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Abstract 

Malted sorghum - cassava flour was formulated into blends to produce cookies. Sorghum grains were sorted, washed, 
steeped (12 hours), malted (48 hours) and oven dried. Freshly harvested cassava roots were manually peeled, washed, 
grated and dried (using hybrid solar dryer at 50 oC). The dried malted sorghum grains and cassava were processed into 
flour and sieved. The blends were prepared by homogenously mixing malted sorghum flour and high quality cassava 
grate flour in varied proportion labelled as sample A (100 % Malted Sorghum Flour) Sample B (60 % Malted Sorghum 
Flour and 30 % Cassava Flour), sample C (70 % Malted Sorghum Flour and 30 % Cassava Flour) and Sample D (80 % 
Malted Sorghum Flour and 20 % Cassava Flour) separately prepared into cookies and subjected to proximate, mineral, 
anti-nutrients, physical and sensory analysis using standard analytical methods with chemicals of analytical grade. The 
result for moisture, Ash, Fat, Fibre, Protein, Carbohydrate and energy content for samples A, B, C and D respectively 
ranged from 3.11 % - 6.81 %; 1.41 % - 1.52 %; 21.66 % - 23.41 %; 2.20 % - 2.67 %; 4.41 % - 7.26 %; 60.86 % - 63.85 % 
473.09 Kcal - 478.82 Kcal. The mineral result for sodium, potassium and calcium 15.06 mg/100 g, 12.70 mg/100 g, 14.40 
mg/100 g and 17.00 mg/100 g; 24.70 mg/100 g, 28.17 mg/100 g, 21.60 mg/100 g and 25.17 mg/100 g; 11.30 mg/100 
g, 13.10 mg/100 g, 10.09 mg/100 g and 10.09 mg/100 g respectively. The result recorded for colour ranged from 6.20 
- 7.40; aroma was 6.30 - 7.30; taste ranged from 6.10 - 7.20; texture ranged from 5.60 - 5.90 and overall acceptability 
ranged from 5.70 - 6.50.  

It can be concluded that combination of Malted Sorghum and Cassava Flour in cookies production will help to enhance 
the utilization of both crops, nutritional intake, increase variety and reduce wheat importation. 
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1. Introduction

Humans have consumed bakery products for hundreds of years. They are crispy, unleavened and sometimes sweet 
pastry produced light by the addition of baking powder or soda, sometimes with chocolate or fruit input [1].  Cookies is 
a small, flat, sweet, baked food, usually containing flour, eggs, sugar, and either butter or cooking oil. It may include 
other ingredients such as raisins, oats, chocolate chips or nuts [2]; which come in an infinite variety of sizes, shapes, 
texture, composition, tenderness, tastes, and colours [3]. Consumption of bakery products has been increasing as a 
result of urbanization, and Food industries are exploiting this development by manufacturing nutritious bakery foods 
[4]. Cookies, a major portion of bakery products are feasible fibre carriers because of their longer shelf-life and have 
become one of the most desirable snacks for both young and elderly people due to their low manufacturing cost, more 
convenience and ability to serve as a vehicle for important nutrients [5]. 
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In Nigeria, ready-to-eat baked products (snacks) consumption is continually growing and there has been increasing 
reliance on imported wheat. Staple crops that are grown other than wheat such as cassava, yam or sweet potatoes and 
cereals such as sorghum can be used for baked foods [6]. The economy of any country importing wheat for the 
production of baked foods such as cookies would be improved if other staple food like sweet potato, cassava, yam etc. 
that are grown locally are used in producing such products. Therefore, efforts are made to partially replace wheat flour 
with non-wheat flours as a possibility for increasing the utilization of indigenous crops cultivated in Nigeria as well as 
contribute to lowering cost of bakery products [7].  

