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Abstract 

This study examined the properties of the bashekala barley-wheat flour and starch for biscuit 

production. The effects of the bashekala barley-wheat flour blends on proximate analysis, functional 

properties, pasting, farinograph analysis, and sensory analysis were evaluated using standard 

laboratory procedures, and statistics were conducted using ANOVA and SPSS. The bashekala 

barley-wheat blend was developed using the D-optimal mixture design software.  The proximate 

analysis of the blend bashekala barley-wheat blend ratio (20:80) revealed a significant effect 

(p<0.05) on the crude protein, moisture, ash, fat, carbohydrate, and crude fiber content. As per 

sensory evaluation of biscuits results (20:80%) and (60:40%) blend rations made biscuits with 

superior sensory properties, and excellent acceptability. Further, as bashekala barley flour 

substitution levels increased, the texture profiles of biscuit products increased with biscuit hardness, 

the crust color of the biscuits changed from dull to darker brown, but biscuit fracture ability 

decreased as bashekala barley flour substitution levels increased. The farinographic properties of 

blended ratio flour (20:80%) (25:75%), (40:60%), and (100/0%) was significant with (p<0.05) 

between WA, DS, DDT, and FQN respectively. In conclusion, bashekala barley flour water 

absorption properties are superior, the 20% bashekala barley flour blend ratio had superior sensory 

characteristics, and its flour substitution could significantly contribute to the development of 

biscuits.  
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1. Introduction 

1.1. Background of Study 

 

Common barley, (Hordeum vulgare L.)  are cereal crops that belonging to the family Poaceae, the 

very important staple food crops in the world which rank fourth next to 38% for maize, 29% for 

wheat, 20% for rice, and 6% for barley in terms of production quantity and cultivation areas (Fan 

Zhu, etal.,2017). Ethiopia is known for its barley farming, and various sources confirm it has been 

grown for at least 5000 years in the country (Masreshaw Yirga, 2018). In Ethiopia, barley is the fifth 

most important cereal crop after teff, wheat, maize, and sorghum, based on the production area, but 

third in yield per unit area (Mekonnen & Bezabih, 2018). All the regions produce the crop, but the 

majority (over 85%) comes from Arsi, Bale, Shewa, Gojam, Gonder, and Wollo (Adugna Abdi et 

al., 2008). In spite of the importance of barley as a food and feed crop in Ethiopia and the efforts 

made to develop improved production technologies, its productivity remains very low, around 1.3 

tons/ha, compared with the world average of 2.4 tons/ha (FAO, 2013). Today, common barley is an 

important crop plant in the world. It is mainly used as feed, malt and the main ingredient in a variety 

of traditional foods. Traditionally are used for making local types of food and drinks. These include 

dietary fibre and phytochemical components such as flavonoids, phenolic acids, phytosterols, 

Tocols, folates and lignans, (Idehen, Tang, & Sang, 2017). The physicochemical properties and 

functional characteristics that are imparted to the starch systems and their uniqueness in various food 

applications vary with the biological origin. 

 

Thus, the current consumer interest regarding its nutrition and health benefits is expected to improve 

its production status as a human diet. Starch is also a by-product of the barley fractionation industry 

and can be utilized for value-added products. It is the major component in barley grains; the dry 

matter of barley consists of 60-70%, starch 70–80%, has an adequate protein balance 10–16%, and 

low lipid content 2–3% (Mariona et al., 2020). Gluten protein is important for bread quality as with 

breads which demand more gluten content as its main effect on loaf volume so barley flour for 

preparing nutritional and functional biscuits (Sharma et al.,2014). The concentration, elasticity, 

water absorption capacity, and extensibility of gluten determine the baking quality of flour 

(Caballero et al., 2007). However, barley is of increasing interest as a food due to the presence of 

beneficial traits for health, like health-promoting characteristics in food barley, such as dietary fibre 
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mixed linkage glucan, (l,3) (l,4) -(3-D-glucans (3-glucan).and bioactive compounds (Mariona et 

al.,2020).   

  

They also account as a concentrated food because of their contents from fats, carbohydrates and low 

level of moisture contents and hence they are good source of energy. It often comprises of 7–20% 

of moisture 30–70% of sugar and 30–60% of fat. Industrially produced hard biscuits   mainly include 

2.0–7.5% of water, 5.3–15.4% of proteins, 3.1–30% of fat, 2.2–3.1% of dietary fibers and 51–78% 

of carbohydrates (Hooda et al., 2005; Sudha et al., 2007) and also food consumption that is good 

nutritional contents such as high starch (49-67%), high dietary fibre (13-27%), protein (8-18%), 

Vitamin-B complex and vitamin E (Cavallero et al., 2004 and Addis Abraha,2012). Finally, this 

study evaluation of bashekala barley-wheat flour and starch properties for biscuit production. 

1.2.  Statement of the Problem 

Barely is one of the most important staple food crops produced in the world (Mariona et al.,2020).  

It is a widely cultivated crop used as the main food in a number of traditionally made foods and 

drinks. There is a common barley crop widespread in the Gofa area of Ethiopia, which contributes 

a significant part to the lives of food secure subsistence farmers there. The suitability of the 

promising barley lines for food end-use quality should be demonstrated through further multi-

location trials and end-use quality evaluations (Addis Abraha, 2012).  

Barley is a nutritious cereal, but only about 2% of this grain is used as human food (Mariona et 

al.,2020). As barley is recognized as a functional grain, its use in human food will increase. It 

contributes significantly to the world and Ethiopia's food supply as human food, malt products, and 

livestock feed (Fan Zhu, 2017). Thus, the current consumer interest regarding its nutrition and health 

benefits is expected to improve its production status as a human diet. These include dietary fibre and 

phytochemical components such as flavonoids, phenolic acids, phytosterols, Tocols, folates and 

lignans, (Idehen, Tang, & Sang, 2017). Therefore, food barley nutritional value is gaining more 

attention internationally.  

However, Bashekala barley is an important crop mainly used for human food in Ethiopia but is not 

known on nutritional contents quality. Ethiopian Bashekala barley grain has not been studied for 

starch, pasting and farinograph, and food making properties, physical and chemical analyses that 

affect sensory quality. Ethiopia depends majorly on wheat grain importation to meet the need of the 

wheat- based products industry. Hence, the aim of the study was to produce composite flour samples 
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from Bashekala and wheat flours at different level of substitution and to evaluate their chemical, 

functional, starch pasting and farinograph properties of blending different ratio as well as the effect 

final sensory evaluation of biscuits produced. Moreover, examine the microbial load (total plate 

count and yeast and molds counts for biscuits produced from blending different ratio with Bashekala 

and wheat flour. 

