
_____________________________________________________________________________________________________ 
 
*Corresponding author: E-mail: younoussalame@yahoo.com; 
 
 
 

Journal of Experimental Agriculture International 
16(2): 1-15, 2017; Article no.JEAI.31869 

Previously known as American Journal of Experimenta l Agriculture 
ISSN: 2231-0606 

 
SCIENCEDOMAIN international 

                                          www.sciencedomain.org 

 

 

Toxicity of Cassia mimosoides  Leaf Extracts 
Against the Weevil Callosobruchus maculatus  and 

Nutritional and Organoleptic Quality Assessment of 
the Treated Vigna subterranea  (L.) Verdc 

 
Abdoulaye Mahama 1, Clément Saidou 2, Elias Nchiwan Nukenine 1,  

Kouninki Habiba 3, Katamssadan Haman Tofel 4 and Lame Younoussa 1* 
 

1Department of Biological Sciences, Faculty of Science, University of Ngaoundéré, P.O.Box 454, 
Ngaoundéré, Cameroon.  

2Department of Scientific Studies, University Institute of Technology, University of Ngaoundéré, 
P.O.Box 454, Ngaoundéré, Cameroon.  

3Department of Biological Sciences, University of Maroua, Cameroon. 
4Department of Biological Sciences, University of Bamenda, Cameroon. 

 
Authors’ contributions  

 
This present investigation was carried with the collaboration of all authors. Authors AM, CS and ENN 

designed the study. Authors ENN, KHT and CS performed the statistical analysis. Authors AM and CS 
wrote the protocol. Authors AM and LY wrote the first draft of the manuscript. Authors CS, KHT, LY, 

KH and ENN managed the analyses of the study. All authors read and approved the final manuscript. 
 

Article Information 
 

DOI: 10.9734/JEAI/2017/31869 
Editor(s): 

(1) T. Muthukumar, Root & Soil Biology Laboratory Department of Botany, Bharathiar University, India.  
Reviewers: 

(1) Ibrahim Yussif Jnr, Tamale Technical University, Ghana. 
(2) Lucie Aba Toumnou, University of Bangui, Central African Republic. 

(3) K. G. Shadung, University of Limpopo, South Africa. 
Complete Peer review History: http://www.sciencedomain.org/review-history/18920 

 
 
 

Received 28 th January 2017  
Accepted 25 th April 2017 

Published 5 th May 2017 
 

 
ABSTRACT 
 

Aims:  This present study aimed to assess the toxicity, the inhibition of progeny production and the 
reduction of weight losses of Cassia mimosoides (L.) leaf extracts against Callosobruchus 
maculatus (FAB.) on the bambara groundnut grains as well as the physico-chemical, sensorial and 
organoleptic characterization of that grains 3 months post-storage.  
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Place and Duration of Study:  The toxicity tests were done from April to August 2016 in the 
laboratory of Applied Zoology of the Department of Biological Sciences, University of Ngaoundere. 
The physico-chemical, sensorial and organoleptic characterization of bambara groundnut were 
determined in the laboratory of Food Chemical Engineering of the University Institute of 
Technology, University of Ngaoundéré from October to December 2016.  
Methodology:  Toxicity of the plant extracts was evaluated by exposing 20 adult weevils to 5, 10, 
15 and 20 g/kg concentrations of the plant extracts mixed with bambara groundnut grains and the 
mortality of C. maculatus was monitored at 1, 3 and 6 days post-infestation. The inhibition effect of 
the plant products was assessed on the production of bambara groundnut pea beetle progeny F1. 
After 3 months of storage, the influence of V. subterranea post-storage losses including weight 
loss, biochemical, sensorial and taste characteristics were also evaluated.  
Results:  C. mimosoides extracts caused a significant mortality of the weevil and also significantly 
reduced the progeny F1 production. The hexane extract was revealed the most effective causing 
73.65% mortality, reduced completely the progeny F1 production at the lowest concentration of 5 
g/kg. At the same concentration, hexane extract also protected completely bambara groundnut 
grains up to 3 months from the attack of pea beetle. After 3 months post-storage with the plant 
extracts, the nutritional value of the bambara groundnut was preserved since no variation in 
protein, sugar and mineral contents was recorded. Moreover, an improvement in taste, tenderness 
and crispness of bambara groundnut grains after processing was also noticed.  
Conclusion:  Thus, C. mimosoides products especially hexane extract could be used as a natural 
safe and biodegradable plant product to protect bambara groundnut grains from the weevil attacks 
in the storage for at least 3 months without its significant nutritional value degradation and taste 
change.  
 

 
Keywords: Toxicity; plant extracts; nutritional value; sensorial characteristics; pea beetle attack. 

 
1. INTRODUCTION  
 
Nowadays, food security is ensured through the 
protection of agricultural products during storage. 
In the developing countries especially in sahelian 
zones, cereals and leguminous plants constitute 
the basic source of food of the farmers [1,2] and 
up to 75% the production are stored in the 
traditional garret [3,4]. Unfortunately, these post-
harvest stores are rudimentary [5] and 
consequently expose the goods to the devastator 
insects [6]. Among the depreciative insects, 
Callosobruchus maculatus (FAB.) (Coleoptera: 
Bruchinae) is known as the most cosmopolitan 
devastator of the leguminous grains and without 
grain protection measure, can causes around 80 
to 90% losses in 12 months [7]. To face the 
significant problem of the grains losses in 
storage due to insects, farmers are compelled to 
search for the prevention measures [8]. For that, 
synthetic insecticides and fumigants are currently 
the most widely used to control the postharvest 
devastator insects [9,10]. Consequently, the 
misuse of these synthetic insecticides has led to 
miscellaneous problems including their toxic 
effect to consumers, their persistence in the 
environment, and the production of insects 
resistant to the insecticides [3]. Moreover, these 
insecticides are relatively costly, scarce and 
sometimes with doubtful quality (bad 

preservation condition leading to the loss of the 
efficacy) in the local markets [5,11,12,13]. The 
research of the new molecules, taking into 
account no only the effectiveness of the 
insecticides becomes a major concern of current 
time to success an effective grain protection safe 
for consumers and the environment [14-16]. For 
these reasons, the uses of plant-based products 
in the stored products protection program are 
encouraged [17-19]. Indeed, current studies are 
aimed to isolate and identify secondary 
metabolites extracted from the plants, 
responsible for the anti-insect activity [20]. 
Previous works were much focused either on 
essential oils of plants such as Vepris 
heterophylla against Triboluim castanuim in the 
soudano-sahelian zone [4]; of Eucalyptus 
saligna, Cupressus sempervirens, Capsicum 
frutenscens and Lantana camara in the West-
Cameroon highland and Callistemon viminalis 
(Myrtaceae) against the adults insects of 
Acanthoscelides obtectus [20]  neem oils against 
Sitophilus zeamais [14] as well as vegetable 
powders [10,22]. However, few works have been 
carried out on the insecticidal effectiveness of 
Cassia mimosoides secondary metabolites 
extracted with organic solvents especially against 
C. maculatus. However, the leaves, roots and 
barks of the plant have already proved their 
effectiveness as anti-malaria, anti-cancer, 
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analgesic, antipyretic, antioxidant [23] and 
Cassia senna extracts as anti-insect against 
Trogoderma granarium [24]. Besides, 
preservation of seeds, the plant metabolite used 
for preservation could modify the nutritional and 
organoleptic quality of the treated products. In 
fact, Rose de Lima et al. [25] reported that the 
conservation of cowpea with plant essential oils 
belonging to the family of Myrtaceae improves 
the organoleptic properties with an improvement 
in the taste and the flavour of the derived 
products. It would be thus significant to evaluate 
the anti-insect activity of this plant extracts 
against C. maculatus and their impacts on the 
nutritional and organoleptic quality of the 
preserved products. The objective of this work 
aims to evaluate the efficacy of C. mimosoides 
leaf extracts against the weevil C. maculatus in 
stored bambara groundnut and also to assess 
the nutritional and organoleptic qualities of that 
treated Vigna subterranea (bambara groundnut) 
seeds 3 months post-storage. 
 
