Original Research Article

Toxicity of Cassia mimosoides leaf extracts against the weeviCallosobruchus
maculatus and nutritional and organoleptic quality assessmenof the treated
Vigna subterranea (L.) Verdc

ABSTRACT

Aims: This present study aimed to assess the toxitigyjrthibition of progeny production and
the reduction of weight losses @assia mimosoideseaf extracts againsCallosobruchus
maculatuson the bambara groundnut grains as well as theigbyghemical, sensorial and
organoleptic characterization of that grains 3 rhemtost-storage.

Place and Duration of Study:The toxicitytests were donfrom April to August 2016 in the
laboratory of Applied Zoology of the Department Biological Sciences, University of
Ngaoundere. The physico-chemical, sensorial ancnmigptic characterization of bambara
groundnutwere achieved in the laboratory dfood Chemical Engineeringf the University
Institute of TechnologyUniversity of Ngaoundéré from October to Decen2{Et6.

Methodology: Toxicity of the plant extracts was evaluated dgasing 20 adult weevils into the
prepareddoses of 5, 10, 15 and 20 g/kg of the plant etdratixed with bambara groundnut
grains and the mortality d€. maculatusvas monitored 1, 3 and 6 days post-infestatiore Th
inhibition effect of the plant products was assdss@ the production of bambara groundnut pea
beetle progeny1. After 3 months of storag&/igna subterranegost-storage losses including
weight loss, biochemical, sensorial and taste dbariatics were also evaluated.

Results: C. mimosoidegxtracts caused significantly the mortality of Wheevil and reduced also
significantly the progeny1 production. The hexane extract of the plant wasaked as the
most effective causing 73.65% mortality, reducethgletely the progen¥1 production tested
at the lowest dose of 5 g/kg. At the same conctotrahexane extract also protected completely
bambara groundnut grains up to 3 months withowtchtbf pea beetle. After 3 months post-
storage with the plant extracts, the nutritiondlugaof the bambara groundnut was preserved
since no variation in protein, sugar and mineraiteots was recorded. Moreover, improvement
on taste, tenderness and crisp of bambara grougdains was also noticed.

Conclusion: Thus,C. mimosoideproducts especially hexane extract could be use raatural
safe and biodegradable plant product to protectbaangroundnut grains in the storage for at
least for 3 months without its significant nutrited value degradation and taste change.
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1. INTRODUCTION

Nowadays, food security ignsuredthrough the post-storage products protection. Ha t
developing countries especially in sahelian zooesgals and leguminous plants constitute the

basic source of food of the farmers [1, 2] and ap/5% the production are stored in the



traditional garret [3,4]. Unfortunately, these pbatvest stores are rudimentary [5] and
consequently expose the goods to the devastatect;§6]. Among these depreciative insects,
Callosobruchus maculatué.) (Coleoptera: Bruchinae) is known as the mmstmopolitan
devastator of the leguminous grains and withouihgoeotection measure, can cause around 800
to 900 kg losses in 12 months [7]. To face theifigant problem of the grains losses in storage
due to insects, farmers are compelled to searchthferprevention measures [8]. For that,
synthetic insecticides and fumigants are curretitly most used to control the postharvest
devastator insects [9, 10]. Consequently, the reisafsthese synthetic insecticides has led to
miscellaneous problems including their toxic efféot consumers, their persistence in the
environment, the production of insects resistanttiie insecticides [3]. Moreover, these
insecticides are relatively high cost, scarce amthetimes with doubtful quality in the local
markets [5,11,12,13]. The research of the new nutdsc taking into account no only the
effectiveness of the insecticides becomes a majocarn of current time to success an effective
grain protection safe for consumers and the enmit [14,15,16]. For these reasons, the uses
of plant-based products in the stored productseptimn program are encouraged [17,18,19].
Indeed,current studieaimed to isolate and identify secondary metab®ldetracted from the
plants, responsible for the anti-insect activit@][2Previous works were much focused either on
essential oils of the plants such as essential dil¥epris heterophyllaagainst Triboluim
castanuimin the soudano-sahelian zone [4]; essential oil€wtalyptus saligna, Cupressus
sempervirens, Capsicum frutenscemsl Lantana camaran the West-Cameroon highland and
oils of Callistemon viminaligMyrtaceae) against the adults Atanthoscelide obtectus[20]
neem oils agains$itophilus zeamaifl4] as well as vegetable powders [10,22]. Howetaw,
work has beercarried out on the insecticidal effectivenessCafssia mimosoidesecondary
metabolites extracted with organic solvemtspeciallyagainstC. maculatus However, the
leaves, roots and barks of the plant already prahed effectiveness as anti-malaria, anti-
cancer, analgesic, antipyretintioxidant[23] andCassia senna&xtracts as anti-insect against
Trogoderma granariunj24]. Besides, the preservation of seeds treated plant metabolites
products could modify nutritional and organolemigality of derived products. In fact, Rose de
Lima et al. [25] reported that the conservatiorcofpea with plant essential oils belonging to
the family of Myrtaceae improves the organoleptioperties with an incidence on the taste and

