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Abstract  Cassava (Manihot esculenta Crantz) is very perishable and bulky. One way of prolonging its shelf-life is 
by drying. The study was conducted to investigate the effects of drying on proximate, starch, sugar compositions and 
functional properties of cassava flour. Three drying methods (open sun, solar and oven) were used to produce the dry 
cassava chips out of which the cassava flours were obtained. Determinations of moisture, ash, starch, crude fibre, 
protein, crude fat, sugar, carbohydrate contents and functional properties of the cassava flour were carried out using 
standard methods. The results showed that all parameters examined were affected by the drying methods except 
starch and crude fibre which showed no significant differences for the three drying methods. The moisture contents 
of the flours were 5.95%, 9.49% and 11.18% for oven, solar and open sun drying respectively. Ash contents were 
2.13%, 3.25% and 3.58% for open sun, solar and oven drying respectively whereas the protein contents were 0.73%, 
1.00% and 1.15% for open sun, solar and oven drying respectively. The crude fibre contents were 1.83% (open sun), 
2.01% (solar) and 2.71(oven drying) while crude fat contents were 0.64% (open sun), 0.51% (solar) and 0.49% 
(oven drying). Carbohydrates contents were 83.48%, 83.72% and 86.10% for open sun, solar and oven respectively. 
The starch contents were 83.62% (open sun), 82, 39% (solar) and 84. 04% (oven) and the sugar contents were 
11.14%, 22.48% and 16.107% for open sun, solar and oven respectively. The swelling capacity, foam capacity, foam 
stability, water absorption capacity, oil absorption capacity, bulk density and solubility of the cassava flours from the 
various drying methods ranged between 9.233 – 12.513, 9.207 – 14.363, 48.037 – 60.193, 122.103 – 151.257, 
100.247 – 174.777, 0.578 – 0.715 and 10.883 – 15.533 respectively. On the whole, the results indicate that  
oven–dried samples had best nutritional value, functional properties and keeping abilities followed by solar and then 
open sun. 
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1. Introduction 

In Ghana, cassava (Manihot esculenta Crantz) is one of 
the most important crops in terms of production, energy 
intake, and contribution to Gross Domestic Product. It is 
considered a food security crop with a great potential for 
industrial applications [1]. Furthermore, cassava is the 
source of raw materials for a number of industrial 
products such as starch, flour and ethanol. The production 
of cassava is relatively easy as it is tolerant to the biotic 
and edaphic encumbrances that hamper the production  
of other crops. Cassava’s roots are used only to store 
energy, unlike the roots of sweet potato and yam that  
are reproductive organs. Despite their agronomic 
advantages, root crops are far more perishable than the 
other staple food crops. Once out of the ground, some root 
crops have a shelf life of only few days. Roots as living 
organs of plants continue to metabolize and respire after 
harvest. Cassava has a shelf life that is generally accepted  
 

to be of the order of 24 to 48 hours after harvest [2]. 
Cassava utilization patterns vary considerably in  
different parts of the world. In Ghana, the majority of 
cassava produced (90%) is used for human food [3]. 
Cassava is very versatile and its derivatives and starch are 
applicable in many types of products such as foods, 
confectionery, sweeteners, glues, plywood, textiles, paper, 
biodegradable products, monosodium glutamate, and 
drugs. Cassava chips and pellets are used in animal feed 
and alcohol production. Animal feed and starch 
production are only minor uses of the crop in Ghana. 
Cassava, in its processed form, is a reliable and 
convenient source of food for tens of millions of rural and 
urban dwellers in Ghana [3]. 

Drying is the oldest method of preserving food. It may 
be defined as defined a mass transfer process consisting of 
the removal of moisture from solid, semi-solid or a liquid 
[4]. It is also a method of food preservation that works  
by removing water from the food, which inhibits 
deterioration [5]. Food can be dried in several ways for 
example by the sun if the air is hot and dry enough, in an  
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oven if the climate is humid and in solar system if the 
climate is hot to about 30-40ºC [5]. Sun (open air) drying 
uses heat from the sun and natural movement of the air 
and expose the food material to environmental factors 
such as dust, bacterial growth and excessive respiration. 
Oven drying involves the use of equipment (dryer). Solar 
drying involves the use of the sun’s energy for dying but 
excluding an open air [6]. 

