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Ab~1ract 

The toxicity of three botanical extracts, namely turmeric oil, sweetflagoil, and 
Margosan-O on the com weevil S. zeamais evaluated by determining percent 
mortality of the insects on each treatment. Amylase, acetylcholinesterase (ACTH), 
non-specific esterase activities, and total soluble proteins in treated insects were 
determined through spectrophotometry. The relative toxicity of the extracts are 
ranked as follows: tum,eric oil > sweetflag oil > Margosan-0. Turmeric oil 
reduced amylase activity most, and Margosan-O the '/east. ACTH production 
generally decreased in all of the treatments of oil derivatives, with turmeric oil 
causing the highest while Margosan-O showed the reverse. Non-specific esterase 
activities, generally increased. Esterases using beta-napthyl esters as substrate 
showed greater activity than using alpha-napthyl esters. Margosan-O induced the 
highest es/erase activity and turmeric oil the lowest. The total protein activity 
decreased as the concentration of the oil increased. Treatments with turmeric oil 
resulted to lowest protein content, followed by treatments with sweetflag oil and 
Margosan-0. 
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Introduction 

Modem technology has accelerated grain production i~ ~si~ coun~~s. Gains have 
been due to the use of high yielding varieties, improved 1mgat10n, fe~hz.ers, and c~op 
protection measures involving the use of pesticides. However, such. gams 1~ prod~ctton 
have been lessened considerably due to postharvest losses, caused mamly by mfeSlaUon of 
storage pests. 
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Infestations by storage pests result to quantitative and quali~tive losses. Losse~ in 

al. . ti d rease not only the market price but also the nutnllve value of the grams. 
qu 1ty grea y ec -1 s· 1 ·, 

I the most common stored grain pest is the corn weevt ,top 11 us zeamais 
n corn, &. ·1 f Cu 1· 'd 

Motsch. s. zeamais is a storage pest of corn. It belong~ to ,amt y o rcu 10m ae or true 
weevils. Its prothorax is very densely set with roun~ 1rregul~ly shaped ~unctures. The 
elytra has intervals usually distinctly narrower than s~ae of stnal punctures, elytra has four 
reddish spots. Its hindwings are always present. The size ~ary fr~m 4-5 ~m:1· The larvae have 
no legs, and are stout and slightly curved. The larvae hve entuely ~t111n t11e kernel, and 
produce white powdery excreta which, in large quantities, makes tJ1e gram unpalatable (!nuns, 

1951). . . . . 
Morallo-Rejesus and Javier (1976) found thatS. zeamms mulllphes rapidly on sorghum 

than on corn and was more dominant in milled rice and corn over S. oryzae. This was due to 
the former's greater intrinsic rate of increase. In some instances, S. zeamais have been 
known to co-exist with S. oryzae, but the fonner maintains the competitive advantage. 

Control of this pest is done by fumigation which makes use of synthetic insecticides 
and air-tight storage facilities. However, such a method is impractical if done in small scale 
and still liable to frequent reinfestation. Furt11ermore, majority of insecticides are expensive 
and hazardous to the environment and non-target organisms. Moreover, insecticides leave 
toxic residues in grains and bring about insecticide resistant strains of insect pests. Under 
such circumstances, search and development of an effective, inex'J)ensive, pest specific, 
non-toxic to beneficial and non-target organisms, and less prone to pest resistance grain 
protectants was undertaken (Saxena, 1988). 

Under these criteria, plant derivatives which have been traditionally used tluu the ages 
by farmers showed a promising potential as an ideal source of grain protectants. Past 
testings have shown that they act as toxicants, oviposition deterrents, antifeedants, ster-
ilants, repellents, and growt11 inhibitors among otl1ers. Oils of sweetflag (Acorus ca/am us 
[L.]), turmeric (Curcuma longa [L.]), and Margosan-O, a neem derivative have shown en-
couraging potentials as grain protectants. Isolated compounds from these plant oils were 
seen to be active against different species of insect pests. 

Some naturally occurring compounds have been isolated from plants and shown to be 
active against different species of insect pests. One of which is A. calamus belonging to the 
family Araceae. Its root is believed to possess stimulant, toxic and antispasmodic properties 
(Mukerjea and Govind, 1959). It has attracted the attention of many workers (Mironov 1940, 
Subramaniam 1942, 1949, Isrnel and Vedamurthy 1953, Dixit et al. 1956, Mukerjea and Govind 
1959). for its toxicity. Chopra et al. (1965) showed tl1at rhizomes of A. calamus contained an 
essential oil composed of 82% of asarone which has powerful insecticidal activity. 

