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ABSTRACT: The study evaluated high quality cassava flour from two varieties of pro-vitamin A
(pro-vitamin A white and pro-vitamin A yellow). The flours were analyzed for proximate
composition, functional properties, pasting properties, Beta-carotene and cyanide. The data
obtained was subjected to statistical analysis. The values of protein ranged from (8.667% and
9.563%), fat (4.819% and 5.387%), ash (1.269% and 1.426%), fibre (4.819% and 5.387%),
moisture content (6.946% and 7.185%), carbohydrate (74.105% and 74.421%), Beta-carotene
(24.300% and 24.700%) and hydrocyanide content (1.225ppm and 1.775ppm). There were little
significance differences between the functional properties such water absorption capacity
(108.200% to 125.840%), oil absorption capacity (173.420% to 184.720%), Bulk density(0.813%
to 0.825%), swelling capacity (30.000% to 40.000%), solubility (0.743% to 1.372%), Dispersibility
(0.884% to 1.098%). The result of the pasting properties ranged from 83.000 to 137.000RVU,
125.500 to 134.000RVU, 58.000 to 63.000RVU, 34.000 to 82.000RVU, 9.000 to 18.000RVU,
3.530 to 6.000mins, and 73.000 to 83.100° for peak, trough, breakdown, final viscosity, setback,
peak time and pasting temperature, respectively. The results of this study revealed that there was
no significant difference in the chemical composition of the two samples, but there were Corresponding Author:
differences in the functional and pasting properties. Ohijeagbon, O.R.
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1. INTRODUCTION

Cassava (Manihot esculenta Crantz) is a drought resistant root crop and the most commonly eaten staple food in Nigeria
after rice and maize (Ohimain, 2015). They are lacking in many protein and essential micronutrient though rich in carbohydrates
and fibre (Aniedu and Omodamiro, 2012). The root contains a higher percentage of starch which has a larger calorie. Relying on
cassava-based diets can cause poor health, stunted growth, reduced capacity for physical activity, high occurrence of anemia,
corneal blindness and impairment of immunity (Saltzman et al., 2013). The conventional white cassava provides daily body
energy requirements but cannot cater for essential proteins and micronutrients like vitamin A which is required for healthy
growth. The problem of malnutrition as a result of vitamin A deficiency in the developing countries remains a challenge (Mayer et
al., 2008). Millions of people in the world not minding the vulnerable group now get fewer vitamins than what is needed in the
diet. Provitamin A cassava is a biofortified yellow cassava that has great potential to alleviate vitamin A deficiency in sub-Saharan
Africa. Most research institutes got involved in bio-fortification of some major stable crops such as cassava roots to curb vitamin
A malnutrition (Mayer et al., 2008; Tanumihardjo, 2008). The yellow root cassava or -carotene cassava varieties introduced in
the recent times could improves the nutritional status of the consumers by providing up to 25% of daily vitamin A required by the
body (Ferreira et al., 2008). Therefore, there is a need to evaluate flour from varieties of these newly breed crops for value
addition as well as enhancing better and wide range utilization of the crop (Mayer et al., 2008).

2. MATERIALS AND METHODS

Two different varieties of Pro-Vitamin A cassava (white and yellow cassava) were obtained from Ladoke Akintola
University of Technology Teaching and Research farm. Cassava flour was produced from freshly harvested pro-vitamin A
cassava roots according to the traditional method of Abass et al. (1998). The roots were peeled, washed and cut into chips. The
cassava chips were grated, dewatered and it was sun-dried, the dried chips were milled into a fine powder and then it was
packaged in a moisture proof material.
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Figurel: Flowchart for the processing of cassava flour.

Proximate analysis of cassava flour

Moisture, fat, protein, ash, crude fibre and carbohydrate by difference were carried out by AOAC (2015).

Determination of residual hydrogen cyanide:

The sample (10g) was weighed into a beaker and 100 ml of distilled water was added and filtered with the use of filter paper.
25 ml of the filtrate was added into a conical flask and 5ml of 0.1M of Mg(OH); was added. 3 drops of potassium dichromate
was added into conical flask while the burette is then filled with 0.1M of AgNOs, Titration was carried out until the mixture in
the conical flask turns brown and the titre value was recorded (Esser et al. 1993).

