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Abstract

Two types of thiam seed oils, marcerated-oil and soxhlet-oil were compared in terms of
chemical contents, biological activity against Aedes aegypti Linneaus. Synergistic and additive
effects by mixing those oils with piperonyl butoxide (PBO), citronella oil and eucalyptus oil were
also investigated. Their shelf lives under high storage temperature for 6 weeks were determined as
compared with the marcerated-oil formulation (marcerated-oil+Tween®+Span®-+BHT).
Suffocated action on mortality of Ae. aegypti larvae and histological damage in midgut exposed to
thiam seed oils were compared with petroleum oil, palm oil, bacteria Bacillus thuringiensis subsp.
israelensis (Bti) and control. The unsaturated fatty acid, oleic acid, was the major content with
over 50% of total amount of fatty acid found in thiam seed oils. Type and amount of fatty acid
were not different between the marcerated-oil and soxhlet-oil, but the azadirachtin content was
detected greater in the marcerated oil (80.14 mg/L) than in the soxhlet oil (76.23 mg/L).
Azadirachtin contents in the marcerated-oil eluted with chloroform and ethyl acetate were
99.68 and 111.66 mg/L, respectively, indicating a polar substance of azadirachtin. Product of
marcerted-oil was 35%, greater than 31.0% of the soxhlet oil. Larvicidal activity of the soxhlet-oil
was better than the marcerated-oil, with the 24 h LC,, of 348.0 ppm and 407.6 ppm, respectively.
The marcerated-oil showed highly egg-laying inhibition and repelling action as compared to the
soxhlet-oil, but there was no different inhibition in development of larvae to pupal and adult
stages. Citronella oil showed the best toxic to Ae. aegypti larvae with the least 24 h LC,, of
61.9 ppm, as compared with thiam seed and eucalyptus oils. PBO did not synergize larvicidal
activity of thiam seed oils. Combination mixtures of the marcerated-oil+citronella oil (ratio 8:2)
and the soxhlet-oil+eucalyptus (ratio 8.5:1.5) highly inhibited egg hatching with EC,, of
431.9 and 424.8 ppm as compared to the marcerated-oil and the soxhlet-oil alone with EC,, of
816.5 and 820 ppm, respectively.

Shelf lives under 25°C storage of the marcerated oil, the soxhlet-oil and the marcerated-
oil formulation were 4.7, 3.2 and 1.3 years, respectively. A higher storage temperature a greater
change of oil physical properties were performed. Oil color markedly turned dark with the highest
storage temperature at 70 °C, whereas they became brown and still yellow after storage at 45 °C
and 25 °C, respectively. Fatty acid content and peroxide values also increased with a rise of
storage temperature, but the larvicidal activity decreased with an increase of storage temperature.
Larvae rapidly died within 1-3 h after exposure to thiam seed oil, petroleum oil and Bti., whereas

their mortality delayed up to 24 h after exposure to palm oil. Epithelial cells, muscles and adipose
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tissues of Ae. aegypti larval midgut were evidently damaged by all kinds of oils tested in the
experiment as well as Bfi.

In a comparison of the marceration and the soxhlet extraction, the former is advantage in
terms of oil production and shelf life, whereas the biological activity against Ae. aegypti are not
significantly different between them. Interestingly, citronella oil posses an excellent action as
larvicide. Therefore, it should be further developed in a combination with thiam seed oil as

larvicide to reduce temephos application.
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Ocimum sanctum Tana ‘L?llnff Cx. quinquefasciatus Pathak et al. (2000)
Ae. aegypti
An. stephensi
Dalbergia sisoo Roxb. mmﬁmﬁﬁu Cx. quinquefasciatus Ansari et al.(2000)
Citrus spp. ﬁﬁummﬂﬁaﬂwa Cx. quinquefasciatus Ezeonu et al. (2001)
Solanum nigrum Linn.  @15@nane1ua1n 1y An. culicifacies Singh et al. (2002)

Cx. quinquefasciatus

Ae. aegypti

1 H 1
ﬁ’J‘L!ﬂ'liﬁﬂ‘]sl'lﬁ'?iﬁ'ﬂﬂ%Tﬂﬁglﬂ'lslfuﬂ@]N“] 11!ﬂ'l'§ﬂ’3‘]Jﬂ1]Qﬂu'lq\‘]W1J’J'l unalunis

Y
°

AUANEN11ge 1A Su and Mulla (1999) ldnagouaisozAuIAAY (azadirachtin) Nanala

q

=

NNALUMDUIRY (Uzadirachta indica A. Juss) 1aslFa130251AUIAAY 2 HAAN N NUANAIINU
A = 90’ ® %’ o Yy 9 ® 1 [}
Ao tuVratlentil Azad - WP10 (WP) taguuuiiniiduty Azad  EC 4.5 (EC) #9n13219 10

"UENQﬁ1ﬂ1ﬂJU 2 ¥1A AB Culex tarsalis Coquillett e Cx. quinquefasciatus Say WU @15

Y
%

® o ' ! ® o
Azad  EC 4.5 (EC) W119g9 Cx. tarsalis 119 liaaas auans Azad - WP10 (WP) 11 1ngans

a

Y o a

[ 9
2 piagana119 lianas Taganudududgavesaisozasansnaunduginiine livegs
SIY Cx.  tarsalis (NI 5.0 ppm  IUYULNAIAINATUNIAY 10.0 ppm  1UYISIADY
9
Cx. quinquefasciatus 108a1115986081n15219'10 1811 1-4 74 Awad and Shimaila (2003)
1 9o‘ = gJJ 1 1]