Finally, the target of this research feasibility of partially replacing wheat flour with Bashekala barley 

flour in develop biscuits filled the gap and analyze the starch and rheological properties (pasting and 

farinograph), morphology, starch granules and size distribution of starch, that given the scientific 

knowledge to the community, and resources optimization. 

1.3  Research Questions 

The study was attempted to answer the following questions  

 Does blending mix ratio with bashekala barley flour have a significant effect on food making 

quality properties of the developed biscuit?  

 What were the effects of blending bashekala barley- wheat starch and flour on farinograph and 

pasting properties for biscuit production?  

 What was the effect of the bashekala barley - wheat starch blend on the morphology and size 

distribution of starch granules? 

 What was the effects of bashekala barley- wheat flour blends on functional properties? 

 What effect does blend bashekala barley - wheat flour have on physio-chemical properties? 

 How does the bashekala barley-wheat flour blend affect biscuit product quality, texture, 

colour, and sensory characteristics? 

1.4   Objectives   

1.4.1 General Objectives 

The general objective of this work was to evaluation of bashekala barley-wheat flour and starch 

properties for biscuit production. 

1.4.2 Specific Objectives 

The specific objectives of the research were:  

 To assess blending mix ratio with Bashekala barley flour have a significant effect on food 

making quality properties.  
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 To study a significant effects of blending bashekala barley- wheat starch and flour on 

farinograph and pasting properties for biscuit production.  

 Identify the effect of the bashekala barley - wheat starch blend on the morphology and size 

distribution of starch granules. 

 Assess the effects of bashekala barley- wheat flour blends on starch and functional properties? 

 Evaluate the food making quality properties of Bashekala barley-wheat flour blends by 

producing biscuits. 

 To analyze the effect of blend bashekala barley-wheat flour have on physico-chemical 

properties 

 To study biscuits product's texture, colour, sensory characteristics & food making the quality 

analysis of Bashekala barley -wheat, flour blends. 

1.5  Significance of the Study 

The outcome of the study is believed to be significant in that it was being used increase consumer 

that the Bashekala barley and wheat flour was safe for consumption and nutritious diet in Ethiopia 

and it was result from the best quality Bashekala barley grain flour. The expansion of the flour 

industry has created a demand for new ingredients, for different products, which is imported and is 

relatively expensive and reference for other similar studies conducted in similar research in 

Ethiopia. To enhance the production and productivity of local manufacturers, an efficient and 

effective input delivery system should be in operation. Generally, it was being expected to provide 

useful sources that can offer further support to the consideration of quality Bashekala barley as a 

source of raw materials for industries. 

1.6  Scope of Study 

In this study, the evaluation of bashekala barley-wheat starch properties for biscuit production was 

undertaken. Studying the overall evaluation starch and rheological properties of Bashekala barley 

and wheat flour blends were evaluated, texture, colour analysis was performed; proximate 

composition, morphology, size distribution of starch granules and the blend ratio with Bashekala 

barley flour had a significant impact on food making quality properties of Bashekala barley and 

wheat flour blends by producing biscuits. 
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2 Literature Review 

2.1 Overviews of Cereal Starch Processes   

2.1.1 Starch Properties 

The starch stored in higher plants is discrete crystalline granules. There are two main components 

of starch: linear amylose and highly branched amylopectin (Gupta et al.,2009). Starches from 

different sources show variation in their chemical composition and the structure of their components 

that contribute to their thermal properties due to genetic, environmental, and nutritional factors that 

plants are exposed to during their development (Cornejo-Ramírez etal.,2018). It is a 

polysaccharide, µ -glucan, and can be divided into straight-chain amylose and branched-chain 

amylopectin (Addis Abraha, 2012). It is the major polysaccharide in plants and is made up of 

granules of amylose and amylopectin chains in a ratio of 20:80 on average (Gupta etal.2009). 

Native starch blends are increasingly used in the food industry to produce starchy foods with desired 

rheological properties, texture, storage stability, or to replace modified starches (Gupta et al., 2009). 

Among these starch grains are trace amounts of minerals, lipids, nucleic acids, and proteins. The 

main characteristics that govern the application of starch in food systems are gelatinization, pasting, 

solubility, swelling, and digestibility. Hence, the selection of the right starch variety for end-use 

applications is determined by its solubility, thermal properties, pasting properties, and gel texture 

properties (Pourmohammadi et al., 2018). 

The physical and chemical characteristics of the granule starches are involved in the functional 

properties. In the inner part of the starch granules amylose, phosphorylated residues, lipids, and long 

lateral chain amylopectin interact among them avoiding water uptake (Cornejo-Ramírez et al., 

2018). Smaller starch granules have a bigger surface area that allows fast hydration, however, 

surface pores and channels on the surface of starch granules enhance the water uptake (Zhu, 2017). 

Thus, higher hydration rates increase the swelling, viscosity, and gelatinization capacity of starch 

granules. However, the set of chemical compounds found on the starch granule and their interactions 

are also involved in the thermal properties of starches (Cornejo-Ramírez et al.,2018). It is the major 

component of the kernel and may amount up to over 70% of the dry weight. The quality of barley 

products is determined by its starch properties such as gelatinization and retro gradation. Stanch is 
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also a by-product of the barley fractionation industry and can be utilized for value-added products 

(Zhu, 2017). 

 

Starch is composed of large chains of a-linked glucose units of amylopectin and amylose. Amylose 

is a linear unbranched polymer of starch, which consists of a-1, 4-linked glucose units while 

amylopectin is a highly branched chain polymer where glucose units are branched through glucose 

linkages. In certain waxy starch barley genotypes, the proportion of amylopectin increases 95 to 

100% while in high amylose barleys, amylopectin declines. Amylose is not stable in aqueous 

solutions and tends to precipitate or retrograde in dilute solutions and forms gels in concentrated 

solutions. Therefore, waxy amylopectin) or high amylose starch types have a different property on 

barley end uses (Addis Abraha, 2012). The granule bound starch synthase is essential for amylose 

synthesis, while the starch synthases I, II and III are important in the synthesis of amylopectin. It is 

also reported that the starch granule size found in high amylose and waxy genotypes differ from 

those found in normal barley starch. The starch granules in high amylose barley have more uniform 

size distribution (Addis Abraha, 2012). 

2.1.2 Starch Functional Properties 

The functionality and quality of starchy cereal-based products mainly depend on its properties and 

characteristics (Delcour J.,2010). The pasting property is one of the important starch 

physicochemical properties and is affected by multiple factors (Be Miller,2011). It is properties are 

highly influenced by the composition proportion and structure of starch e.g., total starch as well as 

amylose and amylopectin content, the ratio of amylose and amylopectin, the proportion of starch 

granules with distinct size, distribution of chain length) (Be Miller ,2011). 

