
 

 

STUDY OF THE PHYSICAL-CHEMICAL, FUNCTIONAL, 

GRANULOMETRIC, MINERAL AND ANTIOXIDANT PROPERTIES 

OF THREE (3) FLOURS FS, F40, F50 OF YOUNG SHOOTS OF  ROAN 

(BORASSUS AETHIOPUM MART.) ACCORDING TO THE DRYING 

METHOD 

 

ABSTRACT : 

The young shoot of roan  (Borassus aethiopum Mart.) is cultivated and consumed in the cities of central Côte 

d'Ivoire such as Dimbokro. However, it has conservation problems, its nutritional value is not well known by the 

population and it is little processed by local industries. This study is a valorization of the young shoots  of roan. 

In this study, the young shoots were dried respectively in the sun, at 40°C, at 50°C and then crushed to give 

respectively the FS, F40, F50 flours. The study of the physico-chemical properties gave, according to the flours, 

6.47 to 7.17% for moisture; 5.71 to 6.07 for pH; 130.39 mg/100g on average for the reducing sugar content; 2.42 

to 3.94% for total sugars; 0.53 to 1.07% for lipids; 6.23 to 7.57% for protein content; 2.19% on average for ash; 

2.72 to 3.21% for fibre; 82.56 to 84.07% for total carbohydrates; 365.65 to 369.69 Kcal/100g for the energy 

value The study of functional properties revealed 60.55 to 63.63% for dispersibility; 0.70 to 0.75 g/ml for tapped 

density; 143.08% on average for water absorption capacity; 118.67 to 128% for oil absorption capacity; 18.17 to 

25.66% for foaming capacity. The granulometry showed that all three (3) flours are composed of grains whose 

size is lower than 1mm. In addition 62.7%, 52.9%, 47.8% of the grains of the FS, F40, F50 flours have sizes in 

the interval ]250 µm, 125 µm]. The young shoots flours contain 243.45 to 280.44 mg/100g polyphenols; 68.46 to 

83.03 mg/100g flavonoids; 45.47 to 59 mg/100g tannins. The mineral contents are 0.04 to 0.11 ppm for sodium; 

0.02 ppm on average for phosphorus; 0.07 to 0.18 ppm for potassium; 0.11 ppm on average for calcium; 0.04 to 

0.07 ppm for iron.                                                                                                                                                      

The three (3) flours FS, F40, F50 of young shoots contain macronutrients, high energy value, fibre, interesting 

functional and granulometric properties, antioxidants, minerals that are beneficial for local populations and can 

be used by the food industries. 
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INTRODUCTION 

The roan palm is a dioecious tree plant (Mollet, 1999) [1]. In Africa, it is called the sentinel of 

the savannah because of its size. It is a tall palm tree that can grow to an average height of 20 

m or even 30 m, with a diameter of up to 1 m (Mollet, 1999) [1]. The natural range of the 

roan palm (Borassus aethiopum Mart.) is the semi-arid or sub-humid part of Africa (Mollet, 

1999; Ali et al., 2010) [1,2]. It grows naturally from Senegal to the Central African Republic 

(Ali et al., 2010) [2].                                                                                                                                        

In the central regions of Côte d'Ivoire (Toumodi, Dimbokro, Didiévi, ...), roan is very 

important for the population. In general, more than 88% of  roan is used for the well-being of 

the population (Ouinsavi et al., 2011) [3]. It is used as food (fruit, sap, young shoots) 

(Waziri et al., 2010) [4], as building material (stipe, foliage, etc.) (Akinniyi et al., 2000; 

Sanon et al., 2007) [5,6]. It is also used in traditional African medicine (roots, male 

inflorescence) (Sanon et al., 2007; Waziri et al., 2011; Sakande et al., 2013) [6,7,8]. The 

fibres are used to make nets for fishing. The leaves are used to make a variety of objects: 

brushes, baskets, fences and roofs (Mollet, 1999) [1]. 

The female plants of the roan palm produce so-called fleshy fruits with stones, derived from 

the transformation of the sclerenchyma of the endocarp. These fruits are commonly called 
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drupes. A mature tree can produce about 200-300 drupes annually (Davis and Johnson, 

1987) [9]. Some of the naturally fallen fruits remain in the forest for the regeneration of the 

tree and some are collected by the rural population for food and seedlings. Each fruit gives an 

average of three young shoots. They are obtained after 6 to 8 months by the rural population 

putting the ripe fruits in the ground (Ajanvon, 2019) [10].  The young shoot  roan  is a 

perishable commodity because it contains 52% moisture (Niamke, 2014) [11] which makes 

its consumption periodic and a considerable loss rate hence the need to transform it into flour. 

This alternative facilitates its storage and allows people to keep it longer and think of other 

uses. 

Moreover, in central Côte d'Ivoire, the young shoots are sold on the local market at low prices 

to discerning consumers for food, which does not improve the living conditions of the 

farmers. Transforming them into flour with nutritional potential and for use in biscuit, pastry 

and bakery products would add value to the young shoots, which would benefit the farmers. 

In addition, farmers will turn away from the production of roan wine, which brings them 

money but destroys  roan, which is an ecological tragedy.                                                                                                                        

However, the method of drying the young shoots of  roan is a very important operation for the 

good quality of the flour produced. This study is therefore a valorisation of the young shoots 

of  roan. It will consist in determining for the three (3) flours:    

 

- -Physicochemicalproperties                                                                                                                                                           

-Functionalproperties                                                                                                                                                                    

-Granulometry                                                                                                                                                                                     

-Antioxidants                                                                                                                                                                                         

- Minerals 

 

 

 

 

1  MATERIALS AND METHODS 

1.1 Materials 

1.1.1. Young shoots of roan 

The young shoots of  roan studied come from Dimbokro in central Côte d'Ivoire. These 

young shoots are 6 to 8 months old. 

1.2 Methods 

1.2.1. Sampling 

Samples of young shoots of roan were purchased in three (3) markets in the town of 

Dimbokro. For each market, 20 kg of saplings were purchased from three (3) women sellers, 

which makes 60 kg of saplings purchased per market. The total was 180 kg for all three 

markets. These samples of young shoots were taken to the laboratory for further analysis. 
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     1.2.2. Production of young shoots flour 

The young shoots flour was obtained in several steps.  First, the tubers of young shoots were 

peeled, washed and cut into small pieces. These pieces were then divided into three (3) 

batches which were dried respectively in an oven at 40°C, at 50°C and in the sun for 4 days. 

Finally, the dried pieces of tubers from each batch were crushed and the crushed material was 

sieved using a 2mm diameter sieve. Thus, three (3) types of young shoots flour were obtained: 

F40, F50, and FS, respectively for oven drying at 40°C, 50°C and sun drying 

    1.2.3. Determination of physico-chemical properties 

        1.2.3.1 Moisture content 

The method of moisture determination is that proposed by AOAC (1990) [12]. Moisture 

was assessed by drying 5 g of FS, F40, F50 flours in an oven (MEMMERT) at 105 °C for 

24 h. 