2. MATERIALS AND METHODS 
 
2.1 Plant Materials 
 
The fresh leaves of C. mimosoides were 
harvested in September 2014 at Koza (longitude: 
13°48'East; latitude: 10°43'North) in the far north 
region of Cameroon (Fig. 1). The plant was 
authenticated by the Department of Biological 
Sciences, Faculty of Science, University                      
of Ngaoundéré, Cameroon. The leaves of            
C. mimosoides were dried under the shade and 
then crushed in the mortar and passed through 1 
mm mesh size sieve. The powder was stored in 
sealed containers in the refrigerator (-4°C) until 
uses [14]. 
 
The seeds of V. subterranea variety used was 
purchased from the local market of Maroua. The 
variety could easily be identified based on the 
grain tegument coloration. After separating from 
the impurities, bambara groundnut grains were 
stored at -20°C for 20 days to eliminate living 
organisms and then acclimated to room 
temperature during 2 weeks before the use for 
bioassays. 
 
2.1.1 Plant extraction 
 
The cold maceration method performed of Perry 
et al. [21] was used for plant extraction. Indeed, 
1000 g of the plant leaf powder was macerated in 
3000 ml of hexane in 5000 ml glass jar. The 
maceration was shaking twice a day, during 3 

days and then filtrated through Whatman No.1 
filter paper to obtain hexane filtrate and residue. 
Then, the residue was dried and also macerated 
in 3000 ml of acetone and processed as 
described previously to obtain acetone filtrate 
and residue. At last, the dry residue was 
macerated in the methanol solvent as described 
previously to obtain methanol filtrate and residue. 
The filtrates were concentrated using rotary 
evaporator (BÜCHI R-124) to obtain hexane, 
acetone and methanol extracts. The dry plant 
extracts were stored at -4°C until further use. 
The extraction yield was calculated using the 
following formula: 
 
Extraction yield �%�= 
 

Weight of the extract obtained �g�

Weight of the plant powder used �g�
×100 

 
2.1.2 Phytochemical screening of the plant 

extracts  
 
For the phytochemical screening, of                    
C. mimosoides extracts, the presence of 
alkaloids was tested according to Bidie et al. [26]. 
N’Guessan et al. [27] method was used                       
to determine total polyphenol compounds. 
Flavonoids were determined according to Debray 
et al. [28] method and saponins following the 
method advocated by Dohou et al. [29]. The 
presence of steroids, tannins, les coumarins and 
triterpenoids was assessed according to Fankam 
et al. [30] method. 
 

2.2 Bioassays 
 
2.2.1 Toxicity of plant products against            

C. maculatus  adults 
 
The toxicity of the C. mimosoides leaf extracts 
against C. maculatus was evaluated according to 
Nukenine et al. [14]. Each extract was dissolved 
in the extraction solvent concentrations of 0.25; 
0.5; 0.75 and 1g/mL of hexane, acetone and 
methanol. The extracts were mixed uniformly 
with 50 g of bambara groundnut grain in the 900 
mL glass bottle. The negative control was made 
by mixing 50 g of grains with 1 mL of each 
solvent used separately. The grains in the bottle 
were left in open air for 2 hours for solvent 
evaporation and 20 pea beetles (mixed males 
and females; obtained and reared in the same 
bambara groundnut bought from Maroua 
marked), were introduced into each bottle test 
preparation. Four replicates were maintained for 
each treatment and the pea beetle mortality was 
assessed after 1, 3 and 6 days post-treatment. 
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2.2.2 Effect of plant products in the progeny 
F1 production 

 
On sixth days after treatment, the dead and live 
pea beetles were removed from the monitoring 
bottles and the treated bambara groundnut was 
kept for observation every week until emergence 
of pea beetles. The number of pea beetles 
emerged was recorded every day until 5 last 
days without emergence of the pea beetles.  
 
2.2.3 Effect of plant products on grain 

damaged by C. maculatus  during 3 
months storage   

 
For each plant extract, four stock solutions of 
0.25; 0.5; 0.75 and 1 g/mL doses were prepared. 
One mL of each concentration was mixed 
uniformly with 50 g of pea groundnut in the glass 
bottles and in the negative control, only solvent 

used was mixed with bambara groundnut. In 
each test bottle, 20 male and female pea beetles, 
2 days old were added and sealed with muslin 
cloth. There were four replicates for each dose 
and after 3 months post-treatment, the number of 
dead and live pea beetles as well as the number 
of damaged and undamaged groundnuts               
was recorded. The weights of damaged and 
undamaged bambara groundnut grains were also 
assessed. The weight losses were evaluated 
according to the method of FAO [31] following 
the formula of Adam and Schulten [32].  
 

P% = [[(Wu x Nd) - (Wd x Nu)] / Wu (Nd + 
Nu)] x100 

 
Wu= weight of undamaged grains; Wd= weight of 
damaged grains; Nd= number of damaged 
grains, Nu= number of undamaged grains. 

 

 
 

Fig. 1. Map of Cameroon showing Koza (Far north reg ion of Cameroon), the place where the 
plant material was collected 
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2.3 Evaluation of Nutritional Value and 
Organoleptic Characteristic of 
Damaged and Undamaged Grains 
Post-storage 

 

The physicochemical characteristics and 
nutritional values evaluated before and after 
storage included: the moisture and dry matter 
[33], ash content [34], proteins [35], lipids [36] 
and carbohydrates [37]. The method of López-
Mejía et al. [38] was used for the determination 
of the total phenolic contents in the extracts and 
treated seeds. The total tannin content was 
determined according to Makkar et al. [39] 
method.  
 

2.4 Sensorial Analysis of Pea Groundnut 
 
For the sensory analysis, the most appreciated 
consumed bambara groundnut variety in the 
various zones of studies which is Kodek variety 
was used. The undamaged treated seeds with 
the smallest effective concentration were used. 
The treated seeds at the end of three months of 
storages were divided in two samples. 
Considering the culinary practices of the 
population for bambara groundnut consumption, 
one sample was cooked and the other was 
roasted according to traditional protocols of 
preparation obtained on the field. The purpose of 
the sensory analysis study was to analyze and to 
interpret the organoleptic characteristics of the 
products as perceived by the sense organs [40] 
including the color, the odor, the texture and the 
taste of the products derived from the bambara 
groundnut. The products thus obtained were 
submitted to the hedonic test carried out at the 
sensory analysis laboratory according to the 
principle of a classification test. That test consists 
for one characteristic, to arrange by increasing 
intensity, the samples presented simultaneously 
to 20 tasters of sexes, ages and different zones 
as well as their familiarity to consuming                 
these products. At the end of this test, the 
numerical notations ranging from 1 to 7 in which 
1 corresponds to "extremely bad" and 7 
"extremely good" were analyzed using test 
Friedman test. 
 

