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Toxicity of Cassia mimosoides leaf extracts against the weeviCallosobruchus
maculatus and nutritional and organoleptic quality assessmenbf 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 @fassia mimosoidegileaf extracts againdEallosobruchus
maculatubzz]_on the bambara groundnut grains as well as theigdigbemical, sensorial and
organoleptic characterizationof that grains 3 msmbst-storage.

Place and Duration of StudyThe toxicity testswere donefrom April to August 2016 in the
laboratory of Applied Zoology of the Department Biological Sciences, University of
Ngaoundere. The physico-chemical, sensorial anénmigptic characterizatioof bambara
groundnutwere achieveddeterminedin the laboratory ofFood Chemical Engineeringf the
University Institute of TechnologyJniversity of Ngaoundéré from October to DecenEt6.
Methodology:Toxicity of the plant extracts was evaluated tefeasingexposing20 adult
weevilsinte-to theprepaeddeses—ob, 10, 15 and 20 g/kgoncentration®f the plant extracts
mixed with bambara groundnut grains and the maytali C. maculatusvas monitorecat 1, 3
and 6 days post-infestation. The inhibition effeftthe plant products was assessed on the
production of bambara grounaut pea beetle progenffl. After 3 months of storagehe
influence of V.igha [rsjsubterraneapost-storage lossewmcluding weight loss, biochemical,
sensorial and taste characteristics were also atemiu

ResultsC. mimosoide®xtractscauseda significanthythe mortality of the weevil andeduced
also significantlyreducedthe progenyF1l production. The hexane extrast-the—plantwas
revealed-aghe most effective causing 73.65% mortality, reducempletely the progenil
productiontestedat the lowestleseconcentratiorof 5 g/kg. At the same concentration, hexane
extract also protected completely bambara groundrains up to 3 monthaitheut-from the
attack of pea beetle. After 3 months post-storagle thie plant extracts, the nutritional value of
the bambara groundnut was preserved since no ioarigt protein, sugar and mineral contents
was recordedl. Moreovesinimprovemenbain taste, tenderness and crisp of bambara groundnut
grainsafter processinwas also noticega)

Conclusion:Thus,C. mimosoideproducts especially hexane extract could be useal rmatural
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.

Key words: Toxicity, plant extracts, nutritional value, sensorial characteristics, pemtle
attack.

1. INTRODUCTION



Nowadays, food security snsurecthrough theprotection of agriculturapeststerageproducts
during storagepretection In the developing countries especially in salmelianes, cereals and

leguminous plants constitute the basic source ofl fof the farmers [1,2] and up to 75% the
production are stored in the traditional garrett[3Unfortunately, these post-harvest stores are
rudimentary [5] and consequently expose the goods the devastator insects
[6]. AmengthesAmong thedepreciative insectgallosobruchusmaculatus(F.) [rsi(Coleoptera:
Bruchinae) is known as the most cosmopolitan dewasof the leguminous grains and without
grain protection measure, can cause around 8000d&@rsjlosses in 12 months [7]. To face the
significant problem of the grains losses in stordge to insects, farmers are compelled to search
for the prevention measures [8lor that, synthetic insecticides and fumigantscaneently the
mostwidely used to control the postharvest devastator in§8¢18]. Consequently, the misuse
of these synthetic insecticides has led to miscetas problems including their toxic effect to
consumers, their persistence in the environnmesénd theproduction of insects resistant to the
insecticides [3]. Moreover, these insecticides ratatively high-costy, scarce and sometimes
with doubtful quality in the local marketsi[5,11,12,13]. The research of the new molecules,
taking into account no only the effectiveness @ thsecticides becomes a major concern of
current time to success an effective grain pradecsafe for consumers and the environment
[14,15,16]. For these reasons, the uses of plasgebproducts in the stored products protection
program are encouraged [17,18,19]. Indemdyent studiesare aimed to isolate and identify
secondary metabolites extracted from the plarg@sponsible for the anti-insect activity [20].
Previous works were much focused either on esdamilsaof the-plants such asssential-eis-of
VeprisheterophyllaagainstTriboluim castanuimn the soudano-sahelian zone [d§sential-oils
of-Eucalyptus saligna, Cupressasmpervirens, Capsicum frutenscemsl Lantana camaran