       1.2.3.2 Determination of pH 

The pH is determined according to the AOAC (1990) method [12].  Ten (10) grams of 

sample are diluted in 100 mL of distilled water for 1H. The solution obtained is filtered 

through filter paper (Whatman). The pH is measured directly by immersing the electrode of 

the pH meter (HANNA), previously calibrated, in the filtrate obtained. 

 

      1.2.3.3 Total and reducing sugar content 

  a.  Extraction of ethanosoluble sugars 

Ethanosoluble sugars are extracted according to the method of Agbo et al (1986) [13] 

as follows. 

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

the resulting mixture are added 2 mL of zinc acetate (10%; w/v) and 2 mL of oxalic acid 

(10%, w/v). The mixture is then centrifuged at 3000 rpm for 10 min. The pellet is taken up 

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

supernatants are transferred to a 50 mL flask and the excess ethanol is evaporated in a sand 

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

 

   b. Determination of total sugars 

The total sugar content is determined according to the phenol-sulphuric method as 

described by Dubois et al (1956) [14].  

One hundred (100) µL of ethanosoluble sugar extract is 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 is read with a 

spectrophotometer (PG INSTRUMENTS) at 490 nm against a blank. The determination of the 

quantity of total sugars is carried out using a standard range of glucose stock solution at 1 

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

  c.  Determination of reducing sugars 

The quantification of reducing sugars is performed according to the method of 

Bernfeld (1955) [15].  
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One (1) mL of ethanosoluble extract of sugars is introduced into a test tube. To the 

contents of this tube, 0.5 mL of distilled water and 0.5 mL of DNS solution are added. The 

whole mixture is heated in a boiling water bath for 5 min. After cooling, 2 mL of distilled 

water is added and the absorbance of the solution is 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) is used to determine the 

quantity of reducing sugars. 

 

1.2.3.4. Lipid content 

Lipids were quantified from 10 g of each flour by Soxhlet extraction using 300 mL n-

hexane for 7 h (AFNOR, 1986) [16]. 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. 

1.2.3.5. Protein content 

Crude protein was determined by total nitrogen determination according to the Kjeldhal 

method (AOAC, 1990) [12].  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. 

            1.2.3.6. Ash content 

The ash content (total mineral matter) was determined according to the method described by 

AOAC (1990) [12] by incinerating five (5) grams of each flour in a muffle furnace 

(PYROLABO) at 550°C for 12 h. 

           1.2.3.7.  Fibers content                                                                                                                                                    

The determination of the fibers content was carried out according to the method of Wolff 

(1968) [17]. The determination of the crude fibers content consisted in treatment of 2 g of FS, 

F40, F50 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. 

           1.2.3.8. Total carbohydrates content and energy value                                                                                         

Total carbohydrates and energy values were determined using calculation formulas 

recommended by FAO (2002) [18] 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 

 

1.2.4. Determination of functional properties 
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1.2.4.1.Dispersibility of the flours 

The dispersibility of the flours was determined according to the (modified) technique described by 

Kulkarni et al (1991) [19]. A volume of 10 mL of distilled water was added to 1 g of flour in a 

graduated cylinder. The mixture was stirred thoroughly with a rod for 2 min. The dispersibility of the 

flour is the difference between the total volume (V0) of the particles just after manual agitation and 

the volume (Vt) of the deposited particles recorded at time t (min). 

 

                                                                                                        

 

 

1.2.4.2.Tapped density 

The tapped density (DT) of the flours was determined using the (modified) technique of Oladele and 

Aina (2007) [20]. 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 

                                                                                                                

 

 

 

1.2.4.3 Water absorption capacity (WAC) 

The water absorption capacity (WAC) of the flours was determined using the (modified) 

techniques of Phillips et al. (1998) [21]. 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 was calculated from the following relationships: 

 

                                                                                                             

                                                 

 

1.2.4.4.Oil absorption capacity 

The oil absorption capacity of the flours was determined using the (modified) technique of 

Eke and Akobundu (1993) [22]. 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 

                                         (V0 - Vt)                                   

Dispersibility (%) =                            x  100                                       

                                             V0 

 

                        ME 

DT (g/ml) =                       

                         Vt 

                        (M2 – M1) 

WAC (%) =                        x100 

                              M1 



 

 

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: 

 

                                                                                              

 

 

1.2.4.5.Foaming capacity 

The foaming capacity (FC) of the flours was determined using the (modified) technique of 

Coffman and Garcia (1977) [23]. Three grams of flour were placed in a 50 mL graduated 

cylinder that had been oven dried at 50 °C. Then 30 mL of distilled water was added to the 

sample to facilitate dispersion of the flour in the test tube and the volume was noted (volume 

before homogenisation). The test tube was then vigorously shaken by hand and the new 

volume was read off the test tube (volume after homogenisation). The volume of the foam 

obtained was calculated as the difference between the volume after homogenisation (V after) 

and the volume before homogenisation (V before). The foaming capacity (FC) was calculated 

from the following formula: 

 

                                                                                                                                                 

 

 

 

 

 

 

1.2.5. Determination of flour grain size 

The particle size of the flours is 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 is a collection lid. 

The sample is placed in a sieve with different mesh sizes and closed with a lid. The sieve is 

stirred for 30 minutes. 

The grains are deposited one after the other according to their diameter size and the rejects 

and passings of each sieve are weighed with a technical balance (Denver instrument SI-4002) 

of precision. 

 

           1.2.6. Determination of antioxidants 

1.2.6.1.  Extraction of phenolic compounds 

                        (M1 – M0) 

OAC (%) =                        x 100    

                            M0 

                        V after - V before       

   FC (%) =                                            x 100       

                               V before  



 

 

Phenolic compounds are extracted with methanol by the method of Singleton et al 

(1999) [24].  
One (1) gram of sample of FS, F40, F50 flours is homogenised in 10mL of 70% (v/v) 

methanol. The resulting mixture is centrifuged at 1000 rpm for 10 min. The pellet is recovered 

in 10 mL of 70% (v/v) methanol and centrifuged again. The supernatants are collected in a 50 

mL flask and made up to the mark with distilled water. 

 

1.2.6.2. Determination of total phenols 

The method of Singleton et al (1999) [24] is used for the determination of total 

phenols. One (1) mL of methanolic extract is introduced into a test tube. To the contents of 

the tube is added 1mL of Folin-ciocalteu reagent. The tube is left to stand for 3min and then 

1mL of 20% (w/v) sodium carbonate solution is added. The contents of the tube are made up 

to 10 mL with distilled water. The tube is 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 is determined by a 

standard range using a stock solution of gallic acid (1 mg/mL) under the same conditions as 

the test. 