510911 @NUIGINABYTATINNIGIA10 (dedes spp.) HazganUUaDI (dnopheles spp.) BOULD
1 (%3 1 30’ -7 %’
ADENTANAIINALIAWAZ WU UNTUTZIATTINITOAIVANGN WY dnopheles spp. 1AUIU

[ 4 d' o v w 9 [ 1 ' G sol
2 gl wazludszmanmasiauvatgdszmalsarsananinazalalutevseaszin
(Prakash and Rao, 1996)

v

a £ . 3 Ly o !
‘Lli’)ﬂﬁ]”Iﬂﬁ”liﬁﬂﬂﬁ]"lﬂﬁglﬂ"li’)ulaflﬂﬂﬂi]%‘ﬁm”l@jﬂu"IEJQLL’ch)TJ memqwﬂuawmzﬁu
9 9

v 3 o 1 o ¥ a a o ' o ¥ [~
miusz&zgﬂmuazmmmﬂ LU ﬂﬂﬂﬁﬂwilﬂimul@]ﬂjﬁ "]J‘]J]la LLazﬂ‘]JfNﬂTi’J”N”lsU Lﬂuﬁ'u

r'd v v
U518UMTANEINTOINYNTUBIEITANAVINALANUADYITHAA1IY AaAlua15199 2

E]
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a o 4
AARNTUN

a A=
FUAVBIGINANHY

'
ANHUSNIIDDNGND

ONANTO1994

Neem oil
Oil water emulsion
On wood scrappings

Neem oil volatiles

Deoiled neem cake
powder

2% neem oil mixed
with coconut/mustard
oil as topical

application

5% neem oil in a
cream base-topical

application

5-10% neem oil-
impregnated on mats

(vapours)

1% neem oil in

kerosene (smoke)

Cx. quinquefasciatus
An. stephensi

Ae. aegypti

An. culicifacies

An. stephensi

Culex spp.
Anopheles spp.

An. culicifacies

An. fluviatilis

An. annularis

An. stephensi

Ae. aegypti

Cx. quinquefasciatus
An. darlingi

Ae. aegypti

Ae. albopictus
Anopheles spp.

Culex spp.

An. culicifacies
An. annularis
An. stephensi
Culex spp.

An. culicifacies
An. annularis

Culex spp.

7
319nin

AANMIIYAL A

o ¥ Y o 9

UBINTLIVIANLLA

% a‘l 1
Fugamsa

Y
31gnin

AANMIIYAL A

vu'la

Ansari et al. (2000)
Batra et al. (1998)
Nagpal et al. (1995)
Dhar et al. (1996)

Rao et al. (1992)

Sharma et al. (1993a)
Kant and Bhatt (1994)
Mishra et al. (1995)
Sharma et al. (1995)
Sharma et al. (1996)

Moore et al. (2002)

Dua et al. (1995)
Singh et al. (1996)
Nagpal et al. (2001)

Sharma et al. (1993b)

Sharma and Ansari
(1994)
Ansari and Razdan

(1996)
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) @ a A [ <]

ﬁ'lﬂ'511611‘!TJ')'3!1/]?’{11/]8%318Q1uﬂ13ﬁﬂy1ﬂ3$ﬁﬂ‘ﬁﬂ1wm’E)\iﬁ"liﬁﬂﬂﬂ']ﬂmaﬂﬁ&ﬂ"l
a a A [ = a a s 3 J 3 o <
auRenanavINeNIUea NUSETezaausAaU 0.5 WoSiua tagidunNuaaaLIa
a { [ J 1 o 1 o
ﬂulaﬂﬁﬁﬂﬂﬂ']ﬂuﬂﬁuﬂa LInNLey U mqamaﬁ’muazqammmy (Cx. quinquefasciatus) WU N3

¥ ' g o 3
miﬁﬂﬂuaxumuﬁzmmmﬁammiamgﬂmqqmmgaxqummg'lﬁ' Iﬂﬂﬁ?iﬁﬂﬂﬁzlﬂ"l ag
3 o a a A Yy o & P-4 o v o qU ¥ %
WINUALIAUAINANMTNIUALA 0.02 1A 0.2 1UD5IFUA ANa1AY “I/I']Gl‘WQﬂuWﬁJ.\WN
a o ! s 3 A < a £

2 FUAANINATIIATY 100 ilesiyua Nan 24 “lf’JTllQ LLﬁ%ﬂJNﬁ@@ﬂf}ﬂ‘ﬁﬂ’JﬂﬂMiuﬁﬂWW

9 a A Y o a
wmﬂammﬂﬂmu 6 U (UURA, 2543)
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Aad o a awv
IENIAVUUNIITIVEY
¢ a & Y

1. msuanzririarazdSinamnsalviiuluiniusdaazianiig

o ¥ o <] Y Ay Y o & A A A R} as
‘L!TL!"IlI‘L!Lllaﬂﬁ'gm"l"]f"lﬂ‘l/lvlﬂi]"lﬂﬂ"lﬁﬁﬂﬂ‘ﬂﬂ 2 1% ABITNITUFYY LAZID Soxhlet hlﬂ?ﬂ

J = a k4 @ a 1 Y ¥ o < 9
p9AlsEnoumaAl Tﬂfl']lﬂi"lg‘ﬂﬂiﬂvlslluuﬂfu@ﬁ%?“] Llagllﬂ!,wﬂun\l'LllllﬁﬂﬁglﬂV]ﬂQ!UJU

[ I 1 ]
quaaamﬂummwﬂaaa A4 silica gel column chromatography Ta8%e column A28 n-hexane,