Determination of Functional Properties

Bulk density was determined by Onimawo and Akubor (2005), 10 g of the sample was weighed into 100 ml graduated
measuring cylinder, the initial volume was recorded. The measuring cylinder was tapped on the table continuously until the
volume became constant, the final volume was recorded and the bulk density (g/ml) was calculated. Swelling capacity was
carried out by Dhingra et al. (1992), water absorption capacity by Abbey and Ibeh (1988), oil absorption capacity (SefaDedeh
et al., 2004). Dispersibility was determined by the method described by Kulkarni et al (1991).

Determination of pasting properties of flour

A Rapid Visco Analyzer (RVA) was used to evaluate the pasting properties of flour sample. 3 g of sample was weighed into a
canister and made into slurry by adding 25 mL of distilled water. The canister (covered with a stirrer) was inserted into the
RVA. The slurry was heated from 50 to 95°C with a holding time of 2 min followed by cooling to 50°C with 2 min holding
time while maintaining a rotation speed of 160 rpm. The viscosity was expressed as Rapid Viscosity Units (RVU). Records of
peak viscosity, breakdown viscosity, setback viscosity, final viscosity, pasting temperature (°C) and peak time (min) were
taken (Falade & Olugbuyi, 2010).
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3. RESULTS AND DISCUSSION

Table 1: Chemical Composition of provitamin A cassava flour

Property Sample A Sample B
Moisture (%) 6.946+0.317° 7.185+0.216°
Ash (%) 1.269+0.0832 1.426+0.133"
Lipid (%) 2.094+0.009° 2.018+0.1412
Crude fibre (%) 4.819+0.359? 5.387+2.070°
Protein (%) 8.667+0.074° 9.563+0.061°
CHO (%) 74.105+0.1128 74.421+2.499°
CalorificValue (kj100g™) 149.620+0.478° 147.630£3.4728
Beta carotene (%) 24.700+0.1412 24.300+0.1412

Chemical composition of cassava flour made from pro-vitamin A cassava varieties

The chemical composition of the yellow and white flour samples is presented in Table 1. The moisture content ranged
from 6.94% in pro-vitamin A yellow flour (PVAYF) sample to 7.19% in pro-vitamin A white flour (PVAWF). Flour products
with MC less than 13% are more stable from moisture dependent deterioration (Shahzadi et al., 2005). Low MC is also desirable
in cassava flour since it decreases hydrogen cyanide content as well as improves the palatability of cassava flour produced
(Cumbana et al.,2007). The ash content ranged from 1.27% to 1.43% in PVAYF and PVAWEF. The total ash content of the blends
was higher in PVAWF. The values recorded were higher compared to results obtained by Rodriguez-Sandoval et al. (2008) in
which ash content ranged from 0.1% to 0.7%. This suggests that the two samples contain high minerals. The composition of ash in
cassava is influenced by mineral content in the soil where the cassava grows (Niba et al. 2001).

The fat content was between 2.09% in PVAYF and 2.04% in PVAWEF. The relatively low fat content of the flours make
them suitable raw materials in the formulation of a variety of food products for the elderly. The crude fiber content was between
4.82% in PVAYF and 5.39% in PVAWEF. The fiber content increased as the percentage inclusion of PPF and UBF increased. This
shows that the flour samples are good sources of fiber and can be used in the formulation of functional food products. Correlation
between the consumption of high fiber food products and the reduction in high blood pressure, diabetes, hermorrhoids, and
obesity has been reported (Chukwu et al., 2013; Jaja and Yarhere, 2015). The carbohydrate content ranged from 74.11%

Means within the same row with different alphabets are significantly different (p<0.05)

Sample A Fortified provitamin-A yellow cassava flour
Sample B Fortified Provitamin-A cassava white flour

(PVAYF) to 74.42% (PVAWF). The increase in the level of carbohydrate in PVAWF might be as result of high amount
of starch and sugar content in the white variety of pro-vitamin A (Ayo-Omogie and Ogunsakin, 2013). The energy content was
between 149.62 and 146.67 kj/100g. This high-energy content of the flour may be advantageous for formulation of breakfast
cereal and complementary foods (Iwe et al., 2001). The flour samples had carotenoid content ranging between 24.300 to 24.700
Mg/g. Orange-fleshed sweetpotato roots have been reported (Mills et al., 2015) to possess a higher amount of carotenoids than
other varieties of sweetpotato root.