the West-Cameroon highland ands—ef-Callistemon viminaligMyrtaceae) against the adults
insectsof Acanthoscelidesobtectus[20], neem oils agains$itophilus zeamdj$4] as well as
vegetable powders [10,22]. However, few woikesve beencarried out on the insecticidal
effectiveness ofCassia mimosoidesecondary metabolites extracted with organic suibre
especiallagainstC. maculatusHowever, the leaves, roots and barks of the pglantalready
proved their effectiveness as anti-malaria, amicea, analgesic, antipyretientioxidant[23]
and Cassia sennaxtracts as anti-insect againstogodermagranarium [24]. Besides,the
preservation of seed#he -treated-withplant metabolite preduetsused for preservatiooould




modify the nutritional and organoleptic quality dfie treatedderivedproducts. In fact, Rose de
Lima et al. [25] reported that the conservatiorcofpea with plant essential oils belonging to
the family of Myrtaceae improves the organolepticoperties with anineidenrce—en
themprovement intaste and the flavour of the derived productsvduld be thus significant to

evaluate thenti-insectactivity of this plant extracts again€t maculatusand their impacts on
the nutritional and organoleptic quality of tHerivedpreservedoroducts.The objective of this
work aimsto evaluate the efficacy o€.assta mimosoidesleaf extracts against the weevil
C.allesebruchusmaculatusin stored bambara groundnut and also to assessuthiéonal and

organoleptic qualities of that treat®&iigna subterranea (bambara groundnugeeds 3 months

post-storage.

2. MATERIALS AND METHODS

2.1Plant materials

The fresh leaves df.asstamimosoidesvere 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-bya-betanist-efauthenticated byhe Department of Biological Sciences, Faculty of
Science, University of Ngaoundéré, Cameroon. Theds ofC. mimosoidesvere dried under

the shade and then crushed in the mortar and p#ssead)jh 1 mm mesh size sieve. The powder
waskeptstoredin thesealed containers in the refrigerato®GXuntil usegl4].

The seeds oM.igha subterraneavariety used wapurchased from the local market of Maroua.
Theat varietyused-waslifferentiatedirom-othersincould easily be identified based dhe-basic

of the grain tegument coloration. After separatiragrithe impuritieshbambara groundnut grains

were kept-in-thefridge-tored at-20°C) for 20 days to eliminate living organisms and then
acclimatedna-theto room temperature during 2 weeks before the uskifarssays
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Figure 1. Map of Cameroon showing Koza (Far north regioafmeroon), the place where the
plant material wakarvestedollected

2.1.1Plant extraction

The cold maceration methgeerformedby-of Perry et al. [21)was used for plant extraction.
Indeed, 1000 g of the plant leaf powder was maedrat 3000 ml of hexane in 5000 ml glass
jar. The maceration was shaking twice a day, duBintays and then filtrated through Whatman
No.°1 filter paper to obtain hexane filtrate and resid@ihen,the residue was dried and also
macerated in 3000 ml of acetone and processedsasilukd previously to obtain acetone filtrate
and residue. At last, the dry residue was maceratethe methanol solvent as described
previously to obtain methanol filtrate and residiibe filtrates were concentrated using rotary
evaporator (BUCHI R-124) to obtain hexane, acetand methanol extracts. The dry plant

extracts werdept-in-therefrigeratorstored atr4°C)till-the-usesfor-bieassaysitil further use

The extraction yield was calculated using the feilg formula:

wWeight of the extract obtained

Extraction yield( %)= (r8]x100

wWeight of the plant powder used



2.1.Phytochemical screening of the plant extracts

For the phytochemical screenirgpmecomponentf C.mimosoidegxtracts the presence of
alkaloids vas ereperformedtestedaccording to Bidie et al. [26hethed N'Guessan et al. [27]
method was used to determine total polyphenol camgs. Flavonoids were determined
according to Debray et al. [28] method aaponindollowing the methogerHermedadvocated

by Dohou et al. [29]. The presence of steroidsnitas) les coumaringand triterpenoidsvas