A

chloroform 182 ethyl acetate 91UIUDYAL 2,000 UAAAAT AMWAIAY 1AYNINITHENGDY

9 °

° ? A Yy A ? o < @ @
MUIU 2 AN ﬂﬁ\?‘ﬁ 1 Llazﬂﬁ\iﬁ 2 Glﬂfflummuaﬂﬁmmﬁmamuau 15.18 NIy uag 15.01 N3y

v [l
MUAIAD HAINUUIITTEBAITaza1seen 18 lAguINARIBIATEY vacuum evaporator

e O 9

=1

o 1 Any { 9 ¥ A
haun lannmsseivenyeaie n-hexane, chloroform 4% ethyl acetate 9INNITHUINATIN 1

Y
o o w <

9 v
Hag 2 33UNU %'Iﬂ‘Ll1!‘Ll'l1!HJ‘LlLilﬁﬂﬁ%tﬂ'l%’]ﬂlm%ﬁ’)ul!ﬂﬂﬂﬂﬂﬁ?ﬂ@]’)ﬁ?ﬁﬁﬁ?ﬂ@ﬂﬂﬂ Ulﬂ‘ﬁ?ﬁﬁ“ﬁ

e

I o w 4 . .
WueanseneuveariiudlunIod Gas Chromatography — Flame Ionization Detector (FID)

(Gas Chromatography, 6850A, Hewlett Packard, USA ) Tagliarn 11213 ATILHV0UAT DA

Helium flow 1.0 ml/min @ split rate 50 : 1 Detector temp: 300°C

Inlet temp: 290°C Hydrogen flow: 30 ml/min

Initial temperature 210°C, hold for 12 minutes Air flow: 300 ml/min

Ramp to 250°C at 20°C/min, hold for 8 minutes Makeup flow: 25 ml/min

Column: Select Biodiesel for FAME length 30 m., 0.32 mm L.D, film thickness 0.25 um
2 ya L4 a a & & Lo o o <
wonnnil lanszilSinamsezsnausnauguluaiseongniding luiniuwae
[ 9o’ @ <3 1 1 1
AZIA1F1UUUBEGY 1UD Soxhlet  UAZUNWUAATLIAIF IV VLFGITIULONGOIUD
4 @ = a Jd o
chloroform 118 ethyl acetate @28IATBY HPLC A4510a218enlumsdinsiziiive 4
2. MSANHINAYDIITMIANAADNITAIVANE IS
= s Aasy [ ?:' Y] < 9 A A ax (K] Aas
ﬂﬂBTL‘LI%fJ’UL‘VIfJ’]J'J‘ﬁﬂ”Iﬁ?fﬂﬂ‘lﬂiJumﬁﬂﬁ%!ﬁnslﬂ\‘] 2 9% A9 ITMILYYY UAZID Soxhlet

v
(2 % o

H 1 ) 9°/ ] 1 U g}/
wasnniuhasanan 1d linaaeunadenisangnin msinly mslage nagmsdudginis

2 . o 2

i Tavesgnii lasliseazideansnadonluiade 7 a1u swazBealumsanans
a A o dy

2 F50AsH

~ < 9 A o o
A MIATINNAATSATIY NIND U 7ﬂﬁﬂﬂﬁ7§

)

) 9 dy Y A I o o

u'lwaf,jﬂm@\‘lﬁgl@'lcb"l\‘lll'lllflﬂl,@'llu@Wa@@ﬂﬁlﬂlwaﬂlﬂw'lgllla@ uﬂﬂmﬂuﬂﬂ 2-317U
A | o 9 Y & v o Z A ¥ o X < &
LWﬂa@ﬂ'J’liJ“]fuL!agﬂ']ﬁlﬂmJa@U,WQ Wa\‘]%']ﬂUUﬂgl‘ﬂ']%Lﬂa@ﬂ@ﬂﬂ lla?uqluaﬁlULﬂaﬂqﬂ%ﬁ

2 4 Y A y 9 4 3 v A g o v Y
u']ﬂuﬂﬂ@uu'lulﬂﬁuwfl'lﬂﬂjfllﬂia\?ﬂup\lﬁulll lla361)'\11!']141!ﬂ@ﬂﬂi\?ﬂa\ﬁ]']ﬂw'luﬂ'ﬁﬂuﬂﬂ'lﬂ

=) Y Y
13gUIDYLLATD
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o Y ad U]
2.2 MIANANIYITUTYE
o dy S A & ] ' Y a A o o
Pudie luwaanuvervudr laluvlaunivuie 20 aas ANAI1aLa18 n-hexane a4
v ' 9 Y
Tlsunaudieds tathnvaaldaiindiegnersijunszasazna (foih) #1913 7 3w 9nsiuh
15020107 1ANT09A0NTZABATOULUNEI LAY TLIHOAIOIATOITLINITQYIN AU LU
o { 1 < . 1 o {
(rotary evaporator) hasnld i lalusuvuiadn (evaporator dish) aouiilsziven

S ! H
gaungil 60 eermuwalFoa Tu water bath dnasuieusndhazarwhiovnaurasegeonln

(3

' o = Y o Y 1 X < 9y A d A @
nua ﬁ’JUG]’J“V]'Iﬁ%ﬁ'IEWILLEJﬂ@’E]ﬂll'lvl,@u'lﬂaTJVIJJLL‘Hﬂ'IﬂL‘L!@GluLllaﬂﬁgm'l‘lﬂﬂ@ﬂﬂiﬂﬂl‘mﬁﬂ@

v v ' o

¥ A A 5 2 ¥
HIUUNYUADDY NIBIULDUUU 7 AT

U

v Y a,
2.3 MIANAAIIT Soxhlet

a

° { <3 { g @ v o a {
e luwaaniuneruuda ldanaludaviagate n-hexane 10835 Soxhlet NgaIngil

U

< &
60 parIsaIFed Wuszezna1uu 24 $11u9 n504 tazszme 1R eaa28 vacuum evaporator

a

o { ! I . 1 o H
s 1d 1 1dluuvuaan (evaporator dish) nouiilisgieNgunni 60 osrusaiHod