Cassava is very perishable and bulky. One way  
of prolonging the shelf-life of cassava is by drying. 
However, the drying method adopted can have some 
positive and negative effects on the proximate, starch, 
sugar compositions and functional properties of cassava 
flour. The effects may be due to some biochemical 
changes that may occur during the drying process. Also, 
technological application of flour from dried cassava will 
depend on some of these proximate compositions and the 
functional properties. However, limited information is 
available on the effects of the various drying methods 
used in drying cassava hence there is the need to carryout 
in-depth study on flour from different dying methods to 
furnish intending users with information, encourage 
production and make possible technical assistance to 
processing and marketing as raw materials for intending 
factories, customers and health inspectors. The aim of the 
study was to determine the effects of drying methods on 
proximate, starch, sugar compositions and functional 
properties of cassava flour.  

2. Materials and Methods 

2.1. Sample Collection 
Freshly harvested cassava roots (Capevas bankye) 

which were above 10 months old were purchased from the 
School of Agriculture Teaching and Research farm of the 
University of Cape Coast, Ghana and transported to 
School of Agriculture Research Laboratory.  

2.2. Sample Preparation 
Fresh roots of cassava were washed to remove soil and 

other dirt accumulated using ordinary tap water, peeled 
manually using knife, washed again using distilled water 
sliced into chips of using a slicer.  

2.3. Sample Treatment 
The sliced cassava was divided into three parts and 

subjected to three drying treatments. One part of weight 
830.29 g was subjected to open sun drying at maximum 
temperature of 35-37°C for 21days. The second part of 
weight 830.45 g was oven dried at 40°C for 2 days and the 
third portion of weight 830.23 g was dried in the solar 
dryer at maximum temperature of 35-37°C for 14 days. 
All the dried samples were milled into flour using a 
hammer mill after attaining constant moisture content and 
sieved through a 0.25 mm mesh. The samples were kept in 
an air-tight polyethylene bags and stored in a refrigerator 
at 2°C until use. The flow chart of the entire processes is 
given in Figure 1. 

 
Figure 1. Flowchart for the production of cassava flour 

2.4. Proximate, Starch and Sugar 
Composition Determination 

The moisture content was determined by the oven 
drying method. Five grams of the cassava flour sample 
was oven (Gallenkamp Sanyo/Weiss, Leicestershire, UK) 
dried at 103◦C for 24 hours until the stable weight was 
obtained following Association of Official Analytical 
Chemists (AOAC) method [7]. The ash content was 
determined by weighing ten grams of the sample into a 
previously weighed crucible and placed into a muffle 
furnace at 500◦C for 4 hours [8]. The percentage fat 
content of the sample was determined by the conventional 
soxhlet extraction method with hexane as the solvent, 
according to AOAC method [7]. The percentage crude 
protein of the sample was determined by the Kjeldahl 
apparatus using AOAC method [7]. The fibre content of 
the flours was determined by weighing the acid and 
alkaline treated defatted sample in accordance with AOAC 
method [7]. The carbohydrate content was obtained by the 
difference as described by Ojo et al. [8,9]. The starch and 
sugar contents of the flours were determined by the 
spectrophotometry methods described by AOAC [7] using 
a spectrophotometer (Shimadzu UV-1240).  
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2.5. Functional Properties Determination 
The swelling powers of the flours from the various 

drying methods were determined according to the method 
described by Appiah et al. [10] and Leach et al. ]11]. One 
gram of the sample was mixed with 10 mL distilled water 
in a centrifuge tube. This was heated at 85◦C for 30 
minutes with continuous shaking of the tube. The 
suspension was then centrifuged for 15 minutes at 1000 
rpm and the supernatant was decanted. The weight of the 
paste was recorded and the swelling capacity of the 
sample was computed. The solubility property was 
determined in the same way as swelling capacity except 
that, in addition, the supernatant was evaporated and the 
residue was re-weighed. 

