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Abstract 

In efforts to compliment research on biopesticides, attempts were made to determine the fumigant toxicity of essential oils 
from Syzygium aromaticum and Cymbopogon citratus against Tribolium castaneum larvae and adults under laboratory 
conditions. Four dosages (0, 50, 100 and 150µL/L) of each oil were applied in four replications. One-hundred larvae and 
unsexed adult populations of T castaneum were thus subjected to the oils in fumigant bioassays. α and β amylases activities 
in the fumigated life stages of T. castaneum were accessed. Toxicity data was subjected to One-way Analysis of Variance. 
Also, the relationship between the dosages of the S. aromaticum and C. citratus oils and the mortality rate among T. 
castaneum was investigated using regression analysis. Mortality rate was directly proportional to the dosages of both oils. 
The inhibitory potential of the oils, however, was only observed at the highest dose (150µl/L) for the adult stage, where low 
amylase activity was recorded. On the whole, amylase activity was higher in the insect stages fumigated with S. aromaticum 
oil. Similarly, significant positive linear correlation exists only between the mortality rate and the dosages of S. aromaticum 
oil (r= 0.994, N = 4, P = 0.006). The results gave cues on the action of the essential oils via some stress-related physiological 
activities in the insect stages that culminated in the killing of the insects. 
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1. Introduction 

In the tropics, stored grains and grain products are 
significantly affected by pest insects (Jeyansakar et al., 
2016). An example of such pests is the red flour beetle, 
Tribolium castaneum (Herbst) (Coleoptera: 
Tenebrionidae), a polyphagous beetle commonly found in 
flour, flour products, cereal grains, grain legumes, and 
even spices. All forms of the insect life cycle can be found 
in infested stored commodities causing qualitative and 
quantitative food loss. In developing countries including 
Nigeria, post-harvest losses due to this insect-pest have 
been reported to be around 40 % (Pimentel, 1991). 

In efforts to abate this occurrence, synthetic 
insecticides have been extensively and frequently used to 
control the red flour beetle. However, due to the growing 
concerns over the associated environmental and 
consumers’ health, the effects on non-target organisms, 
insecticide resistance, and the high cost of application 
(Titli et al., 2008; Ajayi et al., 2014), alternative control 
measures are globally in focus nowadays (Arbes et al., 
2003). As such, there is a need to investigate substitutes 
that will achieve the desired level of efficacy, and more 
particularly, ones that are benign to the environment.  

Already, the approaches of Integrated Pest 
Management give credence to this idea by adopting control 
tactics such as organic production to manage pests safely 
and effectively (Pedigo and Rice, 2009; Beatrice et al., 
2016).  Similarly, the development of new pesticides from 
plants has been successfully leveraged on to reduce the 
pests’ populations below the economic injury level 
(Adedire and Ajayi, 2003; Steven et al., 2017). Botanicals 
have been reported to contain defense compounds such as 
terpenes, alkaloids and enzyme inhibitors (Tinkeu et al., 
2004; Schafer and Wink, 2009). These aproteic 
compounds exert effect on insect gut digestive enzymes, 
such as amylases (Octavio et al., 2002; Mazid et al., 
2011).  

The presence of an inherent rich source of bioactive 
chemicals make botanicals a promising source of potential 
alternatives to use as insect-control agents (Isman, 2008; 
Ballhorn et al., 2009; Mazid et al., 2011). Specifically, the 
essential oils of several spices such as the clove oil 
obtained from Syzygium aromaticum ((L.) Merril & Perry) 
have been found to possess fumigant toxicity to four major 
stored product pests, including T. castaneum (Shaaya et 
al., 1991; Merr and Perry, 2011). Souza et al. (2016) 
evaluated the toxicity of Citrus aurantium and 
Cymbopogon citratus on the grain weevil, and found out 
that the oils presented fumigating properties to be used in 
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the management of the pests. Bachrouch et al. (2010) 
reported the potentiality of the control of one-seven-day-
old adult T. castaneum by plant essential oils.  In addition, 
these essential oils are extracted from botanicals that 
contain enzyme inhibitors and defending digestive 
enzymes as a natural defense response against pest attacks 
(Gerhenzon et al., 1991; Grayson, 1998). Tatun et al. 
(2014) reported that plant extracts exhibited inhibitory 
effects on the activity of amylase enzyme in T. castaneum. 
This characteristic qualifies botanicals as insecticides, as 
they are able to form complexes with insect digestive 
enzymes leading to poor nutrient utilization, growth 
retardation, and ultimately death (Fraga, 1988; Sami, 
2014). 