C. longa, is a tropical herb of Zingiberaceae family indigenous to Southen{ Asia. Its 
aromatic yellow powder from its rhizome was used by Asian countries for many centuries as 
dye, condiment, medicine, and as an insect repellent in India (Sreeniva~anurthy and 
Krishnamurthy, 1959, WattandBreyer-Brandwijk, 1962). Tunneric contains an odoriferous 
oil which has turmerones as tl1e chief component (Sesquiterpene ketones in the form of 
turmerone and ar-turmerone) (Mima, 19 59, and Salzer, 1977). Su et al. ( 1982) have isolated 
these compounds and described them as a colorless oil (ar-turmerone) and a pale yellow oil 
with a faint sweet odor (turmerone). 

Neem (Azadirachtin indica A. Juss) has been used in rural India as a natural insecticide. 
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This plant is characterized by its bitter t . 
· d · · • aSte to which its • • · 

Moreover, its envatives consist of 1. . msecttc1dal properties is ·ittri"b t d 
. h . h b imon01ds azad· l . c u e • 

A.zaduac tm ave een found to caus • ct· ' irac 1t1n being the most t· 
(H 

. e 1verse beha • 1 ac 1ve. 
storage pests abacon, 1989). Neem den· ti. vmra and physiological effects 0 

. f. . va ves were obs d n 
species o msect pests, including storage erve to be effective against 123 
Margosan-0, a n~m-based commercial ins:~t~ jJac?bs_on, 1 ~~6). One such derivative is 
the other neem-nch derivatives. It has be h ~; e WI th insecticidal activity similar to that of 
of preventing toxic build up and increaseden ~• ed as one of the best new pesticides capable 

tifi ed d resistance of the in I 
an an e ant, an as a growth regulator th h ~ects. t works as a repellent 
tains 3000 ppm azadirachtin and is stable un~~:!u h_ormonal _d~sruption. Margosan-O con: 
to two if refrigerated. bient conditions for up to one year, and up 

. It has ~hown protective activity in excess of 21 d . . . 
sml. Its residual cake is said to have nemati . d 1 . _ays after wluch 1t b1odegrades in the 
under (Neem newsl., 1988). ci a activity and enriches the soil when plowed 

Majority of the studies done using plant extracts . . 
morphological effects on the insect pest But ti focused on the physiological and 
effects of these extracts specifically on th. u· v_ery few have tackled on the biochemical 

' e ac vity O the enzyme and total t • Th. 
study, therefore, investigates the effect of sweetflag t . • d pro e~ns. is 

• • f , urmenc, an Margosan-O 01ls on the 
activity o amylase, acetylcholinesterase (ACTH), esterase enzyme and total · • S 
zeamais. ' protems m • 

Materials and Methods 

Collection of Insect Samples. S. zeamais were mass cultured in corn media at the 
Department of Entomology, International Rice Research Institute. The adult com weevils 
were collected from their media through strainers of varying pore diameter. The strained corn 
weevils were collected individually and placed in covered containers. The insects were 
starved one day prior to treatment. 

Treatn,ent of Insects. Six kilograms of com grains used as media were brought from the 
market. Fifty grams of the n1edia were weighed using the Mettler electronic balance. Three 
replicates per treatment were prepared. Sterilized cans were used as containers of the media. 

The cans were properly labeled. 
Margosan-O, tunneric oil and sweetflag oil were provided by the Department of Ento-

mology at I.RRJ. and the following dosages were prepared: 0, 200,400, 800, 1600, 3200, 5000, 

10000, 25000, 50000 ppn1. 
The weighed amount of each of the three oils were dissolved separately in 20ml acetone. 

The-oil-acetone solutions were stirred until homogeneous solutions of each were attained. 
The oil-acetone solution of each of the three oils was added slowly to their respective media 
with constant stirring to facilitate a homogeneous distribution of the oil. The treated media 
of the three oils were placed uncovered in the fumehood overnight to ensure a thorough 

evaporation of acetone. 
Fifty adult individuals of s. zeamai:s were placed in each replicate of the com media in 

each oil. The cans were covered with fine-meshed cloth fastened tightly with mbber bands. 
The insects were than allowed to feed on the treated media in each oil for one week. 
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Collection of insects for mortality test and analysis was done by straining, using a wire 

strainer witb decreasing pore diameter. • The gathered insects for each replicate in each were 
then killed in the freezer with the temperature of -10 C. 
• The frozen insects were washed with cold distilled water. Foreign materials mixed with 
the insects were also removed. The insects were placed in a homogenizer with 0.04M 
phosphate buffer. The amount of phosphate buffer used per replicate was based on the 
number of insects found in each replicate ( 4 insects/ml.). They were manually grounded and 
poured into labelled test tubes. The test tubes were centrifuged. After the debris settled, the 
tubes were placed in the freezer. The same procedure was followed in all replicates in each oil 
variety. 

