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Abstract 
The néré fruit is known in the north of Côte d'Ivoire for its seeds, which are used to prepare soumbara, and for its pulp, 

which is also consumed. Unfortunately, the nutritional value of the pulp is not known by the population and it is not 

processed by local industries. This study contributes to the valorization of néré fruits. After hulling, the pulp is dried in 

the sun, crushed, and sieved to produce three types of flour, depending on its origin. The flours from Niofoin, 

Waragniéré, and Kanoroba have been coded FN, FW, and FK respectively. The study of the physicochemical properties 

of the flours showed, depending on their origin, a moisture content of 5.4 to 7.6%, the average fibre content of 15.27%, 

high total carbohydrate content (81.05 to 84%), high energy value (360.4 to 369.13 Kcal/100g). The study showed the 

presence of antioxidants such as polyphenols (319.15 to 400.09mg/100g). Anti-nutrients like oxalates (7.42 to 

10.81mg/100g) were found in low amounts. The study of functional properties showed a water absorption capacity of 

199.54 to 207.55%, and an oil absorption capacity of 105.46 to 109.35%. The mineral study showed the presence of 

magnesium (0.05 to 0.076ppm), potassium (0.01 to 0.054ppm), calcium (0, 094 to 0.131ppm), iron (0.025ppm), copper 

(0.02 to 0.129ppm). The granulometric studies showed that the vast majority of the particles of the flours FN, FW, and 

FK, are smaller than 250 µm. The flours FN, FW, and FK contain macronutrients, high energy value, fibre, interesting 

functional properties, antioxidants, and minerals that are beneficial for the local populations and can be used by the food 

industries. 
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1. Introduction 
Human beings depend heavily on natural resources for their survival. Wild fruits play an important role in the 

diet of people, especially in rural areas. These wild fruits from plants such as néré, baobab, shea, tamarind etc. 

constitute one of the main sources of monetary income and contribute to improving the quality of the food ration 

through the provision of nutrients [1]. Parkia biglobosa, commonly known as néré, is a woody food species of 

multiple-use tree parks belonging to the genus Parkia and the legume family whose importance is well recognised 

both regionally [2]. The pod-shaped fruits of P. biglobosa are consumed not only for their sweet, floury pulp but also 

and especially for their seeds used in the preparation of fermented condiments in West Africa. The néré is a 

distinctive tree of the Guinean and Sudanian zones of West Africa, with a lifespan of up to 100 years [3]. The néré is 

one of the most important products of the Non-Timber Forest Products (NTFPs). It is part of the diet and nutritional 

balance of households, contributes to the improvement of the health of the inhabitants, and provides employment and 

income to rural households. Its development will undoubtedly contribute to improving household food security, 

particularly in rural areas [4, 5]. 

Because of its importance as a food source and its many uses in traditional African pharmacopoeia, the néré tree 

is one of the most respected trees in the agricultural production system in many African countries. It is conserved 

and protected in tree parks in association with other useful trees [6]. The seeds of néré are widely consumed and 

traded regionally by local communities in its West African range [7]. The seed is used to make soumbara, which is a 

widely used condiment throughout Sudanian Africa, and the pulp is an emergency food for rural people at the end of 

the dry season when crops are often largely exhausted [8]. However, pulp is an important local food for the local 

population. It is consumed in the form of porridge. In Côte d'Ivoire, néré is growing in the northern savannahs [9]. 
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The néré is well known for its numerous anti-blennorrhagic, antineuralgic, diuretic, febrifuge, tonic, antiseptic 

and vermifuge properties. Its fat-rich seeds are used to make a vegetable cheese to season sauces (Soumbara), or as a 

coffee substitute" [9]. The barks and roots of this plant are prescribed to treat sterility, venereal diseases, bronchitis, 

hepatitis and leprosy. The leaves in steam baths are used to treat febrile states and intestinal parasitosis" [9]. 

Nevertheless, the nutritional value of néré flour is unknown to the population in the department of Korhogo, in 

localities such as Niofoin, Waragnéré, Kanoroba, despite the presence of many trees, and it is little used in industry  

Current study is attempted to provide data regarding the physicochemical, functional, granulometric, 

antioxidant, minerals properties of néré flours (FN, FW, FK) and thus to contribute in the valorization of néré 

(Parkia biglobosa). 

 

2. Material and Methods 
2.1. Biological Material 

The biological material used was essentially made up of néré (Parkia biglobosa) pods collected in April 2022, 

in three (3) large areas (Kanoroba, Niofoin and Waragnéré), in the department of Korhogo, in the north of Côte 

d'Ivoire, which have a significant néré stand. 

 

2.2. Methods  

2.2.1. Sampling 
For each zone (Kanoroba, Niofoin and Waragnéré), 20 kg of néré pod samples were collected from three (3) 

different locations, making 60 kg of pods per zone. For each zone, the samples were put together in 100kg bags and 

transported to Korhogo for flour production. 

 

2.2.2. Production of néré flour 
The néré flour was obtained through different steps: 

The néré pods were sorted and dehulled by area. After hulling, the yellow pulp containing seeds was obtained. It 

was sorted and then stored in a bag before drying. For each zone, the yellow pulp obtained, containing the seeds, was 

dried for two (2) days in the sun. The dried yellow pulp was crushed on the third day, by zone, in a mortar with a 

hand pestle to obtain the seed and the yellow néré flour separately. The sieving was done with a 2mm diameter sieve, 

by zone, to separate the flour from the seed.  Thus three flours were obtained according to their origin. Flour from 

Niofoin, Waragnéré and Kanoroba were coded FN, FW and FK respectively. The flour obtained was then weighed 

with a scale to determine the number of kilograms obtained for each zone and finally the flour was stored in plastic 

buckets. 

