Y a a J J = a A 1 a o J A
IUINENUNUD mmJ5zﬂmJvmmmmzﬂszﬁmmwllaqwmwamﬂmmmﬂwh
1 9 1
ADYID1Y Adedes aegypti LT YIN U lanq Anopheles minimus

(Diptera: Culicidae)

Y A [y o 4
e UGS NNIA BAIKIY
Syan Memaasuiiuga (Usaaine)
4
AMZNISNMINYIAEN
) S w J o P o
HEL AT, DYANHD TUNTA 219159NUS nImdn
o o’d‘ 1
7. A3. RAN FeNDY 219158N1U5 N3V
v o A do a P '
7. A5. DINTY INANNA 219159NU5 N3N
@ Jd a o’d‘ 1
WAL A5, AD9TAY 5899 219158NUS N3V
UNAAED

A A [ ' Y

= £y Yo o sy Y ! . .
ﬂ’]iﬂﬂkni]ﬂ‘fillafﬁhlﬂﬂﬂlﬁf’)ﬂWG]ﬁ]']u'Ju 15 @1gNUD llﬂllﬂ duiloe (Acacia concinna),

q

Ve AW (degle marmelos), In 300 (Angelica dahurica), ALE A (Bixa orellana), & 11 GE)

(Chromolaena odoratum), ’5’@13 ¥U (Clitoria ternatea), A1IN 9 (Houttuynia cordata), WH1N 79

@ @

(Lantana camara), 1n I AU (Ligusticum sinense), LN an (Ocimum americanum), Tvisznn

Y
o 9
(Ocimum basilicum), 11 IUNA (Rheum palmatum), Tn INT¢QN (Saussurea lappa), It Antiow

Y
(Vetiveria zizanioides) M NI g 9 (Zingiber zerumbet) UG NA Tasdsnauaie'loi (Steam

9
distillation) HagrAnNUAIMIazalY (Solvent maceration) NNUUEIIAANTBIYTLANTNINNT
' (Z Y . [ 9 A Y Y a oA @
lagenugaatetiiu dedes aegypri winziirlaa ldiaenoon n1elavel§iian1s aannisana
9
wunnsnInualinaaravesdsanaemueaazasEnAENE g 1T 5.12-65.00% (w/w)

9
118 0.66-15.98% (w/iw) Mud1ay ualidiog i miiesdoriaminiuae sinlngnszgnuasly

~ o ¥ o Y Y a A o
m@,ummmsaﬁﬂ@umuwamzmﬂﬂ T%iwwawaw 0.32% (v/w) 482 1.50% (v/w) auaiay



[ a a 1 I 4 1 1 a o 4 a a
lumsaansesdszaninmlagelagldnuilumtoaenuimaadusininislidsz@nsam
Y [ (% [Y] 1 (% 1 ] (% = a a 1 901 [}
Vesnuganaluszanuanaianu arulvymsanaeneuazlilssaniawganiiniuve

[ A A ) A a =) [ v A a A =
seenazasanaemueaiwson Idanisriameiny Tasasananilsedninimgegano

asanaenasunmi1 Ing Wi (L. sinense : LHE) N1AMITog1Mv093520zna1iloanugana

@

N 6.5 (5.0-8.0) ¥ Tua dendilsz@nTamieunnuasndl laganasgiu Ae N N-diethyl-

(4 [ 1

3-methylbenzamide (DEET) N1A1N 585 110952017811)090Ugaiamny 6.25 (5.0-6.5) %2 1u

E]

Y
[ Y v a oA

= A o = VA a a ' Yy
JUHHIIAALON LHE ul‘lJVﬂﬂ”lﬁﬁﬂ‘]el”l@]f’)LW@Vlﬂﬁﬂﬂﬂﬁgfﬁfl'ﬁﬂWW‘laQQﬂWﬂﬁl@WﬂQﬂ&]Uﬁﬂﬁlﬁllag
o a Y o Y] 49! Y g‘/ a o
Elumﬂﬁumn‘uquTmm/iaWﬂ%uﬂiﬂﬂﬁl%fﬂm’Jumfﬂf’fllﬂimﬂﬂju NIDUNIVIATISTTNN

