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Abstract

The purpose of this research was to investigate plants which were widely grown on the
Suranaree University of Technology campus and its vicinity for the benefitial use in the biological
control of the oriental fruit fly (OFF), Bactrocera dorsalis Handel. Three-prescreened plants, neem
(Azadidirachta indica A Juss), custard apple (Annona squamosa L.), and mintweed (Hyptis suaveolens
L., Poit) were selected. Some basic properties of phytochemicals of the leaf and seed extracts were
analyzed. The effects of individual and combined extracts by same solvents on OFF eggs, larvae, and
adults were observed. The experiments were performed as the followings.

1. Quantifying total phenolic compounds and antioxidant activity of the water and ethanol plant
extracts

2. Analyzing cytotoxcity of the extracts

3. Investigating the repellency on the OFF adults

4. Observing the efficacy of individual extracts on OFF biosis at egg, larval and adult stages

5. Observing the efficacy of combined extracts, obtained from same solvent extraction,

on the OFF biosis at egg, larval and adult stages

Phytochemical and cytotoxic properties of neem, custard apple, and mintweed extracts

Phytochemical properties of water and ethanol extracts of neem (NLE/w, NLE/e), custard apple
(CLE/w, CLE/e), and mintweed (MLE/w, MLE/e) leaves and mintweed (MSE/w, MSE/e) seeds were
analyzed. Total phenolic compounds (TPC) were quantified by Folin Ciocalteu’s method and compared
to gallic acid standard. The TPCs were ranged as CLE/w > NLE/w > CLE/e > MSE/w > MLE/w >
MLE/e > MSE/e with the amount of 338 £ 41.83, 309 £ 44.45, 297 & 31.67, 261 X 30.74, 254 =
30.51,251 £ 31.55, 245 + 26.48 and 179 T 13.38 mgGAE/L respectively.

Free radical scavenging (FRS) property was analyzed by DPPH (2,2-Diphenyl-1-picryl
hydrazyl radical) and expressed as 50% inhibition concentration (IC,,). The IC,, of NLE/w, NLE/e,
CLE/w, CLE/e, MLE/w, and MLE/e were 172.99 T 4.53, 211.53 £ 8.61, 163.55 & 8.99, 218.62 &
3.64, 288.92 & 13.91, 226.39 & 6.22, respectively, while of MSE/w and MSE/e were 156.44 & 3.99

and 155.48 £ 7.06 ppm which were significantly better than the others, (P < 0.05). The phytochemicals



were partially separated by thin layer chromatography (TLC), using three mobile phase systems. System
A comprised of ethyl acetate : methanol : water at 81:11:8 (v/v/v); System B comprised of n-buthanol :
gracial acetic acid : water at 40:10:50 (v/v/v); and System C comprised of chloroform : methanol :
gracial acetic acid at 47.5:47.5:5 (v/v/v). TLC fingerprints and Rf of some major chemicals groups of
water and ethanol extracts were appeared differently.

Cytotoxicity of the extracts was performed by brine shrimp lethality assay (BSLA) and
expressed as LC,, at 24 hours. The toxic activity of all extracts was ranged as MLE/e > MLE/w >
MSE/w > NLE/e > MSE/e > CLE/e > NLE/w > CLE/w with LC,, of 0.14 £ 0.02, 0.86 X 0.07, 3.65
T+ 0.41, 6.33 = 1.12, 6.37 £ 0.60, 27.78 £ 3.27, 48.37 & 5.13, and 115.06 &= 8.97 ppm respectively.
Apparently, the cytotoxic activity of the ethanol extracts was about 4 - 8 fold of the water extracts. The
combination of NLE/e + MLE/e processed highest cytotoxic effects with LC, of 0.07 Tt 0.01 ppm.
NLE/w + CLE/w showed lowest cytotoxic effect with LC,, of 10.95 T 0.74 ppm. CLE showed
synergistic effect to NLE, while MLE and MSE synergistically enhanced the effect of CLE. It was
noticed that the cytotoxicity was in agreement with the TPC, but not with FRS activity. It may be due to
the crude extracts contained various chemicals. The synergistic effects of plant combinations would be

better options in making use of plants and suiting the purposes of biological control of insect pests.

Biological Control of Egg, Larva, and Adult Oriental Fruit Flies (Bactrocera dorsalis Hendel)

The water and ethanolic extracts of neem, custard apple, and mintweed, apparently, processed
same repellent activities against OFF adults. MLE/e and MSE/e repelled OFF 65%. The repellent
efficacy was ranged as MSE/e > MLE/e > CLE/e > NLE/e > CLE/w > MSE/w > NLE/w > MLE/w.

The inhibition effects of the extracts on OFF egg hatching were dose dependent fashion. MSE/e
inhibited egg hatching most with LC,; of 591.12 + 30.26 ppm and CLE/e inhibited least with LC,, of
5,815.26 = 172.20 ppm. NLE/w and NLE/e had the same inhibition activity on egg hatching with LC,;
of 3,353.35 = 156.97 ppm and 3,625.14 T 162.38 ppm. The combination of ethanol extracts had higher
inhibition effects than those of water extracts. CLE/e + MLE/e processed highest inhibition with LC,,
of 475.19 £ 31.90 ppm.  MLE/e synergistically contributed its effect to NLE/e and CLE/e. while

CLE/e shown additive effect to NLE/e.



The anti-feeding activities of all extracts on OFF larvae were dose dependent. The water
extracts were more potent than those of ethanol extracts. At the highest concentration of 10,000 ppm,
CLE/w and MLE/w caused OFF mortality around 82%. MSE/e showed highest anti-feeding effect with
LC,, 0f 982.18 T 45.60 ppm. However, the effects of most extract combinations were reduced. NLE/e
T+ MSE/e processed highest anti-feeding activity of LC,,0f 1,194.63 T 46.64 ppm

The direct contact effects of the extracts on OFF larvae were conducted by dipping technique.
The effects of individual extracts were quite low. MSE/w showed highest effect with LC, of 2,220.36
+83.79 ppm. The combinations of the ethanol extracts were quite potent. NLE/e + MLE/e and CLE/e
+ MLE/e had LC,, of 652.80 Tt 13.15 ppm and 683.25 Tt 38.08 ppm respectively. It was noticed that
MLE/e synergistically and potentially enhanced other leaf extracts. CLE/e showed additive effect to
NLE/e.

The antifeeding activities of all individual and combined extracts on OFF adults were mild.
CLE/w had LC,; of 1,710.91 T 67.07 ppm. NLE/e + CLE/e showed highest antifeeding with LC,; of
1,605.87 * 67.93 ppm and NLE/w + MLE/w had LC,, of 1,785.91 & 81.37 ppm. It was found that
CLE/e enhanced the effect of NLE/e; MLE/w enhanced the effects of NLE/w and CLE/e enhanced the
effect of MSE/e, synergistically. Synergistic effects of extract combinations were possibly selective

options in making highest benefit of using plants in biological control of OFF adults.
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4.4 Direct contact effects of individual and combined extracts of neem, custard apple

4.5

5.1

5.2

and mintweed leaves and mintweed seeds by larval dipping at 24 hours. Data were
expressed as Mean of LC tSE,n=5.

Adulticidal efficacy of individual and combined extracts of neem, custard apple
and mintweed leaves and mintweed seeds on oriental fruit flies by feeding at 24
hours. Data were expressed as Mean of LC, TSE.,n=5.

Summary of ttotal phenolic compound content free radical scavenging activity
and cytotoxicity activity of the leaf extracts of neem, custard apple, and
mintweed and the seed extracts of mintweed.

Summary of the insecticidal activities of the leaf extracts of neem, custard apple
and mintweed and the seed extracts of mintweed on adult repellence, egg

hatching, larval feeding, larval dipping, and adult feeding. The data are expressed

as % repellence and the LC,, values of the rest effects.
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Adult female (left) and male (right) oriental fruit flies Bactrocera dorsalis
Hendel

The life cycle of most Tephritidae species is similar. The female implants its
eggs in the young fruit of the host plant. The larvae or maggots develop in the
flesh of untreated fruit by digging tunnels. The growth of the larvae
accelerates maturation of the fruit, which detaches and falls to the ground. The
larvae leave the fruit and the pupae develop in the top layer of the soil. Upon
emergence, the adult soon starts looking for the nourishment it needs to reach
sexual maturity, couple, and lay eggs.

Neem: Azadirachta indica A. Juss
Custard apple: Annona squamosa L.

Mintweed: Hyptis_suaveolens (L.) Poit.

The two-chamber container with a perforate divider and light. The smaller
chamber was for brine shrimp egg hatching. The larger chamber was for the
nauplii, migrated toward the light.

Radical scavenging of crude extracts of neem leaves (panel A), custard apple
leaves (panel B), mintweed leaves (panel C), and mintweed seeds (panel D).
Thin layer chromatographic fingerprints of neem leaf extracts and custard
apple leaf extracts. A: mobile phase system composed of ethyl acetate :
methanol : water at proportion of 81:11:8 (v/v/v). B: mobile phase system
composed of n-buthanol : gracial acetic acid : water at proportion of 40:10:50
(v/v/v). C: mobile phase system composed of chloroform : methanol : gracial
acetic acid at proportion of 47.5:47.5:5 (v/v/v)

Thin layer chromatographic fingerprints of mintweed leaf extracts and
mintweed seed extracts. A: mobile phase system composed of ethyl acetate :
methanol : water at proportion of 81:11:8 (v/v/v). B: mobile phase system
composed of n-buthanol : gracial acetic acid : water at proportion of 40:10:50
(v/v/v). C: mobile phase system composed of chloroform : methanol : gracial

acetic acid at proportion of 47.5:47.5:5 (v/v/v)
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39

4.1
4.2
43

4.4

4.5

4.6

4.7
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MUTYNN (AD)

Cytotoxic effects of individual extracts of neem, custard apple and mintweed
leaves and mintweed seeds monitored and screened by brine shrimp lethal
assay (BSLA). The toxicity was expressed as 50% lethal concentration (LC,,)
at 24 hours. N = neem, C = custard apple, M = mintweed, L = leaf, S = seed,
w = water and e = ethanol. Bars were S.D. (n = 6).

Cytotoxic effects of extract combinations between the same extract solvent.
The toxicity was by brine shrimp lethality assay and expressed as 50% lethal
concentration (LC,) at 24 hours. N = neem, C = custard apple, M =
mintweed, L = leaf, S = seed, w = water and e = ethanol. Bars were S.D. (n =
6).

Life cycle of oriental fruit fly Bactrocera dorsalis Hendel

Wire-net cage for rearing adult oriental fruit flies.

Artificial food and a cone-shaped device made from ripe fruits or artificial
food for egg laying of female adult oriental fruit flies.

Olfactometer, setting up with two 10-mL bottles at each end of the device; one
for the control and one test sample. A hole is in the middle for allowing the
test insect into the device.

Repellent effects of the leaf extracts of neem (NLE), custard apple (CLE) and
mintweed (MLE) and the seed extracts of mintweed (MSE) on adult oriental
fruit flies. A, individual extract treatments and B, combined extract treatments.
Data were % Mean & S.E. and n = 6.

Anti-Egg hatching effects of individual extracts of the leaf and seed extracts
of neem (NLE), custard apple (CLE) and mintweed (MLE / MSE), Oriental
fruit fly eggs were treated with extracts as designated concentrations. Data
were % Mean £ S.E. and n = 5.

Anti-Egg hatching effects of combined extracts (1:1) of the leaf and seed
extracts of neem (NLE), custard apple (CLE) and mintweed (MLE / MSE),
Oriental fruit fly eggs were treated with extracts as designated concentrations.

Data were % Mean = S.E. and n = 5.
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Anti-egg hatching efficacy on egg hatching of oriental fruit flies by the
extracts of neem, custard apple and mintweed leaves and the extracts of
mintweed seeds. A, LC,,at 24 of individual extract treatments. B, LC,, at 24 h
of combined extract treatments. Data were expressed as Mean T SE.andn=
5.

Larvicidal feeding effects of individual extracts of leaf and seed extracts of
neem (NLE), custard apple (CLE) and mintweed (MLE / MSE). Oriental fruit
fly larvae were fed with artificial food mixed with extracts as designated
concentrations. Data were % Mean T S.E. and n = 5.

Larvicidal feeding effects of combined extracts (1:1) of leaf and seed extracts
of neem (NLE), custard apple (CLE) and mintweed (MLE / MSE). Oriental
fruit fly larvae were fed with artificial food mixed with extracts as designated
concentrations. Data were % Mean T S.E. and n = 5.

Larvicidal efficacy of the extracts of neem, custard apple and mintweed leaves
and mintweed seeds on larval feeding of oriental fruit flies. A, LC,;at 24 h of
individual extract treatments. B, LC,; at 24 h of combined extract treatments.
Data were expressed as Mean T SE.andn=5.

Direct contact effects of individual extracts of leaves and seeds of neem
(NLE), custard apple (CLE) and mintweed (MLE / MSE) on larvae by
dipping, Oriental fruit fly larvae were dipped in individual extracts as
designated concentrations. Data were % Mean T SE.andn=>5.