 

2.2.3. Yield of Nere Flour  
The flour yield for each zone was obtained by dividing the mass of flour obtained after drying by the total mass 

of néré fruits harvested per zone (60 kg). The result was multiplied by 100. 

 

2.2.4. Determination of Physico-Chemical Properties 

2.2.4.1. Moisture Content 
The method of moisture determination is that proposed by AOAC [10]. Moisture was assessed by drying 5 g of 

FN, FW, FK flours in an oven (MEMMERT) at 105 °C for 24 h. 

 

2.2.4.2. Ash Content 
The ash content (total mineral matter) was determined according to the method described by AOAC [10] by 

incinerating five (5) grams of each flour in a muffle furnace (PYROLABO) at 550°C for 12 h. 

 

2.2.4.3. Determination of pH 
The pH was determined according to the AOAC [10] method. Ten (10) grams of sample were diluted in 100 mL 

of distilled water for 1H. The solution obtained was filtered through filter paper (Whatman). The pH was measured 

directly by immersing the electrode of the pH meter (HANNA), previously calibrated, in the filtrate obtained. 

 

2.2.4.4. Total and Reducing Sugar Content 

2.2.4.4.1. Extraction of Ethanosoluble Sugars 
Ethanosoluble sugars were extracted according to the method of Agbo, et al. [11] as follows. 

One (1) gram of flour was weighed and then diluted in 10 mL of ethanol (80%; v/v). To the resulting mixture 

were added 2 mL of zinc acetate (10%; w/v) and 2 mL of oxalic acid (10%, w/v). The mixture was then centrifuged 

at 3000 rpm for 10 min. The pellet was taken up with 10 mL ethanol (80%; v/v) and centrifuged again at 3000 rpm 

for 10 min. The supernatants were transferred to a 50 mL flask and the excess ethanol was evaporated in a sand bath 

for 10 min. The resulting solution was made up to 50 mL with distilled water. 

 



Journal of Agriculture and Crops  

 

87 

2.2.4.4.2. Determination of Total Sugars 
The total sugar content was determined according to the phenol-sulphuric method as described by Dubois, et al. 

[12].  

One hundred (100) µL of ethanosoluble sugar extract was introduced into a test tube, then 0.9 mL of distilled 

water, 1 mL of 5% (w/v) phenol and 5 mL of concentrated sulphuric acid are added successively. After shaking and 

cooling the tube, the absorbance was read with a spectrophotometer (PG INSTRUMENTS) at 490 nm against a 

blank. The determination of the quantity of total sugars was carried out using a standard range of glucose stock 

solution at 1 mg/mL carried out under the same conditions as the test. 

 

2.2.4.4.3. Determination of Reducing Sugars 
The quantification of reducing sugars was performed according to the method of Bernfeld [13].  

One (1) mL of ethanosoluble extract of sugars was introduced into a test tube. To the contents of this tube, 0.5 

mL of distilled water and 0.5 mL of DNS solution were added. The whole mixture was heated in a boiling water bath 

for 5 min. After cooling, 2 mL of distilled water was added and the absorbance of the solution was read with a 

spectrophotometer (PG INSTRUMENTS) at 540 nm against a blank. A standard range established under the same 

conditions as the test from a stock solution of glucose (1 mg/mL) was used to determine the quantity of reducing 

sugars. 

 

2.2.4.5. Lipid Content 
Lipids were quantified from 10 g of each flour by Soxhlet extraction using 300 mL n-hexane for 7 h [14]. The 

resulting hexane-oil mixture was recovered and separated with a rotavapor (Heidolph). The flask, initially tared and 

containing the oil, was weighed to determine the mass of oil extracted. 

 

2.2.4.6. Protein Content 
Crude protein was determined by total nitrogen determination according to the Kjeldhal method AOAC [10]. 

Thus 1g of each flour was mineralised in the presence of Kjeldahl catalysts (potassium sulphate K2SO4 and copper 

sulphate and concentrated sulphuric acid H2SO4). The mineralisate was purified by distillation. Nitrogen was then 

quantified by titration with 0.1 N H2SO4. The crude protein content of the flours was deduced from the nitrogen 

content using 6.25 as a conversion factor. 

 

2.2.4.7. Fibers Content  
The determination of the fibers content was carried out according to the method of Wolff [15]. The 

determination of the crude fibers content consisted in treatment of 2 g of FN, FW, FK flours sample with 50 mL of 

0.25 N sulfuric acid and 50 mL of 0.31 N sodium hydroxide and filtration of the resulting solution upon Whatman 

paper. The residue was dried for 8 h at 105 °C then incinerated at 550 °C for 3 h into ovens. The final residue was 

weighed as crude fibers and expressed in percentage. 

 

2.2.4.8. Total Carbohydrates Content and Energy Value  
Total carbohydrates and energy values were determined using calculation formulas recommended by FAO [16] 

accounting the moisture, fat, protein, ash contents and the energy coefficients for macromolecules.  