the flavour of the derived products. It would beighsignificant to evaluate thenti-insect



activity of this plant extracts again§. maculatusand their impacts on the nutritional and
organoleptic quality of the derived produci®e objective of this work aims evaluate the
efficacy of Cassia mimosoidekeaf extracts against the wee@hllosobruchus maculatuim

stored bambara groundnut and also to assess thaomal and organoleptic qualities of that

treatedVigna subterraneaeeds 3 months post-storage.

2. MATERIALS AND METHODS

2.1Plant materials

The fresh leaves dfassia mimosoidewere harvested in September 2014 at Koza (longitud
13°48'East; latitude: 10°43'North) in the far namigion of Cameroon (Figure 1). The plant was
identified by a botanist of the Department of Bgial Sciences, Faculty of Science, University
of Ngaoundéré, Cameroon. The leavesCofmimosoidesvere dried under the shade and then
crushed in the mortar and passed through 1 mm sieshsieve. The powder was kept in the
sealed containers in the refrigeratoG¥until useg14].

The Vigna subterraneavariety used was purchased from the local markeWiaroua. That
variety used was differentiated from others in biasic of the grain tegument coloration. After
separating from the impurities, bambara groundmaing were kept in the fridge (-20) for 20
days to eliminate living organisms and then acdé@dan the room temperature during 2 weeks

before the use fdrioassays
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Figure 1. Map of Cameroon showing Koza (Far north regioafmeroon), the place where the
plant material was harvested.

2.1.1Plant extraction

The cold maceration methaerformed by Perry et al. [2Was used for plant extraction. Indeed,
1000 g of the plant leaf powder was macerated B03@I of hexane in 5000 ml glass jar. The
maceration was shaking twice a day, during 3 dagstlaen filtrated through WhatmarPNfilter
paper to obtain hexane filtrate and residue. Thiem residue was dried and also macerated in
3000 ml of acetone and processed as describedopstyito obtain acetone filtrate and residue.
At last, the dry residue was macerated in the nmethsolvent as described previously to obtain
methanol filtrate and residue. The filtrates wesaaentrated using rotary evaporator (BUCHI R-
124) to obtain hexane, acetone and methanol egtraibe dry plant extracts were kept in the
refrigerator (-4C) till the uses for bioassays. The extraction djielas calculated using the

following formula:

weight of the extract obtained

x100

Extraction yield( %)=
tractio yed( 0) weight of the plant powder used



2.1.2Phytochemical screening of the plant extracts

For the phytochemical screening, some componen@. afimosoidesxtracts, alkaloids were
performed according to Bidie et al. [26] method GhNessan et al. [27] method was used to
determine total polyphenol compounds. Flavonoidseveketermined according to Debray et al.
[28] method and saponins following the method prented by Dohou et al. [29]. The presence of
steroids, tannins, les coumarins and triterpenaids assessed according to Fankam et al. [30]
method.

2.2Bioassays

2.2.1Toxicity of plant products against C. maculatus adults

The toxicity of theC. mimosoideseaf extracts againg€. maculatusvas evaluated according to
the method performed by Nukenine et al. [14]. Imjeeach extract was dissolved in the
extraction solvent used and different doses of ;0025 0.75 and 1g/mL of hexane, acetone and
methanol extracts were mixed uniformly with 50 gbaimbara groundnut grain in the 900 mL
glass bottle. The negative control was made bymgi%0 g of grains with 1 mL of each solvent
used separatel\the grains in the bottle were left in open air 20nours for solvent evaporation
and 20 pea beetles (mixed males and females), meogluced into each bottle test preparation.
Four replicates were applied for each treatmentthegea beetles mortality was monitored after
1, 3 and 6 days post-treatment.