The method of Jitngarmkusol et al. [12] was used for 
the determination of the foaming capacity and foam 
stability of flours with some slight modifications. Two 
grams of each flour sample was mixed with 100 mL of 
distilled water and the suspension was whipped with a 
kitchen blender. The whipped suspension was transferred 
into a 250 mL graduated cylinder. Volumes of the whole 
mixture were recorded before and after whipping. The 
foaming capacity (FC) and foam stability (FS) were 
calculated using the following equations:  

 ( ) ( )2 1 1%   /  100Foaming capacity V V V x−=  

 ( ) 3 2%   /   100Foam stability V V x=  

Where V1 is the volume of initial mixture, V2 is the 
volume of the mixture after whipping and V3 is the 
volume of the foam after 5 hours. 

Water absorption capacity was determined according to 
the method described by Appiah et al. [10] and Beuchat 
[13]. One gram of the sample was added to 10 mL water 
in a pre-weighed 25 mL centrifuge tube and allowed to 
stand at room temperature (29°C) for 1 hour. The 
suspension was centrifuged at 500 rpm for 30 minutes. 
The volume of water on the sediment was measured and 
the water absorbed was expressed as percentage water 
absorption based on the original weight of sample. 

The modified method of Medcalf and Giles [14] was 
used to determine oil absorption capacity of the flour 
samples. About 2 g of each flour sample was weighed into 
50 mL pre-weighed centrifuge tubes and stirred into 40 
mL oil for 1 hour on a shaker (Edmund Buhler SM 30). 
The mixtures were placed in a centrifuge (Spectra 
Scientific Merlin) and centrifuged at 2200 rpm for 15 
minutes. The oil released on centrifugation was drained 

and the wet flour weighed to determine by difference, the 
weight of oil. The percentage oil absorption capacity 
(%OAC) was calculated using the following equation: 

 ( ) ( )%OAC Weight of oil/Weight of sample x100=  
Bulk densities of the powders were determined 

according to method of [10,15] with few modifications. A 
measuring cylinder was weighed and the sample was filled 
to 20 mL mark by constant tapping until there was no 
further change in volume. The contents were then weighed 
and the difference in weight determined, and the bulk 
densities were computed. 

2.6. Statistical Analysis 
The results are presented as the mean and standard 

deviation of three replicates. The General Linear Model 
(GLM) procedure of Minitab version 16 statistical 
software was used for the Analysis of Variance (ANOVA) 
and significant differences were reported at 95% 
confidence level using Tukey’s Post-hoc test. 

3. Results and Discussion 

3.1. Proximate Composition of Cassava 
Flours 

The proximate compositions of the cassava flour from 
the various drying methods are shown on Table 1. 
Moisture content of food gives an indication of the shelf-
life and nutritive values. Moisture content of the cassava 
flours ranged between 5.95% to 11.18% which was low 
relative to value of 10.78% to 12.72% reported by 
Maziya-Dixon et al. [16]. The oven drying method gave 
the lowest value while that of open sun drying yielded a 
higher value. The low value of the oven drying may be 
attributed to the fact that the temperature used was 
constant and was not affected by any environmental 
factors whereas with the open sun drying, although the 
temperature was constant there were variations since the 
energy from the sun cannot be controlled. Moisture is an 
important parameter in the storage of cassava flour; very 
high levels greater than 12% allow for microbial growth 
and thus low levels are favourable and give relatively 
longer shelf life. All the samples had good moisture 
contents and hence have the potential for better shelf  
life. There were significant differences (p<0.05) in the 
moisture contents of the flours from the drying methods. 

Table 1. Proximate compositions of cassava flour from open sun, solar and oven drying the drying methods 

Drying 
Methods 

Moisture 
(%) 

Ash 
(%) 

Protein 
(%) 

Fiber 
(%) 

Fats 
(%) 

Carbohydrate 
(%) 

Open 
sun 

11.180a 
(0.135) 

2.1300a  
(0.0265) 

0.7300a 

(0.1277) 
1.8367a 

(0.0643) 
0.6400a 

(0.0265) 
83.487a 
(0.298) 

Solar 9.490b 

(0.122) 
3.2533b  

(0.0503) 
1.0033b 

(0.0451) 
2.0133a 

(0.0351) 
0.5167ab 

(0.0378) 
83.723ab 

(0.140) 

Oven 5.950c 

(0.078) 
3.5833c  
(0.1358) 

1.1567b 
(0.0473) 

2.7133a 
(0.7060) 

0.4900ab 
(0.0624) 

86.107c 

(0.719) 

Mean of three replicates with standard deviations in parenthesis. Mean with the same letters along the same column are not significantly different at 
p<0.05. 