Enzyme Assays 

Amylase assay. One percent starch solution of 0.5 ml was pipetted into a series of 
labelled test tubes and a blank. Enzyme extracts of 500 ul was placed in each tube and 500 ul 
distilled water to the blank. The test tubes were then incubated for three minutes after which 
1 ml of dinitrosalicyclic acid (DNSA) color reagent was added to each tube. The tubes were 
placed in a waterbath for 5 minutes and subsequently cooled in room temperature of 25oC. 
Three milliliters of distilled water was added to each tube. Absorbance was then read at 640 
nm using a spectrophotometer. Micromoles of maltose were generated from the standard 
curve. The amount of maltose generated was computed per insect. 

Esterase assay. Four milliliters of 0.04M phosphate buffer (ph 8) was pipetted into a 
series of labelled test tubes and a blank. Twenty five microliters ofB-naphthyl acetate was 
added to each tube and to the blank. Incubation at 27 C for 30 minutes followed. After 
incubation, 1 ml of diazobluelamyl sulphate solution (DBLS) was added for color reaction. 
Absorbance was read at 555 nm using a spectrophotometer. San1e procedure was followed 
in alpha esterase using 600 nm. 

Acetylc/wlinesterase assay. A run typically uses: 40 ml pH 8 phosphate buffer, 300 ul 
sample, 100 ul dithiobisnitrobenzoic acid (DNTB) and acetylthiocholine iodide (Ach I). The 
blank consists of buffer, substrates Ach I and DNTB solutions. Transmittances were read 
after 20, 40, 60, 80 minutes afterpreparationof san1ples at412nm. Conversion to absmbances 
were done using the formula: 2 - Jog(T). The rate of production of ACTH/min. was calculated 
using the formula: rate= absorbance/min. divided by 1.36 x 10. After obtaining the rate of 
production per minute of ACTH, the amount of ACTH produced per minute was calculated 
using the standard curve as reference. 

Ge11eral protein assay. Several dilutions of protein standard containing from 0.2 to 
about 1.4 mg/ml were prepared. Standards and appropriately diluted samples of0. l ml were 
placed in clean, dry test tubes. Sample buffer of 0.1 ml was placed in the "blank" test tube. 
Diluted dry reagent of 0.5 ml was added. Mixing several times by gentle inversion of the 
tubes were done. Excessive foaming in the tubes were avoided. After a period of 5 minutes 
to 1 hour, OD versus the reagent blank were measured. The OD versus the concentration of 
standards were plotted. And unknowns were read from the prepared standard curve. 
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Results and Discussion 

The toxicity of the oil derivatives of sweetfl . 
• --r bl 1 A l • f · ag, tunnenc and ne presented m ia e . na ys1s o variance revealed • "fl em on S. zeamais is 

derivatives against the com weevil. stgm cant effects (P>0.05) of the oil 

Table 1. Toxicity of different concentration of s tf1 . wee ag o1l tu • • Margosan-0 on S. zeamais. , nnenc 011, and 

TREATMENT MEANS(% MORTALITY) 

-

* 

Sweetflag oil Margosan-O Turmeric oil 

200 3.40 g 12.03 g 
400 2.57 g 42.13 ef 

1.63 g 73.07 b-d 
800 17.87 g 4.27 g 83.03 a-d 
}(j()() 43.77 e 12.37 g 
3200 71.90 cd 

95.83 ab 
4.27 g 100.00 a 

5000 79.90 a-d 5.03 g 100.00 a 
10000 92.70 a-c 11.67 g 100.00 a 
25000 70.00 d 22.80 fg 100.00 a 
50000 100.00 a 70.20 d 100.00 a 
Control 0.00 g 0.00 g 0.00g 

In a column, unsorted means with a common letter are not significantly different at 5% 
level of DMRT. 

Increasing pattern of mortality effects by the Sweetflag oil was observed. There were 
however, some variations observed in the pattern of toxicity on the different treatments. At 
concentrations lower than 1600 ppm, mortality was high although not significant with re-
spect to the control. At higher concentrations, mortality was significantly high. Increasing 
mortality with increased concentration of the oils may be attributed to antifeedant effects of 
the oil. 

The results observed with Margosan-O was similar to that of sweettlag oil. There was 
also an increasing trend in toxicity as the concentration of the oil was increased. 