Direct contact effects of combined extracts of leaves and seeds of neem
(NLE), custard apple (CLE) and mintweed (MLE / MSE) on larvae by dipping
Oriental fruit fly larvae dipped in combined extracts (1:1) as designated
concentrations. Data were % Mean = S.E. and n = 5.

Direct contact efficacy the extracts of neem, custard apple and mintweed
leaves and mintweed seeds on oriental fruit fly larvae by dipping. A, LC,, at
24 h of individual extract treatments. B, LC,; at 24 h of combined extract

treatments. Data were expressed as Mean T S.E.andn=5.
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Adulticidal effects of individual extracts of leaves and seed of neem (NLE),
custard apple (CLE) and mintweed (MLE / MSE) by feeding, Oriental fruit fly
adults were fed with artificial food mixed with extracts as designated
concentrations. Data were % Mean = S.E. and n = 5.

Adulticidal effects of combined extracts of leaves and seed of neem (NLE),
custard apple (CLE) and mintweed (MLE / MSE), Oriental fruit fly adults
were fed with artificial food mixed with extracts (1:1) as designated
concentrations. Data were % Mean T S.E. and n = 5.

Adulticidal efficacy of extracts of neem, custard apple and mintweed leaves
and mintweed seeds on oriental fruit flies by feeding. A, LC,, at 24 h of
individual extract treatments. B, LC,; at 24 h of combined extract treatments.

Data were expressed as Mean T SE.andn=5.
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(Handel).

ipm.ait.asia: Asian fruit fly IPM project. Available online at http://ipm.ait.asia/?page id=27.

Sengebau, F., Waqga, N., and Vueti, E.T. (2010). Fruit flies in Palau. PEST ADVISORY LEAFLET NO.
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http://www.aphis.usda.gov/hungrypests/oriental FruitFly.shtml

www.ars.usda.gov: Less Pesticide, Fewer Fruit Flies. Agricultural Research magazine /May-June 2007.
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2.3 14A9IUNBY (Oriental fruit fly —- OFF)
Scientific name: Bactrocera dorsalis Hendel
Synonyms: Dacus dorsalis Hendel, Chaetodacus ferrugineus var. okinawanus Shiraki, Musca

ferruginea Fabricius

DUNTIITIUVBIUNAIIUNDY
Taxonomic Rank
Kingdom: Animalia
Phylum: Arthropoda
Class: Hexapoda
Subclass: Pterygota
Order: Diptera
Suborder: Brachycera
Family: Tephritidae
Genus: Bactrocera

Species: Dorsalis
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Female Male

Figure 2.1 Adult female (left) and male (right) oriental fruit flies Bactrocera dorsalis Hendel
Source: Scott Bauer, USDA and von Ellenrieder, www.cdfa.ca.gov
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http://www.sccgov.org/
http://www.simplykitchengarden.com/

11

female male

pupa

1st instar larva

2nd instar larva

Figure 2.2 The life cycle of most Tephritidae species is similar. The female implants its eggs in the
young fruit of the host plant. The larvae or maggots develop in the flesh of untreated fruit by digging
tunnels. The growth of the larvae accelerates maturation of the fruit, which detaches and falls to the
ground. The larvae leave the fruit and the pupae develop in the top layer of the soil. Upon emergence,
the adult soon starts looking for the nourishment it needs to reach sexual maturity, couple, and lay eggs.

Source: Toppest.typepad.com
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5) M3 mnﬂmﬁ'aaﬁ 151A% - chemical control (Ronald, Mau and Matin, 2007)
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butanone] (Vargas, et al., 2000; Weems, et al., 2010; Kumar, et al., 2011)
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4) Post-harvest control
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3.1.1 a1 Neem (Azadirachta indica A. Juss)

Classification: Azadirachta indica A. Juss.

Kingdom Plantae — Plants
Subkingdom Tracheobionta — Vascular plants
Superdivision Spermatophyta — Seed plants LN )
Division Magnoliophyta — Flowering plants >t
cl Magnoliopsida — Dicotyled B A
ass agnoliopsida — Dicotyledons Figure 3.1 Neem:
Subclass Rosidae Azadirachta indica A. Juss
Order Sapindales

Family Meliaceae — Mahogany family
Genus Azadirachta A. Juss. — azadirachta

Species Azadirachta indica A. Juss. — neem

gz (Figure 3.1) ﬁﬂmﬁimwa%hl‘%ﬂﬂ (fungicide) (Geraldo, Arroteia, and Kemmelmeier,
2010) LAZHUBUAINAY (nematicide) (Schmutterer, 1995; Pundt, 2000) L?Juﬁwimﬁu (mite,
Tetramychus cinnabrinus) (Mansour et al., 1997) & LINNANETT ‘?'56 azadirachtin ﬁﬂmﬁ uﬂ“&ﬂua 1591
A Aeudamaay manaalvued cockchafer (Melolontha melolontha) (Kaethner, 1991) taz 1%
ﬂ?ﬂﬂuﬁﬁﬂ (fleas) qﬁmawm (Guerrini and Kriticos, 1998) #9123 1nNd e (Musabyimana et al.,
2001) nazeonlFazmnuundesssunandan uaz wanmsiiadagisiduiassudunadon
(Schmutterer, 1995; Agarwal, 1996; Alam, 1996; Mulla and Su, 1999; Joshi and Lockwood, 2000;
Daniel, 2000; Kumar, 2002). 48n91n0a15 azadirachtin Tulunazilaenazendanuiians gallic acid,
benzoic acid, p-coumaric acid, p-hydroxybenzoic acid, vanillic acid, and trans-cinamic acid

(Xuan et al., 2004)
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3.1.2 98111 Custard apple (Adnnona. squamosa L.)

Classification: Annona squamosa L.

Kingdom Plantae — Plants
Subkingdom Tracheobionta — Vascular plants
Superdivision Spermatophyta — Seed plants
Division Magnoliophyta — Flowering plants G
Class Magnoliopsida — Dicotyledons Figre 30 s tarppl:
Subclass Magnoliidae Annona squamosal L.
Order Magnoliales
Family Annonaceae — Custard-apple family
Genus Annona L. — annona

Species Annona squamosa L. — custard apple / sugar apple

4

[~ 1 [} 9
Wowriniluiawaldlungu custard apple family Tuilszms Inemnzilgnifesninaieriug

q

[ < ] Lo o
Annoana squamosa (Figure 3.2) ensanamantiosniinig cthanol 1ag methanol HgNTMIA A9
pulse (Callosobruchus chinensis) 1499 100% (Al-Lawati et al., 2002) tag M A4 khapra
[ <] 1w
(Trogoderma granarium) (Rao, Sharma, and Sharma, 2005) msanalutazmanisenidiauge
YA a [ dy Y EB = . =
ﬂ?ﬂﬂllllllaﬂllﬂﬂﬂﬁQTﬂ“Huﬂ YU WY Wui’)ut}hﬂ ANLLAIU WA LUAIN (Www.oisat.org) ﬁmﬂu“luwa
Hervlszneudie diterpenoid compound kaur-16-en-18-oic acid, Ol-pinene, sabinene Qg
limonene (Andrade et al., 2001) Gluﬁﬁﬁﬁjﬂslllﬁl’w petroleum ether ﬂizﬂﬁ)ll@%}ﬂﬂ n-alkanes, n-
. : Ly .\ .
alkanols, 16-hentriacontanone, and sterols @QWUﬁﬂWﬁmu gram-positive bacteria (Staphylococcus

aureus, Staphylococcus albus, WWQ Streptocorus viridans) Hagu gram-negative bacteria Escherichia

coli, Pseudomonas pvocyanea, W02 Klebsiella (Patel and Kumar, 2008)
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3.1.3 BN9ANA1 Mintweed (Hyptis suaveolens L., Poit)

Classification: Hyptis suaveolens (L.) Poit.

Kingdom Plantae — Plants
Subkingdom Tracheobionta — Vascular plants
Superdivision Spermatophyta — Seed plants
Division Magnoliophyta — Flowering plants
Class Magnoliopsida — Dicotyledons

Subclass Asteridae

Order Lamiales

Family Lamiaceae — Mint family

Genus Hyptis Jacq. — bushmint

Species  Hyptis suaveolens (L.) Poit. — mintweed / chan / pignut

o . o A Yo a X Figure 3.3 Mintweed:
uneana (Figure 3.3) udzayulng 145nmeinmsaadeoluy .
2 | Koy " Hyptis suaveolens (L.) Poit.
INMININUIAALED  (Wulff, 1987) !Lil\‘]aﬂﬂ']llf]ﬂ‘ﬁllﬁﬂ@]@i%@ﬁ'ﬂﬂji\m|JJU 114 (SWICU  10UU

7 9
commodities) (Mishra and Dubey, 1994) ﬁqmﬁ'm bacteria 19 gram-negative LY gram-positive
Y
(Asekun et al.,1999; Nantitanon, Chowwanapoonpohn and Okonogi, 2007) AUAN WaY Aphis gossypil
Glov. 18¢ Orthaga sp. (DUN Qll'iﬁf}a, 2540) AYUAN American ballworms (Heliothis armigera Hubn.)
o A o < a
('i“lfﬂ1ﬂ'iﬂfl’ Wﬂﬂﬂ"ﬁiin, 2544) unaslulsununanna (Palsson and Jaeson, 1999) tazg4d (Tanprasit,
2 2 v
2005) UszmnyunudioalurareiunveslanlFluuusdnasy W lfinaniulauuas (Aycard ef al,
1993) T essential oil aNAINUNIAAMNAITUTZABUNANAD 1,8-cineole, B-pinene, sabinene, B-

caryophyllene, Ol-pinene, 4-terpinenol, Ol-berganmotene, limonene, biclyclogermacrene, B-

phellandrene and, Ol-copaene, B-elemene, and eugenol (Preezada, 1997)
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Folin Ciocalteu’s phenol reagent, DPPH (2,2-Diphenyl-1-picryl hydrazyl radical) (a8 TLC

sheet, pre-coated silica gel 60F,., 910 Merck, Germany IATOIENA universal extraction Buchi model

254
B811 910 Buchi, Germany, Lyophilizer Y94 LabConco, U.S.A., Artemia salina 919 Sandders' " Great

o a 4
Salt Lake, Brine shrimp company, U.S.A. uazmsmﬁmm;‘gmimmmamﬂw

3.3.2 UHAIVRINBHAZMTANA
] @ < @ <3 1 a a ]
luazn  luddeewin  lunuedna ez waauuedna  nuluthuSnauminede
= =1 a Y A a % o A % = Y d'
maluTaggsnisuazusnalnamesseus uiImedae manuazealule duazdoa ouLInN
[ 1 < [ ] % o < @ <
45°C 2 Fu @rumdauusanan ez maaion Tagmsiounaagn/ARN Nz ¥ UIMAN HAIDUIR
A <3 Y Y I =
valunsuazaaura il uniazidea
[ A [ [ ?)I A A v o v . . A
11 WBUA 10 NS aNATUUINI® 95% ethanol 1UIATOIANADA 113IA universal extraction 9
a U o o e A < o A
QuUUANGINI 100° C szieesanane1l uazyiuiaale lyophilier # -54°C NURIERAN -20°C

' v A o a3 {
ig‘ﬁj']\‘]ﬂ’li‘ﬂﬂa@\jﬁ'ﬁﬁﬂﬂﬁﬂ']ﬂ'ﬁaza’]ﬂlléjjlﬂﬂﬁ 4°C
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3.3.3 MIIANTUTINa Total phenolic compounds (TPC)

ﬂ?mmmiﬂizﬂ@uﬂuaﬁﬂﬁ’wm (total phenoloic compounds - TPC) vosesana ludeian
(neem leaf extract - NLE) msanalufosni (custard leaf extract — CLE) A5ana luLuIana
(mintweed leaf extract — MLE) 118 @156 fTﬂLiJSﬂLUNﬁJ AA1 (mintweed seed extract — MSE) 1919873
Folin Ciocalteu’s method (Swain and Hills, 1959; Matthaus, 2002). azmamﬁﬁﬁ’mmxmimmgmﬁlu
methanol

ha130a19a29619 100 UL 1d1u 2 mL ¥4 Sodium carbonate 1y 2 U7 uarld 100 mL
Folin Ciocalteu’s phenol reagent c'i'?qazaw“lu methanol (1:1) U3 30 Y19 A absorbance ﬁ A, nm T4
pure gallic acid WHuasunas gmzﬁfﬁu M1 triplicate LaY ueraatSuauey total phenolic compounds

Rip milligram gallic acid equivalent (GAE)/L

3.3.4 Antioxidant activity 1ae DPPH assay
ARTIZVnUaNTRA antioxidation YeIEIENATABIANIN free radical scavenging activity AD
DPPH (2,2-Diphenyl-1-picryl hydrazyl radical) (sigma-Aldrich) #1875U09 Brand-Williams e al.,

. . v A S _ 9 ¥ . .

