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Abstract 

   
Legumes are plants with high nutritional values. It is necessary to control the nutritional quality of legumes at 

different stages of maturity for better popularization. This study aims to contribute to food security through 

determination of the phytochemical and antioxidant characteristics of the seeds of three legumes of the 

Canavalia genus according to their stage of maturity. Seeds of different stages collected in a field in the Gbèkê 

region served as biological material for this study. The seeds of three species at different stages of maturity: 30 

days (S1), 40 days (S2), 50 days (S3), 60 days (S4) and 80 days (S5) after fertilization were collected and then 

dried in the sun and finally ground to obtain raw flour which was analyzed according to standard procedures. 

The results revealed that the contents of total phenolic compounds, flavonoids and tannins, suffered a decrease 

during seed maturation with the highest contents observed at the S1 stage. On the other hand, at the level of 

carotenoids, the peak was observed at stage S4 for all the seeds of the legumes studied. Overall, it appears that 

the best seed harvest stage for all the legumes studied is the S4 stage. This stage corresponds to the 60th day after 

fertilization of the flowers for species of the Canavalia genus. These seeds are potential sources of protein that 

can contribute to the fight against protein-energy deficiencies.  
* Corresponding Author: Kouassi Martial-Didier Adingra  maxadingra@gmail.com 

International Journal of Biosciences | IJB | 

ISSN: 2220-6655 (Print), 2222-5234 (Online) 

http://www.innspub.net 

Vol. 25, No. 2, p. 114-124, 2024 

 



 

115 Kouakou et al. 
 

Int. J. Biosci. 2024 

Introduction 

Acute food insecurity quadrupled between 2019 and 

2022, going from ten million to nearly forty million 

people experiencing severe food and nutrition 

insecurity (CILSS, 2022). Around 870,000 people in 

Côte d'Ivoire, or 4 percent of the population, faced 

high levels of acute food and nutrition insecurity from 

March to May 2023 (CILSS et al., 2023). The increase 

in the world population in the coming decades 

unfortunately risks making this situation worse. The 

state's ultimate ambition is therefore to fill the 

imbalance between population growth and food 

production. This is why the search for local products 

with high nutritional potential is sought.  

 

In Côte d'Ivoire, several studies have shown that 

neglected minor plants can reduce the problems of 

food deficiencies and malnutrition (Tchumou et al., 

2018 ; Bediakon et al., 2019 ; Koffi et al., 2022). 

Indeed, the Ivorian forests are full of numerous edible 

spontaneous plants whose biochemical and 

nutritional composition remain unknown and yet, 

these plants could play a leading role in the fight 

against malnutrition and various nutritional 

deficiencies. Unfortunately, a large part of this 

resource is underexploited, even neglected (Padulosi 

and Hoeschle-Zeledon, 2004). 

 

In particular, protein crops constitute an interesting 

source of proteins in addition to cereals for human 

food, either in the form of seeds or in the form of split 

products enriched with proteins (Boutin et al., 2006). 

Among these plants with high nutritional values are 

legumes which are characterized by both high energy 

density and high nutritional density.  

 

The main characteristic of legume seeds is their high 

protein content (20-50%) (Kouakou et al., 2022a; 

Kouakou et al., 2022b). Saber bean (Canavalia 

ensiformis), Saber pea (Canavalia gladiata) and 

caprit pea (Canavalia rosea) are also legumes grown 

in the Gbèkê region (Côte d’Ivoire) which are little 

valued but whose nutritional characteristics can be as 

interesting as those of traditional dried vegetables 

(Rémond and Walrand, 2017). 

The work of Tchumou (2017) showed that the 

maturity stage influenced the physicochemical, 

mineral and phytochemical composition content of 

Phaseolus lunatus seeds. The maturity stage of the 

harvest could affect the nutritional quality of the 

seeds of the three Canavalia species. This work aims 

to monitor the evolution of phenolic and antioxidant 

compounds depending on the stage of maturity to 

better benefit from these legumes. 

 

Material and methods 

Biological material  

The biological material used to carry out this study 

consisted of seeds of three species of legumes, 

Canavalia gladiata, Canavalia rosea and Canavalia 

ensiformis harvested at five harvest stages numbered 

from S1 to S5 (Fig. 1). 

 

Determination of the phytochemical composition of 

seeds of three Canavalia species 

Preparation of methanolic extracts of phenolic 

compounds  

The extraction of methanolic extracts of phenolic 

compounds was carried out according to the modified 

method of Ribeiro et al. (2007). An amount of 10 g of 

powder was incubated at approximately 25 °C for 24 

h in 50 mL of 80% (v/v) methanol with mechanical 

stirring. The mixtures obtained for each of the 

samples after incubation were centrifuged separately 

at 4000 rpm for 5 min with a refrigerated centrifuge 

(Refrigerated centrifugal TGL-16). The supernatants 

were collected and the pellets of each sample were 

extracted twice in succession under the same 

conditions. The different methanolic extracts 

obtained were concentrated by evaporation of 

methanol at 35 °C until obtaining 50 mL of solution, 

using a rotary evaporator (rotary evaporator 

HEILDOLPH Laborata 4003 Control, Schwabach, 

Germany). The different solutions obtained were used 

for the different analyses. 

