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Abstract 

Advocacy on the utilization of locally grown crops keeps increasing. This study was however carried out to evaluate the 
qualities of extruded snacks from blends of yellow cassava and sesame seeds flour. The yellow fleshed cassava roots 
and sesame seeds (germinated and fermented) were dried, milled and sieved prior to further analysis. Flour of each of 
the processed sesame seed was blended with yellow cassava flour at substitution levels of 0, 15 and 30%. Functional 
and anti-nutritional analyses were carried out on the flour blends. The flour blends were mixed thoroughly to produce 
extruded snacks in a single screw extruder before frying in a deep fryer. Anti-nutrient, proximate and sensory 
evaluations were carried out on the extruded snacks. There was considerable increase in the functional and proximate 
compositions with an increase in sesame seed flour incorporation most especially samples with 30% fermented sesame 
seeds flours, but with a considerably low anti-nutrient in the extrudates. Extruded samples with 30% Fermented sesame 
seed flour also had the highest (7.20) rating with regards to the overall acceptability closely followed by extruded snacks 
from 100% yellow cassava flour (7.05) and samples with 30% germinated sesame seeds flour. The results indicated 
significant differences (p<0.05) among the samples.  This research revealed that extruded snacks can be produced from 
non-wheat flours which will reduce over dependence on imported wheat and hence increase the utilization of locally 
grown crops. It will contribute to large scale production and utilization of the crops for enhanced national food security. 
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1. Introduction

Cassava (Manihot esculenta Crantz) is the third most important source of energy after rice and maize, for human and 
livestock in the world [1]. It is grown for its edible roots, which serves as a food security and income-generating crop 
for millions of people in the developing countries [2, 3].  Nutritionally, the root is starchy, containing about 60-70% 
moisture and 32-35% total carbohydrate of which 80% is starch with greater proportion as amylopectin [4]. It has 
varying amounts of crude fat (0.1-0.3 %), protein (1-3%) and fibre (1.5%) depending on the age and variety [5]. 
Conventional varieties of cassava are deficient in micronutrients such as vitamin A, iron, and zinc thus limiting their use 
as a single food considering the importance of these micronutrients to humans. This is the major cause of hidden hunger 
in most parts of Sub-Saharan Africa [6] with over 250 million children under the age of five suffering from vitamin A 
deficiency [7, 8].  

Yellow Cassava is bio-fortified with micronutrients which could be a sustainable approach to control micronutrient 
malnutrition and this could reach the public especially in the tropics through some of the key cassava-based food 
products. Vitamin A is an essential micronutrient for the normal functioning of visual system, growth and maintenance 
of epithelial cellular integrity. In developing countries where the supply of animal protein is inadequate to meet the 
rapid population growth, considerable interests have been shown in supplementing wheat flour with high-protein, high-
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lysine material (especially legume and oilseed flours, protein concentrates, and isolates) to increase the protein content 
and improve the essential amino acid balance of flour-based baked products [9]. These oilseeds and legume can 
however be utilized in other crops such as cassava to improve its nutrient. In Nigeria, there is a wide varieties of oil 
crops in various parts of the country ranging from largely known and highly utilized ones like soya bean, palm kernel 
and groundnut, to underutilized ones like walnut, locust bean, African oil bean and sesame seed.  

Sesame (Sesamum indicum Linn) is a major oil crop in the world. Globally, the total crop area under sesame production 
is about 6 million hectares. Nigeria is the fifth largest producer of sesame seed in the world with an estimated production 
of 120,000 metric tonnes annually [10]. Black sesame seeds contain better quality of oil and are also suited for medicinal 
purposes to cure several human diseases [11]. It is exceptionally richer in iron, magnesium, manganese, calcium and 
Vitamins B1 and B2 [12]. Moreover, evidence also points to the fact that black sesame flour contain significantly lower 
anti-nutrient (majorly phytate and oxalate). Addition of black sesame seeds flour to root and tuber based products could 
be a good option to provide better overall essential amino acid balance, helping to overcome the world protein calorie 
malnutrition problem. 

Processes applied to sesame seeds such as roasting, fermentation and germination has been reported to further improve 
the nutrient quality and reduce the anti-nutrient contents of sesame seeds [13]. 

Composite flour can be defined as a mixture of flours, starches and other ingredients intended to replace wheat flour 
totally or partially in bakery and pastry products [14, 15]. The use of composite flours had a few advantages for 
developing countries such as saving of hard currency, promotion of high-yielding native plant species, a better supply 
of protein for human nutrition, better overall use of domestic agriculture production and reduction of importation of 
wheat flour [16, 17]. Thus, several developing countries have encouraged the initiation of programmes to evaluate the 
feasibility of alternative locally available flours as a substitute for wheat flour [18].  