Sorghum (Sorghum bicolor) is an ancient cereal grain belonging to the grass family [8]. It is one of the leading crop 
worldwide and ranked the fifth highest production of the cereal crops following maize, wheat, rice and barley with 
57.6million tons of annual production globally in 2017 [9]. Sorghum has been widely grown in tropical and subtropical 
regions. In Asian and African countries such as India and Nigeria, sorghum is one of the important crops and is used to 
make foods such as bread and porridges. It is the principal source of energy and nutrition for humans [10] especially in 
some under developed and semi-arid regions. The unique profile confers sorghum with a number of health benefits 
such as reducing oxidative stress and cancer prevention [11], [12]. 

Roots and tuber crops such as yam and cassava are second only in importance to cereal as a global source of 
carbohydrates [13]. However, cassava is the second most important tropical root crop in West Africa [14], [15] whose 
main used form is the production of flour for the constitution of food at the family and industrial scale. Fokom [16] 
reported that Food and Agriculture Organization of the United Nations, International Center for Tropical Agriculture, 
the International Institute of Tropical Agriculture and Federal Institute for Industrial Research agreed that there is a 
need to include crops like cassava into production of low cost foods such as bread and baked foods for strategic 
development purpose. Therefore, incorporation of malted sorghum-cassava flour to make cookies provides a good 
opportunity to improve the nutritional quality of snacks consumed by many people especially growing children.  

2. Material and methods 

2.1. Preparation of Materials 

Fresh cassava roots were harvested from CEDAP farm Auchi Polytechnic, Auchi Edo State. Sorghum grain (White), 
baking fat (simas), sugar (dangote), salt (Mr chef), sodium bicarbonate (baking powder) and milk powder (Dano) used 
for the production of cookies were obtained from Uchi market Auchi, Edo state. The method of Dziedzoave et al. [17] 
with slight modification was used to produce Cassava Grate Flour. Sorghum (Sorghum bicolor) grains were malted 
according to the method described by Hallen et al. [18] with slight modification. The flours were separately packaged 
in moisture proof polyethylene film and kept at ambient conditions (28±2 oC) for later use. Composite flours were 
prepared by blending malted sorghum and cassava as shown in Table 1 using a Philips blender (Model HR 2001).  

Table 1 Formulation of malted Sorghum-cassava flour cookies production 

Ingredients 

Ratios 

A 

60:40 

B 

70:30 

C 

80:20 

D 

100:00 

Sorghum flour (g) 180 210 240 300 

Cassava flour (g) 120 90 60 - 

Fat (g) 200 200 200 200 

Sugar (g) 100 100 100 100 

Corn starch (g) 100 100 100 100 

Vanilla extract (g) 1 1 1 1 

Milk flavor (g) 12 12 12 12 

Powdered milk (g) 12 12 12 12 

Sodium bicarbonate (tsp) ½ ½ ½ ½ 

Salt (tsp) 1/8 1/8 1/8 1/8 
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2.2. Sample Production 

The cookies samples were prepared from table 1 above using the method as described by Ndulaka and Obasi [19] with 
slight modification. The measurements were carefully weighed using a digital scale (Platinum A110C) according to their 
different ratio proportions. The weighed baking fat and granulated sugar were creamed together with the mixer for 20 
minutes for a creamy consistency. Sorghum flour, baking powder, powdered milk, corn starch, cassava flour, vanilla 
extract, milk flavor and salt were mixed together, this was then added to the creamy mixture and kneaded until dough 
of plastic but non sticky consistency was obtained. Kneading continued for 5minutes to obtain smooth plastic dough. 
The batter was shaped using a metre rule to attain a uniform measurement in the baking tray and then baked in an oven 
at 180 oC for 25 minutes. The cookies were allowed to cool on a rack after which they were packed in a low density 
polyethylene bag and kept in a plastic container until required for sensory evaluation and other analysis. 

2.3. Mineral Analysis 

The mineral analysis was carried out using Atomic Absorption spectrophotometer (AAS) for calcium (Ca) and Corning 
400 flame photometer for potassium (K) and sodium (Na) [20]. This was determined by the dry ash extraction method 
following, which specified mineral element. 2.0 g of the sample (cookies) was burnt to ashes in a muffle, the resulting 
ash was dissolved in 100 ml of dilute hydrochloric acid. (1 ml HCl) and then diluted to 100 ml in a volumetric flask using 
distilled water. The digestion so obtained was used for the various analyses. The procedure was repeated for the four 
samples. 

