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Abstract: The proximate, physical and textural properties of gluten-free bread produced from formulated blends of 

cassava, defatted soybean and malted sorghum were studied. The cassava tuber was processed to get high-quality 

cassava flow (HQCF). The malted sorghum and defatted soybean were processed using standard methods and 

sixteen samples were formulated from the blends of cassava defatted soybean and malted sorghum flour in the 

different ratios. A preliminary investigation was carried out on the raw materials used for the production of the 

gluten-free bread. Proximate composition of the composite flour blends revealed, that the moisture ranged from 

5.25 to 6.79%, protein (6.14 to 9.61%), ash (0.86 to 4.79%), fat (0.68 to 1.12%), fibre (3.10 to 6.82%), carbohydrate 

(72.38 to 83.84%) and energy content (332.48 to 366.55 kcal); the physical properties of bread and dough showed 

that the loaf volume, loaf weight, specific loaf, firmness, viscosity and torque were investigated. The values ranged 

from 200 to 276cm
3
, 110 to 182g, 1.57 to 2.19 cm

3
/g, 8.44 to 12 to 0.93 Nm, respectively. Textural properties of the 

finished product were as followed: Hardness (0.46 to 18.20N), springiness (0.69 to 0.93 mm), cohesiveness (0.83 to 

0.85 mm), chewiness (6.41 to 8.65 kg/mm), and resilience (0.35 to 0.78m). The results clearly showed that the 

blends of cassava, defatted soybean, and malted sorghum can be used as replacement in bread production. 

Keywords: Bread, Gluten-free, Malted Sorghum, Textural, Defatted soybean. 

1.   INTRODUCTION 

The market of gluten-free (GF) bakery products has considerably grown; prompted not only by the people suffering 

coeliac disease and other gluten-related disorders; but also by a new segment of consumers who have chosen to consume 

GF foods as a lifestyle choice or for health reasons (Foschia et al., 2016). Among the bakery products, bread is a major 

food consumed daily all over the world (Foschia et al., 2016). However, eliminating gluten seems technological challenge 

as it gives rise to products with compromised quality (Naqash et al., 2017). To overcome this, a number of hydrocolloids 

have been studied as gluten replacers. Whose major components are Beta-D-glucoses, Alpha-D-mannose and alpha-D-

glucoronic. Xanthan gum is a heteropoly saccharide obtained from soybean. Its solutions are highly viscous at a low 

concentrations and useful in thickening binding, stabilization and water binding applications (Ghodke, 2009). Starch from 

the cassava flour is used to improve mixing and recipe; to extend the shelf life of products through moisture retention and 

to improve quality of baked products such as volume, texture and colour (Conte et al., 2018). Optimizing physical, 
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textural and sensory attributes; researchers have recommended doses of starch from cassava in GF bread, which in 

general, range between 0.25 % and 3.0 % linked to bread formulation and water content (Moreira et al., 2013).  

Bread is a staple food prepared by cooking dough of flour and water and possible more ingredient. Bread is a product of 

high nutritional value and is consumed in most part of the world (Mridula et al., 2007). Providing energy, iron, calcium, 

vitamins and protein. It is a perishable product and its production involves the cooking or baking of dough obtained by 

mixing wheat flour, edible salt (table salt) and potable water, fermented by species of budding yeast used in baking such 

as Saccharomyces cerevisiae and with or without the inclusion of any special component (Moore et al., 2006). 

Cassava (Manihot esculenta Crantz) is perhaps one of the most widely grown important food and cash crops (Dziedzozve 

et al., 2006). Its importance is increasing in Africa because of its diverse uses, low cost and its tolerance to environmental 

stresses such as drought, fire, low soil fertility and its high productivity where other crops fail (Asoedu, 1989). There is 

increasing interest in the utilization of cassava flour in contemporary baked goods especially for bread making, variety of 

pastries and convenience foods at household level and for the manufacture of industrial products (Iwe et al., 2014). 

