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Sweet potato (Ipomea batatas) and “kponan” yam (Dioscorea cayenensis-rotundata complex) 
produced in the city of Korhogo are defined as staple foods. However, post-harvest conservation 
of these tubers is a major problem. This present work aims to enhance the value of sweet potato 
and yam tubers through the characterization of the physicochemical and functional potential of 
their flours and to carry out incorporation tests in the formulation of compound breads. Methods 
used are firstly the production of flours through three types of drying: drying in an oven at 60°C 
for 48 hours, drying in the shade for 7 days and solar drying for 4 days. Dry samples are ground 
to obtain flours. Secondly, the characterization of flours according to the physicochemical 
parameters by determining humidity, pH, titratable acidity, protein levels, lipid levels, 
carbohydrate levels, fiber levels, ash levels and calculating energy values. Functional 
parameters to be determined are the apparent density, swelling power, solubility index, water 
absorption capacity and oil absorption capacity of each flour. And finally the production of 
breads composed of different rates of incorporation of these flours in wheat flour in the order of 
10%. Results showed that the flours with the good characteristics are those resulting from oven 
drying with a pH of 5.31 ± 0.34 for potato and 5.29 ± 0.03 for yam. Moisture levels are 7.33 ± 
1.15% for sweet potato and 6% for yam. Protein levels are 2.73 ± 0.04% for sweet potato and 
4.67 ± 0.06% for yam. Carbohydrate levels are (82.99 ± 0.11%) for sweet potato and (80.24 ± 
0.64%) for yam. These flours from oven drying have the best incorporation rates which are 
20%. From this study, we retain through the analysis of the parameters that sweet potato and 
yam flours have essential characteristics for human nutrition. Incorporating sweet potato or yam 
flour into wheat flour not only makes these tubers available but also adds value to the diet and 
contributes to a balanced diet. 
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Introduction 
 
Sweet potato (Ipomea batatas) and yam (Dioscorea 

rotundata complex) are recognized as fundamental 
foods. They are cultivated in tropical and subequatorial 
regions because of their edible tubers. These species have 
a short growth cycle and are easy to cultivate (Kokou et 

al., 2019). Furthermore, they are distinguished by their 
high starch content, as well as their sweet flavor and 
floury texture (Dibi et al., 2015). In Côte d'Ivoire, potato 
production is 57,983 tonnes per year (FAO, 2020). Yam 
represents the second largest food crop in Côte d'Ivoire 
after cassava with an annual production of approximately 
7,654,617 million tonnes (FAO, 2020). In the southern 
regions, it is seen as a food crop complementary to cocoa 
and coffee plantations (Doumbia et al., 2006).  
 
This production is concentrated and consumed mainly in 
the central and northern regions of Côte d'Ivoire (Khattab 
et al., 2009). It is also a good source of vitamins A and B 
(in different chemical forms: thiamine, riboflavin, 
niacin). Water content is high and it contains little protein 
and lipids (Nepa, 2006). Sweet potatoes are used in the 
production of lactic or polylactic acid for the 
manufacture of biodegradable plastics (Adam, 2005). 
They are also used in the production of starch which, 
when mixed with sugar, produces a syrup used in 
brewing (Mathieu-Daudé et al., 2001). Furthermore, 
annual global yam production increased from 33 million 
tonnes in 1996 (Akissoe et al., 2003) to 74.32 million in 
2019 (FAO, 2020). These tubers are defined as staple 
foods, with yam at the forefront, which has an entirely 
self-consumed production. Sweet potato is not left out 
with its annual production of 57,983 tonnes, it is 
consumed mainly in the central and northern regions of 
the country (Khattab et al., 2009). These tubers are 
essentially rich in fiber, carbohydrates and water. These 
are used in different forms. They are most often 
consumed boiled, baked or fried. They can also be 
consumed directly without industrial processing for 
sweet potatoes and also in the form of foutou and foufou 
for yams (Antonio et al., 2011). 
 
These foods have always contributed to the fight against 
certain nutritional deficiencies and other pathologies, as 
well as to the fight against hunger and undernourishment 
in particularly disadvantaged populations (Kokou et al., 
2019). The incorporation of tuber flour into wheat flour 
for the production of compound breads would be a great 
asset. Incorporation will help reduce dependence on 
wheat (Olaoye et al., 2006; Bakare et al., 2012). 