(1995) uag Sanches-Moreno, Larrauri and Saura-Calixto (1999) TasdSunlaswaniios 14 gallic acid
i positive control Lt6¥ methanol @ negative control B3 ENANTATAIATANANANITUTY 31.5,
62.5, 125, 250, 500 1@ 1000 ppm 14 methanol 11 0.5 ml @rsanaaza1s laluansazaiedad 0.2
Y I o < A =1 1Y) A 9
mM DPPH 11 1 ml methanol waulvdnauuaznulunia 30 w1 Jamsgauadn A, nm 14

g ' o ... o e ]
methanol 11/4 blank HaziAALANNTNTUIN triplicate AU percent Y93 DPPH  radicals Mvae

MNGATIE

. DPPH
%DPPH =  —— X 100
DPPH’,

o ) ® 4
DPPH z ANUYNVUUD DPPH %

L4 ) LIPS
DPPH . ANUUNVHUDYI DPPH nNlant

° & v 9 ® .
DPPH |, _, (Huanuiduduues DPPH 911981 0 (zero time)
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& o 4 { v ¥ °
uaasrailu % DPPH vl & na1ingaamt Aalil % ¥ee DPPH  radical scavenging activity

Y
‘Vi%@ % radical inhibition 611aqmsaﬂﬂﬁmmmﬂq@ﬁnmqﬁ

ASAMPLE
% Radical scavenging activity=1- ——— X 100
ACONTROL
A A~
A, e 10 absorbance YDIAITAS DYDY extract
[ )
A Ao absorbance U9391502 818 DPPH

CONTROL

Y 1 I @
Radical scavenging activity Yo sanaaIeduaalua NN NTUYIETANA (ppm) Naadsuu

° 2
DPPH adu'l 50% w%ﬁJu 50% inhibitory concentration (IC,,)

3.3.5 Thin layer chromatography (TLC) fingerprinting

Spot @13NA 5 ul fe capillary YU TLC sheet (2.5 x 7 cm) “?'N pre-coated f silica gel
60F,., 111 0.25 mm 9 @1r1ea199I1nda1eunis 1 em 11 spotted sheet 21911 125 ml beaker U359
10 ml solvent system #3111 mobile phase Tumsnaaesiild 3 solvent systems ﬁmmmuﬁq@ Ao
Ethyl acetate : methanol : water (81:11:8 v/v/v), n-buthanol : glacial acetic : water (40:10:50 v/v/v), and
chloroform : methanol : glacial acetic acid (47.5:47.5:5 v/v/v) mﬂtlf!}luﬂﬂ beaker i’ﬂfoTumiazmﬂ
s2ivio el solvent 293uA521181 1 em 5011 TLC sheet pon 1Y tazasvmMansdne

ue UV @i A,,, nm 195202 N1AA0UNYBIEITUU TLC sheet MUIMIZIZMUATOUNTUAT (R)

254

1 I @
L!ﬁ%ﬂWUﬂTWLﬂuﬁﬁﬂﬂ”lu

R. — Distance from start tocenter of sustancespot(cm)
f Distance from start tosolvent front (cm)




27

v
AAAa

3.3.6 naaaUANMTUNYADEMITIN (cytotoxicity) 1Al Brine shrimp lethal assay (BSLA)
a £ I a 1 an
AInerignsanulluiydaesadai1e3T Brine Shrimp Lethal Assay (BSLA) (McLaughlin
~ ¥ =t ' 2 o & 1 [ 4
and Rogers, 1998) Tagmsouimziaiion (120 g/1) lunassenwilu 2 o luminu mizdedes
. . J 9 ' <] a 1 dy A o Y
(brine shrimp — Artemia salina) Taela lUura (cysts) 1g/500ml lugesan Vagesiiionuuaidiy
° Ay . . A o o Yo 1 .. ' A A
NTZAIMAT 1809 brine shrimp #1 25°C Uszanm 24 ¥210a 1AA290U nauplii - do lWAreslnaiie

= (A .. = 1 ' <3 .
ANAANANIDOU nauplii ponuIInmE 1 lugeuan (Figure 3.4)

a;

=

/4
O |

Figure 3.4 The two-chamber container with a perforate divider and light. The smaller chamber was for
brine shrimp egg hatching. The larger chamber was for the nauplii, migrated toward the light.

>

219610 10 nauplii/10 pl Taluriquaes 24-well plate (Solis ef al., 1993) HU3359 4 mL imziaiionh
=\ [ 9 ] ] <3 [ =

nasanalugziar (NLE) lutiesni (ALE) Tunisanat (MLE tag iiaauisana (MSE) $9azat
T4 0.01% DMSO 1 10 - 1000 ug/mL 1@89A0 LAZUUIIUIU  nauplii 16N 24 FI1U9 NAALY 6

replicates ATUIUNI % corrected mortality @18 Abbot’s formula (Abbott, 1925)

n 114 T ¥4 treatment
Corrected % = (1 - ) * 100
n u Co a4 treatment

n = Insect population , T = treated , Co = control

UATIZHM 50% lethal concentration (LC,,) Tae Probit Analysis (Finney, 1971)
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v d
3.4.1 M50 UeANNINNA (Total phenolic compounds - TPC) HazgnsMueLYadass (Free radical

scavenging - FRS) ¥99a13ana

ﬂa = a 2 . v 9 ¥
51U U0ANNINNA (total phenolic contents - TPC) luansenaalevas ethanol 1y

az191 (NLE/w, NLE/e) 11ifoemii1 (CLE/w, CLE/e) Tunuaana (MLE/w, MLE/e) tasiiaauuaan

A1 (MSE/w, MSE/e) taaslu Table 3.1 TPC lumsanaizosninuin lidesasnuedisiidodinn

A0 NLE/e > CLE/w > NLE/w > CLE/e > MSE/w > MLE/w > MLE/e > MSE/e #401/311a19111)

338 1 41.83, 309 1 44.45, 297 +31.67, 261 £ 30.74, 254 = 30.51, 251 £ 31.55, 245 £ 26.48 uag

179 = 13.38 mgGAE/L auaau

Table 3.1 Total phenolic compounds and free radical scavenging by DPPH of the water and ethanolic

leaf and seed extracts of neem, custard apple and mintweed.

Total phenolic compounds

Radical scavenging inhibition,

Plant part Extract (mgGAE/L) DPPH (IC,,) (ppm)
Mean SD.,n=5 Mean SD,n=5
Neem leaf NLE/w 297 +31.67* 172.99 & 4.53%
NLE/e 338 1 41.83% 211.53 £ 8.61%
Custard apple leaf CLE/w 309 & 44.45% 163.55 X 8.99%
CLE/e 261 30.74% 218.62 Tt 3.64%
Mintweed leaf MLE/w 251 £31.55 288.92 £ 13.91
MLE/e 245 +26.48 22639 £ 6.22
Mintweed seed MSE/w 254 £30.51* 156.44 £ 3.99
MSE/e 179 = 13.28% 155.48 = 7.06

N - neem, C - custard apple, M - mintweed, L - leaf, S - seed, w - water and e - ethanol
t-Test analysis of variance, n = 5 and *significant difference between same plant (P < 0.05)
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1 o 90'
5113 TPC vpamsanaluaziaidie ethanol MINNNANAAE1 (NLE/e > NLE/w = 1.14)
1 -] 1 ’é = 1 [ 1
"1 TPC wodasanaluilosniing1e1iunnnNanade ethanol (CLE/w > CLE/e = 1.18 t111) TPC
Y 1
vosluuwadnaanaseasnzazaeniaeariia liuanaaduun (MLE/w = MLE/c) luvazi
4 ' o 1
TPC Y03UaALINaNMANAR81NNNIARARIY ethanol (MSE/w > MSE/e = 1.14 1411) TPC 404
[ o =\ A 9/%’ I o I = . 1
asanannuusdnaiUSnamndelniiluesvazats e1vdumsizansil polarity 810N

(Goli et al., 2005)

Ly

DPPH 1Huen3 1% hydrogen #3031 electron 14151U radical gnMW/MIREYYADATY (free
. . > 4 & = R y o X g
radical scavenging) vosensanavesiynIeusiaaisadalannmsly DPPH  &adlu free
. A g o A ! A o qu L ~ )
radicals NWIBNILTY electrons 130 hydrogen radicals o1 DPPH LﬂuINLaQaLﬁﬂﬂi 138 nNA
AR I . o aan (Y ® I ¥ =
MNAYFIAIMINTY phenolic compounds ¥271RATINY DPPH 17 1A DPPH Turanatddos
o d' X gJ/ o v [ ]
ANUTNTUYITISANAN A5 06U 0rIA DPPH |4 50% W50 50% inhibition concentration
(IC,,) uaaaly Table 3.1 Usz@niammmstivaeyyadaszvesasanaisoaninuinliviios nie
Y
Taeisean IC,, 9nAioo lundsil MSE/e > MSE/w > CLE/w > NLE/w > NLE/e > CLE/e >
MLE/e > MLE/w @41iA1 IC,, 155.48 £ 7.06; 156.44 & 3.99; 163.55 £ 8.99; 172.99 = 4.53;211.53 £
8.61;218.62 T 3.64; 226.39 T 6.22 11az 288.92 = 13.91 ppm (ug/mL) MUAIAL
1 1C,, vosesanaluagzial NLEAw 501 172.99 & 4.53 ppm A1 IC,, Y94 NLE/e 11101
211.53 & 8.61 ppm (Figure 3.5 A) A1 IC,, Y949 NLE/w < NLE/e 1.22 1M1 WU NLE/w ¥
Uszaninmdueyyadase 1dana1 NLE/e adwihiedan (P <0.05)
1 1C,, vosmsanaluifosrul CLEAw i1 163.55 & 8.99 ppm fi11C,, Y99 CLE/e 1111
218.62 & 3.64 ppm (Figure 3.5 B) CLE/w 1ilsz@ninmdueyyadase 1ddna1 CLE/e 1.34 11 (P
<0.05)
A1 IC,, VoI sanaluuuaanal MLE/w m1n1 288.92 & 13,91 ppm A1 IC,, Y84 MLE/e
[ % . é a A Y a 1 1 1Y
N 226.39 £ 6.22 ppm (Figure 3.5 C) Huilsz@niamdueyyaddss luuanaieny
A1 IC,, VoIETANANAALLIANAT MSEAV 1A 156.44 & 3.99 ppm t1azsi1 IC,, Y93 MSE/e
155.48 £ 7.06 ppm (Figure 3.5 D) Usz@ninwdoyyadas: luuanaanu
AMTANAWAAILIANAT MSE LAAY free radical scavenging activity gannensananydun

v

1 A o o A =1 Aa a 9 a 1 [V <
YNNUYTIAY P <0.05) Lll’t’)t‘]_r%EJ‘]JWIEJ‘]J‘IJ?SﬁﬂﬁﬂWW@TuﬂHyja@ﬁigigﬁ'JNE‘TT?E‘TﬂﬂTULLﬁ%LiJﬂﬂ
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uusanm Uszaninmdueyyadaszuos MSE/w > MLE/w 1.85 11 uag MSE/e > MSE/e 1.55

