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ABSTRACT 

 
Insects are known not only as pests at home but in agricultural farms 

as well. There are insects that even destroy the quality of farm harvest and 
decrease its palatability and marketability. One of the very well- known 
insect pests is the rice weevil (Sitophilus oryzae) which damage the quality 
of rice grain and lowers its market value. Indigenous plant base environment 
friendly insecticides are now gaining popularity than commercial 
insecticides. There are many herbal plants in the Philippines which can be 
used as potential source of insecticide. One of these is Sappan (Cesalpinia 
sappan) which grows well along riverbanks. The aim of this study was to 
determine which of the following concentrations (T- control, 0%; T1, 15%; T2, 
30% and T3, 45%) of Sappan seed ethanol extract (SSEE) will give the highest 
mortality in 1.5 h of observation. Experimental research method with four 
treatments and twenty samples of rice weevils were used to gather pertinent 
data for this study. Sappan seeds were sundried, chopped, macerated in 95% 
ethanol for 3 days and subjected to rotary evaporation. Data on mortality for 
1.5 h with 15 minutes intervals was analyzed using Analysis of Variance and 
Fisher Least Significant Difference (LSD) Test as post hoc Test. Results 
revealed significant difference on the means of four treatments. It is 
imperative that rice weevils in T3 (45% of SSEE) had highest mortality in 1.5 
h exposure. It implied that SSEE is a potential source of insecticide 
particularly for rice weevils. 
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INTRODUCTION 
 

Insect pest like weevil destroys rice grains in storage areas causing 

decrease in quality and palatability. The use of insecticide from herbal plants 

in lieu of synthetic insecticide is becoming popular in the market because it 

will not harm the environment and will maximize the use of herbal plants in 

the locality. This study explored the potential use of Sappan seeds against rice 

weevil. 

In the Philippines, rice is the main energy source for Filipinos. Most 

farmers grow rice to supply the staple food for the entire populace. Philippines 
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being tropical, favor the existence of insect pests not only in their farm but 

even on their post-harvest facilities like rice granary. Last August 2018, the 

Philippine government through its National Food Authority imported rice 

from Thailand and Vietnam. The quality of the said rice was at stake since it 

was infested with rice weevil (Macatuno and Jaucian 2018). The rice weevil, 

(Sitophilus oryzae) is a small (2.5 to 4 mm), dark brown insect belonging to 

order Coleptera and family Curculionide. It has chewing mouthparts at the end 

of its snout or prolonged head. The adult rice weevil is a dull reddish-brown 

with round or irregularly shaped pits on the thorax and four light spots on the 

wing covers. Adult rice weevils live for four to five months and each female 

lays 300 to 400 eggs during this period. The female uses her strong mandibles 

to chew a hole in the grain kernel where she deposits a single egg and seals the 

hole with a gelatinous fluid. Damage to grain caused by this weevil includes 

reductions in nutritional value, germination, weight and commercial value 

(Gentry et al. 1991). 

One of the herbal trees is Sappan (Cesalpinia sappan) locally known as 

“sibukaw” in the Philippines. This shade loving tree is usually found along the 

river banks. It is a small to medium-sized shrubby tree, 4-10 m tall; trunk up 

to 14 cm in diameter; bark with distinct ridges and many prickles, greyish 

brown; young twigs and hairy buds. Seeds are ellipsoid, flattened, about 18-20 

mm x 10-12 mm in size, brown.  It is commonly used as a native medicine of 

the Visayan people (Mariappan et al. 2014). 

There are studies using the heartwood and leaves of Sappan as 

medicinal and anthelmintic agent. Mehrothra and Sharma (1984) stated that 

“Sappan” is considered a valuable astringent, alterative tonic, emmenagogue, 

blood purifier and anticoagulant. It strengthens the bones and teeth and is also 

used in boils and eruptions. The use of Sappan leaves as anthelmintic agent 

showed that, the leaves can serve as a good natural source of potent 

antioxidants and anthelminthiasis medicines (Harjit et al. 2016). 

