cm? Housefly adults were subsequently moved to
the non-treatment tube and monitored there for 24 h. Each treatment was repeated five times, with 1% (w/v) a-cypermethrin serving as
the concurrent positive control. To decide whether the adult houseflies had been knocked down or killed, the authors observed the
movement of their antennae, head, thorax, wings, legs, and belly. No movement indicated a knockdown or mortality [22]. At 1, 5, 10,
30, and 60 min after exposure, we observed and reported the knockdown rate for each formulation. At 24 h after exposure, we
observed and recorded the mortality rate. The knockdown (%K) and mortality (%M) rates of adult houseflies were determined using
the following formulae [22; Eqs. (1) and (2)],

Knockdown rate (%K) =KD /TN x 100, (1)

Mortality rate (%M) =MT/TN x 100, (2)

where KD is the total number of adult houseflies knocked down; MT is the total number of adult houseflies dead; and TN is the total
number of adult houseflies treated.
The knockdown index (KI) was determined using the following formula [22; Eq. (3)],

KI= KTs of treatment/KTsyofa-cypermethrin. 3)

KI < 1 signifies that the formulation, either single or mixture, was more toxic than a-cypermethrin; and KI > 1 signifies that the
formulation was less toxic than a-cypermethrin.
Mortality index (MI) was determined using the following formula [22; Eq. (4)],

MI = LTj; of treatment/LTspofa-cypermethrin. 4)

MI < 1 signifies that the formulation, either single or mixture, was more toxic than a-cypermethrin; and MI > 1 signifies that the
formulation was less toxic than a-cypermethrin.
Synergistic mortality index (SMI) was determined using the following formula [23; Eq. (5)],

SMI =LTs, of the mixture formulation/LTs, of the single formulation. ®)



150

M. Soonwera et al. Heliyon 10 (2024) e26910

SMI < 1 suggests that there is a synergistic effect, and SMI > 1 suggests that there is an antagonistic effect.
Increased mortality value (IMV) was determined using the following formula [23; Eq. (6)],

IMV = [%Mofmixtureformulations-%Mofsingleformulations / %Mofmixtureformulations| x 100. (6)

2.6. Safety assays on non-target organisms, stingless bee (Tetragonula pegdeni) and guppy (Poecilia reticulata)

The toxicity of every formulation was evaluated against a non-target pollinator, stingless bee (T. pegdeni) using the method of
Dorneles et al. [35] and Matos et al. [36]. One hundred adult workers from three natural colonies of stingless bees were gathered from
the KMITL organic farm into an insect box (17 x 24 x 5 cm) and transported to our laboratory in 1 h, Jirisuda Sinthusiri an ento-
mologist, completed the stingless bee scientific identification. The stingless bee workers were fed with 40% (w/v) glucose and
maintained at 28.5 + 2.0 °C and 79.3 + 3.0% RH for 2 days before the topical application test. Before the topical application, the
stingless bees were anesthetized at —8 °C for 1 min. Then, they were applied 1 L of each test formulation (at 10,000 ppm concen-
tration) to their mesonotum part. After application, ten stingless bees were transferred into an insect box (7.5 x 10 x 4.5 cm) and fed
with 40% (w/v) glucose. Five repeats of each treatment were done, along with 1% (w/v) a-cypermethrin as a positive control. After 5,
10, 30 min, 1, 12, and 24 h of exposure, mortality and aberrant behaviors, such as reduced feeding and activity, were observed.

The toxicity assay against a non-target aquatic predator guppy (P. reticulate) was identical to the method used by Moungthipmalai
et al. [13]. The guppy fish species were purchased from an organic farm in Kanchanaburi Province, Thailand. Tanapoom Moungth-
ipmalai, an animal taxonomist, completed the guppy scientific identification. They were individually kept in a plastic bucket (40 x 58
x 30 cm) containing 80 L of water at 36.5 + 2.0 °C and 60.5 + 5.0% RH. For testing each formulation, ten adult guppies were put in a
plastic bucket (38 x 26 x 20 cm) containing 5 L of water. A treatment was added to it, 10,000 ppm of each formulation. Five repeats of
each treatment were done, along with 1% (w/v) a-cypermethrin as a positive control. Data on mortality and swimming inefficiency
were recorded at 1, 3, 6 h, 1, 2, 3, 4, and 5 days after the exposure.

The mortality rate of non-target species was determined using the following formula [13,36; Eq. (7)],

Mortality rate (%N) =NT/TT x 100. 7)
where NT is the total number of dead adults of the non-target species, and TT is the total number of treated adults of the non-target

species.
Safety index (SI) was determined using the following formula [13; Eq. (8)],

SI=LTsofnon-targetspecies/LTs, of target species. (8)
Table 1
Chemical compositions of the two essential oils (EOs) assayed for adulticidal activity in this study.
No. Component” RD" KR Peak area (%) < SD” Identification’
lemongrass EO star anise EO

1. a-Thujene 932 930 - 0.25 £0.02 ABC
2. a-Pinene 981 982 323 £0.11 - AB,C
3. a-Terpinene 1010 1010 0.16 + 0.02 - AB,C
4. 1,8-Cineole 1025 1025 10.83 £ 0.94 0.71 + 0.04 ABC
5. Limonene 1031 1032 - 1.83 +0.08 ABC
6. Y-Terpinene 1051 1052 0.17 £ 0.04 - ABC
7. Linalool 1097 1098 0.82 £ 0.04 - ABC
8. a-Terpineol 1179 1178 - 0.43 £ 0.01 AB,C
9. Neral 1216 1217 2462 +1.23 - ABC
10. p-Anisaldehyde 1247 1247 - 1.51 + 0.08 ABC
11. Geraniol 1240 1240 6.12 = 0.98 - ABC
12. Geranial 1246 1246 4522 +1.12 - ABC
13. trans-Anethole 1283 1283 - 93.24 £ 2.04 ABC
14. Eugenol 1355 1356 - 0.62 + 0.02 ABC
15. Geranyl acetate 1380 1380 4.11 £0.92 - ABC
16. Caryophyllene oxide 1581 1580 212+0.89 - ABC

Total (%) 97.40 + 0.52 98.59 +0.95

Yield (%) 1.19 £ 0.10 3.13 £ 0.08

Density (g/ml) 0.96 + 0.08 0.97 = 0.09

Color pale yellow pale yellow

# Major and minor compounds of EOs are listed in order of elution in the HP-5 MS column.

b RD, Retention index calculated using the retention time in relation to the homologous series of Cg-Cyq n-alkanes.

¢ KR, Kovats index is taken from NIST-MS [31] or ADAMS [32] or National Library of Medicine [33].

4 Average of three runs.

¢ Identification: A, substance matching was done with a readily available analytical standard (Sigma Aldrich); B, mass spectrum matching with
those reported in ADAMS [32] or NIST-MS [31] or National Library of Medicine [33]; and C, retention index overlapping with those reported in
NIST-MS [31] and National Library of Medicine [33].
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SI > 1 signifies that the formulation, either single or mixture, was benign to the non-target species; and SI < 1 signifies that the
formulation was toxic to the non-target species.

The Ethics Committee of King Mongkut's Institute of Technology Ladkrabang (number KDS2021/002) had given its approval to
each bioassay used in this research.

2.7. Preparation of adult samples for scanning electron microscopy

After 24 h of treatment, the morphology of the head, antennae, and mouthpart of the adult houseflies that underwent a treatment or
control was observed under scanning electron microscopy (SEM). Heads of all samples were cut off and placed in 70% ethanol at room
temperature. After being washed in 70% ethanol, the samples, the heads, were postfixed in 95% ethanol for 90 min. Then, they were
dehydrated in absolute alcohol (100%) three times at 90 min each time. Samples were dried with a CO, critical point drier. The dried
head samples were then mounted on aluminium stubs with double-sided adhesive tape, coated with gold, and observed with a JSM-
6610LV scanning electron microscopy (JEOL Ltd., Tokyo, Japan) at the Scientific and Technological Research Equipment Centre,
Chulalongkorn University, Bangkok, Thailand.

2.8. Data andlysis

All experiments were of completely randomized design (CRD), and the results were expressed as the mean + SD. The average
knockdown data were subjected to a probit regression analysis to calculate the knockdown time KTsq. In the case of mortality data,
LTs values were calculated [37]. Using a one-way analysis of variance (ANOVA), the treatment’s impact was assessed. If the analysis
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Fig. 1. Knockdown time +SE against housefly of single EO or EO constituent formulations (A) and mixture formulations (B).

Note: KTso = 50% Knockdown Time; Knockdown index (KI) = [KTso of treatment/KTsy of a-cypermethrin] [22]: KI < 1 signifies that the
formulation, either single or mixture, was more toxic than a-cypermethrin, and KI > 1 signifies that the formulation was less toxic than
a-cypermethrin.
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of variance indicated significant differences between the groups (P < 0.05), a Tukey’s post hoc test (P < 0.05) was carried out to
ascertain the significant difference between the control and multiple treatment groups. All statistics were calculated with SPSS Sta-
tistical Software Package version 25.0.

3. Results
3.1. Yields and chemical profiles of the two EOs

Yields of EOs from the hydro-distillation procedure were identified, and GC-MS analysis of their chemical makeups was conducted.
Also identified were some of the EOs’ physical characteristics. Table 1 lists each constituent’s percentage fraction, as well as its
retention index (RD) and Kovats retention index (KR). Pale yellow EOs were produced by lemongrass stems and star anise fruits. Their
yields were 1.19 and 3.13%, respectively. Lemongrass EO had a density of 0.96 g/ml, and star anise EO had a density of 0.97 g/ml. The
primary components of the lemongrass EO were geranial (45.22%) and neral (24.62%). A total of 10 chemical components were found,
accounting for 97.40% of the total composition. The minor constituents were 1,8-cineole (10.83%), geraniol (6.12%), geranyl acetate
(4.11%), a-pinene (3.23%), caryophyllene oxide (2.12%), linalool (0.82%), Y-terpinene (0.17%), and «-terpinene (0.16%). Trans-
anethole (93.24%) was the primary constituent of the star anise EO. A total of 7 chemical components were found, accounting for
98.59% of the total composition. The minor constituents were limonene (1.83%), p-anisaldehyde (1.51%), 1,8-cineole (0.71%),
eugenol (0.62%), a-terpinene (0.43%), and a-thujene (0.25%).