Eating snacks during lunch periods has become a way of life for school children and the busy working class people in 
most urban cities in developing nations like Nigeria. Providing nutritious and healthy snacks remains a major challenge 
for the food industry to tackle, including the issue of sugar and carbohydrate contents in snack which predisposes 
obesity [19]. 

Extrusion cooking is a food process in which ingredients are subjected to mixing, heating and shearing and are forced 
to flow through a die that forms and expands the ingredients. Effects of extrusion cooking on nutritional quality include 
changes in proteins and amino acid profile, carbohydrates, dietary fiber, vitamins, mineral content, and some non-
nutrient healthful components of food, which may be beneficial [20]. The production of composite flours using various 
crops for confectionary and bakery goods has been carried out by many researchers. However, very little information 
is available on the composite flour of Yellow cassava and sesame seed flour for extruded snacks production.  

Therefore, the objective of this research was to study the qualities of extruded snacks from Yellow Cassava flour 
substituted with processed Sesame seeds flour.  

2. Materials and Methodology 

2.1. Source of materials 

Yellow Cassava roots were sourced from locally trained farmers at the Federal University of Agriculture Abeokuta. Other 
material such as sesame seeds, wheat flour, sugar, salt and margarine were sourced from Kuto open market in Abeokuta, 
Ogun State, Nigeria. Extruder used was the locally fabricated extruder of the Department of Food Technology, Moshood 
Abiola Polytechnic, Abeokuta, Ogun State, Nigeria. 

2.2. Methods 

2.2.1. Processing of High quality Yellow Cassava flour 

High quality yellow cassava flour was produced using the method described by [21 and 22]. The fleshly harvested yellow 
cassava roots were weighed, washed, peeled, sliced and blanched at 80oc for four minutes. They were dried and milled 
and then sieved before packaging in a polyethylene film prior to further utilization. 
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2.2.2. Processing of Germinated Sesame Seed Flour 

The method of [12] was adopted for the production of the black sesame seeds flour. Dehulled seeds of black sesame 
seeds were germinated at room temperatures (25 ± 2°C) for 5 days by keeping them in trays lined with wet filter paper. 
The germinated seeds were dried in a hot air oven at 40°C to a constant weight. The samples were milled in an attrition 
mill to pass through a 0.5 mm sieve and stored in plastic bags until required for further analysis. 

2.2.3. Processing of Fermented Sesame Seed Flour 

The method of [13] was adopted for the production of the black sesame seeds flour. It was prepared by cooking dehulled 
seeds of black sesame seeds in boiling water for 6 hours and cooling gradually. The cooked seeds were placed in a plastic 
container with a lid and sealed after which fermentation took place at temperatures (35 ± 2°C) for a period of one week 
i.e. 7 days. The fermented seeds were dried in an oven set at 105°C for 12 hours in order to end the fermentation process. 
The samples were then milled in an attrition mill to pass through a 0.5 mm sieve and stored in plastic bags until required 
for further analysis. 

2.2.4. Sample preparation 

Each of the Germinated and Fermented sesame seed flour was mixed with Yellow cassava flour at levels of 0, 15 and 
30%. The blended samples was adjusted to the desired moisture content by spraying calculated amounts of distilled 
water and mixing thoroughly for 15 min. The samples were packed in polyethylene bags and kept in the refrigerator 
overnight to equilibrate the moisture. The samples were brought to room temperature before extrusion cooking. 

2.2.5. Extrusion Process 

Extrusion was carried out using a complete line of fabricated extruder, which has a motor coupled with a speed reducer 
(extrusion by mechanical friction), besides a single extrusion screw, with 130 mm of barrel diameter, 440 mm of 
extruder length, a hydraulic cooling system for temperature control, variable speed, and 50 kg h–1 capacity. During the 
extrusion process a portion of the next test material was used to purge the extruder. The extruded samples were fried 
in a deep fryer into extruded snacks. Each fried sample was divided into two portions and kept in plastics bags 
hermetically sealed until evaluation.  

2.3. Sample Analysis   

2.3.1. Determination of Functional Properties of the Flour Blends 

Water absorption capacity was determined by the method described by [23]. Solubility, swelling capacity and oil 
absorption capacity were determined using the methods described by [24] while bulk density was determined by the 
method described by [25]. 

2.3.2. Determination of Anti-nutritional and Phytochemical contents of flour blends and extruded snacks 

Tannin content was determined using method described by [26], saponin was determined using standard method by 
[27], phytate content was determined using method described by [28]. Oxalate and cyanide contents were determined 
using method described by [29].  

