
 

 

Original Research Article 

Effects of Methanolic Leaves Extracts of Botanicals on the Toxicity and Enzymatic 
Parameters of Callosobruchus maculatus Fab. Larvae (Coleoptera: Bruchidae) 

 

ABSTRACT 

A study was conducted in the laboratory to evaluate the effect of leaves extract of three 
botanicals on the biochemical parameters of insect pest of stored beans, Callosobruchus 
maculatus. The results of the qualitatative phytochemicals revealed the presence of different 
metabolites such as tannins, saponins, cardiac glycosides, phenolic compounds, flavonoids, 
alkaloids etc. The effect of methanolic leaves extracts of Lasianthera africana, Hippocratea 
africana and Uvaria chamae on the toxicity and biochemical parameters after treatment against 
C. maculatus was evaluated. The result shows that treatment of the insects with these extracts 
revealed a significant mortality in C. maculatus. The enzymatic activities of the digestive 
enzymes such as amylase and invertase revealed a significant inhibition in the treated larvae. The 
transaminase enzymes (AST and ALT) was found to be reduced in the insect after treatment 
(33.2 and 42.6) while the result of the phosphatase enzyme activity (ACP and ALP) showed a 
potent inhibitory effect on both enzymes which was more pronounced in ALP than ACP with 
percentage inhibition of 75.8 and 31.8 respectively. 

Keywords: Callosobruchus maculatus, Lasianthera africana, Hippocratea africana, Uvaria 
chamae, Enzymatic, Toxicity 

1. Introduction 

Indiscriminate use of synthetic chemical pesticides to control pests has led to the development of 
insect’s resistance and also affected non target organisms. Hence, an environmental-friendly 
alternative is needed [1]. Recently, an intensive research has been carried out to control 
agricultural pests by using natural insecticides of plant origin to decrease hazards in the 
environment. Plant based products had been used to control different pests by farmers atleast for 
two millennia [2]. Because of the abundance of phytochemicals in plant, the extracts of various 
plant species with different secondary metabolite have been used to control pests of various order 
including the Coleopterans [3]. 

Uvaria chamae leaves are alternately arranged, the leaf has simple structures, lanceolate in shape 
with entire lamina and net veined. Leaves are stipulate, leaf apex cuminate and the leaf vestiture 
is glabrous [4].  Lasianthera africana is monospecific genus. It is a perennial glabrous shrub that 
reaches a height of 61 – 136 cm. [5]. Hippocratea africana is a green forest perennial climber 
without hairs (glabrous), reproducing from seeds [6]. 
It is a cosmopolitan post-harvest pest that causes quantitative and qualitative losses of stored 
grains in West Africa and its infestation begins in the field at low levels and increases in stored 
population [7]. It is used as a model organism for research and education due to its rapid 
development in storage [8]. The adult weevils are short, stout-bodied beetles about 4.76 mm long 
with the wing covers shortened and not covering the tip of the abdomen [9]. Their antennae are 



 

 

usually conspicuous and the body is narrow toward the front [10]. This weevil cowpea lacks the 
'snout' of a real weevil. It is reddish-brown overall, with two central black spots marked by black 
and grey elytra. The last abdomen segment extends below the short elytra, as well as having two 
black spots [11]. 

2. Materials and Methods  

2.1 Collections and Identification of Plant Materials 

The fresh leaves of Uvaria chamae, Lasianthera africana and Hippocratea africana were 
obtained from Faculty of Pharmacy Medicinal Farm of University of Uyo, Akwa Ibom State and 
validated by a taxonomist in the Department of Botany and Ecological Studies, University of 
Uyo. Voucher specimens with number: UUH/3687, UUH/3688 and UUH/3689 was deposited in 
their herbarium for further referencing.   
2.2 Rearing of Test Organisms 

To provide comparable age weevils for the experiment, C. maculatus cultures were established. 
A total of five (5 kg) bean seeds were purchased and cleaned to remove any seeds with visible 
damage. To prevent potential field infestation, the clean seeds were kept in a sealed container in 
the fridge at 4°C for a month. Seeds were placed in soft bags and stored at room temperature for 
two weeks. The beetle is sexually dimorphic, and it easily distinguishes males from females. 
Sometimes the females are larger than the males, overall the females are darker while the males 
are brunette. The plate which covers the end of the abdomen is large and dark in female on the 
sides and smaller in male without the dark areas [12]. The insects were cultured on clean seeds, 
with 50 weevils per 200 g of seeds in each jar. To allow airing and prevent weevil escape, the jar 
was covered with muslin cloth and secured with a rubber band and kept at room temperature. All 
parent weevils were removed from each jar seven days after oviposition. The jars were placed in 
an insect rearing cage kept in the Entomology Laboratory, Department of Animal and 
Environmental Biology, University of Uyo, Uyo. Newly emerged, two day-old insects was used 
for the experiment. 