 

Determination of total phenolic compound 

The contents of total phenolic compounds or 

polyphenols in the different powder samples were 

determined according to the method of Singleton et 
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al. (1999) using Folin-ciocalteu’s reagent. The 

contents of total phenolic compounds were expressed 

in mg gallic acid equivalent (GAE)/100 g dry weight 

(DW).  

 

Determination of total flavonoids  

Total flavonoid contents were evaluated using the 

method described by Meda et al. (2005) using 

aluminum chloride. The results were expressed as mg 

quercetin equivalent (QE)/100 g dry weight (DW).  

 

Determination of total tannins   

The total tannin contents were determined according 

to the method used by Bainbridge et al. (1996) using 

vanillin reagent. The results were expressed as mg 

tannic acid equivalent (mgTAE) / 100 g dry weight 

(DW). 

 

Separation and identification of phenolic compound 

The methanolic extracts of phenolic compound from 

the different legume seed samples prepared 

previously were diluted in 100 mL of distilled water. 

Using an analytical HPLC unit (Shimadzu 

Corporation, Japan) equipped with a binary pump 

(LC-6A) coupled to a UV-VIS detector (SPD-6A) each 

sample was analyzed. The phenolic compounds were 

separated on an ICSep ICE ORH-801 column (length 

25 cm) at a temperature set at 30°C. The phenolic 

compounds of the methanolic extract of the legume 

samples were identified by comparison of their 

retention times with those obtained by the injection 

of the standard solution comprising the standard 

phenolic compounds under the same conditions.  

 

Quantification of phenolic compound   

The phenolic compounds of the different samples 

were quantified by estimating their concentrations 

expressed in mg/kg of dry weight from the average of 

the peak areas of each of the standard phenolic 

compounds. Thus, the concentration of a phenolic 

compound x identified in a sample was calculated 

using the equation described by AOAC (2012). 

 

Dosage of carotenoids  

Total carotenoids from the different legume seed  

samples were extracted according to the method 

described by Rodriguez-Amaya and Kimura (2004). 

These extracts were used for the determination of 

total carotenoids, anthocyanins and lycopene.  

 

The total carotenoid contents of the seed powder 

samples of the three legumes collected at different 

stages of maturity were estimated by the method used 

by Carvalho et al. (2012). 

 

Dosage of anthocyanins  

Total anthocyanins were defined according to the 

differential pH method of Giusti and Wrolstad (2001) 

thanks to the fact that the structure of anthocyanins 

undergoes a reversible transformation during a 

change in pH which is manifested by different 

absorption spectra. 

 

Determination of lycopene content  

The lycopene contents of the seed powders of the 

three legumes were determined according to the 

method of Nagata and Yamashita (1992). 

 

Statistical analysis  

All chemical analyses and assays were performed in 

triplicate, unless otherwise indicated. Results were 

expressed as mean values ± standard deviation (SD). 

Analysis of variance (ANOVA) followed by Duncan’s 

test was performed to test for differences between 

means by employing XLstat 2019 statistical software. 

Significance of differences was defined at the 5% level 

(P<0.05). 

 

Results and discussion 

Phenolic compound contents of the seeds of three 

species of legumes  

The phenolic analysis of legume seeds harvested at 

different stages of maturity shows a significant 

decrease (P < 0.05) in the level of phenolic 

compounds such as total polyphenols, tannins and 

flavonoids (Table 1).  

 

The total polyphenol contents of the methanolic 

extracts of the seeds of the species studied are 

significantly different at the 5% threshold, and 
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experienced a progressive decrease during 

maturation. The values of these contents oscillate 

between 120.52 and 77.26 mg / 100 g DW; 90.80 and 

70.91 mg/100 g DW and between 120.52 and 38.42 

mg/100 g DW, respectively for Canavalia gladiata, 

Canavalia rosea and Canavalia ensiformis.

 

Table 1. Contents of some polyphenols of three species of legumes harvested at different stages of maturity. 

Species Maturity stage Total polyphenols (mg/100g DW) Tannins   (mg/100g DW) Flavonoids (mg/100g DW) 

Canavalia gladiata 

 

 

S1 
120,52 ± 0,03 

p
 59,32 ± 0,18 

n
 12,13 ± 0,03 

n
 

S2 
104,12 ± 0,02 

m
 48,52 ± 0,19 

m
 11,03 ± 0,02 

k
 

S3 
90,31 ± 0,03 

h
 43,95 ± 0,180 

k
 10,42 ± 0,03 

j
 

S4 
81,75 ± 0,29 

g
 36,30 ± 0,16 

h
 2,89 ± 0,29 

c
 

S5 
77,26 ± 0,29 

e
 33,07 ± 0,26 

fg
 0,00 ± 0,00 

a
 

Canavalia rosea 

 

S1 
90,80 ± 0,04 

i
 40,74 ± 0,18 

j
 10,43 ± 0,03 

j
 

S2 
81,41 ± 0,02 

g
 38,81 ± 0,18 

i
 9,29 ± 0,02 

h
 

S3 
80,63 ± 0,03 

f
 32,71 ± 0,20 

f
 5,13 ± 0,03 

e
 

S4 
77,29 ± 0,29 

e
 26,32 ± 0,23 

d
 4,76 ± 0,29 

d
 

S5 
70,91 ± 0,29 

c
 21,16 ± 0,11 

a
 0,00 ± 0,00 

a
 

Canavalia ensiformis 

 