2.4. Sensory Evaluation  

Twenty (20) panelists made up of male and female from the Department of Food Technology, Auchi Polytechnic, Auchi, 
Edo State were randomly selected. They were requested to evaluate the various cookies samples for colour, texture, 
aroma, taste and overall acceptability using a 9-point hedonic scale where 9 was equivalent to like extremely and 1 
meant dislike extremely as described by Iwe [21]. The samples were presented in a well packaged material, coded with 
different random alphabets, served simultaneously to ease possibility of panelist evaluating the samples. Necessary 
precautions were taken to prevent bias of panelists. The sensory evaluation data were analyzed using analysis of 
variance (ANOVA). 

2.5. Determination of Proximate Composition 

The proximate composition of the prepared samples was determined using the standard method of Association of 
Official Analytical Chemist [22]. 

2.6. Energy Value 

The energy value was calculated in KJ/100 g, using the Atwater Factor Method, as described by Osborne and Voogt [23]. 
It was calculated using the equation:  

𝐸. 𝑉 = (9 × 𝐶𝑟𝑢𝑑𝑒 𝑓𝑎𝑡) + (4 × 𝑐𝑟𝑢𝑑𝑒 𝑝𝑟𝑜𝑡𝑒𝑖𝑛) + (4 × 𝐶𝑎𝑟𝑏𝑜ℎ𝑦𝑑𝑟𝑎𝑡𝑒) 

2.7. Statistical analysis 

Data obtained from the chemical, mineral, anti-nutrient, physical and sensory analyses were recorded in triplicate and 
subjected to statistical analysis of variance (ANOVA) with the mean value separated by Duncan’s multiple range test at 
5 % level of significance. 

3. Results  

Table 2 Proximate composition of cookies 

Sample Moisture (%) Ash (%) Fat (%) Fibre (%) Protein (%) Carbohydrate (%) Energy (Kcal) 

A 5.72 +0.00b 1.41+0.01a 22.61+0.00b 2.20+0.02a 4.41+0.05a 63.45+0.01c 475.16±0.01 b 

B 6.81+0.03a 1.52+0.02c 23.41+0.18d 2.35+0.02b 4.74+0.05b 60.86+0.30a 473.09±0.02 a 

C 5.90+0.01c 1.47+0.00b 23.39+0.03c 2.46+0.01b 5.72+0.03c 61.00+0.01b 477.39±0.00 c 

D 3.11+0.03a 1.49+0.01bc 21.66+0.04a 2.67+0.07c 7.26+0.05d 63.85+0.09d 478.82±0.01 d 

Each value is a mean of triplicate determinations. Mean value with the same letter as superscript on the same column are not significantly different 
from one another (p < .05). 
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KEY:  
Sample A: 100 % malted sorghum cookies;  
Sample B: 60 % malted sorghum + 40 % cassava flour cookies;  
Sample C: 70 % malted sorghum + 30 % cassava flour cookies;  
Sample D: 80 % malted sorghum + 20 % cassava flour cookies 

Table 3 Mineral composition of cookies (mg/100 g) 

Sample Sodium  Potassium  Calcium  Magnesium Iron Manganese Zinc 

A 15.06+0.04c 24.70+0.00b 10.09+0.00a 10.91±0.01 b 0.08±0.00 a 0.01±0.00 a 0.42±0.00c 

B 12.70+0.00a 28.17+0.00d 11.30+0.00c 10.62±0.02 a 0.10±0.00 b 0.01±0.00 a 0.37±0.00b 

C 14.40+0.00b 21.60+0.00a 10.09+0.00b 13.40±0.00c 0.11±0.01b 0.20±0.00b 0.32±0.00a 

D 17.00+0.00d 25.17+0.00c 13.10+0.00d 14.30±0.03d 0.12±0.06 b 0.03±0.00 c 0.48±0.00d 

Each value is a mean of triplicate determinations. Mean value with the same letter as superscript on the same column are not significantly different 
from one another (p < .05). 