3.2. Effects on housefly of single and mixture formulations

Figs. 1 and 2 showed the evaluation of the knockdown and mortality rates, 50% knockdown time (KTs), 50% lethal time (LTsy),
knockdown index (KI), and mortality index (MI) of single and mixture formulations against housefly. Housefly was more sensitive to all
mixture formulations (KTso value from 3.2 to 31.9 min) (Fig. 1B) than single formulations (KTsp value from 6.4 to 101.6 min) (Fig. 1A)
at 1 h following exposure. Most single and mixture formulations had a knockdown rate greater than 1.0% (w/v) a-cypermethrin; the KI
was 0.2. With the lowest KTsq of 3.2 min and a KI of 0.2, 1.0% geranial + 1.0% trans-anethole and 1.0% lemongrass EO + 1.0% trans-
anethole had the highest knockdown activity (Fig. 1).

Additionally, housefly was more vulnerable to all mixture formulations 24 h after treatment than it was to single formulations, with
mortality rates ranging from 78.5 to 100% and an LTsq of 0.09-8.4 h. It was less susceptible to single formulations that offered
mortality rates of 21.4-98.4% and an LTsg of 0.1-60.9 h. When compared to 1.0% (w/v) a-cypermethrin, the adulticidal activity of the
mixture formulations was 0.003-0.939 times higher. The strongest adulticidal effect was produced by 1.0% geranial + 1.0% trans-
anethole and 1.0% lemongrass EO + 1.0% trans-anethole, which provided a 100% mortality rate, the lowest LTsg of 0.07 h, and an MI
of 0.003 (Fig, 2).
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Fig. 2. Mortality rate +SE against housefly of single EO or EO constituent and mixture formulations.

Note: Mean mortality rates +SE within a column followed by the same letter do not differ significantly (Tukey's post hoc test P < 0.05), LTs = 50%
Lethal Time, and Mortality index (MI) = [LTs, of treatment/LTs of a-cypermethrin] [22]: MI < 1 signifies that the formulation, either single or
mixture, was more toxic than «-cypermethrin, and MI > 1 signifies that the formulation was less toxic than a-cypermethrin.
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All mixture formulations demonstrated a synergistic effect, displaying greater toxicity than that of single formulations, with an SMI
0f 0.001-0.9. Their synergistic effect increased mortality, with IMV increasing from 1.6 to 91.9%. The formulation with the strongest
synergistic effect, with an SMI ranging from 0.001 to 0.004, was 1.0% lemongrass EO + 1.0% trans-anethole. Its IMV of 37.6-91.9%
was the formulation’s maximum synergistic impact (Fig. 3).

3.3. Effects on two non-target species, stingless bee and guppy of single and mixture formulations

In this study, the safety index (SI) value of a formulation was defined as LTs of non-target species divided by LTs of houseflies. A
value higher than one was considered safe, while a value lower than one was considered toxic. The computed SI of all formulations
made from lemongrass and star anise EOs and their major constituent against two non-target species, stingless bee, and guppy, are
presented in Fig. 4. All formulations showed low toxicity to two non-target species, with stingless bee (Fig. 4A) and guppy adults
(Fig. 4B) having an LTsq range of 21.3-353.7 h. All formulations provided an SI of higher than 1 (1.1-4901.4). On the other hand, 1.0%
(w/v) a-cypermethrin was highly toxic to the adult stingless bee and guppy, with a mortality rate of 100% at 1 h (LTs, of 0.08) and 5
days (1.2 h). Its safety index (SI), which ranged from 0.003 to 0.05, was extremely low, signifying that all EO formulations were
extremely safe.

4. Discussion

The current study shows that lemongrass and star anise essential oils, gathered from central Thailand, were viable sources of
phytochemicals. According to the EO yield data, the extraction of lemongrass and star anise were 1.19 and 3.13% v/w, respectively,
slightly different from the yields previously reported [21,22]. Several studies reported that the hydro-distillation process produced EO
yields of lemongrass (C. citratus) that ranged from 0.79 to 1.10% v/w [21,22,38], whereas star anise (I. verum) reported EO yields
ranged from 4.0 t0 6.7% v/w [22,39]. The GC-MS part of the study revealed that their chemical compositions matched those previously
mentioned in the literature [38,39]. Geranial was discovered to be the primary component of lemongrass EO (C. citratus), accounting
for 45.22% of the total chemical composition, within the previously reported range of 40.7-45.4% [22,38]). Trans-anethole was
discovered to be the primary component of star anise EO (. verum), accounting for 93.24% of the total chemical composition, within
the previously reported range of 88.5-94.0% [22,39,40]. Many important variables, including the quality of the raw plant materials,
the management practice of plant cultivations [22], and the extraction procedures [41,42], can be explained by slight variations in the
EO yield and the chemical profile of both EOs from the previously published values.

In this study, all mixture formulations showed a pronounced synergistic effect against housefly adults with a high SMI. The for-
mulations 1.0% geranial + 1.0% trans-anethole and 1.0% lemongrass EO + 1.0% trans-anethole showed the highest level of synergy,
improving the mortality rate to more than 90.0%. This result was consistent with the result of another study. That study found that C.
citratus EO + alpha-pinene (2%:1% (w/w)) exhibits strong adulticidal activity against Ae. aegypti [28]. Aungtikun et al. [22] concluded
that the mortality rate against M. domestica rose to more than 50% when EOs from I. verum EQO + geranial, M. fragrans EO + geranial,
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Fig. 3. Synergistic mortality index of mixture formulations against housefly.

Note: Synergistic mortality index (SMI) = [LTs of mixture formulation/LTsy of single formulation] [23]: SMI < 1 suggests that there is a synergistic
effect, and SMI > 1 suggests that there is an antagonistic effect and Increased mortality value (IMV) = [%M of mixture formulations — %M of single
formulations/%M of mixture formulations] x 100 [23].



154

M. Soonwera et al. Heliyon 10 (2024) €26910
A 2.5% lemongrass EO in EtOH
— (LT=3292h: 81 =54)
12 5.0% lemongrass EO in EIOH
110 e (LTg= 308 h: SI = 154.0)
I I I 2.5% star anise EO in ECOH
10 —1 == T T T 1 — (LTa=483h:SI=11)
90 L 5.0% star anise EO in EtOH
o (LTg= 308 h: SI=102.7)
a 8 0.5% geranial in EXOH
(] —— (LTq=343.1 h: SI =1,7185)
£ 1.0% geranial in EOH
z 60 e (L= 30.7 h: S1=307.0)
s 35 0.5% trans-anethole in EtOH
£ — (LTg=344 h: SI=15)
z 1.0% frans-anethole in EAOH
£ 2 —— (LT,=308h:SI=19)
) 1.25% lemongrass EO + 1.25% star anise
2 —— EO in E1OH (LT, = 28.9 h: 1= 3.4
2.5% lemongrass EO + 2.5% star anise EO
10 ——— in EOH (LT, =22.0 h: S1 = 220
0 S 0.25% geranial + 0.25% trans-ancthole in
S min 10 mine0Tia GOmin  12b uh —— E{OH (LT =222 h: S1=222.0)
0.5% geranial + 0.5% frans-ancthole in
Time ——— EtOH (LTy=21.2 h: I =235.6)
1.0% geranial + 1.0% trans-ancthole
~— in E1OH (LTy=21.3 h: §1 = 304.3)
1.0% lemongrass EQ + 1.0% trans-ancthole
=" in EAOH (LT, = 24.7 h: 81 = 352.9)
1.0% star anise EO + 1.0% geranial
in E1OH (LT, = 27.4 h: S1 = 304.4)
1.0% a-cypermethrin
(LT =008 h: S1 = 0.003)
B . 2.5% kemongrass EO in E(OH
140 ) (LT 4= 3837 h: $1 = 5.8)
130 L . 5.0% lemongrass EO in E(OH
120 b I (LT,q= 3537 b: ST =1,768.5)
& ) R eia . 25% star anise EO in EIOH
10 . (LT= 3616 h: SI=7.3)
, 100 . __ 5.0%star anise EO in EXOH
% o A (LTo= 2376 h: S1=792.0)
p p 0.5% in E©OH
§ 80 (LT = 3292 h: ST+ 1,646.0)
= , . 10% geranial in EOH
= 6 / (LT = 3430 h: §1 = 3,431.0)
£ ; —— 0.5% trans-anethole in EtOH
e b (LTo=329.2 h: Sh = 143)
S r/’ 1.0% trans-anethole in EAOH
S 3 T (LT = 2328 h: 81 =375)
o .25% lemongrass EO + 1.25% star anise
20 EO in EAOH (LT,,= 3537 b: SI = 42.1)
10 2.5% Jemongrass EO + 2.5% star anise EQ
0 = » in E1OH (LT, = 343.1 h: 8T = 3.431.0)

. " “ 0.25% geeanial +0.25% trans-ancthole
A 3h SR Ciganlie dey ({Tdey 4 4hyd ol in EAOH (LT,, =329.2 h: §1 = 3,292.0)

Time 0.5% geranial + 0.5% trans-anethole in
EtOH (LTy=329.2 h: SI = 3,6578)

1.0% geranial + 1.0% trans-ancthole
in EtOH (LT, = 177.6 h: §1= 2537.1)

1.0% lemongrass EO + 1.0% frans-anethole
in EtOH (LT, = 343.1 h: S1 = 4,901.4)

1.0% star anis¢ EO + L.0% geranial
in EtOH (LT, = 1752 h: SI = 1,946.7)

1.0% a-cypermethrin
(LTg =12 b S1=0.08)

Fig. 4. Mortality rate +SE of single EO and EO constituent formulations and mixture formulations against two non-target species: stingless bee (A)
and guppy (B).

Note: LTsg = 50% Lethal Time, Safety index (SI) = [LTsq of non-target species/LTs of target species] [13]: SI > 1 signifies that the formulation,
either single or mixture, was benign to the non-target species; and SI < 1 signifies that the formulation was toxic to the non-target species.

and a-pinene + geranial at 0.5%:0.5% was combined into a mixture. The EO combination of C. citratus EO + E. globulus EO (1:1 ratio)
had a powerful synergistic impact (100% knockdown and mortality rates) against M. domestica females, with an increased mortality
rate of more than 90.0% [21]. The monoterpene mixture of 1,8-cineole + geranial (2.5%:2.5%) exhibited synergistic insecticidal
effects against M. domestica females [21]. In addition, mixtures of monoterpenoid essential oil compounds from p-cymene +1,
8-cineole, p-cymene + Y-terpinene, and Y-terpinene +1,8-cineole displayed synergistic toxicity to M. domestica adults [43]; citral +
limonene, and 1,8-cineole + camphor showed synergistic toxicity against Tichoplusia ni [44,45]; and trans-anethole + estragole and
trans-anethole + estragole + linalool showed strong synergistic effects against Cryptolestes ferrugineus [46]. Similarly, a mixture of
Rosmarinus officinalis EO + E. globulus EO (10%:10%) showed strong synergistic toxicity against Cx. pipiens, Blattella germanica, and M.
domestica [47].