TCC (%) = 100-[P(%) + M(%) + F(%)+A(%)] CEV (kcal/100g) = [(4×P) + (9×F) + (4×C)]                                                                                                      

With: TCC, total carbohydrates content; CEV, caloric energy value; P, protein content; M, moisture content; F, fat 

content; A, ash content; C, total carbohydrates content 

                                                                                        

2.2.4.9. Oxalates Content 
The oxalate content was determined with the standard AOAC method AOAC [10]. Two (2) grams of FN, FW, 

FK flour sample were homogenised into 200 mL of distilled water and added with 20 mL of 6N hydrochloric acid 

(HCl). The mixture was heated in boiling water bath for 1 h, cooled, and filtered. Fifty (50) mL of the filtrate were 

then homogenised into 20 mL of 6 N HCl, and filtered again. The 2nd filtrate was treated with methyl red (0.1%, 

w/v), concentrated ammonia, heated, and filtered. The 3rd filtrate was boiled, treated with calcium chloride (5%, 

w/v) for the formation of calcium oxalate crystals, and then filtered once more. The residues deriving from the 

filtration steps were successively washed with distilled boiling water, dried into an oven; dissolved into 10 mL of 

diluted sulfuric acid, and titrated with 0.05N potassium permanganate solution. 

 

2.2.4.10. Phytates Content 
The phytates were measured according to the method processed by Mohammed, et al. [17]. A slight flour 

sample (0.5 g) was treated with 25 mL of TCA solution at 3% (w/v) and centrifuged at 3,500 rpm for 15 min. Five 

(5) mL of the supernatant was removed, treated with 3 mL of ferric chloride 1% (w/v) reagent, heated in a boiling 

water bath, cooled and also centrifuged at 3,500 rpm for 10 min. The 2nd supernatant was treated with 5 mL of 0.5N 

hydrochloric acid, 5 mL of 1.5N sodium hydroxide, heated in a boiling water bath and centrifuged once more at 

3500 rpm for 10 min. Thus, 1 mL of the final supernatant was added with 4.5 mL of distilled water and 4.5 mL of 

orthophenantroline reagent and then measured for the absorbance at 470 nm with a spectrophotometer against 

standard Mohr salt solution treated likewise and taken as phytates ferric control. 
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                        ME 

DT (g/ml) =                       

                         Vt 

2.2.5. Determination of Antioxidants 

2.2.5.1. Extraction of Phenolic Compounds 
Phenolic compounds were extracted with methanol by the method of Singleton, et al. [18].  

One (1) gram of sample of FN, FW, FK flours was homogenised in 10mL of 70% (v/v) methanol. The resulting 

mixture was centrifuged at 1000 rpm for 10 min. The pellet was recovered in 10 mL of 70% (v/v) methanol and 

centrifuged again. The supernatants were collected in a 50 mL flask and made up to the mark with distilled water. 

 

2.2.5.2. Determination of Total Phenols 
The method of Singleton, et al. [18] was used for the determination of total phenols. One (1) mL of methanolic 

extract was introduced into a test tube. To the contents of the tube is added 1mL of Folin-ciocalteu reagent. The tube 

was left to stand for 3min and then 1mL of 20% (w/v) sodium carbonate solution was added. The contents of the 

tube were made up to 10 mL with distilled water. The tube was placed in the dark for 30 min and the OD reading is 

taken at 745 nm against a blank. The amount of phenol in the sample was determined by a standard range using a 

stock solution of gallic acid (1 mg/mL) under the same conditions as the test. 

 

2.2.5.3. Determination of Tannins 
The determination of tannins was carried out according to the method described by Bainbridge, et al. [19]. One 

(1) mL of methanolic extract was introduced into a test tube. To the contents of the tube were added 5 mL of vanillin 

reagent. The tube was left to stand for 20 min in the dark and the optical density (OD) was read at 500 nm against a 

blank. The amount of tannin in the samples was determined using a standard solution of tannic acid (2 mg/mL) under 

the same conditions as the test. 

 

2.2.5.4. Determination of Flavonoids 
The flavonoid assay was performed as described by Meda, et al. [20]. 

A volume of 0.5 mL of methanolic extract was introduced into a test tube. To the contents of the tube were 

successively added 0.5 mL of distilled water, 0.5 mL of 10% aluminium chloride, 0.5 mL of 1M potassium acetate 

and 2 mL of distilled water. The tube was allowed to stand for 20 min in the dark and the optical density (OD) was 

read at 415 nm against a blank. The amount of flavonoids in the sample was determined using a standard solution of 

quercetin (0.1 mg/mL) under the same conditions as the test. 

 

2.2.6. Determination of Functional Properties 

2.2.6.1. Tapped Density 

The tapped density (DT) of the flours was determined using the (modified) technique of Oadele and Aina [21]. 

A quantity of 50 g of flour (ME) was placed in a 100 mL graduated cylinder. The test tube was then gently tapped on 

the bench until a constant volume Vt. 

 

2.2.6.2. Water Absorption capacity (WAC) and Water Solubility Index (WSI) 

The water absorption capacity (WAC) and water solubility index (WSI) of the flours were determined according 

to the (modified) techniques of Phillips, et al. [22] and Anderson, et al. [23] respectively. Exactly 1 g of each flour 

(M0) was dissolved in 10 mL of distilled water in a centrifuge tube. This mixture was stirred for 30 min by a shaker 

and then kept in a water bath at 37 °C for 30 min. It was then centrifuged at 14674 xg for 15 min in an ORTO 

ALRESAR centrifuge. The resulting pellet (M2) was weighed and then dried at 105 °C to a constant mass (M1). The 

WAC and WSI were calculated from the following relationships: 

 

 

 

 

 

 

 

 

                                                                                                              

                                                 

 

                 

 

 

                                                                                         

                  

 

                        (M2 – M1) 

WAC (%) =                        x100 

                              M1 

                     (M0 – M1) 

WSI (%) =                      x 100 

                         M0 
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2.2.6.3. Oil Absorption Capacity 
The oil absorption capacity of the flours was determined using the (modified) technique of Eke and Okobundu 

[24]. A 1 g sample (M0) of flour was dissolved in 10 mL of oil. The mixture was stirred for 30 min at room 

temperature using a magnetic stirrer and then centrifuged at 11886 xg for 10 min in an ORTO ALRESAR centrifuge. 