2.3.3. Proximate, dietary fibre and Vitamin A analyses of extruded snacks 

Proximate analysis including moisture, ash, crude protein, fat, dry matter, crude and dietary fibre was determined using 
[27]. Carbohydrate was determined by difference while dietary fibre and Vitamin A were determined using the method 
of [30]. 

2.3.4. Determination of Crude protein 

Crude protein in the samples was determined by the routine semi-micro Kjeldahl procedure / technique. This consists 
of three steps of analysis namely; digestion, distillation and titration. 0.5 g of each finely ground dried sample was 
weighed carefully into the Kjeldahl digestion tubes to ensure that all sample materials got to the bottom of the tubes. 

The percentage nitrogen in this analysis was calculated using the formula: 

N=   Titre value X Normality  HCl used X Atomic mass of nitrogen⁄  X Vol.of flask containing the digest 

Weight of sample digest (mg)X Volume of digest for steam distillation
 x 100 
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The crude protein content was determined by multiplying percentage nitrogen by a constant factor of 6.25 i.e. % CP = 
% N x 6.25                                                                                 [27]. 

2.3.5. Determination of Crude Fat  

Approximately 1 g of each sample was weighed into fat free extraction thimble and plugged lightly with cotton wool. 
The thimble was placed in the extractor and fitted up with reflux condenser and a 250 ml soxhlet flask which has been 
previously dried in the oven, cooled in the desiccator and weighed.  

If the initial weight of dry soxhlet flask is W0 and the final weight of oven-dried flask + oil/fat is W1, percentage fat/oil 
is obtained by the formula: 

% 𝐶𝑟𝑢𝑑𝑒 𝑓𝑎𝑡 =  
𝑊1  − 𝑊0 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
  𝑋 100  

Where; W0 – Initial weight of the flask 

 W1 – Final weight of the sample                                                                    [27]. 

2.3.6. Determination of Crude Fibre  

Exactly 2.0 g of the sample was accurately weighed into the fibre flask and 100 ml of 0.255 N H2SO4 added. The mixture 
was heated under reflux for 1 hour with the heating mantle. The hot mixture was filtered through a fibre sieve cloth. 
The filtrate obtained was thrown off and the residue was returned to the fibre flask to which 100 ml of 0.313 N NaOH 
was added and heated under reflux for another 1 hour. 

The percentage fibre was obtained by the formula: 

% 𝑓𝑖𝑏𝑟𝑒 =  
𝑊1  − 𝑊2 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
  𝑋 100  

Where; W1 – Initial weight of the crucible 

 W2 – Final weight of the crucible                                       [27]. 

2.3.7. Determination of Total Ash  

In determination of total ash content of each sample, the use of a high temperature muffle furnace capable of maintaining 
temperatures of between 500 and 600oC was utilized. Water and other volatile materials are vaporized and organic 
substances are burned in the presence of the oxygen in air to CO2, H2O and N2. 

% 𝐴𝑠ℎ (𝑑𝑟𝑦 𝑏𝑎𝑠𝑖𝑠) =  
𝑀𝐴𝑆𝐻 

𝑀𝐷𝑅𝑌
  𝑋 100  

Where MASH refers to the mass of the ashed sample, and M DRY and M ASH refer to the original masses of the dried and wet 
samples                                                                                 [27]. 

2.3.8. Determination of Dry Matter and Moisture  

Two grams of the sample was weighed into a previously weighed crucible. The crucible plus sample taken was then 
transferred into the oven set at 10 0C to dry to a constant weight for 24 hours overnight. At the end of the 24 hours, the 
crucible plus sample was removed from the oven and transferred to desiccator, cooled for 10 min and weighed. 

If the weight of empty crucible is W0, weight of crucible plus sample is W1, W3 is the weight of crucible and sample after 
drying. 

% 𝐷𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 (𝐷𝑀) =  
𝑊3  − 𝑊0

𝑊1  − 𝑊0
  𝑋 100 

% 𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 =  
𝑊1  − 𝑊3

𝑊1  − 𝑊0
  𝑋 100          
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OR    % 𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 = 100 − % 𝐷𝑀  

Where; W0 – Initial weight of the crucible 

 W1 – Weight of crucible + sample 

 W3 - Weight of crucible + sample after drying                                      [27].      

2.3.9. Determination of Carbohydrate 

Nitrogen free extract/carbohydrate was determined by difference done by subtracting (% moisture, % crude protein + 
% ether extract + % crude fibre + % ash) from 100 

i.e. [100 − (% 𝑀 + % 𝐶𝑃 + % 𝐸𝐸 + % 𝐶𝐹 + % 𝐴𝑠ℎ)] 

2.3.10. Sensory Evaluation  

Extruded snacks was made from yellow cassava flour substituted with processed sesame seed flour were subjected to 
sensory evaluation using 25 untrained panelists drawn from Moshood Abiola Polytechnic Abeokuta Community. The 
extruded snacks were evaluated for colour, aroma, taste, texture, crispiness and overall acceptability. The ratings were 
on 9 point hedonic scale ranging from 9 (like extremely) to 1(dislike extremely) [31]. 