Analysis of variance showed significant effects of the treatments on mortality (P>0.05). 
There ·are some small variations however as to the extent of toxic effects of the oil when 
c~mpared to the control. This was generally attributed to the antifeedant properties of the 
011. Compared to the results of an earlier study by Gayapa (1989), the results of this stuay 
~:nfirms the less susceptibility of S. zeamais to neem oil. Highe~ dose (~g 50000 P~~) is 

eded to cause mortality of 50% unlike the other two oils which reqmre very minimal 
amount to cause deaths. 

Of the three oil derivatives turmeric oil was observed to be the moSt toxic. Even at 
~:ncentrations of 200 ppm, a substantial increase of almost 42.13% was already seen •. -:'11 

p rcent mortality values were highly significant when compared to the control. A defin1t1ve 
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trend can be clearly seen in turmeric oil. Increase in the concentration of the oil gave 
corresponding increase in mortality values. At 400 ppm alone for exrunple, LD50 oftunneric 
oil was already reached and at 2300 ppm, 100% mortality was achieved I). With this we can 
argue that tunneric oil poses as a good grain protectant, since it requires only a minimal 
amount of the oil to cause death to the grain pest. 

In general, the trend in the toxicity of the three botanical oil derivatives against s. 
zeamais, shows an increasing pattern as the concentration of the oil is increased. Turmeric 
oil was the most potent, followed by sweetflag oil and lastly, Margosan-O (Table 1). 

Toxicity is the intensity of the virulence of a poison._ Several studies .have shown that 
indigenous plant materials traditionally used as grain protectants exhibit promising insecti-
cidal properties. Sweetflag oil (A. calamus) was reported to be toxic to house insect pests in 
solvent extracts and in powdered form (Mironov, 1940, Subramaniam, 1942, Dixit et al., 1956). 
Mukerjea and Govind (1959) studied the toxic effect of A. calamus rhizome as compared to 
DDT. They reported that as a stomach poison, the ether extract was toxic to the larvae of B. 
mori (silk worm), and as a contact poison, the petroleum ether extract was 17 times less toxic 
than DDT againstM. nebulo. Good control of Callosobruchus chinensis, S. oryzae, Corcyra 
cephalonica, and Trogoderma granarium were obtained when fed with treated seeds, cere-
als, and pulses of oil and crushed rhizomes of A. calamus (Yadava, 1971, Saxena and Srivastava, 
1972). Further studies made by Toetia and Tewari ( 1977) showed that ether and petroleum 
ether extracts based on contact toxicity were lethal to the adults of Sitotroga cerea/eila 
Oliv .. In a compiled report by Jilani (1984),A. calamus gave the highest insecticidal activity 
against C. analis and S. oryzae. Moreover, studies done on the A. calamus oil against four 
species.of insects (R. dominica, T. granarium, S. oryzae, and C. analis), showed 100% 
mortality at different rates of application. Using filter papers, 100% mortality rate of R. 
dominica and S. oryzae were attained at 25ug/cm2 and T. granarium at 50 ug/cm2, relative to 
their respective control. At 100 ug/cm2, 100% mortality of C. analis was achieved, relative to 
its control. In surface treatment of the grains, mn1imum applications at 50 ppm and 100 ppm 
attained 100% mortality against S. oryzae, C. anal is a11dR. dominica, T. granarium, respec-
tively. The dispenser technique, showed 100% mortality at 400 ppm in four insects, relative 
to their respective control. Residual toxicity was observed less in extracts of A. calamus 
(Mukerjea and Govind, 1959, TeotiaandP<)Ildey, 1979). 

Using neem oil, Gayapa (1989) showed increasing% mortality in S. zeamais and S. 
oryzae, and slight toxicity in T. castaneum. The study elaborated S. zeamais being the most 
susceptible. Likewise, Habacon ( 1989) concluded S. zeamais was the most sensitive to 
azadirachtin in terms of toxicity. 

The effects of sweetflag oil, tum1eric oil and Margosan-O on ·the total proteins per 
individual S. zeamais were also investigated. The general pattern was decreasing in the 
amount of the protein as the concentrations of the oil were increased. The effect of each of 
the oils was however, only significant in sweetflag oil and Margosan-O (Tables 2a, 3a and 
4a). Nevertheless, the different treatments have directly affected protein activity in the 
treated insects (P>0.05). Comparison of means showed differences in activities between 
insects treated with different concentrations of the oil (Table 2). Relative to tl1e control, total 
soluble proteins per insect were obse1ved to be minimal in all treatments when compared to 
the control. This observation was true to all the oil derivatives (Tables 2-4). The oils are 
believed to have affected the operations of metabolic pathways ( Gomez et al. 1983 and 
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Arnoranto 1989). 