2.2.2Effect of plant productsin the progeny F1 production

In the sixth days post-treatment monitoring boitfe=a beetles died and alive were removed and
the treated bambara groundnut was kept for observavery week until emergence. The
number of pea beetles emerged was recorded untiessively 5 days without the appearances
of the pea beetles.

2.2.3Effect of plant products on grain damaged by C. maculatus during 3 months storage

For each plant extract, four stock solutions o60@25; 0.75 and 1g/mL doses were madee

mL of each concentration was mixed uniformly with & of pea groundnut in the glass bottles
and in the negative control, only solvent used mased with bambara groundnut. In each test
bottle, 20 male and female pea beetles, 2 daywetd added and sealed with muslin cloth. Four
replicates were applied for each dose and afteroBtims post-treatment, the number of pea
beetlesmortality and alive as well as the number of pea groundantajed and undamaged

were recorded. The weights of damaged and undamagetbara groundnut grains were also



assessed. The weight losses were evaluated aegdodthe 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 daesagagrains; Nd= number of damaged
grains, Nu= number of undamaged grains.

2.3 Evaluation of nutritional value and organoleptic characteristic of damaged and
undamaged grains post-storage

The physicochemical characteristics and nutritiorelles evaluated before and after storage
include: the moisture and dry matter [33] ash cantd4], proteins [35], lipids [36] and
carbohydrates [37]. The method of Lépez-Mejia et[38] was used for the dosage of total
phenolic compounds of the extracts and treatedssddgk total dnninscontent was determined
according tdViakkar et al [39] method.

2.4 Sensorial analysis of pea groundnut

For the sensory analysis, the most appreciateduooed bambara groundnut variety in the
various zones of studies which is Kodek variety wsed. The undamaged treated seeds with the
smallest effective concentration were used. Thaterk seeds at the end of three months of
storages were divided in two samples. Considetiggculinary practices of the population for
bambara groundnut consumption, one sample was dawie the other was roasted according to
traditional protocols of preparation obtained oe fleld. The purpose of the sensory analysis
study was to analyze and to interpret the organicleparacteristics of the products as perceived
by the sense organs [40] including the color, tHerpthe texture and the taste of the products
derived from the bambara groundnut. The produats tibtained were submitted to the hedonic
test carried out at the sensory analysis laboraaooprding to the principle of a classification
test. That test consists for one characteristicartange by increasing intensity, the samples
presented simultaneously to 20 tasters of sexess agd different zones as well as their
familiarity to consuming these products. At the @fdhis test, the numerical notations ranging
from 1 to 7 in which 1 corresponds to "extremelg'band 7 "extremely good" were analyzed
using test Friedman test.

2.5 Statistical analyses



Data for mortality, progeny F1 production and daesmg@nd weight losses percentages were
transformed to arcsiffx/100) and submitted to ANOVA analysis using statal analysis
software SAS [41,42], Tukey test (P<0,05) was agpfor mean separation. Probit analysis was
also conducted to determine lethal concentratitwas tause 50% (Lfg) and 95% mortality
(LCgs) of C. maculatusAbbott‘'s formula [43] was used to correct for ttoh mortality when
mortality in the control is comprised between 3% 40% before probit analysis and ANOVA.
For sensorial analysis, data were analyzed usiigglfdan test. Fisher coefficient was calculated
using Chi-square testd). Different samples comparison by calculating Fefficient and

compared with “S” value in the Chi-square table=6% anddegree®f freedom k-1 [44].
3. RESULTS
3.1Yield of extraction

The hexane, acetone and methanol extraction yiagireed from cold maceration of 1000 g of
plant powder are presented in table 1. The extmagtield varied from one solvent to another.
Acetone and methanol extracts respectively withiaexion yield value of 10.1 and 8.1% were

high compared to the low yield of 2.8% obtainedwiexane 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 hexametoae and methanol extracts Gf
mimosoidesare presented in table @assia mimosoideglant extracts possessed a wide variety
of phytochemical components distributed in différesolvent extraction used. Phenolic
compounds and flavonoids were abundant in polarestlextracts (methanol and acetone) and
were absent in the non-polar solvent extract (hexarriterpenoids, steroids and alkaloids were
abundantly present in both polar solvent (acetonethanol) and non-polar solvent (hexane)

extracts.