Phytochemical screening revealed the presence of flavonoids, phenolic 

compounds, tannins, saponin, protein, oxalic acid, carbonate, oil and fat. The 

pods contain 40% tannin. Tannin is found in the leaves, 19%, bark and fruit 

walls, 44% (Chang et al. 2012). 

No published study on the use of its seeds as insecticide, hence this 
study. This study was conducted mainly to investigate the insecticidal 
potential of Sappan seeds against rice weevil. The result of this study is 
beneficial, to partner communities of San Beda University-Institutional 
Community Involvement Center, where rice farming and selling is the main 
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source of livelihood. This study aimed to determine the mortality of rice 
weevils in different concentrations of Sappan seed ethanol extract (SSEE) 
every 15 minutes observation, for 1.5 h; describe the behavior of rice weevils in 
different concentration of SSEE every 15 minutes observation; and determine 
the significant difference on the mortality of rice weevils in different 
concentrations of SSEE every 15 minutes observation. 
 
 
METHODS 

 
This study utilized experimental methods, with four treatments and 20 

sample insects per treatment. Each treatment was duplicated. T- (control) no 
SSEE; T1, 15% SSEE, T2, 30% SSEE, and T3, 45% SSEE. 

 
Preparation of Sappan Seed Ethanol Extract (SSEE). 

 

The method of SSEE preparation was patterned from several studies. 

Sappan premature seeds were sundried for 5 days (Chang et al. 2012).  As 

reported by Elkhalifa et al. (2005) “pods were generally significantly better 

than bark in their tannin`s contents and the premature pods were always 

better than the mature ones.” The study of Bourmita et al. (2013), guided the 

researcher in turning the seeds into smaller parts. Sappan pods were 

hammered to expose the seeds. Seeds (Figure 1) were chopped using kitchen 

knife and pounded with the use of mortar and pestle. The study of 

Tychopoulos and Tyman (1990) served as guide in maceration of ground 

Sappan seeds to solvent (95% ethanol), which is 1:1.5 weight in grams per 

volume in milliliter (500 gm of seeds in 750 ml ethanol). The pounded Sappan 

seeds were soaked in 95% ethanol for 3 days with frequent agitation. The 

mixture was filtered with the use of cheese cloth and Whatman paper no. 1, 

and was subjected to rotary evaporation to remove the ethanol (Figure 2). 

 

 
Figure 1. Pods (left) and seeds (right) of Cesalpinia sappan used as insecticide 

for rice weevils. 
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Figure 2. Sappan seed ethanol extract (SSEE) in rotary evaporator. 

Number of Rice Weevils, per Treatment 

To ensure uniformity and avoid bias in the result on the controlled 

variables, 80 live rice weevils of almost the same size were obtained from the 

same infested sack of rice from the rice granary of a rice trader in Palanan, 

Makati City Philippines. 

Application of SSEE/Exposure Technique 

Rice weevils were exposed to SSEE following the procedures adopted 

by several insecticidal studies using herbal extracts with slight modifications, 

(Smith 1979; Gedam and Sampathkumaran 1986; Ahmad and Suliyat 2011; 

Abbas et al. 2013; Sattar et al. 2014; Edori and Ekpete 2015). Four pairs of 

sterilized petri dishes (5.5 cm diameter) were used. SSEE was diluted in 

distilled water, in different concentrations as follows; T1, 15% SSEE, T2, 30% 

SSEE, and T3, 45% SSEE. The concentration was patterned from the study of 

Oyedokun et al. (2011) with slight modification. Each filter paper in the bottom 

of petri dish was applied with concentration of SSEE except for the control 
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treatment. Infusion was carried out using a syringe. Distilled water was used 

for control (T-). Ten live rice weevils were subsequently introduced in each 

petri dish. After which the insects were touched at the abdomen using glass 

rod to determine its mobility. Mortality in this study is described as non-

motility of rice weevils even if touch by glass rod on their abdominal part.  

Dead rice weevils after 15 minutes of observation were transferred in an empty 

petri dish, as evident of 15 remaining rice weevils in Figure 3 (sample of 

observation in T3 after 30 minutes of observation). Data for the mortality of 

the rice weevils was recorded every 15 minutes for one and half hour 

(Aihetasham et al. 2018; Edori and Ekpete 2015). 