 

S1 
120,52 ± 0,03 

p
 33,63 ± 0,18 

g
 13,09 ± 0,02 

q
 

S2 
92,28 ± 0,03 

j
 28,85 ± 0,180 

e
 12,62 ± 0,03 

p
 

S3 
73,03 ± 0,02 

d
 26,14 ± 0,05 

d
 11,63 ± 0,03 

m
 

S4 
64,07 ± 0,29 

b
 24,48 ± 0,10 

c
 7,58 ± 0,29 

f
 

S5 
38,42 ± 0,29 

a
 23,73 ± 0,29 

b
 2,27 ± 0,29 

b
 

The means ± standard deviation, assigned different lowercase letters in the same column for each parameter, are 

significantly different at P < 0.05 according to the Duncan test. 

As for flavonoids, the results also revealed a 

significant decrease at the 5% threshold in the 

methanolic extracts of the seeds of the legumes 

studied during maturation. However, these values 

remained low for all seeds of the species studied. The 

flavonoid contents were the highest, obtained at stage 

S1, were respectively 12.13 mg / 100 g DW; 10.43 mg / 

100 g DW and 13.09 mg / 100 g DW for Canavalia 

gladiata, Canavalia rosea and Canavalia ensiformis. 

Regarding the tannin content, it appears overall that 

these contents also decreased significantly at the 

threshold of 5% from the first maturity stage defined 

S1 to the last stage S5. They were included in the 

intervals of 59.32 to 33.07 mg / 100 g DW; 40.74 to 

21.16 mg / 100 g DW and 33.63 to 23.73 mg / 100 g 

DW respectively for the species Canavalia gladiata, 

Canavalia rosea and Canavalia ensiformis. 

 

The qualitative and quantitative analysis of 

phytochemical compounds in legume seeds has 

always been of great interest to researchers due to 

their bioactive potential. Regarding total phenolic 

compounds, flavonoids and gallic tannins, the 

significant decrease during seed maturation was also 

observed by some authors during a similar study on 

legume beans (Vicia faba L.) (Benchikh et al., 2014; 

Boukhanouf et al., 2016) and Pistachia lentiscus 

(Ballistreri et al., 2009). Indeed, the work of the 

authors indicated that the contents of total 

polyphenols, tannins and flavonoids were higher at 

the early stages of ripening and decreased 

significantly throughout the growth process. 

Holderbaum et al. (2014) hypothesized that legumes 

synthesize more polyphenolic compounds from the 

start of the development of their still very fragile 

(immature) fruits (seeds) in order to protect them 

against pathogens, predators and abiotic stress.  

 

The depletion of phenolic content during maturation 

would therefore be caused by the conversion of 
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soluble phenolic compounds into insoluble phenolic 

compounds, which are linked to cell wall 

polysaccharides and/or the oxidation of phenolic 

compounds by polyphenol oxidases. However, Persic 

et al. (2018) as well as Gbotognon (2021), reported an 

increase in the polyphenol content, during ripening, 

of hazelnuts (Corylus avellana) and mushrooms of 

the Russula genus respectively. Salamatullah et al. 

(2021) reported that the contents of phenolic 

compounds in peanut kernels (Arachis hypogaea L.) 

oscillated between decrease and increase during 

ripening. Quantitatively, the results on the contents of 

phenolic compounds are slightly lower than those of 

“voandzou”, reported by Yagoub and Abdalla (2007). 

The total polyphenol contents reported by these 

authors were between 94 to 217 mg/100 g of DW. 

However, the contents obtained in the present study 

were very high compared to the values reported by 

Mbaiogaou et al. (2013) on seeds of other legume 

species (0.033 to 0.083 g / 100 g DW). These results 

confirm literature data indicating that berries, fruits 

and the seed coats of colored seeds and vegetables are 

rich in polyphenols (Peschel et al., 2006; Mbaiogaou 

et al., 2013). According to Hegedűsová (2015), 

variation in polyphenolic content can be attributed to 

genetic factors, variety, agricultural factors, growing 

conditions, ecological and climatic factors, maturity 

level at the time of harvest and places of cultivation 

and storage after harvest. The difference in total 

polyphenol content could also be due to the 

geographical region where the plant grows and even 

to the method of extraction of these compounds.

 

Table 2. Phenolic compound contents of seeds of three legume species harvested at different stages of maturity. 