2.5 Statistical Analyses 
 
Data for mortality, progeny F1 production and 
damages and weight losses percentages were 
transformed to arcsin√(x/100) and submitted to 
ANOVA analysis using statistical analysis 
software SAS [41,42], Tukey test (P<0,05) was 
applied for mean separation. Probit analysis            
was also conducted to determine lethal 

concentrations that cause 50% (LC50) and 95% 
mortality (LC95) of C. maculatus. Abbott‘s formula 
[43] was used to correct for control mortality 
when mortality in the control is comprised 
between 3% and 10% before probit analysis and 
ANOVA. For sensorial analysis, data were 
analyzed using Friedman test. Fisher coefficient 
was calculated using Chi-square test (x2). 
Different samples comparison by calculating Fc 
coefficient and compared with “S” value in the 
Chi-square table at α=5% and degrees of 
freedom k-1 [44].  
 

3. RESULTS 
 

3.1 Yield of Extraction 
 
The hexane, acetone and methanol extraction 
yield obtained from cold maceration of 1000 g of 
plant powder are presented in Table 1. The 
extraction yield varied from one solvent to 
another. Acetone and methanol extraction yield 
values were high compared to the low yield 
obtained with hexane solvent. 
 

Table 1. Extraction yield of the plant 
extraction 

 

Extracts  Weight of 
extract 

Extraction yield 
(%) 

Hexane 28 2.8 
Acetone 101 10.1 
Methanol 81 8.1 

 

3.2 Phytochemical Screening of the Plant 
Extracts 

 

Results of the phytochemical screening              
of hexane, acetone and methanol extracts of             
C. mimosoides are presented in Table 2. Cassia 
mimosoides plant extracts possessed a wide 
variety of phytochemical components distributed 
in different solvent extraction used. Phenolic 
compounds and flavonoids were abundant in 
polar solvent extracts (methanol and acetone) 
and were absent in the non-polar solvent extract 
(hexane). Triterpenoids, steroids and alkaloids 
were abundantly present in both polar solvent 
(acetone, methanol) and non-polar solvent 
(hexane) extracts.    
 

3.3 Adult Mortality 
 
The results of the mortality of C. maculatus 
adults exposed to the hexane, acetone and 
methanol extracts of C. mimosoides are 
presented in Table 3. Compared to the negative 
control, all extracts of C. mimosoides exhibited a 
significant adult mortality of C. maculatus. The 
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mortality of the pea beetle varied with the 
different plant extracts and the concentrations 
applied (F= 2.4 - 3671.4) and the exposure 
period (F= 51.54 - 5032.83 and P < 0.0001). 
However, 1 d post treatment with the lowest dose 
of 5 mg/kg, high percentage mortality was 
recorded with hexane extract compared to the 
low mortality of pea beetles obtained with 
methanol and acetone, extracts. At the              

highest concentration (20 g/kg), hexane and 
methanol extracts exhibited 100% mortality of                       
C. maculatus adults after 3 days post-treatment 
while, only 50% mortality of pea beetle was 
noticed with acetone extract at the same period 
with the dose applied. After 6 days post-
exposition, 100% mortality of C. maculatus was 
also observed with hexane and methanol 
extracts tested at 0.5 g/kg. 

 
Table 2. Phytochemical screening of hexane, acetone  and methanol extracts of  

Cassia mimosoides 
 

Phytochemical components  Hexane Acetone  Methanol  
Total phenolic compound - ++ ++ 
Flavonoids - ++ ++ 
Tannins - + + 
Coumarins - - - 
Alkaloids + + + 
Triterpenoids +++ + + 
Steroids +++ + - 
Saponins - + + 

+++ = highly present; ++ = moderately present; + = present; - = absent 
 

Table 3. Corrected mortality percentage and LC 50 of Callosobruchus maculatus  exposed to 
Cassia mimosoides extracts on Vigna subterranea  in soudano- guinean area 

 (Ngaoundéré: Cameroon) 
 

Hexane extract  
Conc  DAI 

1 days   3 days  6 days  F 
0 0.00±0.00eA 0.00±0.00cA 0.00±0.00bA 1.00ns 
0.25 73.75±1.25dC 83.36±2.43bB 92.94±1.38aA 29.54***  
0.5 81.25±1.25cB 86.36±1.13bB 100.00±0.00aA 111.15***  
0.75 80.00±0.00bB 89.87±3.54bB 100.00±0.00aA 8.10** 
1 96.25±2.39aA 100.00±0.00aA 100.00±0.00aA 2.45* 
F 863.21*** 415.16*** 562.51***  
LC50 0.11 (0.03-0.1 0.06 - 0.020 -  
Acetone extract  
0 0.00±0.00d 0.00±0.00e 0.00±0.00d  
0.25 2.50±1.44dcB 12.76±2.42dA 17.68±0.43cA 22.23*** 
0.5 10.00±2.04cB 26.91±1.08cA 33.62±3.84bA 22.14*** 
0.75 21.25±3.15bC 38.4±1.5bB 79.46±3.67aA 103.5*** 
1 35.00±2.04aC 50.00±1.07aB 91.34±3.76aA 131.3*** 
F 51.54*** 185.55*** 183.20***  
LC50 1.41 (1.1-2.1) 1.03 (0.85-1.4) 0.50 -  
Methanol extract  
0 0.00±0.00eA 0.00±0.00dA 0.00±0.00bA 1.0ns 
0.25 18.75±1.25dC 47.30±4.29cB 87.4500±0.00aA 2.55*** 
0.5 30.00±0.00cC 52.57±1.02cB 100.00±0.00aA 3671.4*** 
0.75 45.00±2.89bC 80.72±1.45bB 100.00±0.00aA 224.11*** 
1 56.25±3.15aB 92.30±1.49aA 100.00±0.00aA 135.17*** 
F 122.57*** 271.03*** 5032.83***  
LC50 0.87 (0.72-1.16) 0.32- 0.12  
ns  p>0,05;  *  p<0,05;  **  p<0,001;   ***  p<0,0001. FL: Fiducial Limit. For the same product, mean ± standard 

error in the row followed by the same capital letter and in the column by the same small letter did not differ 
significantly according to Tukey test (p=0.05). LC50: Lethal concentration that kill 50% of pea beetle. 50. Each 

datum represents the mean of 3 replicate values 
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The values of LC50 varied with plant extracts and 
decreased with exposition period. From these 
values of LC50, hexane extract was the most 
effective followed by methanol and acetone 
extracts. The LC50 values were 0.11, 0.06 and 
0.02 g/kg for hexane extract; 1.41, 1.03 and 0.5 
g/kg for acetone extract and 0.87, 0.32, and 0.12 
g/kg for methanol extract, respectively after 1, 3 
and 6 days post-treatment. 
 

3.4 Effect of the Plant Products on the 
Progeny F1 Production 

 
Table 4 presents the inhibition percentage of the 
progeny F1 production of the pea beetle on                
the bambara groundnut tested with different             
C. mimosoides extracts and their concentrations. 
From the results, all plant extracts in comparison 
with the negative control inhibited significantly 
the progeny F1 production of C. maculatus and 
this reduction increased with the increasing 
concentration (Table 4). With the hexane extract 
at all doses tested, a complete inhibition of 
Progeny F1 production was noticed. That 
complete inhibition of progeny was observed with 
methanol extract tested at dose of 20 g/kg while 
at the same dose, acetone extract inhibited 
76.09% the progeny production of C. maculatus.  
 