Data Gathering Procedure 

Mortality per treatment and behavior of insects were observed every 

15 minutes interval for 1.5 h of observation. Behavior of insects was described 

based on the study of Edori and Ekpete (2015). Insects were touched by glass 

rod in the abdominal region. Non motility denotes mortality. Paralyzes 

denotes movement of the limbs when touch in the abdominal region. 

Weakening means slow movement in the petri dish. 

Data Analysis 

Data on mortality was analyzed using single factor Analysis of Variance 
(ANOVA) and Fisher Least Significant Difference Test as post hoc test (Gomez 
and Gomez 1984). 
 
 
RESULTS 
 
Mortality of Rice Weevils per Treatment for 1.5 h Observation 
 

Mortality in this study is described as non-motility of rice weevils even 
if touched by glass rod on their abdominal part. Table 1 posited the mortality 
per treatment every 15 minutes of observation. Highest mortality was 
observed in treatment 3, 100% mortality, followed by T2, 70% mortality and T1, 
with 65% mortality. No mortality was observed in T- (control).  Table 2 (Fisher 
Least Significant Test) revealed significant differences among the four 
treatments. Significant differences exist between pairs of means with different 
superscripts as revealed by Fisher LSD (T- vs T1, T- vs. T2 and T- vs. T3). The 
result further implies that 15% to 45% of SSEE caused death/mortality of the 
rice weevils in 90 min or 1.5 h but much faster time in T3. Result revealed 
45 %SSEE is more potent than the other treatments.  
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Table 1. Number of dead rice weevils exposed to different concentrations of 

SSEE every 15 minutes of observation, Mean values with similar superscript 

are not significantly different. 

 

Time (minutes) 

 Treatments  

- (n=20) 
0% SSEE 

I (n=20) 
15% SSEE 

2 (n=20) 
30% SSEE 

3 (n=20) 
45% SSEE 

15 0 4 6 6 

30 0 4 3 5 

45 0 3 2 4 

60 0 1 2 5 

75 0 1 1 0 

90 0 0 0 0 

Total 0 13 14 20 

Mean 0a 2.166b 2.33b 3.83b 

 

 

Table 2. Fisher Least Significant Difference Test (Post hoc Test) comparing 

significant difference among treatment means. 

Paired Means Difference on 

Paired Means 

LSD Value Analysis 

T- a vs. T1b 2.166 2.033 significant 

T-a vs. T2b 2.330 2.033 significant 

T-a vs. T3b 3.830 2.033 significant 

T1b vs.T2 b 0.165 2.033 Not significant 

T1 b vs. T3 b 1.664 2.033 Not significant 

T2 b vs. T3 b 1.500 2.033 Not significant 

 

 
Behavior of Rice Weevils Every 15 Minutes of Observation 
 

Table 3 summarizes the behavior of rice weevils per treatment. On the 
first 15 minutes, experimental insects are lethargic/weak.  Insects moved 
toward the edge of petri dish (Figure 3).  After 30 minutes, insects lie on their 
back and the legs are still moving. After 45 minutes, remaining insects were 
totally weak, paralyzed, but still moving if touched by glass rod in their 
abdomen.  All paralyzed insects in T-, T1, T2 and T3 died after 1.5 h of 
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observation. Dead rice weevil is in bent/crooked position (Figure 4). Rice 
weevils in negative control (T-) were all active. 

 
Table 3. Behavior of rice weevils exposed to different concentrations of Sappan 

seeds ethanol extract, for 1.5 hours observation. 

Time (min)  Treatments  

- (0% SSEE) 1 (15% SSEE) 2 (30% SSEE) 3 (45% SSEE) 

15 20 were found to 

be active 

16 were found to be 

weak 

14 were found  to 

be weak 

14 were found to 

be weak 

30 
20 were found to 

active 

16 lay on their back 17 lay on their back 15 lay on their 

back 

45 
20 were found to 

be active 

17 were paralyzed 18 were paralyzed 16 were paralyzed 

60 
20 were found to 

be active 

19 were paralyzed  18 were paralyzed 
15 was paralyzed 

75 
20 were found to 

be active 
19 were paralyzed 

19 were paralyzed 
All insects died 

90 
20 were active 20 were paralyzed 20 were paralyzed 

All insects died 

 

 

 

 

 
 

Figure 3. Rice weevils moved to the edge of petri dish (Sappan seed ethanol 

extract free area) after 15 minutes of exposure to SSEE. 
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Figure 4. Dead rice weevil (magnified 20 x) in crooked position after 90 
minutes of exposure to Sappan seed ethanol extract (SSEE). 
 