Species Stages Tanic acid 

(mg/Kg DW) 

Galic acid 

(mg/Kg DW) 

Coumaric acid 

(mg/Kg DW) 

Catechins  

(mg/Kg DW) 

Caffeine 

(mg/Kg DW) 

Sodium cinnamate 

(mg/Kg DW) 

Quercetin 

(mg/Kg DW) 

Canavalia 

gladiata 

 

 

S1 
0.10 ± 0.01 

g
 0.09 ± 0.01 

f
 0.10 ± 0.01 

hi
 

0.36 ± 0.01 i 
0.09 ± 0.01 

e
 0.06 ± 0.01 

d
 0.07 ± 0.01 

efg
 

S2 
0.07 ± 0.01 

def
 0.06 ±0.01 

de
 0.09 ± 0.01 

hi
 0.19 ± 0.01 

g
 0.07 ± 0.01 

de
 0.04 ± 0.01 

bcd
 0.05 ± 0.01 

cde
 

S3 
0.05 ± 0.01 

bcd
 0.06 ± 0.01 

cd
 0.06 ± 0.01 

efg
 0.13 ± 0.01 

e
 0.06 ± 0.01 

cd
 0.03 ± 0.01 

bc
 0.04 ± 0.01 

bcd
 

S4 
0.04 ± 0.01 

abc
 0.04 ±0.01 

bc
 0.05 ± 0.01 

def
 0.12 ± 0.01 

de
 0.04 ± 0.01 

abc
 0.03 ± 0.01 

bc
 0.03 ± 0.01 

bc
 

S5 
0.02 ± 0.01 

a
 0.03 ± 0.01 

bc
 

- 
0.10 ± 0.01 

cd
 0.03 ± 0.01 

ab
 0.02 ± 0.01 

b
 0.02 ± 0.01 

b
 

Canavalia 

rosea 

 

S1 
0.09 ± 0.01 

fg
 0.06 ± 0.01 

de
 0.06 ± 0.01 

fg
 0.04 ± 0.01 

b
 0.77 ± 0.01 

k
 0.77 ± 0.01 

j
 0.08 ± 0.01 

fg
 

S2 
0.08 ± 0.01 

efg
 0.04 ± 0.01 

bcd
 0.05 ± 0.01 

cdef
 0.03 ±0.01 

b
 0.50 ± 0.01 

j
 0.70 ± 0.01 

i
 0.04 ± 0.01 

bcd
 

S3 
0.06 ± 0.01 

cde
 0.03 ± 0.01 

bc
 0.02 ± 0.01 

bc
 0.03 ± 0.01 

b
 0.30 ± 0.01 

i
 0.34 ± 0.01 

h
 0.02 ± 0.01 

b
 

S4 
0.04 ± 0.01 

abc
 0.02 ± 0.01 

b
 0.02 ± 0.01 

b
 0.02 ± 0.01 

ab
 0.22 ± 0.01 

h
 0.18 ± 0.01 

g
 

- 

S5 
0.03 ± 0.01 

ab
 

- - - 
0.17 ± 0.01 

g
 0.12 ± 0.01 

f
 

- 

Canavalia 

ensiformis 

 

S1 
0.07 ± 0.01 

def
 0.09 ± 0.01 

f
 0.11 ± 0.01 

hi
 0.21 ± 0.01 

g
 0.23 ± 0.01 

h
 0.04 ± 0.01 

bcd
 0.06 ± 0.01 

df
 

S2 
0.05 ± 0.01 

bcd
 0.08 ± 0.01 

ef
 0.08 ± 0.01 

gh
 0.16 ± 0.01 

f
 0.18 ± 0.01 

g
 0.02 ± 0.01 

b
 0.39 ± 0.01 

h
 

S3 
0.05 ± 0.01 

bcd
 0.06 ± 0.01 

de
 0.06 ± 0.01 

ef
 0.12 ±0.01 

de
 0.14 ± 0.01 

f
 

- 
0.04 ± 0.01 

bcd
 

S4 
0.04 ± 0.01 

abc
 0.04 ± 0.01 

bcd
 0.04 ± 0.01 

bcde
 0.08 ± 0.01 

c
 0.13 ± 0.01 

f
 

- 
0.02 ± 0.01 

b
 

S5 
0.02 ± 0.01 

a
 0.02 ± 0.01 

b
 0.03 ± 0.01 

bcd
 0.03 ± 0.01 

b
 0.06 ± 0.01 

cd
 

- - 

The means ± standard deviation, assigned different lowercase letters in the same column for each parameter, are 

significantly different at P < 0.05 depending on the test of Duncan; - : not determined. 

Identification and quantitative analysis of phenolic 

compounds  

The identification and quantitative analysis of the 

phenolic compounds present in the methanolic 

extracts of the seeds of the three species of Canavalia 

collected at different stages of maturity (Table 2) 

made it possible to note the presence of all the 

phenolic compounds at all stages of maturity for the 

species Canavalia gladiata except coumaric acid 

which was only present at stages S1 and S4, then 

absent at stage S5. On the other hand, the two other 

Canavalia species studied recorded the absence of at 
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least two phenolic compounds at certain stages of 

maturity. Indeed, in addition to not having been 

detected at stage S5 like gallic acid and coumaric acid, 

quercetin was also absent at stage S4 and S5 of 

extracts of the Canavalia rosea species. In Canavalia 

ensiformis extracts, quercetin was not detected at the 

S5 stage and cinnamate was only present at the S1 

and S2 maturity stages. 

 

Table 3. Contents of total carotenoids, anthocyanins and lycopenes of three species of legumes harvested at 

different stages of maturity. 