2.4. Statistical analysis 

All analyses except sensory evaluation were carried out in triplicates. The data obtained were subjected to one way 
analysis of variance (ANOVA). Duncan Multiple Range Test (DMRT) was used to determine the significant difference. All 
tests were conducted at 5% significance level and carried out using SPSS (Version 21.0).  

3. Results and discussion 

3.1. Functional properties of the flour blends   

Functional properties (solubility, foam ability, gelation and emulsification properties etc.) are the intrinsic 
physicochemical characteristics which may affect the behaviour of food systems during processing and storage. 
Adequate knowledge of these physicochemical properties indicates the usefulness and acceptability for industrial and 
consumption purpose [32, 33]. The result of the functional properties of the flour blends is as presented in Table 1. The 
results obtained for pH of yellow cassava flour (YCF) and processed sesame seed flour ranged from 4.99 to 5.87. It shows 
that there was significant difference (p<0.05) between the samples. This shows that YCF was more acidic compared to 
other substituted samples. Acidic products are more shelf stable than non-acidic counterparts [31]. Similar observations 
have been made by [34] for wheat and taro flour. The bulk density values ranged from 0.39 to 0.44g/cm3 with the 
highest value found in the sample to be 70% YCF and 30% GSSF formulation. There was significant difference in the 
samples. Generally, bulk density is desirable for greater ease of dispersibility and reduction of paste thickness [35]. The 
less bulk density, the more packaging space is required [36].  This is because the lower BD value, the higher the amount 
of flour particles that can stay together and thus increasing the energy content that could be derivable from such diets 
[37]. The bulk density of the flour samples was observed to increase significantly with increased level of sesame flour 
at all levels of inclusion for both fermented and germinated sesame seeds flour included samples. The swelling capacity 
of the flour samples ranged from 14.90 to 16.80g/g. There was significant difference (p<0.05) among the samples when 
compared with the control. The swelling capacity of the flour samples was observed to increase gradually with increased 
level of germinated sesame seed flour but reduced with addition of fermented sesame seeds flour to cassava flours. 
Swelling power is the measure of hydration capacity. This also explains the amount of water needed to change a given 
amount of flour from its powdered form to its viscoelastic form [38]. This implies that samples with fermented sesame 
seed flours will swell faster with addition of little amount of water. The water absorption capacity of the flour samples 
ranged from 145.50 to 166.50%. Flour blend with 15% germinated sesame seed flour having the highest value while 
30% Fermented sesame seed had the least value. The two processing methods employed on sesame seed in this study 
had shown to increase significantly the water absorption capacity of the flour samples. The high water absorption 
capacity observed in the flour samples could be due to the high protein content of the flour as a result of addition of 
processed sesame seed flour, which has affinity for water molecules [39]. Water absorption capacity is the ability of a 
product to associate with water under limiting conditions [40]. It has been suggested that flours with such high water 
absorption capacity as seen in this study is very useful in bakery products, as this could prevent staling by reducing 



World Journal of Advanced Research and Reviews, 2021, 10(01), 074–086 

 

79 

moisture loss. The value obtained in this study are within the range (133.33 to 200.00%) of results obtained by [41] for 
germinated pigeon pea, fermented sorghum and cocoyam flour blends. The oil absorption capacity of the flour blends 
ranged from 85.00 to 110.00%. Flour blends containing 30% germinated sesame seed flour had the highest value while 
sample with 30% Fermented sesame seed flour had the least value. Oil absorption capacity is the ability of flour to 
absorb oil, which is important as oil adds a flavour retainer and improves mouth feel [42, 43]. The high OAC suggests 
the lipophilic nature of the constituents of the flour [44, 45] and this suggests that the blends most especially those with 
germinated sesame seeds flour are potentially useful in structural interaction in food especially in flavour retention, 
improvement of palatability and extension of shelf life of bakery [46]. Solubility is an index of Protein functionality such 
as denaturation and its potential applications [33, 47]. The solubility of flour blends ranged from 38.87 to 48.00%. The 
solubility of the flour samples was observed to increase with increased level of sesame seed flour. There was significant 
difference (p<0.05) among the samples. The increase in the solubility of the flour blends might be due to increase in the 
protein content of the flour blends as the sesame seed flour was been added. Solubility is an index of Protein 
functionality such as denaturation and its potential applications [47]. 