 

1.2.6.3. Determination of tannins 

 The determination of tannins was carried out according to the method 

described by Bainbridge et al. (1996) [25].  

 One (1) mL of methanolic extract is introduced into a test tube. To the contents 

of the tube is added 5 mL of vanillin reagent. The tube is left to stand for 20 min in the dark 

and the optical density (OD) is read at 500 nm against a blank. The amount of tannin in the 

samples is determined using a standard solution of tannic acid (2 mg/mL) under the same 

conditions as the test. 

         1.2.6.4. Determination of flavonoids 

            The flavonoid assay was performed as described by Meda et al. (2005) [26]. 

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

contents of the tube are 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 is 

allowed to stand for 20 min in the dark and the optical density (OD) is read at 415 nm against 

a blank. The amount of flavonoids in the sample is determined using a standard solution of 

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

 

        1.2.7. Determination of minerals 

The determination of the minerals was carried out by atomic absorption with an air-acetylene 

flame AAS 20 type VARIAN. 

The FS, F40, F50 flours were ground to a particle size of 0.1mm.  A mass of 0.3 g of each 

flour is 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 is added 

5mL of 1N hydrochloric acid and the whole is fired again at 400°C for 30 min. Once the 

calcined product is recovered from the furnace, 10mL of 0.1N hydrochloric acid is added to 

the crucible to recover the product. The resulting mixture is poured directly into a 50 ml 



 

 

volumetric flask. The operation (washing the crucible with 10 ml of 0.1 ml HCL) is 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 are then determined by AAS.                                                                                                                                                                                  

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

1.2.8. Statistical study 

All statistical analyses were carried out with R software. The physicochemical and functional 

properties, the determination of antioxidants and minerals of the three flours were compared 

using the ANOVA test. The null hypothesis (H0) is that all the means are equal and that the 

properties are equal between the 3 flours and for the alternative hypothesis (H1) there is a 

significant difference between the 3 flours. The significance level was set at 0.05 for all 

analyses. 

To perform the ANOVA test, the Shapiro-Wilk and Bartlett tests were performed a posteriori 

to test normality and equality of variances respectively. When the conditions of normality 

and/or equality of variances of certain parameters were not met, the non-parametric Kruskal-

Wallis test was applied. 

3. RESULTS AND DISCUSSION 

3.1.  Physico-chemical properties (Table I) 

The results of the physicochemical analyses of the different flours, show that the moisture 

content of FS flour (7.17%) is higher than that of F40 flour (7.1%) and F50 flour (6.47%).  

These levels are lower than that of flour from the uncooked pulp of breadfruit (Artocarpus 

altilis) which is 10.7%±0.36 (Oulaï, 2014) [27]. These moisture contents are below the 

maximum level of 15.5% defined by the Codex Alimentarius Commission (CAC, 1985) [28]. 

Indeed, when the moisture content is high, aggregation of the flour particles occurs, thus 

reducing its quality and functionality (Aguilera et al., 1995) [29].  Another advantage of 

having a low moisture content lies in the technological uses. Indeed, with a moisture content 

below 12%, both untreated and treated flours are favourable for long-term preservation. 

Microbiologically, these low moisture levels limit the growth of microorganisms, with the 

exception of moulds (Aryee et al., 2006) [30]. 

 FS flour has a pH of 5.71. It is more acidic than F40 flour with a pH of 6.07 and F50 flour 

with a pH of 5.95. The pH varies very little and remains below 7. This result is comparable 

with Yetunde et al, (2009) [31] and Alozie et al, (2009) [32]. 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<4 this flour is said to be very acidic which denotes high fermentation 

and consequently high degradation of the starch present, so this type of flour would not be 

suitable for bread making (Tortoe et al., 2017) [33].                                                                         

The three (3) flours have a total sugar content that varies from 2.42% to 3.94% and a reducing 

sugar content that varies from 117.35 mg/100g to 152 mg/100g. These levels are higher than 

those observed by Gutap and Nagar (2008) [34]. These authors obtained total sugar levels 

between 0.05 and 0.4% in uncooked and cooked soybean meal and also reducing sugar levels 

between 0.03 and 0.04%. This difference would be due to the fact that the young shoot of the 

roast tree belongs to the starch group and is therefore rich in starch (Niamke, 2014) [11] and 

consequently rich in sugars. It should be noted that flours rich in sugars are useful for the 

manufacture of certain foods such as cakes, biscuits, cakes. 



 

 

The lipid content of F50 flour (1.07%) is higher than that of F40 (0.60%) and FS (0.53%) 

flours. These levels are close to those obtained by Oulaï, 2014 [27] (0.84% to 0.48%) when 

cooking Artocarpus altilis pulp. According to Anses in 2021[35], lipids play two (2) major 

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

The protein percentage of F50 flour (7.57%) is higher than that of F40 (6.65%) and FS 

(6.23%) flours. These contents are close to that of unripe banana flour (6.57%) (Anuonye et 

al., 2012) [36]. Proteins are essential to the body, they play a structural role (in muscles and 

even skin) but are also involved in a large number of processes such as the immune response 

(antibodies), oxygen transport in the body (haemoglobin) or digestion (digestive enzymes) 

(Anses, 2021) [35]. 

The fibre content of F50 flour (3.21%) is higher than that of F40 (2.96%) and FS (2.72%). 

These three (3) flours 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 (Jansen et al., 

1999; Chene, 2003) [37,38]. Consumption of prepared flours could therefore increase gastric 

volume and provide a post-ingestive state to reach a state of satiety more quickly (Chene, 

2003; Al-Dobaib, 2009) [38,39]. Fibre generally reduces blood glucose, HDL-cholesterol, 

LDL-cholesterol and thus contributes to the reduction of coronary heart disease (Jalili et al., 

2000) [40]. 

The percentage of total carbohydrates in FS flour (84.07%) is higher than in F40 (83.41%) 

and F50 (82.56%) flours. These total carbohydrate levels are higher than those of millet 

(71.35% to 77.13%) (Ocheme et al., 2010) [41].  FS, F40, F50 flours are rich in 

carbohydrates, which are compounds that provide energy for the functioning and maintenance 

of muscle cells, brain, red blood cells and other organs, etc. (Martin, 2000; Folin, 2005; 

Fredot, 2009) [42, 43, 44]. These flours could be an important alternative source of calories 

in rural areas in case of shortage of high energy foods (Attiéké, Yam, banana etc.) commonly 

consumed by the population. Moreover, the transformation of young shoots into flour offers a 

definite advantage because of its better conservation (for the population), as this avoids its 

rapid degradation. 