3.5 Efficacy of the Plant Extracts on the 
Reduction of Damages and Grain 
Losses Caused by C. maculatus  

 
Compared to negative control, different plant 
extracts reduced significantly the percentages of 
grain damaged and grain weight losses. Treated 
with hexane extract, pea groundnut was 
completely protected without damage of grains at 
all doses applied. With methanol extract, 
complete protection of pea groundnut grains from 
damage of C. maculatus was also recorded at 
the highest concentration (20 g/kg) applied. 
Treated with acetone extract, percentage of 
grains loses varied from 57.07% at the lowest 

dose (5 g/kg) to 22.49% at the highest 
concentration (20 g/kg).  
 
3.6 Biochemical Characteristics of the 

Treated and Untreated Bambara 
Groundnut 

 
The biochemical composition of V. subterranea 
variety before and after 3 months storage is 
presented in Table 6. From the results, no 
significant (P>0.05) difference between treated 
and untreated groundnut was observed 
concerning all biochemical parameters of 
groundnut assessed. Indeed, the ash content, 
proteins, sugars total and lipids values showed 
that the treatment of seeds with the extracts of  
C. mimosoides did not deteriorate the 
biochemical composition of seeds.  
 
Besides, the increase of the quantity of the 
antinutritional factors in the treated bambara 
groundnut was noticed. Total phenolic 
compounds and tannins quantity increased 
respectively by 37.78% and 6.11% of dry 
material of methanol extract treatment (Table 2). 
 
3.7 Organoleptic Properties of the 

Treated and Untreated Bambara 
Groundnut 

 
The sensory evaluation of the bambara 
groundnut cooked and roasted form compared to 
the control showed that the various extracts of 
Cassia mimosoides modified the sensory 
characteristics of the derived products (Figs. 2 
and 3). The test of Friedman (Table 7) in general 
confirmed a significant difference (F>9.49 at 5%) 
between the treated forms and the control 
product. Indeed, compared to the control, the 
extracts increased the bambara groundnut grains 
bitterness, the odor and the color of the two 
forms of preparation and also decreased the 
salinity and the crispness of the roasted form

 
Table 4. Effect of different plant extracts on the reduction of progeny F1 production 

 
Conc  Hexane extract  Acetone  extract  Methanol  extract  

Progeny  %Inhibition  Progeny  %Inhibition  Progeny  %Inhibition  
0 117.50±6.56a 0.00±0.00b 168.75±0.75a 0.00±0.00d 141.00±6.56a 0.00±0.00d 
0.25 0.00±0.00b 100.00±0.00a 153.75±10.38a 8.27±3.79dc 56.25±10.38b 74.04±3.44c 
0.5 0.00±0.00b 100.00±0.00a 140.75±1.44ab 39.50±1.46bc 40.50±1.44bc 75.45±0.84bc 
0.75 0.00±0.00b 100.00±0.00a 120.00±13.91bc 47.77±4.52ab 19.50±3.19c 96.37±1.07ab 
1 0.00±0.00b 100.00±0.00a 102.75±6.01c 76.09±1.67a 0.00±0.00d 100.00±0.00a  
F 87.53*** - 12.56*** 17.11*** 26.56*** 93.30*** 

*** p<0,0001.  FL: Fiducial limit. For the same product, mean ± standard error in the column followed by the same 
letter and did not differ significantly according to Tukey test (p=0.05). Each datum represents the mean of 

 3 replicate values 
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Table 5. Efficacy of Cassia mimosoides  extracts on damages reduction caused by 
Callosobruchus maculatus 

 
Conc  % Undamaged grains  % Damaged grains  % losses  

Hexane extract  
0 0.00±0.00b 100.00±0.00a 59.46±1.41a 
0.25 100.00±0.00a 0.00±0.00b 0.00±0.00b 
0.5 100.00±0.00a 0.00±0.00b 0.00±0.00b 
0.75 100.00±0.00a 0.00±0.00b 0.00±0.00b 
1 100.00±0.00a 0.00±0.00b 0.00±0.00b 
F - - 2062*** 
 Acetone extract  
0 0.00±0.00a 100.00±0.00a 59.46±1.41a 
0.25 0.00±0.00a 100.00±0.00a 57.07±1.39ab 
0.5 0.00±0.00a 100.00±0.00a 52.08±0.84ab 
0.75 0.00±0.00a 100.00±0.00a 36.64±4.52b 
1 6.70±1.50a 93.29±3.41a 22.49±3.18c 
F 1.00ns 1.00ns 34.85*** 
 Methanol extract  
0 0.00±0.00b 100.00±0.00a 59.46±1.41a 
0.25 0.00±0.00b 100.00±0.00a 46.23±0.79ab 
0.5 0.00±0.00b 100.00±0.00a 35.42±3.31bc 
0.75 0.00±0.00b 100.00±0.00a 29.14±5.08c 
1 100.00±0.00a 0.00±0.00b 0.00±0.00e 
F - - 48.84*** 

ns p>0,05 ; ***  p<0,0001.  For the same product, mean ± standard error in the column followed by the same letter 
did not differ significantly according to Tukey test (P=0.05). Each datum represents the mean of 3 replicates 

values. – F values were not determined because of 100% or no protection at all doses tested 
 

Table 6. Biochemical characterization of the treated  and untreated grains of 
 Vigna subterranean 

 
Samples  Parameters  

Ash  
(g/100 g) 

Proteins  
(g/100 g) 

Lipids  
(g/100 g) 

Carbohydrates  
(g/100 g) 

TPC 
(mg/100 g)  

Tannins  
(mg/100 g)  

Control 3.54±0.05a 21.53±0.33a 8.64±0.07a 61.24±0.5 0a 565.02 42.03 
Hexane 
extract 

3.74±0.040 20.86±0.33ab 7.68±0.69a 61.67±0.50a - - 

Acetone 
extract 

3.24±0.05a 21.13±0.33a 8.11±0.07a 60.97±0.50a - - 

Methanol 
extract 

3.84±0.050 21.17±0.9b 8.68±0.15a 61.36±0.36a 778.51  44.60 

F 0.00ns 4.58ns 2.97ns 0.928ns   
ns p>0,05. For the same product, mean ± standard error followed by the same letter do not differ significantly 

according to Tukey test at P=0.05 
 

and the tenderness for the cooked form. It was 
also noticed that the control and the treated 
sample products were similar regarding the 
sweet-salty taste of the roasted form. In general, 
the control sample product received a better 
acceptability by the taste volunteers compared to 
the treated products. 
 
4. DISCUSSION 
 
The hexane, acetone and methanol of                        
C. mimosoides demonstrated significantly their 

efficacy against the post-harvest Bambara 
divastator C. maculatus in the laboratory.  
 