= g‘/ d‘ % o d' A 1 9
114 water bath BnATUNBIENAIIAZA1BNDIIMAUYADBERON 1 HNA
< v [
3. MsANIMSIEBNgNBLazMaMNgNBITNdaazInF 190N sAIUYNYIAIY
o ao‘ o < 9 ~ [ 9 %{; an o 1 9 9 1] A £
inhfudadzindenana ldonia 2 5awnandedulinaunuaseSugniuas

i1 1 I v ' Y
WﬁNﬂUﬁTiﬁﬂ@%Wﬂﬁ%“ﬁuﬂauﬂ L‘ﬁ@(ﬂwﬁﬂ?ilﬁ'ihﬂ%‘ﬁl!a$ﬂ15l‘wui‘m‘ﬁ HAINUUUITITHAY

Lo

{ < 1 a QJ Q'
‘ﬁhl@glmlﬂﬂﬂﬁﬂﬂfﬂi@@ﬂi]‘VI‘ﬁﬂ’JUﬁINq@ﬁTﬂLLUU@]Nﬂ MINTUANTLIATUYNTUASTIILWUOND
a o &
INYASIDYAANY
o
3.1 miﬁﬂymmmyfmﬁ (synergistic effect)
° a Lda ' . . v ¥ <]
‘L!”IﬁTSLﬁiiJE]VI‘ﬁﬁuﬂiJﬂl%}"lﬁ}uﬂﬁﬁ piperonyl butoxide (PBO) MNFUNUUINULNAA

[ 1 1 1 %’ o < 1
a1 ludnI1aIua199) 5211319815 PBO:maaazedng 1aun 10:1 15:1 20:1 way

'
A o

25:1 WA LC,, ﬂﬂﬁ’gﬂﬁmwﬁ 24 Frluaveniwiumiadzashe tazasnausanga uds
lifuaman synergistic ratio (SR) 9INgAT SR=A1 LC, V0IA1THEU/AT LC, voubufumin
AL VOIANTHANGATAIE)

3.2 msAnyIMILiNg W%J(additive effect)
ﬁn?ni”um5ﬂazm1%’1@‘1/%umuwﬁfjmammu Soxhlet WIWANAVAITANADINNBSTIA

A Ao 1 9y Yy 1% o Y ¥ o a @ 1% J
au‘mJmwmaiummam"lmmumum‘lmweu ua:umugmaﬂma Glu@@iTﬁ’J‘LlWﬁll

Y < 2,’ @ a

! o Y g Y 3 1 w
seunaiiumaaazmdeiniuaz lnivew vsoruniugmaldd iy 8:2 8.5:1.59:1 uaz
o 1 1 %‘ 9 [ = v 9
9.5:0.5 11 linageunademsiln livesgnihgeaetin disiaziBeavesmsnadouluiaie
v 9
13.7  muruaanudutuvesarsnaaeundusin1sinlald 50 uag 95%  (effecive
[ I < o I [J ! .. .
concentration, EC,, nasnnageuiunal 96 ¥ 1u4 1M EC,, Taeurunn additive ratio

1 1 ? o <] '
(AR) YDI@TNHUN NG NNGAT AR =M EC,, m@QHTNULNaQﬁSLQT%}TQ/ﬂT EC, 03ty
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4. MsfAnpIMIRUIIBIVRIIIINGATIMTIIAEIBaN1IZI

a J L o a a
M5ATIZHHAALa991nI5UBY Yakkundi Hazame (1995), 5A81 LazaAme (2546),
Jadeja uazAME (2011), 13HYT wazAm (2551) UAZIIAT HASYFUIY (2556) 1ABITNS

[

a I = dy
UATITHUTIALID AN
o g ) I 9 1 A % o I 9 v %’ @ <
1. AT uaad U s iuwaadsnsuuuusgs Uiumaa
’é o < o o so} o < [}
AIAUD Soxhlet wagtmiumaaazFeduiog) (hduwasdzmdnauunsgonay
[ a v A 4 ® ® Y a @ a 4 =3
nuesoNadee035 (Tween"1laz Span”) azd@1sAIueendATY BHT) lUimevivifSuna
Aa A ax 1 <3 %} o < 9 31.: a [ 1 Y
5oz r1ausAaY 1aedsan 1259 TaanuiiuanasiaI®ane 3 staaanainluviauid
I~ A aa o 1 o 1 ¥ o 4 ] {
@0 (vial) W19 2 Tadaas f19819az18 1A FINA081TUNIrua 54 wa nu'lin
a = 3 [ d 1 @ [} Sol v A 1 9 [
gl 45, 55 uaz 70 evrwaFea Hunat 6 dlad guaredinihiuinaiaey laun
@ % ] a r'd a a
0,7, 14, 21, 28, 35 uag 42 74 9298198 3 VIA W1UATILHHUTUIUEITAIToTHIAUTAAU
Y A - ~ a so A
Tael¥a509 HPLC Taslannznmuizanlumsinsizyiaaiine
- Column: Ci5(4.6 mm x 150 mm, Symmetry 5 [{m, Thermo scientific)
-lepaoun (mobile phase; Tag 14 methanol : water) 70 : 30
- 9031713 11 (flow rate) 0.3 HaaanIAdUIN