Table 2. Effect of different concentrations ofsweetflag oil on t t 1 • 
gram/insect) of S. zeamais. 0 a protein content (micro-

-TREATMENT REPLICATE 
2 

-200 
1 
10.858 
21.818 
17.525 
23.030 
19.798 
19.040 
17.979 

14.747 
19.545 
12.727 
15.202 
22.424 
19.293 
24.293 

3 
11.767 
20.101 
21.818 
19.293 
17.525 
19.545 
23.030 

Mean 
12.457 b 
20.488 a 
17.357 ab 
19.175a 
19.916a 
19.293 ii 
21.767a 

400 
800 
1600 
3200 
5000 
control 

• Jn a column, means with a common letter are not significantly different at 5% level of DMRT. 

Table 3. Effect of different concentrations of Margosan-O on total protein content 
(microgram/insect) of S. zeamais. 

TREATMENT REPLICATE 
1 2 3 Mean 

200 13.131 13.535 11.565 12.744 de 
400 22.424 16.111 17.980 18.838 a-c 
800 12.727 15.202 19.798 15.909 b-d 
1600 11.565 11.212 10.858 11.212e 
3200 19.040 21.818 17.525 19.461 ab 
5000 18.232 20.101 19.040 19.124 a-c 
10000 13.131 12.323 18.485 14.646 c-e 
25000 20.101 20.101 18.788 19.663 ab 
50000 14.747 20.353 17.752 17.617a-c 
control 17.979 24.293 23.030 21.767 a 

• In a column, means with a common letter are not significantly different at 5% level of DMRT. 

Table 4. Effect of different concentrations ofMargosan-O on total protein content (micro-
gram/insect) of S. zeamais. 

TREATMENT REPLICATE 
2 3 Mean 

200 14.747 15.202 29.966 19.972 a 
400 11.919 19.040 16.565 15.841 a 
800 18.964 16.111 21.818 18.964a 
control 17.979 24.293 23.030 21.767a 

* ln a column, means with a common letter are not significantly different at 5% level of DMRT. 

The effects Amylase activities were also investigated. Amylase is an enzyme that 
cleaves the glycosidic bond of starch, involving the uptake of one molecule of water in the 
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hydrolysis of one~ to yield saccharides- amylase attacks randomly and de 
grades dcxtrin and then mahosc and glucose. ~• beta amylase hydrolyzes maltose -
from one cnd."Branch linkages of the amylopa:tin are not attacked by beta amylases(~ 
and R~ 1 %9). Amylases are found in the endo-and ectoperitrophic spaces (Terra et al 
1979). .. 

'f!1e amount of amy~ activity is always ~rrelated with the of starch Pfesent 
in the msect's body. The high amount of starch induces the synthesLS of amylase to facir 
the hydrolysis of starclL High amylase acthrity for e~le, in~icates high amount of sr: 
present in the insect's body. Therefore, all. factors affectmg the intake of starch by the insect 
subsequently affect the amylase activity. 

The amylase activities of S. zeamais treated with sweetflag oil, turmeric oil, and Margosan. 
Oare shown in Tables 5,6, 7. The F-test conducted on the three oil varieties were significant 
(P>0.05) except for Margosan-0 . Comparison of means show the amylase activity in all 
treatments of the two oil derivatives were significantly lower compared to the control. The F-
test in Margosan-0 was not significant but qualitative inspection of the data show all 
treatments had relatively lower amylase activity when compared to the control. 

Table 5. Effect of different concentrations of sweetflag oil on the activity of amylase 
(rrucrogram[msect) of S. zeamais. 

TREATMENT REPLICATE 
l 2 ... Mean _, 
1.679 1.472 1576 1576cd 

400 2012 1.804 2467 2.094 b 
0) 1.804 1.472 2012 1.763 be 
Ifill 2012 1.680 1.783 l.825bc 
3200 2363 1.804 2ll5 2.094 b 
5(XX) 1244 1307 1368 1306d 
control 2840 2.965 2965 2.923 a 

* In a column, means with a common letter are not significantly different at 5% level of 
DMRT. 

Table 6. Effect of different concentrations of tunneric oil on the activity of amylase (micro-
gram/insect) of S. zeamais. 

TREAlMENT REPLICATE 
1 2 ... Mean .) 

