
J Food Sci Nutr Res 2019; 2 (2): 076-086                DOI: 10.26502/jfsnr.2642-11000011 

Journal of Food Science and Nutrition Research    76 

Research Article 

Nutritional and Functional Properties of Four Traditional 

Mucilaginous Vegetables used by Rural Populations in Benin 

Republic 
 

Léandre Gandji
1, 2*

,
 
C Evariste S Mitchikpe

2
, Julien G Djego

1
 

 

1
Laboratory of Applied Ecology, University of Abomey-Calavi, Cotonou, Benin 

2
Human Nutrition Laboratory, University of Abomey-Calavi, Cotonou, Benin 

 

*Corresponding Author: Léandre Gandji, Laboratory of Applied Ecology, Faculty of Agricultural Sciences, 

University of Abomey-Calavi, BP 1724 Abomey-Calavi, Benin, E-mail: lgandji@yahoo.fr  

 

Received: 18 April 2019; Accepted: 30 April 2019; Published: 15 May 2019 

 

Abstract 

Child malnutrition is one of the public health problems. Unfortunately, some of our vegetables such as Adansonia 

digitata, Bombax brevicuspe, Ceiba pentandra and Grewia venusta, with important nutritional value, are neglected. 

To assess the nutritional value of these vegetables, their protein, lipid, fibre and mineral content as well as 

polyphenols have been determined using reference methods as per AOAC (Association of Official Analytical 

Chemists). The results showed that the leaves of A. digitata, B. brevicuspe, C. pentandra and the flower buds of G. 

venusta have a protein content from 17.19 g/100g; 19.84 g/100g; 9.26 g/100g; 13.01 g/100g respectively. Their lipid 

content is respectively 1.03 g/100g; 1.71 g/100g; 2.75 g/100g; 0.12 g/100g and their fibre content varies from 9.42 

to 24.95 g/100g. These plants are also rich in iron, calcium, magnesium and vitamin C. In addition, the polyphenol 

content of these plants shows that they are important in the prevention of certain diseases. Given the different 

nutritional potential of each of these plants, it would be useful to popularize them in order to contribute to improving 

the quality of the food consumed by the population. 
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1. Introduction 

Food and nutrition insecurity is a recurrent problem in traditional systems in sub-Saharan Africa and particularly in 

Benin. The origins of child malnutrition in Benin were an incorrect timely complementary feeding practices and 

cereal porridges and extracts from family diets were the two categories of complementary foods provided to children 

[1]. Complementary feeding was mostly initiated using locally prepared maize porridges in Benin. West African 
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flora is known for its diversity of species that can serve humans well, but most of them have not been studied in 

depth [2]. 

 

The young leaves or the shoots are normally used for soup (sausage) [3]. A powder prepared from the dried leaves is 

used to prepare sauce during the dry season [3, 4]. This is the case of Adansonia digitata, Bombax brevicuspe, Ceiba 

pentandra and Grewia venusta all from the Malvaceae family (APG II) whose leaves and/or flowers are consumed 

in rural Benin [5-9]. In Nigeria, the flowers and young shoots are sometimes used as a soup or sauce vegetable [10]. 

Some findings demonstrated that the mucilage obtained from the stem bark can serve as a good binder in 

paracetamol formulations [10]. The mucilage of this plant could be useful as a functional ingredient on account of its 

physical/functional properties and phytochemical composition [11]. Baobab leaves are a pool of essential and 

protective compounds and minerals [12]. G. venusta mucilage appeared to affect the physical, chemical and 

organoleptic properties of akara prepared from bambara groundnuts in Nigeria [13]. Chemically, G. venusta had 

high levels of minerals such potassium (K), iron (Fe) and phosphorus (P) [14]. Fruits of Grewia spp. are a good 

source of phytic acid (antioxidant) which lowers blood cholesterol [14]. As for C. pentandra, constituents confer 

their protective, preventive and therapeutic properties on these leaves and these improve the benefits that can be 