2.3 Preparation of plant powder and extract 

After collection, the plant leaves were washed and chopped into pieces and room dried to a 
constant weight. Using a power-driven blender (Braum Multiquick Immersion Hand Blender, B 
White Mixer MR 5550CA, Germany), the dry plants were melded into fine powder and then kept 
in an airtight container pending use. The crude leaf extracts were then prepared using standard 
procedures as outlined by Santana [13]; Mukhtar and Huda [14] and Fatope [15]. This involved 
soaking 50 g of the powder for 48 – 72 hours at room temperature in 95 percent methanol. This 
was followed by filtrate evaporation using a rotatory evaporator to obtain the crude extract. 

2.4 Phytochemical Analysis of the Plants 

The initial phytochemical screening of the different plants was carried out in Pharmacognosy 
Laboratory of University of Uyo, Akwa Ibom State using the standard proceedures as described 
by Prashant [16]; Kokate [17]; Evans [18] and Harbone [19]. 
 
2.5 Determination of LC50 
The acute toxicity (LC50) of the extract of the extract types used in this study were established 
using the method of Ousman [20] and Abbott [21] where LC50 of the extract types were obtained 



 

 

during preliminary studies until a concentration that will have effects 50% of the tests after 24 
hours was obtained. 
2.6 Toxicity Experiment 
Healthy grains were kept in a freezer for one week to control hidden infestation, then left to 
equilibrate to room temperature. Twenty (20 g) of the grains was measured into 200 ml plastic 
cups and treated with different unitary and binary formulations of the botanicals at 5 and 10 %. A 
conventional insecticide at 0.25 g concentration was used as standard, while the experimental 
control was set up without any treatment. An hour after the addition of the botanicals, 10 pairs of 
sexed adult C. maculatus of two days old were introduced into treated and untreated grains. The 
plastic cups were covered with white muslin cloth held in place with rubber bands. The 
experiment was laid out using a completely randomized design and replicated four times. 
Mortality was recorded after 24, 48 and 72 hours post treatment. Insects were considered dead on 
failure to respond to three probes using a blunt dissecting probe [22, 23,].  
2.7 Determination of the Digestive Enzyme: Amylase and invertase activities were assayed 
calorimetrically according to the methods described by Ishayaa and Swirski [24]. The activities 
of the enzymes were based on the digestion of starch and sucrose, respectively. 
The free aldehyde groups of glucose formed after starch and sucrose digestion were allowed to 
react with 3, 5-dinitro salicylic acid reagent. The reduced dinitro salicylic acid is measured 
spectrophotometrically at 550 nm. 
2.8 Determination of Transaminase Enzymes (AST and ALT): AST (aspartate 
aminotransaminase) and ALT (alanine aminotransaminase) were determined calorimetrically 
according to the method of Adel et al. [25] and Reitman and Frankle [26]. AST transfers the 
amino group from L-aspartate to Ketoglutaric acid, producing a new amino acid (L-glutamic) 
and a new keto acid (Oxaloacetate). ALT transfers the amino group from D, L-alanine to (-
ketoglutaric acid), resulting in L-glutamic acid and pyruvic acid. The oxaloacetate and pyruvate 
formed from both reactions react with 2, 4-dinitrophenylhydrazine, forming oxaloacetate or 
pyruvate hydrazone which in alkaline medium form a brown colour, which can be measured 
spectrophotometrically at 546 nm. 
2.9 Phosphatase Enzymes: Acid phosphatase (ACP) and alkaline phosphatase (ALP) were 
determined according to the method described by Powell and Smith [27]. In this method, the 
phenol released by enzymatic hydrolysis of disodium phenyl phosphate was measured 
spectrophotometrically. 
2.10 Data Analysis 
Data collected on the toxicity experiment were analyzed using percentages, while that of 
biochemical assay were subjected to univariate analysis of variance (ANOVA). Significant 
means were separated using New Duncan Multiple Range Test. T- test was used to compare the 
differences between the enzymes at the same treatment group. Significant means were accepted 
at p<0.05 and presented as means ± standard error of mean. All analysis were done using 
Statistical Packages for Social Sciences (SPSS) version, 23.0 (IBM Corporation, Armonk USA). 

3. Results 
3.1 Phytochemical Composition of the plants extracts 

The results of the qualitative phytochemicals revealed the presence of different metabolites as 
shown in Table 1. Steroids and terpenes were stongly present in H. africana but U. chamae and 
L. africana had it in trace. Anthraquinones were in trace in U. chamae but absent in both L. 
africana and H. africana. Cardiac glycosides were strongly present in U. chamae but moderately 
present in both L. africana and H. africana. Saponins was detected to be strongly present in L. 