The recovered pellet was weighed (M1). The oil absorption capacity (OAC) was calculated from the following 

formula: 

 

                                                                                              

 

 

     

 

2.2.7. Determination of Flour Grain Size 
The particle size of the flours was estimated by fractionating the total mass of flours through a series of sieves of 

decreasing mesh size (2mm, 1mm, 500um, 250um, 125um and 63um). Underneath the 63um sieve was a collection 

lid. 

The sample was placed in a sieve with different mesh sizes and closed with a lid. The sieve was stirred for 30 

minutesThe grains are deposited one after the other according to their diameter size and the rejects and passings of 

each sieve were weighed with a technical balance (Denver instrument SI-4002) of precision. 

 

2.2.8. Determination of Minérals 
The determination of the minerals was carried out by atomic absorption with an air-acetylene flame AAS 20 

type VARIAN. 

The FN, FW, FK flours were ground to a particle size of 0.1mm.  A mass of 0.3 g of each flour was calcined at 

600°C for 5h in an oven until a white ash is obtained. After cooling, 5 mL of 1N nitric acid was added and 

evaporated to dryness on a sand bath. To the residue was added 5mL of 1N hydrochloric acid and the whole was 

fired again at 400°C for 30 min. Once the calcined product was recovered from the furnace, 10mL of 0.1N 

hydrochloric acid was added to the crucible to recover the product. The resulting mixture was poured directly into a 

50 ml volumetric flask. The operation (washing the crucible with 10 ml of 0.1 ml HCL) was repeated three times and 

the flask is filled to the mark. Allow to decant and take the supernatant for filtration with 0.45 µm wattman paper or 

with a 0.36 syringe filter. The elements contained in the solution were then determined by AAS.                                                                                                                                                                                  

NB: To avoid interference from the elements Ca, K, 5 ml of lantane chloride was added.     

 

2.2.9. Statistical Studies 
All analyses were performed in triplicate and the data processed using the Statistical Program for Social 

Sciences (SPSS version 20.0, SPSS for Windows, USA). For each characteristic, the results were expressed as 

means followed by their standard deviations as data dispersion parameters. A one-way analysis of variance 

(ANOVA 1) was also performed to test the effect of flour on the characteristics evaluated, at the 5% statistical 

significance level. For statistically different means, classification was performed with the Student-Newman-Keuls 

test. 

 

3. Results 
3.1. Physico-Chemical Properties (Table 1) 

Flour yields were statistically different from one locality to another at the 5% threshold. FN flour had the 

highest yield (9.17%) while FK flour had the lowest yield (7.5%). The quantity of flour in a pod was therefore low. 

For moisture, FN and FW flours had statistically identical and lower contents. On the other hand, FK flour had the 

highest moisture content (7.6%). The highest ash content was found in the FN flour (4.97%), while the lowest 

content was found in the FW and FK flours, which did not differ statistically at the 5% level. With regard to pH, 

there was no significant difference between the values of the three flours, giving an average pH of 5.27. The FW 

flour had the highest reducing sugar content (17.84 mg/100g) and the FN flour the lowest reducing sugar content 

(14.88 mg/100g). FN and FK flours had statistically identical and minimal total sugar contents. On the other hand, 

the FW flour had the highest total sugar content (54.54%). For lipids, the highest content was found in FW flour 

(2.31%) and the lowest in FN flour (1.5%). The lowest protein content was found in the FN flour (4.12%). In 

contrast, FK flour had the highest protein content (5.06%). The three flours FN, FW, FK did not differ significantly 

in fibre content at the 5% level, giving an average value of 15.27%. The total carbohydrate content of the FN flour 

was the highest (84.003%). Conversely, FK flour had the lowest content (81.05%). FK flour had the lowest energy 

value (360.47 Kcal/100g); FW flour had the highest energy value (369.13 Kcal/100g). 

 

 

 

 

 

 

 

                        (M1 – M0) 

OAC (%) =                        x 100    

                            M0 
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Table-1. Physico-chemical properties 

Parameters FN FW FK General average P-value 

Colour Yellow Yellow yellow  - 

Flour yields (%) 9.17±0.08c 8.33±0.13b 7.5±0.53a  0.002 

Moisture (%) 5.4±0.36a 6.4±0.87a 7.6±0.63b  0.014 

Ashes (%) 4.97±0.1b 4.21±0.18a 4.51±0.24a  0.006 

pH 5.32±0.04a 5.24±0.05a 5.24±0.04a 5.27 0.113 

Reducing sugar 

(mg/100g) 

14.88±0.04a 17.84±0.49c 15.84±0.18b  0.000 

 Total sugar (%) 51.06±0.43a 54.54±0.44b 51.54±0.45a  0.002 

Lipids (%) 1.5±0.2a 2.31±0.07c 1.78±0.04b  0.001 

Proteins (%) 4.12±0.01a 4.28±0.05b 5.06±0.01c  0.000 

Fibres  (%) 15.62±0.54a 15.35±0.27a 14.83±0.29a 15.27 0.114 

 Total 

carbohydrate (%) 