Consequently, it has increase the demand for the production of high quality cassava flour (HQCF), a flour produced from 

wholesome freshly harvested and rapidly processed cassava roots. High quality cassava flour is simply unfermented 

cassava flour, usually characterized as whitish or creamy in colour odourless, bland or sweet in taste and free from 

adulterants, insect infestation, sand, peel fragments, dust and any other impurities. It has been identified as a local 

alternative for use as a partial replacement of wheat flour in composite flours for bread making (Olaoye et al., 2006). 

Sorghum (Sorghum bicolor) is a gluten-free cereal grown in many African countries primarily as food crop with less than 

5 % of the annual production commercially processed by the industry (Okoli et al., 2010). Sorghum grain ranks third 

among the domesticated cereals for human consumption and forms a major staple in many African countries, India and 

China (Elemo et al., 2011). It is the grain of choice in brewing African traditional beers. Sorghum is composed of anti-

nutrients which can inhibit the absorption of essential minerals and protein in the body (Opeyemi et al., 2016). Processing 

treatments such as soaking, malting and fermentation have been reported to inhibit anti-nutrients in cereals, legumes, roots 

and tubers (Khattab and Arntfield, 2009). Sorghum is a rich source of various phytochemicals including tannins, phenolic 

acids, anthocyanins, phytosterols and policosanos (Awika and Rooney, 2004). The physic-chemical properties of sorghum 

flour are similar to those of wheat flour (Taylor et al., 2006). However, sorghum possesses low starch digestibility that 

has been shown to cause higher loss of energy in humans (Onesmo, 2011). Factors affecting the digestibility of sorghum 

starch include cultivars, the extent of starch protein interaction, and the physical form of the starch granules, presence of 

inhibitors such as tannins, and the type of starch. Starch granules of the sorghum endosperm are embedded in a dense 

protein matrix with high levels of prolamin-containing protein bodies that surround starch granules thus acting as barrier 

to starch gelatinization and starch protein interactions (Onesmo, 2011). These factors contribute to the lowering starch 

digestibility of sorghum.  

Soybean (Glycine max) belongs to the family leguminosae and sub-family papillionoideae. It is a remarkable cheap source 

of plant protein for both animals and man and a leading source of edible oils and fats (Alabi and Oluwatosin, 2001). 

Soybean is nutritionally dense and rich in phytochemicals, copper, zinc and manganese (Ampofo, 2009). Daily 

consumption of soybean (30 and 50 g) can substitute for an equal amount of animal-based proteins, resulting in a 

considerable reduction in harmful low density cholesterol with an increase in the beneficial (Pamplona, 2005). According 

to Hugo et al (2000), mixing of legumes with cereals can improve overall nutrition. Soybean is rich in calcium, iron, 

phosphorus and vitamins, and also the only source of all the essential amino acids. Soybean proteins are rich in lysine but 

deficient in sulphur containing amino acids, whereas cereal proteins are deficient in lysine, but have adequate amounts of 

sulphur amino acids (Tharise et al., 2014). 

2.   MATERIALS AND METHODS 

Sources of Raw Materials 

The raw materials used in this study were defatted soybean flour, cassava flour and sorghum flour. High-yielding, low 

cyanide cassava root of improved cultivar TMS 30572 was obtained from Eke Awka market Anambra State. The soybean 

and sorghum purchased from the same market. Other ingredients like sugar (Dangote), vegetable oil, egg, dry instant 

yeast, baking powder, lecithin, xanthan gum were purchased from Aria market in Awka, Anambra State. 

Experimental Design 

The study was a mixture design a simplex lattice design was used. A Design Expert Software version 12 was adopted. 