 

 

africana but moderately present in both H. africana and U. chamae. Tannins and Phenols were 
stongly present in L. africana but moderately present in both U. chamae and H. africana. 
Flavonoids were strongly present in both U. chamae and H. africana but moderately present in L. 
africana. Alkaloids were strongly present in U. chamae but moderately present in both H. 
africana and L. africana. Also, phlobatannins was moderately present in both U. chamae and H. 
africana but absent in L. africana..  
Table 1: Qualitative phytochemical analysis of the different extracts  
 
 U. chamae L. africana H. africana Test 
Anthraqunones  + -  - Borntrager 
Steroids/terpenes  + + + +++  Liebermann-

Burchard  
Cardiac glycoside  + ++ ++  ++  Keller-kiliani, 

Salkowsiki  
Saponin  ++  +++  ++  Frothing, Fehling 

solution, Na2Co3  
Tannins and Phenols  ++  +++  ++  Ferric Chloride, Pb 

acetate  
Flavonoids  +++  ++  +++  NaOH, Mayer, 

Wagner  
Alkaloids  ++ + ++  ++  NaOH, Shinda  
Phlobatannins  ++  -  ++ Dragendoff, Mayer, 

Wagner  
 

 +++= Strongly present; ++ = moderately present; += trace; - = absent 
  
 

Results on the toxicity assessment of both Callosobruchus maculatus for 96 hours after the 
application of the unitary and binary formulations of different plant extracts at 5 and 10 % 
concentrations are shown on Tables 2, and figure 1. Significant difference (p<0.5) in mortality 
was observed among different treatments depending on the type of extracts combinations, 
concentration and time after treatment. Significantly higher mortality was recorded under binary 
formulations as compared to unitary formulations at both level of treatment. The highest mean 
mortality of both C. maculatus was recorded as the result of the synergy of U. chamae + L. 
africana, U. chamae + H. africana and L. africana + H. africana treatment at both 
concentrations. The result also showed that binary formulation where U. chamae was added has 
a highest percent mortality of 90%. The toxicity effect of the binary formulations was 
comparable with the synthetic insecticide (Aluminium Phosphide). Increased mortality of both 
weevils was observed after the treatment with higher concentration. Among the unitary 
formulations, the highest mortality was recorded at higher concentration (10%) after treatment 
with U. chamae followed by H. africana and L. africana. There was no significant difference in 
mortality in both unitary and binary formulations. 

Table 2: Adult mortality of Callosobruchus maculatus (% mean ±SD) on maize seeds 
admixed with unitary and binary formulations (5% and 10%) of different botanical 
extracts 



 

 

Conc. (%) Groups Duration (Day) 

  7 14 21 28 

10  

U. chamae 

 

0.75 ± 0.50ab1 

 

1.75 ± 0.50b2 

 

2.75 ± 0.50b2 

 

4.00 ± 0.00b3 

 L. africana 0.25 ± 0.50b1 0.75 ± 0.50bc1 1.25 ± 0.50b12 2.00 ± 0.00b2 

 H. africana 0.50 ± 0.58ab1 1.25 ± 0.96b12 2.00 ± 0.82b2 3.00 ± 0.82b2 

 U. chamae + L. africana 1.00 ± 0.00ab1 2.25 ± 0.50b2 3.25 ± 0.50b2 4.50 ± 1.00b3 

 U. chamae + H. africana 1.00 ± 0.00ab1 2.25 ± 0.50b2 3.50 ± 0.58b3 5.00 ± 0.82b4 

 L. africana + H. africana 1.00 ± 0.00ab1 1.75 ± 0.50b2 2.75 ± 0.50b2 4.00 ± 0.00b3 

 

      

5 U. chamae 0.50 ± 0.58b1 1.25 ± 0.50b1 1.75 ± 0.96b1 2.50 ± 1.29b1 

 L. africana 0.50 ± 0.58b1 0.75 ± 0.96bc1 1.00 ± 0.82bc1 1.50 ± 1.29b1 

 H. africana 0.75 ± 0.50b1 1.00 ± 0.82bc1 1.50 ± 0.58b1 2.50 ± 0.58b1 

 U. chamae + L. africana 0.50 ± 0.58b2 1.00 ± 0.82bc2 1.75 ± 0.96b12 2.75 ± 0.96b2 

 U. chamae + H. africana 0.25 ± 0.50b1 1.00 ± 0.82bc1 1.50 ± 1.29b1 2.50 ± 1.29b1 

 L. africana + H. africana 0.75 ± 0.50b1 1.25 ± 0.50b1 1.75 ± 0.96b1 2.50 ± 1.00b1 

 Standard control 2.00 ± 0.00a1 4.00 ± 0.00a2 6.00 ± 0.00a3 8.00 ± 0.00a4 

 Experimental control 0.00 ± 0.00b1 0.00 ± 0.00c1 0.00 ± 0.00c1 0.00 ± 0.00c1 

Values as mean ± standard deviation. Values with different alphabet superscripts along a column were 

significantly different; while values with different numeric superscripts across a row were significantly 

different (p < 0.05). 