It is directly related to gelatinization and the properties of the paste. The functional properties of 

starch granules include starch solubility, swelling power, gelatinization, retro gradation, syneresis, 

and rheological behavior, which are generally determined by the multiple characteristics of a 

starch structure ( Leach et al.1959). The functionality and quality of its cereal-based products mainly 

depend on starch properties and characteristics (Fan et al., 2019). The starch of barley flour has less 

thickening capacity and less water absorption than wheat. The protein has less gluten-like strength. 

Baked products which are dependent on gluten-like strength are made less successfully from barley 

flour than from wheat flour (Fan et al., 2019). 
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The pasting property is one of the important starch physicochemical properties and is affected by 

multiple factors (Fan et al., 2019). The functional properties of individual and composite flour such 

as water absorption index (WAI), oil absorption index (OAI), and swelling power are determined by 

standard methods. WAI and OAI are determined according to the methods of Valdez-Niebla et al. 

(1992), Ju and Mittal (1995) and Subrahmanyam and Hoseney (1995) as modified by Niba et al. 

(2001).   

2.2 Typical criteria and determinate parameters to barley quality  

Barley quality criteria depending on its use. The most important quality parameters to determine use 

its starch properties such as retro gradation and gelatinization. 

2.2.1 Gelatinization and Retro Gradation Properties of Starch 

Starch, when heated in the presence of excess water, undergoes a transition phase known as 

gelatinization, and there is a characteristic temperature interval for gelatinization corresponding to 

each starch species. Gelatinization occurs when water diffuses into the granule, which then swells 

substantially due to hydration of the amorphous phase causing loss of crystallinity and molecular 

order that means it is occurring initially in the amorphous region, favored by the weak hydrogen 

bonds present in this area. This process is affected by solvent type and starch/solvent 

proportions(Alcázar-alay et al., 2015). Gelatinization progress along the granule is determined by 

the physicochemical properties of the starch, the presence of other ingredients, the availability of 

water and process parameters applied (Alcázar-alay et al., 2015).  

 

The molecular interaction produced after gelatinization and cooling of the paste is known as retro 

gradation. During retro gradation, amylose molecules associate with other glucose units to form a 

double helix, while amylopectin molecules re-crystallize through the association of its small chains. 

After retro gradation, starch exhibits lower gelatinization and enthalpy compared to native starch 

because its crystalline structure has been weakened. Initially, the amylose content exercises a strong 

influence over the retro gradation process; a large amount of amylose is associated with a strong 

tendency for retro gradation.  

2.3 Nutrients in barley and barley Products 

2.3.1 Barley Grain 

For food purposes, barley is mainly used as a de-hulled grain or high fibre content products. Food 

produced from barley is a good source for many nutrients such as protein, fibre, minerals, and B-
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vitamins. The fibre content of barley is high and rich in β-glucan that is mainly soluble. Low-

digestible carbohydrates, especially β-glucan and resistant starch have a positive impact on lowering 

post-prandial blood glucose levels and blood cholesterol level (Kahlon and Chow, 1997). The β-

glucan from barley is also known to stabilize digestion processes in young farm animals, especially 

in piglets (Bolduan and Jung, 1985). However, due to its viscosity-enhancing property, β-glucan 

causes undesirable effects in the digestive tract especially of young avians (Jeroch et al., 1993).   

2.4 Physical and Chemical Properties of Flour 

Barley grain is rich in starch and sugars relatively poor in protein, and very low in fat. The water 

holding capacity, water absorption index, water solubility index, and oil absorption capacity is 

considered as Physio-chemical properties (Elleuch et al., 2011). The water holding capacity of 

barley flour depends upon the presence of glucan (Bhatty, 1997). Water holding capacity of flour 

largely depends upon the composition, particle size; determination method, presence, and type of 

dietary fibre (Elleuch et al., 2011). The water absorption capacity of dough was increased 

significantly by the addition of barley flour in wheat flour during bread making (Jacobs et al., 2008).  

 

Based on Skendi et al. (2010) observed that increasing the concentration of -glucan increased the 

WAC of wheat flour dough during bread making. According to Fanisa et al. (1999) reported that the 

water holding capacity of barley flour is 272% and infrared processing of barley significantly 

increases the water holding capacity up to 429%. Puffing of cereals exerts a significant effect on the 

WAC and exhibits increased WAC as compared to their corresponding control samples (Mariotti et 

al., 2006). Different size of barley grits was subjected to extrusion cooking at two different 

temperatures (100 and 140°C) and it was observed that the extrusion cooking increased the water 

absorption index and further increasing the extrusion temperature significantly increased water 

absorption index (Al-Rabadi et al., 2011). 

 

The water solubility index is an indicator of the presence of water-soluble components in the flour 

and it describes the rate and extent to which the particles dissolve in water. Principally, it depends 

upon the chemical composition and particle size of flour (Filli et al., 2010). Barley flour had more 

water solubility index as compared to wheat because it contains more water-soluble components 

such as glucan.  WSI is also an indicator of the extent of gelatinization of starch (Jones et al., 2000). 

WSI is considered as an indicator of soluble material produced and molecular breakdown during 

thermal processing (Ding et al., 2006). According to Marrotti et al. (2006) reported that WSI of raw 
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barley was 7.5 % while after the puffing of barley it was increased by up to 30.2%. Lee and Inglett 

(2006a) studied the effect of hydrothermal treatment on barley flour and reported a water solubility 

index of 15.82% for control flour while after hydrothermal treatment it was increased by 20.20%.  

(Ainsworth et al., 2007). 

 

The oil absorption/holding capacity is the amount of oil retained by flour after mixing with oil and 

incubation for a particular time followed by centrifugation. It depends upon the chemical 

characteristics and physical state of flour (Elleuch et al., 2011). The non-polar side chains of proteins 

are considered to bind the hydrophobic chains of fat thus retaining more oil (Lee et al., 2006). The 

flour obtained after roller milling of barley exhibited an oil holding capacity of 1.3 g/g (Bhatty, 

1993a). According to Sharma and Gujral (2010a) reported that the oil holding capacity of whole 

barley flour ranged from 1.50 to 1.68 g/g (Sharma et al., 2011).   

2.4.1 Pasting Properties of Flour 
 

Starch pastes forms immediately after gelatinization, and starch granules are increasingly susceptible 

to disintegration by shearing because they are swollen. The paste obtained is a viscous mass 

consisting of one continuous phase of solubilized amylose and amylopectin and one discontinuous 

phase of the remaining starch granules. Pasting properties of barley starch are important 

characteristics from a processing standpoint. The isolation of starch from barley grains is time-

consuming thus; the whole grain flour is always used.   

