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ABSTRACT

In this study, Allium sativum (Alliaceae) essentihlwas extracted and evaluated for repellentenigidal, feeding
inhibitory, oviposition inhibitory and acetylchobisterase enzyme inhibitory activities against vievil, Sitophilus
oryzae. In the repellency assay, A. sativum oikellegd S. oryzae adults significantly at 0.2% coniion. A.
sativum oil caused fumigant and contact toxicitySinoryzae adults. In fumigation toxicity assaydiee lethal
concentrations (L&) were found to 0.30 and 0.2#cm® of A. sativum oil after 24 and 48 h exposure abrgzae
adults respectivelyln contact toxicity assay, median lethal concemntrad (LGg) were found to 0.17 and 0.13
ullcn? of A. sativum oil after 24 and 48 h exposure ofo§zae adults respectivelyA. sativum oil showed
significant feeding deterrent activity in S. oryzahilts. Exposure of S. oryzae adults to sub-latbatentrations of
A. sativum oil significantly inhibited ovipositi@nd acetylcholinesterase enzyme (AchE) activity @@ncentration
dependent manner.
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INTRODUCTION

With the beginning of agricultural practices, sgegaf food grains started as a safeguard agairmst h@rvests and
famine. Since then, insects also started damaging storaidsgboth qualitatively and quantitatively. To mct
stored grains from insect infestation, several tsgti¢ pesticides have been us&dt, these synthetic pesticides
have increased the risk of ozone depletion, neurotoxiaiarcinogenicity, teratogenicity and mutageniteets
among non-target species and cross-resistance ahidresistance in insects [1This has led to increased public
awareness on human safety and possible environhuameage diverting attention towards plant prodesigecially
volatile chemicals in stored-grain insect pest ngangent. Essential oils are highly volatile and pensistent.
Some of these exhibit adulticidal, larvicidal andtifgedant activity, capacity to delay developmeatult
emergence and fertility, and have deterrent effent®viposition [2-8]. There are 17,500 aromatiedes among
higher plants belonging to families Alliaceae, Aggae, Asteraceae, Cupressaceae, Lamiaceae, Lajracea
Myrtaceae, Piperaceae, Poaceae, Rutaceae and efexgglae. Approximately 3,000 essential oils arevknd 0%
of them have commercial importance in cosmetic,dfand pharmaceutical industrieshey are generally
recognized as safe (GRAS) by the U.S. Food and DXdministration. Essential oils are natural, complex,
secondary metabolites characterized by a strongraglod low densityBiological activities of essential oils depend
on their chemical composition, which, in turn, esriwith plant parts used for extraction, extractiogthod, plant
phenological stage, harvesting season, plant agkenature and environmental conditions [d]here are very
complex natural mixtures that can contain 20 tacéMpounds at different concentrations, characterigetwo or
three major components at fairly high concentrati(®0 to 70%) compared with other components ptésenace
amounts.The components include two groups of distinct bidkgtical origin.The main group is composed of
terpenes and terpenoids and the other of aromatcadiphatic constituents, all characterized by lowlecular
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weight [9]. Allium sativum(Garlic) belonging to the family Alliaceae is onEthe most important constituent
of human food and ingradients diyurvedic medicines since ancient timé. is used as diuretic,
gastrointestinal, antihypertension, antioxidantarhetimulant, antirhumetic, and hypolipidemic aigebarlic
bulbs contain a number of active compounds, eslhe@alphur containing compounds responsible fag th
pharmacological activities. Steam distillation @frigc bulb produces essential oils containing maufl diallyl,
allyl methyl and dimethyl mono to hexa sulfide [10hese components contribute to acaricidal, antéyédt
fungicidal, insecticidal, molluscicidal, nematicldand antiparasitic properties of garlio. the present study,
essential oil was extracted from the bulbsAofsativumand evaluated for their biological activities agsirice
weevil, S. oryzae

MATERIALSAND METHODS

Extraction of oil

A. sativumbulbs were purchased from Gorakhpur, U.P., In@eound bulbs were hydrodistilled in Clevenger
apparatus continuously for 4 h at 2000 yield essential oil. The oil extracted wadexied and kept in Eppendorf
tubes at 2C until use.