84.003± 0.33c 82.80 ±0.69b 81.05±0.38a  0.001 

Energy value 

(Kcal/100g) 

366.03±1.66b 369.13± 3.04c 360.4 ± 1.69a  0.009 

Per line, values followed by different letters are statistically different at 5%. P-value: value of the statistical probability test. With a ˂ 

b<c; P value ˂ 0.05 (5%) so the difference is significant 
 

3.2. Antioxidants and Anti-Nutrients (Table 2) 
Statistical analysis showed that the polyphenol content of the three flours FN, FK, FW was different at the 5% 

threshold. FK flour had the highest content (400.09 mg/100g) while FN flour had the lowest content (319.15 

mg/100g). The flavonoid content was lowest in the FN flour (91.07 mg/100g) and highest in the FW flour (127.75 

mg/100g). The lowest tannin content was identified in FN flour (77.67 mg/100g) and the highest in FK flour (99.45 

mg/100g). 

As for oxalates, FW flour had the highest content (10.81 mg/100g) while FK flour had the lowest content (7.42 

mg/100g). On the other hand, FK flour had the highest phytate content (19.62 mg/100g). The lowest content was 

presented by the FN flour (15,03mg/100g). 

 
Table-2. Antioxidants et anti-nutrients 

Parameters FN FW FK P-value 

Antioxidants Polyphenols 

(mg/100g) 

319.15±0.65a 386.84±0.3b 400.09±1,11c 0.000 

Flavonoids 

(mg/100g) 

91.07±0.72a 103.34±0.55b 127.75±0.06c 0.000 

Tannins (mg/100g) 77.67±0.5a 87.81±0.86b 99.45±0.57c 0.000 

Anti-

nutrients 

Oxalates (mg/100g) 8.31±0.21b 10.81±0.77c 7.42±0.53a 0.001 

Phytates (mg/100g) 15.03±0.53a 16.20±0.11b 19.62±0.51c 0.000 
Per line, values followed by different letters are statistically different at 5%. P-value: value of the statistical probability test. With 

a ˂ b<c; P value ˂ 0.05 (5%) so the difference is significant. 

 

3.3. Functional Properties (Table 3) 
For tapped density, FN and FW flours had the highest values that were not significantly different at the 5% 

threshold. Conversely, FK flour had the lowest value (0.32g/ml). FN flour had the lowest water absorption capacity 

(199.54%); and FK flour had the highest content (207.55%).  In terms of water solubility index, FN flour had the 

highest content (63.94%) while FK flour had the lowest content (38.88%). As for the oil absorption capacity, FW 

and FK flours had the highest values, which were statistically not different at the 5% threshold. On the other hand, 

FN flour had the lowest oil absorption capacity (105.46%). 

 
Table-3. Functional properties 

Parameters FN FW FK P-value 

Tapped density (g/ml) 0.42 ± 0.04b 0.39 ± 0.025b 0.32 ± 0.03a 0.028 

Water absorption capacity 

(%) 

199.54 ± 0.04a 204.63 ± 0.02b 207.55 ± 0.07c 0.000 

Water solubility index  (%) 63.94 ± 0.04c 44.92 ± 0.03b 38.88 ± 0,03a 0.000 

Oil absorption capacity (%) 105.46 ± 0.58a 109.35 ± 0.05b 109.21 ± 0.08b 0.000 
Per line, values followed by different letters are statistically different at 5%. P-value: value of the statistical probability test. With 

a ˂ b<c; P value ˂ 0.05 (5%) so the difference is significant. 

 

3.4. Minerals (Table 4) 
Statistical studies showed a significant difference between the values of FN, FW, FK flours for magnesium. 

Thus, FN flour had the lowest content (0.05 ppm) while FW flour had the highest value (0.076 pm). The statistical 

studies did not show any significant difference at the 5% level between the phosphorus contents of the three flours 

FN, FW, FK, with an average content of 0.028 ppm. As for potassium, the FK flour had the highest content (0.054 
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ppm) while the FW flour had the lowest content (0.01 ppm). Calcium content was highest in FK flour (0.131 ppm) 

and lowest in FN flour (0.094 ppm). The FN, FW and FK flours did not show any significant difference at the 5% 

threshold for their manganese content, with an average of 0.045 ppm. The same results were observed for iron, 

nickel and molybdenum with respective averages of 0.025 ppm, 0.026 ppm and 0.025 ppm. For copper, the highest 

content was observed in the FW flour (0.129 ppm) and the lowest in the FK flour (0.02). 

 
Table-4. Minerals 

Parameters FN FW FK General average P-value 

Magnesium 

(ppm) 

0.050±0.004a 0.076±0.006c 0.066±0.004b  0.001 

Phosphorus 

(ppm) 

0.030±0.003a 0.024±0.005a 0.031±0.003a 0.028 0.121 

Potassium (ppm) 0.034±0.004b 0.010±0.002a 0.054±0.004c  0.000 

Calcium (ppm) 0.094±0.006a 0.109±0.004b 0.131±0.009c  0.001 

Manganese 

(ppm) 

0.042±0.003a 0.047±0.004a 0.046±0.008a 0.045 0.508 

Iron (ppm) 0.027±0.003a 0.025±0.006a 0.024±0.004a 0.025 0.714 

Nickel (ppm) 0.026±0.004a 0.027±0.005a 0.026±0.007a 0.026 0.968 

Copper (ppm) 0.109±0.01b 0.129±0.005c 0.020±0.004a  0.000 

 Molybdenum 

(ppm) 

0.027±0.001a 0.027±0.007a 0.022±0.004a 0.025 0.367 

Per line, values followed by different letters are statistically different at 5%. P-value: value of the statistical probability test. With a ˂ 

b<c; P value ˂ 0.05 (5%) so the difference is significant. 