[

y a < A
JUITY (UV detector) NANNEIIAAUY 227 W lumag

q_)e

- injection volume 100 hllliﬂia@]ﬁ
2. IM3NANTAABUINTTIUOLHIALTAAY (CHEM SERVICE, Inc.PO BOX 599,
R g 3 a
WEST CHESTER) #4110 d9@u1ny gavaoniad 155-158 o uaaidod uaaluana
(Y] I o a3 @
WRY 720.7 wazgas Inseadruilu ¢ 1,0, Wiy azadirachtin stock Tnedad15a1ATgIL
araausaay 1,000 Tulasnsy asluviaialSuiasvuna 10 Hadans azareadelawnsa
o 4 a I ] 1
Fanlonlad (dimethyl sulfoxide) 1,000 luTasaas Wuanududu 1,000 lulasnsuse
a aa a a a A = .
yaaans gaasuluifiunas 100, 200, 300 uaz 400 lulnsaas Wuwldnfeud (mobile
phase) 1a31 1,000 Tulasans Taanududun 100, 200, 300 taz 400 lulnsnsunelaaans
o v A g9 ¥
auaay e lyaieniuasgiu
Y ' Y 9 o 1T A Aaa
3. a3 uasgu laonasasyrananududuy (lulasnsudelaaans) ved
#1582 WUIATTIUOLHIAUTAAY (AU X) LAY peak area (UNU Y) @3 19aumsdunsIveg
NTNIATTIU (AITUMTN 1)
y = ax+b 1)
A Y 9 a a @ 1 [ 1 A Aaa
e x = anutuduvesasezsausaau luasazaiedieda (lulnsnsudeiiadans)
y = peak area mmmsazmﬂﬁaadn

a =slope GU’EN!,’(,g(}uﬂ‘iTV\IﬁTiﬁZaWEJMWIijpu nae
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b = y-intercept YUFUNT WA 1TOZA1ONIATF IV
4. wsudmeaiedamasermAusain  Tnedusieirniniuudietiaas
3 929 Yulaluiiuies 50 Tulnsdas azanedaelammsadaen’led 950 Tulnsans Hu
anududu 50 lulnsansaedanans uazaadisnndledndwau 50 lulasaas U5y

a

a I a [ Aaa
31103828 mobile phase 1%A51 1,000 1uTasans Wuanududy 2.5 lulasansaeiiaaans
1 o a 4 a 4 =Y a a 4
1AINTOINIUAINTDA 1T UT (syringe filter) ATITHIYTINUEITOLHAUIARY A8ATDI
HPLC anuaamedady  anmamidSunaasozsiansaay  Tagfiulauieununsi

! a A & P L 1 o
AT (@A 1) tazioulsunadsezmausaauilunlodsua lagnvinaolingg

160000000 - y = 231315 + 6E+07
140000000 - R? = 0.9927
120000000
100000000
80000000 1
60000000 -
40000000 -
20000000 1

0 50 100 150 200 250 300 350 400 450

peak area (mAU)

ANLLNT YW Pg/ml

MUN 1 0UANTAZABUINTIIUVOIETOZHAUTAAY
A S o 9 4 o w ? o <] 9y
5. dsziivergmanusne Iaglanasinisanasvesasdiny luihdumdadzadna
o 1 a a { ° 3 o go’ o 3 o
Tagthatezanausnaui lauiuieeignmsmusnyvesiniumaaazada Iassuimain
aan 4 1 @ o
Ufnservauwamani (kinetic reaction) 3IWAUNITIFAUNITVDI0155Ted  (arrhenius
{ Aa o 3 o 1 a
equation) NgaIngll 45, 55 uaz 70 esruraFoduaziuIee1gNINUTNEINgUUTIR0Y
~ ' ¢ o £ a
(25 DIAUFALHFIN) (FTIUNT WIATITANIUS, 2548)
Aa 3 o Y 4 £ = . .. g )
6. Ysziiuergmanuiny Tagl5naumn1599ngNTN19FINN (bioactivity) VoI
< ) o 1 Y v ? o < Yy A ’ ¥ )
Waaaza1919 Ingi1An1ANUTNIUYE NN LA T ZIAIF 1IN AINITONIGNUIYIa 1T
o aan 4 . . . 1 [ o
TagAmandfnservaunamans (kinetic reaction) FINAUNT IFaNNITV0I0133 10w

{ a = o 3 o ~
(arrhenius equation) ﬁqmﬁgn 45, 55 way 70 'f]Qﬁ’]l,clfaL‘ﬂfﬂﬁllﬁgVl'lu'lfl'é)']EJﬂWﬂﬂ‘Uiﬂ‘HWﬂ

a 9y =
QUMHUNDY (25 DIAUYALTYH)
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5. misAnvwavesargilumauinmaeantamemenn  Ysmnansaluiv
¢ ¢ A H I
Auneseenlya nazmseangnsengningimeinuueinNMNdATIAT
5.1 manfagunasanyaznemeanin

a

= = = Y o < Yy A d o Y
AnyINslasuavetnumdaaznuInImelaguugl 45, 55 uag
70 DAL
=Y J r %4
5.2 MIuATIzHmIMINIa luay

a J 1 o 1 1% 3w A 1% 1
Anszimisinsa ludunounazndsmanusnuneldgangiiangg  denanddu

Y

Y
v A

a J
Taelis18a21BeauDITMIUATITHAL

v 4
v o

LY [ 9 LR} [ 1 a aa
1. Fuiiuwaaazdeuuungge 2 n5u Tuviaglsuyuina 250 Tadanas
~ a 4 S < 79 Y S a =
2. 9SeNAITaZaeTaueanead 95 1WodiFud litunaraTasma@uNusviniau
@ PV 9 J Y 9 4 1
5 ieauazlSulmilunardlreasazate Tmaeu laason ledidudu 0.1 uoSuoa noaa1aiay
) 2 ’ ) s A .
von wiounuve aulaansazarouoanogeailudrunooun1is
a a s g Aa aa @ 1 1 1 Y o 1
3. RS aueaneaantluna 50 taaans adludied1e ewd1ausaliaedi
J
azaeluleanoaed
=} =
4. veaasazangWuenmanilszuna 5 viea
o Y] ] Y = 4 4 Y
5. lawsnAumsazaredloaadie Is@en laason lod 0.1 vosuoa vz lamsndsa
' & 9 = A a
e aunTznd ldmsazaedrunaiiogszana 1 i
6. MUIUAINTANINGAS