The energy values of FS, F40, F50 flours vary from 366 to 369.69Kcal/100g. This energy 

value is due to the high total carbohydrate content. This value is close to that of Dioscorea 

alata yam raw and cooked for 90 min (357.65 and 370.01 Kcal/100g respectively) (Ezeocha 

and Ojimelukwe, 2012) [45]. FS, F40, F50 flours could be used partly as energy flour in 

porridges for infants and children whose energy requirements vary from 547 to 1092 Kcal/day 

(Butte, 1996) [46]. 

Table I : Physico-chemical properties of FS, F40, F50 flours 

Parameters FS F40 F50 General 

Average 

P-value 

Moisture (%) 7.17±0.15
c
 7.1±0.17

b
  6.47±0.15

a
  0.003 

pH 5.71±0.01
a
 6.07±0.01

c
 5.95±0.01

b
  0.03 

Reducing sugars 

(mg/100g) 

117.35±6.2
a
 121.19±1.4

a
 152.63±21.57

a
 130.39  0.06 

 Total sugars (%) 2.42±0.22
a
 3.36±0.44

b
 3.94±0.32

c
  0.004 



 

 

Lipids (%) 0.53±0.11
a
 0.60±0.2

b
 1.07±0.11

c
  0.009 

Proteins (%) 6.23±0.04
a
 6.65±0.35

b
 7.57±0.02

c
  0.03 

Ash (%) 2±0.2
a
 2.24±0.06

a
 2.34±0.15

a
 2.19 0.08 

Fibers (%) 2.72±0.05
a
 2.96±0.1

b
 3.21±0.01

c
  0.0004 

 Total 

carbohydrate (%) 

84.07±0.2
c
 83.41±0.6

b
 82.56±0.4

a
  0.01 

 Energy 

content(Kcal/100g) 

366±0.35
a
 365.65±1.14

a
 369.69±0.1

a
 367.11 0.06 

Per line, values followed by different superscript 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. Functional properties of FS, F40, F50 flours (Table II)  

The dispersibility (after 30 min) of F50 flour (63.63%) is higher than that of F40 (61.83%) 

and FS (60.55%) flours. The dispersibility of a flour, which is an indicator of its reconstitution 

power in water, is a useful functional parameter in the formulation of various food products 

(Mora-Escobedo et al., 1991) [47]. The dispersibility percentage of the three flours is similar 

to that of local Nigerian rice (56-66%) (Eke-Ojiofor et al., 2011) [48]. The higher the 

dispersibility percentage, the greater the ability of the flour to reconstitute in water to give a 

fine, coherent paste 

The tapped (bulk) density of F50 flour (0.75 g/ml) is higher than that of F40 (0.73g/ml) and 

FS (0.70g/ml) flours.) All these values are close to that of wheat flour (0.80 g/cm3) 

(Ijarotimi, 2012) [49]. Density is a very important parameter in that it determines the 

packaging and transport conditions of the food product (Shittu et al., 2005) [50]. 

Nutritionally, a low packed density promotes the digestibility of food products, especially in 

children because of their immature digestive systems (Nelson-Quartey et al., 2007) [51] 

The water absorption capacity of F50 flour (146.58%) is higher than that of F40 (143.70%) 

and FS (138.95%) flours. These values are lower than those of uncooked and cooked rice 

(225% and 250% respectively) (Abulude, 2004) [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 bakery products 

as it allows for thickening and increasing the viscosity of foods (Falade and Okafor, 2015) 

[53].  The high water absorption capacity of seedling flour could reflect the presence of high 

amounts of hydrophilic substances capable of improving the viscosity of various food 

products (Grah et al., 2014) [54]. This could also reflect a greater interaction between proteins 

and water in the formed system. Furthermore, the type of protein such as polar proteins would 

also increase this ability (Grah et al., 2014; Tortoe et al., 2017) [54,33]. 

Oil is more absorbed by F50 flour with a percentage of oil absorption of 128% higher than 

F40 (119.67%) and FS (118.67%) flours. These oil absorption capacities are lower than that 

of yam flour (190%) (Ukpabi, 2010) [55]. Oil absorption capacity is an important 

characteristic in fatty food formulations as it is believed to act as a flavour retention device 

and mouthfeel enhancer (Yadahally, 2011) [56]. This oil absorption capacity of flour is due 

to the existing interactions between the side chain of non-polar amino acids and the 

hydrocarbon chains of lipids (Shindhu et al., 2016) [57]. Since these flours have a high oil 

absorption capacity, they could be a good lipophilic component and therefore suitable for the 

preparation of sausages, soups and cakes (Aremu et al., 2006) [58]. 



 

 

The foaming capacity of F50 flour (25.66%) is higher than that of F40 (23.43%) and FS 

(18.17%) flours. The foaming capacity improves the texture, uniformity and appearance of the 

food (Akubor, 2007) [59]. According to Yasumatsu et al. 1972 [60], foam formation 

depends on pH, viscosity, protein and processing methods. The foaming capacity of these 

three flours is higher than that of cassava flour (13.70%) (Ubbor and Akobundu, 2009) [61]. 

Table II : Functional properties of FS, F40, F50 flours 

Parameters FS F40 F50 General 

Average 

P-value 

Dispersibility 

of flours 

after 30 min 

(%) 

60.55±3.04
a
 61.83±0.11

a
 63.63±0.006

a
 62 0.06 

 Tapped 

density 

(g/ml) 

0.70
a
 0.73

b
 0.75

c
  0.02 

water 

absorption 

capacity (%) 

138.95±0.09
a
 143.70±4.8

a
 146.58±0.37

a
 143.08  0.2 

Oil 

absorption 

capacity (%) 

118.67±4.72
a
 119.67±3.05

b
 128±2.64

c
  0.03 

 The foaming 

capacity (%) 

18.17±0.01
a
 23.43±0.76

b
 25.66±1.52

c
  0.03 

Per line, values followed by different superscript 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. Particle size of FS, F40, F50 flours (Table III)  

The results of the particle size classification made it possible to separate seven characteristic 

fractions of the three flours expressed as a percentage in Table III. All three (3) flours are 

composed of grains smaller than 1mm. In addition, 98.8% of the grains of the FS and F40 

flours and 98.9% of the grains of the F50 flour are smaller than 500 µm. These results are 

almost identical to those of Djidohokpkin (2012) [62] for fonio-soya composite flours. Our 

flour could be recommended after formulation as infant flour because according to the 

standard established on the granulometry of infant flours by the Advisory Committee of the 

PAAN project (Projet d'Appui aux Activités de Nutrition) which stipulates that infant flour 

should not contain particles larger than 500 micrometers (Tchibindat and Trèche, 1995) 

[63]. Also, 62.7%; 52.9%; 47.8% of the grains of FS, F40, F50 flours have sizes in the range 

[250 µm, 125µm]. For Djidohokpkin (2012) [62], the highest retention rate for fonio-soya 

composite flours is obtained at the 180µm sieve level while for the three flours FS, F40, F50, 

the highest retention rate is obtained at the 125µm sieve level; this means that the roast flours 

are finer than the fonio-soya composite flours.  The granulometry of flours is of major 

importance for their analysis and use. Indeed, it allows to detect the presence of foreign 

particles and to pronounce on milling problems. It plays a fundamental role in hydration, 

which is the operation of bread-making 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 (Feillet, 2000) [64]. 