200 1244 2592 1.057 1.631 b 
400 0.5(,() 1.681 l.472 1.238 b 
0) 1244 0.954 0.954 1.051b 
control 2.840 2.965 2.965 2.923a 

• In a column, means with a common letter are not significantly different at 5% level of 
DMRT. 
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Table 7. Effect of different concentrations of Mar osan .. (microgram/insect) of s. zeamais. g -O on the act1v1ty of amylase 
::::;::.TREATMENT 

- 200 
400 
800 
1600 
3200 
5000 
10000 
25000 
50000 
control 

1.472 
3.089 
3.214 
1.368 
2.364 
2.115 
1.907 
2.717 
2.841 
2.840 

REPLICATE 
2 
2.072 
1.679 
2.841 
1.472 
2.364 
0.207 
2.841 
2.841 
2.488 
2.964 

3 
2.239 l .928 a 
2.488 2.419 a 
1.907 2.654 a 
3.338 2.059 a 
2.717 2.482 a 
2.012 l.445 a 
0.981 l.910 a 
2.115 2.558a 
l .679 2.339 a 
2.965 2.923 a * In a column, means with a common letter are not significantly different at 5% level of DMRT. 

!he results s~own in this study are consistent with the result that amylase activity will declme by an antlfeedant effect such as the case of fentin acetate (Ascher and lshaa a 1973). 
y ' Repellency is characterized by the movement of an insect away from a chemical stimu-lus. A relative study done on turmeric oil, sweetflag oil, neem oil, and Margosan-O showed increasing repellency of the red flour beetle Tribolium castaneum with increasing concentra-tions of the test materials. Tunneric was the most repellent, followed by neem oil, sweetflag oil and Margosan-O (Jilani et al., \ 988). 

A similar study done on R. dominica demonstrated strong repellency more than 50% up to 8 weeks. At 400 ug/cm2 tunneric oil was repellent than Margosan-O and neem oil, but at par with sweetflag oil. It verified past results and the conclusion that repellency is depen-dent on the rate of application of the test plant materials (Jilani and Saxena, 1989). In both studies, decrease in residual repellency of turmeric oil and sweetflag oil relative to neem oil and Margosan-O were observed due to higher volatilization rate of the active components of turmeric and sweetflag oils. These compounds have mucfi lower molecular weights than azadirachtin, the active component of neem (Jilani et al., 1988). Other studies in the past, generally showed repellency against T. castaneum by A. calamus, A. indica, V. afficinalis, X. armatum, A. maritima (Jilani, \ 984). Furthermore, petroleum ether extract of turmeric was found to be the most repellent against T. castaneum when repellency of petro-leum ether acetone and ethanolic extracts ofleaves of neem and rhizomes of turmeric were 
, , 

compared by Jilani and Su (1983). 
Antifeedant chemicals act by retardation or disruption of the insect feeding habits by rendering plants unattractive and unpalatable. The resulting action made by these chemi-cals is termed as the antifeedant phenomenon. In a study by Jilani and Saxena (1989), the antifeedant effect was evaluated in tenns of the number and size of the feeding punctures made by the insect in treated and control filter paper disks. R. dominica showed signifi-cantly less punctures in treated filter papers compared to that of the control. Margosan:O treated filter paper had less feeding punctures compared with the filter papers treated with turmeric oil, sweetflag oil, and neem oil, which have more or less equal antifeedant effect. 
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However, the neem oil treated paper which have more fe~di~g p_unctures r~Iative to Margosan-

O treated filter paper showed smaller size punctures mdicatmg a feedmg deterrent effect. 

Insect feeding was f~und to be dependent also on the application of the_ plant products. 

The effects of the extracts on acetylcholinesterase (ACTH) and_ nonspecific esterases were 

also studied. Esterase is an enzyme that catalyzes the hydrolysis of as ester bonds without 

using any high-energy cofactor. They are found in organ tissue~ and _body fluids. Esterase 

metabolizes polar molecules with an ester bond. Present cl~ss1ficat1on grouped esterases 

into arylesterases, B-esterases (aliphatic, acetylesterases, ltpase) and carboxylesterases 

(Augustinson 1959, 1961 ). Because of their importance in insecticide toxicity, specifically 

acetylcholinesterase of the B-esterase group, considerable attention has been paid to es-

terases in insects (Oosterbaan and Jansz, 1965, Dauterman, 1976, 1985, Ahmad and Forgash, 

1976, Brattsten, 1979, Junge, 1984, Junge and Klees, 1984, and Heymann, 1980). Acetylcho-

linesterase is said to be inhibited by organophosphate and carbamate insecticides, resulting 

to tremors convulsions and physiological disturbances to insects. However, insensitivity to 

these compounds has been cited as the probable cause (Wilkinson, 1976). Consequently, 

reduced affinity of normal substrates contribute tq the insensitivity of the insects (Smissaert, 

1964). Enabling the insects to detoxify these insecticides as shown by the green leafhoppers 

(Hama. 1983), which could eventually lead to resistance development. 
The effecttof three oil derivatives on ACTH activity in S. zeamais are shown in Tables 8, 9, 10. 