 
DISCUSSION 
 
Mortality of Rice Weevils per Treatment for 1.5 h Observation 
 

Several studies can attest to the mortality of rice weevils in this study. 
The mortality of the rice weevils may have resulted from the biocidal effects of 
the plants which contains active components, tannin in particular (Al-Saady 
2001). Crude plant extracts cause toxicity (Hiremath and Ahn 1997) and 
feeding inhibition of insects (Wheeler and Isman 2001).  Wu et al. (2011) 
identified the compound, diterpenoids and flavones in C. sappan. Nguyen et 
al. (2004) isolated a new cassane-type diterpene, named Phangininoxy A (1) 
and one known Phanginin A (2) from the exact of seeds of Caesalpinia sappan 
Linn.   Catherine et al. (2009) stated that effects of higher doses of flavonoids 
in insects alter normal body functions. The presence of these phytochemical 
alters some biochemical functions of organisms. The effects of flavonoids on 
the transhydrogenation, NADH oxidase, and succinate dehydrogenase 
reactions suggest that compounds of this nature may prove valuable in the 
control of insect populations by affecting mitochondrial enzyme components. 
Furthermore, Tran et al. (2015) found out that the compound 3 (phanginin D) 
is one of the main active components of the seed of C. sappan activating 
caspases-3 which contribute to apoptotic cell death. These studies can attest, 
to the result of this study, that the premature seeds of Sappan can cause 
mortality of insects. 

 
Behavior of Rice Weevils Every 15 Minutes of Observation 
 

It can be gleaned from Table 3 that rice weevils were affected by the 
biochemical components of SSEE. Acero (2017) reported that the insects will 
tend to evade areas with pungent odor and with tannin content. Edori and 
Ekpite (2015) reported that “Tannin enters the epidermal tissues of insects 
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and causes off-feeding of insects thereby affecting its body movements.” The 
conspicuous/abrupt change in their locomotion is characterized by weakness 
as early as 15 minutes of exposure to SSEE. After 30 minutes of exposure, 
paralysis was observed in treatments with SSEE. Touching the abdominal 
regions of the rice weevils, with glass rod indicates that they are still alive, by 
movement of the legs even if the insects lie on their back. Paralysis of the entire 
body except the limbs indicated that the physiologic functions were already 
disturbed. The paralyzed insects later on die after 1.5 h of observation. Tannin 
present in Sappan seeds is characterized by astringent, bitter plant 
polyphenols that either bind and precipitate or shrink proteins. Tannins are 
astringent (mouth puckering) bitter polyphenols and act as feeding deterrents 
to many insect pests (War et al. 2012). 

 
Another phytochemical component of Sappan seed is dipentene. It is 

found in pesticides. It is a colorless liquid with a lemon-like odor, and exposure 

of insects to dipentene causes allergic contact dermatitis (Rycroft 1980). 

Dipentene is a known skin and eye irritant. Ingestion of dipentene in insects 

can irritate the gastro-intestinal tract (Xu et al. 2013). Dipentene also called 

D-Limonene. Dipentene in human has different effect as reported by Kim et 

al. (2013), “d-Limonene has been designated as a chemical with low toxicity 

based upon lethal dose (LD50) and repeated-dose toxicity studies when 

administered orally to animals. In experimental animals and humans, 

oxidation products or metabolites of d-limonene were shown to act as skin 

irritants. Painting infested rice sacks with SSEE to eradicate rice weevils is 

suggested. 

With the highest mortality in T3, it is imperative that Sappan seeds can 
be used as insecticide (rice weevil) at 45% to attain significant result. Studies 
on the use of Sappan seeds in different concentrations shall be explored on 
other insect pests. 
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