Although these foods remain available during lean 
periods, it would be very interesting to assess the 
physicochemical parameters and nutritional performance 
of these flours from sweet potato (Ipomea batatas) and 
yam (Dioscorea cayenensis-rotundata) used in the 
formulation of compound breads. In order to bring added 
value to the bread regularly consumed in the world and in 
particular in developing countries. 
 
Materials and Methods 
 

Biological Material 
 
Material consists of tubers of white-fleshed sweet potato 
(Ipomea batatas) and kponan yam (Dioscorea 

cayenensis-rotundata complex). This material was 
purchased on the Korhogo market. 
 

Tuber Sampling 
 
After purchasing yam (Dioscora cayenensis-rotundata 
complex) and sweet potato (Ipomea batatas) tubers, 1 kg 
of each type of tuber was taken in triplicate and sent to 
the laboratory for analysis. 
 

Flour Production 
 
Flour production process was inspired by the Doassem 
method (2002). The different types of drying used are: 
oven drying, shade drying and solar drying. 1 mm thick 
tuber slices are spread out and left to dry. Solar drying 
consists of spreading the tuber slices in the sun, it lasts 4 
days. Shade drying involves spreading the tuber slices 
out of the sun and in a ventilated area for 7 days. For 
oven drying, the tuber slices are spread out on racks and 
placed in the oven at a temperature of 60°C for 48 hours. 
After drying the slices, they are crushed by drying types 
and sieved to obtain flours (figure 1). The flours are then 
coded. 
 
P1: potato flour from oven drying; P2: potato flour from 
shade drying; P3: potato flour from sun drying; I1: yam 
flour from oven drying; I2: yam flour from shade drying; 
I3: yam flour from sun drying. 
 
Flour production yield is determined from the gross mass 
of the tubers and powder by the following calculation: 
 
 
-----------------------------(1) 

rp =  
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rp: production yield of tuber powder (%); mp: mass of 
tuber powder in (g); m1: mass of the sample 
 

Determination of physicochemical and techno-

functional parameters 
 

Determination of some physicochemical 

parameters 
 

Water content or humidity (H) and dry matter 
 
Method of Bainbridge et al., (1996) is used to determine 
the moisture content of flours. The principle consists of 
eliminating the water contained in the flours at a 
temperature of 105°C for 4 hours.  
 
In fact, a sample of five (5) grams of each tuber flour in a 
crucible of known mass is brought to the oven at 105°C 
for 4 hours. After this drying time the crucible is 
removed and placed in a desiccator for cooling and then 
weighed. Water content is then determined as a 
percentage by the following formula: 
 
 
--------------------------------------------(2) 
 
 
H = humidity (%); m1 = weight of wet flour + weight of 
crucible (g); m2 = weight of dry flour + weight of 
crucible (g); m0 = weight of wet flour (g). 
 
Dry matter rate is determined from the humidity rate by 
the following formula: 
 
DM (%) = 100 - %H ---(3) 
 
DM= dry matter (%); H = Humidity (%) 
 

Determination of pH 

 
pH was determined according to the AACC method 
(1983). It consists of dissolving five (5) grams of flour in 
95 ml of distilled water and leaving it to stand for 1 hour 
at (25 ° C), laboratory temperature.  
 
The mixture obtained is filtered on filter paper 
(Whatman). The pH reading is carried out by dipping the 
electrode of the pH meter (Eutech Instrument) previously 
calibrated in the filtrate obtained. 

Determination of titratable acidity 
 
Determination of titratable acidity was done according to 
the method described by Estelle (2013). Ten (10) ml of 
the filtrate obtained after dissolving five (5) grams of 
flour in 95 mL of distilled water were taken. The sample 
was titrated with a solution of NaOH (0.1 N) in a 
graduated burette in the presence of phenolphthalein until 
it turned pink. 
 

Titrable Acidité (%)=  ---(4) 

 
Vo: volume of solution; V1: volume of NaOH solution; 
N the normality of NaOH solution; m: mass of flour 
 

Proteins rate 
 
Kjeldahl method (AOAC, 2005) allowed us to determine 
the protein level. According to this method, one (1) gram 
of tuber powder mixed with a pinch of catalyst (Selenium 
+ potassium sulfate (K2SO4)) and 20 ml of sulfuric acid 
(H2SO4) at 97% (v/v) was heated to 400 ° C for 150 
min. Mineral obtained is completed to 60 ml with 
distilled water and addition of 50 ml of soda (40%, w/v) 
before boiling in a distiller. Ammonia released was 
trapped in a measuring vessel containing 10 ml of the 
acid-base mixture (40% w/v) mixed indicator (methyl red 
+ bromocresol green) at pH 4.4 to 5.8. The dosage was 
carried out using a sulfuric acid solution.  
 