 

 

 

Table III : Particle size of FS, F40, F50 flours 

         Flours 

Particle size  

FS  

 

F40 F50 

< 2mm 100% 100% 100% 

<] 2mm ,1mm] 100% 100% 100% 

] 1mm, 500µm]  1,2% 1,2% 1,1% 

] 500 µm, 250µm] 18,9% 15,3% 18,6% 

] 250 µm, 125µm] 62,7% 52,9% 47,8% 

] 125 µm, 63µm] 9,7% 15,2% 15,8% 

˂63µm 7,5% 15,4% 16,7% 

 

3.4. Antioxidants (Table IV)  

The presence of antioxidants can reflect a response to stress (scarcity of rainfall, unfavourable 

soil quality, which are associated with an increase in tannin levels) (Mebirouk-Boudechiche 

et al., 2014) [65]. Thus, depending on the efforts made by the plant to adapt to environmental 

conditions, the amount of antioxidant decreases or increases.                                            

Flavonoids can neutralise free radicals and reduce cancer risk by stopping cell growth in 

tumours (Wang et al., 2014) [66]. 

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 (Fuujiki et al., 2015; 

Xiao et al., 2015; Martin- Pelaez et al., 2013; Fraga et al., 2010 ) [67,68,69,70]. 

 

 

 

Table IV : Antioxidants of FS, F40, F50 flours  

Parameters FS F40 F50 P-value 

 

 

Antioxidants 

Polyphenols 

(mg/100g) 

243,45±0,68
a
 267,25±0.67

b
 280,44±0.93

c
 0.02 

Flavonoids 

(mg/100g) 

68,46±0.48
a
 75,15±0.086

b
 83,03±0.16

c
 4.49*10

-9
 



 

 

Tannins 

(mg/100g) 

45,47±0.69
a
 54,13±0.26

b
 59±0.73

c
 4.56*10-7 

Per line, values followed by different superscript 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. Minerals (Table V) 

The results of this study showed the presence of minerals in young shoots flours. Some of 

them were affected by the drying temperature. Indeed, the mineral contents increased with 

temperature. This increase in the mineral content of the young shoots flours would be due to 

the effect of the heat. This can be explained by the fact that certain anti-nutritional factors 

interfere with the availability of minerals by complexing them in their structure, as suggested 

by Alonso et al, (2001) [71] and Anigo et al, (2009) [72]. The degradation of these anti-

nutritional factors by heat releases these minerals into the matrix (Ewald et al., 1999) [73]. 

The sodium content of roasted sapling flours increases with temperature (0.04 to 0.11 ppm). 

This result is lower than that reported for breadfruit (Artocarpus altilis) from Ghana (690ppm 

DM) (Polycarp et al., 2012) [74]. Sodium plays an important physiological role in humans at 

several levels as it participates in the control of the volume of the extracellular medium 

(which refers to the fluid balance) of the body, maintenance of the electrochemical gradient of 

cells, transmission of nerve impulses, muscle contraction, intestinal absorption of some 

nutrients (Alexandra Retion, 2022) [75]. With its low sodium content, the flour of young 

roasted shoots could be used as food without fear of health risks for people with high blood 

pressure. 

Potassium is a mineral that increases cardiovascular well-being and is recommended for the 

prevention of certain complications of myocardial infarction (Kannel, 1997; Chow, 2009) 

[76,77]. Its content varies from 0.07 to 0.18 ppm. This content is much lower than that of 

Artocarpus altilis flour (7045 to 8706 ppm) (Oulai, 2014) [27].                                                                                                                  

Regarding phosphorus, the results showed that the content which was 0.02 ppm for FS flour 

did not increase for F40 (0.02 ppm) and F50 (0.02 ppm) flours. These levels are lower than 

that of uncooked Colocasia esculenta (208 ppm DM) (Lewu et al., 2010) [78]. The calcium 

content of the three flours also did not vary with temperature (0.11 to 0.12 ppm). These levels 

are lower than those of cooked Hibiscus sabdariffa seeds (740 ppm) (Yagoub et al., 2008) 

[79]. 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 (Bonithon-

Kopp et al, 2000) [80].  Iron plays an important role in the human body. The haemoglobin 

present 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 (Eric Favre, 2022) [81]. Iron deficiency anaemia 

affects one third of the world's population. However, excessive iron intake causes colorectal 

cancer (Senesse et al., 2004) [82]. The iron contents of our flours (0.04 to 0.06 ppm) are 

lower than that of sweet potato flour (10.97 ppm) revealed by Ofori et al., 2016 [83]. The 

iron values of the three flours are below the limit of 15 ppm set by WHO as the limit of iron 

in food (WHO 1982) [84]. 

 

Table V : Minerals of FS, F40, F50 flours  



 

 

Parameters FS F40 F50 General 

average 

P-value 

Sodium (ppm) 0.04±0.001
a
 0.07±0.004

b
 0.11±0.004

c
  0,000 

Phosphorus 

(ppm) 

0.02±0.005
a
 0.02±0.006

a
 0.02±0.003

a
 0.02 0,892 

Potassium 

(ppm) 

0.07±0.009
a
 0.12±0.004

b
 0.18±0.001

c
  0,000 

Calcium (ppm) 0.11±0.007
a
 0.11±0.006

a
 0.12±0.003

a
 0.11 0,082 

Iron (ppm) 0.04±0.006
a
 0.06±0.006

b
 0.07±0.003

b
  0,002 

Per line, values followed by different superscript 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 

                                                        

  CONCLUSION AND PERSPECTIVES 

With the exception of moisture, which is high for FS flour, and pH, which is higher for F40 

flour, all other parameters increase in the flour with increasing temperature. This is because 

sun-drying exposes the flax to moisture in the air; the higher the temperature, the more 

concentrated the various parameters are in the flour. The young shoot of  roan  is a tuber, 

which makes it a potential staple food 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 are a good 

source of carbohydrate and could therefore be useful for energy purposes. The low moisture 

content of the three (3) flours (< 8%) would allow the flours to be stored for a long time. All 

flours contain fibre and minerals that are beneficial to the health of the population.  The 

functional properties of the flours, i.e. dispersibility, packed density, water absorption 

capacity, oil absorption capacity and foaming capacity, suggest that the flours from young  

shoots would be suitable for use in food formulations (infant porridges, pastries, cakes, etc.) 

for which these different properties are required                                

 In perspective, it would be important to carry out the following research  

-Study the different properties of flours made from roasted sapling flour with other flours.  