 

Pasting properties of WF, RF, CF, PS, and composite flour was evaluated with Rapid Visco 

Analyzer. From the pasting  profiles, RVA parameters, including pasting temperature, peak 

viscosity, final viscosity, breakdown and setback will be  obtained (Pourmohammadi et al., 2018).  

The following data were recorded: pasting parameters of time from onset of pasting to peak viscosity 

(P time); the temperature at which peak viscosity was reached (P temp); peak viscosity; viscosity at 

the end of holding time at 95°C or hot paste viscosity; breakdown (BD) = PV-HPV; viscosity at the 

end of the hold time at 50oC or cold paste viscosity (CPV); set back viscosity (SB) = CPV-HPV, 

stability ratio (SR) = HPV/PV, and setback ratio (SBR) = CPV/HPV. 

 

The viscosity of barley flour is an important parameter in food processing and it significantly affects 

the quality of the products (Gray et al., 2010). Viscosity may be influenced by the composition of 

barley, cultivars, and growing conditions (Yoshimotoa et al., 2002). It was reported that barley flour 
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had peak viscosity of 3604 cP, trough viscosity of 1682 cP, and final viscosity of 3411 cP (Koksel 

et al., 2004).  The pasting properties are significantly affected by the application of heat and the 

degree of starch gelatinization and are governed by the type and severity of heat treatment (Altan et 

al., 2009b). Visco-Amylograph was used to study the pasting profile of puffed barley, which 

exhibited peak viscosity of 950 Brabender Units (BU) and a pasting temperature of 62.0°C (Mariotti 

et al., 2006).    

2.4.2 Barley protein and lipid of Barley Flour 
 

The two major groups of storage proteins in barley are the glutelins and the protamine’s, present at 

levels of around 4% each, with somewhat more glutelin than protamine. The limiting amino acids 

in barley protein are lysine followed by methionine, threonine, and tryptophan. In barley, the 

albumins and globulins (soft soluble) which are rich in lysine (5-7%) and threonine are mainly 

metabolic proteins. 

 

Proteins provide amino acids that are important for the growth of all cells, responsible for the 

structural functions and metabolic activities. Proteins are nitrogenous compounds with large 

molecular weight and have basic L-amino acids grouped into peptides. Many kinds of research 

indicated that barley protein content varies from 8 to 18% with an average of 12.2% for the hulled 

types, and relatively higher for the hulls.  Barley endosperm protein or storage proteins are rich in 

protamine, which are soluble in an alcohol solution and comprise 35 to 50% of the total proteins. 

2.4.3 Minerals and Vitamins 

Barley grain contains mineral elements and vitamins essential for human and animal health and 

growth. The minerals found in barley grain include macro elements like phosphorus and potassium 

are found in large quantities, while calcium, magnesium, chlorine, sulfur and sodium in lower 

amounts. Microelements such as iron and zinc are found in the germ and aleurone layer of the kernel. 

Bioavailability of the mineral elements such as iron, calcium, magnesium, and zinc arc affected due 

to the binding effect of phytate that creates deficiency of these elements in the diet (Addis Abraha 

2012). Barley is a good source of vitamins important for human health such as vitamin E   and water-

soluble B-complex vitamins, particularly thiamine (B l), riboflavin (B2). Niacin (B3), pyridoxine 

(B6) and pantothenic acid. Tocopherols and tocotrienols are fat-soluble compounds of vitamin E 

that have anti-oxidant effects preventing cells from free radicals (Addis Abraha 2012). 
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2.4.4 Determination of Starch morphology size distribution   

Determination of morphology of starch granules size distribution was studied using a Scanning 

Electron Microscope (SEM) (Chisenga et al., 2019). The bimodal distribution of barley starch 

granules has been well-reviewed (Vasanthan et al., 2009). In general, the structure of the large 

granules tends to be disc-shaped, whereas the small granules tend to be spherical (Ao and Jane 2007). 

The ratio of small (<8 μm) to large (>8 μm) granules of 12 genotypes ranged from 0.71 to 2 as 

studied by gravitational field-flow fractionation coupled with a UV/VIS (ultraviolet-visible) spectral 

detector (Chmel´ık and others 2007). The morphology of starch granules can be much affected by 

genetic mutations (Patron et al., 2004; Regina et al., 2010; and Shaik et al., 2016). 

 

Morphological characteristics of starch granules depend on the biochemistry of the chloroplast or 

amyloplastic, as well as the physiology of the plant.  Microscopic analysis, light, or SEM has been 

used to study the morphological characteristics of starch granules. Light microscopy is used for 

identifying the type of starch, and the general size and shape of granules from different sources can 

be observed. SEM allows the shape and surface of starch granules to be viewed in three dimensions 

(Thomas and Atwell, 1999).   

2.4.5 Starch gelatinization properties  

The starch gelatinization properties onset, peak and conclusion gelatinization temperature and 

enthalpy of gelatinization were determined using differential Scanning Calorimetry (Chisenga et al., 

2019).  It is generally referring to the disruption of molecular order within starch granules when they 

are heated above the gelatinization temp in the presence of a sufficient amount of water. Evidence 

for the loss of molecular order includes irreversible granule swelling, loss of birefringence, loss of 

crystallinity, viscosity development, and starch solubilization (Nelles et al., 2000). 

Although starch granules are insoluble in cold water, they can swell slightly and become hydrated, 

increasing the diameter of the granules. This process is reversible. When heat was applied to such a 

system, however, irreversible changes occur. As the granules are heated, they reach a specific 

temperature at which they swell more. With continued heating, the viscosity of the suspension 

increases dramatically. The starch then absorbs more water and the granules swell more or continue 

to expand above the melting temperature. This sequence of change from dispersion to paste is known 

as starch gelatinization (Gebre-Mariam and Schmidt, 1996a).  
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2.4.6 Structure of Grain and Physical Characteristics 

Barley grain is a covered caryopsis that it was enclosed in a lignified covering consisting of leaf-like 

structure termed as lemma and palea (Magness et al., 1971) which was firmly bound with endosperm 

and stay with endosperm even after threshing. The majority of the barley cultivated around the world 

is a hulled type because it is more suitable for malting and this is where most of the barley produced 

was utilized. Bulk density is also an indicator of grain quality and is affected by several factors such 

as moisture content, surface characteristics, protein content, and shape, and size of grain (Yamazaki 

and Briggle, 1969). According to Andersson et al. (1999) reported that the bulk density of barley 

ranged from 661 to 732 g/l and Mariotti et al. (2006) observed a bulk density of 832.1 g/l for raw 

barley. Base on Sharma and Gujral (2010a) reported that the bulk density of different barley cultivars 

ranged from 0.547 to 0.657 g/ml (Andersson et al., 1999). 

