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Abstract  

 

Flours were prepared from seven cassava varieties (Agbablé3, Bonoua2, Bondoukou4, Boufouh3, Boufouh4, 

Soclopouopo3, Totoba2) evaluated for their physicochemical properties. The physicochemical parameters of the seven 

varieties show significant differences (p <0.05). The results showed that moisture content of flours ranged from 

10.88±0.02 (Bonoua2) to 12.92±0.31% (Agbaglé3), starch from 28.71±0.34 (Socloppouopo3) to 44.06±0.56% (Totoba2) 

carbohydrates from 92.70 ±0.05% (Totoba2) to 94.72±0.27 (Bonoua2), organic matter from 85.3±0.27 (Totoba2) to 

87.4±0.18% (Bondoukou4), and energy value from 347.56±0.03 (Agbable3) to 361.95±0.01 to kcal/100g (Bonoua2). 

Physicochemical parameters at low content are the protein ranging from 1.37±0.14 (Soclopouopo3 and Boufouh4) to 

2.23±0.13% (Boufouh3), lipids from 0.77±0.03 (Bonoua2) to 1.29±0.11(Boufouh4), ash from 1.29±0.1(Agbablé3) to 

2.62±0.01 (Soclopouopo3), fibers from 1.03±0.24 (Soclopouopo3) to 1.08±0.06% (Boufouh3 and 4) and total sugar from 

1.30±0.04(Soclopouopo3)-3.35±0.05(Bonoua2). The most dominant minerals are potassium, calcium and phosphorus 

whose content are respectively 328±0.1 (Totoba2) to 1207 mg/100g (Bondoukou4), 82±0.01 (Boufouh4) to 338±0.26 

mg/100g (Bonoua2) and from 20±0.05 (Totoba2) to 100±0.41 mg/100g (Bonoua2). From the data obtained it can be 

concluded that cassava varieties should not be abandoned because of poor cooking quality and high cyanogenic potential. 

These varieties could be used for other purposes such as starch production, glucose, adhesives, fuel alcohol, animal feed 

and other industrial Uses. 
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INTRODUCTION 
The cassava (Manihot esculenta Crantz) is a 

perennial of the dicotyledonous family Euphorbiaceae 

cultivated mainly in the tropic and sub-tropic regions of 

the world, over a wide range of environmental and soil 

conditions [1]. Cassava is a staple food in many 

countries of Africa, Asia, Latin America and the 

Caribbean. This crop has great social value and cultural 

identity. Therefore, cassava plays an important role in 

food security and nutrition being a source of income for 

producers, processors and trades contributing 

substantially to poverty alleviation [2]. The cassava is 

an important component in the diets of more than 800 

million people around the world [3] and is the third 

largest carbohydrate food source within the tropical 

regions, after rice and corn [4]. In some countries, 

cassava is consumed daily and sometimes more than 

once a day [5]. Cassava was found to be the cheapest 

source of calories among all food crops [6]. It is 

estimated to provide over 12% of the daily per capita 

calorie needs for the people of SubSaharan Africa [7]. 

Cassava is mainly grown by small producers, who use it 

for self-consumption, feed animals and generate income 

by selling in different markets [8]. 

 

World production is estimated at 278.7 million 

tonnes, of which Nigeria is the world's largest producer 

with 54.832 million tonnes, or 20.3% of world 

production [7]. In Côte d’Ivoire, cassava is grown on 

about 4/5 of the national territory and is the major food 

crop after yam [9]. Farmers in Africa grow several 

cassava varieties included local varieties and improved 

ones. The proximate composition and the mineral 

profiles of some improved cassava roots have been 

assessed [10, 11]. Starch of cassava is also used in the 

textile, paper, metallurgy, pharmacy, and plastic 

industries [12]. In Côte d'Ivoire, several meals (placali, 
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kongondé, bédèkouma, gari, etc.) were obtained from 

cassava roots [13].  According to the FAOSTAT [7], 

this food has the potential to become the raw material 

base for a number of processed products. However, the 

utilization and efficient commercialization of cassava 

are affected by its short shelf-life due to a rapid 

postharvest physiological deterioration process, which 

renders the root unpalatable within 48 hours of harvest 

and the presence of cyanogenic compounds in its roots 

requires treatment just after harvest [14]. One of the 

best ways to preserve them is to turn them into flour 

and / or starch [15]. 