 



 Journal of Food Security 43 

The ash content of a food sample gives an expression of 
the mineral composition of the sample. The ash contents 
of the cassava flours ranged between 2.13% and 3.58%. 
Significant differences (p<0.05) existed in the ash contents of 
the flours from the various drying methods. Oven dried 
had the highest ash content and this may be attributed to 
the temperature used for drying. The higher the drying 
temperature, the lower the moisture content and this has a 
direct effect on the concentration of the food components. 
Values obtained were comparable to the range of 1.7% to 
2.5% for cocoa yam reported by Amandikwa [6].  

The crude protein contents of the flours ranged between 
0.73% and 1.16% for open sun drying and oven 
respectively. Crude protein content was higher for solar 
and oven drying methods than in the sun and control. 
There were significant differences (p<0.05) in the protein 
contents of flours from the different drying methods. The 
high crude protein contents observed in solar and oven 
drying methods may be due to the time and temperatures 
used for drying. Both time and tempereature enhance the 
reaction rates, which also strongly depend on water 
activity of the products. Many biochemical reactions can 
be induced by temperature increase in foods such as 
Mallard reactions, vitamin degradation, fat oxidation, 
denaturation of thermally unstable proteins, enzyme 
reactions and so on. A relatively high temperature was 
used for the oven drying method at a relatively shorter 
time thus at 40˚C for 2 days whilst the solar drying 
method was carried out for 14 days because of the energy 
reserved for drying even at night, this facilitated the 
drying process but in the case of the open sun drying 
method, it was done between 35-37˚C for a longer time 
(21 days) which intend denatured most of the protein. The 
values were relatively low as compared to values between 
0.70% and 1.83% reported by Mensah [17]. 

Crude fibre measures the cellulose, hemicelluloses and 
lignin contents of a food. The crude fibre contents of the 
flours ranged from the minimum value of 1.84% for open 
sun drying and the maximum value of 2.07% for oven 
drying. There were no significant differences (p > 0.05) in 
the crude fibre contents of the cassava flours for the 
drying methods. Usually fibre content does not exceed  
1.5% in fresh root and 4% in root flour [18].  

The fat content of the cassava flour samples ranged 
from 0.49% to 0.64% with open sun drying having the 
highest and oven dry having the lowest. There were 
significant differences (p<0.05) in the fat content of the 
cassava flour for the three drying methods. The lower fat 
contents observed in open sun and solar samples could be 
associated with the oxidation of fat during drying. The 
low fat content will enhance the storage life of the flour 

due to the lowered chance of rancid flavour development. 
However, the values were higher than those of 0.1% to  
0.4% reported by Charles et al. [19] and 0.65% reported 
by Padonou et al. [20] 

Carbohydrate contents of the flours ranged from  
83.49% to 86.11% with open sun having the lowest value 
and oven drying with the highest. There were significant 
(p<0.05) differences in the carbohydrate contents for the 
drying methods. The results showed that oven dried flour 
samples contain more carbohydrates than flour samples 
produced using the other drying methods. The 
carbohydrate contents indicate that the oven dried flour is 
an excellent source of energy. The high carbohydrate 
values obtained in this study suggest that cassava could be 
utilized as a reliable food and energy security crop as 
proposed by FAO [21]. 

3.2. Starch and Sugar Compositions of 
Cassava Flours 

The starch and sugar compositions of the cassava flours 
from open sun, solar and oven drying methods are shown 
on Table 2. Starch contents of cassava flours ranged from 
82.39% to 84.04% with solar having the lowest and oven 
drying having the highest, although the differences were 
not significant (p> p0.05). The higher values obtained 
indicates that cassava is predominantly a starch food as 
compared to protein and crude fat with smaller values. 
Also, due to its high content of starch, it can be used in the 
industries in the manufacturing of noodles, cassava based 
adhesives like cereal starch, tapioca and can be used as 
raw materials for sweeteners. 

Sugar contents of the samples varied between 11.14% 
to 22.48% with open sun having the minimum and solar 
having the maximum. There were significant differences 
in the sugar contents of the cassava flours for the various 
drying methods (p<0.05). As a result of the sugar content 
which is relatively low, the use of cassava can be 
employed in the industry in the production of ethanol and 
also in the pharmaceuticals for coating medicines. 