derived from the consumption of these leaves [3]. In Côte d’Ivoire, Konan et al. [15] showed that Bombax costatum 

contains, on the one hand, phytophenols (phenol acids, coumarins, flavonoids, tannins), sterols, terpenes and on the 

other hand, has demonstrated its antioxidant potential. In Nigeria, different parts of Bombax costatum are employed 

for various purposes. The immature fruits are prepared as an emollient; decoction of young leaves is used as a warm 

bath for febrile children [16]. Bombax costatum is a useful plant resource that could help alleviate poverty. It has 

many benefits for local populations and a great potential for food and medicine [8]. Moreover, a real interest for 

consumers is emerging since epidemiological studies have linked the dietary habits and the prevalence of certain 

diseases [17-19]. Many of the local vegetable materials are underexploited because of inadequate scientific 

knowledge of their nutritional potentials [20, 21]. It is why this study was conducted with the objective of assessing 

the nutritional and functional values of traditional perennial mucilaginous vegetables.  

 

The purpose of this study is to evaluate the nutritional quality of four neglected vegetables (A. digitata, B. 

brevicuspe, C. pentandra and G. venusta) through their content of mineral ions, vitamins and secondary metabolite 

content. 

 

2. Materials and Methods 

2.1 Materials 

The leaves of A. digitata and B. brevicuspe were harvested in the village of Ouèdèmè, those of C. pentandra were 

harvested in Djallouma and the flower buds of G. venusta in Aglamidjodji in the department of Collines in central 

Benin during the dry season. The samples were cleaned and were subsequently separated into 2 portions. The two 

portions were treated differently. One portion was dried at room temperature. The vegetables in this dried batch 

were ground into powder and used for the determination of macronutrients and micronutrients. The second fresh 

portion, which was extracted in water, was used for the determination of total polyphenols and pH. 
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2.2 Methods 

2.2.1 Physico-chemical analyses of dried vegetable powders: 

2.2.1.1 Determination of mineral and vitamin C contents of raw vegetable powders: Minerals such as calcium, iron 

and magnesium were determined using the spectrophotometric method [22]. Thus, 2 g of each of the treated samples 

were weighed and incinerated in a crucible at 550°C in a muffle furnace. The resultant ash was dissolved in 5 ml of 

HNO3/HCl/H2O and heated gently on a hot plate until brown fumes disappeared. To Then 5 ml of deionized water 

was added to each crucible and the mixture was heated until a colorless solution was obtained. The mineral solution 

in each crucible was transferred into a 100 ml volumetric flask by filtration through a whatman N° 42 filter paper 

and the volume was made to the mark with deionized water. This solution was used for elemental analysis by atomic 

absorption spectrophotometer. A 10 cm-long cell was used and the concentration of each element in the sample was 

calculated on percentage of dry matter. 

 

2.2.1.2 Dosage of vitamin C: Ascorbic acid or vitamin C was extracted in the presence of a solution of 

metaphosphoric acid/acetic acid and measured by 2,6-dichlorophenol indophenol calibrated by the standard vitamin 

C of known concentration [23]. An amount (10 mL) of acid (metaphosphoric acid / acetic acid) was added to 1g of 

powder of the extract and the mixture was stirred for 30 minutes and filtered on whatman paper N°1. 3 mL of the 

filtrate was titrated with 2,6-dichlorophenol indophenol until a persistent champagne rose coloration appeared. The 

volume of 2,6-dichlorophenol indophenol (Ve) added was noted. A solution of metaphosphoric acid-acetic acid was 

also titrated with 2,6-dichlorophenol indophenol. The volume added (Vo) was noted. A 1 mg/mL vitamin C solution 

prepared just before the assay was also titrated with 2,6-dichlorophenol indophenol under the same conditions. The 

volume paid (Vs) was noted. Each assay was performed in triplicate. The pH of the samples was measured 

according to the AACC method (02-31-01) with a pH meter (pHep®) previously calibrated with buffer solutions at 

pH 4.0 and pH 9.0. 