I nsects
Rice weevil,S. oryzaewas used to determine the insecticide natur@.dafativumessential oil. The insects were
reared on whole wheat grain in the laboratory a8, 75+5% RH, and photoperiod of 10:14 (L:D) h.

Repellent activity

Repellency assay was performed in glass petri digth@meter 8.5 cm, height 1.2 cm). Test solutioihdifferent

dilutions (0.2, 0.4, 0.8 and 1.6% vol:vol) Af sativumessential oil were prepared in acetone. Whatniar fiapers
were cut into two halves and each test solution egglied to filter paper half as uniform as possibking

micropipette. The other half of the filter papersmaeated with acetone only. Essential oil treatad acetone
treated halves were dried to evaporate the acetomgletely. Both treated and untreated halves wene attached
with cellophane tape in a manner so that seepageedest samples from one half to other half camoided and
placed at the bottom in each petri dish. F&tyryzaeadults were released at the centre of the filegrep disc and
the petri dish was covered and kept in dark. Splicates were set for each concentration of esseuwiti After 4 h

of treatment, number of adults in treated and e halves was counted. Percent repellency (PR)calaulated
using formula:

PR = (C-T)/(C+T) x100

C = number of insects in the untreated halves anchlimber of insect in treated halves

Preference index (PI) was calculated using formula:

Pl = (percentage of insects in treated halves eqrgage of insects in untreated halves)/ (percentgnsects in
treated halves + percentage of insects in untrédsbes)

Pl values between - 1.0 and - 0.1 indicate repe#asential oil, - 0.1 to + 0.1 neutral essentiladiod + 0.1 to + 1.0
attractant essential oil.

Fumigant toxicity

Insecticidal effect ofA. sativumessential oil was tested agair®st oryzaeadults by fumigation. Formulations of
different dilution (8, 12, 16 and 20 pl/ml solvenf)essential oil were made in acetone. Ten adaksn from the
laboratory culture were placed with 2 g of wheatigg in glass petri dish (diameter 8.5 cm, heigBtcin). Filter
paper strip (2 cm diameter) was treated withsativumessential oil formulations and left for two minsitéor
evaporation of acetone. Treated filter paper wadegohon the undercover of petri dish, closed,ighténed with
parafilm and kept in dark in conditions applied fearing of insect. Six replicates were set folheemncentration of
essential oil and control. After 24 and 48 h of fgation, mortality in adults was recorded. Mediathé&l
concentration (Lgy) was calculated using POLO programme [11]. Analysivariance (ANOVA) and correlation
and linear regression analysis were conductedftoedeoncentration-response relationship [12].
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Contact toxicity

Contact toxicity ofA. sativumessential oil was determined agai$st oryzaeadults. Formulations of different
dilution (8, 12, 16 and 20 pl/ml solvent) of essanbil were made in acetone, applied on bottonfaser of glass
petri dish(diameter 8.5 cm, height 1.2 cm) and left for twowates for evaporation of acetone. Ten adults taken
from the laboratory culture were released at thereeof petri dish, covered and kept in dark indibans applied

for rearing of insect. After 24 and 48 h of fumigat mortality in adults was recorded. Median Iéit@ncentration
(LCsq) was calculated using POLO programme [11]. Thdyaisof variance (ANOVA) and correlation and linea
regression analysis were conducted to define corat@mn-response relationship [12].

Antifeedant activity (AFA)

Antifeedant activity ofA. sativumessential oil was studied usifigur disks. Flour disks were prepared by mixing
10 g wheat flour with 50 ml water until completalyspended. Wheat flour suspension was pipetted(B0athto a
plastic sheet, held for 24 h at room temperatucedaied in oven at 8C for 1 h. Flour disks were weighed between
70-76 mg each. Flour disk was treated with 3, &1@ 12ul ofA. sativumessential oil, weighed, placed in glass petri
dish and released twenty-five adults in each pish. Insects were allowed to feed and flour diskse reweighed
after 4 days. Six replicates were set for each enmation of essential oil and control. Antifeedantivity (AFA)
was calculated using formula:

AFA = [C-T/C]x100

C = consumption of flour disk in control group, ahd consumption of flour disc in treated groupeTdmalysis of
variance (ANOVA) was performed to test the sigmifit antifeedant activity of. sativumessential oil in insect
[12].