Regarding SEM images, they showed clearly the morphological alterations induced by EO treatments when compared with non-
treated adult head (Fig. 5A), non-treated adult antennae (Fig. 5B), and non-treated adult mouthparts (Fig. 6A, B). Fig. 5C, D, E
showed morphological damages of external structure in the shape of flagellum and antennae balance as well as deformed maxillary
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Fig. 5. Scanning electron micrographs of the head of housefly: (A) non-treated adult head, showing full external structure with compound eye (c),
arista (Ar), elongated flagellum (F), and maxillary palp (Mp); (B) non-treated adult antennae, showing full external structure with bristle (Br), scape
(Sc), and pedicel (Pd); morphological damage to antennae and elongated flagellum after treated with lemongrass EO (C), geranial (D), and a mixture
of lemongrass EO + trans-anethole (E).

palps, covered with a layer (Fig. 6C, D) that was thought to be an oil layer, that would account for the EOs’ insecticidal mechanism.

Regarding the potential for houseflies to develop resistance to these natural agents, it is very unlikely because the mixtures of EOs
exert their actions through multiple mechanisms [48]. All the mixture EO formulations examined in this study appeared to have a
synergistic mechanism of action that was closely related to the modes of action of their primary ingredients [45,46]. EOs and their
major constituents with different mechanisms of action can be more efficient in reducing or preventing resistance rates against insect
pests, including housefly [16,45,48]. A mixture formulation, 1.0% lemongrass EO + 1.0% trans-anethole, damaged the olfactory sense
in the antennae and maxillary palps as well as the neural systems of housefly and other insects [45,47,49]. Lemongrass EO acted
toxically on the olfactory sense in the antennae and the integument branes of housefly by inhibiting enzymes acetylcholinesterase
(AChE) and butyrylcholinesterase (BChE) [22,49]. It was toxic to M. domestica larvae causing cell shrinkage, spinous cells to prolif-
erate, pupae to emerge partially, and adults to develop abnormally [50]. M. domestica’s nervous system synapses were damaged by star
anise EO, geranial, and trans-anethole. All caused cell membrane damage, slowed down cellular metabolism, inhibited AChE activity in
a neurotoxic manner, and caused acetylcholine to accumulate [49,51]. These effects resulted in hyperactivity, immobility, knockdown,
morbidity, and mortality [16,45,50,52,53]. Furthermore, a mixture of monoterpenoids is a more effective AChE inhibitor than a single
monoterpenoid. They work together harmoniously [25].

According to the safety data, all EO formulations were safe for the adults of the two non-target species, stingless bee and guppy.
Their SI was larger than 1 and their LTso values were high (see Fig. 4A and B). A mixture formulation—1.0% lemongrass EO + 1.0%
trans-anethole—was outstandingly benign to stingless bee and guppy adults, with a 0.001% mortality rate. In contrast, 1.0% (w/v)
a-cypermethrin was highly toxic to the two non-target species, with a low SI, and LTs.

EOs and their components are frequently regarded as safe for natural insect adversaries, pollinators, and other invertebrate
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Fig. 6. Scanning electron micrographs of the mouthparts of housefly: (A,B) non-treated, showing full external structure with tips of palpus (Pp),
labellum (Lbl), and labellum with pseudotracheae (Ps); morphological damage to mouthparts after treated with lemongrass EO (B), geranial (C), and
a mixture of lemongrass EO + trans-anethole (D).

organisms [13,14,54,55]. Two studies reported that C. citratus EO and geranial were safe to a predator fish, guppy (P. reticulata) [13],
and a predator bug, P. nigrispinus (Heteroptera) [19]. Trans-anethole and lemongrass EO did not show any toxic effect against hon-
eybee, A. mellifera workers [14,54]. EOs from rosemary pepper and its major compounds, (E)-caryophyllene and p-cymene were not
toxic to stingless bees, Nannotrigona aff. testaceicornis [56]. In addition, Moungthipmalai et al. [13] supported that a combination of C.
verum EO -+ geranial (2:1 ratio) did not show toxicity against two species of predator fish, P. latipinna and P. reticulata. A combination of
EOs from Cedrus atlatica + Corymbia citriodora + C. citratus (1:1:1 ratio) was safe to parasitoid of Ceratitis capitate (Diptera) and Psyttalia
concolor (Hymenoptera) [57]. On the other hand, commonly, synthetic insecticides are regarded as poisonous to pollinators and other
naturally occurring insect pest enemies [58]. Cypermethrin is highly toxic to stingless bees, Meliponula bocandei, with a low LCs, of
0.66-0.76 pg/ml [59]). To make matters worse, cypermethrin contributes significantly to environmental pollution since it can build up
in the soil, water, and air. Due to its high accumulation in the environment, it becomes very toxic to fish, pollinator species, and other
non-target species [56,59]. In addition, cypermethrin is hazardous to mammals and humans [60]. It is poisonous to the human central
nervous system, causing hyperexcitation of neurons, nausea, headaches, incontinence, shortness of breath, convulsion, and even death
[60]. In contrast, EOs and their constituents do not accumulate in the environment, making them far safer for non-target species and
natural insect pest enemies [11,14]. In this study, all EO formulations had an SI greater than 1, indicating that they were all entirely
safe for these non-target species. Furthermore, the primary components of EOs from lemongrass and star anise neither damaged nor
altered the histopathology of human cells [61,62]. They have long been used as traditional Asian medicine and food ingredients
[38-41].

5. Conclusion

Due to their efficacy and safety, the outstanding mixture formulation—1.0% lemongrass EO + 1.0% trans-anethole—should be
developed further into a natural adulticidal agent for managing housefly populations in urban and suburban areas and organic farms.
Most importantly, the chosen EO and EO constituent—lemongrass EO and trans-anethole—are readily available and reasonably priced,
which makes them excellent choices for inclusion in an insecticidal formulation. Several tests must be conducted along the way before
the formulation can be developed into a commercial product, tests such as post-application humidity and temperature tests.
Furthermore, semi-field and field studies on factors impacting the death of target and non-target species (biological stability of
temperatures and humidities) as well as non-target effects, and toxicity on human cells should be investigated.
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Simple Summary: The housefly (Musca domestica) is a global vector of several pathogens and a
nuisance to humans and animals. Repellents reduce the risk of housefly vector diseases. Green
repellents from plant essential oils (EOs) and their active compounds were, at the time, a promising
option against houseflies. This study evaluated the housefly-repellent activities of every tested EO,
their main constituents, and several combinations of them. The combinations were lemongrass
(Cymbopogon citratus) EO + trans-anethole, lemongrass EO + star anise (Illicium verunt) EO, geranial
+ trans-anethole, and star anise EO + geranial. The efficacies of every formulation were compared
against each other and DEET (a synthetic repellent). All combinations were more effective in
repellency than all single-component formulations and DEET. More significantly, all of them were
safe for four non-target species: guppy (Poecilia reticulata), molly (Poecilia latipinna), dwarf honeybee
(Apis florea), and stingless bee (Tetragonula pagdeni). These combinations could be developed into
valuable green repellents for housefly vector disease management.

Abstract: The present study evaluated the housefly repellency of single-component formulations
and combinations of lemongrass and star anise essential oils (EOs) and their main constituents. The
efficacies of the combinations were compared against those of single-component formulations and
DEET. Safety bioassays of all formulations and DEET on non-target species—guppy, molly, dwarf
honeybee, and stingless bee—were conducted. GC-MS analysis showed that the main constituent
of lemongrass EO was geranial (46.83%) and that of star anise EO was trans-anethole (92.88%). All
combinations were highly synergistic compared to single-component formulations, with an increased
repellent value (IR) of 34.6 to 51.2%. The greatest synergistic effect was achieved by 1.0% lemongrass
EO + 1.0% trans-anethole combination, with an IR of 51.2%. The strongest, 100% repellent rate at
6 h was achieved by 1.0% geranial + 1.0% trans-anethole. They were twice as effective as DEET and
caused obvious damage to housefly antennae under microscopic observation. All single-component
formulations and combinations were benign to the four tested non-target species. In contrast, DEET
was highly toxic to them. The synergistic repellency and biosafety of these two combinations are
compellingly strong support for developing them into an effective green repellent.

Keywords: housefly; essential oil combination; synergistic repellent; lemongrass essential oil; star
anise essential oil; geranial; trans-anethole; non-target species
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1. Introduction

The housefly, Musca domestica L. (Muscidae), is a global nuisance and vector pest of
humans, domestic animals, poultry, and livestock [1,2]. This pest has become a worldwide
problem and acts as a mechanical vector of several severe pathogens that cause serious
diseases, such as food-born illnesses, leprosy, and typhoid in humans and avian flu, fowl
cholera, anthrax, and porcine reproductive and respiratory syndrome diseases in live-
stock [2,3]. The economic loss per year due to housefly problems was estimated at more
than USD 1 billion in 2021 in the United States [1,4,5]. The effective management of housefly
populations is very complicated and difficult, especially in areas with abundant houseflies
that are difficult to access [5,6]. Hence, synthetic insecticide control became the first and
most popular option for housefly management [5,6]. The most popular synthetic repellent
for insect vector control was N,N-diethyl-m-toluamide (DEET) [6,7]. Unfortunately, DEET,
acting directly as an insect repellent, was found to be highly toxic to the human nervous
system and non-target species [8,9].

At this time, a renewed interest in green insecticides and repellents as alternative insect
management tools was spurred by the global problem of housefly resistance to synthetic
insecticides and synthetic repellents, their negative effects on non-target organisms, and the
ecological pollution and imbalance that they have caused [8,9]. Green repellents from plant
essential oils (EOs) and their major constituents have the potential to be safe alternative
agents for preventing houseflies that have not been killed by synthetic agents in sensitive
areas such as hospitals, nurseries, and nursing homes [6,10]. To summarize, plant EO-
based repellents are highly effective, highly species-specific, biodegradable, and safe for
humankind, making them a promising option for good housefly management [7,10,11].

Currently, there are many reports presenting EOs showing repellency against housefly
adults: lemongrass (Cymbopogon citratus), peppermint (Mentha piperita), bergamot mint
(Mentha citrata), blue gum (Eucalyptus globulus), khus grass (Vetiver zizanoides), and turmeric
(Curcuma longa) by filter paper application [12]; tea tree (Melaleuca alternifolia), Indian
tree basil (Ocimum gratissimum), breckland thyme (Thymus serpyllum), star anise (llicium
verum), nutmeg (Myristica fragrans), mango ginger (Curcuma amada), and sweet flag (Acorus
calamus) by spray application [7,13]; and cinnamon (Cinnamomum zeylanicum) by cotton
pad application [14].