2.4.7 Proximate Analysis of Barley and Starch 
 

Base on to Jadhav et al., (1998), starch content in barley has been reported to be 60 to 64%, the 

amylose content varies from 20 to 30% while in waxy barley amylose is as low as 1% and in the 

high amylose barley, it is up to 45% (Morrison et al., 1986). The protein content of barley varied 

from 8 to 15% (MacGregor, 1993) whereas some authors have reported protein content as high as 

20% (Torp et al., 1981). The protein content largely depends upon the nitrogen content, which was 

supplied to the plant during growth (Friedman and Atsmon, 1988). The lipid content of barley ranges 

from 2 to 3% and most of the lipids are concentrated in the bran and germ portion (Newman and 

McGuire, 1985; Morrison, 1993; Bhatty, 1993a). 

 

According to Mahdi et al. (2008) reported a carbohydrate content of 73.5%, protein 12.5%, and fat 

2.3% in barley. As with Sullivan et al. (2010b) reported a total starch of 47.5 and 76.8% in hulled 

barley whole grain and flour, respectively. They also reported that the hulled barley grain contains 

18.7% total, 2.6% soluble, and 16.1% insoluble fibers while dehulled whole barley flour contains 

3.5% total, 1.9% soluble, and 1.6% insoluble fibres (Sullivan et al. 2010b). 

2.4.8 Swelling and Solubility 

The swelling property is commonly represented by the swelling factor (SF) and swelling power (SP), 

whereas the solubility is denoted by solubility, water-soluble index (WSI), and amylose leaching 

(AML) (Pycia eta l., 2015, Kong eta l., 2016). 
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2.5 Processing of Barley  

2.5.1 Milling of Barley   

Barley is millet to make blocked barley, pearl barley, barley grots, barley flakes and barley flour for 

human consumption (Zhou,1985). Removal of the husk of barley or hull, which is largely 

indigestible, is an important part of the milling process. The presence of damaged grains lowers the 

quality of milling barley. Such grains frequently reveal areas of exposed endosperm where the fungal 

attack may occur leading to discoloration and intrigues discolored particles to the finished products. 

Thin grains also lower the milling quality with a higher hull content than normal they make a small 

contribution to the yield of milled products (Zhou,1985).The sequence of operations in barley 

milling may be as follows: preliminary cleaning, conditioning or tempering, bleaching, blocking or 

shelling, aspiration, size grading by sifting, groats cutting, pearling of blocked barley, grading and 

sifting and polishing.   

2.6 Conclusion of Review   

Generally, barley is a cereal highly variable in its morphology, development, composition, and 

adaptation. These barley types differ in their physical and chemical attributes and can be processed 

differently for diverse commercial purposes (Baik, 2008). It is grain is rich in starch (70–80%), has 

an adequate protein balance (10–16%), and low lipid content 2–3% (Mariona et al., 2020).  

 

The functionality and quality of starchy cereal-based products mainly depend on starch properties 

and characteristics (Delcour,2010). The pasting property is one of the important starch 

physicochemical properties and is affected by multiple factors (Be Miller,2011). Starch pasting 

properties are highly influenced by the composition proportion and structure of starch (e.g., total 

starch as well as amylose and amylopectin content, the ratio of amylose and amylopectin, the 

proportion of starch granules with distinct size, distribution of chain length) (Be Miller ,2011). 

 

Barley quality criteria depending on its use. The most important quality parameters to determine use 

its starch properties such as retro gradation and gelatinization. The starch gelatinization properties 

onset, peak and conclusion gelatinization temperature and enthalpy of gelatinization are determined 

using differential Scanning Calorimetry (Chisenga et al., 2019).  Barley grain is rich in starch and 

sugars relatively poor in protein, and very low in fat. The water holding capacity, water absorption 

index, water solubility index, and oil absorption capacity is considered as Physio-chemical 
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properties (Elleuch et al., 2011). Water holding capacity of flour largely depends upon the 

composition, particle size; determination method, presence, and type of dietary fibre (Elleuch et al., 

2011). 
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3. Materials and Methods 

3.1 Sample Collection, Transportation, Preparation, and Storage 

3.1.1 Sample Collection and Transportation 

 

A Bashekala barley cultivar grain was used in this study. This was the cultivar of grains that were 

mature and well grains were collected in Gofa in the south region of Ethiopia. The collected samples 

were directly transported to food engineering laboratory. Purposive sampling was done in the 

sampling techniques based on the grain quality to represent all Bashekala barley grains. Bashekala 

barley was widely cultivated throughout Southern Ethiopia part of the Gofa area. The locations were 

within common Bashekala barley-growing areas in the region was selected to carry out the present 

study. 

 

Figure 3.1 Barley (Hordeum vulgareL.) Bashekala, 6-rowed all 3 spikelet’s grain, Ethiopia & Eritrea 

Volume 7 refer, & AAU, Herbarium. Bashekala barley flours & starches 

3.1.2 Sample Preparation and Storage 

After harvesting, Bashekala barley mature grains sample was sorted, cleaned to remove sticks, 

husks, and stones cobs, broken damaged kernels, and foreign materials. After cleaning grains 

samples were seal in plastic bags and stored at room temperature for further laboratory analysis. The 

remaining clean grain was air-dried and was used to prepare milled into flours. Thereafter, the flours 

were passed through a 100-200 mesh sieve to obtained 149-74 micron flour, dry at 45˚C for 36 h, 

and stored at 4˚C in was sealed plastic bags (Fan et al., 2019). As soon as the gains and flours 

samples were prepared, the product was ready for analysis. 

 

 

 

a)                                                                                b) 

   rowed all 3 s i elet s  ashe ala  arle  Bashkala barley grain, Flours & 

Starches 
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3.2 Raw Materials and Equipment 

The raw materials for this research work were collected well mature Bashekala barley grains and 

compared to their corresponding control samples. On the other hands, the equipment was used Petri 

dishes, plastic bags, farinography, centrifuged, Rapid Visco Analyzer, Kjeldahl, SEM, laser 

diffraction particle size analyzer, texture analyzer, mixing bowl, Water bathe, Oven, atomic 

absorption spectrophotometer, and milling, & microbiological analysis equipment and others for 

intermediate storage of flour and final products. 