Percentage of nitrogen was determined by the 
following formula: 
 
 
------------------------------------------------(5) 
 
 
 
----------------------------------------------------------------(6) 
 
 

N (%): mass in grams of nitrogen per 100 g of DM; V: 
volume in ml of H2SO4; 
 

T: titer of the H2SO4 solution; Pe: test sample in grams; 
 

The total protein content is then determined by the 
following relationship: 
 

6.25: conventional conversion factor (Glowa, 1974). 

N (%) =  

 

Taux de protéine brute (5%) = N × 6,25 

 
(6) 
11 

H(%) =  
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Lipid content 
 
Lipids content is determined by the AOAC Soxhlet 
method (2005). Ten (10) grams of tuber flour are 
introduced into a Wattman extraction cartridge. Whole is 
placed in the Soxhlet topped with an ascending 
condenser. The flask containing two previously tared 
balls is filled with n-hexane to 2/3 of its volume and 
adapted to the Soxhlet. Flask is then heated to 45°C for 
12 hours. The solvent recovered in the rotavapor and the 
flask containing the raw fat is steamed at 105°C for 20 
minutes to remove the rest of the solvent. The whole is 
weighed after cooling. The fat content is determined by 
the following formula: 
 
 

-----------------------------------------------(7) 
 
 
 
m0: mass in grams of the test sample 
 
m1: mass in grams of the empty flask; m2: mass in grams 
of the flask after extraction 
 

Carbohydrate content 
 
Carbohydrate content was determined according to the 
FAO method (2011). Which consists of subtracting from 
100% of the material the sum of the percentages of fat 
(MF), fiber (F), protein (P), moisture (H) and ash (C) as 
indicated by the following formula: 
 

---(8) 
 
Crude fiber content 
 
AOAC method (2005) was used to determine the fiber 
content of tuber flours. 50 ml of 80% (v/v) formic acid, 
two (2) g of flour is added and brought to boil in a water 
bath at 100 ° C for 75 min. Resulting solution is then 
filtered under vacuum. Residue is placed in a zinc 
capsule and dried in an oven at 100 ° C overnight, and 
cooled in a desiccator then weighed with mass P1. The 
dry product is again incinerated in an oven at 550 ° C for 
3 hours. Ash obtained is weighed after cooling in a 
desiccator this mass is P2. The following relationship is 
used to find the fiber content: 

-----(9) 
 
Ash rate 
 
Determination of the ash rate is done according to the 
method described by AOAC (2005). In a crucible of 
known mass, 5 (five) grams of tuber powder are placed 
and then the whole is placed in a muffle furnace at 550 ° 
C for 6 hours (h). Crucible containing the ash after 
incineration is placed in a desiccator and weighed after 
cooling. 
 

----(10) 
 
m0 = mass of the crucible; m1 = mass of the crucible + 
ash: Pe: test sample 
 

Energy values 
 
Energy value was determined according to the formula of 
Atwater and Rosa (1899). 
 

Valeur Energétique (Kcal) = 4 x %Protéines + 9 

x %Lipides + 4 x %Glucides   
 

Determination of some techno-functional 

parameters 
 

Apparent density 
 

Apparent density of flours was determined according to 
the method of Falade et al., (2015). This is based on the 
determination of a mass of flour taken in a known 
volume. A 125 ml beaker with a mass of 14.23 g in 
which flour is introduced until filling after calibration. 
The beaker containing the sample was weighed and the 
mass of the flour was subtracted. The density was 
determined by the following formula: 
 

---(11) 
 

Water absorption capacity 
 

Water absorption capacity (WAC) was determined by the 
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method described by Chebini and Driche (2019). One (1) 
gram of sample (Pe) is introduced into a centrifuge tube 
and then the whole is weighed (mi). 10 ml of distilled 
water is added to the centrifuge tube. Mixture is stirred 
for 30min and centrifuged at 3000rpm for 30 minutes 
(Sigma type 3-16L). 
 

----(12) 
 

Pe: test sample; mi: mass of the tube + the sample before 
centrifugation; mf: mass of the pellet + the tube. 
 