Indeed in this present investigation, extraction 
yield varied from one solvent to another and 
acetone and methanol extracts respectively with 
extraction yield value of 10.1 and 8.1% were high 
compared to the low yield of 2.8% obtained with 
hexane solvent. These differences could be 
attributed to the large number and the high 
quantity of the phytocomponents in the acetone 
and methanol extracts compared to the 
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Table 7. Friedman values calculated from the differ ent sensorial characteristics of cooked and 
fried Vigna subterranea  grains treated with Cassia mimosoides  extracts 

 
Sensorial characteristics  Constances F  Sat 5% Observations  

Fried  Cooked  Fried  Cooked  
Sweet-salty taste 8.66 153.66 9.49 similar different 
Salty taste 35.66 49.66 9.49 different different 
Bitter taste 82.66 221.66 9.49 different different 
Perfumed odor 129.66 91.66 9.49 different different 
Yellow color 29.66 190.66 9.49 different different 
crisp 13.66 89.66 9.49 different different 
preference 27.66 22.66 9.49 different different 

 

 
 

Fig. 2. Sensorial profile of cooked bambara groundn ut treated with Cassia mimosoides  
extracts 

 

 
 

Fig. 3. Sensorial profile of roasted bambara ground nut treated with Cassia mimosoides  
extracts 

 
non-polar solvent hexane extract. However, 
acetone and methanol extracts contained seven 
phytocompound groups (total compounds 
phenolic, flavonoids, tannins, of alkaloids, 
triterpenes, steroids and saponins) while hexane 
extract contained only three groups including 

alkaloids, sterols and triterpenes that could justify 
moreover their important yield compared to the 
hexane extract yield. The presence of these 
compounds in these extracts could be explained 
by the fact that plants synthesize secondary 
metabolites during their growth which are implied 
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in the many physiological processes like              
the cell multiplication, rhizome genesis, seed 
germination, fruit maturation and defense     
against the external aggressions [45,46]. The 
absence of some compounds in hexane extract 
could be explained by the fact that hexane is a 
non-polar solvent incapable to fix some polar 
compounds. In the same way, the presence of 
triterpenes and the steroids in acetone and 
methanol extracts is related to the fact that some 
polar compounds in their structures are 
associated to the non-polar compounds like 
triterpenes. 
 
In this present study, all extracts of                            
C. mimosoides exhibited a significant adult 
mortality of C. maculatus and varied with the 
different plant extracts and the concentrations 
applied as well as the exposition. The mortality 
recorded with various plant extracts would be 
due to the presence of the secondary 
metabolites in these extracts. According to 
Rubabura et al. [47], the plant secondary 
metabolites are implied in the various processes 
including their insecticidal properties. The 
composition and the nature of the compounds 
present in each extract depend not only on its 
solubility in the vegetable powder, but also of the 
solvent polarity used [48]. The higher mortality 
noted with hexane extract compared to methanol 
and acetone extracts could be explained by the 
chemical composition and the level of sensitivity 
of the insects towards these various extracts 
[49]. The alkaloids, saponins, steroids, phenolic 
compounds and tannins present in the acetone 
and methanol extracts acted much more like 
antinutrients hindering thus assimilation of the 
nutriments [50], whereas the terpenoid 
compounds acted on the insect nervous system 
by disorganizing ion exchanges sodium and 
potassium leading to the insect death in contact 
[51,52]. The phytochemical screening revealed 
that hexane extract of the leaves of                        
C. mimosoides contained more of the terpenic 
compounds compared to the two other extracts 
explaining the strong mortality noted in that 
extract. Moreover, this difference in mortality 
could be attributed to the food behavior of                
C. maculatus. Indeed, adults of C. maculatus do 
not feed and the mortality of that insect is 
attributed to the substances that induced its 
death by direct contact. The increase in mortality 
with the dose and the exposure period could be 
explained by the increase in the quantity of the 
active ingredients responsible for the insecticidal 
activity. Our results are comparable to those 
obtained by Daniel et al. [53] who reported a 

strong mortality of C. maculatus with the 
increasing dose and exposure period with 
hexane extract of Gnidia kaussiana compared to 
the acetone and methanol extracts. Similarly, 
Ojimelukwe [54], Tapondjou et al. [55], Obeng-
Ofori [56] reported also a strong mortality of 
Tribolium confusum, T. castaneum, Sitophilus 
zeamais, Prostephanus truncatus, Rhyzoperta 
dominica and Callosobruchus exposed to the 
terpenic compounds of essential oils. In contrary, 
Adeniyi et al. [57] obtained a strong mortality of 
Acanthscelides obtectus exposed to ethanol 
extracts. These results in insect mortalities could 
be related to the direct food intake mixed with 
plant products.  
 
In general, all plant extracts inhibited significantly 
the progeny F1 production of C. maculatus and 
this reduction increased with the increasing 
concentration. This reduction would be due not 
only to the antinutritional substances like tannins, 
phytates, phenolic compounds contained in the 
extracts and able to give complex to the 
availability of the nutriments to the immature 
stages of C. maculatus and also terpenes act 
directly on the adults in contact by their toxic 
effect. Rajasekaran and Kumaraswami [58] 
reported that the seeds treated with the plant 
extracts reduced significant the offspring of 
Sitophilus oryzae. Similar results were also 
reported by Thiaw et al. [59] which obtained a 
significant reduction of the offspring of Caryedon 
serratus on Vigna subterranea treated with 
Cassia occidentalis and Calotropis procera 
powders. Daniel et al. [53] obtained also a 
significant reduction of the offspring of C. 
maculatus on seeds treated with Ocimum canum 
and Gnidia kaussiana extracts. In contrary Agnes 
et al. [20] reported that Callistemon rigidus 
acetone extract did not reduce the progeny 
production of Acanthoscelides obtecus. This 
difference could be explained by the variation in 
composition and the secondary metabolites 
content contained of the extract.  
 
Overall, different plant extracts reduced 
significantly the percentages of grain damaged 
and grain weight losses. The reduction of seeds 
damaged and the weight losses could be 
explained by the presence of the metabolites 
responsible for the insecticides activity. Similar 
results were obtained by Nukenine et al. [21] 
which obtained a significant reduction of the 
rates of damaged seeds and weight losses of the 
corn seeds treated with the powders of Neem 
Azal, Azadirachta indica and Plectranthus 
glandulosus against Sitophilus zeamais. 
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Indeed, the ash, proteins, sugars total and lipids 
contents did not significantly varied showing that 
the treatment of seeds with the extracts of              
C. mimosoides did not deteriorate the 
biochemical composition of seeds. The ash 
contents are similar to those reported by 
Mazahid et al. [60] who obtained 3.25% with 
bambara groundnut seeds of bambara groundnut 
cultivated in Sudan. Similarly, Amartiefio et al. 
[61] and Abiodum et al. [62] obtained a range 
from 3.57 g/100 G and 4.85 g/100 g of dry 
material of seeds collected from Namibia, 
Swaziland and Nigeria. But these ash contents 
are different to the low values ranging from 2.55 
to 2.98 obtained by Diallo Koffi et al. [63]. 
According to Amarteifio et al. [64], this difference 
in the ash contents could be attributed the 
texture and the composition of the soil which 
could have an effect on mineral absorption of the 
plants and the varietal differences. The lipid 
content obtained in this present study are similar 
to the values obtained by Amarteifio and Moholo 
[65], and Boateng et al. [66]. These authors 
showed that the leguminous plant seeds, except 
for soya and groundnut, contain in a general way 
little of lipids. However, the contents obtained are 
higher than those reported by Abiodun and 
Adepeju [67]. The total rate of sugars is in 
agreement with that reported by, Yusuf et al. 
[68], Boateng et al. [66] and Mazahib et al. [60]. 
The contents reported by these authors ranged 
from 54.51 to 65% of dry material. However, our 
results showed low sugar contents than the 
average contents of 73.50 % reported by Aremu 
et al. [69]. These differences observed in the 
results could be due to the varietal properties 
and the environmental conditions of their culture 
[70,66]. The result of the protein content obtained 
is appreciably equal to the values reported by 
Amartiefio et al. [71], and Amartiefio et al., [61]. 
These authors obtained respectively the values 
ranged from 15.1 to 22.1 and from 17.5 to 21.2 
grams of proteins for 100 grams of dry material. 
This difference might be due to the genotypes 
and the environmental conditions where these 
seeds were cultivated [72,70].  
 