Species Maturity stage Total carotenoids (mg/100 DW) Anthocyanins (mg/100 DW) Lycopènes (mg/100 DW) 

Canavalia gladiata (CG) 

 

 

S1 9.03 ± 0.05 d 1.93 ± 0.05 e 3.12 ± 0.05 f 

S2 12.33 ± 0.05 h 2.29 ± 0.05 g 4.29 ± 0.05 i 

S3 15.30 ± 0.57 k 3.64 ± 0.04 n 5.90 ± 0.04 q 

S4 20.30 ± 0.14 p 5.11 ± 0.01 t 7.16 ± 0.25 t 

S5 15.73 ± 0.43 m 4.07 ± 0.03 q 5.60 ± 0.06 n 

Canavalia Rosea (CR) 

 

S1 8.26 ± 0.05 b 1.56 ± 0.05 d 1.97 ± 0.05 c 

S2 10.42 ± 0.05 g 2.07 ± 0.05 f 2.11 ± 0.05 d 

S3 12.05 ± 0.03 h 3.20 ± 0.02 j 4.02 ± 0.03 h 

S4 15.94 ± 0.02 m 5.53 ± 0.02 u 6.13 ± 0.04 r 

S5 13.44 ± 0.04 j 3.34 ± 0.02 k 5.04 ± 0.04 k 

Canavalia ensiformis (CE) 

 

 

S1 9.39 ± 0.05 e 1.07 ± 0.05 b 2.97± 0.05 e 

S2 10.02 ± 0.05 f 2.13 ± 0.05 f 4.04 ± 0.05 h 

S3 12.70 ± 0.01 i 3.42 ± 0.03 m 4.83 ± 0.03 j 

S4 16.41 ± 0.02 n 5.02 ± 0.03 s 6.65 ± 0.02 s 

S5 15.98 ± 0.01 m 3.06 ± 0.01 i 5.41 ± 0.01 m 

The means ± standard deviation, assigned different lowercase letters in the same column for each parameter, are 

significantly different at p< 0.05 depending on the test of Duncan. 

The results showed significant variations at the 5% 

threshold for each phenolic compound from one 

maturity stage to another at the level of the 

methanolic extracts of the seeds of the three legume 

species studied. The different contents of all the 

phenolic compounds detected evolved in a decreasing 

manner during the maturation of the legume seeds. 

Generally, catechin was the most predominant in the 

species Canavalia gladiata with contents which 

oscillated respectively from 0.10 to 0.36 mg/Kg DW. 

As for Canavalia rosea and Canavalia ensiformis, 

caffeine was the most abundant phenolic compound 

with contents respectively between 0.17 and 0.77 and 

between 0.06 and 0.23 mg / Kg DW. For all species, 

stage S1 was the stage with the highest contents of 

phenolic compounds and stage S5, that of the lowest. 

In this study, seven phenolic compounds were 

monitored individually during the maturation of the 

seeds of the three legumes studied. Large significant 

variations were observed during the maturation of 

these seeds. Within the species itself, certain 

compounds were present throughout the maturation 

of the seed, while others were only present at the 

beginning of maturation before disappearing during 

the final stages of seed development. All these 

variations could be due to structural instabilities of 

some of these phenolic acids (Friedman and Jürgens, 

2000).  The phenomena of interconversion between 

certain phenolic compounds or even certain 

metabolic syntheses, during the maturation of 

legumes, could also be responsible for this variability 

(Katsuragi et al., 2010). 

 

Overall, tanic acid, gallic acid, coumaric acid, 

catechin, caffeine, sodium cinnamate and quercetin 

have the maximum of their concentration at the 

beginning of seed maturation, i.e. at the S1 stage of all 

legumes. For all seeds, phenolic compound 

concentrations declined throughout seed growth. This 

could be explained by the fact that these compounds, 

being powerful antioxidants, must have been used in 

the neutralization of reactive oxygen species and free 

radicals generated during cell development during 

maturation. Indeed, phenolic acids such as gallic acid, 
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quercetin and coumaric acid are recognized as key 

antioxidants in the neutralization of reactive oxygen 

species in biological systems (Aruoma et al., 1993; 

Kim, 2007 ; Srinivasan et al., 2007). Also, catechin is 

a compound with antioxidant and anti-radical 

properties (Pekkarinen et al., 1999; Azevedo et al., 

2013). 

 

Total carotenoids, anthocyanins and lycopenes 

contents of seeds of the three species of legumes 

The contents of total carotenoids, anthocyanins and 

lycopenes in the seeds of the three legume species 

depending on the stage of harvest maturity are 

presented in Table 3. Total carotenoids underwent a 

significant increase at the threshold of 5% from stage 

S1 to stage S4 with peaks correspond to 20.30; 15.94 

and 16.41 mg/100 g DW respectively for Canavalia 

gladiata, Canavalia rosea and Canavalia ensiformis. 

A decrease in total carotenoid levels was observed 

from stage S4 to stage S5. 

 

 

Fig. 1. Presentation of the seeds of the three legumes studied  

A = pods and seeds of Canavalia gladiata 

B = pods and seeds of Canavalia rosea 

C = pods and seeds of Canavalia ensiformis 

S1 = harvested 30 days; S2 = harvested 40 days; S3= harvested 50 days;  

S4= harvested 60 days and S5= harvested 80 days after fertilization. 

