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Abstract 

The biochemical effects of neem oil, sweetflag oil and "Margosan-0" on 
the rice weevil Sitophilus oryzae were investigated by looking at percent mortality 
and enzyme activity on treated insects. Toxicity results show "Margosan-0'' as 
the most effective when compared to sweetflag oil and neem oil. 

Amylase, a- and -esterase activities exhibited a general trend of decreas-
ing enzyme activity in response to increased oil concentration. 
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Introduction 

To keep up with the ever increasing human population, the Philippine government 
has centered much of its resources to boost food production. The in\ensification of crop 
production has given risce to many postharvest problems like pest infestation during stor-
age. 1n grain storage, it has been approximated that around 34% of the weight of maize is lost 
when stored for around 8 months in the absence of protection from insects (Caliboso 1977). 
Based on the 1993 procurement of the NFA, the Philippines can be expected to lose US$8.8 
million worth of 44.8 million kg of maize if not pest control measures are undertaken. For 
milled rice, unchecked insect infestation can lead to a loss of about 18.5 million kg valued at 
US$~.2 million. The government stockpiles 260 million kg to constitute 45 days consumption 
reqmrement (Caliboso et al 1985). 

~rofessors, Department of Biological Sciences, MSU-IIT, lligan City and Genetics Lttboru-
ory, University of the Philippines Los Banos, College, Laguna. 
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Materials and Methods 

Insect samples. S. oryzae were obtained from inbred cultures at the Department of 
Entomology, IR.RI. . . . 

Treatments. Eight dosages of neem crude 011 and its processed oil "Margosan-0" 
andsweetflagoil ~200, 400,800, 16~0, 3200, 5000, 10,000, 25,000 ppm)wereusedih treatingS. 
oryzae. These 01ls were also provided by the Entomology Department of the International 
Rice Research Institute (IRRI). 

For each treatment, three replicates were prepared. In each replicate, a clean container 
had 50 grams of flour. The cans were properly labeled with their corresponding oil, dosage 
and replicate number. 

For each 50 gram flour, the weighed amount of the oil was dissolved in 20 ml acetone 
until it became a homogeneous ·solution. Then the mixture was poured into the media while 
constantly stirring to ensure even distribution of the oil. The treated media was aJlowed to 
stand for 24 hours to facilitate maximum evaporation of acetone. 

After 24 hours, 40 adult individuals were introduced per replicate and allowed to 
feed on the treated flour for 7 days. 

Collection and counting of live insects after a week was done by straining the 
media. They were placed in properly labeled test tubes and kept in a freezer at a constant 
temperature of -1 o° C. The mortality of S. oryzae was determined. 

The frozen insects were washed thoroughly with cold distilled water, homogenized in 
0.04 M phosphate buffer, pH 8 (a ratio of 4 insects per ml of 0.04 M, pH 8, phosphate buffer 
was used), thoroughly crushed and ground. Then the supernatant was poured into labeled 
test tubes, The tubes were placed in the freezer after the debris had settled and removed from 
the solution. This was done in all replicates. 

Esterase Assay. Four ml of0.04 M phosphate buffer, pH 8, was pipetted into each test 
tube (including a blank) while the samples were thawed in ice cold water. T~enty-five 
microliters of B-napthyl acetate was added. Enzyme extracts of 50 micro liters were added to 
the blank. After 30 minutes, one ml of diazoblue-lauryl sulfate (DBLS) solution was added as 
color reagent. Transmittance readings at 555 nm (for B-naphtol) and 600 nm (for x naph1ol) 
were recorded using a Bausch and Lomb spectronic 20 spectrophotometer. The v~ues were 
converted to absorbance using the formula T = 2-logT. • 