 

 

 



 

 

 

Figure 1: Cumulative mortality effects of both unitary and binary formulations of different 
extract on adult of Callosobruchus maculatus applied at dosage rates of 5% (light blue) and 10%  
(brown) on maize seeds 

 

Digestive Enzymes: The results of amylase and invertase enzymes activity revealed a significant 
decrease (p<0.05) in the larvae treated with the Lasianthera africana, Hippocratea africana and 
Uvaria chamae thus: 47.70 ± 5.3; 43.23 ± 3.5 and 40.35±2.5 µm/min/g tissue for C. maculatus 
respectively when compared to controls (78.97 ± 1.3 µm/min/g) tissue and invertases with 46.27 
± 3.9; 42.85 ± 3.8 and 38.75 ± 3.9 µm/min/g tissue for C. maculatus respectively when compared 
with controls. These values represent 51.3 % (amylase) inhibition and 54.7% (invertase) 
respectively as shown in the table. These enzymes are secreted to play role in digestion and 
utilization of starch and sucrose, so the impairment of these substrates availability might have 
inhibited the digestive enzymes activity in the tested weevil. It therefore shows that U. chamae, 
L. africana and H. africana delays feeding initiation and the actual movement of food bolus 
through the digestive tract.   

Transaminase enzymes activities (AST and ALT): It is observed from Table 2 that treatment 
with different plant extracts reduces the activity of aspartate aminotransaminase (AST) and 
alanine aminotransaminase (ALT) as the percentages inhibition were 33.2% and 42.6% for C. 
maculatus respectively when compared to the controls. The mean average of ALT concentrations 
of different extract were 4.35 ± 0.25, 4.23 ± 0.22 and 4.15 ± 0.11 in the case of treatment with 
Lasianthera africana, Hippocratea Africana and Uvaria chamae respectively compared to 
6.15±0.05 of the control. There was a significant difference between the treated and untreated 
larvae.  
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The activity of AST are found to be decreasing when treated with extracts of L. africana, H. 
africana and U. chamae in this order as compared to control. The average values of AST activity 
in Sitophilus zeamais were 3.0±0.25, 3.1±0.14 and 2.9±0.34 when compared to the control of 
5.4±0.39. There was a significant difference between the treated and untreated larvae. Therefore, 
it is clear that the observed reduction in the enzymatic activities of AST was higher than that of 
ALT.  

Phosphatase enzymes (ACP and ALP): The data obtained as shown in Tables 2 and 3 showed 
the effect of the tested plant extracts on the enzymatic activity of acid and alkaline phosphatases 
(ACP and ALP). The result showed a potent inhibitory effect of both enzymes which was 31.8% 
and 75.8% for ACP and ALP respectively on treated weevil when compared to the control. The 
mean average of ACP activities of different extract were 3.04 ± 0.16, 3.04 ± 0.13 and 4.01 ± 0.25 
U/100mg in the case of treatment with Lasianthera africana, Hippocratea africana and Uvaria 
chamae respectively compared to 4.2 ± 0.02 U/100mg of the control. There was a significant 
difference between the treated and untreated larvae.  

The mean average of ALP activities of different extract were 72.6 ± 9.8, 70.5 ± 8.7 and 68.4 ± 
6.7 U/100mg in the case of treatment with L. africana,, H. africana and U. chamae respectively 
compared to 245.8 ± 8.5 U/100mg of the controls in the weevil. There was a significant increase 
in ALP than ACP in the treated and untreated larvae.  

 

 

 

 

 

 

 

Table 3: Enzymatic activity of larvae of C. maculatus treated with different extracts. 