Anthocyanins experienced the same evolution as 

those of total carotenoids. In indeed, for each of the 

legume species, the anthocyanin content experienced 

an increase significant increase at the 5% threshold 

from stage S1 to stage S4. Peaks of 5.11; 5.53 and 5.02 

mg/100 g DW were achieved for Canavalia gladiata, 

Canavalia rosea and Canavalia ensiformis 

respectively. Also, a decrease in the level of 

anthocyanins was observed from the S4 stage (Table 

3). 

 

The lycopene contents were also estimated at each 

stage of maturity of harvesting legumes in order to 

monitor their development during maturation. He 

was observed the same trends as for carotenoids and 

anthocyanins for all species of legumes studied. The 

highest values were obtained at stage S4 of each 

species and correspond to 7.16 mg / 100 g DW 

(Canavalia gladiata); 6.13 mg / 100 g DW 

(Canavalia rosea) and 6.65 mg / 100 g DW 

(Canavalia ensiformis). At stage S5, a decrease in 

lycopene levels was also observed (Table 3). 

 

Just like phenolic compounds, the evolution of the 

contents of total carotenoids, anthocyanins and 

lycopenes during the maturation of the seeds of the 

legumes studied was from the lowest contents to the 

highest. The highest contents were therefore observed 

at the S4 stages of maturity. The carotenoids which 

constitute provitamins A are powerful natural 

antioxidants found in fruits and vegetables (Barros et 

al., 2008). The peaks of total carotenoids, 
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anthocyanins and lycopenes obtained at stage S4 

could be explained by the fact that the biosynthesis of 

these pigments intensifies until maturity to 

compensate for the loss of antioxidant compounds 

(phenolic compounds and flavonoids) entering the 

metabolism to be used for the neutralization of 

reactive oxygen species and free radicals generated. 

 

Conclusion 

At the end of this study, it appears that the 

phytochemical parameters of these legumes were 

significantly influenced by the maturation process. 

The results indicated that the contents of phenolic 

compounds and antioxidants which represent the 

bioactive compounds of legumes were reduced during 

ripening. Even if the bioactive elements are found at 

their maximum at the S1 stage of development; the 

analyzes showed that the seeds of legumes harvested 

at the S4 stage of maturity contained very strong 

antioxidants which could have good antibacterial 

potential. As a result, they would be equally beneficial 

in combating the damage caused by free radicals and 

oxidative stress on the body and the health of 

populations. Thus, for the consumption of the seeds 

of these three Canavalia species, the choice of the 

appropriate harvest maturity stage is the S4 stage, for 

all the species studied.  

 

Conflict of interest  

There are no conflicts of interest declared by any of 

the authors. 

 

Funding source 

The current research work has not been funded by 

any department/agency. 

 

References 

AOAC. 2012. Official Methods of Analysis of the 

AOAC International No. 994.12. 19th Chapter 4, 18-

19. Official Journal of the European Communities 

19.9.98, Gaithersburg, Maryland, USA. 

 

Aruoma OI, Murcia A, Butler J, Halliwell B. 

1993. Evaluation of the antioxidant and prooxidant 

actions of gallic acid and its derivatives. Journal of 

Agricultural and Food Chemistry 41(11), 1880-1885. 

https://doi.org/10.1021/jf00035a014 

Azevedo MI, Pereira AF, Nogueira RB, Rolim 

FE, Brito GA, Wong DV, Lima-Júnior RC, de 

Albuquerque Ribeiro R, Vale ML. 2013. The 

antioxidant effects of the flavonoids rutin and 

quercetin inhibit oxaliplatin-induced chronic painful 

peripheral neuropathy. Molecular Pain 9(53), 1-14. 

https://doi.org/10.1186/1744-8069-9-53. 

 

Bainbridge Z, Tomlins K, Wellings K, Westby 

A. 1996. Methods for assessing quality characteristics 

of non-grain starch staples. (Part 2. Field Methods.). 

Methods for assessing quality characteristics of non-

grain starch staples. Natural Resources 

Institute,Chatham, Kent, 1-32. 

 

Ballistreri G, Arena E, Fallico B. 2009. Influence 

of ripeness and drying process on thepolyphenols and 

tocopherols of Pistacia vera L. Molecules 14(11), 

4358- 4369.  

https://doi.org/10.3390/molecules14114358 

 

Barros L, Correia DM, Ferreira ICFR, Baptista 

P, Santos-Buelga C. 2008. Optimization of the 

determination of tocopherols in Agaricus sp. Edible 

mushrooms by a normal phase liquid 

chromatographic method. Food Chemistry 110(4), 

1046-1050.  

https://doi.org/10.1016/j.foodchem.2008.03.016 

 

Bediakon BKD, Beugre GAM, Bouatene D, 

Koffi PVN. 2019. Evaluation of the physicochemical 

properties of four wild leafy vegetables from the 

Agboville region (Southern Côte d'Ivoire). 

International Journal of Agronomy and Agricultural 

Research 15(3), 21-27. 