M
=) % % A a ="
Un ﬂjj'lullﬁﬂﬂﬁ']ﬁﬁﬂﬂﬁ%!ﬂW%?ﬂLﬂaﬂﬂlla31Uﬁ$£ﬂ1%1ﬂl%\1l‘lﬂﬂ]ﬂ\?ﬂﬁ%&ﬂﬁluﬂWaNﬁﬂﬂﬂWW
I . o w e o da! o a o 1 (3K o
Lﬂu radical scavenger N19A DPPH  A13¢) AUYUNUFUATITNIATAY LW]‘IJ%N"I’LM TPC UlllﬂNﬂu 13
o A v o w oy oA v 9 ¥ o Y 3
ﬁﬂﬂlﬂaﬂﬂﬁmﬂWﬂTﬁJ hexane N19% DPPH Ulﬂ 10 N ANNFITANAANIYUN ﬁ"liﬁﬂﬂﬂl‘l]ﬁglﬂ"lﬂ’w‘lﬂ
o w [ ] 9 1A ' v Y = ' v 9 v o g
137 DPPH vl,ﬂ 3 1IMANNHITANANIY methanol LD ﬂﬂ’ﬂf‘ﬂiﬁ'ﬂﬂﬂ?ﬂﬁ]‘lg}wuﬁﬂl@ﬂﬁ1§u@ﬁﬂ@8@61
[l [ Y
9U9  (Ghimeray, 2009) FIWadUPYYADAITVOIATANAlUAZIAININHANg W TADANADIND
= ¥y 2 < . L & g . v Y
M3IANEIATIH 8819 15NA AT azadirachtin HUTlY active compound vosaz luasanane 80%
1 v 9 9°/ =S A 1 . 1 a = z:i Y
methanol Q’\‘]ﬂ')'lﬁ?ﬁﬁﬂﬂﬂ'wlﬂﬂﬂlﬂﬂﬂ 200 1M Manjula (2011) Wmﬂuﬁztmaum&miﬂuma
4 [ 1 1 [ Sol [
NITLUNNY ﬁﬂﬂﬁjﬂﬂ ethanol, methanol ﬁﬂ%lﬂm TPC ‘]Jﬁ%lﬂﬂl 1.7 Lﬂ?ﬂ?ﬂﬂ??ﬁﬂﬂﬁ?ﬂﬂ? 1319
I @ o a 4 ¥
ANNAINITONL) Y radical scavenger ﬂl@ﬁﬁﬁﬁﬂﬂﬁ}’wﬁﬁazmﬂﬂﬁ 3 At (ethanol, methanol HaLU1)
1 1 % yQJ 1 o % o BO}
”lmmnmﬁﬂu 1!’f)ﬂ%'lﬂ‘ﬁfNW’U'J'ﬂ’UﬁgLﬂTulfVlEJ%']ﬂ 13 ‘iN“YT'Jﬂ‘ﬂ?ﬂﬂﬂﬂ?ﬂ‘l]ﬂﬂﬂﬁglﬂﬂulﬂﬂ ﬁﬂﬂﬁ?ﬂﬂ?
[ v J v @ [ v o { {
HU51% TPC naasnNudNWUSHNAUND radical scavenging activity azduWusnununlgnazian
(Sithisarn and Gritsanapan, 2005; Sithisarn et al., 2007)
o ' 1 4 ¥ [ 1
Uszmetluwadou  dmnainvesdoonuirldldmamsunndiuin - Snumatelsnu
'd
T‘iﬂ“]_al}Wiqu, (epilepsy), 19 (dysentery), %219 (cardiac problems), nihiia (fainting), W&1D (worm
9 F
infestation), NO4HN (constipation), 1ADABON (hemorrhage), Taa1z4@ (dysuria), 19 n3zw1e 1ilo
aendeusa (malignant tumors), Llﬁlﬁ@jﬂ (abortifacient) tagura luedeIznuANeIvIg (ulcer) (Yadav
1 ] 1 o W Aa o [
et al., 2011) wagwuNeenuuiuunasdAnUeIds antioxidants lusssumadmsuinulsald
o 9 vy YA g ) . .
U5 TPC vesamsanalutiosniine11@uiluais polar solvent 1¥iHa free radical scavenging
Y Y 1 v 9 2 g . .
#18 DPPH ldannansanadie ethanol #uiluas non-polar solvent (Kothari and Seshadri, 2010)
a o g’/ dyd ] o [ <3 o [
wammmﬂzﬂunwﬁnmmauﬂwmmuﬂu 'é)fJ'l\?lliﬂGniJ ﬁ'liﬁﬂﬂclﬂ@shﬂ ethanol "llf]\i‘if!}ﬂﬂ?iu'l
v J o w YA . (Y] 9 Y 1 .
MYNUT 4. squamosa N1IA DPPHO 1aa (Vanitha et al., 2010) UAG AT 08NN A. reticulate AL A.
muricata (Baskar, Rajeswari and Kumar, 2007)
Y
1 Aa A @ I o
Tunsanetl wunUseansan free radical scavenging vosmsana lutaziuaauueanai
9 EI 1 Y 1 v 9 v W o <3 9
AYUIANIN (Icso U9YNI) aNANIY ethanol LiaY ICso NﬂNHﬂ‘]J‘]J%iﬂﬂ!"Uﬂ\i TPC ﬂ\ﬁ]glﬂu]lﬂiﬂﬂﬁ"li
[ < o ~
anamAAINEN MSE/e 3 TPC iooliga uazudaq IC,, Y04 antioxidant activity 1Ag DPPH assay

Y A

voolga UuAo @15ANAYOILNIANAANARIY ethanol 1sLANTAIN free radical scavenging activity

(%

1 4 90} 1 o 4 4 2 1
mmmﬁaﬂ@ﬁ”mm uag q0ﬂ31ﬁ1iﬁﬂﬂﬁ%§uﬂ un ﬂﬁWuWUﬁWiﬁﬂﬂLliNﬂﬂﬂ1ﬁ'3ucl‘lj

u
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(Narayanaswamy and Balakrisnan, 2011) o FIiioau (aerial parts) (Khomdram and Singh,
H =l L% U .
2011) ﬁﬂ@ﬁ"wﬁmaz ethanol Y94 H. suaveolens UM IC,  UDY antioxidant activity WANUNU TPC G?N

o =2 3‘/ dy
ﬁuumémﬂﬁﬁﬂyﬂumm
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Concentration (ppm)

Concentration (ppm)

A. 110 100 —
£ 90 o 2 80
o 80 =
c = © = _
g 70 s i g 0 - — v
2 2 60 e
R : P
% 50 ¢ Water % 50 & Water
o 40 o 40 E
T 30 T 30
£ 20 _/ e Ethanol c .0 l4E e Ethano
S 10 1 S 10 { |
q | | | M
0 T T T 0 ! !
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
Concentration (ppm) Concentration (ppm)
C. 100 | 100
90 90
(@]
s -t 2
c 70 2
3 — e s 70 ’
© 60 — > 60 |
o 5 >
o 50 » 50 ’4
= o
S 40 & Water 8 a0 " ¢ Water i
T 50 < ¢
E e Ethanol 2 2 e Ethanol
i 10
0 I 0 1
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000

Figure 3.5 Radical scavenging of crude extracts of neem leaves (panel A), custard apple leaves (panel B), mintweed leaves (panel C), and mintweed

seeds (panel D).




33

3.4.2 Thin layer chromatographic (TLC) fingerprinting

= ) dy Y ~ . ~
Tumsfnpinsell Tamgduuumsuenvesasngnuuall (fingerprint profile) TnanfSeu o
. = d o A o aq Y A ~ v 9 1 ]
INTZVY mobile phase FuTuarsmazarsnihasngnyuall linaounuennUAIeIZeEN1A1NNY
9 1 aa a 1 a = 2 9 9y . Y
udwanaauiamuaivesasuaazatia Tumsaniilanaaosld mobile phase systems ula 3
FTUVNHNZANAINTOUENANTANA 1A 7D System A Uszneuale ethyl acetate : methanol : water Tu
OAI1TIU 81:11:8 (V/v/v) System B U52nUAIY n-buthanol : gracial acetic acid : water Tugasidiu
40:10:50 (v/v/v) 18g System C U32NOUAIY  chloroform : methanol : gracial acetic acid Tuoasiaiu
< 1 g [
47.5:47.5:5 (V/v/Iv) %zmu”l@’f’n mobile phase 3 systems Hansauenansai luasanavedluazian
[l o <} 1% 1 @ o
Tudeenin luuwedna uay waawana laaieny waz lauaummzvesasananIY mobile phase
system 1ufie arsanaluaziaenly mobile system A %350 B %30 C 1180 'l@ Fingerprints Y94 NLE/w
AA18YBY NLE/e (Figure 3.6) 11%1109@830 1 Fingerprints Y04 CLE/w Aa18ved CLE/e (Figure 3.6)
Fingerprint Y93 MLE/w AA8UDY MLE/e LAY Fingerprint Y939 MSE/w AA18v99 MSE/e (Figure 3.7) M3
' v o v g :
INADUNVOITITNYNBUANVDIE15ANATY mobile phase system uonBNINAUIULAVFINTZ O
4 { o o ] 1 v o o < { @ ¥
waeuNduld 3o R, VMUY TLC @ nuaduaasly Table 3.2 dwdunamiuaisnanasionill
] ] ] 1 o I J o
polarity §4n119 adsorbed UULHY TLC WUUNNATANARIY ethanol 1Tuwali lda R, é1 ondu ais
anaveslunusanmina R, Indifieany uazilionsavguaudlenas UV Al A, nm uavvesasilsingd
UANANAY (Table 3.2)
I a § Y 1
Thin layer chromatography (TLC) Wumaiinlumsasrnnidesduvesasanadiognans
A q Yy L. . L 9 A g ' ~ ) a o
ayulns MolA3 characteristic fingerprints (Josauuosiaayu sy nounazldmatinszaugs
' 3 anA a
WU high performance chromatography TLC fingerprinting %QLﬂu’Jﬁﬁﬁ%ﬂﬁﬂiumiﬂu%ﬁﬂmﬂWW
(quality) N913u1@ (semiquantity) wazl¥asromaudetulumsdsznovvesisayulnidis TLC
] I 4 ~ v [
fingerprinting 8319 n Tz rinyayulnsNIndgaWug (endangered medicinal plants) — Tuswimld 14
[ a 4 U 1 4 1 1 1 g’; [
MaNgIMYDY TLC fingerprints AATIZHMITIUA VOINY o0 1d@IUA1Y tHa iU ldmaununy Tag
nSeuiion R, 499 TLC chromatogram n1el@tasaine (VIS) UVA A ., nm uag A, nm (Zschocke e
P 4 = 1 = JREPN < g; 1A
al., 2000) uazldunsziimsnlasunlasdiulsznovvesivayu lnsimannmany awanwda
< o ' o a o
DNy 5 1/ (Stafford, Jager, and van Staden, 2005)  TLC fingerprint 63143 UNITAATIZHN
free radical scavenging activity UDIH13e fa'ldae (Lavhale and Mishra, 2007) wazld TLC fingerprint
4
asmmsdng luasanaiy lasfieun R, AUE1SMIATIIULTENT (Cui ef al., 2005; Anandjiwala ef

al., 2007)
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Neem Leaf Water Extract Custard Apple Leaf Water Extract

Neem Leaf Ethanol Extract Custard Apple Leaf Ethanol Extract

Figure 3.6 Thin layer chromatographic fingerprints of neem leaf extracts and custard apple leaf extracts.

A, mobile phase system composed of ethyl acetate : methanol : water at proportion of 81:11:8 (v/v/v)
B, mobile phase system composed of n-buthanol : gracial acetic acid : water at proportion of 40:10:50 (v/v/v)

C, mobile phase system composed of chloroform : methanol : gracial acetic acid at proportion of 47.5:47.5:5 (v/v/v)
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Mintweed Leaf Water Extract Mintweed Seed Water Extract

Mintweed Leaf Ethanol Extract Mintweed Seed Ethanol Extract

Figure 3.7 Thin layer chromatographic fingerprints of mintweed leaf extracts and mintweed seed extracts.

A, mobile phase system composed of ethyl acetate : methanol : water at proportion of 81:11:8 (v/v/v)
B, mobile phase system composed of n-buthanol : gracial acetic acid : water at proportion of 40:10:50 (v/v/v)

C, mobile phase system composed of chloroform : methanol : gracial acetic acid at proportion of 47.5:47.5:5 (v/v/v)
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Table 3.2 Comparison of R; values and color appearances of neem, custard apple, and mintweed

extracts separated by thin layer chromatography using three mobile phase systems. System A contained

ethyl acetate : methanol : water (81:11:8 (v/v/v)), System B contained n-buthanol : glacial acetic acid :

water (40:10:50 (v/v/v)), and System C contained chloroform : methanol :

(47.5:47.5:5 (v/v/v)). The band color was detected under UV A, nm.

glacial acetic acid

R, values
E; Neem leaf Custard apple leaf Mintweed leaf Mintweed seed
% extract extract extract extract
:
% NLE/w NLE/e CLE/w CLE/e MLE/w MLE/e MSE/w MSE/e
=
A | 0.40(DB) 0.34(DB) 0.24(DB) 0.14(B) 0.24(B) 0.24(G) 0.10(DB) 0.34(DB)
0.42(LY) 0.34(LB) 0.80(LG) 0.44(LY)
0.54(LG) 0.56(LG)
0.82(DG) 0.74(G)
0.82(DG)
B | 0.11(B) 0.31(Y) 0.06(B) 0.19(B) 0.15(B) 0.19(B) 0.12(B) 0.36(LY)
0.24(Y) 0.47(G) 0.14(B) 0.46(Y) 0.28(LB) 0.42(LB) 0.21(LB) 0.44(LY)
0.44(Y) 0.63(Y) 0.40(LB) 0.60(LY) 0.46(LY) 0.51(Y) 0.44(Y) 0.56(LY)
0.61(LY) 0.74(LY) 0.47(G) 0.82(G) 0.60(LY) 0.64(LY) 0.66(LY) 0.75(G)
0.58(Y) 0.80(LY) 0.81(LG) 0.78(LY)
0.84(DY)
C | 0.09(LB) 0.31(LB) 0.63(LB) 0.38(B) 0.35(B) 0.14(B) 0.24(B) 0.51(G)
0.31(G) 0.39(G) 0.49(LB) 0.56(LB) 0.50(LB) 0.40(LB) 0.65(LB)
0.49(LG) 0.50(LG)
0.66(Y)