 

Table 4 Anti-Nutrients Components of cookies 

Samples Phytics 

(mg/g) 

Oxalate 

(mg/g) 

Phytic acid 

(mg/g) 

Tannin 

(mg/g) 

Phenol 

(mg/g) 

A 12.09±0.03d 15.78±0.11c  3.50±0.08d 1.23±0.00c 30.79±0.11c 

B 8.06±0.03c 13.64±0.03b 2.29±0.03c 0.62±0.02a 17.58±0.33b 

C 3.79±0.00a 13.79±0.08a 1.68±0.00a 0.70±0.01b 15.33±0.43a 

D 7.52±0.10b 13.25±0.10a 2.09±0.00b 0.61±0.01b 14.55±0.59a 

Each value is a mean of triplicate determinations. Mean value with the same letter as superscript on the same column are not significantly different 
from one another (p < .05). 

Table 5 Physical properties of cookies 

Sample Thickness (mm) Weight (g) Diameter (mm) Spread ratio 

A 10.80+0.00a 43.00+0.58b 85.60+0.00d 7.93+0.00c 

B 10.83+0.00b 50.00+1.16c 104.80+0.00b 9.70+0.00d 

C 10.81+0.00a 30.00+1.16a 76.90+0.00a 7.13+0.00b 

D 13.70+0.00c 40.00+0.67b 86.10+0.00c 6.62+0.00a 

Each value is a mean of triplicate determinations. Mean value with the same letter as superscript on the same column are not significantly different 
from one another (p < .05). 

Table 6 Sensory attributes of cookies 

Sample  Colour  Aroma  Taste  Texture  Overall acceptability 

A  6.20±0.80a 6.60±0.82a 6.20±0.83a  5.70±0.82a 6.20± 0.87a 

B 6.20±0.78a  6.30±0.78a 6.50±0.78a 5.60±0.76a 5.70 ± 0.68a 

C 6.40±0.78a 6.40±0.78a 6.10±0.80a 5.80±0.94a  6.30 ± 0.76a 

D 7.40±0.92a  7.30±0.91a  7.20±0.91a  5.90±0.96a 6.50 ± 0.85a 

Each value is a mean of triplicate determinations. Mean value with the same letter as superscript on the same column are not significantly different 
from one another (p < .05). 
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4. Discussion 

4.1. Proximate 

The proximate composition of cookies produced from malted sorghum – cassava flour is shown on Table 2.  A significant 
difference (P<0.05) was observed in the proximate composition of the cookies. The moisture content value obtained 
were 5.72 %, 6.81 %, 5.90 % and 3.11 % for samples A, B, C and D respectively. 20 % cassava flour inclusion (sample D) 
had the least moisture content value while 40 % cassava inclusion (sample B) had the highest value. This result is also 
in line with the work of Akinwale et al. [24] who reported 4.28 % – 6.07 % moisture content for malted sorghum and 
tigernut flour cookies. High moisture samples > 12 % usually have short shelf stability.  All the cookies had low moisture 
content and this suggests that they will have prolonged shelf-life. Moisture content is a property that indicates the 
storage stability of a sample.  At lower moisture content the deterioration of baked product would be lowered due to 
reduced activity of microorganisms. Ezeama [25] also reported that microbial proliferation was minimum at low 
moisture content and it confers higher shelf-life stability of the cookies. 

The ash content value obtained were 1.41 %, 1.52 %, 1.47 % and 1.49 % for sample A, sample B, sample C and sample 
D respectively on Table 2. Significant difference occurred among the samples (P<0.05).  Sample A (100 % Malted 
Sorghum cookies) has the least value while sample B (40 % cassava inclusion) had the highest ash content value. The 
increase observed showed that cassava inclusion enhanced the ash content of the cookies. Malted sorghum and other 
cereal grains have been reported to have low levels of ash [26].  Ash content is an indication of the mineral content of 
food sample. 