The current study investigates the acute fumigant 
toxicity of essential oils of Clove bud (S. aromaticum) and 
Lemon grass (C. citratus ((DC.) Staff) against adult and 4th 
instar larva of T. castaneum (Red flour beetle). In addition, 
the effect of these botanicals on α-amylase and β-amylase 
activities in these life stages was also explored. 

2. Materials and Methods 

2.1. Biological Materials 

Adults of the American strain of T. castaneum used to 
start the experiments of this study were obtained from 
laboratory cultures of over one-hundred generations at the 
Department of Biology, of the Federal University of 
Technology in Akure Nigeria. The culture was raised on 
disinfested wheat flour at 30oC ±2oC and 75±5 % relative 
humidity. The White wheat flour was obtained from a 
grocery store in Akure metropolis, and was disinfested in 
Haier Thermocool freezer at 0oF (-18oC) for seventy-two 
hours. Newly emerged adults and fourth instar larva 
obtained from the insect culture were used for the 
bioassays. Oils of S. aromaticum clove bud (PCode 
100198414), and lemon grass, C. citratus (PCode 
101507375) were purchased from Sigma Aldrich Co. 3050 
Spruce street St Louis, MO 63103 USA. The studies were 
conducted at the above-mentioned conditions in the 
laboratory at the Departments of Biology, and 
Biochemistry of the Federal University of Technology in 
Akure Nigeria. 
2.2. Fumigation Bioassay 

The fumigant toxicity bioassay was conducted on T. 
castaneum without flour to simulate surface treatment. 
This was done according to the methods of Negahban et 
al. (2007) with slight modifications. Air-tight plastic 
containers, of a one-litre size served as the fumigation 
chamber. One hundred (fifty pairs) adult insects were 
placed in each container. Whatman No. 1 (5mm Ө) filter 
paper was glued to the underside of the lid of the 
containers using a glue gun (AdTech HiTemp Project Pro; 
Made in Taiwan). Oils at 0, 50, 100 and 150µL/L were 
applied to the filter paper. The lid with the treatments was 
used to cover the insects immediately. The seam of each 
fumigation chamber was taped with Para film wrap to 
make it gas-proof. Four replicates were set for each dose 
of each treatment. The same procedure was done for the 
fourth instar larva. The control was similarly set-up 
without the application of essential oil. Mortality was 
observed five days post-treatment.  

2.3. Preparation of Samples for Enzymatic Assay 

The treated adults and larva were ground separately in 
a crucible mortar. A 0.5g of each ground insect of the two 
life stages was weighed into centrifuge tubes, and 500µL 
of 20mM sodium acetate buffer, pH 4.9 was added. The 
solution was homogenized at 10,000 rpm for twenty 
minutes at 4oC. The supernatant was pipetted into 
Eppendorf tubes and stored in deep freezer at -200C until 
used.  
2.4. Enzyme Assay 

An aliquot of 0.5mL of the insect homogenates was 
pipetted into test tubes with a blank of 0.5mL reagent 
grade water in two replicates. The homogenates were 
incubated at 25oC for three- four minutes to achieve 
temperature equilibration. Each tube received a 0.5mL 
starch solution at a fifteen-second interval. The mixture 
was then incubated at 25oC for three minutes. At a fifteen 
second-interval, 1mL Dinitrosalicylic Acid (DNSA) color 
reagent was added to each of the test tubes, and the tubes 
were incubated in boiling water in a water bath for five 
minutes. After incubation, the tubes were allowed to cool 
at room temperature. 10 mL of reagent grade water was 
added to each tube and agitated. The content of each tube 
was poured into cuvette and inserted into a 
spectrophotometer. Absorbance was read at 540wv (A540). 
Enzyme activity was calculated as follows; 

Where; A= Absorbance of enzyme solution, S = Slope of standard 
graph, T = Time of incubation, V = volume of enzyme used. 