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 extractsagainstC. maculatusvas evaluated according to
the—methodperformed-—byNukenine et al. [14]irdeedeEach extract was dissolved in the
extraction solvenused-and-different-dosmsconcentration®f 0.25; 0.5; 0.75 and 1g/mL of

hexane, acetone and methan®he extracts were mixed uniformly with 50 g of bambara

groundnut grain in the 900 mL glass botkle. Theatigg control was made by mixing 50 g of
grains with 1 mL of each solvent used separémarphe grains in the bottle were left in open air
for 2 hours for solvent evaporation and 20 pealégeto(mixed males and femalesjere
introduced into each bottle test preparation. Feypticates werexpphedmaintainedfor each
treatment and the pea bestlmortality wasmenitoredassesseafter 1, 3 and 6 days post-
treatment.

2.2.Zffect of plant productsin the progeny F1 production

r-On the sixth daysafter pesttreatmentmenitoring-bettlesthe dead and livgpea beetleshed

and-alivewere removedrom the monitoring bottleand the treated bambara groundnut was kept

for observation every week until emergerae The number of pea beetles emerged was
recorded until successively 5 days without the apgreces 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 of50.®.5; 0.75 and 1g/mL doses were
madgreparedOnemL of each concentration was mixed uniformly waih g of pea groundnut

in the glass bottles and in the negative controly solvent used was mixgeiswith bambara
groundnut. In each test bottle, 20 male and ferpaéebeetles, 2 days old were added and sealed
with muslin cloth.There wereFfour replicatesvere—apphedor each dose and after 3 months
post-treatment, the numberadfad and livgpea beetlesmertalityand-aliveas well as the number



of pea—groundnutdamaged and undamagepgoundnutswasere recorded. The weights of
damaged and undamaged bambara groundnut grainsaiseassessedlhe weight losses were
evaluated according to the method of FAO [31] fwiltg 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 dagtagrains; Nd= number of damaged
grains, Nu= number of undamaged grains.

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

The physicochemical characteristics and nutritiorelles evaluated before and after storage
included: the moisture and dry matt¢83], ash content [34], proteins [35], lipids [36] and
carbohydrates [37]. The method_bbpez-Mejia et al[38] was used for theetermination
dosageof the total phenoliceempeundscontent inef-the extracts and treated seeds. The total
tannirs content was determined accordingviekkar et al [39] method.

2.4 Sensorial analysis of pea groundnut

For the sensory analysis, the most appreciateducoed bambara groundnut variety in the
various zones of studies which is Kodek variety wsesd. 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. Considetvegculinary practices of the population for
bambara groundnut consumption, one sample was dawke the other was roasted according to
traditional protocols of preparation obtained oe fteld. 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 products tbtained were submitted to the hedonic
test carried out at the sensory analysis laboradcoprding 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_twir

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 daegm@nd weight losses percentages were
transformed toarcsin(x/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 concentratitiaé tause 50% (Lfg) and 95% mortality
(LCgys) of C. maculatus Abbott's formula [43] was used to correct for troh mortality when
mortality in the control iscomprised between 3% 4086 before probit analysis and ANOVA.
For sensorial analysis, data were analyzed usiigglfdan test. Fisher coefficient was calculated
using Chi-square test). Different samples comparison by calculating Fefficient and

compared with “S” value in the Chi-square table=8% anddegreeef 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 withragtion yield value of 10.1 and 8.1%

rigiwere high compared to the low yield of 2.8% obtdinéth hexane solvent.