AnIa = Usuasaanld wa.) x anududuaia (ua,) x 56.1 (nS1)

v @ ]

90’ %
imindaeds (niu)
a d 7 d d
5.3 MIIATIEHIMANNE 000 |76

a d ' 4 J 1% 3 o a 1% '
'Jlﬂi'mﬁW1ﬂ’llW@§ﬂﬂﬂ1°ﬁﬂﬂ@uLlﬁ$1’T Gmimui.iﬂmmﬂslﬁ}qmﬁﬂumm ANNATI

U

[

9 Y = = asy a 4 g
VNAU IﬂEJiJTIfJﬁZL’E]EJ@QJ@\?'Jﬁﬂ'Ii'JLﬂiWZW JU
4 ¥ o < R} o ' A aa
1. “]N‘L!'lll‘uLllﬁﬂﬁ&ﬂﬁ%\‘]l;!ﬂﬂlﬁfféﬂ 2 NJY Glumﬂgﬂ%ummum 250 yaaansg
a aa 14 [ 1 = Aa aa 1 Y
2. uansazalaueFan-nae 1sesy (8as1a7u 3:2 Tasllsuas) 25 aaans we I
A108190ZA1Y

. - vy \
3. wseuaisazaneoudd Inunadimeulele'las Usuaunnnuweluiindudu v

a

Yy AA ' 9 o a aa a a J =
L!ﬁ'JLﬂ‘]JGI,u‘Vlllﬂ ﬂ@ﬁﬂﬂﬂ@ui%’I@ﬂu’lM’l 1 vaaans mi]ﬁ’l'iﬂ%a’lfll!ﬂ%’@]ﬂ-ﬂﬁ’f]I'iV\I’E)iiJ ﬂill'lfl‘l

dao}Q

Aa aa %‘ = I ay =
25-30 Haaans uameatimileadly 3 wea darsazareaswdludiituldnadussou

Tvy

a

a A ( 4 aa a ]
4. wnasazareoud Inunandonlole laq 1 Tadaas Yagnndouweruu 1 i

9
y & &

udaaanald s ui luniia
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ﬂi”lﬂ;]’ﬂ asanaie luuaag AL UNINENAR Y ethyl acetate, acetone, benzene,
n-hexane 11a¢ propanol 1if1 LC,, ApanuagIa1stiiuime 24 %2 1u9 11101 600, 2,900, 8,200,

31,300 LA 76,300 ppm AINA AU
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PUNHUYDI 2 1M Ll!’é]\?%'lﬂﬁ"l3@3%1@LL5ﬂﬂutﬂuﬁ15ﬂlliJLﬁﬂﬂﬁLmﬁi]ﬂﬂlﬂ@ﬂﬂ"l ﬁﬁ']f]@]’)llﬂ\?']ﬂ

a U

Tusssuma Taemniziieguuglganin 60 o uyaiFod (Ermel tazaAMy, 1987) ¥ InH

U

a a

1 =N % < 4

wazAy (2540) WU USuaaisezaausaauluaisananeumaaaziar meanasile 14

A o ) ) 2 o a v A qu A )
sosananuuldnnuiou uenanil oyra (2541) s1euduile ldgungiluniseunis

< dal o Y a a
wanazgavy MldlSnadisesaausnduanad

~ a ) a a ~ %’ ] <

A3 19N 5 FiauazlSuaeansa luiu Wnamsezaausaau Anuluiihiuudaazien

9 (IR 1 ] )]
FINUUULFEYY TIULINYDYAIY n-hexane, chloroform AT ethyl acetate

FUAVD NUIUC WSansaludy @losidud)
N3l Tulwana 7 . " . . . . : ,
: WINUASIAIB N aIULYNYDY aIuLgnyy aIuLgnyy
LL‘]JTJLL"I}EJEJ n-hexane chloroform ethyl acetate

Caprylate C8:0 - - 0.03 -
Caprate C10: 0 - - 0.07 0.11
Laurate C12:0 0.04 - 0.09 0.26
Myristate Cl14: 0 0.09 - 0.12 0.19
Palmitate Cl6:0 13.25 - 15.61 15.78
Palmitoleate Clé6: 1 0.18 - 0.26 0.33
Stearate C18:0 10.45 - 12.21 11.40
Oleate C18:1 52.10 - 54.67 47.33
Linoleate C18:2 21.00 - 9.64 9.75
Linolenate C18:3 0.83 - 0.17 0.22
Arachidate C20: 0 0.93 - 1.08 0.96
Eicosenoate C20: 1 0.12 - 0.90 2.45
Behenate C22: 0 0.22 - 0.22 0.19
Erucate C22: 1 - - 0.06 0.16
Linocerate C24: 0 0.12 - 0.17 0.16
Nervonate C24: 1 - - - -

Azadirachtin - 99.68 mg/mL 111.66 mg/mL
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409 g 534 L‘]Jﬂi!“]ﬂ«l@] "U73)\‘]u'lﬂuﬂluﬂiulﬂaﬂﬁm@’ﬂﬂﬂﬂﬂﬂﬂﬂ (AUU UazAMe, 2543;
a @ X 1 o @ 1 <
qUNT, 2548; IN1IA, 2548; D31 UAzAME, 2552) FaunavesnNuLAna1any asna1udull
Y VA ] <3 9 ~ 9 1 [
”lmmwmmnuazm%mma"UENma@ﬁztmmm%tmnmﬂﬂu