 

Benchikh Y, Louaileche H, George B, Merlin 

A. 2014. Changes in bioactive phytochemical content 

and in vitro antioxidant activity of carob (Ceratonia 

siliqua L.) as influenced by fruit ripening. Industrial 

Crops and Products 60(6), 298-303.  

https://doi.org/10.1016/j.indcrop.2014.05.048 



 

122 Kouakou et al. 
 

Int. J. Biosci. 2024 

Boukhanouf S, Louaileche H, Perrin D. 2016. 

Phytochemical content and in vitro antioxidant 

activity of faba bean (Vicia faba L.) as affected by 

maturity stage and cooking practice. International 

Food Research Journal 23(3), 954-961. 

 

Boutin JP, Dronne Y, Ducournau S, Gueguen 

J, Leguen J, Munier- Jolain N, Seve B, Tivoli 

B. 2006. Les protéagineux. Ed. INRA, 102p. 

 

Carvalho LMJ, Gomes PB, Godoy RLO, 

Pacheco S, Monte PHF, Carvalho JLV. 2012. 

Total carotenoid content, α-carotene and β-carotene, 

of landrace pumpkins (Cucurbita moschata Duch). 

Food Research International 47(2), 337-340.  

https://doi.org/10.1016/j.foodres.2011.07.040 

 

CILSS (Comité inter-État de lutte contre la 

sécheresse au Sahel). 2022. Rapport Régional sur 

la Sécurité Alimentaire et Nutritionnelle au Sahel et 

en Afrique de l’Ouest. 66 p.  

 

CILSS, CILSS, FSIN et GNAFC. 2023. Rapport 

Régional sur la Sécurité Alimentaire et Nutritionnelle 

au Sahel et en Afrique de l’Ouest. 36 p. 

 

Friedman M, Jürgens HS. 2000. Effect of pH on 

the stability of plant phenolic compounds. Journal of 

Agricultural and Food Chemistry 48(6), 2101-2110. 

https://doi.org/10.1021/jf990489j 

 

Gbotognon OJ. 2021. Impact du stade de maturité 

de récolte sur les propriétés biochimiques, 

nutritionnelles et les propriétés antioxydantes de trois 

champignons sauvages comestibles cultivés en Côte 

d’Ivoire. Thèse de Doctorat, Université Nangui 

Agrogoua, Abidjan (Côte d’Ivoire), 190 p. 

 

Giusti M., Wrolstad RE. 2001. Characterization 

and measurement of anthocyanins by UV-visible 

spectroscopy, Current Protocols. Food Analytical 

Chemistry, 13 p. 

 

Hegedüsová A, Mezeyová I, Timoracká M, 

Šlosár M, Musilová J, Juríková T. 2015. Total 

polyphenol content and antioxidant capacity changes 

in dependence on chosen garden pea varieties. 

Potravinarstvo Slovak Journal of Food Sciences 9(1), 

1-8.  

https://doi.org/10.5219/412 

 

Holderbaum DF, Kon T, Guerra MP. 2014. 

Dynamics of total phenolic content in different apple 

tissues and genotypes : impacts and relevance for 

breeding programs. Scientia Horticulturae 168, 58-

63.  

https://doi.org/10.1016/j.scienta.2014.01.020 

 

Katsuragi H, Shimoda K, Kubota N, Nakajima 

N, Hamada H. 2010. Biotransformation of cinnamic 

acid, p-coumaric acid, caffeic acid, and ferulic acid by 

plant cell cultures of Eucalyptus perriniana. 

Bioscience, Biotechnology and Biochemistry 74, 

1920-1924.   

https://doi.org/10.1271/bbb.100335 

 

Kim YJ. 2007. Antimelanogenic and antioxidant 

properties of gallic acid. Biological and 

Pharmaceutical Bulletin 30(6), 1052-1055.   

https://doi.org/10.1248/bpb.30.1052 

 

Koffi AC, Kossonou Y K, Adingra KMD, Yapi A 

E-J, Kouassi KC, Koffi-Nevry R. 2022. 

Microbiological and nutritional quality of 

complementary foods for children (6 to 24 months) 

produced in the city of Man (Côte d'Ivoire). 

Microbiology Research Journal International 32(9), 

41-58.  

https://doi.org/10.9734/mrji/2022/v32i91344 

 

Kouakou AAS, Konan KH, Cissé M, Kouadio 

EJP, Kouamé LP. 2022b. Effect of ripening stage 

on biochemical composition of seeds from three 

species of Canavalia spp consumed as protein 

substitutes in Côte d’Ivoire. International Journal of 

Biochemistry Research & Review 31(9), 1-9.  

https://doi.org/10.9734/ijbcrr/2022/v31i9776 

 



 

123 Kouakou et al. 
 

Int. J. Biosci. 2024 

Kouakou AAS, Konan KH, Kané F, Kanga KA, 

Kouadio EJP, Kouamé LP. 2022a. Valorization of 

some minor plants of Côte d’Ivoire : Biochemical 

parameters and nutritional composition of the 

legume Mucuna pruriens seeds according to their 

maturity stage. Biological and Pharmaceutical 

Sciences 20(2), 37-45.  

https://doi.org/10.30574/gscbps.2022.20.2.0269 

 

Mbaiogaou A, Hema A, Ouedraogo M, Pale E, 

Naitormbaide M, Mahamout Y, Nacro M. 2013. 