 -To propose a feed formulation 

 

REFERENCES  

[1]Mollet M. (1999). L’utilisation durable des palmiers Borassus aethiopum, Elaeis 

guineensis et Raphia hookeri pour l’extraction de vin de palme en Côte d’Ivoire. Deutsche 

Gesellschaft für Technische Zusammenarbeit (GTZ) GmbH Postfach 5180, D-65726 

Eschborn République fédérale d'Allemagne.                                                                                                                                                                                 

[2] Ali A., Alhadji D., Tchiegang C. & Saïdou C., 2010. Physico-chemical properties of 

palmyra palm (Borassus aethiopum mart.) fruits from Northern Cameroon. Afri. J. Foods Sci. 

4,115-119.                                                                                                                                                                                

[3] Ouinsavie C., Gbemevo C., Sepko N., (2011). Ecological structure and fruit production 

of Africa fan palm (of Borassus aethiopium) population. Amer. J. plant sci 2. pp 733-743.                          

[4] Waziri, M.; Akinniyi, J.A. ; Salako, A.A., 2010. Toxicity of Acetone Extract of 

Muruchi, the shoot of Borassus aethiopum mart. Eur. J. Sci. Res. 4 1, 6-12. 

  [5] Akinniyi, JA., Waziri,M. and Usman, H.S. (2000). study of the androgen contenty of 

barassusaethiopum mart. Unimaid research  report. pp.20-28.  



 

 

 [6] Sanon, M.D. & Sakande M. (2007). Borasssus aethiopum Mart. Release Seed leaflet no. 

120. Forest and Jandscape, Horsholm, Denmark. Available at http:// en.sl.life.ku.dk / upload / 

120net.pdf 

[7] Waziri, M.; Akinniyi, J.A. & Chide, M.A., 2011. Elemental composition of Dalang . A 

food condiment from evaporatted extract of Borassus aethiopum fruit ash. Am. J. Food. Nutr., 

1 : 123-125. 

[8] Sakande J., kaba E., lampo M., Pale E., Niamké J.B., Noucoulma D.G., sawadogo M., 

et Guissore J.P. (2013). Anty-inflammatory and oxidant activies of a fraction 11 of male 

inflorenscence of borassus aethiopum Mart (Arecacea), Amer. J. biochem. Mol. Bio, 3. pp 

101-109. 

[9] Davis T.A. et johson D. V (1987). Curent utilization and futher development of the 

palmyrah palm (Bossasus flabellifer L) in tadu nade state indai Eco. Bot. 41(2) 247-266 

[10] Ajavon A. Y. C. (2019). Importances socio-economiques de la production des 

hypocotyles du ronier (borassus aethiopum mart.) dans la commune de save au centre du 

benin (afrique de l’ouest) statisticien economiste. Revue ivoirienne de geographie numeros 

special janvier 2019 ; ISSN, pp. 2125-2125. 

[11] Niamke A.M. (2014). Contribution de la valorisation de la jeune pousse de ronier 

(Borassus Aethiopium Mart.) de Didievi : Proprieté physico-chimiques, hydrolyse 

enzymatique et acide de la farine, de la pâte fraiche et de l’amidon.  Thèse de doctorat, Cote 

D’ivoire. 168p 

[12] AOAC (1990). Official methods of analysis of the AOAC, 15th Edition, Methods 

932.06, 925.09, 985.29, 923.03. Association of official analytical chemists. Arlington, VA, 

USA  

[13] Agbo NG, Uebersax M, Hosfield G. (1986). An efficient extraction technique of sugars 

from dry edible beans (Phaseolus vulgaris) and estimation in HPLC, National University, 

Côte d’Ivoire. Annals series C (sciences) Tome XXI; pp.169-184 

[14] Dubois M, Gilles KA, Hamilton JK, Rebers PA, Smith F. (1956). Colorimetric 

method for determination of sugar and related substances. Anal. Chem.; 28: pp.350-356. 

[15] Bernfeld P. (1955). Amylase bêta and alpha (assay method), in methods in enzymelogy, 

Ed., Academic Press, New-York, USA.; pp.149-154. 

[16] AFNOR. (1986). Collection of French standards. Quality control of dairy products. 

AFNOR, Paris – la defense; 1986 

[17] Wolff JP. (1968) Fat analysis manual. Azoulayed. Paris (France).;519. 

[18] FAO (2002). Report of the International Rice commission. Vingtième session, 23-26 

Juillet 2002, Bangkok, Thaïlande. 

[19] Kulkani K. D., Kulkari D. N. et Ingle U.M. (1991). Sorghum malt-based weaning 

formulation. Preparetion, functional properties, and nuctrive value. Food and nutrition 

buelletin 13 : pp. 322-327.  

[20] Oladele A.K. et Aina J.O. (2007). Chemical composition and functional properies of 

winged bean flours produced from two varieties of tigernut (cyperus exculentus). African 

journal of biotechnology 6: pp.2473-2476. 



 

 

[21] Phillips R.D., Chinnan M.S, Branch A.I., Miller J. et Mewatters K.H. (1998). Effect 

of pre-treatment on functional and nutritional properties of cowpea meal journal of food 

sciences 53: 805-809 

[22] Eke O.S. et Okobundu E.N.T. (1993). Functional properties of african yam bean 

(sphenostylis stenocarpa) seed flour as affected by processing. Food chemical 48: pp.337-340 

[23] Coffman C.W.L., et Garcia V.C. (1977). Rheology of soy protein and amino acid of a 

protein isolate from mungbean gelation. Cereal chemistry 41: pp.473-484 

[24] Singleton VL, Orthofer R & Lamuala-RRM (1999). Analysis of total phenols and 

other oxidation substrates and antioxidants by means of Folin-Ciocalteu reagent. Methods 

Enzymol. 299: 152-178.  

[25] Bainbridge Z, Tomlins K, Willings K & Westby A (1996). Methods for assessing 

quality characteristics of non-grain starch-staple. Part 4 Advanced methods. National 

ressources institute, University of Greenwish, UK ISBN 0-85954- 400-, 43-79.  

[26] 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: 571-577.  

[27] Oulaï S.F., 2014. Paramètres biochimiques et physic-fonctionnels des farines et des 

amidons du fruit à pain (Artocarpus altilis). Thèse. Université Nangui Abrogoua.160p 

[28] CAC, (1985). Codex Standard for Wheat Flour: Codex Stan 152-1985. Codex 

Alimentarius Commission. Italy: CAC Press. 

[29] Aguilera J.M., Del Valle J.M. and Karel M. (1995). Caking phenomenon in 

amorphosus food powders. Trends in Food Sciences Technology 6: pp.149-155. 

[30] Aryee F.N.A., Oduro I., Ellis W.O. et afuakwa J.J., (2006). The physicochemical 

properties of flour samples from the roots of 31 varieties of cassava. Food control 17: pp. 916-

922. 