A %’ o I 9 A v 9 v o 4 k) Aaxy [
15197 6 Y voaiumands i seangnan1eanaza1ouosuaaLanisy AIYITLLBYY

11ag3T Soxhlet

Fasase  Thminwaaazening Finanhiuiiadald

(A answ) vnin (SwATandy)  vhnin @ledidud)
MU EY 13.5 349.0 35.0
11 Soxhlet 13.5 330.0 31.0

A o ¥ o 3 9 R )
MNN 2 AUNUINUNAATLIANTNUDVUFYY (D) LaLUY Soxhlet (V)
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v
! o w < N
2.2 HAGeMIAIUANINA BT IV MULAAT AT NI VL BGeuazUUY Soxhlet
Y
2.2.1 HARBNIMEVBNGNII

¥ o <

ifudadzmdranny soxhlet Ivgenininiumdaazmdramvugde deann
ff1 LC,, a1 24 1 Tuaniiiy 348.0 ppm anTweniniumdaaziadrauunsdes Feiim
WD 407.6 ppm wazieiiFunmsmemasvesgnihgametiuiinaine veainiumia
AIMFUDY Soxhlet GINTMBUUTEY (151971 7) F9A0AARDFUTI8TUYDS Chahad LA
Boof (1994) finu a1saiamansnlneuuy Soxhlet 1gnihgeimaaniimsasasauuy
usge den3ouifieuszuraiuiui 3 vila Usngininiuas lndvewsignihgeatedId
ﬁﬁqﬂ 'immm"lﬁ'ufiﬁﬁumﬁﬂamm%’mgazﬁﬁugﬂﬁﬂﬁa AUAIRD (137197 7)

Murugan 8% Parimelazhagan (2014) o NAEIS ﬂ’cjlllﬂjua (phenol) UNUUY (tannin)
uazWa11auooA (flavonoids) MINWY Osbeckia parvifolia Am. #28A2%18zA1010N1HOA WU
msasauuunggelfUTinamsunuiunniiga daumsasauuy Soxhlet 1S aas
W Taueefinniiga udanuansalumsiluasdiueyyadase (antioxidant capacity)
VoI NARAULY Soxhlet AnTasafALLULTE

Inenuszavanuiufivaegmirgeatetuvesasatannazmsufeiuand
Fulumsanufiriuan a LC,, Y9INAATMIIN19A15A1 Neemazal”, ANSKE”, AZT-VR-K-E”
ag MTB® 1M10D 8.4, 78.2, 18.1 1A% 5.9 ppm AWA1AL (WHO, 1981) lusihueudesinu
Nagvi azAue (1991) 51891UAAINA1IVIETENATZIA1 (NFD) (110U 0.58 ppm Tuvae i
A1 LC,, ¥94a15 RBu-9, RB-b 18 Margosan-O' " 111 380.0, 490.0 A% 340.0 ppm MUAIAY
(Naqvi et al., 1994) lua1dou1 Raymond tazamE (2007) 31897UA1 LC,, VOIHAAT AT
ANATLIAIOUAY 3 LUV AD 1% Suneem, 1% Formulated neem oil 1A% Neem powder (111U
2.0, 8.0 182 3.0 ppm MUEEY 1ilad (2543) emadIduve Az AT aTAle
wiaazadudeiaingmitgaiethnld 100 WesiFud finar 24 F2Tuamiu 2,000 ppm
1A 200 ppm ANAIAL

3 o <]

I A o v ¥ o < 9 1 3 Y ]
L‘]JuwmmLﬂmmmumaﬂﬁzmwmmu SOXhletCJJTQﬂUTQQQTEJllﬂﬂﬂ’JTHﬁJHLNaﬂ
(K o 1 = a a v Y o [
ﬁztm%’mmquﬂ 11!‘1/]1\1@3\1%)11]ﬂa”]JW’]J’J"Iﬁ‘]JﬁJTmﬁ"lii’)gG]f"lﬂlliﬂ@l!ﬁ}@flﬂﬁ"lu"mumaﬂ
9 [ A dy Y I 1 a a 9 =\ A A A
ﬁSLﬂVH"NLLlITJLLGHEJEJ (139N 3) Glfblﬂlﬁu’ﬂ HUHONIINFITOEHIALITNAULAIDIVUTFITFUADUN
£ 2 a s £ o o
aaﬂqmmgﬂmqﬂﬁ} ﬁ]Tﬂfﬂ3’JLﬂiTSWﬁ?i@@ﬂﬂﬂ‘ﬁii&ﬁ?iﬁﬂﬂﬁEJT]JGUE‘NLNEMZ‘TS’JMT%JTQ ISE]EJ
1A 1A s QI v a a
AUAY UazAUe (2552) NUN Nﬁ?ibll!ﬂi.jllflIiJ‘L!’EJEJﬂ"’]NHJu@HWU‘ﬁﬂl@ﬁﬁTi@g%Tﬂuiﬂﬂu
7B Taun azadirachtin B, 1-isopentanoic acid-3-acetylazadirachtol, azadirachtin M,

azadirachtin L, 11a-hydroxyazadirachtin H, 11b-hydroxyazadirachtin H I16i azadirachtol
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{ - 2 : 3 o <
@I'lﬁ?\iﬁ 7 Lﬂ@ﬁl“ﬁuﬂﬂWﬁﬂTﬂﬂlﬂ\‘lgﬂl!'lq@anJﬁ'luL!a%ﬂ'l LC,, ‘ll’f)\ill"lﬁJulﬁJﬁﬂﬁZLﬂ']%}"Nll‘U‘U
(K] ¥ o Y o a o @ I
ygatastiyy Soxhlet UWNHG]SIIFI%}TT@N uazumugmaﬂﬁﬁ ﬁaﬂﬂﬂﬁ@‘ﬂﬁ"ﬁlﬂu