N - neem, C - custard apple, M - mintweed, L - leaf, S - seed, w - water and e — ethanol; DB - Dark brown, LB - Light
brown, B - Brown, DG - Dark green, LG - Light Green, G - Green, LY - Light yellow, and Y- Yellow.
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3.4.3 anailuniudeisan (cytotoxicity) YoIa13ana
£ = A 2 I a . A .
A1300NONTN NI IMNADUNIHUAUNY (toxic) NUTVUNIN (high dose) NMTATIVNT
I a a A Y o J <3 .
AN UNYYOIAITTITNINANNNY 1A [Asg1INMIMevoIdaivIaEn (in vivo lethality) M3
3n512¥A2¢8 Brine Shrimp Lethality Assay (BSLA) i bioassay system Aazadn algoe i
Y Y [
uaz lidesmamitaeaisouas hidedlddaivugs osnnlddedes dremia satina 13
dainaaseduuuy
Tumsasgimanuiluiyvesasasauaaziy (single extract treatment) WU ENAAA
= Q’ a 1 [ 901 1 S W o 3 [
Tufiaao ethanol Hignivesnnuiluivganhadadnieduivivddy P < 0.0 assdwdiy
Y ==Y 1 (%3
MsanANaAuNIanMAIE TN RN NANARIY ethanol (P < 0.05) (Figure 3.8 1oz Table 3.4)
50% lethal concentration (LC,,) 91 24 41 Tuswesansanaizesnintiesluin wievingnsuin lilies
flo MLE/e > MLE/w > MSE/w > NLE/e > MSE/e > CLE/e > NLE/w > CLE/w 41Jfi1 LC,, 11111
0.14 £ 0.02, 0.86 £ 0.07, 3.65 & 0.41, 6.33 £ 1.12, 6.37 £ 0.60, 27.78 & 3.27, 48.37 £ 5.13 uag

o w o < @ a J o 4
115.06 & 8.97 ppm mwd 9l tazansanalutazmaauuianmINygaInNasanansou
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Figure 3.8 Cytotoxic effects of individual extracts of neem, custard apple and mintweed leaves and
mintweed seeds monitored and screened by brine shrimp lethal assay (BSLA). The toxicity was
expressed as 50% lethal concentration (LC,,) at 24 hours. N - neem, C - custard apple, M - mintweed,

L - leaf, S - seed, w - water and e - ethanol. Bars were S.D. (n = 6).
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NLE/e (LC,, = 6.33 ppm) WH4nI1 NLE/w (LC,, = 48.37 ppm) 7.7 1011

CLE/e (LC,, = 27.78 ppm) WHg4n 1 CLE/w (LC,, = 115.06 ppm) 4 (1
MLE/e (LC,,=0.14 ppm) W31 MLE/w (LC,, = 0.86 ppm) 6 (¥

Ay 3 o 1 = 1 gdy [ o [ A %
‘VNH@TI]HJHLWT]%ﬂWﬁL!EJﬂﬁ']ﬁﬂﬁ%ﬂ@ﬂﬂﬂﬂﬂWﬂﬁ?ﬂﬂNW‘b’LWaWHGUHﬂ“]JﬁWﬁ’T]aza']fJﬁluﬂWﬁﬁﬂﬂ ADUN

8¢ ethanol (Pisutthanan, 2004; Goli et al., 2005; Ghimeray, 2009; Manjula, 2011)

dowau 2 msanasaiadisasiazaeriafedy ivues NLEw + CLEw (LC,,
10.95 ppm) MANNNBYDI NLE/w (LC,, 48.37 ppm) 4.4 (M1 1az1INANNYUYBI CLE/w (LC,, 115.06
ppm) 10.5 11 (Figure 3.9, Table 3.3) uamdwﬁﬂmﬁ?uqm% (synergistic effect) 1N BUDY NLE/w
18z CLE/w 1NnAIA NLE/w + MLEA (LC,, 7.25 ppm) aAWHY03 MLE/w (LC., 0.86 ppm) 13 11
UAAINITAANY (reduction effect) Y93 MLE/w

MINANTTNINATARARIY ethanol Puaasiinluiueudsad NLEe + CLE/e (LC,, =

1.52 ppm) WHLINNI1 NLE/e (LC,, = 27.78 ppm) 4 111 1iag11An1 CLE/e (LC,, = 27.78 ppm) 18 1N

LCso (ppm)

Figure 3.9 Cytotoxic effects of extract combinations between the same extract solvent. The toxicity was
by brine shrimp lethality assay and expressed as 50% lethal concentration (LC,) at 24 hours. N - neem,

C - custard apple, M - mintweed, L - leaf, S - seed, w - water and e - ethanol. Bars were S.D. (n = 6).

r'd
v @ o [ ' 1 a I a
ﬂ'liWﬁllﬁ"liﬁ'ﬂﬂl!ll\‘]ﬁﬂﬂ'lﬂUﬁ'liﬁﬂ@clﬂﬁglﬂ']l,mgslﬂﬁj@EJ‘I’T’L!'] WTJ'JTL]‘VI‘ﬁﬂ’NiJUJuW‘H"U@Q

asataaAINanaIedanad 1l lasT o3 Ui B YeIa1sANaY NLE/w + MSEAv (LC,, 11.04
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ppm) MSE/w &4iiA1 LC,, 3.65 ppm WHaAad 3 1M11ag NLE/w ag CLE/e + MSE/e (LC,, 5.24
ppm) INNBYDI MSE/e (LC,, 6.37 ppm) 83 1.2 1111
< PR £ o ' o v 3 a v
WU AN gNFURIETANANANIEHINESANATUAIY  ethanol  naasnmiluny1é
1 1 1 % z ) 7 o 2
1AM (LC,, Hoon1) minauizvInasanaludletiediidedinny (P < 0.01) (Table 3.4)
A < . 1 1 @ <3 [
MLE/e &34 NBIUUL synergistic effect 11 CLE/e 118 NLE/e UamMsHauiiansanamanaanaie
2 o ya ' ' A v o w A = v a
11 (MSE/w) Mliiizanas (LC,, 11nn21) sgnliiednny (P < 0.05) wanlJeumeunuasne)
a 2 X 1 1 1 @ o @ a £ I a @ o
uaz NN (LC,, 11nn11) pee lilitdediny maesugnianuiunvvesensananan azvild
awnsadenldmsanalulSuadosaua ldlszaniamgeniuazlszudanldneldunna
1 3’; Y] { [ I Y £ [
uazA1 LC,, Mvesansanameavsomsananauaziluaudonlumstnumageugnivesaisana

Tufoulvduq ol

Table 3.3 Cytotoxicity of individual and combined extracts of neem, custard apple and mintweed leaves
and mintweed seeds, determined by brine shrimp lethal assay (BSLA). Data are expressed as Mean T
S.D. of LC,, (ppm) at 24 hours.

LC,, (ppm), 24 h.
Mean T S.D. (n=26)

Plant extract Water extract Ethanol extract P-value
Individual

NLE 4837 % 5.13 6.33 £ 1.12 0.000%**
CLE 115.06 = 8.97 27.78 £3.27 0.000%*
MLE 0.86 £ 0.07 0.14 £ 0.02 0.000%**
MSE 3.6510.41 6.37 £ 0.60 0.004%**
Combination

NLE + CLE 10.95 £ 0.74 1.5210.31 0.000%**
NLE + MLE 7.2510.88 0.07 £ 0.01 0.000%**
NLE + MSE 11.04 = 1.49 473 £ 0.54 0.000%*
CLE + MLE 8.4210.72 0.65 10.08 0.000%*
CLE + MSE 8.93 1+ 0.60 524 1.16 0.002%**

Note: NLE - neem, leaf extract, CLE - custard apple extract, MLE - mintweed leaf extract, and MSE-
mintweed seed extract. ** significant difference at P < 0.0/ and * significant difference at P < 0.05,
analyzed by t-Test of variance
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3.5 ajUwamanaasy
= o j} Y = o 9 1 o <
MIAnIRUANLABIAUYINg N UANVBIMTanA lUaIAT WoEN U UINENA1 azINER

a 1
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ae'ld ad19lsnan dunarulain cytotoxicity #oAnd0InUYTNY total phenolic compounds VD4

A159NA LANNAUNY free radical scavenging



41

Table 3.4 Summary of total phenolic compound content, free radical scavenging activity and

cytotoxicity activity of the leaf extracts of neem, custard apple, and mintweed and the seed extracts of

mintweed.

Total phenolic cpd Inhibition of DPPH Cytoxicity, BSLA
Extract (mgGAE/L) (IC,,) (ppm) LC,, (ppm), 24 h.

Mean S.D.,n=5 Mean T S.D,n=5 Mean SD.,n=6
NLE/w 297 X 31.67* 172.99 & 4.53% 48.37 £ 5.13%*
NLE/e 338 1+ 41.83% 211.53 £ 8.61% 6.33 1 1.12%*
CLE/w 309 & 44.45% 163.55 & 8.99% 115.06 & 8.97%*
CLE/e 261 £ 30.74* 218.62 T 3.64* 27.78 £ 3.27%*
MLE/w 251 +31.55 288.92 = 13.91 0.86 1 0.07%*
MLE/e 245 1 26.48 226.39 £ 6.22 0.14 & 0.02%*
MSE/w 254 £30.51% 156.44 +3.99 3.65 1 0.41%
MSE/e 179 & 13.28% 155.48 = 7.06 6.37 1 0.60%

N - neem, C - custard apple, M - mintweed, L - leaf, S - seed, w - water and e - ethanol
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Biological Control of Egg, Larva and Adult

Oriental Fruit Flies (Bactrocera dorsalis Hendel)
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Figure 4.1 Life cycle of oriental fruit fly U99UNAIIUND Bactrocera dorsalis Hendel

Source: http://ipm.ait.asia
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Figure 4.3 Artificial food and a cone-shaped device made from ripe fruits or artificial food for laying

eggs of female adult oriental fruit flies.
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Figure 4.4 Olfactometer, setting up with two 10-mL bottles at each end of the device; one for the control

and one test sample. A hole is in the middle for allowing the test insect into the device.
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NLE/w + CLE/w (78.00 & 2.60%); NLE/w + MSE/w (76.67 % 2.46%) 11a¢ NLE/w + MLE/w (73.33
+ 2.25%) ﬁJwyﬂwﬁmﬁﬁqw%qwimaziﬂ&ﬁmﬁu (Figure 4.5 B) CLE + MLE ttag CLE + MSE

4 1 =S o
uarasgnsms lalndiReeiu Uszana 50-65% (Table 4.1)
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Figure 4.5 Repellent effects of the leaf extracts of neem (NLE), custard apple (CLE) and mintweed
(MLE) and the seed extracts of mintweed (MSE) on adultn oriental fruit flies. A, individual extract

treatments and B, combined extract treatments. Data were % Mean + SE.andn=6.
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WU MLE/w 1182 MSE/w ﬂi]ﬂlﬁ%lli]‘ﬂ% (synergistic effect) 71518 Y99 NLE/w um'aﬂqw% (reduction

effect) M5 18v09 CLEAw tagluiueudsin NLE/e aagnived MLE/e uaz MSE/e 08191

Y] [

4
vedAy gnBms lauuasiunesvesasanaagylu Table 4.1

Table 4.1 Repellent activities of individual and combined extracts of neem, custard apple and mintweed
leaves and mintweed seeds on adult oriental fruit flies at 24 hours. Data were expressed as % Mean £
S.E.,n=6.

% Repellence
Mean T S.E. (n=06)

Plant extract Water Extract Ethanol Extract P-value
Individual
NLE 46.41 £ 2.59 69.20 = 1.96 0.002%*
CLE 60.23 £ 2.10 70.00 = 1.42 0.024*
MLE 3333+ 2.54 7333t 1.45 0.000%**
MSE 50.00 2.43 74.00 = 5.04 0.031*
Combination
NLE + CLE 78.00 1 2.60 56.66 = 2.64 0.029*
NLE + MLE 73331225 60.00 = 4.07 0.033*
NLE + MSE 76.67 X 2.46 33.33 £3.27 0.000%*
CLE + MLE 55.25 1 2.00 50.00 1 5.43 0.937
CLE + MSE 66.25 1+ 3.64 61.25 +3.24 0.065
Note:

NLE - neem, leaf extract, CLE - custard apple extract, MLE - mintweed leaf extract, and MSE -
mintweed seed extract. ** significant difference at P < 0.0/ and * significant difference at P < 0.05,
analyzed by t-test of variance
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< @ v 9 %’ Y = 9y 9 ' v Y £y ' [ '
Haziaauudana1 (MSE) anan8UILasalY ethanol T]ﬂ’ﬂlll"llh"lluﬂ1ﬂu6lﬂf|1/]‘ﬁkliﬁmﬂG]NﬂLlf]EJN
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liednny (Figure 4.6 A, D) @2U CLEAw dudamaitn'lvldnnni1 CLEe fanududas 2.500
ppm (Figure 4.6 B) A5991UNY MSE/e ﬁqw%qwﬁ MSE/w ﬁmmwﬁ’u%’uﬁw 2,500 ppm (Figure 4.6
D) fhuqm%nmugmﬁmmmammﬂuﬂﬂllﬂimmmiaﬁ’ﬂwﬁuiué’@ﬁdm 1:1 YBaeNIANUY AU
N wm'mm?ﬁuﬁummg%’n%’mmmiﬁﬁ@ (concentration dependent) 118 FIHANVBITITANA
&6 cthanol  taraagnamsdudamsitnldldunniedniiveddnyiinndudud 2,500 ppm
o NETHANT21 19 NLE/w + MLE/w uananei NLE/e + MLE/e iileadinifos (Figure 4.7 B)
Uszantnmvesgnsnnnududuiiannsodudinsin 1618 s0% nie L, § 24 $Tua
uansly Figure 4.8 A uaz B 18z Table 42  MINAdoUSIOEITanaARoIMUT MSE/e AR
Uszaniamgega U LC,, 591.12 £ 30.26 ppm Ysz@nSnmsesasuine MSEw a1 LC,,
1,098.66 & 30.40 ppm  ensanaluazien NLEAw uaz NLE/e fisz@ntmudwazIndifosiu fim
LC,, 3,353.35 & 156.97 ppm Wag 3,625.14 T 162.38 ppm MWEG 1ag CLE/e Hisz@nnmion
figa LC,, 1y 5,815.26 % 172.20 ppm (Figure 4.8 A L1 Table 4.2) UszAnnmueseseaiafen
Tumséudamsitnvuuasfumeaizesnnuinifesdail MSE/e > MSEAv > CLEAv > MLE/e >
MLE/w > NLE/w > NLE/e > CLE/e daumimﬁaqu%mmmiﬁﬁ’ﬂwam'@miﬁﬂ"hi WUNET
HANTLHINENTANARIY ethanol ﬁﬂiﬁﬂ%ﬂM?}ﬂdii}ﬂ%ﬂﬁwﬁmzwdwmﬁﬁﬁﬂﬁ’aﬂﬁw CLE/e +
MLE/e fitlsz@nTaminniiga A1 LC, 475.19 231,90 ppm s NLE/e + MLE/e fifi1 LC,, iy
666.76 T 62.27 ppm (Figure 4.8 B 112 Table 4.2) d‘;laflglﬁ)n?m?ﬁ MLE/e !,ﬁaﬁlli]‘l/]% (synergistic effect)
¥94 NLE/e a2 CLE/e Tuvaizii CLE/e 1ign® (additive offect) 1970 NLE/e MINIUANUNATU
nodszes 193973 I sanamdauuaanal (MSE) sg@ey wieldmsanalumedna nield
nsafaNTIIEH N atadIY ethanol faeru lindsldasadaazimeafenitensningu

Y
segziln latl
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Figure 4.6 Anti-egg hatching effects of individual extracts of the leaf and seed extracts of neem (NLE), custard apple (CLE) and mintweed (MLE /
MSE). Oriental fruit fly eggs were treated with the extracts as designated concentrations. Data were % Mean T S.E.andn=>5.
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(MLE / MSE). Oriental fruit fly eggs were treated with the extracts as designated concentrations. Data were % Mean T SE.andn
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Figure 4.8 Anti-egg hatching efficacy of the extracts of neem, custard apple and mintweed leaves and
the extracts of mintweed seeds on egg hatching of oriental fruit flies. A, LC,;at 24 of individual extract
treatments. B, LC,; at 24 h of the combined extract treatments. Data were expressed as Mean Tt S.E.

andn=>5.

Table 4.2 Direct contact toxic effects on egg hatching of oriental fruit flies by dipping eggs in
individual and combined extracts of neem, custard apple and mintweed leaves and mintweed seeds at 24

hours. Data were expressed as Mean of LC T SE.,n=5.

50 —

LC,, (ppm),24 h
Mean T S.E. (n=15)

Plant extract Water extract Ethanol extract P-value
Individual
NLE 3,353.35 £ 156.97 3,625.14  162.38 0.087*
CLE 1,551.40 £ 67.23 5,815.26 £ 172.20 0.000%*
MLE 2,920.27 £ 55.92 1,798.12 £ 87.59 0.000%*
MSE 1,098.66 T 30.40 591.12 £ 30.26 0.000%*
Combination
NLE + CLE 2,644.43 = 109.53 1,567.75 £ 31.84 0.020%*
NLE + MLE 1,207.63 *70.25 666.76 T 62.27 0.003%*
NLE + MSE 3,277.69 £ 37.02 1,001.48 & 63.59 0.000%*
CLE + MLE 2,902.43 1 50.67 475.19 £ 31.90 0.000%*
CLE + MSE 2,934.66 1 54.94 1,880.97 = 41.46 0.000%*
Note:

NLE - neem, leaf extract, CLE - custard apple extract, MLE - mintweed leaf extract, and MSE-
mintweed seed extract. ** significant difference at P < 0.0/ and * significant difference at P < 0.05,
analyzed by t-test of variance
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4.4.3 q‘n?;mmmsaﬁ’ﬂdam‘smuquﬁ'séammaﬁumﬂﬂﬂm‘sﬁu (Larval feeding)

MIMOVBINUBUAIBOY (larvae) tuaviuneslasmsauaisaiavesissiamorn Idkan
luomsiienluszdunnududuvesmsatame fu i 24 $rlue wuhgninsauguruen
s TuRUADAMUITTY (concentration dependent) m3aARAIBYTgNTINIHMOUINAITUNDS
Mol dnnNaTasade ethanol  ontuasaraluiLadnMgIe ethanol Hnsmsanueu'ld
nnhasatadieifiendnies  finnududud 2,500 ppm CLEAw hldnuoumelduniiga
Uszanas 64% (Figure 4.9 B) ez MSE/e vhl¥vueumuiosiigauszana 37% (Figure 4.9 D) 34
Yosnd1 MSE/w 1.7 w11 uaiianuiudugs 10,000 ppm CLEAw tias MLE/e sl vuoumeniisy
Apseu™ 82% (Figure 4.9 B, C)

dauquﬂmmiﬁﬁﬂwﬁmiamsmﬂmamuammm WUNATHANTEHINATANAAIY
ethanol Tqnsmsanuenldanasnauszieasaiadio (Figure 4.10)  NLE/e + MLE/e
Anuutud 2,500 ppm Msanuouunaslfinniiqa 69% (Figure 4.10 B) gz NLE/e 4+ CLE/e
AnuduTuge 10,000 ppm Misanueuuwadlduniiqa 86% (Figure 4.10 A) Furmrugnsves
NLE/e + MLE/e (Figure 4.10 B)

UszAnsamvesiivdensiisanuenmuasiuneslasmsiu Ansanana LC,, Fudad
14 Figure 4.11 1z Table 4.3 NUN A13diARe MSE/e Tilsz@nSamaunniiga i Lc,, 982.18

v 9 [

45.60 ppm (Figure 4.11 A U2 Table 4.3) HazNUNATASANAUANG 92111 NLE/e + MSE/e
flsg@niamaunniiga a1 LC,, 1,194.63 & 46.64 ppm (Figure 4.11 C) sz@nTamues NLEe +
MLE/e In§iReari NLE/w + CLEAw $93f1 LCS0 1,486.76 £ 36.11 ppm 1182 1,551.01 & 82.27 ppm
AUEINY (Figure 4.10 B g Table 4.3) 9219191 MLE/e Gﬁamﬁ?mqm? (synergistic effect) 1911A
NLE/e Lmzzﬁuquﬁ( (additive effect) 1A CLE/e  fuiumsmsanueuimasiunealaomsIdin
asasasans iasasameveddutoeniiginh  (CLEw)  uazvesssanalumdnmés
ethanol (MLE/e) U3 ananay Ad5 19asnaNszH1e NLE/e + MSE/e 122 @5HauseHIedns

9
ﬁﬂ@ﬁlﬁﬂ ethanol "IJ’ENﬁGD'VN 3 BURA
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Figure 4.9 Larvicidal feeding effects of individual extracts of leaf and seed extracts of neem (NLE), custard apple (CLE) and mintweed (MLE /
MSE). Oriental fruit fly larvae were fed with artificial food mixed with the extracts as designated concentrations.
Data were % Mean = S.E. andn = 5.
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Figure 4.10 Larvicidal feeding effects of combined extracts (1:1) of leaf and seed extracts of neem (NLE), custard apple (CLE) and mintweed
(MLE / MSE). Oriental fruit fly larvae were fed with artificial food mixed with the extracts as designated concentrations. Data were % Mean T

S.E.andn=>5.
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Figure 4.11 Larvicidal efficacy of the extracts of neem, custard apple and mintweed leaves and
mintweed seeds on larval feeding of oriental fruit flies. A, LC, at 24 h of individual extract treatments.

B, LC,, at 24 h of combined extract treatments. Data were expressed as Mean T SE.andn=>5.

Table 4.3 Feeding toxic effects of individual and combined extracts of neem, custard apple and
mintweed leaves and mintweed seeds on oriental fruit fly larvae at 24 hours. Data were expressed as
Mean of LC., T SE.,n=5.

50 —

LC,, (ppm) at 24 h
Mean t S.E (n=5)

Plant extract Water extract Ethanol extract P-value
Individual

NLE 3,371.00 = 108.27 5,621.70 £ 101.43 0.009%**
CLE 1,568.34 1 47.50 4,088.79 * 125.29 0.000%**
MLE 2,707.80 T 120.38 2,658.39 1 132.40 0.021%*
MSE 2,128.22 £ 57.14 982.18 1 45.60 0.000 **
Combination

NLE + CLE 2,595.00 £ 95.55 1,783.29 £ 72.52 0.002%*
NLE + MLE 1,551.01 = 82.27 1,486.76 £ 36.11 0.020*
NLE + MSE 3,062.30 1= 81.81 1,194.63 = 46.64 0.000%*
CLE + MLE 2,338.58 1 43.41 3,340.76 1 33.79 0.000%*
CLE + MSE 2,700.43 = 65.13 2,166.98 = 79.67 0.000%*
Note:

NLE = neem, leaf extract, CLE = custard apple extract, MLE = mintweed leaf extract, and MSE=
mintweed seed extract. ** significant difference at P < (.01 and * significant difference at P < 0.05,
analyzed by t-test of variance
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4.4.4 q‘n?;éummsaﬁ’ﬂGi'e)n15ﬁuﬁﬁﬁuauﬁaéammaﬁuwm Tagmsguluasazate
(Larval dipping)

mImevesHuouNasiunesii 24 $aluemondimsgurvenlumsazasvessseria
FHAAED 5ﬂﬂm$%ﬂQQﬂ§ﬁ1iﬁﬁﬂlaﬂ?ﬂl@ﬂﬁﬁﬁﬁﬂiﬂﬁzlm wazvealunazmaaLaEnM TR
AN TUYDIEN3HA (concentration dependent) tANvsamsataTemM lVUF AT
Lmzi]ﬂ%ﬂlﬂﬂﬁﬁﬁﬁﬂ‘l@ﬂﬁﬁﬁfTﬂﬁ?ﬂﬁMﬁg ethanol uanaanu bin  esanatieonil CLEw ¥
Thvuoumeldunniigannanududu aesznang 63-81% (Figure 4.12 B) a1sanadzial NLE/w
1az NLE/e finnmndudus 2,500 ppm uaaagnsiinlinueumertooninlszan 34% (Figure 4.12
A finrndudiugs 10,000 ppm mrsasannsiaudaigns Indifeatu e shlinueumelszana
70-80% daqu%mmﬁwﬁﬁ’w% 1:1 (vAv) g

ansvesmsanalufiadae cthanol Msavueuwadldanhasatadiend qnives NLEe
+ MLE/e 2,500 ppm vhlfnuenmenniigadszins 72% uazanusudy 10,000 ppm viuoume
91% (Figure 4.13 B) ©UALIBA91A® CLE/e + MLE/e (Figure 4.13 D) ua¢ NLE/e + CLE/e
(Figure 4.13 B)

UszAn3amvesiivdensainueuuasiunesvesmsatadedeusiad e LC,,
vesasanAfeuanuaReusIege (Figure 4.14 A Uay Table 44) MSEAw fifh LC,, Youiigad
Wiy 2,220.36 T 83.79 ppm e lsRaasata@IdIcuaafivAnaisatadie cthanol
WHYDIANTHANTZHINATANANIY ethanol ADUYINA NLE /e+ MLE/e 118¢ CLE/e + MLE/e ifn
Lc,, Hoofigauazlndifieaiu fie 652.80 & 13.15 ppm e 683.25 & 38.08 ppm AW (Figure
414 B 18y Table 4.4) aziiuldsanunasanaluuuedna MLE/ mmiacl%lﬂuamﬁ?mm%
(synergistic effect) 1RuRasataluistuldaun uaz CLE/ 1i1i]$ﬂdJuamﬁamv1§ (additive effect)
1Hud NLE/e sy mImsaszeznueLYeLNad TUNeId M TR I atanauiieons
araluiuednmdie cthanol Wumsnan  msdszendldmsnaassiioranszin1dlag mssaiu

9 v
wisoaauunuaun Tauduliiiauslenung dludu
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Figure 4.12 Direct contact effects of individual extracts of leaves and seeds of neem (NLE), custard apple (CLE) and mintweed (MLE / MSE) on

larvae by dipping, Oriental fruit fly larvae were dipped in individual extracts as designated concentrations. Data were % Mean £ S.E. and n = 5.
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Figure 4.13 Direct contact effects of combined extracts of leaves and seeds of neem (NLE), custard apple (CLE) and mintweed (MLE / MSE) on
larvae by dipping Oriental fruit fly larvae dipped in combined extracts (1:1) as designated concentrations. Data were % Mean & S.E. and n = 5.
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Figure 4.14 Direct contact efficacy the extracts of neem, custard apple and mintweed leaves and
mintweed seeds on oriental fruit fly larvae by dipping. A, LC, at 24 h of individual extract treatments.