Tablel. 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
mimosoidesire presented in tableCassia mimosoidgsant extracts possessed a wide variety of
phytochemical components distributed in differevitzent extraction used. Phenolic compounds

and flavonoids were abundant in polar solvent extré@nethanol and acetone) and were absent



in the non-polar solvent extract (hexane). Tritepds, steroids and alkaloids were abundantly

present in both polar solvent (acetone, methamal)reon-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 negetdiniol, all extracts

of C. mimosoide&xhibited a significant adult mortality &. maculatusThe mortality of the

pea beetle varied with the different plant extraatsl the concentrations applied (F= 2.4 -
3671.4) and thexpesitierexposureperiod F£= 51.54 - 5032.83 and P < 0.0001). However, 1 d
post treatment with the lowest dose of 5 mg/kg, peecentage mortality of 73.75, 18.75 and
2.50% |rsiwere recorded with hexane, methanol and acetorspecéively. At the highest
concentration (20 g/kg), hexane and methanol estiedibited 100% mortality a. maculatus
adults after 3 days post-treatment while, only 50fartality of pea beetle was noticed with
acetone extract at the same period with the dopéedp After 6 days post-exposition, 100%

mortality of C. maculatuswas also observed with hexane and methanol egttasted at 0.5

a/kg.

The values of L& varied with plant extracts and decreased with sijpm period. From these
values of LG, hexane extract was the most effective followedngghanol and acetone extracts.
The LG values were 0.11, 0.06 and 0.02 g/kg for hexareaetx 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 3Corrected mortality percentage andsgﬁﬂd[ma. maculatugexposed taCassia mimosoides

extracts orVignasubterranedn soudano- guinean area (Ngaoundéré: Cameroon).

Hexane extract

DAI
Conc 1 days 3 days 6 days F
0 0.00i0.0(DzmeA 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+0.00a2A 100.00+0.00aA 2.45*
F 863.21*** 415.16*** 562.51***
LCsg 0.11 (0.03-0.1 0.06 - 0.020 -
Acetoneextract
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***
LC s 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***
LCse 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 theluurtolumnby the same small letter did not differ signifilgraccording to Tukey test (p=0.05).
LCso Lethal concentration that kill 50% of pea beefi@. Each datum represents the mean of 3 rephcdtes.

3.4 Effect of the plant products on the progeny F1 production
Table 4 presestthe inhibition percentage of the progdsl production of the pea beetle on the
bambara groundnut tested with differéht mimosoide®xtractsand their concentrations-C-

mimeseidesFrom the results, all plant extracts in comparigath the negative control inhibited
significantly the progeny1 production ofC. maculatusand this reduction increased with the
increasing concentration (Table 4). With the hexam&ract at all doses tested, a complete
inhibition of Progeny F1 production was noticed.afltomplete inhibition of progeny was
observed with methanol extract tested at dose @f/R§ while at the same dose, acetone extract
inhibited 76.09% the progeny production@fmaculatus



Table 4 Effect of different plant extracts on the reductaprogeny F1 production

Hexane extract Acétone extract Méthanol extract

Conc Progeny %Inhibition Progeny %lInhibition Progeny %In hibition

0 117.50+6.561s:a 0.00+0.00b  168.75+0.75a  0.00+0.00d  141.00+6.56a0+0.00d

0.25 0.00+0.00b 100.00+£0.00a153.75£10.38a  8.27+3.79dc  56.25+10.3811.04+3.44c

0.5 0.00+0.00b 100.00+0.00a140.75+1.44ab  39.50+1.46b@0.50+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+3.19¢c  96.37+1.07ab

1 0.00+0.00b 100.00+0.00a102.75+6.01c 76.09+1.67a  0.00+0.00d 100.00+0.00a
F 87.53*** odfiR197*** 12.56*** 17.10%** 26.56*** 93.30***

*** p<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 lossé&seated with hexane extragbea groundnut was
completely protected without damage of grains atdakes applied. With methanol extract,
complete protection of pea groundnut grains frommaige ofC. maculatusvas also recorded at
the highest concentration (20 g/kg) applied. Tratith 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 5Efficacyof Cassia mimosoidesxtractson damages reductioncaused. lgaculatus