Amylase Assay, Five hundred microliters (0.5 ml) of I% starch solution was pipetted 
into·each test tube and a blank. Five hundred microliters of each san1ple was added to each 
test tube while an.equivalent an1ount of dH20 was added to the blank. The tubes were 
incubated for three minutes after which 1 ml of dinitrosalicylic acid (DNSA) color reagent 
was added to each test tube. For 5 minutes, the test tubes ere then placed in a hot water bath 
and then allowed to cool at room temperature. To each test tube, 3 ml dH20 was added. 
Transmittance values ere obtained at 640 nm using a spectrophotometer. The readings were 
converted to absorbance values. The amount of amylase (micromoles) was computed by 
dividing the absorbancevaluesby0.02784. Then tl1e gram amylase values were obtained by 
multiplying the micromoles amylase by molecular wight of maltose (360.3), then divided by 
1000 micromoles. • 

145 



The Mindanao Forum TOXICOLOGY Vol. XlU. No. 2 

Toxicity. The ANOVA perfom1ed on the results of toxicity tests of neem oil and sweet.flag oil concentrations on S. oryzae was significant (P~ 0.05). However, the ANOVA 
conducted on mortality of S. ory~ae due to Ma_rgo_san-O ~howed ~o significance among treatments. In the test for neem 011, there was significant mcrease m percent mortality at 
10000 ppm to 25000 ppm compared with the control. Difference in mortality between treat-ment concentration 1000 ppm and control was significant (fable 1 ). The percent mortality of S. oryzae at concentrations 200 to 5000 ppm did not vary significantly from that of.the control. 

Ma.rgosan-o toxicity revealed higher mortality values in all treatments com pa.red with the control. However, only the concentrations of 10000 ppm showed a significant difference against the control. Against all treatments, however, there was no significant difference for 10000 ppm. Increasing the concentrations from 200 to 5000 ppm likewise did not show significant differences towards the control. 
In sweetflag oil, increasing the concentrations caused a corresponding increase in percentage mortality. At 200 ppm, mortality 'was similar to that of the control. There was steady increase in the percent mortality starting with 6.67 at 200 ppm to 81.67 at 5000 ppm. Concentrations of 200,400, and 800 showed no significant difference towards the control. 

Table 1. Mortality effects of neem oil, Margosan-O and sweetflag oil in S. oryzae. 

CONCENTRATION 
(PPM) 

Control 
200 
400 

l@ 
3200 
500) 

10000 
25000 

NEEM 

6.67c 
3.33 C 
10.00c 
1.67 C 
0.83 C 
5.00c 
14.17c 
44.17b 
73.33 a 

MARGOSAN-0 SWEETFLAG 

6.67a 6.67c 
45.00ab 6.67c 
40.83 ab 7.50c 
34.17ab 15.83 C 
49.17 ab 36.67b 
52.50ab 69.17a 
37.50ab 81.67 a 
55.83 b 

But increasing the concentrations to !600, 3200, and 5000 showed significant difference 
towards the control and treatments below 1600 ppm. 

Table 1 shows that in a certain high concentration, there is increased percent mean mortality towards the insect population. This can be attributed to the toxic effects of the oil because if we would look at the alpha and beta-esterase activities at 25000 ppm concentra-
tion of neem oil (Table 2, 3), there is a significant reduction. This would mean t11at the neem oil could have an effect on the detoxification system of the insect. Esterases a.re considered part of the system. They cleave the ester bonds of certain compounds like insecticides. 

The antifeedant properties of the oil are probably shown at t11e lower concentrations. As the oil concentrations are increased, there is a decrease in amylase activity which thus, 
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Results and Discussion 

T,ihlc2. Effect of neem oil, Margosan-O and swe tfl .1 . oryzae. e ag 01 on C( - esterase activity in s. 