 

2.2.2 Determination of lipid, protein and dietary fibre content of raw vegetable powders: 

2.2.2.1 Crude lipid: Crude lipid was determined by using the method described by Osborne and Voogt [24]. 2 g of 

each sample were placed into separate extraction thimbles and then covered with cotton wool. The extraction 

thimbles containing the samples were placed in the extraction jacket. Clean dried 500 ml round bottom flasks 

containing few anti-bumping granules were weighed (W1) and 300 ml of petroleum ether was poured into each flask 

fitted with sohxlet extraction units. The round bottom flasks and the condenser were connected to the sohxlet 

extractor and cold-water circulation was put on. The heating mantle was switched on; the heating rate was adjusted 

until the solvents were refluxing at a steady rate. Extraction was carried out for 6 h. The solvents were recovered and 

the oil was dried in the oven at 70°C for 1 h. The round bottom flask and oil were cooled and then weighed (W2). 

The lipid content was calculated. 

 

2.2.2.2 Crude protein: Micro-Kjeldahl method as described by AOAC [22] was used. Briefly, 0.5 g of each sample 

were weighed and placed on each nitrogen free filter paper, then folded and dropped into a Kjeldahl digestion tubes. 

3.0 g of digesting mixed catalyst (CuSO4 + Na2SO4) and 25 ml of Conc. Na2SO4 were added to each sample in the 
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digestion tubes. The mixtures in the digestion tubes were transferred to the Kjeldahl digestion apparatus; the heater 

was regulated at a temperature below the boiling point of the acid until frothing ceased. The mixtures boil 

vigorously as the temperature was increased, until clear (light) green color was obtained. The digests were allowed 

to cool and then transferred into separate 100 cm
3
 volumetric flasks and diluted with distilled water to make up 100 

cm
3
. 10 ml aliquot of each digest was introduced into the distillation jacket of the micro-steam distillation apparatus 

that was connected to the main, as the water in the distiller flask boils. 20 ml of 40% NaOH was added to each 

digest in the distillation jacket. 50 ml of 40% boric acid was measured into separate conical flasks, four (4) drops of 

methyl red indicator was added to each. The conical flasks containing the mixture were placed onto the distillation 

apparatus with the outlet tubes inserted into each conical flask and NH3 was collected through the condenser. The 

distillation continued until 25 ml of the distillate were trapped into the boric acid solution and colour changes from 

red to yellow. The distillates were then titrated with 0.02 M HCL and the titre values were recorded. Percentage 

nitrogen was first calculated and crude protein was determined by multiplying the percentage nitrogen with a factor 

of 5.3 for vegetables [25]. 

 

2.2.2.3 Crude fibre: Crude fibre was analyzed following the procedure of AOAC [22]. 2.0 g of each sample were 

weighed into separate 500 ml round bottom flasks. 100 ml of 0.25 M sulphuric acid solutions was added to each 

sample in the flask, and the mixtures were boiled under reflux for 30 min. The hot solutions were quickly filtered 

under suction. The residues were thoroughly washed with hot water until acid free. Each residue was transferred into 

the round bottom flasks and 100 ml of hot 0.3 M sodium hydroxide solutions was added and the mixtures were 

boiled again under reflux for 30 min and filtered quickly under suction. Each insoluble residue was washed with hot 

water until it was base free. They were dried to a constant weight in an oven at 100°C for 2 hours, cooled in 

desiccators and weighed (C1). The weighed samples were then incinerated, and reweighed (C2). Percentage crude 

fibre content was calculated [25]. 

 

2.2.3 Determination of secondary metabolite (total polyphenols) contents of raw vegetable extracts: 

2.2.3.1 Sample extraction: The leaves of A. digitata, B. brevicuspe, C. pentandra and the flower buds of G. venusta 

were crushed. Water was used as an extraction solvent. The extracts were concentrated in a vacuum. 