2.5. Data Analysis 

To determine acute toxicity, data obtained on the larvae 
and adults were converted to percentages and Arcsine 
transformed. The transformed data were subjected to one-
way Analysis of Variance (ANOVA). Where significant 
difference exists, New Duncan’s Multiple Range Test 
(NDMRT) was used to separate the means. The data 
obtained from biochemical analysis was presented as a 
mean of two replicates. Regression analysis was used to 
investigate the relationship between the dosages of the oils 
and the mortality rate among the T. castaneum. All 
analyses were conducted using the Microsoft excel (2016) 
and Statistical Package for Social Sciences (SPSS) version 
21. 

3. Results 

3.1. Fumigant Toxicity of S. aromaticum and C. citratus on 
Larva and Adult T. castaneum  

 Mortality of larva was dose-dependent (Figure 1). 
There was no death of larvae in control and fumigation 
done with 50µL/L of the S. aromaticum oil. C. citratus 
was more toxic to larvae than S. aromaticum. The highest 
dose of S. aromaticum and C. citratus oils (150µL/L) 
elicited the greatest mortality, 30 % and 41 % of the larvae 
respectively. (Figure 1). Lower mortality of the beetles 
was recorded at 100µL/L for S. aromaticum (27.5 %) and 
C. citratus (28.5 %) (Figure 2).  
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Figure 1 . Percentage mortality of T. castaneum larvae fumigated 
with essential oils of Syzigium aromaticum, and Cymbopogon 
citratus (n = 4) 

Figure 2. Percentage mortality of adult T. castaneum fumigated 
with essential oils of Syzigium aromaticum, and Cymbopogon 
citratus (n = 4) 

3.2. Activities of α and β amylase in T. castaneum Larvae 
and Adult Fumigated with  Essential Oils of S. aromaticum 
and C. citratus 

The enzyme activities increased with the increasing of 
the oil dosage (Figures 3). However, the highest α amylase 
(50 mol/min/mL) and β amylase (13.64mol/min/mL) 
activity in the C. citratus-fumigated adults, was recorded 
in the insects fumigated with 100 µL/L (Figure 3 A, B). 
The α and β - amylase activities were higher in the insect 
stages fumigated with S. aromaticum oils except for β - 
amylase in larvae at 150 µl/L (Figure 3 C, D).  

Figure 3. α-amylase ([A] larvae and [B] adult) and β-amylase 
([C] larvae and [D] adult) activities in T. castaneum fumigated 
with essential oils of Syzygium aromaticum, and Cymbopogon 
citratus. 

3.3. Relationship between Dosages of S. aromaticum and 
C. citratus Oils and  Mortality Rate in T. castaneum 
Larvae and Adults  

The relationship between the dosages of the S. 
aromaticum and C. citratus oil and the mortality rate 
among the T. castaneum larvae and adults is presented in 
Table 1.  Regressing mortality rate in the flour beetle 
larvae against increasing concentration levels of the S. 
aromaticum oil (r = 0.941, N = 4, P = 0.059) and C. 
citratus oil (r = 0.980, N = 4) showed a positive 
correlation, the correlation was found to be significant (P = 
0.020) for larvae treated with C. citratus oil. Similarly, in 
the adults, there was a significant positive linear 
correlation between the mortality rate among the insects 
and the dosages of S. aromaticum oil (r = 0.994, N = 4, P 
= 0.006) and C. citratus oil (r = 0.861, N = 4). The 
correlations were, however, found to be insignificant (P = 
0.139) for the insect adults treated with C. citratus oil. 
Table 1. Relationship between dosages of the S. aromaticum and 
C. citratus oils and the mortality rate of the T. castaneum larvae 
and adults.  

Essential oil Correlation 
coefficient (r) 

Regression equation 

S. aromaticum (larvae) 0.941 Y = -4.565 + 0.209X 

C. citratus (larvae) 0.980 Y = 1.750 + 0.285X 

S. aromaticum (adult) 0.994 Y = -1.200 + 0.271X 

C. citratus (adult) 0.861 Y = 7.250 + 0.203X 

4. Discussion 

All doses of the essential oils assayed elicited some 
level of toxicity to T. castaneum larvae and adults more 
than in the controls. This confirms the presence of 
bioactive compounds in the oils of these plants (El hag et 
al., 1999; Samarasekera et al., 2006; Chaieb et al., 2007). 
The observed low level of toxicity to the life stages of the 
beetles does not undermine the efficacy of the oils, rather, 
it suggests that the essential oils may not be an effective 
fumigant against T. castaneum at low doses. Therefore, it 
may be necessary to increase the dosage to achieve a 
stronger degree of toxicity. This finding is in agreement 
with earlier findings on the effects of C. citratus oil on 
several insect pests. The essential oils of C. citratus and S. 
aromaticum had been reported toxic to T. castaneum in a 
dose-dependent manner (Verbel et al., 2010; Rafeeq et al., 
2016).  