--CONCENIRATION NEEM MARGOSAN-0 SWEEirLAG 
(ppm) - Control 0.396ab 0.396a 0.396a 
200 0.480b 0.124 b 0.153 b 
400 0.395 ab 0.069b 0.141b 

0.391 ab 0.087b 0.193 b 
1600 0.357 a 0.107b 0.144b 
3200 0.404ab 0.072b 0.159b 
500) 0.358a 0.135b 0.128b 
10000 0.403 ab 0.09b 
25000 0.299a 

Table 3. Effect of neem oil, Margosan-O and sweetflag oil on fl esterase activity in s. 
oryzae 

CONCENTRATION NEEM MARGOSAN-O SWEETFLAG 
(ppm) 
Control 0.563 b-d 0.563 a 0.563 a 
20.) 0.749a 0.192 b 0.440b 

400 0.612bc 0.105b 0.403 be 

FOO 0.628b 0.161 b 0.381 be 
16(X) 0.512 b-e 0.150 b 0.360 be 

3200 0.570b-d 0.157b 0.314c 

5(XX) 0.482 de 0.248b 0.166d 

l<XXX) 0.492c-e 0.219b 

... 2~000 0J94e 

imply unpalatability of the flour (Table 4). The unpalatability of the oil-starch mixture shows 
the antifeedant and repellent properties of the extracts. At increasing oil concentrations, 
there is an observed repellency. This conforms with the study of Jilani et al ( 1988) on T 
castaneum. The toxic and antifeedant effects are also shown in the alpha esterase, beta-
eSterase and amylase activity of "margosan-O" and sweettlag oil-treated in~ects (Table~)-
T~e results indicate varying dosages to effect at least 50% mortality. The ~t~he~t ~ortahty 
W1th only very minimal amount of the formulation was the sweetflag 011 mdicatmg that 
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sweetflag Qil has an advantage over- neem oil and "~argosan-O": However, if we look at 
Table 6 showing the comparison of the effects of the different botanical ex1racts, "Margosan. 
O" showed the highest mean mortality for all the treatments (from 200 to 5000 ppm) with 
43 .19% compared with neem (~. 94% mean mortality) and sw~tflag (36.25% mean mortality). 
This result is similar to the study of Jilani et al ( 1988) wluch reveals that at I 0000 ppm, 
Margosan-O showed the most toxic results, it can be said that since "Margosan-O" showed 
the highest mean mortality, then probably the oil has the greatest repellency. This is fol-
lowed by sweetflag then neem oil. 

alpha-esterase. The ANOVA perfonned on the e.ffectofMargosan-O and sweetflag 
oil on alpha-esterase activity was significant (P:::_ 0.05). However, for neem oil, the ANOVA 
was not significant. 

The effect of neem on the activity of alpha-esterase revealed fluctuating values start-
ing at 1600 ppm. However, no significant difference in the results was obseryed even as the 
concentration of the oil was increased to 25000 ppm. Results showed fluctuating values but 
ifwe would correlate the alpha-esterase activity to the toxicity values shown in Table I, it 
would be observed that generally, the higher-the percent mortality, the lower the enzyme 

Table 4. Effect of neem oil, Margosan-O and sweetflag oil on an1ylase activity in S. oryzae 
(gm/insect). 

CONCENfRATION NfEM MARGOSAN-0 SWEEIFLAG 
(ppm) 
Control 0.968b 0.968a 0.968a 
200 0.854ab 0.814a 0.743b 
400 0.893 ab 0.591 a 0.826ab 

0.911 ab 0.589a 0.724b 
1600 0.892ab 0.707a 0.671 b 
3200 0.974ab 0.518a 0.689b 
5<.XX) 0.761 a 0.536a 0.743 b 
10000 0.781 a 0.658a 
25<.XX) 0.779a 

activity and vice versa. This result show the oil's toxicity and antifeedant properties. It can 
be said that at higher concentrations where the insect takes in lesser starch-toxin mi>..1ure, the 
insects died of starvation. The principle is the same with the results in esterase activity as 
affected by sweetflag oil and Margosan-O. 

In '·Margosan-O", all treatments showed decreased esterase values compared to the 
control. Fluctuating values were also observed in the treatments. While there were signifi-
cant differences between treatments and the control, no difference was observed among the 
treatments. 