Table 2. Starch and Sugar compositions of cassava flour from open 
sun, solar and oven drying methods 

Drying 
Methods 

Starch 
(%) 

Sugar 
(%) 

Open sun 83.627(3.707)a 11.140(3.350)ab 
Solar 82.390(2.682)a 22.483(0.597)d 
Oven 84.042(5.536)a 16.107(1.204)ac 

Mean of three replicates with standard deviation in parentheses. Mean 
with the same letters along the same column are not significantly 
different at p<0.05.  

Table 3. Functional properties of cassava flour from open sun, solar and oven drying methods 

Drying Methods 
Functional Property Open Sun Drying Solar Drying Oven Drying 
Swelling Power (%) 9.233(0.248)𝑎𝑎  11.383(0.238)𝑏𝑏  12.513(0.520)𝑐𝑐  
Foaming Capacity (%) 14.363(0.145)𝑎𝑎  11.417(0.952)𝑏𝑏  9.207(0.330)𝑐𝑐  
Foam Stability (%) 48.037(2.283)𝑎𝑎  53.730(0.956)𝑏𝑏  60.193(1.623)𝑐𝑐  
Water Absorption Capacity (%) 122.103(4.577)𝑎𝑎  130.113(5.677)𝑏𝑏  151.257(2.913)𝑐𝑐  
Oil Absorption Capacity (%) 174.777(0.212)𝑎𝑎  149.887(0.076)𝑏𝑏  100.247(0.597)𝑐𝑐  
Bulk Density g/ml 0.578(0.019)𝑎𝑎  0.613(0.011)𝑏𝑏  0.715(0.011)𝑐𝑐  
Solubility (%) 10.883(0.595)𝑎𝑎  13.663(0.417)𝑏𝑏  15.533(0.270)𝑐𝑐  

Mean of three replicates with standard deviation in parentheses. Mean with the same letters along the same column are not significantly different at 
p<0.05. 
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3.3. Functional Properties of Cassava Flours 
The results of the functional properties of cassava flours 

from sun drying, solar drying and oven drying methods 
are shown in Table 3. The swelling powers of the flours 
ranged between 9.233-12.513%. Oven dried samples had 
the highest swelling power and open sun dried samples 
had the lowest swelling power. There were significant 
differences (p<0.05) in the swelling powers of the cassava 
flour from the various drying methods. The higher 
swelling power for oven dried flours may be due to the 
strength and character of the micellar network within the 
starch granules being a major factor contributing to the 
swelling behaviour of starch. Thus, a highly associated 
starch with extensively strongly-bonded micellar network 
structure is readily resistant to swelling. This indicates that 
the increase in temperature for oven drying results in a 
decrease in strength and character of the micellar network. 
This is similar to observations of Aprianita [22] for yam, 
taro and sweet potato tubers in relation to temperature. 
Thus, the relative increase in swelling power as 
temperature of drying increased suggests that starch 
structural damage is directly proportional to increase in 
drying temperature. Moorthy [23] also reported that the 
swelling power of cassava starch varied from 42-71%. 
The differences in the swelling powers among the samples 
may be due to the variation of amylose content. The 
higher the amylose content, the lower the swelling power. 
The swelling power of starch depends on the ability of 
amylose to solubilize in water hence allowing water to be 
absorbed by starch granules. Therefore an increase in 
swelling power is a function of increased solubility of 
amylose [24]. Abera and Rakshit [25] reported that the 
swelling ability of starch is inhibited by its lipid content. 
No appreciable influence was expected from lipid, since 
cassava starch has low lipid content of approximately 1% 
[26]. According to Abera and Rakshit [25], cassava 
starches with amylose contents exceeding 20% are likely 
to have low swelling powers. The values obtained for the 
swelling power indicates that an increase in temperature 
weakened the starch granules by allowing interaction 
between the amylose (water soluble fraction) molecules 
located in the bulk amorphous regions and the branched 
segment of amylopectin (water insoluble fraction) in the 
crystalline regions. The swelling power of flour samples 
are often related to their protein and starch contents. 
Higher protein content in flour may cause the starch 
granules to be embedded within a stiff protein matrix 
which subsequently limits the access of the starch to water 
and restricts the swelling. Flours lower in protein and 
higher in total starch content have higher swelling ability. 
In addition to protein content, a higher concentration of 
phosphorus may increase hydration and swelling power by 
weakening the extent of bonding with the crystalline 
domain [22]. 