Oil Absorption Capacity (OAC) 
 

According to the method described by Chebini and 
Driche (2019), 1 gram of flour (Pe) introduced into a 
centrifuge tube was weighed with the tube (mi). 10 ml of 
oil were then introduced into the tube and the whole 
thing was shaken for 30 minutes. After shaking, the tube 
was left to stand overnight and then put for centrifugation 
at 3200 rpm for 25 minutes. Once the centrifugation was 
complete, the supernatant was poured and the pellet was 
weighed (mf). Following formula was used to determine 
the oil absorption capacity. 
 

----(13) 
 

Pe: test sample; mi: mass of the tube + sample; mf: mass 
of the pellet 
 

Swelling power and solubility index 
 
Swelling power of flours was determined according to 
the method described by Benbettaieb (2010). 0.2 g of 
each sample was taken and mixed with 20 ml of distilled 
water in centrifuge tubes. Mixture was then placed in a 
water bath at 85ºC for 30 min. After cooling to room 
temperature, it was subjected to centrifugation (5000 
rpm) for 30 min. Supernatant was poured into a crucible 
and dried in an oven at 105°C for 24 hours to determine 
the dry weight of the supernatant (Ps) and the pellet was 
weighed directly (Pc). 
 

The power of swelling and the solubility index 

are determined according to these formulas 
 
IS: solubility index; PG: swelling power; Ps: mass of dry 

supernatant; Pc mass of pellet; Pe: test portion 

---(14) 
 

---(15) 
 

Statistical analyses 
 
All measurements were performed in triplicate and the 
data were subjected to analysis of variance to test the 
effects of different experimental factors on the measured 
parameters. Tukey's test was used to classify treatments 
in case there was a significant difference. All these 
analyses were performed using R and Excel software. 
Statistical significance was set at 0.05. 
 
Results and Discussion 
 
Physicochemical studies show that flours from oven 
drying P1 (7.33 ± 1.15%), I1 (6±00%) have lower 
humidity levels than other flours. This shows that oven 
drying significantly reduces the water content of tubers 
compared to shade-dried, sun-dried and wheat flours. 
Low humidity implies a high dry matter content. Low 
humidity considerably reduces water activity (Aw) thus 
allowing good conservation of the product for a long 
time if the conditions are favorable, it protects it against 
the development of microorganisms (Amellal, 2008). 
 
Those from sun drying P3 (10 ± 00%), and I3 (8.67 ± 
1.15%) lost less water than those from oven drying. But 
flours P1, P3, I1, and I3 from these oven and sun drying 
have lower water contents than wheat (11.71 ± 0.25%); 
however, a water content between 8 and 12% has no 
influence on the quality of the flour because the bound 
water is preserved (Véronique, 2011).  
 
Flours from shade drying P2 (14.67 ± 1.15%), I2 (18 ± 
2%) have higher moisture levels. In fact, when the water 
content is high, an aggregation of the flour particles 
occurs, thus reducing its quality and functionality 
(Aguilera et al., 1995). Normal moisture value defined 
by the Codex Alimentarius Commission (CAC, 1985) is 
15.5% (Soazig et al., 2003). Flours P1, P3, I1, I3, P2 
have values in accordance with the Codex Alimentarius 
standard. pH shows the acidity or alkalinity of a flour 
(Tortoe et al., 2017). pH determination shows that flours 
P1 (5.31 ± 0.34), P2 (3.96 ± 0.03), P3 (4.89 ± 0.01), I1 
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(5.29 ± 0.03), I2 (4.72 ± 0.02) and I3 (4.7 ± 0.02) have 
values lower than 07 so they are acidic. These are lower 
than that observed at the level of wheat flour which is 
(5.93 ± 0.14). These results are comparable to those of 
Yetunde et al., (2009). In addition, P2 flour (3.96 ± 
0.03), resulting from drying potatoes in the shade at a pH 
lower than 4. A flour with a pH <4 is said to be very 
acidic, this shows that there was significant fermentation 
activity which results in a deterioration of the starch 
present in the flour.  
 
This type of flour would therefore not be suitable for 
breadmaking (Tortoe et al., 2017). However, P1 and I1 
flours from oven drying have pH values close to that of 
wheat. Titratable acidity plays a major role in the taste 
and aroma of the food product. Higher the acidity, the 
less marketable the product is (Delande et al., 1990).  
 
Results of titratable acidity prove that wheat flour 
(0.37%) is more acidic than those of other flours. 
However, the acidities of the flours of the different types 
of yam drying I1 (0.67%) and I3 (0.63%) remain 
substantially equal to each other.  
 