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%+*
Acetoneextract
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***
Methanolextract

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 29.1445.08¢c

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 follobwedhe same letter did not differ

significantly according to Tukey test (P=0.05). Ratatum representes the mean of 3 replicates valuEsvalues
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 digha subterraneavariety before and after 3 months storage is

presented in table 6. From the results, no sigmfiqP>0.05) difference between treated and
untreatedseagroundnut was observed concerning all biochenpeadmeters opeagroundnut

assessedndeed, the ash content, proteins, sugars totalipits vary respectively from 3.24 to
3.84, 20.86 to 21.53, 7.68 to 8.68 and 60.37 t8@k0ishowing that the treatment of seeds with
the extracts o€. mimosoidedid 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 @mhins quantitypassedincreased by
....% from|565.02 mg/100 g to 778.56 mg/100g and fron®@2ng/100 g to 44.60mg/100 g of
r211dry material (Table 2).

Table 6Biochemical characterization of the treated andaatéd grains dfignasubterranea

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 - -
Acetoneextract 3.24+0.05a221.13+0.33a 8.11+0.07a 60.97+0.50a - -
Methanolextract 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
"p>0,05.For the same productmeans followed by the samer létt 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 groundnukezb@nd roasted form compared to the
control showed that the various extracts ©hssia mimosoidesnodified the sensory
characteristics of the derived products (figurean2 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 contiod éxtractsmedify-increasedthe bambara
groundnut graingy—inereasing-thditterness, theserfumeryodour and the color of the two
forms of preparation and also decreased the sabni the crispessof the roasted form and the
tenderness for the cooked form. It was also notitted the control and the treated sample
products were similar regarding the sweet-saltieta$ the roasted form. In general, the control
sample product received a better acceptabilityl®ytaste volunteers compared to the treated

productszz).

=—¢=— Control
= E}i.,reet—mlt}’ taste —@— Hexane extract
= Nethanol extract

Figure 2.Sensorial profile of cooked bambara groundnut éckaivith Cassia mimosoides
extracts.

== (Control

Hexane extract

sweet-salty taste
Ny

e i Nlethanol extract
o salty taste

S | bitter taste




Figure 3.Sensorial profile of roastedbambara groundnut éckatvith Cassia mimosoides
extracts.

Tableau 7.Friedman values calculated from the different seakoharacteristics of cooked and
fried Vignasubterranegyrains treated witlCassia mimosoidesxtracts.

sensorial characteristics Constances F Sas5% 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
Perfumedodor 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 divas@taraculatusn the laboratory.

Indeed in this present investigation, extractioaldivaried from one solvent to another and
acetone and methanol extracts respectively withaetiton 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 giyaof 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,ratls 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 explainednhbyfdct 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 soonga@unds in hexane extract could be
explained by the fact that hexane is a non-polbtest incapable to fix some polar compounds.

In the same way, the presence of triterpenes andtdroids 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 mimosoide&xhibited a significant adult mortality &.
maculatusand varied with the different plant extracts ahd toncentrations applied as well as
the exposition. The mortality recorded with variqulant 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 variowe@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 tohaetl 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 mucte rike antinutsnents hindering thus
assimilation of the nutriments [50], whereas thgpdaoid compounds acted on the insect
nervous system by disorganizing ion exchanges sodid potassium leading to the insect death
in contact [51,52]. The phytochemical screeningeeded that hexane extract of the leave€ of
mimosoidesontained more of the terpenic compounds compapethe 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 Hre 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 Danial. [53] who reported a strong mortality of
C. maculatuwith the increasing dose and exposure period widkahe extract of
Gnidiakaussianeompared to the acetone and methanol extracts.laBliyni Ojimelukwe[54],
Tapondjoet al[55], Obeng-Ofori[56] reported also a strong miitgadf Tribolium confusum, T.
castaneum, Sitophilus zeamais, Prostephatmuacatus, Rhyzopertalominica and Calloso
bruchusexposed to the terpenic compounds of essential lmils€ontrary, Adeniyat al. [57]
obtained a strong mortality @&canthscelidesobtectersposed to ethanol extracts. These results

in insect mortalities could be related to the difeod intake mixed with plant products.