Enzymes Sample Enzymes activities 

 L. africana H.  africana U. chamae Control % 
inhibition 

Digestive enzymes 
(µm/min/g tissues) 

     

Amylase 47.7 ± 5.3 43.23 ± 3.5 40.35 ± 2.5 78.77 ± 1.3 51.3 

Invertase 46.27 ± 3.9** 42.85 ± 3.8 38.75 ± 3.9 72.32 ± 4.4 54.7 

Transaminase 
enzymes(µm/min/g 
tissues) 

     



 

 

AST 3.0 ± 0.25** 3.1 ± 0.14 2.9 ± 0.38 5.4 ± 0.39 33.2 

ALT 4.35 ± 0.25** 4.32 ± 0.22 4.15 ± 0.11 6.15 ± 0.5 42.6 

Phosphate 
enzymes(µm/min/g 
tissues) 

Acid Phosphate 

 

 

3.04 ± 0.16 

 

 

3.04 ± 0.13 

 

 

4.01 ± 0.25 

 

 

4.02 ± 0.2 

 

 

31.8 

Alkaline Phosphate 72.9 ± 9.8 70.5 ± 8.7 68.4 ± 6.7 245.8 ± 8.5 75.8 

 
Discussions 

The qualitative phytochemical screening of all the plants extract (Uvaria chamae, Hippocratea 
africana and Lasianthera africana) revealed the presence of alkaloids, saponins, tannins, 
flavonoids, phenols and cardiac glycosides. This result was in agreement with the report of [28, 
29, 30] who carried out a phytochemical screening of some methanolic plants extracts and found 
tannins, flavonoids, alkaloids and saponins to be the most abundant phytochemical present. 
Anthraquinone was not present in this study, while Phlobotannins was moderately present. The 
report of this study was in agreement with the findings of [31, 32, 33] who carried out the 
phytochemical screening of extract of L. africana and H. africana and reported no trace of 
anthraquinone and moderately presence of Phlobatannins. The strong presence of cardiac 
glycosides observed in this study was in agreement with the findings of [34, 32, 30] who 
observed heavy presence of the same metabolites when carrying out the phytochemical screening 
of L. africana and H. africana but disagreed with the findings of Rajeswari et al. [35] who 
observed no trace of cardiac glycosides when screening the extract of H. africana.   

The findings showed that ALT and AST, reared on the tested extracts in the 4th instar larvae, 
were less than in untreated control larvae. From the present findings it is very clear that there was 
inhibition of AST on the treated seed grains in the 4th instar larvae. These results agreed with 
[36] who reported that as far as the activity of transaminase is concerned, pyrethroid and Neem 
formulation compounds were found to have inhibitory effects and the decrease of AST was more 
than in ALT. Hassen [37] denoted that the activity of tissue-specific enzymes was used to 
diagnose the harm caused by chemical toxicity to particular organs and tissues. The two most 
diagnostic-potential enzymes are aspartate aminotransferase (AST) and alanine aminotransferase 
(ALT). Since transaminase enzymes help to produce energy, ALT and AST assist in the 
transition of amino groups and play an important role in the process of the Kreb or the process of 
high energy output, in other words, the amino acid, lipid, and carbohydrate metabolism [38, 39]. 
Since AST and ALT are essential anaplerotic enzymes that provide oxaloacetate and pyruvate as 
critical precursors of Kreb's cycle respectively, inhibition of these enzymes caused impairment of 
this process that could affect the normal reproduction and growth rate of the treated insects. It is 
in accordance with [40] who concluded that plant extracts induced inhibition of AST and ALT 
enzymes, thus decreasing Aphis craccivora's reproductive capacity. Therefore, the use of plant 
extracts, which have been found to suppress these enzymes, can help combat pests of insects. 
The results showed that alkaline phosphatase activity in treated larvae was lower than in control 
when using L. africana, while its activities increases when using H. africana and U. chamae 



 

 

extract. The resulted increase in this study was in agreement with El-Gindi [41] who found that 
topical treatment of Parasarcophaga argyrostoma with juvenile hormone, pyriproxyfen at 1 % 
leads to highly significant increases in ALP activity. Acid phosphatase activity in the treated 
larvae was found to be lower than that in control. This result was in agreement with the findings 
of Mostafa [42, 43] who recorded significant reduction in the acid phosphatases activity at all 
times intervals when treatment having formulation of plant extracts (Margason) were 
administered to 4th and 6th instar larvae of Spodoptera littoralis. Since both enzymes are closely 
related to insect development, nutrition, egg maturation and metamorphosis, their inhibition 
could affect the transport of nutrients which in turn may impair the normal development of the 
insect. This was in agreement with the findings of [44, 45, 46] who reported that botanical 
extracts caused a reduction in ACP and ALP activities. The extracts was found to have more 
effects on the weevils as juvenile hormone on larvae. The findings here are in accordance with 
[47] who found that s-alp (Soluble alkaline phosphatase) activity was increased in all tissue 
whereas m-alp (membrane alkaline phosphatase) was increased in the midgut and hindgut by 
juvenile hormone analog (JHA) treatment, and also the larval duration was increased. This is also 
in agreement with [48] who observed that the plant oils may have a regulatory impact on juvenile 
or insect development. The rise in alkaline phosphatase may also be due to the U. chamae's 
juvenile hormone effect because juvenile hormone contributes to increased alkaline phosphatase. 
The study has therefore, identified C. maculatus economic roles as serious threat to beans 
production in Nigeria.  