 

Cassava flour is used for production of foods 

such as noodles, breakfast cereals, cookies, breads, 

cakes, pastries, muffins and doughnuts [16]. In order to 

be widely accepted by the food industry, cassava flour 

needs to meet the high quality requirements in terms of 

physicochemical characteristics, microbial safety and 

cyanogenic glucoside content. However, the success of 

completely or partially useding cassava flour in bakery 

and other applications could be better achieved if the 

cassava flour is adequately characterized in terms of its 

physicochemical and functional behavior.  

 

The aim of this study was therefore to examine 

the physicochemical of flours from seven varieties 

(Bonoua2, Boufouh3, Boufouh4, Bondoukou4, 

Agbablé3, Soclopouopo3 and Totoba2) of cassava in 

order to suggest their suitable usages. It is also expected 

that the database obtained will served as a guide for 

future research. 

 

MATERIALS AND METHODS 
Raw materials 

The roots of seven new improved cassava 

(Agbablé3, Bonoua2, Boufouh3, Boufouh4, 

Bondoukou4, Soclopouopo3 and Totoba2) of twelve 

month sold were harvested from CNRA (National 

Center for Agronomic Research) experimental plot 

(Bouake, Côte d’Ivoire). Roots were put in coolers to 

preserve their fresh state, they were transported to the 

Laboratory of Biochemistry and Food Technology of 

University of Nangui Abrogoua (Abidjan, Côte 

d’Ivoire) where study was conducted. 

 

Flour sample preparation 

Fresh roots were peeled manually and cut into 

small pieces with a inox knife. The pieces obtained 

were washed and dried in an oven at 45 °C for 48 

hours. Dry pieceswere crushed and sieved to obtain the 

raw cassava flour that has been used for various 

analyzes. 

 

Physicochemical analyses  

The following analyses were conducted to 

characterize the flours of seven improved cassava 

varieties. Moisture, ash, starch, protein and lipid 

contents were evaluated using BIPEA [17] methods. 

Titratable acidity and pH were determined according to 

method described by Dufour et al. [18]. Cyanide and 

total sugar contents were carried out following FAO 

[19] and Dubois et al. [20] methods respectively. Total 

carbohydrate contents were evaluated using method 

described by Bertrand [21]. Caloric energy was 

calculated according to Atwater general factor system 

[7]. The system uses a single factor for each of the 

energy-yielding substrates (protein, fat, carbohydrate) 

regardless of the food in which it is found. The energy 

values are 4.0 kcal/g for protein, 9.0 kcal/g for fat and 

4.0 kcal/g for carbohydrates. Minerals such as calcium 

(Ca), sodium (Na); magnesium (Mg), potassium (K), 

manganese (Mn), zinc (Zn), iron (Fe) and phosphorus 

(P) were quantified by Atomic Absorption 

Spectrometer (Varian AA 20, Australia) and 

Spectrophotometer (UV/Visible Jasco V 530i) 

respectively, after digestion of samples following IITA 

[22] method. The Ca/P ratio was evaluated by 

calculation. 

 

STATISTICAL ANALYSIS 
All analyses were performed in triplicates. 

Results were expressed by means of ± SD. Statistical 

significance was established using Analysis of Variance 

(ANOVA) models to estimate the functional properties 

of cassava flours. Means were separated according to 

Duncan’s multiple range analysis (p#0.05), with the 

help of the software Statistica (StatSoft Inc, Tulsa USA 

Headquarters) [23]. 

 

RESULTS AND DISCUSSION 
Physicochemical composition 

Physicochemical composition of flours from 

seven improved varieties cassava is presented in table 1. 

Moisture content of cassava flours varied from 

10.79±0.03 (Soclopouopo3) to 12.92±0.31% 

(Agbablé3). Moisture content of flours cassava from 

Soclopouopo3, Bondoukou4 and Bonoua2 varieties is 

statistically identical to the 5% threshold. 