B, LC,; at 24 h of combined extract treatments. Data were expressed as Mean T SE.andn=>5.

Table 4.4 Direct contact effects of individual and combined extracts of neem, custard apple and
mintweed leaves and mintweed seeds by larval dipping at 24 hours. Data were expressed as Mean of
LC,, £ SE,n=5.

50 —

LC,, (ppm) at 24 h
Mean £ S.E (n=5)

Plant extract Water extract Ethanol extract P-value
Individual

NLE 3,256.96 & 190.82 4,300.95 £ 259.78 0.020*
CLE 2,977.18 £ 67.07 5,429.48 +110.37 0.000%*
MLE 3,222.85 1 152.44 2,650.98 1 143.79 0.028*
MSE 2,220.36 = 83.79 5,945.54 1t 40.00 0.000%*
Combination

NLE + CLE 2,673.76 = 114.68 1,685.06  67.93 0.002%*
NLE + MLE 1,912.25 £ 81.37 652.80 £ 13.15 0.000%*
NLE + MSE 3,134.99 = 108.62 1,177.86 X 106.46 0.000%*
CLE + MLE 3,029.40 T 83.91 683.25 T 38.08 0.000**
CLE + MSE 2,928.19 £ 111.59 2,380.19 £ 121.02 0.081
Note:

NLE - neem, leaf extract, CLE - custard apple extract, MLE - mintweed leaf extract, and MSE -
mintweed seed extract. ** significant difference at P < (.07 and * significant difference at P < 0.05,
analyzed by t-Test of variance.
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4.45 q‘n?;mmmsaﬁ’ﬂdam'smqummﬁ’uﬂmﬁaaﬁuﬁ’ﬂ Tagn3nu (Adult feeding)
ansvesasataluaze teontt wazuusdnm wazswdausdnmranluennsiond
anututuag IR iunesidntoan dunauanfosiauumasmoly 24 $2lus nuhi
ANUTUTY 2,500-10,000 ppm d5eRaluaziA1 NLEw tag luunedna MLE/w uﬁmqm%qaﬂdw
NLE/e 1182 MLE/e 13niios udmsania CLEAw 1z MSE/w nnainsuduiignigasznng ss-50%
1azgan CLE/e uaz MSE/e og1ainfudiay (P < 0.05) (Figure 4.15 B waz D) othalsfinwgns
eumnﬂfm'ﬁﬁ"@‘ﬁﬁﬂﬁlmamwﬁummmﬁ’m‘fu (Figure 4.15 A, B, C uaz D) daqu%mmmsaﬁ’ﬂ
NE WU ANANYDIATARARIY ethanol MsauNasldAeudIsAn MIHaNYRIMITARAdIB1
(Figure 4.16) NLE/e + CLE/e ﬁﬂﬁ}uummﬂ?}ﬁqﬂuﬂizﬁm’nm%’n%’u HUDIAY 59-95% (Figure
4.16 A) 1lag CLE/e + MLE/e M uaineg 52-90% (Figure 4.16 D)
YszANSMmveIiBvoIaIanAReIdeMIN UYL T UNBIRUANTE WU CLEMW 3

1,710.91 £ 67.07 ppm §191150I0901AD MSE/w 1A LC,,

UseanTamgenimnansana Ua1 LC,, 1,
2,021.28 Tt 83.79 uag MLE/w Uf1 LC,, 2,347.77 & 152.44 ppm luvaeh NLE/w uag NLE/e
Uszansmmivaunas i@ a1 Le,, Apud1aga 4,239.07 = 190.82 ppm 1ag 4,810.68 I 259.78

o w

ppm WAL (Figure 4.16 A 1@z Table 4.5) Usz@ninmaiuauuuasiunesduduiotos
AWEEURI CIEAw > MSEAw > CLE/e > MLEAw > MLEAv > NLE/w > NLE/e > MSE/e
MueudenulszaniamvesiymsatanauisaurasiunesduinJedronsnu Idunas

NLE/e + CLE/e fvaunaslagege iin1 LC,, 1,605.87 £ 67.93 ppm ag NLE/w + MLE/w §f1
LC,, 1,785.91 T 81.37 ppm (Figure 4.17 B 11ag Table 4.5) v2iviu1d9 CLE/e Lﬁ%iJf]Vll‘la; (synergistic
effect) 1%NU NLE/e MLE/w Lﬁ%i\lﬂﬂ,‘g (synergistic effect) 197 NLE/w uag CLE/e m?nqm%
(synergistic effect) 197U MSE/e Sautumamsanasunesiidn o ldmsasaluosnii

CLE/w wiioldmsananay NLE/e + CLE/e tag NLE/w + MLE/w lagldnaunue1risnieni

A Aqyr o o
Lﬁﬂﬂﬂisﬁﬁ@{ﬂﬂl!uﬁﬁﬁuﬂ@q
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Figure 4.15 Adulticidal effects of individual extracts of leaves and seed of neem (NLE), custard apple (CLE) and mintweed (MLE / MSE) by
feeding, Oriental fruit fly adults were fed with artificial food mixed with the extracts as designated concentrations. Data were % Mean T S.E. and

n=>5.
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Figure 4.16 Adulticidal effects of combined extracts of leaves and seed of neem (NLE), custard apple (CLE) and mintweed (MLE / MSE),

Oriental fruit fly adults were fed with artificial food mixed with the extracts (1:1) as designated concentrations. Data were % Mean 1+ SE.andn

5.
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Figure 4.17 Adulticidal efficacy of extracts of neem, custard apple and mintweed leaves and mintweed
seeds on oriental fruit flies by feeding. A, LC, at 24 h of individual extract treatments. B, LC,  at 24 h

of combined extract treatments. Data were expressed as Mean T SE.andn=>5.

Table 4.5 Adulticidal efficacy of individual and combined extracts of neem, custard apple and mintweed
leaves and mintweed seeds on oriental fruit flies by feeding at 24 hours. Data were expressed as Mean
of LC,, X S.E,n=5.

LC,, (ppm) at 24 h
Mean £ S.E (n=5)

Plant extract Water extract Ethanol extract P-value
Individual

NLE 4,239.07 1 190.82 4,810.68 £ 259.78 0.071
CLE 1,710.91 + 67.07 2,217.21 £ 110.37 0.000%*
MLE 2,347.77 £ 152.44 3,295.75 1 143.79 0.062
MSE 2,021.28 £ 83.79 6,970.40 = 40.00 0.000%*
Combination

NLE + CLE 3,142.13 £ 114.68 1,605.87 £ 67.93 0.002%*
NLE + MLE 1,785.91 = 81.37 2,102.86 £ 13.15 0.000%*
NLE + MSE 3,193.85 = 106.62 2,227.32 X 106.46 0.000%*
CLE + MLE 2,483.26 = 83.91 2,349.39 £ 36.08 0.082
CLE + MSE 2,784.36 £ 111.59 2,568.26 1 121.03 0.081
Note:

NLE - neem, leaf extract, CLE - custard apple extract, MLE - mintweed leaf extract, and MSE -
mintweed seed extract. ** significant difference at P < (.07 and * significant difference at P < 0.05,
analyzed by t-Test of variance.
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511 Ysnaesdsznevilueannaring uaz MamIneyyadasz (Total phenolic compounds

and Free radical scavenging)

A [ 9 ] [ <
ﬂ'liﬁﬂ}l'lﬂﬂ!ﬁﬂ‘]JWVINWi]ﬂ'iel'llﬂflﬂJ@QﬁWiﬁﬂﬂiﬂﬂl’ﬂ\iﬁgm'l HUINUWASLUIANAT Lasiuaa
@ @ =~ a 2 . 9 ant
wsan lagdalsuaansisenouueannavua (total phenolic coumpounds — TPC) A2835U04
. . s ] ldg! [ d' Y o 1Y lds! [ a 1
Folin Ciocalteu’s method Wmnﬁmmmm TPC "lmuﬂuﬁﬁﬂ% MANALAVUNUYUALAS T IUVDN

A d‘ A 1 a 1 1 a d’d . 9 1 [
NY DI1VUUDINNNYLUADSTUALDSHUAASTIUNAATIINY polarity WINUDIANNUY SIEFTRLN TPC Tuens

v o o A

anaizesnnn lildesaeiuedieiiisdinny Ao NLE/e > CLE/w > NLE/w > CLE/e > MSE/w >
MLE/w > MLE/e > MSE/e Gaiifuni1ify 338 £ 41.83; 300 & 44.45; 207 £ 31.67; 261 & 30.74; 254
+ 30.51; 251 £31.55; 245 £ 26.48 1Az 179 £ 13.38 mgGAE/L muddy aaunaauilududeons
mq?”u ( antioxidant activity) Tﬂaﬁ”ﬂmsﬁﬁﬂ@waéﬁ 3% (free radical scavenging) 1a87% DPPH assay

a ' { v [ o '
AnsannnmanuNduiasanadwisomIneyya  DPPH 14 50% wse IC, WU

[ a

Uszansammsmvaeyyadaszvesmsanaiesninun lviles Tasar 1c,, Heswnanios

11931l MSE/e > MSE/w > CLE/w > NLE/w > NLE/e > CLE/e > MLE/e > MLE/w #41ia1 IC

50

155.48  7.06; 156.44 1+ 3.99: 163.55 £ 8.99; 172.99  4.53; 211.53 £ 8.61; 218.62 T 3.64; 226.39

Tt 6.22 1ay 288.92 £ 13.91 ppm ATanANAALNIGNAT MSE LEA free radical scavenging activity

v o

gannensananydus egnlitvdfy (P < 0.05) wu UYszANTAIN free radical scavenging V09
[ < @ %} = 1 1 [ v W
asana lutazaaeanaaetiiana (IC,, 1eena1) anaalo ethanol tag IC,, HNAUNDLSUAL

@ < Y <} @ A 1 a A
Y09 TPC avziu laninasanamaauuean MSE/e 3 TPC osiiga ualilsz@ninmaiuoyya

aaszldanaa
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5.1.2  Thin layer chromatographic (TLC) fingerprinting
= Yy Ay X g ¥ . Y, a

TumsAnyinseil ldnaaeuiiosdu 14 mobile phase systems wld 3 szvuiaunsouenais
anala Ao System A Usznouaie ethyl acetate : methanol : water Tuoasidau 81:11:8 (viviv)
System B U32NOUAIY  n-buthanol : gracial acetic acid : water Tuoas1dIu 40:10:50 (viv/v) uas
System C U52nNoUAIY chloroform : methanol : gracial acetic acid Tuons1dIu 47.5:47.5:5 (viviv) 92
< 91 . dy = [ 9 ] o
1#11 1871 mobile phase 3 systems Hawsauenasad lumsanavesluazan ludeeswu Tuunean

<3 @ ' @ . @ 1

M waz waaueanm laaeany taz lduaummneyse TLC fingerprinting Yo4a3anaLAazNYyHI0
' A 9 o . =2 Y A A v A =
TIUVINTANYNU  TLC fingerprinting fl]\1Gl“])'!fﬂulﬂi@ﬂu@iuﬂTiUﬁ%ﬂ@NﬂlﬂﬂWﬂﬂH"ILﬂll‘U’ENﬁTﬁ

ana laszauniia

513 anailuii (cytotoxicity) Yogm1sana

aa

I a o 1 o, v Y a . . .
ﬂ’lﬁV’I5'Ji]’Vi'lﬂ’J’lmﬂuWHﬂl@Qﬁ’lﬁﬁﬂ@ﬁ@l%aad 'Jﬁellﬂﬁﬁ'lﬁﬁﬂ@@ﬂﬂﬂ% brine shrimp lethality

9
% ]

2 and Y a 1 A Aana o X Y ¥ g X a
assay (BSLA) U35 nuaaaiisvodinbaodaisIasugusuda 1asagnaiotiiug natuaaiiy
) Y 9 Aaa Adg vy = 3 = a 7a
AreaNuINIUVeIms NUWE N unalinidesns 50% N 24 ¥ 119 Felumsiasiziivyvesas

o 9 ] [ I [ g‘/ dy a = 9 A
analudzian osrtazuueana tagmaauueanaseil iyvesasanaizoanntioesliuin wio
'
1ngnagalifes Aiv MLE/e < MLE/w < MSE/w < NLE/e < MSE/e < CLE/e < NLE/w < CLE/w
B9 LC,, 117 0.14 £ 0.02, 0.86 £0.07, 3.65 £ 0.41, 6.33 £ 1.12, 6.37 £ 0.60, 27.78 £ 3.27, 48.37
+ 5.13 az 115.06 £ 8.97 ppm muday lumskauansanananameaisiazateriamednulu
@ J J < @ J [ I a
8A51AIU 111 WUNNBURIESANANANTZHINAITANATUAIY cthanol naasnuTuiiyld
[ ] [ o %’ [ v o w A
1NN (LC,, Youna1) mskauszrinasanalumetinedeiivediny (P < 0.01) MLE/e 1d30
< a £ I a [ o
gNTUUY synergistic effect T CLE/e 1az NLE/e mista5ugnianuijuivvesdisananay azvi
TdaunsodenldmsanalulSuadosaua lddszansnmgeniuaz sz ndaaldaielaani
o < 1 o 1% ' @
nazdunamiulan cytotoxicity doandeanUUTIa total phenolic compounds UBITITHNA UANNHU
AU free radical scavenging f4a31/lu Table 5.1 Mm3lFlszTeminnamsadaisdeaunsadon

T8RNz auduiaguszassuosnu
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Table 5.1 Summary of total phenolic compound content, free radical scavenging activity and
cytotoxicity activity of the leaf extracts of neem, custard apple, and mintweed and the seed extracts of

mintweed.