3.3 Experiment Site  

The experiment was conducted in Addis Ababa Institute of Technology (AAiT) 5 kilo Food 

Engineering Laboratory, Addis Ababa university science and Technology (AA UST) Central 

Laboratory, Adama Science and Technology University (ASTUST), Ethiopia Conformity 

Assessment Enterprise (ECAE) Laboratory, Akilit Food Share Company and Addis Ababa 

University College of Natural Sciences (4 Kilo Campus) Center of Food Science and Nutrition was 

conducted our laboratory work. 

3.3.1 A framework of the Experiment  

 

Fig 3.2. An experimental framework of the research 
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3.4 Processing Methods  

3.4.1 Preparation Methods of Starches  

The general procedure for making the extraction methods were used in the isolation of native 

starches using as follow. The method was following the method described by Claver et al.,2010 with 

slight modifications. Briefly, the Bashekala barley flour was immersed in a 0.2% aqueous NaOH 

solution and kept at 4˚C for 24 h. Before stepwise filtration through 100 -200-mesh nylon sieves, 

the slurry will be blended for 3 min. The filtrate was then centrifuged using freezing centrifugation 

at 4000 rpm for 20 min. The supernatant was discarded and the top yellow layer was   carefully 

scraped off and removed. The process was repeated three times. The lower starch layer was 

repeatedly steeped and washed with anhydrous ethanol three times, dried at 45˚C for 36 h, passed 

through the 100-mesh nylon sieve, and stored at 4˚C in was sealed plastic bags. Integrate the 

sampling and treatment of food samples for proximate analysis.  

3.4.2 Preparation of Biscuits 

The Bashekala barley and wheat flour blends were prepared in blending ratios including 20:80 % 

and 40:60% respectively using D-optimal mixture design software was used for flour blend 

formulation. Different mixtures were blended according to the recipe presented in Table 3.1 by using 

a food mixer with a spiral hook to form homogenate dough. The water was added gradually to form 

consistent dough. An experienced baker evaluated subjectively stickiness and dough consistency 

and then baked for 10–15 min at 1800C.  Biscuit left to cool for 30 min in room temperature on racks 

as shown in Fig 4.1 and then stored in polypropylene bags before further analysis. 

           Table 3.1 Recipes for Bashekala Barley -Wheat Flour Biscuit 

 Samples 

Ingredients Biscuit Control 

(WF%) 

Biscuits 

BWF% 

Biscuits 

BWF% 

Wheat Flour 100gm 80gm 60gm 

Bashekala Flour Zero 20g 40gm 

Sodium Bicarbonate 1gm 1g 1gm 

Sugar 30gm 30gm 30gm 

Salt 2gm 2gm 2gm 

Milk Flavors 1gm 1g 1gm 

Shortening 50gm 50gm 50gm 

Water 120ml 120m 120m 

Vanilla Flavors 0.075gm 0.075gm 0.075gm 

BBF: Bashekala Barley Flour, WF: Wheat Flour 
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3.5 Analysis Methods  

3.5.1 Proximate Analysis   
  

The proximate analysis composition of each prepared from different levels of Bashekala flour 

sample was determined according to AOAC approved standard methods 940.56 and 920.153, 

respectively (AOAC, 2005). Moisture, Crude Protein, Crude fiber, Crude fat and Ash were estimated 

using the method of AOAC (2005). All analyses were performed in duplicate.  

  5.5.1.1 Moisture content Determination  

Moisture content: moisture of the samples was determined by the dry air oven method according to 

AOAC (2005) method 925.10. 

    Formula:  

                     % Moisture content % by mass = Mo-M1*100 …………………………… Equation 3.1 

                                                                               Mo 

    Where:  

                      MO = mass of Bashekala flour (g)  

                      M1 = mass   of the empty dish (g) 

                      M2 = mass of Bashekala flour & dish(g) 

3.5.1.2 Crude fiber content Determination 

Crude fiber content: after digesting samples boiling sulfuric acid and boiling potassium hydroxide, 

then it was filtered, washed, dried, and combustion fresh sample was done according to AOAC 

(2000) method to determine crude fiber. 

Formula:  

                            Crude fiber % = (M1 – M2) -M2 x 100)-blank…………………………...………Equation 3.2 

                                                                 MO  

                             Blank = (M1 – M2) x 100 ……………………………………………………….………Equation 3.2.1 

                                                   MC 

Where:  

                     MO = mass   of test portion (g)   

                     M1 = mass   of glass (g) 

                     M2 = mass   of portion & glass (g) 

                     Mc = mass in gram of client (g) 
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3.5.1.3 Crude fat content Determination 

Crude fat content: Composite flour and individual ingredient flour was determined by Soxhlet 

extraction according to AOAC (2005) method. The amount of fat was calculated from the difference 

in weight of the extraction flask before and after extraction. 

Formula:  

                                Fat (g/100g) = M2-M1   X100……………………………………………………Equation 3.3 

                                                          Mo  

   Where: 

              Mo, sample weight (g) 

              M1, the weight of beaker (g) and 

              M2, the weight of fat with beaker (g) 

3.5.1.4 Ash content Determination 

Ash content: Ash content of the samples was determined by the AOAC (2005) method. 

Formula:  

                                             % Ash = (M2-M1) X100……………………………………. Equation 3.4 

                                                                  Mo  

Where:   M0, mass of a sample (g) 

                           M1, mass of beaker (g) and 

                           M2, mass of ash with beaker (g) 

3.5.1.5 Crude protein content Determination 

Crude protein content was determined using the Semi-Micro Kjeldahl method according to the 

AOAC (2005) method 991.20 and the experiments was performed in duplicate using the factor 5.83 

x N for conversion and the results was expressed as a percentage of dry weight (Addis Abraha,2012). 

The percentage of nitrogen was converted to the percentage of protein by using the appropriate 

conversion factor (percentage protein = F x % N). 

Formula 

              Protein Content (N %) = (Vs - Vb x) C * CF*14) *100……………………………………. Equation 3.5 

                                                                                           Mo 

 Where: 

 Mo= mass of a sample on a dry matter basis (g) 
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 VS= V HCl is a volume of HCl consumed to the endpoint of the titration,  

 Vb=Vblank is a volume of HCl consumed for a blank test, 

 C= consternation (NHCl is the normality of HCl used often is 0.5N) 

 14.00 is the molecular weight of nitrogen,  

 CF= Coefficient is conversion factor (Cf) (5.83). 

3.5.1.6 Utilizable Carbohydrate 

Utilizable Carbohydrate: Total carbohydrate was calculated by difference after analysis of all the 

other items method in the proximate analysis. It was estimated by subtracting the sum of other 

constituents (percentages of moisture, crude fat, crude fiber, crude protein, and ash contents) from 

100 (Ahmed et al.,2012), according to the following equation. 