Moreover, an EO combined with its major ingredient or with another EO showed
synergistic repellency against housefly adults. Those combinations include peppermint
EO + lemongrass EQ, peppermint EO + sweet orange (Citrus sinensis) EO, and peppermint
EO + blue gum EO [6,15]. Combining EOs with their major constituents increased their
insecticidal and repellent activities over those of single EOs. Combinations of nutmeg
EO + geranial, «-pinene + geranial, and geranial + frans-anethole exhibited strong insec-
ticidal synergy against housefly adults in spray form [16]; a combination of star anise
EQ + cinnamon (Cinamomum verum) EO exhibited highly repellent and ovicidal effects in
spray form against the American cockroach, Periplaneta americana [17]. A combination of
ylang-ylang (Cananga odorata) EO + lemongrass EO showed repellent activity in spray form
against mosquito females of Aedes aegypti and Culex quinquefasciatus [18]. Furthermore,
several combinations of EOs and their main constituents showed high toxicity against target
species (Ae. aegypti and Ae. albopictus eggs) but were non-toxic to the tested non-target
predators (Poecilia latipinna and Poecilia reticulata) [19].

Several combinations of EOs and their major constituents had high potential for
use as green repellents against houseflies in that they were, at the time, more effective
than DEET, a popular synthetic repellent, and they were safer repellents for humans,
environmentally friendly, and non-toxic to non-target predators [19,20]. Consequently,
this study was motivated to investigate the adult housefly and the repellency incurred by
single-component and combinations of lemongrass and star anise EOs and their main active
constituents. These two EOs were selected because they have been widely reported to
possess medicinal, antibacterial, and insecticidal properties, as well as to be safe for humans
and the environment [16,19]. The synergistic housefly repellency of the combinations and
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their biosafety against non-target species were evaluated. The non-target species were two
pollinators, Apis florea F. (dwarf honeybee) and Tetragonula pegdeni Schwarz (stingless bee)
(both in the Apidae family) and two aquatic predators, Poecilia latipinna Lesueur (molly)
and Poecilia reticulata Peters (guppy) (both in the Poeciliidae family). These four non-target
species are common pollinators and aquatic predators in Asia, including Thailand [19,20].
Once their synergistic repellent activity and safety for the four non-target species have been
demonstrated, some of these EO formulations may be deemed effective and sustainable
green repellent alternatives to DEET.

2. Materials and Methods
2.1. Plant Materials and Extraction of Two Plant Essential Oils

The parts of plants from which EOs in this study were extracted were fresh stems of
lemongrass (Cymbopogon citratus, KMITL-01-11) and dried fruits of star anise (/liciunt verum,
KMITL-01-18). The collection of plant materials was conducted in compliance with national,
regional, and international laws. Under the permit KD2021/002 of King Mongkut's Institute
of Technology Ladkrabang (KMITL), the authors were granted consent, sample monitoring
rights, and authorization for the collection of plant materials. Fresh stems of lemongrass
were collected from an organic farm in Bang Nam Priao, Chachoengsao Province, Thailand
(latitude 13°53'44.44" N and longitude 101°1'33.344" E) from March-April 2023. Dried
fruits of star anise were purchased froma Chinese herb supplier in Chachoengsao Province,
Thailand. The two plant species were identified by Hataichanok Passara, a botanist from
the KMITL herbarium at the School of Agricultural Technology of the same institute. This
herbarium housed two plant specimens (KMITL-01-11 and KMITL-01-18) for future use.

EQ extraction was performed by hydro-distilling 800 g of fresh stems of lemongrass
and 800 g of dried fruits of star anise in 2000 mL of distilled water. After 3 h, each EO was
filtered into a 100 mL brown bottle and stored at 4 °C until they were later used in repellent
assays and gas chromatography-mass spectrometry (GC-MS) King Mongkut's Institute of
Technology Ladkrabang (KMITL), Bangkok, Thailand analysis.

The GC-MS system analyzed the composition in three replicates. The systems were
an electron ionization system with 70 eV electron energy (30-500 m z ') and an Agilent
6890-N gas chromatograph coupled to a 5973-N mass spectrometer with an HP-5 MS fused
silica capillary column (30 m x 0.25 mm ID with 0.25 m film thickness of 5% phenyl-
methylpolysiloxane coating). Each EO sample was diluted at a split ratio of 1:100 in
ethyl alcohol, and 0.2 uL of the diluted sample was injected into the column. The oven
temperature was set at 50 °C for 2 min, then raised ata rate of 10 °C min ! to 200 °C and
kept there for 3 min. The final step was to raise the temperature at a rate of 15 °C min™"!
to 260 °C and keep it there for 20 min. The injector and detector temperatures were set
at 260 °C. The retention times of all chemical constituents of each EO were analyzed and
compared to those of the standard 1-alkanes. Their retention index was compared with the
reference values from Adams [21] or the National Institute of Standards and Technology
(NIST) [22] or other sources in the published literature [23,24].

2.2. Chemicals

Technical grade 96% geranial (CAS 5392-40-5, the major compound of lemongrass
EO) and 98.5% trans-anethole (CAS 4180-23-8, the major compound of star anise EO)
were purchased from Sigma-Aldrich Company Limited, Saint Louis, MO, USA. The two
compounds were used to prepare 70% v/ stock solutions in ethyl alcohol (purchased from
T.S. Interlab Company Limited, Bangkok, Thailand). The 12% w/w DEET (Softfell®) used
as the positive control was purchased from CP Consumer Products Company, Minburi,
Bangkok, Thailand.

2.3. The Tested Formulations

The suitable strength or concentration of EOs to be tested was based on our pre-
vious studies [16,25]. At these assigned concentrations, these EO formulations were al-
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ready shown to be effective against houseflies in terms of their ovicidal and insecticidal
effects [17,19]. Therefore, the strength was chosen in anticipation of effective repellency
while not chosen to be so strong as to be toxic to the non-target species. The solvent for
diluting the EO extract was 70% v/v ethyl alcohol. The eight tested strengths of single-
component formulations were lemongrass EO at 2.5% and 5.0%, star anise EO at 2.5% and
5.0%, geranial at 0.5% and 1.0%, and trans-anethole at 0.5% and 1.0%. The tested strengths
for combinations were 1.25% lemongrass EO + 1.25% star anise EO, 2.5% lemongrass
EO +2.5% star anise EO, 0.25% geranial + 0.25% trans-anethole, 0.5% geranial + 0.5% trans-
anethole, 1.0% geranial + 1.0% trans-anethole, 1.0% lemongrass EO + 1.0% trans-anethole,
and 1.0% star anise EO + 1.0% geranial.

2.4. Housefly Rearing

Larvae of housefly M. domestica were obtained from a housefly colony raised in the
entomological laboratory of the School of Agricultural Technology, KMITL, under the
conditions of 25.3 £ 1.5 °C, 70.5 4 2.5% RH, and 13.0 h light and 11.0 h dark periods. They
were reared with steamed mackerel mixed with milk powder at a ratio of 1:0.25 [25]. After
7-10 days, the larvae developed into pupae and adults. The adults were fed with 10%
honey solution + milk powder + mineral water at a ratio of 5:5:90. Then, 3-to-4-day-old
adults were collected to serve as test subjects for the repellent bioassay [25].

2.5. Repellent Activity Bioassay

Repellency against housefly adults was evaluated by putting them into two test cages
(size 40 x 40 x 40 cm): the first cage contained a tested formulation, but the second cage
did not contain a tested formulation. The test cage was designed especially for repellency
bioassay. It was made of five plastic sheets (40 x 40 cm) and one screen sheet (35 x 35 cm)
at the top of the cage, as can be seen in Figure 1. The two cages were connected by a
rectangular hole (10 x 10 cm). When the repellency bioassay was conducted, the cage
with a tested formulation was opened to the cage with no tested formulation through
the interconnecting passage. Two milliliters of tested formulations were dropped onto a
filter paper (Whatman No.1?, Cytiva Global Life Sciences Solutions Operations UK Ltd.,
Buckinghamshire, UK, 8.5 cm in diameter) which was then put on a petri dish in the cage
containing the treatment, while two milliliters of ethyl alcohol were dropped onto a filter
paper which was then put on a petri dish in the cage containing no tested formulation.
Ten grams of steamed mackerel fish meat were placed on top of both filter papers, as food,
to attract the houseflies. A wet filter paper was placed in the petri dish in each cage and
had a little ball of cotton wool placed adjacent to it that was soaked with honey solution
10% +multivitamin syrup 2.0% to provide the subjects with food and water. Twenty-five
three-day-old housefly adults were released into each cage. The positive control, 12% (w/w)
DEET, was tested concurrently with the tested formulations. Each treatment was performed
in 5 replicates at the same time. The whole test is summarized in Figure 1 below.

The repellent rates against housefly adults were observed and recorded at 1.0, 3.0, and
6.0 h. It was observed whether the houseflies landed on the filter papers on the petri dish in
the cage with the tested formulation or in the cage with no tested formulation. The number
of landings for at most 5 min after the end of each period were counted, starting from the
start time to the end of 1.0, 3.0, or 6.0 h, following the protocol made by the Thai Industrial
Standards Institute, Ministry of Industry [26]. The houseflies might land and then leave or
stay on the filter paper until the end of each time period. The following formula was used
to determine the adult repellent rate (RR) [26]:

%RR = [A — B/A +B] x 100 (1)

where A is the total number of housefly adults landing on the untreated filter paper, and B
is the total number of housefly adults landing on the treated filter paper.
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Figure 1. Repellent activity bioassay: The test cage was made of five plastic sheets (40 x 40 cm) and
one screen sheet (35 x 35 cm) at the top of the cage, and the two compartments were connected by a
rectangular hole (10 x 10 cm) in the middle of the cage (A). The first compartment on the left side
contained a tested formulation, and the second compartment on the right contained the solvent (B).
At the end, repellency could be observed and quantified (C).

The repellent index (RI) was determined by the formula [19] below,
RI = %RRys/%RRpggr, )

where %RRy is the %RR of the tested formulations, and %RRpggt is the %RR of DEET.

RI <1 means that the tested formulation was less potent than DEET, and RI > 1 means
that the tested formulation was more potent than DEET.