CONCLUSION 

The plants used in controlling the weevil, Callosobruchus maculatus are harmless to mammals at 
least at the dosage being reported and so efforts should be intensified towards their cultivation, 
packaging and application on a large scale as botanical insecticides. 

 

 

References 

1. Packiam SM, Baskar K.  Ignacimuthu S. Insecticidal and histopathological effects of botanical 
 formulations against Helicoverpa armigera (Hub.) (Lepidoptera:  Noctuidae). Journal of 
 Agricultural Technology, 2013;9(3): 553-563. 
2. Thacker D, Global Neem Update 2: 1. University Press, 2002 London. 
3. Muthu C, Baskar K, Kingsley S, Ignacimuthu S. Bioefficacy of Clerodendrum  phlomidis 
 Linn. F. and Fleuggea leucopyrus (Koen.) Willd. against Earias vitelli Fab. Journal of 
 Entomology, 2013;9:332-342  
4 Bongers F, Parren PME, Traore D. Forest Climbing Plants of West Africa: Diversity, Ecology 

and Management. CAB International, 2005 New Delhi. 
5 Bassey ME, Etuk UI, Ekpo JU. Morphological diversity in the macrophyte genus Lasianthera 

(Icacinaceae) and the taxonomic implications. Living System for Sustainable 
Development, 2014;2: 1-5. 

6. Dalziel JM, Useful Plants of West Tropical Africa. Crown Agents for Overseas 
Government,1956 London. 



 

 

7. Ntoukwam G, Murdock LL, Shode RE. Managing insect pests of cowpea in 
storage. Midcourse Research Meeting, 2006; Senegal. 
http://www.conr.msu.edu/oerseas/cowpea/proceal  Accessed November, 2013.  

8. Profit M, Bruchid Research at Royal Holloway. University of London,1997 London. 
9. Houseman RM, Insect Pest of Stored Product. Division of Plant Science Entomology, 

University of Missouri Extension Service, University of Missouri,2006 USA. 
10. Dress BM, John J. Field Guide to Texas Insects. Gulf Publishing Company, 1999 Texas, 

USA. 
11. Paranagama PA, Adhikari AACK, Abeywickrama KP, Bandara KANP. Toxicity and 

repellant activity of Cymbopogon citratus (DC) Stapf and Murraya koenigii Sprang 
against Callosobruchus maculatus (F.) (Coleoptera, Bruchidae). Tropical Agricultural 
Research and Extension, 2002;5(1-2): 22-28. 

12. Kapila R, Agarwal HC. Biology of an egg parasite of Callosobruchus maculatus (Fab.) 
(Coleoptera: Bruchidae). Journal of Stored Products Research, 1995;31(4): 335-341. 

13. Santana, PM, Miranda M, Payrol JA, Silva M, Hernandez V, Peralta E. Gas 
Chromatography-  Mass Spectrometry Study from the Leaves Fractions Obtained from 
Vernonanthura patens  (Kunth) H. Rob. International Journal of Organic Chemistry,2013 
 3(2):32968.  http://dx.doi.org/10.4236/ijoc.2013.32011 
14. Mukhtar, M. D. and Huda, M. (2005). Prevalence of Tinea capitis in primary school and 

sensitivity of etiological agents of Pisti astratiotes extracts. Nigerian Journal of 
Microbiology, 19(1-2): 412-419. 

15. Fatope MO, Ibrahim H, Takeda Y. Screening of higher plants reputed as pesticides using the 
brine shrimp lethality assay. International Journal of Pharmacognosy, 1999;31(4): 250-
254, https://doi.org/10.3109/13880209309.082949 

16. Prashant, T., Bimlesh, K., Mandeep, K., Gurpreet, K. and Harleen, K. Phytochemical 
screening and extraction: a review. Internationale Pharmaceutica Sciencia, 2011; 1(1): 
98-106. 

17. Kokate CK, Purohit AP, Gokhale SB. Pharmacognosy. 40th Edition, Nirali Prakashan, 
2008;India. 

18. Evans WC. Trease and Evans’ Pharmacognosy. 15th Edition, Elsevier, A Division of Reed 
Elsevier India Pvt. Limited, 2002; India. 