 

2.2.4 Total polyphenols: The polyphenol dosage method chosen uses the Folin-Ciocalteu reagent. The Folin-

Ciocalteu reagent is a mixture of phosphotungstic acid (H3PW12O40) and phosphomolybdic acid (H3PMo12O40). In 

basic solution, polyphenols reduce the yellow-coloured Folin-Ciocalteu reagent to blue-coloured tungsten and 

molybdenum oxide. The intensity of this blue color indicates the total polyphenol content in the mixture. The latter 

has an absorption maximum at 760 nm, the intensity of which is proportional to the amount of polyphenols present 

in the sample [26]. To determine the total polyphenols in our samples, we used the method of Singleton et al. [27] 

with some modifications using 96-well microplates with a transparent bottom. To 20 µL of each sample contained in 

a well, we add 100 µL of Folin-Ciocalteu reagent and then shake it for 30 seconds before incubating for 5 minutes.  

An addition of 80 µL of Na2CO3 to 75 mg.mL-1 was made in each well to stop the reaction. The absorbance 
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readings of the wells were taken at 760 nm. The polyphenols content was obtained using a calibration curve of gallic 

acid (0.2 mg/mL) as standard. 

 

2.2.5 Statistical analysis of results: Calculations of nutrient and secondary metabolite content from vegetables 

were performed using Excel software. The estimates reported for nutrient and secondary metabolite contents for 

vegetables are averages ± standard deviation. The values were calculated using the ANOVA software. 

 

3. Results and Discussions 

3.1 The pH of the leaves of A. digitata, B. brevicuspe, C. pentandra and the flowers of G. venusta 

From the results (Figure 1), it appears that the linear trend curve of vegetable pH ranges from 6.75 to 7.00 for A. 

digitata, B. brevicuspe and G. venusta. Therefore, it appears that they are classified as neutral leafy vegetables. 

These results are consistent with those of Tchiégang and Aissatou [28] in Cameroon, who report that mucilaginous 

vegetables in general and A. digitata, Corchorus olitorius, Ceratotheca sesamoïdes and Abelmoschus esculentus in 

particular are neutral. These results are close to those found (6.16 and 6.51) in Côte d'Ivoire by Assi et al. [29] in the 

mucilages of Irvingia gabonensis and Abelmoschus esculentus respectively. This organoleptic property (taste neither 

acid nor alkaline) is another criteria of choice in addition to the smell, colour and gelatinous texture. Moreover, 

research by Dansi et al. [5] revealed that taste is the first organoleptic criteria of preference in the choice of leafy 

vegetables in the centre and south of Benin. And with regard to the importance of mucilaginous vegetables, Chadare 

et al. [9] reported that the leaves of A. digitata and C. pentandra are real traditional food ingredients for 

complementary food formulations to combat infant malnutrition in Benin. The use of these neutral vegetables would 

reduce the prevalence of digestive tract diseases (diarrhoea and infections) caused by the aggression of the “young 

intestinal flora” of young children after consumption of the family meal, whose physico-chemical properties are 

very poorly controlled. 

 

Figure 1: pH of mucilaginous vegetables. 

 

3.2 The protein, lipid and fibre content of fresh and raw vegetables 

In Table 1, the average values of the protein, lipid and fibre contents of the leaves of A. digitata, B. brevicuspe, C. 

pentandra and the flowers of G. venusta were presented. The protein content of raw vegetables ranges from 9.26 to 

19.84 g/100g. These values are higher than 6.21 g/100g reported for Corchorus olitorius leaves [25] but similar to 

14.47 g/100g reported for Hibiscus sabdariffa leaves [30]. The high protein content of these vegetables can reduce 

or even eliminate deficiencies in children, pregnant women and the poor in rural areas. Therefore, it appears that 
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these vegetables can be used for building and repairing of body tissue, regulation of body process and formation of 

enzyme and hormones [31]. 

 

 

Table 1: Protein, fat and fibre content of fresh and raw vegetables in g/100g of fresh material. 