The synergistic repellent index (SRI) was calculated by the following formula [19]

SRI = %RR o /sum(%RRsing), ©)

where %RR o is the %RR of the combination, and %RR;pg is the (%RR of the single-
component formulation.

SRI < 1 means that the combination was synergistic; SRI = 1 means that the combi-
nation was neither synergistic nor antagonistic; and SRI > 1 means that the combination
was antagonistic.
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The increased repellent value (%IR) was calculated by the following formula [16,25],

IR = [%RR omp — sum %RRging / %RRcomb ] % 100, (4)
where %RRpp is the %RR of the combination, and %RRing is the (%RR of the single-
component formulation.

2.6. Safety Bioassay of Four Non-Target Species
2.6.1. Bioassay of Dwarf Honeybee and Stingless Bee

The toxicity of the tested formulations was evaluated against two non-target pollina-
tors (dwarf honeybee and stingless bee), following the methods of Pashte and Patil [27]
and Chibee et al. [28]. One hundred adult dwarf honeybee and stingless bee workers were
collected from the organic farm at the School of Agricultural Technology, KMITL.

The two non-target pollinators were identified by Jirisuda Sinthusiri, a qualified
taxonomist, at Huachiew Chalermprakiet University, Thailand. One hundred workers
of each species of pollinator were transferred into an insect cage (30 x 30 x 30 cm) and
transported to the entomological laboratory within 1 h of the collection. All pollinator
workers were fed with sugar solution 18.0% + multivitamin syrup 2.0% and maintained
under the conditions of 25.5 + 1.5 °C, 70.5 + 2.5% RH, and 13.0 h light and 11.0 h dark
periods for 2-3 days before the topical application test. The topical test consisted of applying
1 uL of each tested formulation to the mesonotum part (the dorsal of the second thorax)
of each tested pollinator. After that, ten pollinators were transferred into a plastic box
(10 x 10 x 5 cm) and fed with sugar solution 18.0% + multivitamin syrup 2.0%. Each
treatment was performed five times, together with 12% (w/w) DEET positive control. The
bee mortality was recorded at 1, 6, 12, 24, 48, and 72 h after exposure. The formulas below
were used to determine the mortality rate (MR) of the bees:

%MR =C/D x 100, &)

where C is the number of dead bees, and D is the number of treated bees.
The safety index (SI) was determined using the formula below [16,19],

SI = LTtest /LTDEET, ©)

where LTiest is the LT5) (50% Lethal Time value) of the tested formulation, and LTpggt is
the LT5; of DEET.

SI > 1 means that the tested formulation was safe for the bees, and SI < 1 means that
the tested formulation was unsafe for the bees.

2.6.2. Bioassay of Guppy and Molly

The toxicity of the tested formulations was tested against two non-target aquatic
predators (guppy and molly), following the method of Moungthipmalai et al. [19]. Both
fish predators were purchased from an organic farm in Minburi, Bangkok, Thailand. One
hundred fish of each species were kept in a plastic container (40 x 60 x 30 cm) containing
50.0 L of clean water under the conditions of 25.6 £ 1.3 °C, 70.5 = 2.5% RH, and 13.0 h light
and 11.0 h dark periods. The concentration of each treatment was 10,000 ppm following [19].
Ten guppy or molly adults were put in a plastic container (35 cm in diameter and 18 cm in
height) containing 5.0 L of clean water. Each tested formulation was applied at 10,000 ppm.
Each treatment was tested five times, simultaneously with DEET. The mortality rate and
abnormal behavior were recorded for 1, 3, 5, 7, and 10 days post-treatment. The safety
index (SI) was determined by the formula [19] below,

SI=LTy/LTpgkr, @)

where LTy is the LT of the tested formulation, and LTpggr is the LTsy of DEET.
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SI> 1 means that the tested formulation was safer than DEET for the non-target aquatic
predator, and SI < 1 means that the tested formulation was less safe than DEET for the
non-target aquatic predator.

2.7. Ethics and Guidelines for Bioassays

All bioassays in this study were approved by the Ethics committee of King Mongkut's
Institute of Technology Ladkrabang with the registration number KDS2021/002. They were
performed per the ethical principles and guidelines for the use of animals [29,30].

2.8. Morphological Alteration

After the repellent bioassay, the morphological alterations to housefly antennae caused
by the combination formulations were observed under a stereomicroscope (Nikon® Model
C-PS, Hollywood International Ltd., Bangkok, Thailand) and photographed with a digital
camera (Nikon® DS-Fi2, Hollywood International Ltd., Bangkok, Thailand).

2.9, Statistical Analysis

Statistical analyses were performed using IBM’s SPSS Statistical Software Package
version 28 (Armonk, NY, USA). All bioassays were of completely randomized design (CRD).
The choices, the landing on the treated or untreated filter paper, that the housefly had
were analyzed using generalized linear models (GLM) with a binomial distribution. The
tested EO was the explanatory variable, and the null hypothesis was that a housefly would
choose either side of the test with equal probability [31]. Non-responding insects were not
included in the analysis. The time that a substance took to produce 50% mortality (LT50)
against non-target species with 95% confidence limits was determined by probit analysis
on mortality (number of two non-target pollinators that had died at 72 h after exposure
and number of two non-target aquatic predators that had died at 10 days post-treatment).
Mortality data (£standard error) for the four non-target species and repellent rate were
analyzed by one-way ANOVA, and Tukey’s test (p < 0.05) was used to investigate the
differences across multiple treatment groups [32]. Repellent efficacy was analyzed by
simple linear regression analysis. The main assumption of the simple regression analysis
was checked. The assumption of linearity was true, with an R? approaching one for all
treatments (0.5323-0.9988).

3. Results
3.1. GC-MS Analysis of Two Plant Essential Oils

The qualitative and quantitative phytochemicals of lemongrass and star anise EOs
were analyzed (Figures S1 and S2). The color of the two EOs was pale yellow. The
lemongrass EO density was 0.97 £ 0.08 g per mL, and the star anise EO density was
098 £ 0.09 g per mL. The percentage of the extraction yield of star anise EO (4.01 =+ 0.08% v/w)
was much higher than that of lemongrass EO (1.21 £ 0.23% v/w). GC-MS analysis
found that lemongrass EO was comprised of ten chemical constituents, accounting for
98.59 =+ 0.87% of the total composition. Geranial (46.83 = 1.02%) was the main constituent,
followed by minor constituents such as neral, 1,8-cineole, geraniol, geranyl acetate, -
pinene, caryophyllene oxide, linalool, Y-terpinene, and a-terpinene. Respectively, the
constituents” peak areas were 23.85 + 1.13%, 11.10 £ 0.95%, 6.10 £ 0.87%, 4.21 £ 0.93%,
3.25 £ 0.10%, 2.02 £ 0.52%, 0.88 =+ 0.03%, 0.21 £ 0.02%, and 0.14 £ 0.02%. Star anise EO
was comprised of seven constituents, accounting for 98.38 = 0.98% of the total composition.
The main constituent was trans-anethole (93.88 + 1.05%), followed by minor constituents:
limonene, p-anisaldehyde, 1,8-cineole, eugenol, a-terpineol, and a-thujene. Respectively,
the peak areas were 1.84 & 0.05%, 1.49 = 0.05%, 0.81 % 0.02%, 0.68 £ 0.03%, 0.43 = 0.02%,
and 0.25 £ 0.05%.
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3.2. Repellent Activity

Figure 2 shows that all tested formulations provided a high repellent rate at 1-6 h
after exposure, and the rate decreased with time after exposure. All single-component
formulations were less effective (with a repellent rate between 33.8 to 94.4%) than all
combinations (with a repellent rate between 55.1 to 100%). The highest repellent rate at 6 h
after exposure among the eight single-component formulations was 70.0%, achieved by
1.0% geranial. The highest repellent rate among the seven combinations was 100% at 1-6 h
of exposure, achieved by 1.0% geranial + 1.0% trans-anethole. In contrast, 12% w/w DEET
gave a repellent rate of 66.7%, 52.4%, and 46.4% at 1, 3, and 6 h of exposure.

Repellent rate (%)

20
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Figure 2. Repellent rate versus exposure time of formulations of lemongrass and star anise EOs
and their main constituents: single-component formulations (A) and combinations (B). Note: Mean
repellent rates within a row followed by the same letter do not differ significantly (Tukey’s post hoc
test p < 0.05). N/A = not available.
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The effective repellent indexes (RI) of the tested formulations and 12% w/w DEET are

shown in Figure 3. All combinations showed an Rl in the range of 1.2 to 2.2. All of them
were over two times more effective than all single-component formulations (RI ranging
from 0.7 to 1.8). Among the eight single-component formulations, the strongest activity
with the highest RI (1.5 to 1.8) was 1% geranial. It was 1.5 to 1.8 times more repellent
than 12% w/w DEET. The lowest repellent activity was provided by 2.5% lemongrass EO
and 2.5% star anise EQ, with an SI of 0.7 to 0.8, about the same as that which 12% w/w

DEET provided.
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Figure 3. Repellent indexes (RI) of single-component formulations (A) and combinations (B). Note:

Rl is the ratio of the repellent rate of a single-component formulation or combination to the repellent
rate of 12% DEET. A formulation with an RI < 1 means that the tested formulation was less toxic than
DEET; a formulation with an RI > 1 means that the tested formulation was more toxic than DEET.
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1.25% lemongrass EO +1.25% star anise EO
1.25% lemongrass EO, 1:25% star anise EO
IR
2.5% lemongrass EO + 2.5% star anisc EO
2.5% lemongrass EO, 2.5% star anise EO
IR

0.25% geranial + 0.25% frans-anethole
0.25% geranial, 0.25% trans-ancthole

IR

0.5% geranial +0.5% frans-anethole

0.5% geranial, 0.3% frans-anethole

IR

1.0% geranial + 1.0% trans-ancthole

1.0% geranial, 1.0% frans-ancthole

IR

1.0% lemongrass EO + 1.0% rrans-anethole
1.0% lemongrass £Q, 1.0% trans-ancthole
IR

1.0% star anise EO + 1,0% geranial

1.0% star anise EO, 1.0% geranial

IR

All combinations were 1.2 to 2.2 times (RI of 1.2-2.2) more highly repellent than
12% w/w DEET. Among the seven combinations, four formulations—2.5% lemongrass
EO +2.5% star anise EO, 0.5% geranial + 0.5% frans-anethole, 1.0% geranial + 1.0% trans-
anethole, and 1.0% lemongrass EO + 1.0% trans-anethole—exhibited the strongest repel-
lency, with 92.3 to 100% repellent rates at 6 h exposure. These four formulations were 2.0 to
2.2 times (RI of 2.0-2.2) more repellent than 12% w/w DEET. In particular, the combination
of 1.0% geranial + 1.0% trans-anethole exhibited the greatest repellency, with a 100% re-
pellent rate at 6 h of exposure time, which was 2.2 times (RI of 2.2) higher repellency than
12% w/w DEET.