The solubility of cassava flours ranged from 10.883-
15.533% for the various drying methods. Sun dried 
samples had the lowest solubility and oven dried had the 
highest solubility. There were significant differences 
(p<0.05) in the solubility of the cassava flours from the 
various drying methods. The results for solubility were 
higher than the reported range of 7.57% and 10.46% for 
cassava by (Baafi and Safo-Kantanka [27]. This could be 

attributed to the variety of cassava used for the work. 
Decrease solubility could be attributed to the amylose 
content, since the solubilized amylose molecules leach 
from the swelled starch granules of flour [28]. Solubility 
of flour is an indicator of quality, therefore the high values 
observed in the oven dried samples of the flour suggest 
that they could be very digestible and therefore could 
possibly be suitable for infant food formulations. 
According to Chin-Lin Hsu [29], solubility index reflects 
the extent of starch degradation. The results indicate that 
sun dried samples showed the least starch degradation 
while oven dried samples showed more profound effects 
on starch degradation. 

Open sun dried samples showed a higher foaming 
capacity with the highest value of 14.363%, followed by 
solar drying with a value of 11.417% and the least value 
of 9.207% from oven dried samples. Sun dried samples 
had a low foaming stability with a value of 48.037% and 
oven dried samples had the highest foaming stability of 
60.193%. There were significant differences (p<0.05) in 
the foaming capacities and foaming stabilities of the 
cassava flours from the various drying methods. The 
foaming capacity of all starches can be rated as low since 
they do not contain considerable high amounts of protein, 
a good foaming agent and this accounted for lower values 
produced from solar, oven and sun dried samples. The 
foaming capacity of a protein refers to the amount of 
interfacial area that can be created by the protein and foam 
stability refers to the ability of protein to stabilize against 
gravitational and mechanical stresses [30]. Foam 
formation and foam stability are a function of the type of 
protein, pH, processing methods, viscosity and surface 
tension. Foaming capacity is influenced by the surface 
activity of proteins. The capacity of proteins to form stable 
foams with gas by forming impervious protein films is an 
important property in cakes, soufflés, whipped toppings, 
fudges, ice creams and marshmallows. High protein 
content of a flour increases the foaming capacity of the 
flour. Denaturation of proteins increases their solubility 
and consequently foaming capacity due to the unfolding of 
the protein structure which allows more protein surface to 
be exposed and interact with the external environment 
[31]. The differences in the foaming capacity of the flours 
may be attributed to the different composition and nature 
of the protein fractions. It may also be explained on the 
basis of globular proteins which make denaturing of the 
surface difficult. Foams are used to improve texture, 
consistency and appearance of foods. 

The water absorption capacities of flours from the 
different drying methods were within the range of  
122.103 - 151.257%. Solar dried flour had the lowest 
water absorption capacity and oven dried flour had the 
highest water absorption capacity. There were significant 
differences (p<0.05) in the water absorption capacity of 
the cassava flours from the various drying methods. The 
water absorption capacity of a starch is an indication of 
the amount of water held by the starch extract and this 
describes the ability of the starch to associate with water 
and under conditions of limitation of water and dough and 
pastes. The increase in water absorption capacity for 
cassava samples obtained from oven drying may be due to 
the presence of esterified phosphate groups resulting in 
mutual electrical repulsion which weakens the association 
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between starch molecules thus increasing water absorption 
capacity. Also, the observed variation in water absorption 
capacities for oven-dried samples may be due to changes 
induced by the different drying methods. Probably the 
conformational characteristics and degree of interaction 
with water was modified by oven drying resulting in oven 
dried flour having the highest water absorption capacity 
[10]. Carbohydrates and proteins have significant 
influence on the water absorption capacity of food due to 
the presence of hydrophilic components like polar or 
charged side chains. When the protein content, number of 
charged amino acid residues and hydrophilic groups are 
high, hydrogen bonding with water molecules increases as 
well as electrostatic repulsion between protein polymers, 
which facilitates binding and entrapment of water [31]. 
Starches contribute to high water absorption capacity 
when the associative forces between starch granules are 
weak, allowing more starch surfaces to be available for 
binding water [32]. Flours with the ability to absorb water 
and swell for improved consistency in food have 
beneficial applications in dough, processed meats and 
custards [31]. According to Onimawo and Egbekun [33], 
heat processing increases water absorption capacity. The 
result of this study suggests that oven dried flour would be 
useful in foods such as bakery products which require 
hydration to improve handling features. 