In sweet.flag, all treatments revealed lower esterase activity as compared to the con-
trol. The concentrations from 200 to 5000 ppm showed results which are significantly cliff er-
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ent towards the control. However, there was no significant difference within the treatment 
results. . . Results show that there IS a trend <?f decreasmg esterase activity with increasing oil 

centration. However, the ANOVA performed on the effect of neem on the enzyme con . . ifi E 
t•vity showed an ms1gn icant test. very organism has a natural tendency of defense ac 1 . th . ainstcertain changes m e environment. ln the experiment, the detoxification mechanism 

:: observed against ~he different oils. Esterases serve to de.ave bonds of specific insecti-
cides. The enzyme IS thus ~ro_duced as part ~f the insect's detoxification mechanism. The 
results however, are contradictmg to that ofZiegler et al (1986) which shows that an increase 
in toxin concentration wm:1td result in corresponding increase in enzyme activity. A probable 
explanation of the_ ~suits 1s tr~ced to t~e unpalatability of the oil-starch mixture. Because of 
the insects' capability ~o take m the n~xture at lower concentrations, there is a probability of 
higher amounts of toXJn. Thus there 1s more enzyme activity observed in this lower concen-
tration level. In comparison, at higher oil concentration, the more the insect is incapable of 
feeding, the lower will be the amount of toxin, thus a lower esterase activity needed. 

Table 6 shows that neem oil had the highest esterase activity on all treatments com-
pared to sweetflag oil and "Margosan-O". "Margosan-O" had the lowest enzyme activity 
mean. Since it had been said that neem oil had the least repellency effect in this study, then 
·the insect was able to have greater starch intake compared with sweetflag and '·Margosan-
O". This increase in feeding probably caused the higher toxin content, thus causing in turn, 
an increase in detoxifying activity of alpha-esterase. 

Beta-est..erase. The AN OVA performed on the effect of "Margosan-O", sweet.flag oil 
and neem oil on the 13 -esterase activity was significant (P;:::0.05). 

The effect of "Margosan-O" on 13 -esterase activity showed fluctuating results. All 
treatment values were lower than the c;:ontrol. Despite the fluctuations, all treatment values 
showed a significant difference towards the control but had no significant difference to-
wards each other. 

When the values of toxicity is correlated with that of the 13 -esterase activity, it is 
observed that at concentrations with a higher percent mortality, there is a corresponding 
lower enzyme activity and vice versa. This result is similar to that of the 0< -esterase activity. 
The principle is consistent with the effects of neem oil, "Margosan-O" and sweetflag oil on 
ex -esterase activity. 

The enzyme activity as affected by sweetflag oil showed a steady decrease. All 
treatment values showed significant differences towards the control. The same results were 
observed with neem oil-treated insects. 

In similarity to the effect of neem, sweet.flag and "Margosan-O" on -esterase activity, 
increased in oil concentration caused a corresponding decrease in -esterase activity. This 
trend is evident especially in neem and sweet.flag oil. Margosan-O revealed deviations from 
the trend at concentrations 5000 and 10000 ppm. However, this deviation did not show any 
significant difference towards all the other treatments. Not much difference is expected in 
the results for oc - esterase and 13 -esterase activities. 

Table 3 indicated that neem had the highest 0< -esterase activity when compared to 
Margosan-0 and sweetflag oil. As earlier reported on this study because of neem's lower 
repellency and antifeedant effect the insect was able to take in more starch (which means a 
corresponding increase in toxin, intake) thus requiring a higher detoxifying effect of -
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esterase activity. The results in Table 3 also show that -esterase as affected by neem oil 
Margosan-O and swectflag oil has a consistently higher activity relative to -esterase. Thi~ 
implies that oc -esterase is produced in a larger amounts as compared to 0< -esterase for 
detoxification. . 

Amyfose. The AN OVA perfom1ed on the effect of tlle neem oil and Margosan-O on 
the amylase activity showed an insignificant test at 0.05% level of significance. However, it 
was a significant test for sweetflag oil. 