 

Lipid contents of raw vegetables vary from one species to another and range from 0.12 g/100g DM for C. pentandra 

to 2.75 g/100g DM for B. brevicuspe. These values are similar to 2.10 g/100g reported for A. digitata 1.39 g/100g 

reported for C. pentandra [30], but lower than 6.64 g/100g in Chorchorus olitorius [32]. The very low values 

obtained for lipid levels corroborate the findings of studies that indicate that vegetables contain little lipid [17]. 

Despite their low lipid content, vegetables provide the body with an essential amount of lipid [33]. Lipids are 

essential fats that play a very important role in the human body. Lipids help with brain function, joint mobilization 

and even energy production, they also help the body to absorb fat-soluble vitamins such as vitamins A and E [25]. 

Regarding the fibre content of raw vegetables, it is between 9.42 and 24.95 g/100g and is in the same order of 

importance as the fibre content 24.01 g/100g for C. pentandra [19]. Fibre intake has many health benefits. Soluble 

and insoluble fibres have a beneficial effect on the intestinal mucosa [17] and also contribute to reducing the risk of 

cardiovascular disease and cancer [19, 34]. 

 

3.3 The content of iron, calcium, magnesium, vitamin C and polyphenols in fresh and raw vegetables 

Iron is required for blood formation and is said to be an important element in the diet of pregnant women, nursing 

mothers, infants convulsing patients and elderly to prevent anaemia and other related diseases. In Table 2, the 

average values of the mineral, vitamin C and polyphenol contents of the four plants were presented. The iron content 

was highest in raw leaf powders of A. digitata (25.11 mg/100g DM) and lowest in B. brevicuspe (6.70 mg/100g 

DM). These levels are lower than 54-56 mg/100g in C. olitorius and 89-92 mg/100g in H. sabdariffa [35].  

 

Species Iron Calcium Magnesium Vitamin C Polyphenols 

Adansonia digitata 25.11 ± 0.52 357.09 ± 38.71 278.00 ± 36.93 51.31 ± 7.06 11.68 ± 0.14 

Bombax brevicuspe 6.70 ± 0.43 107.34 ± 3.36 518.05 ± 46.01 38.05 ± 2.62 21.31 ± 1.36 

Ceiba pentandra 18.03 ± 0.57 475.56 ± 7.56 667.55 ± 46.96 35.00 ± 5.36 10.72 ± 0.61 

Grewia venusta 20.54 ± 1.49 228.70 ± 26.82 478.23 ± 18.62 22.10 ± 2.50 36.28 ± 1.21 

 

Table 2: Content of iron, calcium, magnesium, vitamin C and polyphenols (mg GAE/100g) in fresh and raw 

vegetables. 

Species Protein Lipid Fibre 

Adansonia digitata 17.19 ± 0.77 1.03 ± 0.34 9.42 ± 1.00 

Bombax brevicuspe 19.84 ± 1.18 1.71 ± 0.33 11.29 ± 1.17 

Ceiba pentandra 9.26 ± 1.98 2.75 ± 0.43 24.95 ± 0.60 

Grewia venusta 13.01 ± 1.54 0.12 ± 0.04 13.01 ± 1.74 
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Traditional vegetables contribute significantly to calcium intake in the traditional diet. Calcium is the most abundant 

mineral in humans existing as hydroxyapatite and very important to humans for it role in blood clotting, muscle 

contraction, neurological function, bone and teeth formation [36]. Calcium content was highest in the leaves of C. 

pentandra (475.56 mg/100g MS) and lowest in those of B. brevicuspe (107.34 mg/100g MS). These results are 

similar to those obtained 110.16 mg/100g for H. sabdariffa [37] and 402.21 mg/100g [30] but higher than those 

obtained 12.41 mg/100g for C. olitorius [38] in Ghana. Vegetables also contain a good magnesium content. The 

magnesium content of these mucilaginous plants ranges from 278.00 mg/100g to 667.55 mg/100g. These values are 

also similar to the results obtained by Sahoré et al. [35] in Côte d'Ivoire 405-422 mg/100g for C. olitorius and H. 