However, they are different from I2 (0.73%) while those 
of potato flour are 0.45% for P3; 0.65% for P1 and 
0.84% for P2. Titratable acidity represents a more correct 
measure of the acid content of a food product because it 
allows to measure both the content of free hydrogen and 
bound to organic acid molecules. 
 
On the other hand, pH only gives an indication of the 
concentration of free hydrogen present in the solution 
(Da Silva Pierro et al., 2013). All these results of the 
titratable acidity of tuber flours are significantly higher 
than those of Debiche and Mezhoud (2022) and 
Benahmed et al., (2012) who found a value of 0.11% for 
date powder (Mech degla).  
 
Proteins contents of tuber flours are (2.21 ± 0.06%) P2, 
(2.59 ± 0.10%) P3 and (2.73 ± 0.04%) P1 at the level of 
sweet potato flours. At the level of yam flours we note 
(1.71 ± 0.02%) I3, (1.95 ± 0.02%) I2 and (4.68 ± 0.06%) 
I1.Wheat flour, on the other hand, contains a rate of 7.69 
± 0.01% and is significantly higher than that of other 
flours. This difference in rates shows that there are other 
proteins in wheat flour that do not exist in tuber flour for 
example (gluten) and this is seen when formulating 
breads. These results corroborate with those of Touré et 

al., (2019) who showed through soy, corn and millet 
flours that the absence of gluten prevents the formation 

of viscoelastic masses during kneading. All of these 
proteins contained in tuber flours do not form 
viscoelastic masses during kneading, which means that 
there is an absence of gluten. The results of the protein 
contents of tuber flours are different from those obtained 
by Touré et al., (2019) at the level of soy flour (14.76%), 
millet (7.64%) and corn (7.33%), which are higher. 
However, the presence of protein in tuber flours means 
that their consumption can contribute to growth, tissue 
repair and muscle function.  
 
They are building blocks of the body and participate in 
the proper functioning of enzymes (Smith et al., 2018). 
The lipid contents of the different flours are P1 (1.3 ± 
0.14%), P2 (0.53 ± 0.14%), P3 (0.8 ± 00%), I1 (3.7 ± 
0.64%), I2 (0.4 ± 0.00%), I3 (0.2 ± 0.00%) and wheat 
(1.5 ± 0.10%). 
 
Lipids content of sweet potato tuber flours is lower than 
that of wheat. In yam, the flour from oven drying has a 
high content. Also, flours from shade drying contain less 
lipids compared to other flours. The amount of lipid in 
flours then depends on the type of drying.  

 
However, the use of these flours would not be a danger 
for the diet because they are not rich in fat. Lipids are a 
concentrated source of energy and play a role in the 
absorption of fat-soluble vitamins.  
 
Consumption of tuber flours constitutes a vital advantage 
in an environment dominated by food insecurity 
(significant intake of energy, essential fatty acids and fat-
soluble vitamins). On the other hand, an abuse could 
promote the appearance of obesity (Gaillard et al., 2008).  
 
As for carbohydrates, the values of sweet potato and yam 
flours are between 71% and 83%. This shows that they 
are rich in carbohydrates. At the sweet potato level, the 
values are: P1 (82.99 ± 0.11%); P2 (77.19 ± 0.23%) and 
P3 (82.16 ± 1.26%) and are substantially equal to that of 
wheat (78.1 ± 1.56%). And at the yam level only I2 
(71.79 ± 0.76%) from shade drying presents a significant 
difference (low) from the other flours. This difference 
could be due to the fact that the drying condition would 
have degraded the sugar contained in the yam. I1 (80.24 
± 0.64%) and I3 (83.02 ± 0.64%) are approximately 
equal to each other and to wheat flour. It is important to 
note that carbohydrates are the main source of energy for 
the human body. They provide glucose, which is used as 
fuel for cells (Smith et al., 2018).  
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Table.1 Physicochemical parameters of potato, yam and wheat flours 
 

  Physicochemical parameters 
  Humidity (%) Dry matter (%) pH Titratable acidity (%) 
 

 