The experimental space generated a total of 16 runs. 
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Production of HQCF 

High-quality cassava flour was produced using the method described by IITA (2006). The fresh root cassava was weighed 

with Avery Birmingham weighing balance and then peeled manually using stain less knife. The peeled cassava samples 

were then washed with portable water and weighed to determined percentage yield after peeling. The cleaned tubers were 

later transferred to a grating machine which grated the cassava roots to slurry/mash. The mash was dewatered using a 

hydraulic press to about 40 % moisture. The cake was pulverized and subjected to drying in an oven (Uniscope SM9023) 

set at temperature of 100
o
C and dried to 10% moisture level for 13hours. After drying, the cake was milled using hammer 

mill (powder crusher F-23ZS111). The final High Quality Cassava Flour (HQCF) thus obtained was packed in high 

density polyethylene bags. 

Production of malted sorghum flour  

Malting was carried out according to the method described by Ochems (2007) with some modifications. One kilogram of 

cleaned grains were washed with tap water and then soaked in 2.5 Litre of tap water for 12 hours. The soak water was 

changed every four hours. At the end of soaking, the water was drained off and the grains were evenly spread on jute bags 

and covered with the same material in a secluded dark area which was allowed to germinate for 72 hours. Water was 

sprinkled on the germinating grains at 24 hours intervals to prevent drying out. At the end of each germinating period, the 

grams were dried in a hot air oven at 60 
o
C for 1½ hour. The rootlets were removed by rubbing the grains between palms. 

It was then winnowed, milled, sieved with 0.25mm mesh and packaged in high-density polyethylene, 

Production of defatted soybean flour 

The defatted soybean flour was produced according to the method described by Opeyemi et al. (2016). Exactly one 

kilogram for soybean grains were cleaned to remove foreign matter, soaked in water for half an hour, dehulled and cooked 

for 45 min. Soybean grains were drained and dried in hot air oven (Laboratory oven, DHG 9101.ISA) at 65 
o
C  for 24 hr. 

The dried grains were milled in an attrition mill (Atlas exclusive, Alzico Ltd. Mill) and defatted using soxhlet apparatus. 

The defatted flour was sieved through 250mm mesh sieve and packaged. 

Bread making procedure 

The bread was prepared following the international Cereal Corporation standard No. 131 with slight modification based 

on Kieffer et al. (1993). The bread formula consists of composite flour (100 g on 10 % moisture basis), water (based on 

farinograph optimal water absorption), baker’s yeast (2.55 g), sugar (1.4 g), vegetable oil (4.7 g), Xanthan gum plus 

lecithis (3 g), egg (10.5 g), baking powder (20 g) on the basis of flour weight. The dough was kneaded with a farinograph 

(Farinograph-E, Brabender, GmbH & Co-KG, Disburg, Germany) to optimum consistency based on the farinograph 

dough development time for each experimental run. The dough was fermented for 20 min at 30 
o
C and 75 % relative 

humidity (RH) in a proofer (model UNOXXL T 133, cadonegbe, Italy). The fermented dough was portioned into pieces 

(50 g), rounded by hand and kept for 3 min under room condition. After relaxation, the dough was rolled once using a pan 

and folded to a shape similar to a croissant. This was followed by proofing for 35 min at 30 
o
C and 75 % RH after which 

the dough pieces were baked in an oven at 250 
o
C for 1 hour. The baked bread was allowed to cool for 1 hr 30 min at 

room temperature after which the bread quality parameters were measured and then packaged. 

Proximate Analysis 

Moisture Content  

A Sartorius moisture analyzer MA-300000V3 (Gottingen, Germany) was used to determine the moisture content of the 

raw material, flours, and blends following the procedure of the instruction manual. The moisture analyzer was warmed up 

for at least 30 minutes; approximately 2 gram of sample was evenly spread on the tarred aluminum pan. Analysis was 

performed in the fully automated mode at 105
o
C. 