Oviposition inhibition

Ten 3-4 days ol&. oryzaeadults of mixed sex were fumigated witho sublethal concentrationiz. 40 % and 80
% of 24-h LG, of A. sativumessential oil for 24 h and reared on wheat graia #60 ml plastic box for 10 days.
After 45 days, adults were discarded and numbefF,gfrogeny was countedix replicates were set for each
concentration of essential oil and control. Anadysf variance (ANOVA) was performed to test thengigant
oviposition changes in insect [12].

Acetylcholinesterase enzyme (AChE) activity determination

S. oryzaeadult insects were fumigated with two sublethahaanmtrations viz. 40% and 80% of 24-h 55©f A.
sativumessential oilas in toxicity assay. After 24 h of fumigation,utd were utilized for determination of
acetylcholinesterase enzyme activity [13]. Fumidatesects were homogenized in phosphate buffenes#io mM,
pH 8) and centrifuged. Supernatant was used aad#tylicholinesterase source. To 0.1 ml of enzynuecep added
0.1 ml substrate acetylthiocholine iodide (ATCh0.5 mM), 0.05 ml chromogenic reagent 5,5-dithioBis
nitrobenzoic acid (DTNB) (0.33mM) and 1.45 ml phoate buffer (50 mM, pH 8). Acetylcholinesterase yene
activity was determined by measuring changes inogitecal density at 412 nm by incubating the reactnixture
for 3 min at 28C. Enzyme activity was expressed as mmol of ‘SHirblysed mift mg* protein. Each enzymatic
assay was replicated six times. Analysis of vaga(ENOVA) was performed to test the significant ishes in
enzyme activity [12].

RESULTS

Repellent activity

Repellency was found 33.33, 54.16, 75.0 and 95.880@62, 0.4, 0.8 and 1.6% concentrationd.ofativumessential
oil respectively (Tabld). Preference Index (PIl) was found -0.33, -0.53.75 and -0.95 &0.2, 0.4, 0.8 and 1.6%
concentrations oA. sativumessential oil respectively (Tabl§. This essential oil showed significaiit = 112.01,
P<0.01) concentration dependeapellant activity againss. oryzaeadultsevidenced from the negative values of
Preferencéndex (Table J.

Fumigant toxicity
Fumigation ofS. oryzaeadults with A. sativumessential oilcaused toxicity by vapour action. Median lethal
concentrations (L) were 0.30 and 0.2dl/cm? air after 24 and 48 h of exposure respectively(@&). Regression
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analysis showed concentration-dependent mortality.ioryzaeadults againsA. sativumessential oiF = 164.84
for 24h and 133.75 for 48h; P<0.01, Table 3).

Contact toxicity

A. sativumessential oilcaused contact toxicity i8. oryzaeadults. Median lethal concentration @gCof A. sativum
essential oiwas 0.17, and 0.13 pl/éragainstS. oryzaeadults after 24 and 48 h of exposure respectifEple 2).
Regression analysis showed concentration-depemdenality in S. oryzaeadults againsA. sativumessential oi(F
=113.70 for 24h and 131.55 for 48h; P<0.01, Ta&ble

Antifeedant activity (AFA)

A. sativumessential oil significantlgecreased consumption of flour disk ®yoryzaeadults. Consumption of flour
disk was reduced to 81.72, 50.91, 33.16 and 13.7& %ontrol when treated with 3, 6, 9 and 12 pkdd$ A.
sativumessential oi(F = 111.12, P<0.01; Table 4).