Sweet potato flours 

P1  
P2  
P3  

7,33 ± 1,15a  
14,67 ± 1,15b  

10 ± 00c  

92,67 ± 1,15a  
85,33 ± 1,15b  

90 ± 00c  

5,31 ± 0,34a  
3,96 ± 0,03b 

4,89 ± 0,01a  

0,65 ± 0,042a 
0,84 ± 0,052b  
0,45 ± 0,01c 

Wheat flour  11,71 ± 0,25c 88,29 ± 0,25c 5,93 ± 0,14c 0,37 ± 0,06d 
Statistical parameters F-value  41,556  41,556  60,260  267,062  

 P-value  0,000032  0,000032  0,000008  0,000000  
 

Yam flour 

I1  
I2  

6 ± 00a  
18 ± 2b  

94 ± 00a  
82 ± 2b  

5,29 ± 0,03a  
4,72 ± 0,02b  

0,67 ± 0,042a 
0,73 ± 0,03b 

 I3  8,67 ± 1,15a  91,33 ± 1,15a  4,7 ± 0,02b  0,63 ± 0,01a 
Wheat flour  11,71 ± 0,25c 88,29 ± 0,25c 5,93 ± 0,14c 0,37 ± 0,06c 

Statistical parameters F-value  59,22  59,22  174,90  371,19  
 P-value  0,000008  0,000008  0,000000  0,000000  

P1 : oven dried potato flour; P2 : shade dried potato flour; P3sun dried potato flour; .I1 : oven dried yam flour; I2 : shade dried yam flour; I3 : sun dried yam flour; .F-value : 

Fisher statistical test values; P-value : statistical value of probability. 
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Table.2 Physicochemical parameters of potato, yam and wheat flours 
 

  Physicochemical parameters 

  Protéins (%) Lipids (%) T. Carbohydrate 
(%) 

Fibers (%) Ashes (%) E Value (Kcal) 

Sweet potato 

flours 

P1  
P2  

2,73 ± 0,04a  
2,21 ± 0,06b  

1,3 ± 0,14a  
0,53 ± 0,14b  

82,99 ± 0,11a  
77,19 ± 0,23a  

4,30 ± 0,26a 
3,40 ± 0,36b 

1,5 ± 0,24a 
2,13 ± 0,12b 

358,58 ± 0,46a  
322,37 ± 0,39b  

 P3  2,59 ± 0,1c  0,80 ± 0,00c  82,16 ± 1,26a  2,16 ± 0,29c 2,26 ± 0,23b 346,2 ± 0,78c  
Wheat flour  7,69 ± 0,01d 1,50 ± 0,10a 78,1 ± 1,56a 1,5 ± 0.00c 0,53 ± 0,12c 356,66 ± 1,30d 
Statistical 

parameters 

F-value  
P-value  

9724,068  
0,000000  

71,200  
0,000004  

4  
0,057  

66,271  
0,000005  

50,037  
0,000016  

412  
0,000000  

 

Yam flour 

I1  
I2  

4,67 ± 0,06a  
1,95 ± 0,02b  

3,7 ± 0,64a  
0,4 ± 0,00b  

80,24 ± 0,64a  
71,79 ± 0,76b  

3,67 ± 0,58a 
5,83 ± 0,29b 

2,10 ± 0,12a 
2,13 ± 0,12a 

372,94 ± 1,13a  
298,56 ± 0,71b  

 I3  1,71 ± 0,02c  0,2 ± 0,00b  83,02 ± 0,64a  4,5 ± 0,58a 1,90 ± 0,12a 340,72 ± 0,46c  
Wheat flour  7,69 ± 0,01d 1,50 ± 0,10c  78,1 ± 1,56a  1,5 ± 0,00c  0,53 ± 0,12b 356,66 ± 1,30d 
Statistical 

parameters 

F-value  
P-value  

24289,89  
0,000000  

74,54  
0,000003  

16  
0,000929  

93,99  
0,000001  

127,58  
0,000000  

374  
0,000000  

P1 : oven dried potato flour; P2 : shade dried potato flour; P3sun dried potato flour; ;I1 : oven dried yam flour; I2 : shade dried yam flour; I3 : sun dried yam flour;  

F-value : Fisher statistical test values; P-value : statistical value of probability 

E V. : Energy Values (Kcal) ; G.T : Total Carbohydrates, protéines, lipids, Ashes, fibres (%) ; F-value : Fisher statistical test values; P-value : statistical value of probability. 
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Table.3 Techno-functional parameters 
 

  DA (g /mg)  WAC(%)  CAH (%)  SI (%) SP (%) 