The fat content of malted sorghum - cassava cookies as shown on Table 2 were 22.61 %, 23.41 %, 23.39 % and 21.66 % 
for sample A, sample B, sample C and sample D respectively. Significant differences occurred among the four samples 
(P<0.05). Cookies produced from 40 % cassava flour inclusion (sample B) have the highest percentage of fat (23.41 %) 
and cookies produced from 20 % cassava flour (sample D) had the least (21.66 %). The high fat content may be due to 
the quantity of baking margarine used. Fats are an integral part of cookies being the third largest component after flour 
and sugar [27].  Cookies are in fact a rich source of fat and carbohydrates hence, are energy giving food [28]. 

The fibre content of the cookies from Table 2 revealed that sample A had 2.20 %, Sample B 3.25 %, sample C 2.46 % and 
sample D 2.67 % with Sample A (100 % malted sorghum flour) having the least value and sample D (40 % cassava flour) 
having the highest fibre content. Significant difference was observed among the samples (P<0.05). The result of the 
cookies showed that the higher the cassava flour inclusion in the flour blend the higher the fibre content.  High fibre 
content is important for digestion, hormone production and cardiovascular health [29]. 

The protein content value obtained were 4.41 %, 4.74 %, 5.72 % and 7.26 % for sample A, sample B, sample C and 
sample D respectively.  Significant difference was observed among the four samples. Sample D has the highest protein 
content (7.26 %) and sample A had the least value (4.41 %).  The result showed that the lesser the cassava flour inclusion 
the higher the protein content. Protein is a macromolecule of importance in food. Protein is required for growth, repair 
and maintenance of the body; it also act as carrier for other nutrients lipid, iron, vitamin A, sodium and potassium [30, 
31].  

The carbohydrate content of the cookies produced from malted sorghum – cassava flour was 63.45 %, 60.86 %, 61.00 
% and 63.85 % for sample A, sample B, sample C and sample D respectively, with sample D having the highest value and 
sample C (30 % cassava flour inclusion) had the least. Significant difference was observed among the four samples 
(P<0.05). The decrease in the carbohydrate content of the cassava inclusion cookies might be caused by other 
ingredients used for the cookies formulation. 

Energy values of cookies was 475.16 Kcal, 473.09 Kcal, 477.39 Kcal and 478.82 kcal. Significant difference occurred 
among the four samples. The energy value slight increase could be a function of replacement of the malted sorghum 
with cassava flour and 20 % replacement gave the highest value. Protein, fat and carbohydrate values contributed to 
the calorie content of the cookies. Okaka et al. [32] stated that consumption of 15 - 20 pieces of cookies can provide 
adequate energy per day based on recommended dietary allowances for children (7.6 MJ) and for adults (10.8 MJ). 

The result for proximate showed that 20 % inclusion of cassava flour in the production of cookies gave the best 
nutritional composition. 
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4.2. Mineral 

The mineral composition of malted sorghum-cassava cookies is represented on Table 3. The values obtained for sodium 
were sample A (15.06 mg/100 g), sample B (12.70 mg/100 mg), sample C (14.40 mg/100 g) and sample D (17.00 
mg/100 g). Significant difference was observed among the flour samples with sample D having the highest value and 
sample B having the least. The potassium content of malted sorghum - cassava cookies was 24.70 mg/100 g, 28.17 
mg/100 g, 21.60 mg/100 g and 25.17 mg/100 g for sample A, sample B, sample C and sample D respectively.  Sample B 
had the highest value while sample C had the least.  Significant difference occurred among the samples.  High potassium 
and low sodium contents recorded in the cookies samples is advantageous and has been reported to protect against 
arterial hypertension [33]. 

The calcium content for malted sorghum–cassava cookies recorded were sample A (10.09 mg/100 g), sample B (11.30 
mg/100 g), Sample C (10.09 mg/100 g) and Sample D (13.10 mg/100 g).  Significant difference was observed among 
the four samples, sample D had the highest value while samples A and sample C had the least. The high calcium content 
of the cookies produced in this study is an indication that the cookies will promote bone development and strong teeth 
in children as reported by Bolarinwa et al. [34]. 