Oviposition inhibition

Fumigation ofS. oryzaeadults withA. sativumessential oil significantly reduced oviposition gatial. Reduction in
oviposition was 49.45 and 15.78% of the control wBeoryzaeadults were fumigated with 40 % and 80 % of 24-h
LCso of A. sativumessential oil respectivelfr = 175.32, P<0.01; Table 5).

Acetylcholinesterase enzyme (AChE) activity

Fumigation ofS. oryzaeadults withA. sativumessential oil significantly reducesiChE activity. AChE activity was
reduced to 77.51 arsR.20% of controlwhenS. oryzaeadults were fumigated with 40 % and 80 % of 24klof
A. sativumessential oil respectively (= 205.78, P<0.01; Tablg.6

Table 1. Percent repellency of A. sativum oil against S. oryzae

% Conc. | Percent Repellency (PR)| Preference Indéx(Pl) | F-valué”
(vol:vol) Mean+SE
0.2 33.33+0.53 -0.33
0.4 54.16+0.64 -0.54 112.01
0.8 75.0£0.76 -0.75
1.6 95.83+0.93 - 0.96

"Percent repellency (PR) was calculated as: PR =TJ&C+T) x100
Where C = number of insects in the untreated hadwesT = number of insect in treated halves
" Preference index (P1) was calculated as:
PI = (percentage of insects in treated halves cpatage of insects in untreated halves)/ (percentdgnsects in treated halves + percentage of
insects in untreated halves).
PI1 value between -1.0 to -0.1 indicates repellaseatial oil, -0.1 to +0.1 neutral essential oilch#0.1 to +1.0 attractant essential oil.
™ F-values significant (P<0.01)

Table 2. Fumigant and contact toxicity of A. sativum oil against S. oryzae adults

Essential oil Exposure period LC LCL UCL g-value | Heterogeneity t-ratip
Fumigant toxicity 24 h 0.30ul/cin| 0.026ul/cn? | 0.034plcr? | 0.16 0.32 3.96
48h 0.24pl/cri | 0.021plen® | 0.027pllcr? | 0.15 0.34 4.06
Contact toxicity 24 h 0.17pl/cr | 0.014pl/cn? | 0.020ul/cnt | 0.17 0.31 4.21
48 h 0.13pl/icid | 0.012ulcn? | 0.015ulicnf | 0.14 0.29 4.33

LCsorepresents lethal concentration that cause 50% atityt
LCL and UCL represent lower confidence limit angh@pconfidence limit respectively

Table 3. Regression analysis of fumigant and contact toxicity of A. sativum oil against S. oryzae adults

Essential oil Exposure period Intercept| Slope | Regression Equatiof Correlation| F-value
coefficient

Fumigant toxicity 24 h -7.16 3.46 Y =-7.16+3.46X 0.987 164.84

48 h -7.56 4.42 Y = - 7.56+4.42X 0.990 133.75

Contact toxicity 24 h -6.31 5.14 Y =-6.31+5.14X 0.978 113.70

48 h -3.92 6.97 Y =3.92+6.97X 0.975 131.55

Regression analysis was performed between diffe@rdentration of essential oil and response oftadlarvae
"F-values significant (P<0.01)
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Table 4. Feeding inhibitory activities of A. sativum in S. oryzae adults

Conc | Consumption of flour disk in mg (Mean+SE) AFA F-Value
(ul/disk)
0 19.15+1.24(100) 0.0
3 15.65+1.16(81.72) 14.87
6 9.75+1.15(50.91) 44.80 111.12
9 6.35+0.96(33.16) 73.30
12 2.63+0.64(13.73) 86.56

Values in parentheses indicate per cent changenefthect to control taken as 100%
"Antifeedant Activity (AFA) was calculated usingtiata: AFA = [C-T/C]x100
where, C = consumption of flour disk in control gpy and T = consumption of flour disc in treatedp.
" F-values significant (P<0.01)

Table 5. Oviposition inhibitory activities of A. sativum oil in S. oryzae adults

Conc No. of progeny emergefl F-Valug
(MeanzSE)
Control 152.0+3.56(100%)
40% of 48I-LCsc 75.16+2.6(49.45 175.32
80% of 48h-LG. 24.0+1.06(15.78)