The F-test done in all three oils showed significant effects on ACTH production. A general 

decreasing trend in ACTH production was observed as the concentration level is increased 

except for Margosan-O. In sweetflag oil, an initial increase in ACTH production was ob-

served at 200 ppm to 500 ppm concentration but soon showed a significant and abrupt 

decrease starting at 10,000 ppm, relative to the control. Initial increase in ACTH production 

indicated only tolerance of AChE to sweetflag oil at these levels, as shown by the response. 

The inhibition of the enzyme would only be reached at 10,000 ppm and at higher concentra-

tion. The same trend was observed in turmeric oil. a more definitive decreasing pattern of 

ACTH production with increasing concentrations was observed (Table 9). However, com-
pared with sweetflag oil, susceptibility of the A Che was reached at a lower concentration 

level. At only 400 ppm, a marked decrease in ACTH production was observed. The decrease 
was significantly different from the control. 

In Margosan-O however, ACTH production showed a significantly increasing trend at 
5000 ppm to 50,000 ppm. The activity would seem to have become enhanced. It is possible 
that the insect may have developed the capacity to tolerate or detoxify the insecticide (Hama 
1983} ' 

The nonspecific esterase activity was determined using alpha and beta naphthyl ac-
etate in 25 ul enzyme extracts. Analysis of variance on both of these extracts showed 
significant_ tests (P>0.0~). _An increa~e in est7rase activity was generally observed as the 
conc~ntrat1ons of the oils mcreased m both extracts. Beta esterase however was more 
prominent than alpha esterase activity. ' 

Sweetflag oil ha~ e_ffected an increases in ~oth alpha and beta esterase activities (Table 
11 ). Beta esterase act1v1ty however, decreased m turmeric oil-treated s. zeamais. Treatments 
were noted to be significantly different relative to the control but insignificant with respect 
to each other (Table 12). In the case ofMargosan-O, increasing trend in esterase activity was 
observed (Table 13). 
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Table 8, Effect of different concentrations of sweetfl ·1 . 
(unit/insect) of S. zeamais. ag 01 on acetychlmesterase activity 

- TREATMENT R.EPLI~6IE 
1 2 3 - 200 0.021 0.026 

Mean 
0.025 0.024 C 

400 0.035 0.029 0.049 
800 0.049 0.044 

0.038 be 

1600 0.059 
0.045 0.046 b 

0.044 0.047 0.050b 
3200 0.089 0.115 0.065 0.090 a 
5000 0.055 0.055 0.055 0.055 b 
control 0.024 0.024 0.017 0.022 C 

* In a column, means with a common letter are not significantly different at 5% level of DMRT. 

Table 9. Effect of different concentrations of turmeric oil on acetychlinesterase act· ·ty 
"tf" ) f IVI (um msect o S. zeamais. 

TREATMENT REPLICATE 
2 3 Mean 

200 0.055 0.045 0.036 0.045 a 
400 0.052 0.044 0.047 0.048 a 
800 0.044 0.045 0.044 0.044 a 
control 0.024 0.024 0.017 0.022 b 

* In a column, means with a common letter are not significantly different at 5% level of DMRT. 

Table 10. Effect of different concentrations of Margosan-0 on acetychlinesterase activity 
(unit/insect) of S. zeamais. 

TREATMENT REPLICATE 
1 2 3 Mean 

200 0.026 0.026 0.036 0.029 b-d 

400 0.042 0.027 0.047 0.039 b-d 

800 0.031 0.025 0.041 0.032 b-d 

1600 0.026 0.039 0.034 0.033 b-d 

3200 0.026 0.035 0.021 0.027 cd 

5000 0.030 0.034 0.041 0.035 b-d 

10000 0.047 0.045 0.035 0.042 be 

25000 0.037 0.054 0.052 0.048 b 

50000 0.052 0.071 0.099 0.074 a 

control 0.024 0.024 0.017 0.022 d 

* In a column, means with a common letter are not significantly different at 5% level of DMRT. 
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Table 11. Effect of different concnetrations of sweetflag oil on non-specific esterase 
activity of S. zeamais. 

TREATMENT MEANS (ESTERASE ACTIVITY) 

• 

200 
400 
800 
1600 
3200 
5000 
control 

Beta-esterase Alpha esterase 
0.191 cd 0.105 ef 
0.308 b 0.181 d 
0.272 b 0.158 de 
0.293 b 0.159 de 
0.293 b 0.185 cd 
0.247 be 0.163 de 
0.387 a 0.072 f 

In a column, treatment means having a common letter are not significantly different at 5% level of 
DMRT. 