In general, all plant extracts inhibited signifitdgithe progenyF1 production ofC. maculatus
and this reduction increased with the increasingceantration. 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. maculatuand also terpenes act directly on the adults intabnby their toxic effect.
Rajasekaran and Kumaraswami[58] reported that #exls treated with the plant extracts
reduced significant the offspring @&itophilus oryzaeSimilar results were also reported by
Thiaw et al.[59] which obtained a significant retlon of the offspring ofCaryedon serratusn
Vignasubterranedreated withCassia occidentaleand Calotropisprocerapowders. Daniel et al.
[53] obtained also a significant reduction of thHéspring of C. maculatusn seeds treated with
Ocimumcanumand Gnidiakaussianaextracts In contrary Agneset al [20] reported that
Callistemon rigiduacetone extract did not reduce the progeny prooictiof
Acanthoscelidesobtecushis difference could be explained by the vapiatin composition and
the secondary metabolites content contained oéxtract.

Overall, different plant extracts reduced signifitg the percentages of grain damaged and grain
weight losses. The reduction of seeds damagedhendi¢ight 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 significaeduction of the rates of damaged seeds and
weight losses of the corn seeds treated with tivedpes ofNeem Azal, Azadirachtaindiaad
PlectranthusglandulosagainstSitophilus zeamais

Indeed, the ash, proteins, sugars total and lipaigents did not significantly varied showing
that the treatment of seeds with the extractS.ahimosoida$id not deteriorate the biochemical
composition of seeds. The ash contents are sital#nose reported by Mazahidet al.[60] who
obtained 3.25% with bambara groundnut seeds of Beamfroundnut cultivated in Sudan.
Similarly, Amartiefio et al. [61] and Abiodum et al.[62] obtad 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 rangiom 2.55 to 2.98 obtained by Diallo Koffi et
al. [63].According to Amatrteifio et al.[64], thigference in the ash contents could be attributed
the texture and the composition of the soil whiokld have an effect on mineral absorption of
the plants and the varietal differenc€hke lipid content obtained in this present studysamilar

to the values obtained by Amarteifio and Moholo[66H Boateng et al. [66]. These authors



showed that the leguminous plant seeds, excepbiga and groundnut, contain in a general way
little of lipids. However, the contents obtainea dnigher than those reported by Abiodun and
Adepeju[67]. The total rate of sugars is in agresinveith that reported by, Yusuf et al. [68],
Boateng et al.[66] and Mazahib et al.[60]. The eotd reported by these authors ranged from
54.51 to 65% of dry material. However, our ressliswed low sugar contents than the average
contents of 73.50 % reported by Aremu et al. [69]ese differences observed in the results
could be due to the varietal properties and therenmental conditions of their culture [70,66].
The result of the protein content obtained is appldy equal to the values reported by
Amartiefio et al. [71], and Amatrtiefio et al., [6IThese authors obtained respectively the values
ranged from 15.1 to 22.1 and from 17.5 to 21.2 graimproteins 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 n@iglfdor 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] awdi@w[75] reported that certain treatments
like soaking or cooking could reduce significanitye degree of antinutritional factors. A long
cooking process set at 1is also able to eliminate these antinutritiomatérs [76]

The sensory evaluation of the bambara groundnukembcand fried treated wittCassia
mimosoidesxtracts modified its sensorial characteristicse Ticrease in the taste, bitterness
and low preference of the treated sample produattdcbe 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 ofrélated compared to the untreated bambara
groundnut. The result of this present investigat®onomparable to those obtained by [25] Rose
de Lina et al. 201kke3who reported that the use of essential oils sigaifily influences the odor

and the taste of the cowpea samples stored.

5. CONCLUSION



The extracts o€.asstamimosoidelsave proven their insecticidal properties agathsiaculatus
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 tbplace synthetic insecticides used for the

issue.
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