The synergistic repellent index (SRI) and increased repellent value (IR) of the seven
combinations (when compared with the single-component formulations) are shown in
Figure 4. All combinations showed a highly synergistic effect with an SRI of 1.5 to 2.0. The
greatest synergistic effect was achieved by the combination of 1.0% lemongrass EO + 1.0%
trans-anethole, with an SRI of 2.0 and an IR of 51.2.

SRI= 1.5 (synergy)

SRI=19
(synergy)
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Figure 4. Synergistic repellent indexes (SRI) and increased repellent values (IR) of the combinations
against housefly adults, when compared to the corresponding single-component formulations. Note:
an SR1is calculated by dividing the repellent rate of the combination by the repellent rate of the single-
component formulation. For combinations, an SRI < 1 means that the combination is synergistic; an
SRI = 1 means that the combination was neither synergistic nor antagonistic; and an SRI > 1 means
that the combination was antagonistic.

3.3. Toxicity to Non-Target Species

Toxicity against the two pollinators, dwarf honeybees and stingless bees, was evalu-
ated. The 50% Lethal Times (h) against dwarf honeybees and stingless bees of all tested
formulations are shown in Figure 5. All the tested single-component formulations and
combinations were non-toxic to both pollinators, with an SI value ranging from 304.4 to
510.0. All the single-component formulations provided an SI value of 365.6 to 510.0 for
stingless bees and 328.9 to 432.2 for dwarf honeybees. All the combinations provided an SI



170

Insects 2024, 15,210 110f19

value of 315.0 to 361.3 for stingless bees and 304.4 to 372.2 for dwarf honeybees. In contrast,
DEET exhibited high toxicity to both pollinators, with a low LT5 value of 0.08 to 0.09 h.
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N Dwarf honeybee B Stingless bee

Figure 5. Mortality rates £SE of single-component formulations and combinations against dwarf
honeybees and stingless bees at 72 h after exposure. Note: Mean mortality rates £ SE within a row
followed by the same letter do not differ significantly (Tukey’s post hoc test p < 0.05); LT5y = 50%
Lethal Time; Safety index (SI): SI > 1 signifies that the formulation was safer than DEET for the
non-target species, and SI < 1 signifies that the formulation was less safe than DEET for the non-
target species.

The 50% Lethal Times (days) against guppy and molly of all the tested formulations
are shown in Figure 6. All the tested single-component formulations and combinations
were safe to both aquatic predators, with an SI value ranging from 146.0 to 362.5. All the
single-component formulations provided an SI value of 225 to 362.5 for molly and 194 to
298 for guppy. All the combinations provided a still-high SI value ranging from 205 to
325 for molly and 146 to 296 for guppy. In contrast, DEET was highly unsafe for both
aquatic predators, with a low LTsg value of 0.04 to 0.05 days.
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Figure 6. Mortality rates +SE of single-component formulations and combinations against molly and
guppy at 10 days post-treatment. Note: Mean mortality rates +SE within a row followed by the same
letter do not differ significantly (Tukey’s post hoc test p < 0.05); LTs; = 50% Lethal Time; Safety index
(S1): SI > 1 signifies that the formulation was safer than DEET for the non-target species, and SI < 1

signifies that the formulation was less safe than DEET for the non-target species.

3.4. Morphological Alterations after Repellent Bioassay

After 6 h of exposure to each tested formulation, morphological changes of the anten-
nae were observed. The shape of the antennae was abnormal, with sunken and twisted
flagellum and aristae, as can be seen in Figure 7. This effect was especially pronounced with
two combination formulations: 1.0% lemongrass EO + 1.0% trans-anethole and 1.0% gera-

nial + 1.0% trans-anethole.
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Figure 7. Light micrographs of housefly antenna: non-treated antenna, with normal shape of
flagellum and aristae of female (A), male (B); abnormal shape and morphological damage of antenna,
sunken and twisted flagellum and aristae after treatment with the combination of 1% lemongrass
EO + 1% trans-anethole ((C)—female, (D)—male) and the combination of 1% geranial + 1% trans-
anethole ((E}—female, (F}—male). Note: An antenna comprises a basal scape (Sc) and pedicel (Pd)
with longitudinal antennal seam (as) and elongated flagellum (F), arista (Ar). Compound eye (C),
bristle (Br).

4, Discussion

Plant-based repellents are a safe option for preventing houseflies and other vector-
borne diseases in epidemic areas [6,16,33]. Still, more studies are needed to improve green
repellents in terms of efficacy, safety, and environmental friendliness [33,34]. Among plant
products, plant EOs and their major constituents showed high potential as repellent agents
against insect vectors [16,34]. The present study showed that lemongrass and star anise
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EOs and their active compounds were viable sources of phytochemicals that were highly
repellent against houseflies. The EO yield and chemical composition of a plant EO strongly
influenced its repellent property [16,19,34].

This study analyzed the EO yield and chemical composition of two plant EOs. The
percentage of lemongrass EO yield in this study was 1.21 + 0.23% v/w. This finding
is in excellent agreement with some previous reports; lemongrass percentage EO yield
was 1.1% v/w [16], 1.14% v/w [19], 0.5-1.13% v/w [35], and 1.01-1.46% v/w [36]. How-
ever, some other previous studies reported slightly different results: 0.21-0.29% v/w [37],
0.15-0.46% w/w [38], and 1.7% w/w [39]. As for star anise EQ, its yield was 4.01 + 0.08% v/w.
This percentage yield was similar to those reported in many studies, such as 4.0% v/w [16],
4.0-4.5% v/w [40], and 4.13% v/w [41], but it differed considerably from the EO yield
result reported by Soonwera et al. [42] at 9.6% v/w. The EO chemical analysis from the
GC-MS of lemongrass and star anise revealed that their chemical compositions matched
those previously reported [16,19,42,43]. Geranial was revealed to be the main constituent
of lemongrass EO, accounting for 46.83 + 1.02% of the total chemical composition. This
percentage value was similar to those reported in several studies: the main compounds
of lemongrass EO were geranial at 40.72% v/w [44], 42.42% v/w [45], 44.3% v/w [39],
45.40-45.41% v/w [16,19], and, slightly different from some other studies, geranial at
35.91% [46] and 51.14-53.21% v/w [47]: Trans-anethole (93.88 + 1.05%) was the most
abundant constituent of star anise EO. This finding is in good agreement with previous
results [16,42] indicating that the trans-anethole percentage in the chemical composition
was 93.58-94.0%. The findings from some other studies were slightly different: 80.0% [48],
81.04% [40], and 83.46% [41]. The difference in the EO yield and the chemical composition
of lemongrass and star anise EOs were affected by many factors, such as plant genotype,
plant age, maturity stage, harvesting stage, primary developmental period, quality of
raw plant materials, and good management practice of cultivation [49-51]. The cropping
time, stage of the plant, geographic distribution, environmental factors, and extraction and
distillation methods all affected the quality and quantity of plant EOs [48,52]. Furthermore,
lemongrass and star anise EOs and their major constituents have been demonstrated to
possess some pharmacological activities (antimicrobial, antioxidant, anti-inflammatory, an-
tibacterial, and antifungal). They have been used as food additives, preservatives, flavoring
agents, perfumes, deodorants, and shampoos [48,53].

Regarding the efficacy improvement of plant EO-derived repellents, several studies
suggested that combinations of EOs and their main constituents are synergistic [16,54]. They
were more highly repellent than single-component formulations of the same strength [16,33].
The desired outcomes of a synergistic combination were to reduce the dose or concentration
of the EOs in the formulation and to reduce or delay the risk of resistance development
in insect vectors [34,42,55]. All combinations in this study exhibited increased repellent
efficacy against houseflies, with a high repellent rate, an effective repellent index (RI), a high
synergistic repellent index (SRI), and a high increased repellent value (IR). In particular,
the combination of 1.0% lemongrass EO + 1.0% trans-anethole produced the strongest
repellency with a high level of synergy, improving the repellent rate to more than 50%.
Another outstanding formulation was the combination of 1.0% geranial + 1.0% trans-
anethole, which gave the strongest repellent rate of 100% at all tested exposure times. Many
studies reported that combinations of EOs and their main constituents were synergistically
repellent. Geranium, lemongrass, and peppermint mixed with sunflower oil were highly
repellent against horn fly (Haematobia irrutans: Diptera; Muscidae), with a repellent rate
of more than 75% for 6-8 h [56]. A combination of lemongrass EO + peppermint EO
(30:70) showed a synergistically strong repellency against houseflies, with an RCs of
0.009 w/m? [15]. A combination of lemongrass EO + turmeric EO gave a synergistically
high repellent activity against females of two mosquito species, Anopleles minimus and Cx.
quinquefasciatus, with a protection time ranging from 120 to 125 min [57]. Combinations
of lemongrass EO + olive oil and lemongrass EO + coconut oil showed high repellent
activity against two species of mosquito females, Ae. aegypti and Cx. quinquefasciatus, with
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a protection time of 60-85 min and 115-170 min, respectively [18,58]. Moreover, some
combinations of EOs or EO active compounds have been demonstrated to synergistically
cause mortality against houseflies, such as a combination of 2.5% lemongrass EO + 2.5%
eucalyptus EO [55]. A combination of 0.5% star anise EO + 0.5% geranial showed the
strongest synergistic effect against houseflies, with 100% knockdown and mortality rates
and an LT5; of 6.0 min [16]. Combinations of p-cymene + Y-terpinene, p-cymene + 1,8-
cineole, and Y-terpinene + 1,8-cineole showed an acute synergistic adulticidal effect against
houseflies [59].

On the mechanism of action, EOs and EO active compounds were not only neurotoxic,
but their vapor damaged the antennae of mosquitoes and houseflies [11,60]. The vapor
prevented an insect from landing on and biting humans and animals [60,61]. After the
houseflies were treated with the combinations of 1.0% lemongrass EO + 1.0% trans-anethole
and 1.0% geranial + 1.0% trans-anethole, their images were taken under a stereomicroscope
and a digital camera. Morphological aberrations of the antennae were found, including
abnormal antenna shape and sunken, twisted flagellum and aristae. Two combinations
badly damaged the antennae of houseflies, hence interfering with and disrupting their
smelling sense (Figure 7), so these combinations exhibited a high repellent rate for all
tested exposure periods. This conclusion is similar to the finding in a study by Bakdacchino
etal. [62]. They reported that lemongrass EO showed a repellent property against stable flies
(Stomoxys calcitrans: Diptera; Muscidae). The mode of action was that the EO interfered with
the antennal olfactory receptor cells. For mosquitoes (Diptera: Culicidae), their antennae,
palpi, and tarsal sensilla are also rich in chemo-sensory receptors that are vulnerable to the
vapor of an EO [61,62].