Total phenolic cpd Inhibiton of DPPH Cytoxicity, BSLA
Extract (mgGAE/L) (IC,,) (ppm) LC,, (ppm), 24 h.

Mean = S.D., n =5 Mean T S.D,n=5 Mean = SD.,n=6
NLE/w 297 +31.67* 172.99 & 4.53% 48.37 £ 5.13%*
NLE/e 338 1 41.83* 211.53 £ 8.61* 6.33 T 1.12%*
CLE/w 309 T 44.45% 163.55 & 8.99% 115.06 & 8.97%*
CLE/e 261 = 30.74* 218.62 T 3.64% 27.78 £ 3.27%*
MLE/w 251 £31.55 288.92 = 13.91 0.86 1 0.07%*
MLE/e 245 +26.48 226.39 £ 6.22 0.14 & 0.02%*
MSE/w 254 £30.51% 156.44 13.99 3.65 1 0.41%
MSE/e 179 = 13.28% 155.48 = 7.06 6.37 £ 0.60*

N - neem, C - custard apple, M - mintweed, L - leaf, S - seed, w - water and e - ethanol

[ - @
5.2 ﬂTiﬂjUﬂNIﬂﬂ%jﬁéﬁﬂlﬂﬂqﬂl AU LIAS AUAUIYLUAIIUND

'
=S [ 1 @ v 3 o
5.2.1 gNBVOIEITANAADNIT 18 (Repellency( LUAIIUNDIAIALTY

a a 1 ' o L g t4
ﬂ@a’E]Q’f]ﬂ‘ﬁwa"ll@\iﬁ1iﬁ@ﬂ’liulallllaQjﬂﬂﬂﬂi@ﬂﬂﬂﬁ@ﬂﬁlu Olfactometer ﬁﬂlﬂuqﬂﬂim

a 9 [ o =1 1Y =
seuutle l¥asanamns 1 Ny Llﬁﬂﬂm&lﬂﬂﬂﬁﬁﬂﬂiﬂmmaﬂ methyl eugenol

Y
Tuheadluans

g

AIUAN @13anARaY cthanol TaunacldlndReatuazgand 65% uaz Annasasadaeh qns
m3lauasiunosesmsaianadsasiduannn liossi MSE/e > MLE/e > CLE/e > NLE/e
> CLE/w > MSE/w > NLE/w > MLE/w a1381aa28 cthanol ¥o3lumdauuadnal (MLE/) uag
WAAIANA1 (MSE/e) ﬁqmﬂéumﬁumﬂﬁ’mﬁq@ 74% e3analuTiesn ethanol (CLE/e)
s lauuaald 70.00 T 1.42% asanaluaziniaie ethanol (NLE/e) 811139 1a 69.23 £ 1.96%
MsNARRINANTYHINE s afATaRAd oA YAy aeriia@easulusaT @I 111 YedEnInw

1 % 1 1 a Qd 1 1
mﬁ'u%'um"mu WU MLE/w e MSE/w 8N NTUUY synergistic effect Gli’JﬂTilla"Ui’N NLE/w
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{NLE/w + CLE/w (78.00 £ 2.60%); NLE/w + MSE/w (76.67 T 2.46%) tiag NLE/w + MLE/w
(73.33 £ 2.25%)} uAangNAeM3 laved CLEAw auanies uaz NLE/e angnsns laued MLE/e
uaz MSE/e  #414 MLE/w tia¢ MSE/w HazithuasaiSugninlums ldnausvamasanaludie

Y 1 U
uﬂumi"lauuamuﬂm

5.2.2 q‘n?;maamsaﬁ’ﬂdamiﬂn"hhmaﬁuma (Egg hatching)
ih'ldveaunasiunesusnunannszmuineassasalugzaniosnimazuuadnm

warasatamaaazefin T a1 (2,500-10,000 ppm) B 24 F2Tua qm%ué?qma‘ﬂﬂqi
JuruaNuuT YA ASA (concentration dependent) AIANALAAIUIGNAAY ethanol (MSE)
Sonssudimsin1y1&inniiga fish Le,, 591.12 £ 30.26 ppm UszAnimmvesmsaraferlums
dudamsiinlvuuasunesitosninuinifosssll MSE/e > MSEAv > CLEAw > MLE/e > MLE/w
> NLE/w > NLE/e > CLE/e daqu%mmaﬁaﬁ’ﬂWﬁmiamiﬁﬂ"hi WUNATHANIEHINETANA
A28 ethanol ﬁﬂsz?m%mwﬁﬂﬂmwfmswamwdnmiﬁﬁ’ﬂﬁ’aﬂﬁw CLE/e + MLE/e H52@n50 N
11nfigA A1 LC,, 475.19 £ 31.90 ppm 118z NLE/e + MLE/e §if1 LC,, 1111 666.76 % 62.27 ppm 151
A" MLE/e Lﬁ?mm%(uuu synergistic effect 1% NLE/e 182 CLE/e t@¥WUI CLE/e Lﬁquéuuu

J l 1% 1% <3 [
additive effect 1 NLE/e 931 lanmsaiuqumsiln linuasiunesniseg Idasanamaauusdn

5.2.3 qﬂ?;mmmﬁaf"fﬂﬁamsmuqm"ﬁéauiﬂﬂmﬁﬁu (Larval feeding)

N1SNAADINTNUAITANA (2,500-10,000 ppm) %ﬂﬁﬁ?éﬂl&i%ﬂz‘ﬁ 2 (second instar larvae) U84
uuastunes  msadaluuuednméns  ethanol  MdanuRULNABNARERadIsThiazT]
UszanSnmuniiga MsE/e usz@n3nmmnniiga a1 LC,, 982.18 = 45.60 ppm daumIsasaAdun

o

v 4 1 U = a a
gsanasininligniinldamueuuuasiumelaunnnaisanaaie ethanol taziilszd@niam
'
i wazwunasananauluensiaiu 1:1 @aunngnieinannu NLEfe £ MSE/e T
H 1 1 IS Qd
ﬂszammwmﬂﬁqﬂ 1 LC,, 1,194.63 T 46.64 ppm 11z MLE/e PAUTAITUHNTLUVLY synergistic effect
1 A Q‘{ J o w o
191A NLE/e uaziiugnuuy additive effect 1918 CLE/e msmiarusuiuasiuneslaomsld
a o =R 9 v A Y "9 %} Y '
AuETAnaAs IFesanamelvesludoeniigiedr (CLE/w) uazlémsnauszyiig NLEe +

MSE/e
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5.2.4 qwé‘*]ﬁ’)@ﬁﬁﬁﬁﬂGi?)ﬂﬁﬁﬂﬁﬁﬁ?éﬂﬂiﬂﬂﬂﬁﬁﬂﬂi;ﬂ‘it’lzt’nFJ (Larval dipping)
mi‘V]ﬂﬁ@ﬂq%%{ﬂjﬂﬂﬁﬁﬁﬁjﬂﬁi@ﬁﬁﬁiﬁmS%Elz”ﬁ 2 (second instar larvae) UBLNAITUNDY 1Ay
miﬂ:w‘i’muau“lumiazmﬂmﬁﬁf‘fﬂﬁﬁzﬁummmﬁﬁu@inq (2,500-10,000 ppm) 11uIa1 3 1A
nsafammghuaaiisanasaiage ethanol arsaialueonihdio CLEw uaaigni
ildnuenuwasfunesmomniigannisauanududuvesads  uadoysza@niamdinsanan
A1 LC,, vesmsanannasiial LC, ADUYNgINIINIAILANAI8IEMS IdAIgouRuaIsana
MSE/w §if LC,, Toefigadasiiy 2,22036 £ 83.79 ppm  daugnbasnauszuinasaiadie
ethanol ABUANA NLE /e+ MLE/e oz CLE/e + MLE/e §ifh LC,, WosigauazIndifieasu fo
652.80 & 13.15 ppm 1Az 683.25 £ 38.08 ppm MUAIAY  LASWUI §15aNATULNIANAT MLE/e
amnsnlfluasaiugninu synergistic effect WuAasatalufisguldamn luvasi CLEe
zilumsifiugnuuy additive effect 1A NLE/e n13niununueufisouuasiunessnis

I¥msananauny MLE/e aanuliaimuoudlen

5.2.5 qﬂémmmsaﬁ’ﬂﬁiam'sm‘uquuumﬁ"ssﬁu‘ﬁ'ﬂiﬂﬂnﬁﬁu (Adult feeding)
miﬂ’mﬂuﬁmﬁuﬁ”ﬂmammﬁumﬂ@ﬂmim-mmiﬁﬁ’ﬂmmmi’u%’uwmﬂizﬁ’u (2,500-
10,000 ppm) Tuornsfendsmas satadioth CLEw ulszanimwgeannynansana e
LC,, 1,71091 £ 67.07 ppm ﬂixam%mwmugﬂﬂEjmiﬁﬁ'@@ﬂ’gf‘iﬂmmﬁﬁuﬁqﬁ ClE/w >
MSE/w > CLE/e > MLE/w > MLE/w > NLE/w > NLE/e > MSE/e U32ansmwaueanya1sana
naumsauyasiunesdudyisdomsnuldihuna1s NLE/e + CLE/e fiauuasldgega a1 LC,,
1,605.87 + 67.93 ppm 8¢ NLE/w + MLE/w 11 LC,, 1,785.91 & 81.37 ppm 1ag CLE/e m‘%uqm?;
U synergistic effect 19U NLE/e MLE/w Lﬁ%llfmé!,mﬂ synergistic effect 1A U NLE/w uay
CLE/e 1830N3IUD synergistic effect Wi MSE/e dariufanisldasasaludosmin CLEw

NLE/e + CLE/e 1182 NLE/w + MLE/w augu/miauuadiunessiuiuie

=2 A A [ 9 [ A a J o g}/
ﬂTiﬁﬂ‘isI'lﬂ'liﬂ'J’Uf;IiJI@EJ‘]ﬂ'J‘ﬁL!llﬁ\nu‘ﬂ’ﬁ]\?@'Jfl’c’f'li’c’fﬂ@GU’f]QW"]fIﬂEJL‘i/]ﬂuﬂﬂ'liulﬂ NITYVEN

' v v ~ Aa ' o Yo & o a
ﬂ'liﬁﬂll"l] mﬂwwuaumaauiww 2 ﬂl.ll,la%ﬂﬂiuﬁWiﬁZa’]ﬂﬂJ@\?ﬁ'ﬁﬁﬂﬂ uazmﬂwmmmmu

9 Y
asell agUnSeuifieumsise@niammaniuau/miauuas |Aas Table 5.2



Table 5.2 Summary of the insecticidal activities of the leaf extracts of neem, custard apple and mintweed and the seed extracts of mintweed on

adult repellence, egg hatching, larval feeding, larval dipping, and adult feeding. The data are expressed as % repellence and the LC,, values of

the rest effects.

Plants Extracts

% Repellence,
24 h

Mean T S.E.

LC,, (ppm), 24 h

Mean Tt S.E.

Egg Hatching

Larval Feeding

Larval Dipping

Adult Feeding

Individual
NLE/w
NLE/e
CLE/w
CLE/e
MLE/w
MLE/e
MSE/w

MSE/e

46.41 £2.59
69.20 1+ 1.96
61.2312.10
70.00 X 1.42
3333+ 2.54
73.33 1 1.45
50.00 1 2.43

74.00 1 5.04

3,353.35 £ 156.97
3,625.14 £ 162.38
1,551.40 & 67.23
5,815.26 = 172.20
2,920.27 £ 55.92
1,798.12 & 87.59
1,098.66 T 30.40

591.12 % 30.26

3,371.00 £ 108.27
5,621.70 £ 101.43
1,568.34 & 47.50
4,088.79 * 125.29
2,707.80 T 120.38
2,658.39 1 132.40
2,128.22 % 57.14

982.18 + 45.60

3,256.96 £ 190.82
4,300.95 £ 259.78
2,977.18 £ 67.07
5,429.48 = 110.37
3,222.85 1 152.44
2,650.98 £ 143.79
2,220.36 £ 83.79

5,945.54 1 40.00

4,239.07 £ 190.82
4,810.68 T 259.78
1,710.91 & 67.07
2,217.21 £110.37
2,347.77 £ 152.44
3,295.75 X 143.79
2,021.28 £ 83.79

6,970.40 = 40.00

All data were analyzed by t-test of variance for paired samples. NLE - neem, leaf extract, CLE - custard apple extract, MLE - mintweed leaf
extract, MSE- mintweed seed extract, w - water and e - ethanol.
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