The result of the magnesium showed that sample A had 10.91 mg/100 g, sample B 14.03 mg/100 g, sample C 10.62 
mg/100 g and sample D 13.40 mg/100 g.  Sample C had the lowest value of (10.62 mg/100 g) while sample B had the 
highest value of (14.03 mg/100 g).  There was a significant difference among the samples (p<0.05).  Magnesium content 
of the cookies increases as malted sorghum is replaced with cassava flour. The result showed that cassava is a good of 
source of magnesium.  

The result of Iron content recorded was sample A 0.10 mg/100 g, sample B 0.08 mg/100 g, sample C 0.11 mg/100 g and 
sample D was 0.12 mg/100 g.  Sample B had the lowest level of (0.08 mg/100 g) while sample D has the highest value 
of (0.12 gm/100 g). This might be due to the proportion of cassava flour used for substitution. There was significant 
difference (p <0.05) among the samples. 

The result of the manganese content recorded were 0.10 mg/100 g for sample A, 0.01 mg/100 g for sample B, 0.02 
mg/100 g for sample C and 0.03 mg/100 g for sample D.  Both sample A and sample B had the lowest value of 0.01 
mg/100 g while sample D (0.03 mg /100 g) had the highest value. There was a significant difference among the samples 
(p < 0.05). 

The result of the Zinc content recorded were 0.48 mg/100 g for sample A, 0.42 mg/100 g for sample B, 0.37 mg/100 g 
for sample C and 0.32 mg/100 g for sample D, sample D had the lowest value of (0.32 mg/100 g) while the sample A had 
the highest value of (0.48 mg/100 g) there was a significant difference (p<0.05) among the sample. The result showed 
that sorghum and cassava are not a good source of Zinc although the higher the substitution of malted sorghum with 
cassava flour the higher the zinc content of the cookies. 

4.3. Anti-Nutrients 

Table 4 above shows the anti-nutritional properties of cookies produced from malted sorghum cassava composite flour. 
The properties include phytate Oxalate, phytic acid, Tannin and phenol. The result of the phytate above showed that 
sample A had 12.09 mg/100 g, sample B had 8.06 mg/100 g sample C had 3.79 and sample D 7.52 mg/100 g. The four 
sample were significantly different from each other (p<0.05). The phytate content decreased with increased 
substitution of malted sorghum with cassava composite flour. The result showed that cassava flour is a poor source of 
phytate [35] reported that the maximum tolerable dose of phytate in the body is from 250 - 500 mg/100 g. it could be 
inferred that the cookies are safe for consumption. 

The result of the Oxalate content recorded were 15.78 mg/100 g for sample A, 13.79 mg/100 g for sample B, 13.64 
mg/100 g for sample C and 13.25 mg/100 g for sample D. Sample B (40 %) cassava flour inclusion had the highest value 
while sample D (20 % cassava flour inclusion) had the least value. Significant difference occurred among the sample. 
The result showed that cassava reduce the quantity of oxalate in the cookies, it could be inferred that cassava is not a 
good source of oxalate. The result of phytic acid were sample A 3.50 mg/100 g, sample B 2.09 mg/100 g, Sample C 2.29 
mg/100 g and sample D 1.68 mg/100 g. There was a significant difference among the sample (p<0.05). 

The result of tannin was 1.23 mg/100 g, 0.70 mg/100 g, 0.61 mg/100 g and 0.62 mg/100 g for sample A, B, C and D 
respectively. Sample C had the lowest value of (0.61 mg/100 g) while sample A had the highest value of (1.23 mg/100 
g). Tannin content was affected by degree of substitution of malted sorghum with cassava flour. Tannins are capable of 
forming insoluble complexes with protein resulting to quality reduction and interfere with dietary iron absorption [36, 
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37, 38].  Adeparusi [39] also reported that tannins affect protein digestibility and adversely influence the bioavailability, 
obtained from plant sources leading to poor iron and calcium absorption. Despite tannin has detrimental effect, it also 
has several benefits in processed food and human health; the antimicrobial property of tannic acid can be used to 
increase the shelf-life of certain foods in food processing [40]. 