Table 1 Functional properties of Yellow Cassava Flour substituted with processed Sesame seed flour  

Sample pH Bulk Density 
(g/cm3) 

Swelling 
capacity (g/g) 

Water absorption 
capacity (%) 

Oil absorption 
capacity (%) 

Solubility 
(%) 

A 5.51±0.04b 0.39±0.00d 15.69±0.01a 159.50±0.70b 94.50±2.12b 38.87±0 47c 

B 5.87±0.06a   0.41±0.00c 14.90±0.35b  151.50±2.12c 88.50±2.12b 44.79±0.32b 

C 5.24±0.04c 0.42±0.00b 15.03±0.22b  145.50±2.12d 85.00±1.41c 44.02±0.18b 

D 5.61±0.04b 0.43±0.00ab 15.96±0.09a 166.50±2.12a 107.50±3.53a 47.10±0.82a 

E 4.99±0.06d 0.44±0.00a 16.08±0.15a  161.00±1.41b 110.00±4.24a 48.00±0.15a 

Values are means ± S.D of triplicate determinations. Values in the same column with different superscript are significantly different (p˂0.05) 
Keys: A-100% yellow cassava; B-85% yellow cassava flour, 15% fermented sesame seed flour; C-70% yellow cassava flour, 30% fermented sesame 
seed flour; D - 85% yellow cassava flour, 15% germinated sesame seed flour; E-70% yellow cassava flour, 30 % germinated sesame seed flour  

3.2. Anti-nutrient composition of the flour blends and extruded snacks 

The results for anti-nutrient composition of yellow cassava processed sesame seed flour blends and extruded snacks 
are presented in Tables 2 and 3 respectively. Tannins form insoluble complexes with proteins thereby decreasing the 
digestibility of proteins [48]. The tannin content obtained for the flour blends ranged from 0.030 to 0.044% while that 
of the extruded snacks ranged between 0.002 and 0.005%. From this result, it was observed that the tannin content in 
the flour reduced from 0.030 to 0.005% in the extruded snacks with significant difference (p<0.05) among the samples. 
It can therefore be inferred that extrusion cooking caused a drastic reduction of anti-nutrient contents in the extrudates. 
This result is lower compared to that obtained for high quality cassava-tigernut flour and extrudates (3.62 – 6.09 and 
2.46 - 5.37% respectively) as reported by [49]. The saponin values for both flour blends and extruded snacks ranged 
from 0.127 to 0.142% and 0.094 to 0.119% respectively. Samples with 15% fermented sesame seed flour had the most 
reduced saponin value while extruded snacks made with 100% YCF had the lowest saponin content. The samples differ 
significantly by (p<0.05). The result obtained in this study is lower compared to high quality cassava-tiger nut flour 
reported by [49] and [50].  Saponins have been reported to be useful in reducing inflammation of upper respiratory 
passage and also mainly as foaming and emulsifying agents [51] The phytate content of the flour blends and extruded 
snacks made from yellow cassava flour and processed sesame seed flour ranged from 0.017 to 0.052% and 0.010 to 
0.012% respectively which differ significantly (p<0.05). This result indicates that extrusion plays a vital role in phytate 
reduction. These values were quite lower than the lethal dose for phytate (250 to 500mg/100g) reported by [52]. The 
values agreed reasonably well with [53] who reported that soaking and cooking can reduce phytic acid. Phytates bind 
minerals in gas to intestinal tract making dietary minerals unavailable for absorption and utilization of the body [54]. It 
is expected that phytate lowering should enhance the bioavailability of minerals such as iron in extruded snacks as 
Phytic acid makes such mineral unavailable [55].  
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Table 2 Anti-nutrient and Dietary fiber Composition of yellow cassava flour-processed sesame seed flour 

Sample Tannin (%) Saponin (%) Phytate (%) Oxalate (%) Trypsin inhibitor (%) HCN (%) Dietary fibre (%) 

A 0.030±0.004c 0.138±0.002a 0.017±0.004d 0.008±0.002e 2.535±0.077b 8.320±0.183a 2.510±0.098c 

B 0.032±0.002c 0.127±0.002b 0.030±0.001c 0.014±0.000d 2.705±0.049b 1.265±0.049b 3.405±0.162b 

C 0.038±0.002ab 0.130±0.005b 0.038±0.002b 0.021±0.000c 2.565±0.091b 0.863±0.035b 3.625±0.091b 

D 0.044±0.000a 0.141±0.004a 0.048±0.002a 0.031±0.001b 2.935±0.049a 0.785±0.021c 3.898±0.021a 

E 0.042±0.002a 0.142±0.011a 0.052±0.001a 0.042±0.001a 3.038±0.035a 0.735±0.091c 3.965±0.077a 

Values are means ± S.D of triplicate determinations. Values in the same column with different superscript are significantly different (p˂0.05) 
Keys: A-100% yellow cassava; B-85% yellow cassava flour, 15% fermented sesame seed flour; C-70% yellow cassava flour, 30% fermented sesame seed flour; D - 85% yellow cassava flour, 15% germinated 
sesame seed flour; E-70% yellow cassava flour, 30 % germinated sesame seed flour 

 

Table 3 Anti-nutrient composition of extruded snacks produced from yellow cassava processed sesame seed flour. 