Physicochemical composition revealed that cassava 

flours of seven varieties assessed had low moisture 

content. The moisture content of cassava flours is found 

to be 11-16.5 % [24]. The values recorded in this study 

were within this range. Besides, statistical analyses 

revealed that there was no significant difference 

(p<0.05) between the moisture content of the flours 

evaluated. Moisture content is an index of storage of the 

flours. Flours moisture contents (10.79±0.03 % to 

12.92±0.31%) less than 14 % can resist microbial 

growth and contribute to best storage of the flours 

cassava more than six months [24]. These results were 

similar with the findings of Charles et al. [25] who 

reported that the moisture content of cassava flour was 

9.2 to 12.3 %. Indeed, a relationship between the 

moisture content of foods and the proliferation of 

microorganisms that cause deterioration has been 

mentioned [26]. 

 

Protein content of flours seven varieties ranged 

from 1.37±0.14% (Soclopouopo3 and Boufouh3) to 
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2.23±0.13% (Boufouh4). Protein contents of 

Bondoukou4, Bonoua2, Soclopouopo3 and Boufouh3 

flours are statistically identical (p <0.05), as are the 

flours Totoba2 and Boufouh4 varieties. Crude proteins 

content range between 1.37 to 2.23 %. In addition, there 

was no significant difference (p>0.05) between the 

protein values recorded in the flours cassava, whatever 

the varieties. It is well-known that cassava roots from 

varieties have low protein content [27]. The results 

obtained in this study confirmed this statement. The 

protein value reported in some improved cassava 

varieties was much higher than those recorded in the 

present study. The proteins content was similar with the 

findings of Stupak et al. [28] on cassava (1 to 3 %) and 

lower compared to six flours taro from Cameroon (2.9 

and 4.6 %) [29]. The variation of protein content could 

be due to maturation of the seeds and environmental 

conditions [4]. 

 

Fat content of flours ranged from 0.77±0.03 

(Bonoua2) to 1.29±0.11 % (Boufouh4). Fat contents 

recorded in the present study varied significantly 

(p<0.05) between the flours cassava varieties. The 

highest value was recorded in Boufouh4 flour while the 

lowest one was in Bonoua2 flour variety. The relatively 

high fat content of flour from Boufouh 4 cultivar could 

be due to the presence of carotenoid compounds at 

relevant level than the other cultivars. Despite this 

significant difference, all the values of fat were low. It 

is well-know that cassava roots have low lipid content 

[26]. The fat contents of the flours seven varieties of 

cassava ranging from 0.77 to 1.29% are higher than 

those reported by Gomes et al. [30] and who obtained 

0.1% and 0.1% at 0.4% respectively.  

 

pH values of cassava flours varied from 

5.83±0.01 (Totoba2) to 6.52±0.3 (Soclopouopo3),  

titratable acidity ranged from 3.3 ± 0.01 (Boufouh3) to 

5.16 ± 0.02 meq/100 g (Soclopouopo3). pH values of  

Bonoua2 and Totoba2 flours  varieties are identical (p 

<0.05) . The pH was higher in cassava flours and 

ranged between 5.83 and 6.52, which was acceptable 

according to the quality requirements [31]. The pH is a 

good quality indicator for cassava flour since flour with 

a pH of 4 or less will have a characteristic sour aroma 

and taste due to fermentation, which is not desirable for 

use in bakery products [31]. The analyses of variance 

showed that the pH values of cassava roots varied 

significantly (p<0.05) from a cultivar to another. 

Despite the significant difference between the pH 

values, all of the roots assessed were low-acid foods 

(pH>4.5). 

 

Ash content of flours varied from 1.29 ± 0.15 

(Agbablé3) to 2.62±0.08 % (Soclopouo3). Ash content 

of the different flours cassava varieties (1.29±0.15
 
to 

2.62±0.08 %) may be considered as good sources of 

minerals compared to cereals and tubers values (2–10 

%) [3]. The ash content of improved cassava variety 

was found to be 0.92-2.6 % on dry matter basis [11]. In 

this study, the values recorded were close to this range. 