The result of the phenol content recorded were 30.79 mg/100 g for sample A, 17.58 mg/100 g for sample B, 15.33 
mg/100 g for sample C and 14.55 mg/100 g for sample D. Sample D had the lowest value of (14.55 mg/100 g) while 
sample A had the highest value of (30.79 mg/100 g). There was significant difference among the samples. Phenol content 
increases with increased substitution of malted sorghum with cassava flour. The result showed that malted sorghum 
flour is a good source of phenol. 

4.4. Physical Properties 

Table 5 above shows the physical properties of malted sorghum – cassava flour cookies. The result showed that sample 
A had 13.70 mm, sample B had 10.80 mm, sample C had 10.83 mm and sample D had 10.81 mm for thickness. There 
was no significant difference between samples A and C but samples A and C were significantly different from samples B 
and D. 

The weights of the cookies recorded were Sample A (40.00 g), sample B (43.00 g), sample C (50.00 g) and sample D 
(30.00 g) respectively. Significant differences occurred among the samples with the sample B (30 % cassava inclusion) 
having the highest value while sample C (20 % cassava inclusion) had the least. 

The values obtained for the diameter of the cookies were recorded as sample A (85.60 mm), sample B (85.60 mm), 
sample C (104.80 mm) and sample D (76.90 mm). Significant difference occurred among all the samples. Sample B (30 
% cassava inclusion) had the highest value and sample C (20 % cassava inclusion) had the least. The spread ratio had 
the following values for sample A, sample B, sample C and sample D respectively 6.62, 7.93, 9.70 and 7.13. Sample C (30 
% cassava inclusion) had the highest value while sample A (100 % malted sorghum cookies) had the least. Significant 
differences were observed among all samples. Spread ratio represent the ratio of diameter to thickness and cookies 
having higher spread ratio are considered more desirable [41]. Hence this implies that sample B (with 30 % cassava 
flour) was rated the most desirable cookies. Spread factor is the ratio that depends on the values of the thickness and 
diameter of the cookies. It is an important quality parameter, the higher the spread ratio, the higher will be product 
yield. Dhankhar [42] reported values for cookies made with wheat flour had spread factor of 7.58. 

4.5. Sensory  

Table 6 above showed sensory properties of cookies produced from malted sorghum – cassava composite flour. The 
result of the colour showed that sample A recorded 6.20, sample B 6.20, sample C 6.40 and sample D 7.40. Sample A had 
the lowest value (6.20) while sample D had the highest value (7.40).  No significant difference (p > 0.05) was observed 
among the samples The result of the aroma content recorded were 6.60, 6.30, 6.40 and 7.30, for sample A, B, C and D 
respectively.  Sample B had the lowest value of 6.40, while sample D had the highest value of 7.30. There was no 
significant difference (p > 0.05) among the samples.  

The result for taste recorded were 6.20 for sample A, sample B 6.50, sample C 6.10 and sample D 7.20.  Sample C had 
the lowest value (6.10) while D had the highest value (7.20). There was no significant difference (p> 0.05) among the 
samples.  

The texture result showed that sample A recorded 5.70, sample B 5.60, sample C 5.80 and sample D 5.90. sample B had 
the lowest value of (5.60) while sample D had the highest value of (5.90). No significant difference (p>0.05) was 
observed among the samples. The result of the overall acceptability recorded were 6.50, 5.70, 6.30 and 6.20 for sample 
A, B, C and D respectively.  Sample B had the lowest value of 5.70 while sample A had the highest value of 6.50. There 
was no significant difference (p>0.05) among the samples. The sensory result indicates acceptable cookies could be 
produce from malted Sorghum-cassava flour especially at 20 % cassava flour inclusion. 

5. Conclusion 

Results of the study revealed that cookies of desirable chemical, mineral, anti-nutrient, physical and sensory properties 
have been produced from malted Sorghum-cassava grate flour. The use of malted sorghum and cassava flour of such 
blends could lead to improved utilization of indigenous food crops in Nigeria where the import of wheat flour is a 
necessity.  
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