          Utilizable Carbohydrate (%) = 100- {Moisture (%) + fiber (%) + Protein (%) + Fat (%)      

                                                            +Ash (%)} …………………………………………………Equation 3.6 

3.5.2 Functional Properties   

The functional properties of individual and composite Bashekala flour such as water absorption 

index (WAI), oil absorption index (OAI), and swelling power was determined by standard methods. 

WAI and OAI were determined according to the methods of (Mittal., 1995, Niba et al. 2001). Flour 

samples 2 grams of flour was mixed with 20 mL of distilled water (for WAI) or vegetable oil (for 

OAI) in 50 mL centrifuge tubes. The slurry was shaken on a platform tube rocker at room 

temperature for 30 minutes, followed by centrifugation at 3000 rpm for 30 minutes. The supernatant 

was decanted and discarded. The adhering drops of water was removed and reweighed. WAI and 

OAI were expressed as the weight of the sediment/initial weight of the flour sample (g/g). WAI and 

OAI are determined according to the methods of Valdez-Niebla et al. (1992), Ju and Mittal (1995) 

and Subrahmanyam and Hoseney (1995) as modified by Niba et al. (2001).   

 

The solubility and swelling power of flours was determined based on a modified method of Leach 

et al. (1959). Approximately 1 g of the sample was transferred into a weighed graduated 50 ml 

centrifuge tube. Distilled water was added to give a total volume of 10 ml. The sample in the tube 

was stirred gently by hand for 30s at room temperature, and then heated at 60oC for 30 min. After 

cooling to room temperature, the samples were centrifuged for 30 min at 3000 rpm. The supernatant 

will be poured into a pre-weighed evaporating dish to determine its solid content and the sediment 

will be weighed (wss). The weight of dry solids was recovered by evaporating the supernatant 
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overnight at 110oC (wds). Density of water was taken to be 1g/ml and that of oil was determined to 

be 0.93 g/ml. Means of duplicate determinations were reported. The weight of sediment was 

recorded. WAI, WSI, and swelling power (SP) was calculated from the equations: 

                      WAI (g/g) =   Wss     …………………………………………………………………………………Equation 3.7 

                                            Wo 

                    WSI (100/g) = Wds *100 ……………………………………………………………………………Equation 3.8 

                                              Wo 

                    SP (g/g) =    Wss       ………………………………………………………………………………… Equation 3.9 

                                        Wo- Wsd 

                   OHC=      Volume of oil absorption * Density…………………………………………Equation 3.10  

                                         Dry weight of sample (Wd) 

Where:    

               WSI =, water solubility index  

                SP=   swelling power  

                Wsd = dried sediment mass 

                Ws = original sample weight 

                Wd = dried residue. 

                Wss = sediment weighed  

Bulk densities (g/g): A 50g quantity of the sample was placed in a 10ml measuring cylinder and the 

volume occupied by the material was noted as the bulk volume. The bulk density was obtained by 

dividing the mass of the material by the bulk volume as shown in Equation (Momoh et al. 2012). 

                  Bulk Density = Mass of the materials (M) …………………………………………………Equation 3.11  

                                            Volume of the materials (VB) 

3.5.3 Mineral Analysis  

 

Mineral analysis (Zn, Fe and Cu) was determined by Atomic Absorption Spectrophotometer 

(autosampler AA 6800, Japan) method as per the AOAC (2005) method. After the removal of 

organic materials by dry ash, the residue was dissolved in dilute acid. The solution was sprayed into 

the flame of the atomic absorption spectrophotometer and the absorption of the metal to be analyzed 

was measured at a specific wavelength. 

 Zinc & Fe content (mg/100g) = (Cs-Cb) *df……………………………………………………………Equation 3.12 

                                                            MO 
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Where: 

            Mo = mass of (g) of samples;  

            df = dilution factor (volume (L) of extract) 

            Cs = concentration (μg/ml) of sample solution  

             Cb = Concentration (μg/ml) of blank solution 

 

3.5.4 Rheological properties  

3.5.4.1 Starch Pasting Properties   

 

Examine the starch pasting properties of the Bashekala barley sample analysis were done using 

Rapid Visco Analyzer (Model RVA4500 Perten instrument, Australia) according to established 

procedures (Crosbie and Ross, 2007). Bashekala starch samples 4.0 g starch on 14% moisture was 

mixed with 25 mL of distilled water in a canister and using a stirring plastic paddle the suspension 

was mixed continuously during the heating and cooling process of the RVA (Cozzolino, 2016).  

 

Each suspension was tested under the same temperature-time conditions: heating from 50˚C to 95˚C 

at the rate of 12˚C/min maintained at 95˚C for 2.5 min, and then cooled to 50˚C at the same rate. 

The constant rotating speed of the paddle was set at 160 rpm (Li, etal. 2014). From the pasting 

profiles, RVA parameters was automatically computed and recorded pasting temperature (PT), peak 

viscosity, trough viscosity, breakdown (BD), final viscosity, cooled paste viscosity (CPV) at 50 ℃, 

setback (SB) as CPV-HPV, peak time, (Li et al. 2014). Each analysis was repeated at least twice. In 

barley, grain flour was usually used as the sample in RVA measurement to evaluate or predict grain 

quality (Cereal Sci. et al., 2016). 

3.5.4.2 Farinograph Properties 

The farinograph properties of dough made from Bashekala barley composite flour samples (10–

20%) was determined by the approved method using a Bra bender Farinograph equipped with 300 

g mixing bowl (Bra bender, Duisburg, Germany) according to the ICC standards, method 115/1 

(Koletta et al., 2014). The instrument provided a means of evaluating the mixing properties of flour 

including water absorption, dough consistency, dough development time and mixing time, dough 

stability and degree of softening (12 min after maximum), the strength of flour, and characteristics.  

 

 



23 

 

 

3.5.5 Morphology and Size Distribution of Starch Granules 

The starch was pretreated and then was viewed with an environmental scanning electron microscope 

(JCM-6000 Plus Benchtop SEM (JEOL), JAPAN) according to the method of (Fan et al., 2017).  

The starch samples were passed through the 100-200 mesh nylon sieves before measurement. Starch 

samples were suspended in ethanol to obtain a 1% suspension and were sprinkled on double stick 

tape fixed on an aluminum stub, and the starch was coated with gold palladium (60:40). An 

accelerating potential of 5kV was used during micrograph. 