Total Ash 

Ash determination was carried out according to AOAC (2011) procedure. Two grams of sample was placed in silica dish 

had been ignited for 6 h, cooled in a desicator and weighed. The dish and sample was ignited first gently and then at 550 
o
C in a muffle furnace (Thermotec TIC-400) for 3 h, until a white or grey ash was obtained, the dish and content was 

cooled in a desiccator and weighed. 
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Fat content  

The fat content was determined according to AOAC (2011) using Soxhlet extraction method. A 500 mL capacity round 

bottom flask was filled with 250 mL n-hexane and fixed to the Soxhlet extractor. Five grams of sample was placed in a 

labeled thimble. The extractor thimble was sealed with cotton wool. Heat was applied to reflux the apparatus for three 

hours. The thimble was removed with care. The n-hexane was recovered for reuse through distillation. The flask was 

dried at 70 
o
C for 15 minutes in a heating mantle, cooled in a desiccator and weighed. 

Crude protein 

Crude protein was determined using the Kjeldahl method (AOAC, 2011). One gram of sample was digested in a 50 mL 

micro Kjeldahl flask containing 10 grams of anhydrous sodium sulphate (Na2SO4), one gram of copper sulphate, and 20 

mL of concentrated sulphuric acid in a fume chamber until a bluish green clear solution was obtained. The digested 

sample was allowed to cool at room temperature and then transferred into 250 mL volumetric flask and made up to 

volume with distilled water. The distillation apparatus was set up and 100 mL of 4% boric acid solution with few drops of 

methyl red indicator was introduced into a distillate collector. The conical flask was placed under the condenser. Then 5 

mL of the sample digested was pipetted into the apparatus and washed down with distilled water. 40 mL of 60% NaOH 

solution was added to the digest. The sample was heated until 200 mL of distillate was collected in the receiving flask.  

The content of the flask was titrated with 0.1N H2SO4 to a pink colored end point. A blank with filter paper was subjected 

to the same procedure.  

Crude fiber 

Crude fiber was determined using the method of AOAC (2011). One (1) gram of the defatted sample was weighed into a 

250 mL conical flask. Then 200 mL of 1.25% sulphuric acid and few drops of anti-foaming agent was added to the flask. 

The flask was placed on digestion apparatus with readjusted hot plate and boiled for 30 minutes, rotating flask 

periodically to keep solid from adhering on the sides of the flask. At the end of 30 minutes period, the mixture was 

allowed to stand for one minute and then filtered through a Buchner funnel. Without breaking suction, the insoluble 

matter was washed with boiling water until it was free of the acid. The residue was washed back into the original flask 

with 200 mL of 1.25% sodium hydroxide solution. It was boiled again briskly for 30 minutes with similar precautions as 

before. After boiling for 30 minutes, it was allowed to stand for one minute and then filtered immediately under suction. 

The residue was washed with boiling water, followed by 1% hydrochloric acid and finally with boiling water until it was 

free of acid. It was washed twice with alcohol and then with ether three times. The residue was transferred into ashing 

dish and dried at 100 
o
C to a constant weight. Ashing was done at 600 

o
C for 6 h, cooled in a desiccator and weighed. The 

difference between oven dry weight and the weight after incineration was taken as the fiber content of the sample. This 

was expressed as a percentage mass of the original sample taken for analysis.  

Physical and Textural Properties 

The physical and textural properties of the GF bread product was determined using a modified standard rapeseed 

displacement method described by AACC (2000). 

3.   RESULTS 

The result in Table 1 shows the proximate composition of defatted soybean, cassava, malted sorghum and wheat (control) 

flours (%). 

Table 1: Proximate composition of defatted soybean, cassava, malted sorghum and wheat flours (%) 
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The proximate composition of the formulated composite flour blends is shown in Table 2. 

Table 2: Proximate Composition of composite flour blends 

 

Values are means ± std. values across the column with different superscripts are insignificantly different (p>0.05). 

The physical properties gluten free of bread products from composite flour blends is revealed in Table 3. 

Table 3: Physical properties of bread from composite flour blends 

 

Values are means ± std. values across the column with different superscripts are insignificantly different (p>0.05). 
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Textural properties gluten free from composite flour blends of defatted soybean, cassava, and malted sorghum is 

presented in Table 4. 