’f)\‘lfgl’ﬂigﬂﬂﬂﬂﬁlﬂﬁ HAZNATOUAI M DITNINNITNTNLAS T ININVOIAT

2y a oa [ o A o o
msnadeugns laginelaneslfianmsnugaaosaienug Iagmuiiuiueraaingun

ﬁu WUA15aLA100NT1UBAV0Y LHE 1ay DEET ﬁ"lajwau 5% vanillin (25% LHE 8% 25%

DEET) agHay 5% vanillin (25% LHEv 182 25% DEETyY) Hilszansamileoanu Idngaare

a

Y ! A v & . @ A a a
Ae. aegypti 1z AN uavs Anopheles minimus 841101110 vanillin d3ausomulsednsam
YIEINATOU 1AoU1052oz11a1} 09N UgInAvEY 25% LHEY 1Ay 25% DEETY A9gaa10 de.
o < o <
aegypti 1N 6.5 (5.5-9.5) FA TN 1TU 11.0 (7.0-13.5) 21U 11 8.0 (5.0-9.5) 1Ju 8.75 (7.5-11.0)

o o w 1 9 1 o <
%119 MUA1AY 1azaoganNUlaod An. minimus 910 11.5 (9.0-14.0) ¥ 109 11 12.5 (9.0-16.0)

9
[ v @

o o I o o =2 o A
GIf'JIIN ey 11.5(10.5-15.0) G])"JI?JQ Wi 14.25 (11.0-18.0) G]f'JIlN ATUAIAY ANUUINAALDNIDN

25% LHEv 1182 25% DEETv aijilsz@ninmgaga liimsnaaeugns lagalumaauw Tag

9 H 9
mmanaaeslugiegadon AwaRoumEIOU-NgENIAN WA, 2556 Tulunduadufide duno

W09 S damea vl pamilovedlszmalng 91HANITNAADINUI 25% LHEV Lag 25%

[

= a a Y 9 = 1Y 9| I ]
DEETv Hi)sz@nsamgeausoiesnugald 100% milounu Tasamnsoilosnugsluunas

Q

1 9
53TNANTNINWIHAINAeFia Taoglunanua s dna 1aun gaaie (dedes), ganuilans
M 9
(Anopheles), 83 Armigeres, Y9510 (Culex) 1ALERATD (Mansonia) 190910gaNIV Ianviua
5,306 917 ‘W‘]J?hflfgﬂ Armigeres subalbatus, qﬁﬁ’ﬂiy Culex quinquefasciatus LLQSQQSOW?‘I 1 Culex

< o a I o w {
vishnui lﬂuﬂ’]u')ull’]ﬂ Aalu 42.76%, 41.27% o 9.69% A14a1aU @]a@ﬂi$ﬂ$l3a1ﬁ



4
msanegns laganeldneuljianisuaz lumaauw linueinsiednave sdaviia imu

A A A YA v A
AULAT VIY TSATYADI NIDDINITLUNDUS Glu@ﬁlﬁ'lﬁuﬂiﬂﬂ']ﬁ'ﬁﬂﬂﬁaﬂ

MINATIZHH109A1 T2 NOUNMUATUEY LHE TagdT GC/MS Wuieeadseneurannig

103l 18UA 3-n-Butylphthalide (31.46%), 2, 5-Lutidin (21.94%) 4ag Linoleic acid (16.41%) Aaidu
% ~ v & : s A )