Plant EOs and their major constituents are mostly regarded as safe and eco-friendly.
They are also generally considered safe for non-target organisms, such as pollinators,
aquatic predators, and fishes [34,60,63-65]. In the present study, all the single-component
formulations and combinations were safe to two pollinator species (dwarf honeybees and
stingless bees) and two aquatic predators (guppy and molly), with a high Sand a high LTsg
when compared to DEET. Two combinations, 1.0% lemongrass EQ + 1.0% trans-anethole
and 1.0% geranial + 1.0% trans-anethole, were outstandingly benign to both pollinators
and aquatic predators, with an SI of 304.4 to 372.2 and 146.0 to 327.5, respectively. This
finding is similar to the findings by Moungthipmalai et al. [19]. They reported that several
combinations of cinnamon EQ + geranial (2:1), lemongrass EO + D-limonene (2:1), citrus
EO + geranial (2:1), D-limonene + geranial (1.5:1.5), geranial + frans-cinnamaldehyde
(1.5:1.5), and D-limonene + frans-cinnamaldehyde (1.5:1.5) at 10,000 ppm were safe to
non-target molly (P. latipnna) and guppy (P. reticulate), with a biosafety index (BI) of
1.06 to 2.57. Some EO compounds, such as thymol and 1,8-cineole, were moderately
toxic to guppy, with an LCs value of 10.99 to 12.51 mg /L and 1701.93 to 3997.07 mg/L,
respectively [66]. Moreover, these biosafety results against pollinators were similar to
the findings by Sahahi et al. [67]. They reported that lemongrass EO and trans-anethole
did not show any toxicity to honeybees (A. mellifera), with an LDsg value of 53,304.0 and
35,942.0 ug/mL, respectively. Geranial, the main constituent of lemongrass EO also showed
low toxicity to a predatory bug, Podisus nigrispinus [Heteroptera: Pentatomidae], with an
LDs value of 25.56 pg/insect [68]. On the other hand, DEET was highly toxic to the
four non-target species, with a high mortality rate and a low LTs;. Some studies reported
that DEET showed high toxicity against fathead minnows (Pimephales promeles), resulting
in a reduced number of androgen receptors in females [69]. It also affected non-target
organisms in surface water systems and was highly toxic to some algae [70]. Although
DEET has been classified by the United States Environmental Protection Agency (US.EPA.)
as “Group D-not classifiable as a human carcinogenicity”, the safety of DEET for humans,
the environment, and non-target organisms are of critical concern in many reports [71-73].
In contrast, EOs and their chemical compounds are eco-friendly, do not accumulate in
the environment, and are safer for non-target organisms [19,60,61]. In this study, all the
single-component formulations and combinations had high Sls, meaning that they were
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thoroughly safe for all tested non-target species. Moreover, lemongrass and star anise EOs
and their main compounds have been used as food ingredients and folk medicine in many
Asian countries since ancient times, and they did not alter the histopathology of rabbits,
mice, and humans [47,48,74-76].

5. Conclusions

Two outstanding combinations, 1.0% lemongrass EO + 1.0% trans-anethole and 1.0%
geranial + 1.0% trans-anethole, exhibited a highly synergistic repellency and a highly
increased repellent value against houseflies at low concentrations and were safe for four
non-target species. They should be developed further into a green repellent agent for
managing housefly populations in houses, farms, and sensitive areas (nurseries, nursing
homes, and hospitals). They are readily available, sustainable, and safe, which makes
them an excellent option for inclusion into a repellent formulation that is safer and more
effective than DEET, the existing popular housefly repellent. Further studies would include
bioefficacy experiments on these two combinations, the development of stable formulations,
and toxicity studies at the human cell level under laboratory and field conditions.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article /10.3390 /insects15030210/s1, Figure S1: Chemical compositions of lemon-
grass EO (Cymbopogon citratus); Figure S2: Chemical compositions of star anise EO (Illicium verum,).
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provided as high a mortality and knockdown rate as that of 10% cypermethrin. Therefore, it has a good potential as a safer
and equivalently effective, natural product alternative to cypermethrin.

Keywords: eucalyptol, insecticidal activity, limonene, Musca domestica

Ovicidal and adulticidal activities of Cymbopogon citratus (DC.) Stapf and Hlicium verum Hook. f.

against Aedes aegypti (Linn.)

Puwanard, C. and Soonwera, M..

Department of Plant Production Technology, Faculty of Agricultural Technology, King Mongkut's Institute of Technology
Ladkrabang, Chalong Krung Road, Ladkrabang, Bangkok 10520, Thailand.

*Corresponding author: Soonwera, M.; Email: mayura.so@kmitl.ac.th, mayura.soon@gmail.com.

Abstract This study was an evaluation of hatching inhibition and knockdown rates against Aedes acgypti of two essential
oils (EOs): Cymbopogon eitratus DC. Stapfand Illicium, verum Hook F. The cfficacy of each of these EOs, at 1, 5, 10%
emulsion in water, stabilized by tween60®, was compared to thatof 1% w/w temephos and 1% w/v cypermethrin (common,
harmful synthetic insecticides). Topical and contact assays showed that 10% C. citratus and-10% I..verum emulsions were
the-most effective in'inhibiting the hatching of mosquito eggs (100%) after 48 hours of exposure. Moreoyer, they were also
the most' toxic against mosquito adults (100% mortality) aficr. 24 hours of exposure. This study also established that
tween60® had no effect on hatching inhibition or mortality rate of treated Aedes aegypti mosquitoes. ‘All EO emulsions
were.nore potent than temephos and cypermethrin against these mosquito species. Coupling this higher efficacy with no
or benign known side ‘effects of natural-EQs, it can be concluded that 10% C. ¢itratus and 10% L. verum emulsions are
better altcrnatives than temephos and cypermethrin for-a mosquito control programat the present time.

Keywords: Aedes acgypti, Cymbopogon eitratus (Stapf.), Illicium verumHook. F.

Repellency of six plant essential oils against Perip/aneta americana L. and Blattella germanica L.

Takawirapat, W., Sittichok, S. and Soonwera, M.

Department of Plant Production Technology, Faculty of Agricultural Technology, King Mongkut's Institute of Technology
Ladkrabang, Bangkok 10520, Thailand.

*Corresponding author: Soonwera, M.; Email: mayura.so@kmitl.ac.th, mayura.soon(@gmail.com.

Abstract Six essential oils (EOs) from Cinnamomum cassia, Citrus sinensis, Mentha piperita, Syzygium aromaticum,
Zingiber cussumunar, and Zingiber officinale at 10% in soybean oil were evaluated for their repellent activities against
Periplaneta americana L. and Blattella germanica L. adults and compared to that of naphthalene (1 g of sublimating ground
powder), a common insect repellent. All six EOs exhibited a significantly higher effective repellency against B. germanica

than against P. americana. Among all EOs tested, C. cassia EO exhibited the highest repellent activity against adult B.
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Toxicity of Litsea petiolata Hook.f. essential oil against Aedes aegypti (Linn.), Aedes albopictus (Skuse),
Anopheles minimus (Theobald) and Culex quinquefasciatus (Say)

Puwanard, C., Moungthipmalai, T. and Soonwera, M.

Department of Plant Production Technology, Faculty of Agricultural Technology, King Mongkut’s Institute of
Technology Ladkrabang, Chalong Krung Road, Ladkrabang, Bangkok 10520, Thailand.
Corresponding Author: Soonwera, M.; Email: mayura.so@kmitl.ac.th, mayura.soon@gmail.com

This study evaluated the oviposition deterrent, ovicidal, larvicidal, pupicidal, and adulticidal activities of essential oil
(EO) from Litsea petiolata leaves against Aedes aegypti, Aedes albopictus, Anopheles minimus and Culex
quinquefasciatus with double-choice, dipping, and contact assays. Litsea petiolata EO was tested at 1, 5, and 10%
concentrations in ethanol and their efficiencies were compared with those of 1% w/w temephos and 10 % w/v
cypermethrin. Oviposition deterrence was evaluated on gravid females. Larvicidal and pupicidal activities were tested
on the fourth instar larvae and 2-day-old pupae. The adulticidal activity was tested against two-day-old adult females.
Ten percent of L. petiolata EO exhibited the highest oviposition deterrent activity against gravid females and 100%
repellency against Ae. albopictus and ' An.minimus, - 97.0% against Ae. aegypti, and 94.6% against Cx.
quinquefasciatus. The oviposition activity index (OAT) against females of those four mosquito species ranged from -0.9
to -1.0. Ten percent of L. petiolata EO also exhibited the highest ovicidal activity against the eggs of the four mosquito
species, with an inhibition rate ranging from 87.2 to 100%. Moreover, it also showed the highest larvicidal and
pupicidal activities against the larvae and pupac of the four mosquito species, with a 100% mortality rate at 10 and 60
min, respectively. The adulticidal activity was recorded at 1 and 24h. Ten percent of L. petiolata EQ exhibited the
highest toxicity to female adults of the four mosquito species, with 100% knockdown (1h) and mortality (24h) rates. On
the other hand, 1%w/w temephos did not deter oviposition by gravid females, and it was only slightly toxic to the eggs
and larvae and non-toxic to the pupae. In the same manner, 10%w/v cypermethrin was less effective against the female
adults of the four mosquito species than 10% L.petiolata EO. L.petiolata EQ is a highly effective and eco-friendly
alternative to synthetic insecticides.

Keywords: Litsea petiolata, Aedes aegypti, Aedes albopictus, Anopheles minimus, Culex quinquefasciatus, Essential
oil

Insecticidal activity of Citrus aurantium and Eucalyptus globulus essential oils and their major
constituents against nymphs and adults of Pediculus humanus capitis De Geer

Soonwera, M. and Sittichok, S.