Values in parentheses indicate per cent changeregthect to control taken as 100%
"F-values significant (P<0.01)

Table 6. Effect of 40 and 80% of 24h-L Cs, of A. sativum oil on Acetylcholinester ase enzyme (AChE) activity in S. oryzae adults

Conc. Enzyme activily | F-valué
Contro 0.0886+0.0019(101
40% of 24I-LCse | 0.068¢+0.0015(77.51 205.78
80% of 24h-LG, | 0.0462+0.0009(52.20
"Enzyme activity was expressesimol of ‘SH’ hydrolysed mifmg® protein
Values in parentheses indicate per cent changenefthect to control taken as 100%
" F-values significant (P<0.01)

DISCUSSI ON

Among plant-based insecticides, plant volatileseheaceived much attention in the scientific comryuim insect
pest management programme [28¢0rus calamus, Syzygium aromaticum, Hyptis spigigecimum canunand
Vepris heterophyleessential oils exhibited repellent activity, insegdal effect and inhibition of progeny i8.
oryzae [14,15]. Essential oil components also have beealuated for their role in insect pest management
programme. Linalool and linalyl acetate exhibitégngicant fumigant toxicity to rice weevils [16Menthol,
methonene, limonen@;pipene,a-pipene, and linalool exhibited toxicity . oryzaeand inhibited AChE activity
[17]. In this study, repellant, insecticidal, feegli oviposition and AChE inhibitory activities 8f sativumessential
oil againstS. oryzaevas studied. This essential oil showed signifigapiellant activity agains$. oryzaeadults as
evidenced by the negative values of theARIsativumessential oil induced high mortality $i oryzaeadults when
treated by fumigation or contact methods. The ingfesignificancy of potency estimation, g-valueitates that the
mean value is within the limits of all probabil&i¢P<0.1, 0.5 and 0.01) as it is less than 0.5u&&bf t-ratio greater
than 1.6 indicate that the regression is significealues of heterogeneity factor less than 1.MmtlEnthat model fits
the data adequaté\. sativumessential oil reduced progeny productionSnoryzaefumigated. This ultimately
reduced damage caused by the insActsativumessential oil decreased consumption of flour digkS. oryzae
adults. Similar results have been shownSwmhinus molle, Alpinia conchigera, Zingiber zerutndsed Curcuma
zedoariaessential oils ifT. castaneurandS. oryzag3,18-20]. Little is known about the mode of actimhessential
oils and their constituents in insects, but studigggested their neurotoxicity [21-22]. In thisdstufumigation ofS.
oryzae adults with A. sativum significantly reduced AChE activity. Recent resbarhas demonstrated the
interference of monoterpenes with acetylcholinesteractivity in insects [19-20]. Essential oils Bpephilic in
nature and can be inhaled or ingested. The ragidnaagainst insect pests is indicative of a neaxiot mode of
action and interference with the neuromodulatoopainine [23] or GABA-gated chloride channels [23éveral
essential oil components act on the octopaminemyistem of insects. Octopamine is a neurotransmitter
neurohormone, and circulating neurohormone—neuratatet, and its disruption results in total breakdoof the
nervous system [25]. Thus, the octopaminergic systé insects represents a target for insect cantroiv
molecular weight terpenoids are too lipophilic t® ¢oluble in the haemolymph after crossing theckytiand the
proposed route of entry is tracheae [26]. Most dtisieles bind to receptor proteins in the inseat amerrupt
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normal neurotransmission leading to paralysis aedtld Recent evidence suggests that low molecuéhghty
terpenoids with different structures may also dimthrget sites on receptors that modulate neraotisgity [25].

CONCLUSION

In conclusion, present study indicates tAatsativumessential oil causes repellency, contact toxiditynigant
toxicity, feeding inhibition and oviposition inhiimn, and also acts on AChE enzyme activitySinoryzae Since
Allium is safe for human as it is an integral part of foad, A. sativumcan be considered as a natural alternative in
the eco-friendly management of stored-grain insects
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