Sample  Tannin (%)  Saponin (%)  Phytate (%) Oxalate (%) Trypsin inhibitor (%) HCN (%) 

A 0.005±0.000a 0.099±0.002cd 0.010±0.000c 0.085±0.002b 855.46±14.60a 1.890±0.028a 

B 0.002±0.000c 0.119±0.003a 0.012±0.000a 0.010±0.000c 831.17±2.99b 1.640±0.014d 

C 0.002±0.000c 0.094±0.000c 0.010±0.000c 0.084±0.001b 827.24±0.94b 1.485±0.035e 

D 0.003±0.000b 0.102±0.000b 0.011±0.000ab 0.093±0.002a 856.55±1.02a 1.800±0.014b 

E 0.002±0.000c 0.116±0.000a 0.011±0.000ab 0.010±0.000c 841.54±0.29ab 1.735±0.021c 

Values are means ± S.D of triplicate determinations. Values in the same column with different superscript are significantly different (p˂0.05) 
Keys: A-100% yellow cassava; B-85% yellow cassava flour, 15% fermented sesame seed flour; C-70% yellow cassava flour, 30% fermented sesame seed flour; D - 85% yellow cassava flour, 15%germinated 
sesame seed flour; E-70% yellow cassava flour, 30 % germinated sesame seed flour
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The oxalate values for the flour blends and extrudates ranged from 0.0080 to 0.0420% and 0.010 to 0.093% 
respectively. There was significant (p<0.05) difference among the samples. Extruded samples with 15% Fermented 
sesame seed flour had the highest value while sample with 30% germinated sesame seed flour had the least values. 
These values are quite lower than high quality cassava-tiger nut flour (0.12-0.83 and 0.11-0.63% respectively) as 
reported by [49]. Too much of soluble oxalate in the body have been reported to prevents the absorption of soluble 
calcium ions as the oxalate binds the calcium to form insoluble calcium oxalate complexes. As a result of this, people 
with the tendency to form kidney stones are advised to avoid oxalate rich foods [56] Trypsin inhibitor values for both 
the flour blends and extruded snacks ranged from 2.535 to 3.038g/100g and 827.240 to 856.560mg/100g respectively. 
There was significant (p<0.05) difference among the samples evaluated. This result is relatively high compared to that 
of yellow maize and soya bean flour blends (0.06g) reported by [57].  Hydrogen cyanide values for both the flour blends 
and extrudates ranged from 0.735 to 8.320% and 1.485 to 1.890% respectively. Sample with 100% YCF had the highest 
value while sample with 30% GSSF had the least value while extruded snacks from 30% Fermented sesame seed flour 
had the highest value but least in 100% yellow cassava flour. There was significant (p<0.05) difference in the samples. 
This result implies that, extrusion process can cause a reduction in hydrogen cyanide presence in yellow cassava flour. 
[58] also reported a lower levels of hydrogen cyanide (0.16 to 0.24mg/100g) in cookies made from cocoyam, pigeon 
pea and sorghum flour blends. Cyanogenic glucoside on hydrolysis yields toxic hydrocyanic acid (HCN). 6 hours of 
soaking in water reduced the hydrogen cyanide level of cassava flour to 0.863%. Liberated cyanide will usually dissolve 
in water when fermentation is effected by prolonged soaking [59]. 