[31] Yetunde Ezinwanyi Alozie, Mary Arikpo Iyam, Olajumoke Lawal Ukpong Udofia 

et Ime Franklin Ani, (2009). Utilisation of Bambara Groundnut flour blends in bread 

production, J Food Technol 7 (4) pp111-114. 

[32] Alozie Ye, Lyam Ma, Lawal O., Udofia U., Ani If. (2009). Utilization of Bambara 

ground flour blends in bread production. In J Food Technol. 7(4), 2009, pp.111-114. 

[33] Tortoe, C., Akonor, PT, Koch, K., Menzel, C. and Adofo, K. (2017).  

Physicochemical and functional properties of flour from twelve varieties of Ghanaian sweet 

potatoes. Inter Food Res J. 24(6): pp.2549-2556 

[34] Gutap V. et Nagar R. (2008). Physicochemical and acceptability of rabadi (a fermented 

soya flour product) as affected by coocking and fermentation time. International Journal of F 

and Food Sciences and Tech nology 43 : pp.939-943. 

[35] Anses, 2021. Rôle des lipides et des proteines. Anses.fr 

[36] Anuonye J.C., Jigam A.A. et Ndeceko G.M. (2012). Effects of Extrusion-Cooking of 

the Nutrient and Anti-Nutrient Composition of Pigeon Pea and Unripe Plantain Blends. 

Journal of Applied Pharmaceutical Science  02 : pp. 158-162. 



 

 

[37] Jansen MC, Buenode MHB, Buzina R, Fidenza F, Menotti A, Blackburn H, Nissinen 

AM, Kok FJ & Kromhout D (1999). Dietary fiber and plant foods in relation to colectoral 

cancer mortality: the seven countries study. Int. J. cancer. 81: 174-179.                                 

[38] Chene C (2003). Journal de l’ADRIANOR Agro-jonction n°33. Septembre-octobre 2003. 

Les fibres alimentaires pp.1-8  

[39] Al Dobaib N (2009). Effect of diets on growth, digestibility, carcass and meat quality 

characteristics of four rabbits breeds. Sandi J. Biol. Sci. 17: 83-93. 

[40] Jalili T., Wildamn R.F.C., Medeiros D.M. (2000). Nutraceutical roles of dietary fiber. 

J.Nutri.Funct.and Med.Foods. 2, pp.19-34. 

[41] Ocheme O.B.,Oludamilola O.O. et Gladys M.E. (2010). Effect of lime soaking and 

cooking (nixtamalization) on the proximate, functional and some anti-nutritional properties of 

millet flour. Assumption University Journal of Technology  14 : pp.210-216. 

[42] Martin, A. (2000). Apports nutritionnels conseillés pour la population française. Tec et 

Doc Lavoisier. CNERNA-CNRS. 3e édition, 658p. 

[43] Folin, J. (2005). L’encyclopédie visuelle des aliments. Edition du Chariot d’Or, 6 8 8 p. 

[44] Fredot, E. (2009). Connaissance des aliments. Bases alimentaires et nutritionnelles de la 

diététique. Coll. BTS Diététique. Tec et Doc. 

[45] Ezeocha V.C et Ojimelukwe P.C. (2012). The impact of cooking on the proximate 

composition and anti_nutritional factors of water yam (Dioscorea alata). Journal of shored  

Products and Postharvest Research 3 : pp.172-176.  

[46] Butte N. F. (1996). Energy requirement of ints European journal of clinical nutrition 50 

24.36 

[47] Mora-escobedo R., Lopez O.P. et Lopez G.F.G. (1991). Effect of germination on the 

rheogical and functional properties of amaranth sedes. Lebensmittel wissenschft and 

Tecnologie 24 (3): pp 241-244 

[48] Eke-Ojiofor J., Barber I.I. et Kiin –Kabari D.B. (2011). Effect of pre-boiling  on the 

chemical, functional, and pasting properties of rice. Journal of Agriculture and Biological 

Sciences 2 : pp.214-219. 

[49] Ijarotimi O.S. (2012). Influence of germination and fermentation on chemical 

composition, protein quality and physical properties  of wheat flour (Triticum aestivum). 

Journal of cereals and oil seeds 3 : pp.35-47. 

[50] Shittu T.A, Sanni I.O., Awonorin S.O., Maziya-Dixon B. et Dixon A. (2005). Use of 

multivariate techniques in studing flour making  characteristics of some cassava Mosaic 

Desease  resistant cassava clone. African Crop Science Conference Proccedings 7 : pp.621-

630. 

[51] Nelson-Quartey F.C., Amagloh F.K, Oduro I. et Ellis WO. (2007). Formulation of an 

infant food  based on breadfruit (Artocarpus altilis)  and brednut (Artocarpus camansi). Acta 

Horticultura (ISHS) 757 : pp.212-224. 

[52] Abulude F.O. (2004). Effcets of processing  on nutritional composition, phytate and 

functional properties of rice (Oriza sativa) four. Nigerian Food Journal 22 : pp. 97-104. 



 

 

[53] Falade, Kolawole O. et Okafor, Chidinma A (2015). Physical, functional, and pasting 

properties of flours from corms of two Cocoyam (Colocasia esculenta and Xanthosoma 

sagittifolium) cultivars. J Food Sci Technol 2015 Jun; 52(6): pp.3440–3448. 

[54] Grah Avit Maxwell Beugre1, Beda Marcel Yapo, Sika Hortense Blei, Dago Gnakri. 

(2014). Effect of Fermentation Time on the Physico-Chemical Properties of Maize Flour. 

Inter J  Res Studies Bios (IJRSB) 2(8): pp.30-38. 

[55] Ukpabi U.J. (2010). Farmstead Bread making potential of lesser yam (Dioscorea 

esculenta) flour in Nigeria. Australian Journal of Crop Science 4 : pp.68-73. 

[56] Yadahally N. Sreerama ⇑, Vadakkoot B. Sashikala, Vishwas M. Pratape, Vasudeva 

Singh. (2011). Nutrients and antinutrients in cowpea and horse gram flours in comparison to 

chickpea flour: Evaluation of their flour functionality. Food Chem. 131 (2012) 462–468. 

[57]  Shindhu Ritu, Bhupendar Singh Khatkar, 2016. Physicochemical and functional 

Properties of Starch of flour of Tartary Buckweat (F. Tataricum) Grains. International 

Journal of Engineering Research &Technology (IJERT). Volume 05, Issue 06 (June 2016), 

http://dx.doi.org/10.17577/IJERTV5IS060432 

 

[58] Aremu M.O., Olonisakin A., Atolaye B.O. et Ogbu C.E. (2006). Some nutritional and 

functional studies of Prosopis africana.Electronic Journal of Environmental, Agricultural and 

Food Chemistry 5: pp.1640-1648. 

[59] Akubor P.I. (2007). Chemical, Functional and cookie baking properties of 

soybean/maize flour blends. Journal Food Sciences and Technology 44 : pp. 619-622. 