Table 4: Textural properties of gluten-free bread from composite flour blends. 

 

Values are means ± std. values across the column with different superscripts are insignificantly different (p>0.05). 

4.   DISCUSSION 

The results of Table 1 represented the preliminary investigation on each of the flour used in the preparation of the gluten-

free bread products plus the control (wheat) even though it was not used in the process production chain. The moisture 

content of the different component ranged from 6.25 to 11.02 %. The values for all the flours were significantly (p<0.05) 

different from each other. The moisture content range obtained in this study was below 15.5% maximum specified for 

flour by CAC (1985). The low moisture content reported in this study is favourable for storability. 

The protein content of the components ranged from 1.70 to 34.52% with the defatted soybean flour recording the highest 

values while cassava flour had the lowest protein content. The protein content of defatted soyflour is higher than that of 

conventional wheat (100%) flour. This could be due to significant quantity of protein in soybean (Ejiofor and William, 

2016). 

The crude fibre of each component ranged from 1.97 to 4.75%. The highest and least crude fibre was recorded in wheat 

and cassava flour, respectively. The fibre of malted sorghum could be due to the hydrolysis of fibre during malting 

process. Malted sorghum has been reported to contain low levels of crude fibre (Gernah et al., 2011). The results obtained 

in this study are in agreement with the reported values by (Milkesa, 2020). High fibre foods are reported to enhance 

gastro-intestinal tract functions (Schneeman, 2002). 

The fat content of the components differs significantly (p<0.05). The values ranged from 0.64 to 3.60% with the wheat 

flour having the highest values while the least was observed in cassava flour. The relatively high fat content of wheat 

flour could be due to the high distribution of this component across the major parts (germ, bran and endosperm). 

However, grains contain relatively small quantities of lipids. The results obtained in this study are in consonance with the 
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reported values 0.15 to 0.60% by Chisenga et al. (2019) for different cassava flours from cassava varieties. High fat flours 

are good for flavor enhancers and useful in improving palatability of foods in which it is incorporated (Oppong et al., 

2015). 

The ash content of the components ranged from 1.38 to 6.47%. The highest and least values were recorded in defatted 

soybean and malted sorghum, respectively. The results obtained in this study are higher compared to the reported values 

2.81% 2.28% by Milkesa (2020) for cereal and legume based composite flour. Minerals are essential substance for the 

musculoskeletal system as well as for numerous biological functions Yanakoulia et al., (2004). 

The carbohydrate content of the components differs with the cassava flour having the highest value while defatted 

soybean flour possessed the least. The values ranged from 41.74 to 86.18%. Cassava flour sample recorded highest 

carbohydrate scores compared to other flours. This is an indication that cassava tubers are good sources of carbohydrates 

(Iwe et al., 2017). The results obtained in this study are similar to the reported values (47.08 to 75.22%) by Milkesa 

(2020) for cereal and legume flours.   

The proximate composition of the formulated composite flour blends revealed in Table 2 above.  The moisture content of 

flour samples ranged from 5.25 to 6.79 %; the increased moisture content value is due to increasing proportion of malted 

sorghum flour substitution. The highest and lowest values of the moisture content was observed in sample VWX and 

DEF, respectively. There was significant difference (p<0.05) among the samples across all the composite flour blends. 

The results obtained in this study are lower compared to the reported values 11.02 to 11.31 % by Aluge et al. (2016) for 

wheat sorghum-soybean flour blends. High moisture is undesirable in flours. High moisture in foods could enhance the 

activities of spoilage microorganism which in turns reduces quality and shelf life of food products (Aluge et al. 2016). 

According to the report by Iwe et al. (2017), similar values of 7.147 to 8.45 % were observed in high-quality cassava and 

wheat flour blends. This result is also an indication that the flour samples will keep well if properly stored under good 

conditions in other to discourage moisture absorption from the atmosphere which may eventually lead to caking (kent, 

1984). 