3.3. Proximate, Dietary fiber and Vitamin A compositions of the extruded snacks      

The result of the proximate composition of extruded snacks produced from yellow cassava-processed sesame seed flour 
blends is represented in Table 4. The protein content ranged from 7.72 to 10.30%. Extruded snack sample with 30% 
Fermented sesame seed flour had the highest value while sample 100% yellow cassava flour had the least value. The 
protein values were retained more in the extruded snacks. This might be due to the inclusion of sesame seeds flours 
which contains high protein. However, extrusion cooking has been discovered to cause relatively small losses of 
essential amino acids [60]. The fat content which ranged from 10.71 to 13.56% with the lowest value observed in the 
control sample was significantly (p<0.05) different among the samples. The fat content increased as fermented and 
germinated sesame seed flours was introduced into the yellow cassava flour. Fat is an important component in food 
because fat improves the flavour and mouth feel of foods [61]. The crude fibre content ranged from 1.80 to 2.20%. 
Extruded snack with 15% GSSF had the highest value. There was significant (p<0.05) difference in the samples. 
However, too much fibre in the diet is not good for older infants and young children. Fibre has been reported to increase 
dietary bulkiness, hence limiting adequate food intake by infants and young children [62]. The values obtained in this 
study were still within the 2.0% maximum allowable recommend by Nigerian raw materials research and council [63]. 
The ash content of extruded snacks ranged from 2.19 to 2.77%. There was significant difference in the ash content of 
the extruded snack samples. Extruded snack sample with 30% Fermented sesame seed flour had the highest value while 
sample with 100% yellow cassava flour had the least value. The high ash content of the extruded snack samples 
indicates that sesame seed is a good source of mineral element since ash is an indication of mineral element in a food 
[64]. The result obtained for ash content in this study was in close agreement with that obtained by [65] for cookies 
produced from pigeon pea-cocoyam flour blends. The moisture content of the extruded snacks ranged from 7.00 to 
7.66%.There was significant difference in the extruded snack samples. These values can be considered low. The low 
moisture content will give the product good shelf stability. High moisture content has implications on bake products. 
For example, increased moisture (high moisture content) content would reduce the crispiness of the product [66].  Dry 
matter is an indicator of the amount of nutrients that are available in a particular food material. The dry matter content 
of the extruded snacks ranged from 92.34 to 93.00% in the composite products. The dry matter of the extruded snacks 
was observed to increase significantly when compared to the control sample. Extruded snacks produced from 30% 
Fermented sesame seed flour had the highest value. This could be due to high nutrient density reported in sesame seed 
which contributed to the nutrient density of the extruded snacks. Sesame seed is rich in fat, protein, carbohydrate, fibre 
and some minerals [67]. The carbohydrate (CHO) content ranged from 64.37 to 70.49% with control sample having the 
highest value. The level of Carbohydrates in the samples may be due to high level of baking fat and yellow cassava flour. 
The carbohydrate content of the extrudates substituted with processed sesame seeds reduced. Extrusion cooking did 
not affect carbohydrate content of samples. These values compared well with the results (70.76-79.58%) obtained by 
[68], from extrudates of 70 to 90% sample mixtures of soy and sweet potato for flour.  Dietary Fibre is an important 
dietary component in the diets for adults as it is known to play a role in prevention of constipation, overweight, 
cardiovascular diseases, diabetes and colon cancer [69]. Dietary fibre of the flours ranged from 2.51 to 3.97% while that 
of the extruded snacks ranged from 4.20 to 5.31%. There was significant difference in the samples. The B-carotene 
(vitamin A) content of the extruded snacks ranged from 0.08 to 0.29IU. There was significant (p<0.05) differences 
among the samples. Samples with both 15% and 30% germinated sesame seeds flour had the lowest values. The B-
carotene which is pro-vitamin A is an essential nutrient required for maintaining immune function. It also helps in the 
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maintenance of healthy teeth, skeletal and soft tissue, mucous membranes and skin. It is often known as retinol because 
it produces the pigment in the retina of the eye. 

Table 4 Proximate, dietary fibre and vitamin A compositions of extruded snacks produced form yellow cassava 
processed sesame seed flour 

Sample  Protein 
(%)  

Fat (%)  Fibre (%)  Total ash 
(%) 

Moisture 
content (%) 

Dry matter 
(%) 

CHO (%) Dietary 
fibre (%) 

Vitamin A 
(IU)  

A 7.72±0.09d 10.71±0.04e 1.80±0.07b 2.19±0.02c 7.08±0.05b 92.92±0.05a 70.48±0.04a 4.20±0.02d 0.12±0.01c 

B 9.82±0.07b 12.78±0.03c 1.91±0.21b 2.77±0.04a 7.08±0.06b 92.91±0.06a 65.61±0.02c 4.32±0.01c 0.21±0.00b 

C 10.30±0.04a 13.56±0.09a 1.94±0.10b 2.31±0.49c 7.00±0.11b 93.00±0.11a 64.37±0.22d 4.24±0.02cd 0.29±0.01a 

D 8.81±0.27c 11.72±0.07d 2.20±0.13a 2.51±0.42b 7.66±0.14a 92.34±0.14b 67.37±0.22b 5.31±0.04a 0.08±0.00d 

E 9.50±0.17b 13.24±0.05b 1.95±0.02b 2.71±0.02a 7.15±0.06b 92.84±0.06a 65.43±0.19c 4.40±0.02b 0.14±0.00c 