 

Total sugar contents of cassava flours ranged 

from 1.3 ± 0.04 (Soclopouopo3) to 3.35 ± 0.05% 

(Bonoua2), cyanide contents varied from 0.096 ± 0.04 

(Boufouh3) to 0.152 ± 0.06 mg/100g (Bondoukou4). 

The total sugar content of flours cassava varied 

significantly (p<0.05) from a flour to a flour. The 

lowest value belongs to flour of Soclopouopo3 variety 

this result would be due bitter taste of this variety of 

cassava. Unfortunately, all the values of total sugar 

were low. The total sugar contents recorded in this 

study were much lower than those reported by 

Assemand et al. [32]. These authors found in the fruits 

plantain agnrin, values ranging from 4.92 to 29.97 % on 

fresh matter basis. 

 

The crudes fibers content varied 

from1.03±0.24 (Soclopouopo3) to 1.08±0.06 % 

(Boufouh3 and 4) in the flours seven cassava varieties 

would be advantageous for their active role in the 

regulation of intestinal transit [33, 34]. These contents 

are low compared to the roots cassava studied by 

Ebuehi et al. [30]. All the values of fibers content were 

low; therefore, the consumption of the flours cassava 

can know may be advantageous since high fibers 

content of foods help in digestion, prevention of colon 

cancer and in the treatment of diseases such as obesity, 

diabetes and gastrointestinal disorders [35]. 

 

According to the cyanide contents of flours 

cassava evaluated, the analysis of variance revealed that 

there was no significant difference (p<0.05) between 

the values recorded. The cyanide content of flours 

cassava were lowest (less than 50 mg/kg) is an 

indication of non-toxicity. This kind of flours could be 

used either in Child's food preparation that needs slight 

transformation, or in of foods such as breakfast cereals, 

cookies, breads, cakes, pastries production. The cyanide 

content was significantly reduced compared to cyanide 

content in fresh roots (4.72±0.008 and 9.45±0.033 

mg/100g). These results show that the transformation of 

roots into flour is a technique that significantly reduces 

the rate of toxicity of cassava. 

 

Carbohydrate contents of cassava flours varied 

from 92.7±0.05 (Totoba2) to 94.72±0.27% (Bonoua2). 

The cassava varieties flours recorded highest 

carbohydrate contents. Despite the significant 

difference (p<0.05), all the values of carbohydrate in 

the flours seven cassava varieties were high. The high 

levels of carbohydrate could explain the high-energy 

values recorded in the flours, whatever the variety. 

Then, flours from the seven varieties are energizing 

foods. Indeed, about one kilogram of the roots from the 

seven cultivars could cover the recommended daily 

energy value for adult, which is 3050 kcal [3].  
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Starch contents ranged from 28.71±0.34 

(Soclopouopo3) to 44.06±0.56 % (Totoba2). Energy 

values varied from 347.56±0.029 (Agbablé3) to 

361.95± 0.01 kcal/100 g (Bonoua2). The starch content 

of the flours cassava is found to be 15-30 % on dry 

matter basis [36]. In this study, the starch contents of 

flours from the seven cassava varieties assessed were 

within this range. In addition, statistical analysis 

revealed that there was significant difference (p<0.05) 

between the starch content of the flours seven cultivars. 

Therefore, the roots are starchy products. Due to their 

high starch content, the roots from the seven improved 

cassava varieties could be used at small-scale in starch 

production [37]. 

 

Energy value of the flours cassava range 

between 347.56±0.03 (Agbablé 3) to 361.95±0.01 

Kcal/100g (Bonoua2) is agreed with general 

observation do on the roots which have low energy 

values [38] due to their low fat content and relatively 

high level of moisture [39]. With these energies values, 

flours from seven cassava varieties could be used as 

energy in the flour poridge for infanys and children 

[40]. 