sabdariffa leaves. Magnesium is a cofactor in over 300 enzymatic reactions that regulate various biochemical 

reactions in the body including protein synthesis, muscle function, blood glucose, blood pressure and heart rate 

regulation [39]. Considering the recommended dietary allowance (RDA) for minerals, calcium (1000 mg/day); 

magnesium (400 mg/day), iron (8 mg/day) and zinc (6 mg/day) these leafy vegetables could cover RDA and 

contribute substantially for improving human diet [40]. Traditional leafy vegetables are also some of the best 

sources of vitamin C in African traditional diets [41]. The vegetables studied contain vitamin C whose 

concentrations vary from species to species and range from 22.1 mg/100g DM for G. venusta to 51.31 mg/100g DM 

for A. digitata. Vitamin C is a powerful antioxidant essential for healthy formation of bone and teeth [31]. Lastly, 

polyphenol contents vary by 10.72 to 36.28 mg GAE/100g and are of the same range as the phenolic compound 

content of olive oil, 16.72 mg GAE/100g [42]. These results show that vegetables contain phytophenols on the one 

hand, and on the other hand, highlight their obvious antioxidant potential. This virtue opens a promising avenue that 

will turn these plant matrices into a source of natural antioxidants. It seems clear, moreover, that the antioxidant 

activity exhibited by B. costatum and therefore by B. brevicuspe could explain its recurrent use in the traditional care 

of people with mental disorders [15]. Moreover, the presence of these different metabolites in plants is very useful 

because they may protect individuals from the damaging effects of free radicals, precursors to diseases such as 

Alzheimer’s disease, cardiovascular disease and cancer [43]. This property of B. brevicuspe has often been cited in 

Kétou and Pouignan in Benin by traditional therapists. 

 

It should be noted that some of the differences in the nutritional values compared to others may be due to factors 

such as climate, leaf age, and nature of soil, growing conditions and the period of analysis. It should also be noted 

that there is a synergistic effect between the nutritional elements of vegetable when used in the body. The iron 

present in plants is in non-hematic form (Fe3+) and therefore generally consists of a set of inorganic ferric salts. 

During digestion, this inorganic iron is partially reduced to its more absorbable iron form (Fe2+). This conversion is 

remarkably helped by the presence of vitamin C, hence the preservation of the vitamin C contained in the 

vegetables. In addition to the organoleptic characteristics recognized (gelatinous texture, taste neither alkaline nor 

acidic), the vegetables studied contain primary metabolites (proteins, lipids, fibres, iron, Ca, Vit C and Mg) and 

secondary metabolites (antioxidants; polyphenols) that give them nutritional and functional properties. In a context 

of a high prevalence of child malnutrition supported by climate change, it is imperative to popularize the use of 

perennial mucilaginous vegetables because they are available when others (Ceratotheca sesamoides, Sesamum 

radiatum, Hibiscus sabdariffa, Abelmoschus esculentus and Corchorus olitorius) disappear and are also little known 
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and therefore inexpensive to buy. However, the influence of traditional processing methods on the nutritional value 

of vegetables must be investigated.  

 

4. Conclusion 

The results obtained show that the leaves of A. digitata, B. brevicuspe, C. pentandra and the floral buds of G. 

venusta are rich in vitamins C, as well as in iron (Fe), calcium (Ca) and magnesium (Mg). Most of them play a very 

important role in immuno-stimulation. The richness of these leaves and flowers in phenolic compound, particularly 

phenols and flavonoids, gives them a strong antimicrobial activity (antibacterial and antifungal). These results 

therefore show the enormous potential of these vegetables in the management of malnutrition and numerous 

microbial infections. They would therefore be well indicated for undernourished children as well as for pregnant 

women, convalescents and the elderly. The valorization of the leaves of A. digitata, B. brevicuspe, C. pentandra and 

the flowers of G. venusta, four mucilaginous perennial plants, would effectively contribute to the health of 

populations. In addition, it would help to combat poverty, as leaf collection is an income-generating activity. 

However, traditional methods of preservation and preparation merit investigation in order to preserve the nutritional 

and functional values of these traditional vegetables. 
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