 

3.5. Determination of Particle Size (Table 5) 
The results of the particle size analysis of FN, FW, FK flours were presented in Table 5. These results showed 

that the vast majority of the particles of the flours FN, FW, FK (76.7% for FN; 83.5% for FW; 79.2% for FK), were 

smaller than 250 µm and almost all the particles of the three flours (100% for FN, 99.2% for FW, 97.1% for FK) 

were larger than 125 µm. 

 
Table-5. Size distribution (% passing the sieve) of FN, FW, FK flours 

 Maille des tamis 

Farines <2mm <1mm <500µm <250µm <125µm <63µm 

FN 100 99.3 86.7 76.7 0 0 

FW 100 99.4 91.1 83.5 0.8 0 

FK 100  99.79 88.4 79.2 2.9 0 

 

4. Discussion   
4.1. Physico-chemical properties 

The flour yields were 9.17%; 8.33%; 7.5% for FN, FW, FK flours respectively. The quantity of flour in a fruit is 

therefore low. The pod and the seeds together represented almost the entire weight of the fruit.  

The moisture content of néré flour varied from 5.4% to 7.6% depending on the locality. It was lower than the 

moisture content of FT couscous flour (11.22%), which was composed of maize and sorghum [25]. These moisture 

levels were below the maximum level of 15.5% defined by the Codex Alimentarius Commission [26]. Indeed, when 

the moisture content is high, aggregation of the flour particles occurs, reducing its quality and functionality [27]. 

Another advantage of having a low moisture content lies in the technological uses. With a moisture content of less 

than 12%, both untreated and treated flours are suitable for long-term storage. Microbiologically, these low moisture 

levels limit the growth of microorganisms, with the exception of moulds [28]. 

The pH of néré flour was slightly acidic, ranging from 5.24 to 5.32. This pH was lower than that of F1 Yellow 

Nutsedge (Cyperus esculentus) flour which was 6.14 according to Yapi, et al. [29]. The pH is a sign of the acidity or 

alkalinity of the flour and greatly affects its performance during its use in the food system. When a flour has a pH 

lower than 4, it is said to be very acidic, indicating a high degree of fermentation and consequently a high degree of 

degradation of the starch present, which would make this type of flour unsuitable for bread making [30].  

The analysis of physicochemical properties showed that néré flour had a total sugar content that varied from 

51.06% to 54.54% and a reducing sugar content that varied from 14.88 mg/100g to 17.84 mg/100g. These levels 

were higher than those observed by Gutap and Nagar [31] for total sugars; but these values were lower for reducing 

sugars. These authors obtained total sugar levels between 0.05 and 0.4% in uncooked and cooked soybean flours and 

also reducing sugar levels between 0.03 and 0.04%.  Néré flour is sweet. It should be noted that flours rich in sugars 

are useful for the manufacture of certain foods such as cakes, biscuits and cakes. 

The lipid contents of néré flour varied from 1.5 to 2.31%. These contents were higher than those obtained by 

Oulaï [32] (0.84% to 0.48%) during the cooking of Artocarpus altilis pulp. According to Anses [33], lipids play two 

(2) major roles: an energy storage role and a structural role (enter in the composition of cells). 

The percentage of protein in néré flour (4.12 to 5.06%) was lower than that of FS, F40, F50 flours (6.23 to 

7.57%) of young  shoots of roan [34]. Proteins are essential to the organism, they play a structural role (at muscle 
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level, skin pathway) but are also involved in a large number of processes such as immune response (antibodies), 

oxygen transport in the body (haemoglobin) or digestion (digestive enzymes) [33]. 

The total fibre content of néré flour (14.83 to 15.35%) was higher than that of washed and dried soybean flour 

(FSLS) (5.20%) highlighted by Djidohokpin [35]. This flour could be a significant source of dietary fibre which is 

eliminated more slowly from the stomach and thus improves intestinal transit. These dietary fibres are absolutely 

essential for the balance of the digestive tract and the body. It is a factor in good health. Studies have shown an 

inverse correlation between dietary fibre consumption and colon cancer. This is because fibre has the ability to 

complex with carcinogenic molecules, thus preventing their contact with the colon and facilitating their excretion 

[36]. Consumption of prepared flours could therefore increase gastric volume and provide a post-ingestive state to 

reach a state of satiety more quickly [37].  Fibre generally reduces blood glucose, HDL-cholesterol, LDL-cholesterol 

and thus contributes to the reduction of coronary heart disease [38]. 

The percentage of total carbohydrates in néré flour (81.05 to 84%) was close to that of fonio flour (Namba 

variety) (87.49%) [35]. Néré flour is therefore an important source of carbohydrate. It constitutes an energy reserve 

that can be used during glycolysis by forming ATP molecules. The high percentage of carbohydrate in cowpea flour 

makes it an energy food that can contribute to food security in developing countries [39]. 

The energy value of néré flour (360.47-369.13Kcal/100g) was higher than that reported by Cruz, et al. [40] 

which was 350Kcal/100g for fonio. Néré flour could be used in part as energy flour in porridges for infants and 

children whose energy needs vary from 547 to 1092 Kcal/day  [41]. 