Table 2. Phytochemical screening of hexane, acetone andameit extracts ofCassia

mimosoides

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

+++ = highly present; ++ = moderately present; present; - = absent
3.3 Adult mortality

The results of the mortality &@. maculatusadults exposed to the hexane, acetone and methanol
extracts ofC. mimosoidegare presented in table 3. Compared to the negediniol, all extracts

of C. mimosoide&xhibited a significant adult mortality &. maculatus The mortality of the

pea beetle varied with the different plant extraatsl the concentrations applied (F= 2.4 -
3671.4) and the exposition perioB=51.54 - 5032.83 and P < 0.0001). However, 1 d pos
treatment with the lowest dose of 5 mg/kg, the @etage mortality of 73.75, 18.75 and 2.50%
were recorded with hexane, methanol and acetogpecévely. At the highest concentration (20
o/kg), hexane and methanol extracts exhibited 1@08ftality of C. maculatusadults after 3
days post-treatment while, only 50% mortality o&peeetle was noticed with acetone extract at
the same period with the dose applied. After 6 dagst-exposition, 100% mortality df.

maculatusvas also observed with hexane and methanol estrasted at 0.5 g/kg.

The values of L varied with plant extracts and decreased with sijom period. From these
values of LG, hexane extract was the most effective followedrgghanol and acetone extracts.
The LG values were 0.11, 0.06 and 0.02 g/kg for hexareetx 1.41, 1.03 and 0.5 g/kg for
acetone extract and 0.87, 0.32, and 0.12 g/kg fethamol extract, respectively after 1, 3 and 6

days post-treatment.

Tableau 3. Corrected mortality percentage andsh.6f C. maculatusexposed taCassia mimosoides

extracts orVigna subterrane# soudano- guinean area (Ngaoundéré: Cameroon).

Hexane extract
DAI




Conc 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+1.25¢cB 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***
LC s 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***
LCxo 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 52.5741.02cB  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***
LCxo 0.87 (0.72-1.16) 0.32- 0.12
ns p>0,05 ; * p<0,05; ** p<0,001; **qD,0001. FL: Fiducial Limit. For the same prodircthe row followed by the

same capital letter and in the coluum by the sameidetter did not differ significantly accordirtg Tukey test (p=0.05).Cs:
Lethal concentration that kill 50% of pea beetl@. Bach datum represents the mean of 3 replicitesa

3.4 Effect of the plant products on the progeny F1 production

Table 4 present the inhibition percentage of tregenyF1 production of the pea beetle on the
bambara groundnut tested with different extract€omimosoidesFrom the results, all plant
extracts in comparison with the negative contrdhibited significantly the progeny1l
production ofC. maculatusand this reduction increased with the increasmcentration (Table
4). With the hexane extract at all doses testezhnaplete inhibition of Progeny F1 production
was noticed. That complete inhibition of progenysvedserved with methanol extract tested at
dose of 20 g/kg while at the same dose, acetomaahhibited 76.09% the progeny production

of C. maculatus

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

Méthanol extract
Progeny %In hibition

Acétone extract
Progeny %lInhibition

Hexane extract
Conc Progeny %Inhibition

0 117.50+6.56a 0.00+0.00b 168.75+0.75a 0.00+0.00d 141.00+6.56a040.00d



0.25 0.00+0.00b 100.00+£0.008153.75+10.38a  8.27+3.79dc  56.25+10.381#.04+3.44c
0.5 0.00+0.00b 100.00+£0.00a140.75+1.44ab  39.50+1.46bel0.50+1.44bc 75.45+0.84bc
0.75 0.00+0.00b 100.00+0.00a120.00+13.91bc 47.77+4.52ab 19.50+3.19c  96.37+1.07ab

0.00+0.00b 100.00+0.00a102.75+6.01c 76.09+1.67a  0.00+0.00d 100.00+0.00a
87.53*** O*H* 12.56*** 17.11%%* 26.56*** 93.30***

*** n<0,0001. FL: Fiducial limit. For the samerg@uct in the column followed by the same letted atid not differ
significantly according to Tukey test (p=0.08ach datum represents the mean of 3 replicatesalu

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 est8areduced significantly the percentages of
grain damaged and grain weight losses. Treated ikane extract, pea groundnut was
completely protected without damage of grains atdakes applied. With methanol extract,
complete protection of pea groundnut grains fromaige ofC. maculatusvas also recorded at
the highest concentration (20 g/kg) applied. Tratih acetone extract, percentage of grains
loses varied from 57.07% at the lowest dose (5)gk@2.49% at the highest concentration (20

g/kg).