Besides, in this present study, the increase of the 
quantity of the antinutritional factors in the 
treated bambara groundnut was noticed. This 
increase could be due to the presence in the 
extracts of these secondary metabolites. 
However, the quantity of these antinutritional 
factors are low compared to the thresholds 
values of 2700 mg/100g for phenolic compounds 
and 2000 mg/kg for tannins [73] and could not 
deteriorate the biodisponibility of the nutriments 

in the grains. In the same way, Siqueira et al. 
[74] and Collinaw [75] reported that certain 
treatments like soaking or cooking could reduce 
significantly the degree of antinutritional factors. 
A long cooking process set at 100°C is also able 
to eliminate these antinutritional factors [76].  
 
The sensory evaluation of the bambara 
groundnut cooked and fried treated with Cassia 
mimosoides extracts modified its sensorial 
characteristics. The increase in the taste, 
bitterness and low preference of the treated 
sample products could be explained by the fact 
that plant extracts contain aromatic compounds 
which aromatize the derived products compared 
to the control sample product. Similarly, the 
presence the bitter plant metabolites compounds 
like tannins and saponins increase the bitterness 
of the treated compared to the untreated 
bambara groundnut. The result of this present 
investigation is comparable to those obtained by 
Rose de Lina et al. [25] who reported that the 
use of essential oils significantly influences the 
odor and the taste of the cowpea samples 
stored. 
 

5. CONCLUSION  
 
The extracts of C. mimosoides have proven their 
insecticidal properties against C. maculatus 
during storage. These extracts moreover                 
did not modify the nutritional quality of the 
derived products and improve the sensory 
characteristics, in particular the flavour of the 
treated products. They could thus constitute an 
effective alternative in the preservation of the 
bambara groundnut because of their safety for 
consumers and might then replace synthetic 
insecticides used for the issue. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Ndjouenkeu R, Fofiri NEJ, Kouebou C, 

Njomaha C, Grembombo AI, Mian 
Oudanan K. Le maïs et le niébe dans la 
sécurité alimentaire urbaine des savanes 
d’Afrique centrale. ISDA, Montpellier, 
France; 2010. French. 

2. Guèye MT, Seck D, Wathelet JP, Lognay 
G. Lutte contre les ravageurs des stocks 
de céréales et de légumineuses au 
Sénégal et en Afrique occidentale: 
synthèse bibliographique. Biotechnol 



 
 
 
 

Mahama et al.; JEAI, 16(2): 1-15, 2017; Article no.JEAI.31869 
 
 

 
12 

 

Agron Soc Environ. 2011;15:183-194. 
French. 

3. Kumar R. La lutte contre les insectes 
ravageurs. La situation de l’agriculture 
africaine. Editions Karthala et CTA, Pays-
Bas, Paris. 1991;310. French 

4. Ngamo TSL, Ngassoum MB, 
Mapongmetsem PM, Noudjou WF. Use of 
essential oils of plants as protectant of 
grains during storage. Agric J. 2007;2: 
204-209. 

5. Ngamo LST. A la recherche d'une 
alternative aux Polluants Organiques 
Persistants utilisés pour la protection              
des végétaux. Bulletin d'informations 
phytosanitaires. 2004;43:23. French. 

6. Gwinner J, Harnish R, Muck O. Manuel sur 
la manutention et la conservation des 
graines après récolte. Projet de protection 
des stocks et des récoltes (GTZ). RFA. 
1998;388. French. 

7. Ketoh GK, Koumaglo HK, Glitho AI. 
Inhibition of Callosobruchus maculatus (F.) 
(Coleoptera: Bruchidae) development with 
essential extracted from Cymbopogon 
schoenanthus L. Spreng. (Poaceae) and 
the wasp Dinarmus basalis (Rondani) 
(Hymenoptera: Pteromalidae). J Stored 
Prod Res. 2005;41:363-371. 

8. Deguine P, Ferron P. Protection des 
cultures et développement durable: bilan et 
perspectives. Courrier de l’environnement 
de l’INRA. 2004;52:57-65. French. 

9. Magan N, Olsen M. Mycotoxines in food 
Detection and control, Wood head. Food 
Sci Technol. 2004;190-203.  

10. Tofel KH, Nukenine EN, Ulrich D, Adler C. 
Effect of drying regime on the chemical 
constituents of Plectranthus glandulosus 
leaf powder and its efficacy against 
Callosobruchus maculatus and Sitophilus 
zeamais. Int J Agron Agric Res. 2014;5(1): 
80-91. 

11. Demissie G, Tefera T, Tadesse A.  
Efficacy of SilicoSec, filter cake and                 
wood ash against the maize weevil, 
Sitophilus zeamais Motschulsky 
(Coleoptera: Curculionidae) on three maize 
genotypes.  J Stored Prod Res. 2008;44: 
227-231. 

12. Guèye MT, Seck D, Wathel JP, Lognay G. 
Lutte contre les ravageurs des stocks de 
céréales et des légumineuses au Sénégal 
et en Afrique Occidentale: Synthèse 
bibliographque. Biotechnol Agron Soc 
Environ. 2010;15(1):183-194. French. 

13. Nukenine EN, Adler C, Reichmuth C. 
Efficacy of Clausena anisata and  
Plectranthus glandulosus leaf powder 
against Prostephanus truncatus  
(Coleoptera: Bostrichidae) and two             
strains of Sitophilus zeamais (Coleoptera: 
Curculionidae) on maize. J Pest Sci. 2010; 
83:181-190. 

14. Nukenine EN, Tofel HK, Adler C. 
Comparative efficacy of Neem Azal                  
and local botanicals derived from 
Azadirachta indica and Plectranthus 
glandulosus against Sitophilus zeamais on 
maize. J Pest Sci. 2011;84(4):479-486. 

15. Agboyi LK, Ketoh GK, Nyamador SW, 
Amévoin K, Atcha-Howe C, Braima J, 
Glitho IA. Evaluation du potentiel 
d’utilisation de Beauveria bassiana 5653 et 
de l’extrait aqueux d’amandes de graines 
de neem (Azadirachta indica A. Juss) dans 
un programme de gestion intégrée des 
populations de Plutella xyllostella et de 
Brevicoryne sp. (Soumis aux Annales de 
l’Université de Ouagadougou); 2009. 
French. 

16. Bekon KA. Le développement et le 
renforcement des capacités d’utilisation de 
la biotechonologie dans la protection des 
végétaux en Afrique. Rapport de mission 
de consultationdu 28 octobre au 10 
novembre au Mali, Guinée, Ghana et Côte 
d’Ivoire. Conseil phytosanitaire inter 
africain (CPI)/ Organisation de l’Unité 
Africaine (OUA), 2001;12. French. 

17. Lienard V, Seck D. Revue des méthodes 
de lutte contre Callosobruchus maculatus 
(F.) (Coleoptera: Bruchidae). Ravageur 
des graines de Niébé (Vigna unguiculata 
(L.) Walp) en Afrique tropicale. Insects Sci 
Appl. 1994;15(3):301-311. French. 

18. Iloba BN, Ekrakene T. Comparative 
assessment of insecticidal effect of 
Azadirachta indica, Hyptis suaveolens             
and Ocimum gratissimum on Sitophilus 
zeamais and Callosobruchus maculatus. J 
Biol Sci. 2006;6:626-630. 