Department of Plant Production Technology, Faculty of Agricultural Technology, King Mongkut’s Institute of
Technology Ladkrabang, Bangkok 10520, Thailand.
Corresponding Author: Soonwera, M.; Email: mayura.so@kmitl.ac.th, mayura.soon@gmail.com

Insects have developed resistance to synthetic chemical pediculicides worldwide. It also has serious side effects to
humans. Use of plant-derived essential oils has been recommended as an alternative method for head lice control. This
study investigated the insecticidal activity of essential oils (EOs) from Citrus aurantium and Eucalyptus globulus and
their major constituents against Pediculus humanus capitis De Geer nymphs and adults. A comparison was made
between their efficacy and that of 25% (w/v) benzyl benzoate, a synthetic pediculicide. Each EO and its constituents at
1% and 5% (v/v) concentration in ethyl alcohol was assayed in an immersion test. Head lice nymphs and adults were
immersed for 1 min in the treatments. Mortality rate was observed and recorded under stereomicroscope at 1, 10, 30,
and 60 min after exposure. Every tested EO and its constituents exhibited a higher pediculocidal activity against
nymphs and adults of P. humanus capitis than 25% (w/v) benzyl benzoate did. In particular, 5% 1,8-cineole exhibited
the highest insecticidal effects against P. humanus capitis nymphs and adults with 100% mortality rate at 1 min with an
LTso of 0.2 min and an LCso of 0.7%. The other EO formulations provided a mortality rate ranging from 0-96.0% and
an LTso ranging 0.3-315.9 min against nymphs. Against the adults, the mortality rate ranged from 12.0-96.0% with an
LTso ranging from 1.2-314.5 min. Our data showed that 1,8-cineole has a great potential to control head lice
populations and should be further developed into a safe and effective pediculicide.

Keywords: Pediculus humanus capitis, Citrus aurantium EO, Eucalyptus globulus EO, d-limonene, 1,8-cineole,
Pediculicides
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Adulticidal efficacies against Aedes aegypti Linn. of formulations of
Cymbopogon citratus essential oil and its major constituents

Cheep_chanok Puwanard!, Jirisuda Sinthusiri2, Hataichanok Passara3,
Varitsara Bunpetch?, Sirawut Sittichok! and Mayura Soonwera'*

"Department Plant Production Technology, School of Agricultural Technology, King Mongkut's Institute of
Technology Ladkrabang, Community Public Health Program, Faculty of Public and Environmental Health,
Huachiew Chalermprakiet University, *Office of Administrative Interdisciplinary Program on Agricultural
Technology (OAIPAT), School of Agricuitural Technology, King Mongkut's Institute of Technology Ladkrabang,

‘§chool of Dentistry, King Mongkut's Institute of Technology Ladkrabang
Corresponding Author: Mayura Soonwera: mayura.so@kmitl.ac.th

Formulations of combined herbal essential oil derived from lemongrass (Cymbopogon citratus) and its major
constituents were evaluated for adulticidal activities against Aedes aegypti- NO.1 (2% C. citratus BO + 1% alpha-
pinene); No.2 (2% C. citratus + 1% geranial); and NO'.3 (2% C. citratus + 1% trans-cinnamaldehyde). They were
compared with two positive control (1% w/w alpha- cypermethrin) and 0.00125% metofluthrin and a negative control
(drinking water) by WHO standard susceptibility test. The knockdown was recorded at 1, 5, 10, 15, 30 and 60 min, and
the mortality at 24 hours. The results showed that NO.1 (2% C. citratus EO + 1% alpha-pinene) was the most effective
with 100% knockdown at 10 min and KT« and LT of 1.57 min, while 1% w/w alpha-cypermethrin showed a 100%
knockdown at 15 min and a KT« and LTs of 4.48 min and 0.00125% metofluthrin showed a 100% knockdown at 5 min
and a KT of 0.69 min and LTs of 0.89 min, respectively. In contrast, drinking water did not show any knockdown and
mortality. To conclude, it has been demonstrated that an essential oil mixed with its major constituents was effectivein
killing insects.

LEVISADIVED O WAL NEFDETERAIZ&D
2YBAVTHIZHT HREHE

Cheepchanok Puwanard' = Jirisuda Sinthusiri? - Hataichanok Passara® - Varitsara
Bunpetch’ = Sirawut Sittichok'« Mayura Soonwera™

(BRI EERREHTE )Y FEIRARIONM L IFFT - Fo73—LTS5FTy b
KENBEIGHE LSS ARMETOTSL P TV Y PEIHKE T WA\ VRRRRT KRR ERKI
EEPRATRIOT 5 LEHER OAIPAD - “E29 v FEF A/ Y IHKEEEE)
*PF{EZEE : Mayura Soonwera : mayura. so@kmitl. ac. th

VEY Y T A Cymbopogon citratus DEERDY B ADEZT o -IY Y T A MBANCHANT, R d LY
2 Bkt B R TE A B L 72, NO. T @% L EY /T AR £ 0% @~ XY). No.2 (2% VEVY TR + 1% 4
F=7—N); N0.3 (2% LEVITA + 1% trans-Y YT AT AMTE F). Zhbk WHo OmEHUSSERERIC LY,
2 ADRSTF 4 Fay ha—n (1% ww TVT 7Y WA FYY) BET0.00125% A RZNVRY Y, BLURY
FoFay ba—r @A) LHBLE. /Y7 ¥ UVHRE 15 10, 15, 30 B KTR60 N TREL, LR
oA ISR LT, RS, NO.1 (2% VEVZTAE + 1% a-ERY) HEDHRIT, 10 5T 1005 /v
PHYy, Klw BLEG LT 5 157 HTHoROIHL, 1% w/v o= VAR 2L 15 BT 1008 /97 5%
Y, KT BEU LTs 1% 4.48 51, 0.00125% A FZ Y HL S BT 100% /w259, KT 1 0.69 4, L150
i 0.80 4 Chot. MREIKEATIL, v 7 49 A RECRARSNEDN L. RIRELT, ERRALRAL
P e s A A VAR R L TR DS = E A RIES T

15

186



187

Adulticidal efficacies against Aedes aegypti Linn. of formulations of
5 Cymbopogon citratus essential oil and its major constituents

Cheepchanok Puwanard’, Jirisuda Sinthusiri?, Hataichanok Passara’, Varitsara Bunpetch?, Sirawut Sittichok' and Mayura Soonwera'*

Department Plant Productian Technology, School of Agricultural Technology, King Mongkut's Institute of Technology Ladkrabang. Bangleok 10520, Thailand. *mayurasoi@kmitl ac.th

*Community Public Health Program, Faculty of Public and Environmental Health, Huachiew Chalermprakizt University
“Olliee of Administralive Interdisciplinary Program on Agricullural Technology (OAIPAT), School of Agriculiural Tevlmology, King Mongkut's Institute of Teclmology Ladkrabang, Ladkrabang, Bangkok 10520, Thailand.
“School of Dentistry, King Mongkut's Institute of Technelogy Ladkrabang, Bangkok 10520, Thailand.

Sumut Prakun 10540, Thailand.

Formulations of combined herbal essential o1l derived

from lemongrass (Cyinhopogon citratus) and its major
constituents were cvaluated for adulticidal activities
against Adedes aegvpric NO. (2% Ceitrems EO + 1%
alpha-pineng); No.2 (2% Ccitratus + 1% geranial); and
NO 3 (2% Ceitrams + 1% trans-cinnamaldehyde). They
were compared with two positive control (140 wiw alpha-
cypermethrin) and 0.00125% metofluthrin and a negative
control (drinking water) by WHO standard susceptibility
L 10,15, 30 and
60 min, and the mortality at 24 hours. The results showed
that NO.I (2% C.citratus O + 1% alpha-pinene) was the
most effective with 100% knockdown at 10 min and KT,
and LT, of 1.57 min, while 1% w/w alpha-cypermethrin

test. The knockdown was recorded at 1, 5

( Materials and Method )

Mosquntoeﬁ

Plant materials !

rearing

&

Crmbopugon citrat FO

Noi

Mosquitoes were blown

showed a 100% knockdown at 15 min and a KT, and ; ,‘\ | from green spot tube to
LT, of 44§ min and 0.00125% metofluthrin showed a 25 female adulis in ! 1 red spot tube
100% knockdown at 5 min and a KT, of 0.69 min and ' green spot fube
LT, of 0.89 min, respectively. In contrast, drinking water i ¥
did not show any knockdown and mortality. To “VAA A WHO criteria (WHO, 1198)
conclude, it has been demonsirated that an essential oil ! S o2 jmpregnated with 2 b Ty
mixed with its major constituents was effective in killing \ & H%l O T ¢ 4 Vil Sus?ep “ble‘
int 8 D olls on red spot tube 80-97%% = Polss1ble Resistant
<80 = Resistant
Dengue hemorrhagic fever (DHF) is veclored by 0 f
mosquitoes Lo humans. They can be [ound in hot and I 10
humid environments in urban and semi-urban areas in E E: E
Thailand and other countries. In Southeast Asia, this ésa z®
disease has become a public health problem. Every vear "‘ gy"
aboul 390 mullion people 1n more than 128 couniries are z: -
at 113k of contracting dengue (Pompon et al., 2017). In 5 1 e e
recent years, many effective synihetio inseeticides have | | o % SR CEEE T um-g._ e et s e ot

not been used comprehensively in mosquito control
programs because of their harmful effects on human and
non-target  populations, their  dillicult-to-biodegrade
nature, and the ever-increasing mosguilo resisiance Lo
them (Forstinus et al., 2017).

Therefore. Lhere have been several studies of natural
compounds from plants that are biodegradable and have
low toxicity to mammals at the same time.

Bipin #Smin ®I0mn @ 15T

F]L 1. The knockdown rate at 1, 5, 10 and 13 min against Fig 2. The mortality rate al 24 h caused

adult mosquitoes Aedes aegrpal of three formulations three formulations

Our data showedthat NO.1 (2% Ceitratus EQ + 1% alpha-pinene)
was the most effective, providing 100% knockdown at 10 min, KT, and
LT;, value of 1.57 min, and mortality at 24 hours of 100%.

Pompan, 1., Manuel, M.. N, G.K_ Weng. B.. Shan, C.. Manokaran, G., Soto-Acasta, R, Bradrick, 8.5, Ooi, EE.,
Miss2, D Shi. P.Y. and Garcia-Blanco. M A {2117}, Dengue subgenomic f 1 RNA disrupes immunity in

masyuita salivary alands foincreasevirus [ansission, PLOS Palhagens, 13;
Waorldd Health Organizaion, (018), Test procedutes o inseelivit: resiski moniloring in malid voetor mosguilocs
- 2nd ed. Geneva: World Health Organization. Svailable Sourve:hutps:fappswho inlinsbi handl
Forstinus, N.O.. Ikechulown, EN.. Emenike, P.M. and Osita, €. (2017). $ynthetic insecticides, phytochemicals and
mosquito resistance. Academia Journal of Biotechnelogy. 3: L18-123.
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