The protein content of the composite flour blends ranged from 6.14 to 9.61 % with sample STU having the highest values 

while DEF and CSM had the least protein content. Protein content increased with a slight increase in malted sorghum 

substitution. This finding corroborates the observed values 11.78 to 11.98 % by Aluge et al. (2016). These results are also 

in line with the reported values 6.35 to 11.38 % by Iwe et al. (2017) for high-quality cassava and wheat flour blends. 

Malting leads to the degradation of higher molecular weight storage protein which may contribute to slight increase in 

protein content in malted products (WU, 1983). 

The ash content ranged from 0.86 to 4.79 % with VWX and CSM having the highest and least values, respectively. 

Substitution with malted sorghum flour influences the crude ash content of VWX compared to other samples. As the 

substitution increased, there was significant increase in the ash content of composite flours developed. The ash content 

obtained in this study was higher than that reported by Osundahunsi and Aworh, (2003) for complementary foods 

enriched with soya bean and cowpea tempeh. Increased ash content implies that samples are rich sources of inorganic 

minerals (Ndife, 2013). 

Fat content of the composite flour blends ranged from 0.68 to 1.12 %. The highest and lowest fat content was observed 

for sample DMC and CIH, respectively. The results obtained in this study is not at par with the reported values 3.01 to 

3.96 % by Aluge et al. (2016) for wheat-malted sorghum-soybean flour blends. The values obtained here is in consonance 

with the reported values 0.60 to 0.70 % by Abu et al. (2021) for cassava and soybean flour blends. Most foods with high 

fat content contribute essentially to the energy and vitamin requirement for humans and animal.   High fat flours are also 

good for flavor enhancers and useful in improving palatability of foods in which is incorporated (Oppong et al., 2015). 

However, the low fat content observed in the samples because the soyabeans   has been defatted. The low fat values are 

beneficial as it gives longer shelf life for the bread to prevent the incidence of rancidity.  Also, the low level of fat and oil 

(lipid) is an indication that such flours would be good source of flour for people with cardiovascular diseases (Abu et al., 

2021). 

The crude fibre content of the composite flour blends ranged from 3.10 to 6.82 % crude fibre content was highest and 

lowest in CMD and DEF respectively. There were significant differences (p>0.05) among the samples except in PQR and 

YZ*. The results obtained in this study are not at par with the reported values 1.80 to 1.78 % by Aluge et al. (2016) for 

wheat-malted sorghum and soybean flour blends. Crude fibre content increased with increasing substitution with malted 
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sorghum flour, this could account for the high fibre content in sample CMD (2.000g defatted flour: 78.720 g cassava flour 

and 19.280 g malted sorghum flour). Crude fibre has been known to promote health as it aids digestion in human. Crude 

fibre is capable of eliminating the build-up of junks in the intestine and also regulates bowel movement in humans 

(Sobota et al., 2010). Numerous studies have shown that insoluble dietary fibre prevents constipation, increase the mass 

and volume of faeces, accelerates intestinal peristalsis and has an inhibitory effect on the development of tumors in the 

large intestine (Bingham, 2004). 

The carbohydrate content ranged from 72.38 to 83.84 %, with the highest and least values recorded for sample CSM and 

STU, respectively. The results obtained in this study are in agreement with the reported values 74.31 to 88.72 % by Iwe et 

al. (2017) for high quality cassava and wheat flour blends. Carbohydrate containing foods are potential source of energy 

when broken down into simple units which are needed for daily activities by humans. 

The energy content of the composite flour blends ranged from 332.48 to 366.55 kcal. The highest and least values were 

recorded in sample CSM and SCM, respectively. These results obtained are in consonance with the reported values 

316.32 to 401.67 kcal by Abu et al. (2016). For cassava, wheat, soybean and sweet potato flour blends. The elevated 

energy levels/concentration for the flours might be attributed to either individual food materials or composite mixture 

effect of complex carbohydrates from other nutrient carbon skeletons. These energy concentrations of variant flours 

suggest that they could be used in the management of protein-energy malnutrition since there is enough quantity of 

carbohydrate to derive energy (Butt and Batool, 2010). 