The oil of C. citratus was more toxic to T. castaneum 
than that of S. aromaticum. The monoterpene 
hydrocarbons which are characterized by geranial, neral, 
and myrecene and accounts for about 95 % of the total oil 
in C. citratus have been demonstrated to have high activity 
against insect pests (Lee et al., 2008; Josphat et al., 2011). 
In addition, Mondal and Khalequazzama (2006) 
investigated contact and fumigant activity of three 
essential oils, namely Elettaria cardamomum, Ctenium 
aromaticum and S. aromaticum against T. castaneum 
larvae and adults and reported that S. aromaticum was the 
least effective as a fumigant.  

Starch is a major component of food grains among 
cellulose and xylose. A number of insects rely on 
cellulases and amylases for utilizing alpha and beta 
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polymer of glucose, as a source of carbohydrates. Owing 
to its exclusive dependency on starch, T. castaneum 
produces a raft of starch-hydrolyzing enzymes such as α 
and β amylase to help hydrolyze carbohydrates (Chen et 
al., 1992; Sami, 2014). Because the population of T. 
castaneum used in this study were raised on wheat flour, 
another source of starch, before being fumigated, it is 
probable that active carbohydrate metabolism had already 
begun in the insect before being exposed, hence the 
probable rational for the observed low mortality of insects 
in this study. The insects’ restlessness and erratic 
movement during fumigation indicate that the oils induced 
stress in the insects. Increased enzymatic activities in this 
insects are a physiological response to adapt with 
abnormal condition.   

Upon exposure to toxic substances, changes in 
enzymatic reactions have been reported to be generally 
developmental and stage-specific in a number of insects 
including Tribolium spp (Mediola-Olaya et al., 2000; 
Bandani and Balvasi, 2006). In these species, a higher 
enzyme activity is an occurrence commonly recorded in 
the adults more than in the larvae. Accordingly, the 
findings in this research, which reveal higher levels of 
enzyme activity in the adult T. castanuem more than in the 
larvae, appear to be well correlated with the reported 
findings. 

The reduction in α- amylase activity of the adult beetles 
at the highest dosage of the oils may be precipitated by the 
defense compounds including inhibitors of digestive 
enzymes which act on insect enzymes (Franco et al., 2002; 
Jing et al., 2005). It is probable that these defense 
compounds are in proportions high enough to exert effect 
compared to other levels of dosages administered to T. 
castaneum. More so, since the 150 µL/L oil exhibited a 
higher proportion of toxicity to the insects relative to the 
other doses tested, it is most likely that this dose contains 
high enough amounts of inhibitory compounds that 
propagated the decline recorded in amylase activity. 
Moreover, the cytotoxic effects of the essential oils on the 
epithelial cells of the midgut of T. castaneum have been 
implicated in the reduced α- amylase activity (Tatun et al., 
2014). While no cytological study was done on S. 
aromaticum and C. citratus oils, it could, however, be a 
probable cause in the decline in amylase activity recorded. 

This study shows that the T. castaneum larvae at the 
varied level of doses used had higher enzyme activity than 
the adults. The chitinous exoskeleton found in the adults 
compared to the larvae reflects a probable scientific 
rational for the variation in the mortality rates as this 
feature may account for the reduction in the quantity of the 
oil that eventually makes it into the insect body. 

5. Conclusion 

While validating the potentiality of essential oils in the 
control of storage pests, it is important to investigate their 
variety and understand how they exert their effects. The 
results show that the oil of C. citratus was more toxic to T. 
castaneum than to the S. aromaticum oil. Generally, insect 
life stages fumigated with S. aromaticum had higher 
enzyme activity compared to those exposed to C. citratus. 
However, given the generally observed low level of 
toxicity, there is a need for further research on the essential 

oils and enzyme activity. The enzyme activity in 
particular, elicited by exposure to plant oils, needs to be 
further characterized by gene sequencing, if the industrial 
application of bio-pesticides is to be fully explored. This 
sentiment is expressed because, at the corresponding 
highest toxicity dose, both oils led to a decline in the 
amylase activity. 
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