Etude comparative des teneurs en polyphénols et en 

antioxydants totaux d’extraits de graines de 44 

variétés de voandzou (Vigna subterranea (L.) 

Verdcourt). International Journal of Biological and 

Chemical Sciences 7(2), 861-871.  

https://doi.org/10.4314/ijbcs.v7i2.41 

 

Meda A, Lamien CE, Romito M, Millogo J, 

Nacoulma OG. 2005. Determination of the total 

phenolic, flavonoid and proline contents in Burkina 

Fasan honey, as well as their radical scavenging 

activity. Food Chemistry 91(3), 571-577.  

https://doi.org/10.1016/j.foodchem.2004.10.006 

 

Nagata M, Yamashita I. 1992. Simple method for 

simultaneous determination of chlorophyll and 

carotenoids in tomato fruit.  Nippon Shokuhin Kogyo 

Gakkaish 39(10), 925-928.  

https://doi.org/10.3136/nskkk1962.39.925 

 

Padulosi S, Hoeschle-Zeledon I. 2004. 

Underutilized plant species: what are they? Low 

External Input Sustainable Agriculture 20(1), 5-6. 

 

Pekkarinen SS, Heinonen IM, Hopia AI. 1999. 

Flavonoids, quercetin, myricetin, kaemferol and (+) 

catechin and antioxidants in methyl linoleate. Journal 

of the Science of Food and Agriculture 79(4), 499-

506.  

https://doi.org/10.1002/(SICI)1097-

0010(19990315)79:4<499::AID-JSFA204>3.0.CO;2-

U 

Persic M, Mikulic-Petkovsek M, Slatnar A, Solar 

A, Veberic R. 2018. Changes in phenolic profiles of 

red-colored pellicle walnut and hazelnut kernel during 

ripening. Food Chemistry 252, 349-355.  

https://doi.org/10.1016/j.foodchem.2018.01.124 

 

Peschel W, Sánchez-Rabaneda F, Diekmann 

W, Plescher A, Gartzía I, Jiménez D, Lamuela-

Raventós R, Buxaderas S, Codina C. 2006. An 

industrial approach in the search of natural 

antioxidants from vegetable and fruit wastes. Food 

Chemistry 97(1), 137-150.  

https://doi.org/10.1016/j.foodchem.2005.03.033 

 

Rémond D, Walrand S. 2017. Les graines de 

légumineuses : caractéristiques nutritionnelles et 

effets sur la santé. Innovations Agronomiques 60, 

133-144. 

 

Ribeiro B, Valentao P, Baptista P, Seabra RM, 

Andrade PB. 2007. Phenolic compounds, organic 

acids profiles and antioxidative properties of 

beefsteak fungus (Fistulina hepatica). Food and 

Chemical Toxicology 45(10), 1805-1813. 

 

Rodriguez-Amaya DB, Kimura M. 2004. Harvest 

Plus Handbook for Carotenoid Analysis. International 

Food Policy Research Institute (IFPRI) and 

International Center for Tropical Agriculture (CIAT), 

Washington DC & Cali, 2, 58. 

 

Salamatullah AM, Mohammed SA, Khizar H, 

Mehmet MÖ, Nurhan U. 2021. Effect of maturing 

stages on bioactive properties, fatty acid compositions, 

and phenolic compounds of peanut (Arachis hypogaea 

L.) kernels harvested at different harvest times. Journal 

of Oleo Science 70(4), 471-478.   

https://doi.org/10.5650/jos.ess20320 

 

Singleton VL, Orthofer R, Lamuela-Raventos 

RM. 1999. Analysis of total phenols and other 

oxidation substrates and antioxidants by means of 

Folin-Ciocalteu reagent. Methods in enzymology 299, 

152-178.  

https://doi.org/10.1016/S0076-6879(99)99017-1 



 

124 Kouakou et al. 
 

Int. J. Biosci. 2024 

Srinivasan M, Sudheer AR, Menon VP. 2007. 

Ferulic acid : therapeutic potential through its 

antioxidant property. Journal of Clinical 

Biochemistry and Nutrition 40, 92-100.  

https://doi.org/10.3164/jcbn.40.92 

 

Tchumou M, Yué Bi YC, Tano K, Kouonon LC, 

Benjamin NY. 2018. Physical and biochemical 

characteristics of red and black beans varieties of 

Phaseolus lunatus (L.) consumed in south and east of 

Côte d’Ivoire. Global scientific journals 6(11), 40-62. 

 

Tchumou M. 2017. Enquête ethnobotanique et 

caractérisation physico-chimique des graines de 

haricot, Phaseolus lunatus (Fabaceae) consommées 

au Sud et à l’Est de la Côte d’Ivoire en fonction du 

niveau de maturité et du temps de cuisson. Thèse 

unique, Université Nangui Abrogoua, Abidjan (Côte 

d’Ivoire), 229 p. 

 

Yagoub AA, Abdalla AA. 2007. Effect of domestic 

processing methods on chemical, in vitro digestibility 

of protein and starch and functional properties of 

bambara groundnut (Voandzeia subterranea) seed. 

Research Journal of Agriculture and Biological 

Sciences 3, 24-34. 

 

 

 

 

 

 

 

 

 

 

 

 