19. Harborne JB. Phytochemical Methods. 2nd Edition, Chapman and Hall, 1984; New York. 
 
20.  Ousman A, Ngassoum MB, Essia-Ngang JJ, Ngamo LST, Ndjouvenkwu R. Insecticidal 

activity of spicy plant oils against Sitophilus zeamais in stored maize in Cameroun. 
Agriculture Journal, 2007;2(2): 192-196 

21. Abbott WS. A method of computing the effectiveness of an insecticide. Journal of 
 Economic Entomology 1925; 18: 65 – 66 
22. Obeng�Ofori D, Reichmuth CH, Bekele J, Hassanali A. Biological activity of 1, 8 cineole, a 

major component of essential oil of Ocimum kenyense (Ayobangira) against stored 
product beetles. Journal of Applied Entomology,1997; 121(1�5):237-243, 
https://doi.org/10.1111/J-1439-0418.1997.tt01399 

23. Oboho DE, Eyo JE, Ekeh FN, Okweche S. Efficacy of Cymbopogon citratus Stapf leaf 
extract as seeds protectant against Sitophilus zeamais Motschulsky (Coleoptera: 
Curculionidae) on stored maize grains. Journal of Biological Control, 2016; 30(4): 220-
225, https://doi.org/10.18311/jbc/2016/15540 



 

 

24. Ishayaa I, Swirski E. Trehalase, invertase and amylase activities in the black scale 
Saissetiaoleae and their relation to host adaptability. Journal of Insect Physiology, 1976; 
22: 1025- 1029, https://doi.org/10.1016/0022-1910(76)90087-1 

25. Adel MM, El-Hawary FM, Abdel-Aziz NF, Sammour EA. Some physiological, biochemical 
and histopathological effects of Artemisia monosperma against the cotton leafworm, 
Spodoptera littoralis. Archives of Phytopathology and Plant Protection, 2010;43(11): 
1098-1110, https://doi.org/10.1080/03235400802285562 

26. Reitman S, Frankel S. A calorimetric method for the determination of serum glutamic 
oxaloacetic and glutamic pyruvic transaminases. American Journal of Clinical Pathology 
1957; 28: 56- 63 

27. Powell MEA, Smith MJH. The determination of serum acid and alkaline phosphatases 
activity  with 4-amino antipyrine. Journal of Clinical Pathology,1954;7: 245-248, 
 https.//dx.doi.org/10.1136%2Fjcp.7.3.245 

28. Bassey ME, Etuk UI, Ekpo JU. Morphological diversity in the macrophyte genus 
Lasianthera (Icacinaceae) and the taxonomic implications. Living System for Sustainable 
Development, 2014;2: 1-5. 

29. Folawewo AD, Madu AN, Agbaje-Daniels FV, Faboyede AO, Coker AR. Phytochemical 
screening and antibacterial activities of the root bark extracts of Hippocratea africana 
(Willd.) Loes. ex Engl. European Journal of Medicinal Plants, 2017;19(1): 1-8, 
http://doi.org/10.9734/EJMP/2017/32765 

30. Oboho DE, Oyebadejo S, Edagha I, Ubulom PME, Ita BN, Nelson AU, Akpan AU,  Eyo JE. 
Gas Chromatography-Mass Spectroscopy and Histopathological Effects of Methanol 
Leaf extract of Uvaria chamae on the Midgut of Sitophilus zeamais. International Journal 
of Agriculture and Biology 2021, 26(6): 695- 701 

31. Ekanem NG, Mbagwu HOC, Harry GI. Phytochemical screening and hypoglycaemic activity 
of Lasianthera africana Beauv. (Aquifoliales: Stemonuraceae) leaf extract on diabetic 
rats. Brazilian Journal of Biological Sciences, 2016; 3(6): 293-298, 
http://dx.doi.org/10.21472/bjbs.030606 

32. Ebana RU, Asamudo NU, Etok CA, Edet UO, Onyebuisi CS.  Phytochemical Screening, 
 Nutrient Analysis and Antimicrobial Activity of the leaves of Lasianthera africana and 
 Dennettia tripetala on Clinical Isolates. Journal of Advances in Biology and 
 Biotechnology, 2016;8(4): 1-9, http://dx.doi.org/10.973-/JABB/2016/28291 
33. Oboho DE, Akwaowo UN, Edeke A, Okwor JI, Imakwu, CA, Akpan AU, Oyebadejo S, Eyo 

 JE. Phytochemical screening, GC-MS and Histological Effects of Methanolic leaf extract 

 of Hippocratea africana (Willd) on the midgut of Sitophilus zeamais (Motsch.). London 

 Journal of Science Research, 2022 22(4):11-21 

34. Rajeswari K, Ravi Kumar A, Subbu Rathinam KM. Phytochemical and antidiarrhoeal 
activity of Hippocratea africana roots. Indian Journal of Research in Pharmacy and 
Biotechnology,2014; 2(4): 1357- 1359 

35. Tabassum R, Naqvi SNH, Jahan M, Nurulain SM, Khan MF, Azmi, MA. Determination of 
the  toxicities of fenpropathrin (Pyrethroid) and neem formulation (RB- a+ PBO+ Tx-100) 
 against Alphitobius diaperinus adults and their effects on transaminases. Turkish Journal 
 of Zoology,1998; 22(4): 319-322. 