Functional properties of cassava flour made from pro-vitamin A cassava root

Table 2 shows the functional properties of cassava flour made from pro-vitamin A cassava root are presented. The value
of water absorption capacity for sample A and B ranges between 108.200 to 125.840% and oil absorption capacity of the flour
ranged from 173.420 to 184.720% respectively, Sample A had higher water absorption capacity and oil absorption capacity than
Sample B. There was significant difference (P<0.05) in the water and oil absorption capacity of the flour samples, this agreed with
(Svanberg, 1987) which stated that water absorption capacity is a useful indication of whether flour can be incorporated into
aqueous food formulations. The flour samples have bulk density values of 0.813 to 0.825 with sample B which is a little higher
than sample A. There was no significant difference (P<0.05). The values obtained were higher than brown tiger flour (Cyperus
esculentus) as reported by Oladele and Aina (2007).Bulk density is a measure of the heaviness of a flour sample. Karuna et al.
(1996) and Jones et al. (2000) reported that bulk density is generally affected by the particle size and density of the flour and it is
one of the essential parameters in determining the type of packaging material, handling and application in the food industry.
Swelling capacity and solubility as shown in Table 4.1 ranged from 30.000 - 40,000 and 0.743 - 1.372 respectively. Sample B
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have the lower swelling capacity and solubility than sample A. Significant difference exist (P<0.05) in the swelling index and
solubility of the flour samples.

Table 2. Functional properties of Cassava Flour from pro-vitamin A cassava varieties

Property Sample A Sample B

Water Absorption Capacity (%) 125.840+6.936" 108.200+4.145?
Oil Absorption Capacity (%) 184.720+5.980P 173.420+2.3372
Bulk Density 0.813.300+0.023a 0.825.000+0.013°
Swelling Capacity (%) 40.000+0.000° 30.000+0.000?
Solubility (%) 1.372+0.277° 0.743+0.404°
Dispersibility 1.098+0.222° 0.844+0.031°

Means within the same row with different alphabets are significantly different (p<0.05)

Sample A Fortified provitamin-A yellow cassava flour
Sample B Fortified Provitamin-A cassava white flour

Pasting Properties of cassava flour made from pro-vitamin A cassava roots

Table 3 depicts the pasting properties of cassava flour made from pro-vitamin A cassava root. The pasting temperature of the
samples ranges from 73.000° to 83.100%. There was significant difference in the pasting temperature of the samples. The pasting
temperature provides an indication of the minimum temperature required for sample cooking, energy cost involved and other
component stability (Ikegwu et al., 2015). It also gives an indication of the gelatinization time during processing (Odedeji and
Adeleke, 2017). Peak viscosity is an index of the ability of starch-based food to swell freely before their physical breakdown
(Sanni et al., 2008). The peak viscosity for the samples ranged from 83.000-137.000%. The Trough viscosity for the samples
ranged from 125.000 to 134.000%. The trough is the minimum viscosity value in the constant

Table 3: pasting properties of two varieties provitamin A cassava flour

Property Sample A Sample B

Peak (RVU) 83.000+1.414° 137.000+0.000?
Trough (RVU) 125.500+0.000° 134.000+0.000?
Breakdown(RVU) 58.000+0.000° 63.000+£1.4142
Final viscosity(RVU) 34.000+1.414° 63.000+£1.4142
Setback(RVU) 34.000+1.414> 18.000+1.414°
Peak time(min) 3.530+0.014° 6.000+1.4142
Pasting temperature(°c) 73.000+0.000° 83.100+0.1412

Means within the same row with different alphabets are significantly different  (p<0.05)

Sample A Fortified provitamin-A yellow cassava flour
Sample B Fortified Provitamin-A cassava white flour

Temperature phase of the RVA pasting profile and it measures the ability of the paste to withstand breakdown during
cooling (Adebowale et al., 2012). The final Viscosity for the samples ranged from 34.000 to 82.000%. The final viscosity is
commonly used to define the quality of particular starch-based flour, since it indicates the ability of the flour to form a viscous
paste after cooking and cooling (Adebowale et al., 2012). The setback viscosity for the samples ranged from 9.000 to 18%.
Setback viscosities are an indication of the extent of retrogradation Low setback viscosities of starches indicate that the products
have a lower tendency to retrograde and vice versa (Adeyemi and ldowu, 1990). The peak time for the samples ranged from 3.530
to 6.000, peak time is a measure of the cooking time.
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