[60] Yasumatsu K., Sawada K., Moritaka S., Mikasi M., Toda J.,Wada T., Ishi K. 

(1972). Whipping and emulsifying properties of soybean products. Agricultural and 

Biological Chemistry 36 :PP. 719-727. 

[61] Ubbor S.C. et Akobundu E.N.T. (2009). Quality Characteristics of cookies from  

Composite flours of Watermelon Seed . Cassava and Wheat. Pakistan Journal of Nutrition 8 : 

pp.1097-1102. 

[62] Djidohokpin M. E., 2012. Aptitude des deux variétés de Fonio à la formulation 

d’aliment de complement. Mémoire. Université d'’bomey-Calavi. 85p   

[63] Tchibindat F., Trèche S., 1995. Vitafort : Une farine infantile de haute densité 

énergétique au Congo. In, Trèche S., de Benoit B., Benbouzid D. et Delpeuch F. 

L’alimentation de complément du jeune enfant. ORSTOM. Paris, France, 177-188. 

[64] Feillet P. (2000). Les grains de blé, composition et utilisation. INRA. Paris. 308p. 

[65] Mebirouk-Boudechiche L., Cherif M., Boudechiche L. et Sammar F. 2014. Teneurs 

en composés primaires et secondaires des feuilles d'arbustes fourragers de la région humide 

d'Algérie. Revue de Médecine Vétérinaire, 165, 11-12, 344-352. 

[66] Wang S, Moustaid-Moussa N, Chen L, Mo H, Shastri A, Su R. Nouveaux aperçus des 

polyphénols alimentaires et de l'obésité. J Nutr Biochem. (2014) 25 :1-18.                                                                                                                                

 

[67]  Fujiki H, Sueoka E, Watanabe T, Suganuma M. Prévention primaire du cancer par le 

thé vert et prévention tertiaire du cancer par la combinaison de catéchines de thé vert et de 

composés anticancéreux . J Cancer Préc. (2015) 20 :1-4.  

http://dx.doi.org/10.17577/IJERTV5IS060432


 

 

[68] Xiao JB, Hogger P. Polyphénols alimentaires et diabète de type 2 : perspectives 

actuelles et perspectives d'avenir . Curr Med Chem . (2015) 22 :23-38 

[69] Martin-Pelaez S, Covas M, Fito M, Kusar A, Pravst I. Effets sur la santé des 

polyphénols de l'huile d'olive : avancées récentes et possibilités d'utilisation des allégations de 

santé . Mol Nutr Food Res . (2013) 57 : 760-771. 

[70]  Fraga CG, Galleano M, Verstraeten SV, Oteiza I. Mécanismes biochimiques de base 

derrière les bienfaits des polyphénols pour la santé . Mol Aspects Med. (2010) 31 :435–445. 

[71] Alonso R., Rubio L.A., Muzquiz M. et Marzo F., 2001.The effect of extrusion cooking 

on mineral bioavaibility in pea and kidney bean seed meals. Animal Feed Sciences and 

Technology 94: 1-13. 

[72] Anigo L.A., Ameh D. A., Ibrahim S. et Danbauchi S.S. (2009). Nutrient composition 

of commonly used complementary foods in north western Nigeria. African Journal of 

Biotechnologie 8 : 4211-4216 

[73] Ewald C., Fjelkner-Modig S., Johansson K., Sjoholm L. et Akesson B. (1999). Effect 

of  processing on major flavonoids in processed onions, greenbeans and peas. Food Chemistry 

64 : 231-235. 

[74] PolycarpD., Afoakwa E.O.,Budu A.S. et Otoo E. (2012).Characterization of chemical 

composition and anti-nutritional factors in seven species within the Ghanaian yam 

(Dioscorea) germplasm. International Food Research Journal 19: 985-992 

[75] Alexandra Retion, 2022.  https://www.femmeactuelle.fr/sante/alimentation-

equilibree/sodium-quel-est-son-role-dans-lorganisme-2097588   Consulté le 18/05/2022 

[76] Kannel W.B., (1997). Hazards risks and threat of heart disease from the early stages to 

symptomatic coronary heart disease and cardiac failure. Cardiovasc. Drugs and ther. 1 1 : 

199-212 

[77] Chow, R., 2009. Potassium-sodium ratios is crucial for heart health. http://w w w 

.naturalnew s.com /025820 so d iu m p o tassiu m h ea lth .h tm / 05/05/2013 

[78] Lewu M.N., Adebola P.O.et Afolayan P.J. (2010). Effect of cooking on the mineral 

contents and anti-nutrtional factors in seven accessions of colocasia esculenta (L.)Shott 

growing in South Africa. Journal of Food Composition and Analysis 23 : 389-393 

[79] Yagoub A.E.G.A., Mohammed A.M. et Asma A.A.B. (2008). Effect of Soaking, 

Sprouting and Cooking on Chemical composition. Bioavailability of minerals and in vitro 

Protein Digestibility of Roselle (Hibiscus sabdariffa L.) Seed. Pakistan Journal of Nutrition 

7:50-56. 

[80] Bonithon-Kopp C, Kronborg O, Giacosa A, Rath U, Faivre J. 2000.Calcium and 

fiber supplementation in prevention of colorectal adenoma recurrence: a randomized 

intervention trial. The Lancet. 356,1300-1306. 

[81] Eric Favre, 2022. Nutrition expert.  https://www.ericfavre.com/lifestyle/fer/    consulté 

le 18/05/2022 

[82] Senesse P, Meance S, Cottet V, Faivre J, Boutron-Ruault MC (2004). High dietary 

iron and copper and risk of colorectal cancer: a case –control study in Burgundy, France. Nutr 

Cancer. 2004;49:66–71. 

https://www.femmeactuelle.fr/sante/alimentation-equilibree/sodium-quel-est-son-role-dans-lorganisme-2097588
https://www.femmeactuelle.fr/sante/alimentation-equilibree/sodium-quel-est-son-role-dans-lorganisme-2097588
https://www.ericfavre.com/lifestyle/fer/


 

 

[83] Ofori* Hayford , Charles Tortoe, Paa Toah Akonor and Jonathan Ampah, 2016. 

Trace metal and aflatoxin concentrations in some processed cereal and root and tuber flour. . 

International Journal of Food Contamination (2016) 3:15 DOI 10.1186/s40550-016-0038-2 

[84] Organisation Mondiale de la Santé (OMS), 1982. Evaluation of Certain Foods 

Additives and Contaminants (Twenty-Six Report of the Joint FAO/WHO Expert Committee 

on Food Additives). WHO Technical Report series, No. 683, Geneva; 1982. 

 
 

 

                                                                                                                                         

 

 

                                                                                                                                                                                                                                                                                                                                

 

                                                                                                                                             

 

 

 

 

 