Values are means ± S.D of triplicate determinations. Values in the same column with different superscript are significantly different (p˂0.05) 
Keys: A-100% yellow cassava; B-85% yellow cassava flour, 15% fermented sesame seed flour; C-70% yellow cassava flour, 30% fermented sesame 
seed flour; D - 85% yellow cassava flour, 15% germinated sesame seed flour; E-70% yellow cassava flour, 30 % germinated sesame seed flour 

3.4. Sensory Evaluation 

Sensory analysis is a scientific discipline that applies the use of human senses for the purpose of evaluating consumer’s 
acceptability of products qualities [70]. The mean scores for colour, aroma, taste, texture, crispiness and overall 
acceptability of the extruded snacks samples presented in Table 5 ranged from 5.25 to 7.25, 5.85 to 6.75, 5.75 to 7.15, 
5.45 to 6.95, 6.20 to 7.20 and 5.85 to 7.20 respectively. Extruded samples with 30% Fermented sesame seed flour had 
the highest (7.20) rating with regards to the overall acceptability closely followed by 100% yellow cassava flour 
extruded snacks (7.05) on a 9-point hedonic scale rating where 1 represent (dislike extremely) and 9 represents (like 
extremely).  There was significant difference (p<0.05) in all the attributes tested. Colour is a very important parameter 
in judging properly food products that do not only reflect the suitability of raw materials used for the preparation but 
also provides information about the formation and quality of the product. Aroma is a determining factor in consumers’ 
acceptance of food product. Taste refers to the sweet sensation caused in the mouth by contact with the food. It is an 
important sensory attributes of foods because of its influence on acceptability [71].   

Table 5 Sensory scores of extruded snacks made from yellow cassava flour substituted with processed sesame seed 
flour. 

Sample Colour Aroma Taste Texture Crispiness Overall acceptability 

A 6.90±1.11a 5.85±1.13b 6.30±1.83ab 6.95±1.35a 7.20±1.36a 7.05±1.28a 

B 6.35±1.18ab 5.85±1.59b 6.20±1.73ab 6.60±1.93a 6.20±2.09b 5.05±1.81c 

C 7.25±1.25a 6.50±1.82a 7.15±1.22a 6.85±1.53a 6.85±1.08a 7.20±1.28a 

D 5.25±2.07b 5.85±2.23b 5.75±1.80b 5.45±1.53b 6.25±1.48b 6.00±1.71ab 

E 6.85±1.59a 6.75±1.77a 6.05±2.06ab 6.65±1.08a 6.80±1.73a 6.10±2.38b 

Values are means ± S.D of triplicate determinations. Values in the same column with different superscript are significantly different (p˂0.05) 
Keys: A-100% yellow cassava; B-85% yellow cassava flour, 15% fermented sesame seed flour; C-70% yellow cassava flour, 30% fermented sesame 
seed flour; D - 85% yellow cassava flour, 15% germinated sesame seed flour; E-70% yellow cassava flour, 30 % germinated sesame seed flour 

 

The result indicates that in terms of colour, taste, crispiness and overall acceptability, sample with 30% Fermented 
sesame seed flour was the most preferred by the panelists. The preference of panelists for the extruded snacks sample 
with fermented sesame seed flour might be attributed to the influence of fermentation on the flour. Sample with 100% 
yellow cassava flour was most preferred in terms of texture. The high mean score obtained for the crispiness of the 
sample might be due to low moisture content of the sample. [66] stated that high moisture content had an implication 
on the samples. For example, increased moisture content would reduce the crispiness of fried products. Texture is an 
important sensory attributes that influences customer selection and acceptability product. Texture is influenced by the 
physical characteristics of the flours such as particle size. The overall acceptance expresses how the consumers or 
panelists accept the product generally. The extruded snacks samples were generally accepted by the panel because non 
falls below 6.00 which is the least acceptable level on a 9-point hedonic scale. Extrusion has been reported to have an 
organoleptic benefit of changing not only the flavour, aroma and texture but also the physical appearance (colour) of 
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cooked products [72]. Generally samples with high amount of fermented and germinated sesame seeds flours were the 
most acceptable samples among all. 

4. Conclusion 

This study has shown that extruded snacks produced from yellow cassava flour substituted with processed sesame seed 
flour are nutritionally endowed with reduced anti-nutritional components.  Processed sesame seed inclusion in cassava 
flour did not have any negative effect on the products but rather improved the nutrient contents and sensory attributes 
of the products. Both flours and extrudates produced with 30% inclusion of fermented sesame seeds flours to yellow 
cassava flour were the highest in terms of functionality, nutrient and acceptability. Extrusion cooking also added values 
to the products in that its transforms them into instant and convenient products with better organoleptic properties. 
Therefore, extrusion technology should be adopted by small and medium scale food processors. This will contribute to 
increased production and utilization of the indigenous crops for enhanced food and nutrition security in Nigeria and 
other developing African countries.  
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