 

4.2. Antioxidants et anti-nutrients 
The content of polyphenols (319.15 to 400.09 mg/100g), flavonoids (91.07 to 127.75 mg/100g) and tannins 

(77.67 to 99.45 mg/100g) in néré flour was higher than in FS, F40, F50 flours in polyphenols (243.45 to 280.44 

mg/100g), flavonoids (68.46 to 83.03 mg/100g), tannins (45.47 to 59 mg/100g) [34].  

The presence of antioxidants may reflect a response to stress (scarcity of rainfall, unfavourable soil quality 

which are associated with an increase in tannin levels) [42]. Thus, depending on the efforts made to adapt to the 

environmental conditions of the plant, the amount of antioxidant increases or decreases.  

Flavonoids can neutralise free radicals and reduce cancer risk by stopping cell growth in tumours [43]. 

Current literature suggests that long-term consumption of a polyphenol-rich diet protects against certain cancers, 

cardiovascular disease, type 2 diabetes, osteoporosis, pancreatitis, gastrointestinal problems, lung damage and 

neurodegenerative diseases [44]. 

Anti-nutrients such as oxalates and phytates were present in néré flour. The oxalate content (7.42 to 8.31 

mg/100g) was lower than that of flour from the uncooked pulp of Artocarpus altilis fruit (66.84 mg/100g) [32], High 

levels of oxalates in the diet can lead to stomach and kidney irritation (kidney stone formation) [45]. 

The phytate content of néré flour (15.03 to 19.62 mg/100g) was lower than that of flour from the uncooked pulp 

of the fruit of Artocarpus altilis (63.4 mg/100g) [32]. Phytates have multiple negative charges, which gives them a 

strong binding capacity, resulting in the formation of complexes with proteins and multivalent cations (Cu2+, Zn2+, 

Fe2+...) thus decreasing their biodiponibility [46]. 

 

4.3. Functional Properties 
The tapped density (0.32 to 0.42 g/ml) of néré flour was lower than those of maize (0.60 g/cm3) and wheat (0.62 

g/cm3) flours found by FAO [47]. It is very important for packaging requirements in the food industry [48]. The 

tapped density determines the suitability of a flour to be easily packaged, which would facilitate the transportation of 

a large amount of food [49]. Thus, the low packing density of cowpea flour is thought to be due to the size of the 

particles. The smaller the particles, the more easily they aggregate. Nutritionally, a low tapped density promotes the 

digestibility of food products, especially in children because of their immature digestive system [50]. 

Water absorption capacity (WAC) is an index of the maximum amount of water a food product would absorb 

and hold [51]. Néré flour showed a WAC between 199.54 and 207.55%. These values were lower than those of 

uncooked (225%) and cooked (250%) rice reported by Abulude [52]. Furthermore, the use of flours as food 

ingredients depends, to a large extent, on their interaction with water.  The water absorption capacity of flours plays 

an important role in the food preparation process as it predicts the ability of the flour to absorb water under 

conditions where water is in short supply. A high capacity allows more water to be added to the dough, thus 

improving its workability. Furthermore, water absorption capacity is an essential property of doughs and baked 

goods as it allows for thickening and increasing the viscosity of foods [53]. The high water absorption capacity of 

néré flour may reflect the presence of high amounts of hydrophilic substances capable of improving the viscosity of 

various food products [54]. This could also reflect a greater interaction between the proteins and water in the system 

formed. Furthermore, the type of protein such as polar proteins would also increase this ability [30, 54]. 

The water solubility index (WSI) (38.86 to 63.9%) was higher than that of the uncooked Artocarpus altilis pulp 

flour (33.37%) [32]. The water solubility index, reflects the extent of starch grain degradation in the flour [55]. 

The oil absorption capacity (105.46-109.35%) was much lower than those of edible mushroom flours which are 

between 450-480% [56]. Oil absorption capacity (OAC) is an important property in food preservation as it prevents 

the development of oxidative rancidity [57]. Oil absorption capacity  gives an indication of the flavour retention 

capacity of flour [58]. Moreover, it is useful over a long period of food preservation especially in bakery and meat 

products [59]. Since this flour has a high oil absorption capacity, it could be a good lipophilic component and 

therefore suitable for the preparation of sausages, soups and cakes [56]. 
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4.4. Mineral Determination 
The magnesium content of néré flour (0.05-0.076mg/kg) was lower than that of peanuts (1350ppm)  [60]. The 

potassium content of néré flour (0.01-0.054mg/kg) was lower than that of white beans (16600ppm) [61] Potassium is 

a mineral that increases cardiovascular well-being as is magnesium, which is recommended for the prevention of 

certain complications of myocardial infarction [62, 63].  

The phosphorus content (0.024 to 0.031mg/kg) of néré flour was lower than that of brown rice (2350ppm) [64] 

The calcium content of néré flour (0.094 to 0.131mg/kg) was lower than that of groundnuts (550 ppm) [65]. A diet 

rich in calcium and phosphorus is a factor in the prevention of osteoporosis and also a factor in reducing the risk of 

high blood pressure, colon and prostate cancer [66]. 

The iron content of néré flour (0.024-0.027 mg/kg) was lower than that of sweet potato flour (10.97 ppm) 

revealed by Ofori, et al. [67]. The iron values of néré flour is below the limit of 15 mg/Kg set by WHO as the limit 

of iron in food [68]. Iron plays an important role in the human body. The haemoglobin in the red blood cells absorbs 

the 70% of iron consumed. This allows oxygen to function properly. This oxygen is then transmitted to the cells. 