Table 3 shows the physical properties of bread products from composite flour blends. The loaf volume of the bread 

samples ranged from 200 to 276 cm
3
. The highest and lowest values were recorded in sample CSM and VWX, 

respectively. There were significant (p<0.05) differences among the samples with the exception of DCM. The results 

obtained in this study are similar to the reported values 151 to 158 cm
3
 by Sahreen et al. (2020) for bread made from 

amaranth-wheat flour composite. The volume of bread samples increased significantly at higher concentration of malted 

sorghum and defatted soy flour, as well as the supplementation of xanthan powder, thus increase the bread volume (Sanz-

Panella et al., 2013). 

The weight of bread loaf from composite of flours ranged from 110 to 182 g; with the highest values recorded in sample 

products CMD and ABC while the least values was recorded in VWX, respectively. There were significant (p<0.05) 

differences among the samples except DEF. The results obtained in this study are not in consonance with the reported 

values 474.00 to 489.30 g by Sahreen et al. (2020) for bread wheat flour. The increased weight of composite of samples 

CMD, ABC and CSM could be attributed to high water absorbing capacity and thus in heavy dough due to low air 

entrapment (Ameh et al., 2007). 

The specific volume of bread ranged from 1.57 to 2.19 cm
3
/g.  The highest and lowest values were recorded in sample 

CSM and PQR, respectively. Significant differences (p<0.05) were seen in all the samples except in JKL and CSM, 

respectively. The results obtained in this study are relatively similar to the reported values 3.10 to 3.32 cm
3
/g by Sahreen 

et al. (2020) for amaranth-wheat based bread. Consonant reports were recorded in the work by Ropciuc et al. (2021) for 

bread made from wheat and Purple potato flours. The addition of cassava flour significantly improves the volume of the 

bread. The specific volume increase for high proportions of cassava flour; this increasing the quality of the core (Ropciuc 

et al., 2021). Similarly, Zelada et al. (2019) working with quinoa and guar flours obtained mean loaf specific volume of 

0.979 to 1.84 cm
3
/g. According to Hager et al. (2012), one important parameter in bread making, known to strongly 

influence consumer’s choice, is loaf specific volume, because from an economic point of view, a high ratio of volume per 

weight is desired.  

The firmness of the bread ranged from 8.44 to 12.52 N. The results obtained in this study are in consonance with the 

reported values 10.49 to 20.48 N by Bartosova and Szabo (2013) for bread produced from spelt wheat flour. Sample YZ 

had the lowest values of firmness while PQR had the highest; with no significant differences. Bread firmness is expressed 

as the maximum force needed to compress the bread sample. The low maximum force indicates soft bread texture which 

is desirable by consumers. 

The viscosity of the dough ranged from 24.44 to 49.00 mm. The results obtained in this study are lower when compared 

to the reported values 66.67 to 93.33mm by Ropciuc et al. (2019) for bread produced from wheat-purple potato flour. The 

tensile strength/viscosity of the dough increases with increasing cassava flour dose. This is explained by the fact that the 

added cassava replace the wheat flour and the gluten content is reduced (Ropciuc et al., 2019). 
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The torque values of the samples ranged from 0.12 to 0.93 N/m; with sample DEF and JKL recording the highest and 

least values, respectively. There were significant (p<0.05) differences among the samples. The results obtained from this 

study are in agreement with the reported values 0.268 to 0.872 N/m by Fanari et al. (2021) for dough made from wheat 

incorporated with water and salts. The maximum torque indicates the water content function. Maximum torque shows a 

linear dependence on water content. 