Results obtained showed that sun dried samples had the 
highest oil absorption capacity with a value of 174.777% 
and it was followed by solar dried samples with a value of 
149.887%. Oven dried samples recorded the lowest oil 
absorption capacity with a value of 100.247%. There were 
significant differences (p<0.05) in the oil absorption 
capacities of the cassava flour from the various drying 
methods. The oil absorption index is influenced by the 
lipophilic nature on the granular surface and interior 
which were influenced for functional properties of 
starches [34]. The major factor affecting oil absorption 
index is protein content, which is composed of both 
hydrophilic and hydrophobic parts. Non-polar amino acid 
side chains can form hydrophobic interactions with 
hydrocarbon chains of lipid [35] and has implication in 
functional properties of flours. Oil absorption index is 
important since oil acts as flavour retainer and increases 
the mouth feel of foods, improvement of palatability and 
extension of shelf life particularly in bakery or meat 
products where fat absorptions are desired [36]. The 
relatively high oil absorption capacity of sun dried flour 
suggests that it could be useful in food formulation where 
oil holding capacity is needed such as sausage and bakery 
products. This shows that sun dried flour would be useful 
in this respect more than oven dried flour since it had 
significantly higher oil absorption capacity. 

The bulk densities of the flours ranged from  
0.578 - 0.715g/ml. Oven dried samples showed the highest 
bulk densities, followed by solar dried samples and sun 
dried samples. There were significant differences (p<0.05) 
in the bulk densities of the cassava flours from the various 
drying methods. According to Adejuyitan et al. [37], bulk 
density is a measure of the heaviness of flour produced. 
Shittu et al. [38] also reported bulk density as an 
important parameter that determines the suitability of 
flours for ease of packaging and transportation of 
particulate foods. Different values of bulk densities have 

been reported for cassava products. Abu et al. [39] reported a 
range of 0.401 - 0.402 g/ml for gari. Ukpabi and Ndimele 
[40] also reported a range of 0.568 - 0.908 g/ml for gari in 
Eastern States of Nigeria. The bulk density of cassava fufu 
flour was reported to range from 0.63 g/ml to 0.77 g/ml 
[41]. The results in this work fall within these ranges. 
Elkhalifa et al. [42] noted that fermentation results in a 
reduction in bulk density. This probably explains the 
lower bulk densities observed in the flours produced from 
sun and solar drying technologies. Nelson-Quartey et al. 
[43] concluded in their work that flours with lower bulk 
density were desirable for infant food preparation. The 
flours produced using sun and solar drying methods had 
relatively lower bulk densities making them more suitable 
for infant formulations. The results obtained indicate that 
the cassava flours will increase the bulkiness of food when 
used in food formulation. According to Appiah et al. [10] 
bulk density is a function of particle size, particle size 
being inversely proportional to bulk density. Particle size 
differences may be the cause of variations in bulk density 
of the flours. The particle size also influences the package 
design and could be used in determining the type of 
package material required. Higher bulk density is desirable 
since it offers greater packaging advantage as greater 
quantity of flour can be packed within a constant volume. 
The bulk density of the flours could be used to determine 
their handling requirement because it is the function of 
mass and volume. Since sun dried sample was the least 
dense it would occupy greater space and therefore would 
require more packaging material per unit weight and so 
could have high packaging cost however, sun dried sample 
would be easier to transport as it was lighter. The low bulk 
density of sun dried flour would be an advantage in the 
use of the flour for preparation of complementary foods. 

4. Conclusion 

It has been shown from the study that the drying 
methods have various unequal characteristics that can be 
utilized in the food, pharmaceutical and textile industries. 
Acceptable cassava flours can be produced through 
different drying methods depending on the utilization. The 
results of the study carried out on cassava flour indicated 
that the drying methods affect the proximate, starch, sugar 
compositions and functional properties. In terms of the 
best method of drying cassava with best nutritional value 
keeping abilities, samples oven-dried at 40°C gave the 
best results. 
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