Tableau 5. Efficacy of Cassia mimosoidegxtracts on damages reduction causedChy
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+3.31hbc
0.75 0.00+0.00b 100.00+0.00a 29.14+5.08¢
1 100.00+0.00a 0.00+0.00b 0.00+0.00e

F - - 48.84**

"S p>0,05 ; ** p<0,0001.For the same product, mean+SE in the column foltbime the same letter did not differ

significantly according to Tukey test (P=0.05). Ralatum representes the mean of 3 replicateesaluF values
were not determined because of 100% or no proteeti@ll doses tested.

3.6 Biochemical characteristics of the treated and untreated bambara groundnut

The biochemical composition dfigna subterraneaariety before and after 3 months storage is
presented in table 6. From the results, no sigmtiqP>0.05) difference between treated and
untreated pea groundnut was observed concernirigoglhemical parameters of pea groundnut
assessed. Indeed, the ash content, proteins, dotgrand lipids vary respectively from 3.24 to
3.84, 20.86 to 21.53, 7.68 to 8.68 and 60.37 tB&3%howing that the treatment of seeds with the
extracts ofC. mimosoidesdid not deteriorate the biochemical compositiosexds.

Besides, the increase of the quantity of the atritanal factors in the treated bambara
groundnut was noticed. Total phenolic compounds tamhins quantity passed from 565.02
mg/100 g to 778.56 mg/100g and from 42.03 mg/10® 444.60mg/100 g of dry material (Table
2).

Table 6.Biochemical characterization of the treated andeatéd grains ofigna subterranea

Parameters
Samples Ash Proteins Lipids Carbohydrates TPC Tannins
(9/1009) (g/1009) (9/1009) (g/1009) (mg/100g) (mg/1009)
Control 3.54+0.05a 21.53+0.33a 8.64+0.07a 61.24+0.50a 565.02 42.03

Hexaneextract 3.74+0.040 20.86+0.33ab 7.68+0.69a 61.67+0.50a - -
Acetone extract 3.2440.05a21.13+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
">0,05.For the same product means followed by the sarter léo not differ significantly according to Tukegst
at P=0.05.

3.7 Organoleptic properties of the treated and untreated bambara groundnut

The sensory evaluation of the bambara groundnukemb@nd roasted form compared to the
control showed that the various extracts ©hssia mimosoidesnodified the sensory
characteristics of the derived products (figurean2l 3). The test of Friedman (Table 7) in

general confirmed a significant difference (F>9a195%) between the treated forms and the



control product. Indeed, compared to the contiwd, éxtracts modify the bambara groundnut
grains by increasing the bitterness, the perfunaeiy the color of the two forms of preparation
and also decreased the salinity and the crisp efrtlasted form and the tenderness for the
cooked form. It was also noticed that the contrad ¢he treated sample products were similar
regarding the sweet-salty taste of the roasted .fdrmgeneral, the control sample product

received a better acceptability by the taste velerst compared to the treated products.
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Figure 2. Sensorial profile of cooked bambara groundnut éeawith Cassia mimosoides
extracts.
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Figure 3. Sensorial profile of roasted bambara groundnuttéckavith Cassia mimosoides
extracts.

Tableau 7.Friedman values calculated from the different seakoharacteristics of cooked and
fried Vigna subterranegrains treated witl€assia mimosoidesxtracts.

sensorial characteristics Constances F Sas% 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

4. DISCUSSION

The hexane, acetone and methanoCofmimosoideslemonstrated significantly their efficacy
against the post-harvest Bambara divast@tanaculatusn the laboratory.