Table 12. Effect of turmeric oil on non-specific esterase activity of S. zeamais. 

• 

TREATMENT 

200 
400 
800 
control 

MEANS (ESTERASE ACTIVITY) 
Beta-esterase Alpha esterase 
0.215 be 0.170 cd 
0.268 b 0.179 cd 
0.141 d o. r50 d 
0.387 a 0.072 e 

In a column, treatment means having a common letter are not significantly different at 5% level of 
DMRT. 

Among the three, Margosan-O induced the greatest esterase activity and turmeric oil 
the least (Table 11, 12, 13). Increase in esterase activity was generally associated with the 
insects capability to detoxify the toxic compounds. Esterases are involved in detoxification 
process in the insect's body. While decreases reflect the strength of the toxins in inhibiting 
esterase activity. 

Table 13. Effect ofMargosan-O on npn-specific esterase activity of S. zeamais. 

Treatment MEANS (ESTERASE ACTIVITY) 

• 

200 
400 
800 
1600 
3200 
5000 
control 

Beta-esterase Alpha esterase 
0.191 cd 0.105 ef 
0.308 b 0. 181 f 
0.272 b 0.158 de 
0.293 b 0.159 de 
0.293 b 0.185 cd 
0.247 be 0.163 de 
0.387 a 0.072 f 

In a column, treatment means having a common letter are not significantly different at 5% level of 
DMRT. 
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Summa·-y 

S zeanwis, was treated with different concentr·\ti· f . . l . . < ons o turmeric ·1 '"'argosan-0. T 1e toxicity of the three oil derivat· . 01 , sweelflag oil ·ind iv1 1· ives agamst the ·1 ' , evealed percent morta ity to be directly proportion 1 t 1 wcev1 were noted. It r tl l • l • a o t 1e concentrat' f l ineric oil had 1e ug 1est percentage in inflicting death (S5 45,½ . ion o t 1e oil. Tur-(l6 03%). Sweetflag oil registered a 53 .57% in infli· t· ·d o), and Margosan-0 the lowe&. • • . c mg eath to the in t Tl .. insects were homogeruzed and their enzyme extracts b. sec • 1e surv1vmg anwlase. acetylcholinesterase, and est~rase ~ss·lys :~re su ~ected to total protein content. • 
1 • ' . smg spectrophotometry With regards to tota protem content, the general trend was the . . • concentration of the oil increased. Insects tre·tted w·th t ~ecrease m content as the < 1 urmenc had the low t • content. followed by those treated witl1 sweetflag oil and M es prote~n total protein content may be attributed to the incre~e i·n ti adrgosan-0. _The decrease m . • . oo consumption which nega tively affects protein synthesis. -Amylase activity decreased in all three oil derivatr·ves tl · • . . . . , as 1e concentration m-creased. The reduction 1n ainylase activity can be correlated Wl·th th t 1 f h . . • • e s rengt 1 o t e antifeedant properties of the oils. Turmeric oil had the strongest antifieedant rty d I . · · -1 . prope . an lowest amy ase activity, tra1 ed by sweetflag 011 and Margosan-0. 

The s3:1ne trend was obs_erved in ACTH production, except in Margosan-0 which showed o~erwtse. The production o~ ACTH was inhibited most by tunneric oil, then by sweetflag 011 and Margosan-0, respectively. Margosan-0 increased ACTH production. It is hypothesized that the insect had developed the capacity to detoxify the neem-based insec-ticide. 
Lastly, increase in esterase activity was generally observed. Esterases using beta-napthyl esters as substrates showed increased activity compared with esterase using alpha-napthyl esters in all three oil derivatives. In the tluee oil derivatives, Margosan-0 induced the highest esterase activity and turmeric oil tl1c lowest. Since the action of esterase is in the detoxification processes, the increase in toxic components of Margosan-0, which is less potent to the insect, enhanced the activity of esterase. On the other hand, due to the strength of tl1e toxin in turmeric oil, reduced esterase activity occurred through inhibition. The study showed that t11e three botanical extracts have the potential of being effective in controlling pests witl1 tum1eric oil as the most potent and effective among the three oil derivatives. Considering t11at in previous studies, only a small amount ca~ alr~ady cause repellcncy, in this study, a higher concentration was needed to reduce phys1ologic~l effects on protein activity, indicating that these botanicals are effective in pest ~ontrol ,~s~de from being cheap. The three botanicals tested are good substitutes for chenucal peSt1cides aud 

vital in pest control management of stored grain pests, like S.zeamais. 
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