Sweet potato 

flours 

P1 0,89±0,01a 183,33±5,78a 176,66±5,78a 34,92±18,05a 11,77±1,9a 
P2 0,55±0,00b 190±17,32a 163,33±15,28a 25,91±9,10a 14,39±3,18a 

P3 0,51±0,00b 160±26,46a 140±00b 26±2,06a 12,34±2,44a 

Wheat flour  0,8±0,04c 66,63±2,32b 87,59±0,37c 11±0,87a 9±0,87a 
Statistical 

parameters 

F-
value 

P-
value 

212,552 
0,000000 

37,591 
0,000004 

69,283 
0,000005 

2,850 
0,105042 

2,900 
0,101608 

 

Yam flour I1 0,86±0,01a 150±00a 156,7±15,28a 13,23±6,07a 10,33±0,87a 
I2 0,51±00b 183,33±45,09a 180±10a 12,42±4,33a 10,22±0,22a 

I3 0,61±0,01c 156,67±5,78a 186,67±20,82a 7,64±4,6a 12,99±0,87b 
Wheat flour  0,8±0,04c 66,63±2,32b 87,59±0,37c 11±0,87a 9±0,87a 
Statistical 

parameters 

F-
value 

P-
value 

156,63 
0,000000 

14,74 
0,001269 

32,10 
0,000082 

0,94 
0,466419 

14,75 
0,001268 

P1 : oven dried potato flour; P2 : shade dried potato flour; P3sun dried potato flour; ;I1 : oven dried yam flour; I2 : shade dried 

yam flour; I3 : sun dried yam flour; AD : apparent density; WAC: Water Absorption Capacity; OAC: Oil Absorption CapacitY; SI 

: Solubility Index; SP : Swelling Power Swelling Power; F-value : Fisher statistical test values; P-value : statistical value of 

probability 
 
The values observed after determining the fiber rate are 
(2.16 ± 0.29%) P3 to (4.30 ± 0.26%) P1 at the potato 
level, (3.67 ± 0.58%) I1 to (5.83 ± 0.29%) I2 at the yam 
level are much richer in fiber than wheat flour (1.5 ± 
0.00%) this proves that sweet potato and yam flours 
would be more digestible than wheat. Because fibers 
promote intestinal transit (good digestion). 
 
In addition, the high crude fiber content provides the 
food with a low glycemic index (Mohamed, 2018). The 
ash contents of sweet potato flours range from (1.5 ± 
0.24%) P1 to (2.26 ± 0.23%) P3 and those of yam vary 
from (1.9 ± 0.12%) I3 to (2.1 ± 0.12%) I1.These values 
are higher than that of wheat which is (0.53 ± 0.12%).  
 
Tuber flours then contain more minerals than wheat 
flour. This shows their high dry matter content. Ash 
content represents the total amount of mineral salts 
present in the sample. Ash contents of tuber flours are 
comparable to that of the Mech-Degla variety which is 
1.66 ± 0.05% obtained by Abbes and Bensfia (2022). 
Ash is an important source of minerals important for the 
proper functioning of the body. Ash represents the 
minerals present in food. They are essential for many 

biological functions, including bone formation, muscle 
contraction, and transmission of nerve impulses. Tuber 
flours being rich in ash are important for maintaining 
electrolyte balance in the body (Smith et al., 2018). 
 
Energy values of flours, flour P1 has a value of (358.58 ± 
0.46 Kcal), P2 (322.37 ± 0.39 Kcal), P3 (346.66 ± 0.78 
Kcal) at the level of sweet potato and I1 (372.94 ± 1.13 
Kcal), I2 (298.56 ± 0.71 Kcal), I3 (340.72 ± 0.46 Kcal) at 
the level of yam wheat has (356.66 ± 1.30 Kcal). Sweet 
potato and yam flours from oven drying are more 
energetic compared to wheat flour. But the value of yam 
remains largely higher than that of sweet potato. This 
could be due to the high protein and lipid content of yam 
flour (I1).  
 
These results are lower than those of fermented seeds of 
Parkia biglobosa studied by Cissé et al., (2021) which 
has an energy value of 503.67 Kcal at the techno-
functional level. Apparent density is an important 
parameter that helps determine the packaging and 
transport conditions of the food product Touré et al., 
(2019). The apparent densities of flours P1 and I1 of 0.89 
g/ml and 0.86 g/ml respectively are significantly higher 
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than those of flours P2, P3, I2 and I3 respectively (0.55 
g/ml); (0.51g/ml); (0.51g/ml); (0.61g/ml) but slightly 
higher than that of wheat flour 0.8g/ml. This means that a 
given volume could contain more flour P1 and I1 than 
the other flours. 
 