69.81% Y9409AY5ENOUNTIMY 1ANIHNA dIU04ALTLNOVTDIAINIA® 4-Hydroxyindole

(7.05%), Butylidene phthalide (6.25%), Bis (2-ethylhexyl) phthalate (4.84%) tt @ & [-Selinene

a

{ <
(2.41%) MsNATDUANNADTNNEN NIz FIN V09 LHE fnu13meldanizguugi

U

1 1 a I
uazna19199 laun 4 °C, guuglanimiadon (21-35 °C) uag 45 °C 1luna 1, 2 uag 3 Hou
"o o a 4 I T a3 oo <
NUIANHUENINNWYHNIN LBU anbUS & ngﬂauﬂlﬁ]ﬁﬁ’)ﬂﬂ'lﬁﬂﬂﬂﬂﬂﬂlﬂﬂuhﬂ 4°C !ﬂu!’)ﬁ'l 1,2
A = a A [ ~ o [l ] < o @ 1 o 1 A3 BJd'
Hag 3 1aou llﬁﬂ‘Hm%ﬂﬁlﬂulﬁuﬂuﬂﬂﬁWﬁﬂﬁﬂﬂﬂlﬁM @EJNUlSﬂmiJﬁWi’iUﬂ@iJGl’JE]EJNVILﬂ‘]thVI

a Y <3| 9 @ 2
Qmwauﬁﬂ’lwujﬂaan iag 45 °C LﬂuL’Jm 1,208g 3 La@u Lm%Elxiﬂ\iﬂﬁmwﬁmmzﬁﬂauﬂﬁm

9
1 Y ! v 1 0%

= a A 2 1 < ¥ 9 v 2 =
IHUDULIAN !,!,meﬂafJuUlﬂmnmmaaamﬂuummmm HININNUUNAUAIDY NIV ATHIIY

L)

Aa A @ ] 1 @ ] 1 A g 1
Yszansamilesniugaldedrailos 3 wou Tasnguateddirulnginy 1 lundaz guivgi

U

)}

3 A =) a a ° ' o ] 1w ] A g 93
Lﬂunm 2 1A 310U fl]%iJﬂi%ﬁﬂﬁﬂ’lWﬁﬂﬁ?ﬂ'ﬂﬁ’liﬁﬂ@GlfﬂllL!,ﬁgﬂ'qw@'lﬁ]ﬂ'l\?ﬂlﬂﬂ]lﬂlﬂunﬁ'l 1

A ~ 3 9
DU INYIUDNUDY

gi @ 4 1A

a A A d Y a A 9 [ @ (=} 9 = 1A o
HUNAADUN LHE NN uanmﬂizammwﬂmﬂuqmﬂ UliJﬂJWﬁ‘UN!ﬂEJWl@NQWUQ

¢

[

) =1 ~ ~ A I =\ Aa )
V9IDIENAIAT AL NANUADITNINNENINLAZTININ Dol udaonnldnen waIu1so1in il
o < 1 a a oA 9 A o P @ ~ A

arunuais lagesssumasialug e ldnaunu DEET wio 1 1d5wnuarsmiinie

Q’%maﬁuq °lum'iﬂmﬂmmaqwmmmuyjmmﬁ



Thesis Title Chemical Composition and Repellent Efficacy of Plant
Products Against Aedes aegypti and Anopheles minimus

(Diptera: Culicidae)
Author Mr. Rukpong Sanghong
Degree Master of Science (Parasitology)

Advisory Committee

Asst. Prof. Dr. Anuluck Junkum Advisor

Assoc. Prof. Dr. Udom Chaithong Co-advisor

Assoc. Prof. Dr. Atchariya Jitpakdi Co-advisor

Asst. Prof. Dr. Doungrat Riyong Co-advisor
ABSTRACT

Fifteen plant species, including Acacia concinna, Aegle marmelos, Angelica
dahurica, Bixa orellana, Chromolaena odoratum, Clitoria ternatea, Houttuynia
cordata, Lantana camara, Ligusticum sinense, Ocimum americanum, Ocimum
basilicum, Rheum palmatum, Saussurea lappa, Vetiveria zizanioides, and Zingiber
zerumbet were selected for extraction by steam distillation and solvent maceration for
use in repellency screening against the dengue fever vector, Aedes aegypti under
laboratory conditions. While all plant materials extracted with ethanol and hexane
provided yields ranging from 5.12 to 65.00% (w/w) and 0.66 to 15.98% (w/w),
respectively, only two plant samples; S. lappa root and A. marmelos leaf, offered
essential oils with a yield of 0.32 and 1.50% (v/w), respectively. Repellent screening
using the human-bait technique found that plant products provided effective protection
against Ae. aegypti with varying degrees of repellency. Most hexane extracts exhibited
greater repellency than ethanolic extracts and essential oils of the same plant. The