Indeed in this present investigation, extractioaldivaried from one solvent to another and
acetone and methanol extracts respectively withaetton yield value of 10.1 and 8.1% were
high compared to the low yield of 2.8% obtainednwiexane solvent. These differences could
be attributed to the large number and the high tiyaof the phytocomponents in the acetone
and methanol extracts compared to the non-polaesbhexane extract. However, acetone and
methanol extracts contained seven phytocompoundipgro(total compounds phenolic,
flavonoids, tannins, of alkaloids, triterpenes,raitls and saponins) while hexane extract
contained only three groups including alkaloidsras and triterpenes that could justify
moreover their important yield compared to the Inexaxtract yield. The presence of these
compounds in these extracts could be explainedhbyfdct that plants synthesize secondary
metabolites during their growth which are impliedthe many physiological processes like the
cell multiplication, rhizome genesis, seed germamtfruit maturation and defense against the
external aggressions [45, 46]. The absence of soongounds in hexane extract could be
explained by the fact that hexane is a non-polbest incapable to fix some polar compounds.
In the same way, the presence of triterpenes amdtdroids in acetone and methanol extracts is
related to the fact that some polar compounds eir structures are associated to the non-polar

compounds like triterpenes



In this present study, all extracts ©f mimosoidegxhibited a significant adult mortality &.
maculatusand varied with the different plant extracts ahd toncentrations applied as well as
the exposition. The mortality recorded with varigulant extracts would be due to the presence
of the secondary metabolites in these extractsowicg to Rubaburat al. [47], the plant
secondary metabolites are implied in the varioawe@sses including their insecticidal properties.
The composition and the nature of the compoundseptan each extract depend not only on its
solubility in the vegetable powder, but also of th&lvent polarity used [48] The higher
mortality noted with hexane extract compared to haetl and acetone extracts could be
explained by the chemical composition and the lefedensitivity of the insects towards these
various extracts [49]. The alkaloids, saponing;ostis, phenolic compounds and tannins present
in the acetone and methanol extracts acted muche ke antinutriments hindering thus
assimilation of the nutriments [50], whereas thepéaoid compounds acted on the insect
nervous system by disorganizing ion exchanges sodind potassium leading to the insect death
in contact [51,52]. The phytochemical screeningeeded that hexane extract of the leave€ of
mimosoidescontained more of the terpenic compounds compavethé two other extracts
explaining the strong mortality noted in that egtraMoreover, this difference in mortality could
be attributed to the food behavior Gf maculatusindeed, adults o€. maculatusdo not feed
and the mortality of that insect is attributed e tsubstances that induced its death by direct
contact. The increase in mortality with the dosd tre exposure period could be explained by
the increase in the quantity of the active ingretieesponsible for the insecticidal activity. Our
results are comparable to those obtained by Daniel. [53] who reported a strong mortality of
C. maculatuswith the increasing dose and exposure period wékahe extract ofsnidia
kaussiana compared to the acetone and methanol extracts. l&88iyni Ojimelukwe[54],
Tapondjouet al [55], Obeng-Ofori [56] reported also a strong tabty of Tribolium confusum,

T. castaneum, Sitophilus zeamais, Prostephanuscdtus, Rhyzoperta dominica and
Callosobruchusexposed to the terpenic compounds of essential lailsontrary, Adeniyet al.

[57] obtained a strong mortality @&canthscelides obtectexposed to ethanol extracts. These
results in insect mortalities could be relatedi® direct food intake mixed with plant products.

In general, all plant extracts inhibited signifitdgthe progenyF1 production ofC. maculatus
and this reduction increased with the increasingceatration. This reduction would be due not

only to the antinutritional substances like tannpisytates, phenolic compounds contained in the



extracts and able to give complex to the availgbdf the nutriments to the immature stages of
C. maculatusand also terpenes act directly on the adults intambnby their toxic effect.
Rajasekaran and Kumaraswami [58] reported thatstwxls treated with the plant extracts
reduced significant the offspring @&itophilus oryzaeSimilar results were also reported by
Thiaw et al. [59] which obtained a significant redan of the offspring oCaryedon serratusn
Vigna subterranedreated withCassia occidentalisnd Calotropis procerapowders. Daniel et

al. [53] obtained also a significant reduction loé toffspring ofC. maculatuson seeds treated
with Ocimum canunand Gnidia kaussianaxtracts In contrary Agne®t al. [20] reported that
Callistemon rigidusacetone extract did not reduce the progeny prooiuati Acanthoscelides
obtecus This difference could be explained by the vapiatin composition and the secondary
metabolites content contained of the extract.