a1 24 48 72 1Az 120 2134

<
WosIFuUANIINY (meantSD)”

sty namdmeaey  uwdaazeade  iuaaazind Vi Y
(ppm) @ T19) HUVUBEGY WUV Soxhlet azladvew garailda
24 19.048.2 23.047.6 69.046.5 1426.5
48 41,0482 45.046.1 73.044.5 1848.4
100 7 56.045.5 53.045.7 83.045.7 2449.6
96 68.0+5.7 67.0+4.5 83.0+£5.7 26+10.8
120 79.045.5 73.047.6 87.0+5.7 30£10.0
24 32.0+5.7 40.0+6.1 88.049.7 2046.1
48 49.044.2 50.043.5 92.045.7 28+4.5
300 7 70.0+7.9 70.0:9.4 98.042.7 3245
9 79.044.2 72.0+5.7 99.042.2 35£9.4
120 85.043.5 78.044.5 100£0.0 4346.7
24 50.0£9.4 53.048.4 100£0.0 4648.9
48 62.045.7 61.046.5 100£0.0 54242
500 7 77.047.6 67.049.1 100£0.0 6547.1
9 86.0410.8 71.045.5 100£0.0 72476
120 92.049.1 79.044.2 100£0.0 7543.5
24 65.0410.0 71.048.2 100£0.0 $1£12.9
48 76,0482 76.048.9 100£0.0 $9+11.4
800 7 88.0+5.7 81.0£10.8 100£0.0 98427
9 95.05.0 89.048.2 100£0.0 99422
120 98.0:44.5 94.046.5 100£0.0 1000.0
24 75.0413.2 79.048.2 1000.0 9148.9
48 86.0+7.4 83.0+5.7 100£0.0 95471
1,000 7 97.044.5 91.046.5 100£0.0 1000.0
9 98.0:44.5 97.0+4.5 100£0.0 1000.0
120 100.0£0.0 99.042.2 100£0.0 100£0.0
24 95.0+5.5 92.047.6 100£0.0 100£0.0
48 99.0+2.2 99.042.2 100£0.0 100£0.0
1,500 7 100.0£0.0 100£0.0 100£0.0 100£0.0
9 100.0£0.0 100£0.0 100£0.0 100£0.0
120 100.0£0.0 100£0.0 100£0.0 100£0.0
24 99.0+2.2 98.042.7 100£0.0 100£0.0
2,000 48 99.042.2 99.042.2 100£0.0 1000.0
7 100.0£0.0 1000.0 100£0.0 1000.0
9 100.0£0.0 1000.0 100£0.0 1000.0
120 100.0£0.0 1000.0 100£0.0 1000.0
LC;, (ppm) 407.6 348.0 61.9 410.3
(24 $2T19)

ST = 3
AURNQYIIN 5 B
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A wesiFudmsialivesgaasthu (wlosidug)”
(ppm) MT CcO BATITIUNANTLHIIN MT:CO
8:2 8.5:1.5 9:1 9.5:0.5
0 95.8 96.4 96.7 95.1 96.7 95.3
100 88.7 74.6 77.8 82.7 82.4 90.3
300 81.1 59.9 69.5 70.6 76.0 78.3
500 70.8 52.9 50.6 54.4 57.6 68.7
800 48.0 29.1 29.0 39.8 46.7 50.1
1,000 41.1 14.4 244 34.5 36.8 39.3
1,500 26.9 11.2 11.0 24.8 29.1 24.9
2,000 17.8 10.8 7.9 16.6 17.6 17.6
EC, (mgL) 8165 378.3 431.9 609.4 676.6 803.3
AR 22 1.3 12 1.0

{ 5 1 ? o < Y ' 1
Y 1m@8910 5 91; AR= A1 EC,, Yo uuandzia19a /A1 EC, yo3asgHe
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A s 3 o ' v o Yy 2w < D)
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H J 2 o o 1 Lo 1 1
(ST) u']iJlm%llﬂ%jﬁﬂiJ (CO) uazmuwammumumﬂmaﬁﬁﬂmumm
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(ppm) ST CcO BATITIUNANTZHIIN ST:CO
8:2 8.5:1.5 9:1 9.5:0.5
0 92.9 94.0 94.9 93.6 94.2 95.6
100 83.8 71.0 79.4 81.1 83.5 83.1
300 78.1 55.6 71.5 72.3 78.1 79.0
500 70.3 49.4 47.6 493 68.2 69.8
800 64.4 32.9 27.8 36.5 58.7 62.0
1,000 413 23.4 27.1 28.5 36.2 38.0
1,500 23.6 13.9 14.1 21.1 215 23.6
2,000 13.7 9.8 7.4 10.4 122 13.1
EC, (mgL)  869.1 384.3 464.5 547.0 765.0 787.5
AR 1.9 1.6 1.1 1.1
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8:2 8.5:1.5 9:1 9.5:0.5
0 95.6 95.1 97.2 96.7 96.9 96.9
100 86.4 80.6 80.5 77.8 78.9 80.8
300 80.0 63.3 74.5 61.2 67.8 77.8
500 68.3 51.4 65.9 54.3 64 67.1
800 50.5 39.5 48.9 41.8 46.7 50.2
1,000 447 26.1 33.3 253 36.1 37.1
1,500 28.4 10.6 16.6 8.0 15.7 19.2
2,000 15.1 10.1 13.3 53 12.8 144
EC,, (mg/L) 815.2 475.9 614.3 436.8 573.2 671.4
AR 1.3 1.9 1.4 1.2
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