Textural properties of bread from composite flour blends is presented in Table 4. The hardness of the bread ranged 

from10.46 to 18.20 N. The highest and least hardness was recorded in sample JKL and DCM, respectively. The results 

obtained in this study are in consonance with the reported values 10.49 to 20.48 N by Bartosova and Szabo (2013) for 

spelt wheat bread. Similar report was also recorded in the work by Chikpah et al. (2021) where 8.03 to 22.64 N were 

reported for wheat –orange fleshed sweet potato flour. Bread crumb hardness is expressed as the maximum force needed 

to compress the bread crumb sample. The low maximum force indicates soft bread. The hardness of bread increases 

significantly as the proportion of cassava flour added to all samples obtained increases. 

Springiness of the bread samples ranged from 0.69 to 0.93 mm. The highest and lowest values are recorded in sample 

DCM and JKL, respectively. The values obtained in this study are in agreement with the reported values 0.70 to 0.90 mm 

and 0.715 to 0.997 mm by Zelada et al. (2019) and Chikpah et al. (2021) for gluten-free bread formulated with guar gum 

and bread made from proportion of wheat flour substituted with OFSP flour, respectively. According to Cornejo and 

Rosell (2015), high springiness values are preferred because it is related to the bread freshness and elasticity; a reduction 

in resilience or springiness characterizes loss of elasticity, because both properties indicate the ability of a material to 

return to its original shape after stressing. In this study, the highest springiness was reached with a combination of 14.787 

g defatted soy flour, 80.000g   cassava flour and 5.213 g malted sorghum; this is the highest dose of cassava flour with 

significant low value of malted sorghum. 

The cohesiveness of the bread from composite blends ranged from 0.83 to 0.85 mm with sample DCM and VWX 

recording the highest and least values, respectively. There were significant differences (p<0.05) among the samples. The 

results obtained in this study are in line with the values 0.717 to 0.886 mm reported by Chikpah et al. (2021) for bread 

products from wheat - OFSP flour blends; though these values obtained in this work is relatively higher when compared 

to the reported values 0.443 to 0.665 mm by Dvorakova et al. (2012) for bread produced form buck wheat and rye flour 

blends. As reported by Onyango et al,cohesiveness characterizes the extent to which material can be deformed before it 

ruptures, and reflects the internal cohesion of the material. Bread crumb with high cohesiveness is desirable because it 

forms a bolus, instead of disintegration during mastication, whereas low cohesiveness indicates increased susceptibility of 

the bread to fracture or crumble.  

Chewiness of the bread ranged from 6.41 to 8.65 kg. The highest and lowest values for chewiness were recorded in 

sample DCM (4.787 g defatted soy flour; 80.000g cassava flour: 50.213 g malted sorghum) and GHI (19.123g defatted 

soy flour: 69.316 g cassava flour: 18.028 g malted sorghum), respectively. The results obtained in this study are higher 

compared to the reported values 0.27 to 3.032 kg reported by Chikpah et al. (2021) for bread made from wheat-OFSP 

flour composite blends. Ropciuc et al. (2021) reported lower values of 1.332 to 5.715 kg for bread made from wheat and 

purple potato flour blends. 

The resilience of the bread from composite blends of defatted soy flour, cassava flour and malted sorghum ranged 0.35 to 

0.78. The highest and lowest values were recorded in sample PQR and GHI, respectively. There were significant (p 

<0.05) differences among the samples with the exemption of MCD and CSM. The results obtained in this study are not in 

agreement with the reported values 1.2 to 2.3 reported by Ropciuc et al. (2021) for bread produced from the blends of 

wheat and purple potato flours. Resilience is an indication of the ability of a material to return to its original shape after 

undergoing stress (Cornejo and Rosell, 2015). 

5.   CONCLUSION 

Cassava and malted sorghum could be used as replacement for wheat flour in the formulation of bread, enhancing the 

nutritional and textural properties of the product. In this study wheat was substituted with cassava and germinated 

sorghum to examine the changes in physicochemical and textural profile analysis. Results demonstrated that the bread 

made with 19.123g defatted soy-flour, 69.317g cassava flour and 11.560g malted sorghum had the highest level of protein 

but the least carbohydrate content. 
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