19. Debashri M, Tamal MA. Review on 
efficacy of Azadirachta indica A. Juss 
based biopesticides: An Indian 
perspective. Res J Recent Sci. 2012;1:94-
99. 

20. Ndomo AF, Tapondjou AL, Tendonkeng                
F, Tchouanguep FM. Evaluation des 
propriétés insecticides des feuilles de 
Callistemon viminalis (Myrtaceae)                
contre les adultes d’Acanthoscelides 



 
 
 
 

Mahama et al.; JEAI, 16(2): 1-15, 2017; Article no.JEAI.31869 
 
 

 
13 

 

obtectus (Say) (Coleoptera; Bruchidae). 
Tropicultura. 2009;27(3):137-143. 

21. Perry RH, Green DW, Maloney JO. Perry’s 
chemical engineer’s handbook 7th ed. 
Library of Congress Cataloging-in- 
Publication Data, USA. 2007;2471. 

22. Nukenine EN, Tchiegang C, Mekouo AAT, 
Tofel KH, Adarkwah C, Obeng-Ofori D, 
Adler C. Efficacy of Calneem derived                  
from Ghanaian neem seeds and seed                  
oils from two locations in Cameroon               
against Sitophilus zeamais (Coleoptera: 
Curculionidae) on maize. Int J Trop Insect 
Sci. 2011;31(4):225-234. 

23. Kaur I, Ahmad S, Harikumar SL. 
Pharmacognosy, phytochemistry and 
pharmacology of Cassia occidentalis Linn. 
Int J Pharmacognosy and Phytochem Res. 
2014;6(2):151-155. 

24. Mohamed HA, Ahmed AZ, Fatma AS. 
Efficacy of three plant species extracts in 
the control of Trogoderma granarium 
Everts (Coleoptera: Dermestidae). J Food 
Agric Environ. 2012;10(2):1200-1203.  

25. Rose de Lima FH, Euloge SA, Edwige            
DA, Dominique CKS, Mohamed MS. 
Caractéristiques biochimique et sensorielle 
du niébé (Vigna unguiculata) conservé au 
moyen des huiles essentielles extraites de 
plantes de la famille des Myrtaceae. Inno 
Space Sci Res J. 2014;9(1):428-437. 
French. 

26. Bidie AP, N’guessan BB, Yapo AF, 
N’guessan JD, Djaman AJ. Activités 
antioxydantes de dix plantes médicinales 
de la pharmacopée ivoirienne. Sci Nat. 
2011;8(1):1-11. French. 

27. N’guessan K, Kadja B, Zirihi GN, Traoré D, 
Aké-Assi L. Screening phytochimique de 
quelques plantes médicinales ivoiriennes 
utilisées en pays Krobou (Agboville, Côte-
d’Ivoire). Sci Nat. 2009;6(1):1-15. French. 

28. Debray M, Jacquemin H, Razafindrambo 
R. Travaux et documents de l’Orstom. 
Paris. 1971;8. French. 

29. Dohou N, Yamni K, Tahrouch S, Hassani 
LMI, Badoc A, Gmira N. Screening 
photochimique d’une endémique ibéro-
marocaine, Thymelae alythroides. Bull Soc 
Pharm. 2003;142:61-78. 

30. Fankam AG, Kuete V, Voukeng IK, Kuiate 
JR, Pages JM. Antibacterial activities of 
selected Cameroonian spices and            
their synergistic effects with antibiotics             
against multidrug-resistant phenotypes. 
BMC Compl Alt Med. 2011;11(104):1-11. 

31. FAO. Prevention of post-harvest food 
losses. Training series N°10, Food and 
Agricultural Organization of the United 
Nations, Rome. 1985. 

32. Adams JM, Schulten GG. Loss caused by 
insects, mites and micro-organims. In: 
Harris KL, Lindblad CJ. (Eds), post-
Harvest Grain Loss Asseement Methods. 
Am Assoc Cereal Chem. 1978;83-95. 

33. AFNOR. Recueil des normes françaises 
des produits dérivés des fruits et legumes. 
Jus de fruits. 1ère éd., Paris la défense 
(France); 1982. French. 

34. AFNOR. Recueil de normes françaises. 
Corps gras, graines oléagineuses, produits 
dérivés. AFNOR, Paris (France), 2ème 
édition; 1981. French. 

35. AFNOR. Recueil de normes françaises. 
Produits agricoles alimentaires: Directives 
générales pour le dosage de l’azote avec 
minéralisation selon la méthode de 
Kjedahl. AFNOR, Paris (France); 1984. 
French. 

36. Bourely J. Observation sur le dosage de 
l’huile des graines de cotonnier. Cot Fib 
Trop. 1982;27(2):183-196. 

37. Fischer E, Stein EA. DNS colorimetric 
determination of available carbohydrates in 
foods. Biochem Prep. 1961;8:30-37. 

38. López-Mejía OA, López-Malo A,                    
Palou E. Antioxidant capacity of        
extracts from amaranth (Amaranthus 
hypochondriandriacus L.) seeds or leaves. 
Ind Crops Prod. 2014;53:55-59. 

39. Makkar HPS, Siddhuraju P, Becker K. 
Plant Secondary Metabolites. Meth Mol 
Biol. 2007;393:128. 

40. Daudin D. Technique mathématique          
pour l’industrie agro-alimentaire. Collection 
science et techniques agroalimentaire. 
Edition Lavoisier. 2002;500. French. 

41. Zar JH. Biostatistical analysis, 4th edition. 
Prentice-Hall, Inc. Upper Saddle River, NJ; 
1999. 

42. SAS Institute. The SAS Sysrem version 
9.1 for windows. SAS Institute, Cary. NC; 
2003. 

43. Abbott WS. A method of computing the 
effectiveness of an insecticide. J Econ 
Entomol. 1925;18:265-267. 

44. Watts BM, Ylimaki GL, Jeffery LE, Elias 
LG. Méthodes de base pour l’évaluation 
sensorielle des aliments. CRDI, CP 8500, 
Ottawa, Ontario, Canada, K1G, 3H9. 1991; 
159. French. 

45. Hartmann T. From waste products to 
ecochemicals: Fifty years research of plant 



 
 
 
 

Mahama et al.; JEAI, 16(2): 1-15, 2017; Article no.JEAI.31869 
 
 

 
14 

 

secondary metabolism. Phytochem. 2007; 
68:2831-2846. 

46. Muanda FN. Identification de polyphénols, 
évaluation de leur activite antioxydante ét 
etude de leurs proprietes biologiques. 
Thèse de doctorat en Chimie organique. 
Ecole doctorale SESAMES Université Paul 
Verlaine-Metz. 2010;294. French. 

47. Rubabura K, Nsambu M, Muhigwa B, 
Bagalwa M, Bashwira S. Evaluation in vitro 
activity of insect alkaloid, saponins, 
terpenoids or steroids extracts capscicum 
frutescens L. (Solanaceae) against 
Antestiopsis orbitalis ghesquierei, pests of 
coffee trees. Int J Inno Appl Stud. 2014;8 
(3):1231-1243. 

48. Mahmoudi S, Khali M, Mahmoudi N. Etude 
de l’extraction des composés phénoliques 
de différentes parties de la fleur d’artichaut 
(Cynara scolymus L.). Nat  Technol. 2013; 
9:35-40. French. 