highest repellency was established from L. sinense rhizome hexane extract (LHE), with



a median complete-protection time of 6.5 (5.0-8.0) hr, which was comparable to that of
the standard chemical repellent, N,N-diethyl-3-methylbenzamide (DEET: 6.25, 5.0-6.5
hr). Therefore, LHE is considered to be the most effective repellent as a candidate for
further investigations, including repellent testing against various mosquitoes, with more
volunteers under laboratory and field conditions; analysis of chemical composition; and
physical and biological stability tests.

Laboratory repellent investigations against two mosquito species, with more
volunteers, revealed that 25% LHE and 25% DEET, with and without 5% vanillin
added, effectively repelled both Ae. aegypti and Anopheles minimus. Furthermore,
vanillin extended the protection times of 25% LHEv and 25% DEETv against Ae.
aegypti from 6.5 (5.5-9.5) hr to 11.0 (7.0-13.5) hr and 8.0 (5.0-9.5) hr to 8.75 (7.5-11.0)
hr, respectively; and against An. minimus from 11.5 (9.0-14.0) hr to 12.5 (9.0-16.0) hr
and 11.5 (10.5-15.0) hr to 14.25 (11.0-18.0) hr, respectively. The best repellent samples;
25% LHEv and 25% DEETv, were selected for field repellent trials performed in the
hot season from April to May 2013, at Sunpesua subdistrict, Muang district, Chiang
Mai province, northern Thailand. The 25% LHEv and 25% DEETv, demonstrated
similarly strong repellency, with complete protection (100%) against a wide range of
natural mosquito populations belonging to five genera, i.e., Aedes, Anopheles,
Armigeres, Culex, and Mansonia. From a total of 5,306 adult female mosquitoes,
comprising 13 species collected during the field study, the most predominant were
Armigeres subalbatus, Culex quinquefasciatus, and Culex vishnui, which made up
42.76%, 41.27%, and 9.69%, respectively. No local skin reaction such as rash, swelling,
irritation, or other allergic responses was observed during both laboratory and field
study periods.

The chemical composition achieved by a qualitative GC/MS analysis showed that
the main components of LHE were 3-n-Butylphthalide (31.46%), 2, 5-Lutidin (21.94%),
and Linoleic acid (16.41%), constituting 69.81% of all the volatile constituents. The
minor constituents of LHE were 4-Hydroxyindole (7.05%), Butylidene phthalide
(6.25%), Bis (2-ethylhexyl) phthalate (4.84%), and f-Selinene (2.41%). Physical and
biological stability of LHE was investigated after it had been kept at various

temperatures [4 °C, ambient temperature (21-35 °C), and 45 °C] for different durations



(1, 2, and 3 months). From the results obtained, it appeared that physical characteristics,
such as appearance, color, and odor of all samples kept at 4 °C for 1, 2, and 3 months,
were similar to those of the fresh sample. Although the samples stored at ambient
temperature and 45 °C for 1, 2, and 3 months were still viscous, with a pleasant
aromatic odor, their color had changed from light- to dark-brown. Repellent activities
against Ae. aegypti of the stored LEH samples were presented for a period of at least 3
months. Most samples stored at each temperature for 2 and 3 months offered

insignificantly lower repellency than the fresh sample and those kept for 1 month.

Therefore, LHE products with proven repellent efficacy, rather physical and
biological stable, and no irritant side effects are potential candidates for the
development of a new natural alternative to DEET, or an additional weapon used

together with other chemicals/measures for integrated vector control.