Iron is also found in the myoglobin of the muscles, which enables air to be stored. The remaining 30% of iron plays 

a role in activating the body's metabolisms. It contributes greatly to the production of energy and the activation of 

the immune system [69]. Iron deficiency anaemia affects one third of the world's population. However, excessive 

iron intake causes colorectal cancer [70]. 

The nickel content of néré flour (0.026 to 0.027mg/kg) was lower than that of desiccated coconut (1.36 ppm) 

(https://biorganic.blog/2018/05/05/2-528-aliment-riches-en-nickel-ni/ accessed on 29/05/2022). The content of néré 

flour was lower than the limit set by [71] (1.63 ppm).                                                                                                                                                                        

Nickel is a trace element and is involved in the assimilation and metabolism of iron. It appears to be essential for the 

action of several enzymes (https://www.doctissimo.fr/html/nutrition/vitamines_mineraux/nickel.htm accessed on 

18/05/2022). 

The copper content of néré flour (0.020 to 0.129 mg/kg) was lower than that of taro flour (6.63 ppm) revealed 

by Ofori, et al. [67]. Well below the WHO limit of 40 ppm for copper in food [68].  Copper is an "essential trace 

element for body function. It is a powerful antioxidant, which helps to combat cellular stress in the event of 

problems of excess oxidation. It allows the assimilation of iron, which itself allows the production of red blood cells. 

It contributes to the formation of the immune system. It plays a role in glucose metabolism. It plays a role in the 

regulation of neurotransmitters, as it is a cofactor in the synthesis of noradrenaline. It thus contributes to the normal 

functioning of the nervous system. It is involved in the synthesis of melanin and thus provides a better defence 

against UV radiation [72]. 

The molybdenum content of néré flour (0.022-0.027 mg/kg) was lower than that of beans (0.5 mg/kg) [73]. 

Molybdenum is an essential trace element for the body. It is used in the composition of metalloenzymes that function 

as oxidases by virtue of the characteristics of its redox couples. The 3 best known Mo-dependent enzymes are: 

xanthine oxidase/deshydrogenase (XO/XD, transformation of purines into uric acid), aldehyde oxidase (oxidation of 

aldehydes) and sulphite oxidase (oxidation of sulphite into sulphate in the metabolism of sulphur-containing amino 

acids). It takes part in the constitution of the "Mo cofactor" or "molybdopterin" in the liver. Although not regulated 

by Mo intake, deficiency of this cofactor is the cause of a rare genetic disease affecting young children and causing 

their death as a result of severe neurological disorders. The element is involved in biological functions related to the 

metabolism of purines (accumulation of xanthine in case of deficiency or uric acid in case of excess), sulphites 

(detoxification by oxidation), sulphates (formation of sulphated body constituents) or iron (incorporation on 

transferrin by Xanthine Oxidase) [74].  

The manganese content of néré flour (0.042-0.046 mg/kg) was lower than that of cooked brown rice (11mg/kg) 

[75]. Manganese is involved in the constitution of several metalloenzymes including superoxide dismutase (MnSOD, 

antioxidant), arginase (conversion of arginine to ornithine and urea) or pyruvate carboxylase (carboxylation of 

pyruvate in gluconeogenesis) [76] The element participates in several biological functions relating to the constitution 

of the skeleton and cartilage, lipid metabolism, regulation of glycaemia or even cerebral and nervous activity. 

Finally, its antioxidant role is important in the mitochondria [76]. 

 

4.5. The Grain Size of FN, FW, FK Flours 
The vast majority of the particles of FN, FW, FK flours were smaller than 250 µm and almost all the particles of 

the three flours are larger than 125 µm. The granulometry of the flours is of major importance for their analysis and 

use. Indeed, it makes it possible to detect the presence of foreign particles and to pronounce on milling problems. It 

plays a fundamental role in hydration during the bread-making process and the preparation of the dough. It also 

makes it possible to predict its behaviour during hydration. In baking, the amount of water absorbed during dough 

fermentation, as well as the rate of water absorption, increases with the fineness of the flour particles [77]. 

 

4.6. Conclusion and Perspectives  
The three (3) flours FN, FW, FK of néré (Parkia biglobosa) do not show any significant difference at the 5% 

threshold, for the contents of pH, fibres, phosphorus, manganese, iron, nickel, molybdenum. All other parameters are 

significantly different at the 5% level. The results obtained show that néré (Parkia biglobosa) flours are potential 

staple foods that could be used in the diet to combat hunger and to provide food security. The results of this study 

prove that the three (3) flours (FN, FW and FK) are a good source of carbohydrate and could therefore be useful for 

the body's energy needs. The low moisture content of the three (3) flours (< 8%) would allow the flours to be stored 

over a long period of time. All three flours contain a level of fibre that is beneficial to people's health. These three 
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flours are also sources of magnesium, phosphorus, potassium, calcium, manganese, iron, nickel, copper and 

molybdenum, which are beneficial to the population. The functional properties of the flours, i.e. packed density, 

water absorption capacity, oil absorption capacity, suggest that néré flours would be suitable for use in food 

formulations (infant porridges, pastries, cakes, etc.) where these properties are required. 

In the future, it would be important to conduct the following research.  

-Study the different properties of flours made from néré flour and other flours.  

-To propose a food formulation. 
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