Overall, different plant extracts reduced signifitg the percentages of grain damaged and grain
weight losses. The reduction of seeds damagedrendeight losses could be explained by the
presence of the metabolites responsible for thectigdes activity. Similar results were obtained
by Nukenine et al. [21] which obtained a signifiteeduction of the rates of damaged seeds and
weight losses of the corn seeds treated with thedpos ofNeem Azal, Azadirachta indi@nd
Plectranthus glanduloswsgainsiSitophilus zeamais

Indeed, the ash, proteins, sugars total and lipaigents did not significantly varied showing
that the treatment of seeds with the extractS.ahimosoideslid not deteriorate the biochemical
composition of seeds. The ash contents are sitalt#rose reported by Mazahid et al. [60] who
obtained 3.25% with bambara groundnut seeds of hBeamfgroundnut cultivated in Sudan.
Similarly, Amartiefio et al. [61] and Abiodum et §2] obtained a range from 3.57 g/100 G and
4.85 g/100 g of dry material of seeds collecteanfidamibia, Swaziland and Nigeria. But these
ash contents are different to the low values rapgiom 2.55 to 2.98 obtained by Diallo Koffi et
al. [63]. According to Amarteifio et al. [64], thidifference in the ash contents could be
attributed the texture and the composition of tbié which could have an effect on mineral
absorption of the plants and the varietal diffeemnclhe lipid content obtained in this present
study are similar to the values obtained by Amaaeind Moholo [65],and Boateng et al, [66].
These authors showed that the leguminous planssegdept for soya and groundnut, contain in
a general way little of lipids. However, the coritenbtained are higher than those reported by

Abiodun and Adepeju [67]. The total rate of sugars agreement with that reported by, Yusuf



et al. [68], Boateng et al. [66] and Mazahib et[@0]. The contents reported by these authors
ranged from 54.51 to 65% of dry material. Howewen, results showed low sugar contents than
the average contents of 73.50 % reported by Arenaill §69]. These differences observed in the
results could be due to the varietal properties taedenvironmental conditions of their culture
[70, 66]. The result of the protein content obtdimeappreciably equal to the values reported by
Amartiefio et al. [71], and Amartiefio et al., [6IThese authors obtained respectively the values
ranged from 15.1 to 22.1 and from 17.5 to 21.2 grafmproteins for 100 grams of dry material.
This difference might be due to the genotypes dadenvironmental conditions where these
seeds were cultivated [72, 70]

Besides, in this present study, the increase ofgtrentity of the antinutritional factors in the
treated bambara groundnut was noticed. This inereaslld be due to the presence in the
extracts of these secondary metabolites. Howeliergtiantity of these antinutritional factors are
low compared to the thresholds values of 2700 nfiglfor phenolic compounds and 2000
mg/kg for tannins [73] and could not deteriorate thiodisponibility of the nutriments in the
grains. In the same way, Siqueira et al. [74] aotli@aw [75] reported that certain treatments
like soaking or cooking could reduce significanitye degree of antinutritional factors. A long
cooking process set at is also able to eliminate these antinutritioraitérs [76]

The sensory evaluation of the bambara groundnukembcand fried treated witlfCassia
mimosoidesextracts modified its sensorial characteristicse Tiicrease in the taste, bitterness
and low preference of the treated sample produottdcbe explained by the fact that plant
extracts contain aromatic compounds which aromatieederived products compared to the
control sample product. Similarly, the presence biteer plant metabolites compounds like
tannins and saponins increase the bitterness ofrélaged compared to the untreated bambara
groundnut. The result of this present investigat®onomparable to those obtained by [25] Rose
de Lina et al. 2014 who reported that the use sémtsal oils significantly influences the odor

and the taste of the cowpea samples stored.

5. CONCLUSION
The extracts o€assiamimosoide$ave proven their insecticidal properties agathstnaculatus
during storage. These extracts moreover did notifynade nutritional quality of the derived

products and improve the sensory characteristigsaiticular the flavour of the treated products.



They could thus constitute an effective alternativéhe preservation of the bambara groundnut
because of their safety for consumers and might tbhplace synthetic insecticides used for the

issue.
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