 

 

36. Hassan HA. Biological and Biochemical Studies on the Effects of Some Botanical 
 Extracts on Cotton Leafwom Spodoptera littoralis (Boisd.) (Lepidoptera: Noctuidae). M. 
 Sc. Thesis, Faculty of Science, Ain Shams University, 2002 Egypt. 
37. Sharma RK, Singh K (1977). Studies on glutamic-oxalacetic (GOT) and glutamic-pyruvic 

(GPT) transaminases of swine kidney worm Stephanurus dentatus (Diesing, 
1839). Zeitschrift für Parasitenkunde, 1977;54 (3): 251-256. 

38. Azmı̇ MA, Naqvi SNH, Khan MF, Akhtar K, Khan FY. Comparative toxicological studies of 
RB-a (Neem extract) and Coopex (Permethrin + Bioallethrin) against Sitophilus oryzae 
with reference to their effects on oxygen consumption and GOT, GPT activity. Turkish 
Journal of Zoology,1998; 22(4): 307-310. 

39. El-Hawary FMA, Sammour EA. The bioactivity and mechanism of action of certain wild 
plant extracts on Aphis craccivora. Bulletin of the National Research Centre, Eygpt, 
2006;31: 547-556. 

40   El-Gindi AM. Effect of pyriproxyfen on phosphatases and transaminases enzymes of last 
instar larvae of Parasarcophaga argyrostoma (Robieau-Desvoidy) (Diptera-
Sarcophagidae). Journal of Egyptian and German Society of Zoology, 2000; 33(E): 327-
338. 

41. Mostafa SA. Biochemical Effect of Some Chemical Compounds on Spodoptera littorallis 
(Boisd). PhD Thesis, Faculty of Agriculture, Al-Azhar University, 1993; Egypt, 
https://doi.org/10.1093/ajcp/28.1.56 

42. Younes MW, Othman SE, Elkersh MA, Youssef NS, Omar GA. Effect of seven plant oils on 
some biochemical parameters in Khapra beetle Trogoderma granarium Everts 
(Coleoptera: Dermestidae). Egyptian Journal of Experimental Biology (Zoology), 
2011; 7(1): 53-61. 

43. Bakr FR, El-Bermawy S, Emara S, Abolyazid I, Abdel-Wahab H. Biochemical studies on 
Spodoptera littoralis developmental stages after larval treatment with different botanical 
extracts.  The Proceedings of the 2nd International Conference of Plant Protection 
Research Institute, Cairo, Egypt, 2002;1: 886- 897 

44. Hussein NM, Gadallah AI, Tawfik SM, Hewady MA. The changes in  the enzymatic 
 activities in the larvae of bullworm induced by vertimec and /or neem azal in their 
 artificial diet. Paper Presented at the First Conference of the Central Agricultural 
 Pesticide Laboratory, September 3-5, 2002, Cairo Egypt. 

45. Sammour EA, El-Hawary FM, Abdel-Aziz NF. Comparative study on the efficacy of neemix 
and basil oil formulations on the cowpea aphid Aphis craccivora Koch. Archives of 
Phytopathology and Plant Protection, 2011; 44(7): 655-670, 
https://doi.org/10.1080/03235400903266495 

46. Ferraro RB, Sousa JL, Cunha RD, Meyer�Fernandes JR. Characterization of an 
ecto�phosphatase activity in malpighian tubules of hematophagous bug Rhodnius 
prolixus. Archives of Insect Biochemistry and Physiology, 2004;57(1): 40-49. 

47. Dua VK, Pandey AC, Dash AP. Adulticidal activity of essential oil of  Lantana camara 
 leaves against mosquitoes. Indian Journal of Medical Research, 2010 131: 434-439. 

 48. Werdin Gonzalez JO, Gutiérrez MM, Murray AP, Ferrero AA. Biological activity of 
essential oils from Aloysia polystachya and Aloysia citriodora (Verbenaceae) against the 
soybean 



 

 

pest Nezara viridula (Hemiptera: Pentatomidae). Natural Product Communications, 
2010; 5(2): 301-306. 

  