 

Table-1: Physicochemical composiion of flours from seven varieties of cassava (Manihot esculenta Crantz) 

 

Composition 

(%) 

Cassava Varieties 

Agbablé3 Bondou- 

kou4 

Bonoua2 Soclo- 

pouopo3 

Boufouh4 Boufouh3 Totoba2 

Moisture 12.92±0.31
d
 10.91±0.09

a 
10.88±0.02

a 
10.79±0.03

a 
10.96±0.04

b 
11.88±0.08

c 
12.40±0.1

d 

Carbohydrate 94.3±0.81
ab 

94.11±0.29
ab 

94.72±0.27
ab

 94.03±0.04
a 

93.09±0.12
b 

93.7±0.43
a 

92.7±0.05
b 

Fat 0.85±0.09
ac 

1.1±0.03
b 

0.77±0.03
c 

0.95±0.07
a 

1.29±0.11
d 

0.99±0.08
ab 

1.10±0.08
a 

Protein 2.14±0.44
b 

1.51±0.22
a 

1.55±0.44
a 

1.37±0.14
a 

2.23±0.13
b 

1.37±0.14
a 

2.19±0.07
b 

Ash 1.29±0.1
a 

1.69±0.21
b 

1.66±0.06
b 

2.62±0.08
c 

1.71±0.09
b 

2.26±0.3
c 

2.3±0.24
c 

Fibers 1.42±0.27
ab 

1.59±0.28
ab 

1.3±0.28
bc 

1.03±0.24
c 

1.68±0.06
a 

1.68±0.06
a 

1.71±0.06
a 

Organic 

matter 

85.79±0.25
ab

 87.40±0.18
c
 87.36±0.11

c
 86.59±0.05

b
 87.33±0.06

bc
 85.86±0.56

a
 85.3±0.27

a
 

Total sugars 1.80±0.04
c 

2.68±0.021
 e 

3.35±0.05
f 

1.30±0.04
b 

2.55±0.08
 d 

2.06±0.04
a 

2.10±0.03
a 

Reducing 

sugars 

1.09±0.16
 ab

 

 

0.91±0.14
a 

 

1.04±0.10
a 

 

0.98±0.09
a 

 

1.48±0.13
c 

 

1.28±0.07
b 

1.14±0.09
 ab

 

Starch 35.85 ±1.31
b
 38.49 ±1.10

a
 38.50 ±0.19

a 
28.71 

±0.34
c
 

40.48 ±0.88
a
 36.03 

±1.70
b
 

44.06 

±0.56
d 

Cyanide 

(mg/100g) 

0.103±0.02
a 

0.152±0.05
b 

0.101±0.02
a 

0.109±0.04
a 

0.102±0.03
a 

0.096±0.04
a 

0.100±0.02
a 

Acidity (méq) 5.00±0.01
c 

 

3.66±0.02
a 

4.16±0.05
b 

 

5.16±0.017
c 

 

3.5±0.02
a 

 

3.3±0.01
d 

 

4.16±0.124
b 

pH 6.14±0.01
c 

6.10±0.02
b
 5.84±0.02

a 
6.44±0.01

f 
6.33±0.02

e 
6.52±0.03

d 
5.83±0.01

a 

Energy 

(Kcal/100 g) 

347.56 

±0.03
a
 

350.57 

±0.03
b
 

361.95 

±0.01
c
 

350.76 

±0.81
b
 

347.99 

±0.01
a
 

348.10 

±0.04
a
 

347.84 

±0.05
a
 

Tabulated values are means of triplicate determinations ± Standard Deviation (SD), Values with different letters in each 

row are significantly different (p<0.05) 

 

Mineral composition 

Mineral composition investigated of flours 

from seven varieties of cassava is presented in Table 2. 

Minerals are considered to be essential in human 

nutrition [41]. They help in the maintenance of acid-

base balance, to physiological stimulation and blood 

clotting [42]. The results showed that the flours cassava 

represent a potential source in mineral, notably in 

potassium, calcium and phosphorus.  

 

Potassium is the most abundant mineral in 

cassava flours. The potassium content of flours varied 

from 328±0.1 (Totoba2) to 1207±0.22 (Bondoukou4). 

The potassium content is higher compared to the range 

(250–302 mg/100g) of various species of roots cassava 

fresh [43, 44].  