49. Casida JH. Pesticide mode of action, 
evidence for implications of a finite number 
of biochemical targets. In: Casida JE. (ed.). 
Pesticides and alternatives. Innovative 
chemical and Biological Approaches to 
Pest Control. Amsterdam: Elsevier. 1990: 
11-22. 

50. Zijp IM, Korver O, Tijburg LBM. Effect of 
tea and other dietary factors on iron 
absorption. Clin Rev Food Sci Nutr. 2000; 
40(5):371-398. 

51. Zimudzi C, Mungenge C, Zimba M, 
Nhiwatiwa T. Phytochemical screening, 
cytotoxicity and insecticidal activity of the 
fish poison plant Synaptolepis alternifolia 
Oliv. (Thymelaeaceae). J Pharmacognosy 
and Phytochem. 2014;2(5):15-19. 

52. Yallappa R, Nandagopal B, Thimmappa S. 
Botanicals as grain protectants. Hindawi 
Publishing Corporation Psyche. 2012;13. 

53. Daniel K, Nukenine EN, Tofel KH. Efficacy 
of Cameroonian Ocimum canum Sims 
(Lamiaceae) leaf extract fractions           
against Callosobruchus maculatus (F.) 
(Coleoptera: Chrysomelidae), infesting 
bambara groundnut. J Entomol Zool Stud. 
2015;3(5):487-494. 

54. Ojimelukwe PC, Alder C. Potential of 
Zimtaldehyde, 4-allylanisol, linalool, 
terpinol and others phytochemicals for the 
control of the confused flour beetle 
(Tribolium confusum J.D.C.) (G.L. 
Tenebrionidea). J Pest Sci. 1999;72:81-86. 

55. Tapondjou LA, Alder C, Fontem DA, 
Bouda H, Reichmuth C. Bioactivities of 
cymol and essential oils of Cupressus 

sempervirens and Eucalyptus saligna 
against Sitophilus zeamais Motschulsky 
and Tribolium confusum Val. J Stored Prod 
Res. 2005;41:91-102. 

56. 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. J Appl Entomol. 
1997;121:237-243. 

57. Adeniyi BA, Ayepola OO. The 
phytochemical screening and antimicrobial 
activity of leaf extracts of Eucalyptus 
camaldulensis and Eucalyptus torelliana 
(Myrtaceae). Res J Med Plants. 2008;2: 
34-38. 

58. Rajasekaran B, Kumaraswami T. Studies 
on increasing the efficacy on neem seed 
kernel extract. In Behavioural and 
Physiological Approaches in Pest 
Management, Regupathy, A. and Jayaraj 
S. (eds.), Khadi and Village Industries 
Commission, Pune, India. 1985;29-30. 

59. Thiaw C, Gueye S, Ndiaye G, Samb A, 
Sembène M. Ovicid and adulticid effects of 
powders and extracts of Calotropis procera 
AIT. and of Senna occidentalis L. on 
Caryedon serratus (OL.) destroyer of 
groundnut stocks. J Sci. 2007;7:1-15. 

60. Mazahib AM, Nuha MO, Salawa IS, 
Babiker EE. Some nutritional attributes of 
bambara groundnut as influenced by 
domestic processing. Int Food Res J. 
2013;20(3):1165-1171. 

61. Amarteifio JO, Tibe O, Njogu RM. The 
nutrient composition of bambara groundnut 
land races (Vigna subterreanea, (L.) 
verdc.) cultivated in southern Africa. J 
Agric Trop Subtrop. 2010;43(1):1-5. 

62. Abiodun AO, Adepeju AB. Effect of 
processing on the chemical, pasting and 
anti-nutritional composition of Bambara 
Nut (Vigna subterranea L. Verdc) flour. 
Adv J Food Sci Technol. 2011;3(4):224-
227. 

63. Diallo KS, Koné KY, Assidjo NE, Yao KB, 
Doudjo GD. Caracterisation biochimique et  
fonctionnelle des graines de sept cultivars 
de voandzou [Vigna subterranea (L.) 
VERDC. fabaceae] cultives en côte 
D'ivoire. Eur Sci J. 2015;11(27):1857-7881. 
French.  

64. Amarteifio JO, Tibe O, Njogu RM. The 
mineral composition of bambara groundnut 
(Vigna subterranea (L) Verdc) grown in 
Southern Africa. Afr J Biotechnol. 2006;5: 
2408-2411. 



 
 
 
 

Mahama et al.; JEAI, 16(2): 1-15, 2017; Article no.JEAI.31869 
 
 

 
15 

 

65. Amarteifio JO, Moholo D. The chemical 
composition of four legumes consumed in 
Botswana. J Food Comp Anal. 1998;11: 
329-332. 

66. Boateng MA, Addo JK, Okyere H, Adu-
Dapaah H, Berchie JN, Tetteh A. 
Physicochemical and functional properties 
of proteinates of two Bambara groundnut 
(Vigna subterranean) landraces. Afr J 
Food Sci Technol. 2013;4(4):64-70. 

67. Abiodun AO, Adepeju AB. Effect of 
processing on the chemical, pasting and 
anti-nutritional composition of Bambara 
Nut (Vigna subterranea L. Verdc) flour. 
Advance J Food Sci Technol. 2011;3(4): 
224-227. 

68. Yusuf AA, Ayedun H, Sanni, LO. Chemical 
composition and functional properties of 
raw and roasted Nigerian benniseed 
(Sesamum indicum) and bambara 
groundnut (Vigna subterranean). Food 
Chem. 2008;111:277-282.  

69. Aremu MO, Olaofe O, Akintayo ET. 
Functional properties of some Nigerian 
varieties of legume seed flours and flour 
concentration effect on foaming and 
gelation properties. J Food Technol. 2006; 
5(2):109-115. 

70. Aremu MO, Olaofe O, Akintayo ET. 
Nutritional qualities assessment of the 
presence of hill in some Nigerian 

underutilized legume seeds. Bull Pure Appl 
Sci. 2005;24:47-52. 

71. Amarteifio JO, Tibe O, Njogu RM. The 
mineral composition of bambara groundnut 
(Vigna subterranea (L) Verdc) grown in 
Southern Africa. Afr J Biotechnol. 2006;5: 
2408-2411. 

72. Salunkhe DK, Kadam SS, Chavan JK. 
Post-harvest biotechnology of food 
legumes. CRC Press Inc. Boca Raton, 
Florida, USA; 1985. 

73. Gupta K, Barat GK, Wagle DS, Chawla 
HKL. Nutrient contents and antinutritional 
factors in conventional and non 
conventional leafy vegetables. Food 
Chem. 1989;31:105-116. 

74. Siqueira B, Soares Junior MLS, 
Fermandes KF, Caliari M, Damiani C. 
Effect of soaking on the nutritional quality 
of pequi (Caryocar brasiliense Camb.) peel 
four. Food Sci Technol. 2013;33(3):500-
506. 

75. Collinlaw NJ. Etude et amélioration de la 
technologie et de la qualité des farines de 
Tacca leontopetaloides (L.) Kuntze et 
Cochlospermum tinctorium A. Rich. Thèse 
de doctorat en Sciences Alimentaires et 
Nutrition, Université de Ngaoundéré, 
Cameroun. 2014;202. French. 

76. Aykroyd WR, Doughty J. Les graines des 
légumineuses dans l’alimentation humaine; 
1964. French. 

_________________________________________________________________________________ 
© 2017 Mahama et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/18920 