In neem oil, tlle trend was generally decreasing while tlle concentration of the oil was 
increasing. Significant decrease however,.was observed in 5000 and above. Since amylase 
functions in starch hydrolysis, the rate of amylase activity can be correlated with the amount 
of starch present which was taken in by the insect. This is seen in the results for neem. At 
higher concentrations, tl1ere is lower amylase activity because oflow amount of starch taken 
in due to tlle unpalatability of tlle starch. This is in contrast to the higher enzyme activity in 
lower concentrations where the antifeedant effects of the oil is relatively at the minimum. 

In "Margosan-O", although no increase in concentrations up to 10000 ppm showed 
significant differences towards the control, amylase activity was lower when compared to 
the control. 

Decreasing trend in activity was also observed with sweetflag oil-treated insects. 
Significant differences in activity was observed between treated insects than the control. 

The decreasing trend of amylase activity with increasing concentration of the oils is 
due to the unpalatability of the starch. Amylase functions in the hydrolysis of starch and so 
the amount of starch present affects the rate of enzyme activity. High amounts of starch 
taken in by the insect would trigger the increased activity of amylase while lpw consumption 
of starch would significantly show low enzyme activity. 

The oils, with their antifeedant and repellent properties, showed a trend of amylase 
activity inhibition which is expected of tl1em. This conforms with a study on S. litura where 
extracts of neem seed kernel inhibited amylase activity. Margosan-O the lowest amylase 
activity because it has already been shown that it has the greater repellency effect. 

Summary and Conclusion . 
The storage pest S. oryzae was treated with different concentrations of neem oil, 

sweetflag oil and Margosan-O. Their toxicity on the insect was noted. Results show that 
among the three plant derivatives, sweetflag oil affected significant insect mortality at a 
lower concentration, followed by neem oil and Margosan-O. However, comparison Qfthe 
mortality effects of the three oils (from 200 ppm to 5000 ppm), Margosan-O had the highest 
mean mortality followed by sweetflag oil and neem oil. The principle that at higher concen-
trations, where the insect takes in lesser starch-toxin mixture and its consequential dying to 
starvation is shown. 

The live insects were homogenized and the enzyme extracts were subjected to amy-
lase, oc -esterase and -est~rase , assay using spectrophotometry. 

In the test for -esterase activity, result showed that Margosan-O and sweetflag oil 
had significant difference towards the control Comparison of the three oils' effect on the 
enzyme activity sh.owed that neem oil-treated insects had the highest enzyme activitywfiile 
Margosan-O exhibited the lowest enzyme activity. 
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F r -esteraseactivity, significantresultswereobtained . -
0
parison of three oils' effect on the enzyme acliv'ty hat Just 200 ppm for Margosan-

cont • • h'l M t s owed ne ·1 o. -esterase acuv1ty w 1 e argosan-O had the 1 em 01 affecting the 
highest! C( both 0< - and -esterase activity it was obs owesdt. 

n • . ' erve that ge JI . 
tration would have a correspondmg decrease in enzy . . nera Y, increased in 

concen •sm of the enzyme ~ecomes inactive at high concentr:~ activity. The detoxification 
n1e~hatl_1,ture intake due to its unpalatability. ons because of lesser starch-

xin nux . . . 
to, For amylase activity, sweetflag 011 showed significant 1 • d f . . resu ts at 800 PP G was a decreasing tren o enzyme actiVIty as oil concentra . . . m. eneraUy, 
tl1ere f the three botanical extracts' effect on amylase activi fr tton ts mcreased. Compari-
son° eem oil-treated insects had the highest enzyme activ?ty( i-~ 200-sooo ppm) showed 
wat n tivity w . t e Margosan-0 registered 
we lowest ac • 

Results, thus, showed that the antifeedant nature of the -1 d' 
. . . o1 s irectly affect en7Vm 

U•vities At high concentrations, 1t decreases amylase and a • ~1 e 
ac • 1. . . • , <X -.., esterase activity while 
increasing acetylcho mesterase acUv1ty. 
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