 

Calcium is the major component of bone, 

assists in teeth development, necessary for blood 

coagulation and for the integrity of intracellular cement 

substances [45]. The content of Calcium varied of 82 to 

338 ppm. This result is in the range (136 to 369 mg / 

100g) described by Charles et al. [46] on cassava flour. 

 

Seven varieties flours are poor in iron, 

nevertheless the variety Bondoukou4 is the least poor 

followed by the variety Boufouh4. Phosphorus contents 

ranged between 20±0.05 (Totoba2) to 100±0.41 

(Bonoua2) ppm are higher than phosphorus content of 

Ossinum gratissimum (13.8mg/100g) [47]. Phosphorus 

is an important mineral that aids the absorption of 

calcium which is required for growth, maintenance of 

bones, teeth and muscles [48]. As a result, the flours 

cassava could be recommended for feeding to children 

and lactating women. These results confirm earlier 

report that cassava has been recognized as a suitable 

crop for micronutrient intervention in Africa [49].  
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The Ca/P ratio of cassava flours varied from 

1.01 ± 0.01 (Soclopouopo3) to 13.15±0.23 (Totoba2). 

The Ca/P ratios of cassava flours were close to 0.7, 

which is the optimal value for the absorption of the both 

minerals [50]. It is a clear indication that the minerals in 

flours cassava are well-balanced. 

 

Table-2: Mineral composition of flours from seven varieties of cassava (Manihot esculenta Crantz) 

Minerals 

((ppm) 

Cassava varieties 

Agbablé3 Bondoukou4 Bonoua2 Soclopouopo3  Boufouh4 Boufouh3 Totoba2 

P 90±0.41
a
 80±0.25

e
 100±0.41

f
 90±0.55

a
 60±0.20

d
 40±0.40

c
 20±0.05

b
 

K 992±1.00
d
 1207±0.22

g
 1048±0.06

e
 1081±0.22

f
 735±0.05

c
 720±0.28

b
 328±0.1

a
 

Ca 282±0.05
f
 162±0.2

d
 338±0.26

g
 91±0.05

b
 82±0.01

a
 94±0.06

c
 263±0.02

e
 

Mg 40±0.02
e
 45±0.01

g
 44±0.1

f
 34±0.05

a
 37±0.04

s
 35±0.05

b
 38±0.02

d
 

Fe 0.003±0.0
b
 0.011±0.0

g
 0.008±0.0

e
 0.007±0.0

d
 0.009±0.0

f
 0.005±0.0

c
 0.002±0.0

a
 

Mn 3.14±0.05
b
 3.75±0.05

g
 3.69±0.05

f
 3.62±0.05

e
 3.61±0.05

d
 3.35±0.05

c
 3.125±0.0

a
 

Na 1.65±0.00
a
 1.56±0.0

a
 1.18±0.0

d
 1.03±0.01

bc
 7.91±0.05

c
 1.41±0.19

a
 1.014±0.0

b
 

Zn 0.00±0.0
a
 0.00±0.0

a
 0.00±0.0

a
 0.24±0.0

c
 0.25±0.01

d
 0.03±0.0

b
 0,000±0.0

a
 

Ca/P 3.13
a
±0.01 2.03

b
±0.09 3.38

c
±0.01 1.01

d
±0.04 1.37

b
±0.02 2.35

a
±0.04 13.15

f
±0.23 

Tabulated values are means of triplicate determinations ± Standard Deviation (SD), Values with different letters in each 

row are significantly different (p<0.05) 

 

CONCLUSION 

Flours extracted from seven cassava varieties 

collected in Côte d’Ivoire exhibit differences in their 

physicochemical properties. The present study has 

clearly showed that flours cassava had high 

carbohydrate, starch, energy, potassium, calcium and 

phosphorus contents and were poor in moisture contents 

whatever the variety. The low moisture content which 

makes them store for a long time. The relatively high 

starch content of these flours makes them potential 

alternative sources of carbohydrate. Bonoua2 flour is 

richer in carbohydrates, starch, energy and phosphorus 

while Agbagble3 and Bondoukou4 are rich in calcium 

and potassium respectively. 
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