These results are higher than those of Touré et al., (2019) 
who studied millet 0.64 g/ml, soybean 0.78 g/ml and corn 
0.67 g/ml. Low apparent densities of flour P2, P3, I2 and 
I3 indicate their low dry matter contents which may be 
due to the degradation of certain minerals during drying. 
The water absorption capacity of flours plays an 
important role in the food preparation process because it 
allows to know the capacity of the flour to absorb water. 
According to Falade and Okafor (2015), water absorption 
capacity is an essential property of doughs and bakery 
products because it allows the thickening and increase of 
the viscosity of foods. 
 
Thus all tuber flours have high water absorption 
capacities which vary from (150 ± 00%) for I1, (156.67 ± 
5.78%) I3, (160 ± 26.46%) P3, (183.33 ± 45.09%) I2, 
(183.33 ± 5.78%) P1, (190 ± 17.32%) P2 are largely 
higher than that of wheat flour (66.63 ± 2.32%). This 
would mean that for the same quantity of flour, yam and 
potato tuber flours would absorb more water than wheat 
flour. Flours from shade-dried tubers are those that 
absorb more water (190%) for potatoes and (183%) for 
yams. This could be explained by their density. Lower 
the density, the higher the quantity of flour, which would 
require more water.  
 
These results are comparable to those of Diallo et al., 
(2015) who studied voandzou flour which has a water 
absorption capacity of 190.36%. Also according to Touré 
et al., (2019) the water absorption capacity of wheat flour 
is lower than that of millet, corn and soybean despite its 
high protein content. This could mean a high presence of 
hydrophobic proteins in wheat flour. Oil absorption 
capacities of potato tuber flours (P1), (P2), (P3) 
respectively (176.66 ± 5.78%), (163.33 ± 15.28%), (140 
± 00%) and those of yam flours (I1), (I2), (I3) 
respectively (156.67 ± 15.28%), (180 ± 10), (186.67 ± 
20.82%) are all higher than that of wheat (87.59 ± 
0.37%). These oil absorption capacities of flours are also 
superior to those of cowpea flours (88.3%) and voandzou 
flours (88.83%) (Diallo et al., 2015). Oil absorption 
capacity of food flours is important in the food industry 
because it would allow the absorption of oil through a 
complex process of capillarity. The ability of a food 
component to trap oil is an important characteristic in 

fatty food formulations because it would act as a flavor 
retainer and sensation enhancer (Khattab and Arntfield., 
2009). Solubility indices of P1 (34.92 ± 18.05%); P2 
(25.91 ± 9.10%); P3 (26 ± 2.06%); I1 (13.23 ± 6.07%); 
I2 (12.42 ± 4.33%) and I3 (7.64 ± 4.64%) are higher than 
that of wheat flour 11 ± 0.87%) But there are no 
significant differences between those of tuber flours and 
that of wheat flour. Solubility is associated with the 
amylose content of the flour. Therefore, the higher the 
amylose content, the greater the solubility (Buckman et 

al., 2017). The swelling power of each of the flours P1 
(11.77 ± 1.9%), P2 (14.39 ± 3.18%), P3 (12.34 ± 2.44%), 
I1 (10.33 ± 0.87%), I2 (10.22 ± 0.22%) and I3 (12.99 ± 
0.87%) and that of wheat (9 ± 0.87%) are not 
significantly different.  
 
Swelling power is a measure of the hydration and 
swelling capacity of starch granules and also reflects the 
extent of the associative forces existing between the 
amorphous phase and the crystalline phase of starch 
grains (Falade and Okafor, 2015; Buckman et al., 2017). 
Which means that tuber and wheat flours have the same 
swelling capacities. 
 

Physicochemical analysis and techno-functional 
parameters shows that the best flours are those resulting 
from oven and sun drying and that they have very good 
characteristics. 
 
Sweet potato and kponan yam have high bulk density 
compared to wheat. Sweet potato has high concentration 
of ash, fiber and carbohydrate compared to wheat. Yam, 
on the other hand, contains more ash, fiber, and lipid than 
wheat. Mixing sweet potato flour with wheat flour is an 
asset for human nutrition. Because sweet potato and yam 
will provide more lipids, carbohydrates, fiber, vitamins 
and additional minerals to the diet. 
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