3.5.6 Sensory Evaluation of Biscuit 

Sensory attributes of prepared biscuits were assessed by 25 panelists from our laboratory and the 

scoring card of sensory properties was evaluated food making quality in terms of the response 

variable (dependent variables) which included the following parameters: appearance, odor, texture, 

color and taste, all over acceptance according to the method described by (Aly et al.,2019). It was 

using five-point hedonic scale with 1 representing the least score (dislike extremely) and 5 the 

highest score (like extremely) was used (Koletta et al., 2014). The sensory analysis was being a 

limiting factor to determine the acceptance critical point (Smith, 1972).   

3.5.7 Colour Analysis   

Measurement of biscuit color using the CIE, L* a* b* coordinate system of the product was used 

colorimeter, model (Konica Minolta Chroma Meter CM-600, Japan). L* values represent the 

lightness and vary from 100 for perfect white to zero for black, whereas a* and b* values were the 

chromaticity values, red/green and yellow/blue coordination respectively. An average of four 

measurements for L*, a*, and b* values was recorded (Koletta et al., 2014) then  to determine the 

change of colour are made according to the method described by (El-hadidie & Kamel, 2019). 

3.5.8 Texture Profile Analysis   

The texture of the biscuits was determined using a Texture Analsizer (TA Puls Model level 05, 

England). In order to determine the behavior of the biscuits under a compressive load, the samples 

were exposed to compression stress. As described in Szczesniak (1963) and Brandt et al., (1963) 

classified the textural properties into initial (hardness, viscosity, brittleness), masticatory 

(gumminess, chewiness, adhesiveness) and residual (rate, type, and extent of breakdown). Force for 

a predetermined deformation force at P1 and force at the first significant break in the curve. The 

record force-time plots will be examined or these parameters were measured specifically as 
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hardness, fractur ability/brittleness, resilience, chewiness, gumminess, cohesiveness, springiness, 

force at peak, deformation at peak, energy to peak, adhesiveness, and energy to break. according to 

(Steff Pour Mohammadi et al., 2018) will be determined. 

3.6 Experimental Design and Statistical Data Analysis 

A completely randomized design experiment was applied in the evaluation of Bashekala barley-

blends flour biscuit samples quality evaluation with one factor (blending ratio with Bashekala and 

wheat flour) in order to minimize unknown and uncontrolled variables. For the product also used 

mixed a general full factorial design experiment. The levels of temperature were 180 0C of time 10-

15 min, and of blending ratio of Bashekala and wheat flour.   

 

One-way analysis of variance (ANOVA) was used to for comparison of means at 95% confidence 

level (p<0.05) were considered to be significant. All data were expressed mean with standard 

deviation and list of significance difference (LSD) analyzed using statistical package for social 

scientists 20 (SPSS), and design expert version 8.0 software. The experiment was measured using 

D-optimal mixture design for preparing Bashekala samples in factorial combination with three 

replications. Moreover, design experimental food analysis for the microbial, sensory attributes, 

texture, moisture and colure of Bashekala barley flour biscuit samples quality evaluation. All data 

was analyzed results were reported as an average value of triplicate analysis of (mean + SD) and 

differences between the range of the properties was determined using Duncan’s multiple range test. 

 

       Table 3.2 The D-optimal mixture design software was used for flour blend formulation. 

 

Std Run Compont1Basehkala Flour% Compont 2 Wheat flour% 

12 1 20.000 80.000 

13 2 20.000 80.000 

10 3 25.000 75.000 

6 4 30.000 70.000 

5 5 33.333 66.667 

7 6 30.000 70.000 

8 7 30.000 70.000 

4 8 35.000 65.000 

9 9 26.667 73.333 

3 10 40.000 60.000 

11 11 20.000 80.000 

2 12 40.000 60.000 

1 13 40.000 60.000 
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4. Results and Discussion 

4.1 A physio-chemical analysis of Bashekala Barley-Wheat Flour Blends    

4.1.1 Proximate Composition of the Flours   

The crude protein, moisture, ash, fat, carbohydrate utilization and crude fibre content of the blended 

Bashekala barley -wheat flours had ranged from 7.46 to 8.67%, 8.32 to 10.41%, 1.46 to 1.98%,1.56 

to3.23%,78.43 to 74.99% and 2.77 to 1.73% respectively. The proximate composition blended ratio 

flour B01 (20:80%), were significance differences (p<0.05) whereas the blended products on the 

WCF (100/0%), Bo2 (25:75%) and B03 (40:60%) was not significantly (P>0.05) in the find out 

about as described below the table 4.1. Similar findings were observed and to report a carbohydrate 

content of 73.5%, protein 12.5%, and fats 2.3% in barley (Mahdi et al., 2008). 

 

Data presented in table 4.1 shows that the moisture contents have been nearly identical the same in 

flours have been B02 and B03 (10.41% and 10.63%) in Basehkala barley flour blending with wheat 

flour and 10.72% in WCF, which equilibrated at in contrast control sample. The moisture content in 

this study had found 8.32 % to 10.63 %, which is more than 10% not acceptable limit for long-term 

storage of flour Adom, Sorrells, and Liu (2005). The moisture content of Basehkala barley flour 

blending with wheat flour 8.320 %, would enhance its storage stability by avoiding mould growth, 

biochemical reactions Adom et al. (2005) and extend the shelf life of the final product.  

  

These finds out indicates that the ash content of the Bashekala barley and wheat flour blends have 

been exhibited 1.98 % to 1.75 %, which indicate in (Table 4.1). Bashekala barley flour blended with 

wheat flour was characterized by splendid ash content (1.98%) relative to wheat barely (1.46%) find 

out about used to be confirmed. Accordingly, its study reported that ash contents (1.98%) have been 

slightly different in Bashekala barley flour blending with wheat flour in contrast to wheat flour 

(1.46%). Generally, the mixed outcomes of the ash in flour can affect colour, imparting a darker 

colour to finished products. Ash content is an indication of the mineral content of a food. Wheat 

flour (CWF) flour used to be higher in crude protein content 10.40% than B01, B02, and B03 samples 

(7.46 to 8.67%). The end results so far showed was reported in this study was found to be less in 

crude protein content (7.46 to 8.67%) than barley flour types which may also differ between 11.3% 

and wheat flour 10.5%, in accordance with the report (Sramkova, et al.,2009). 
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On the different hand, it can be observed that wheat flour (WCF) had 2.04 % and Bashekala barley 

and wheat flour blends have been high contents contained fats (3.23 %). As compared with similar 

research reported in whole barley flour fats contents (2.69%) and wheat flour (1.73%) respectively. 

High fats flour for these reasons was also good for flavor enhancers and beneficial in enhancing the 

palatability of foods in which it is integrated (Hagos Hailu, 2018). The crude fibre content of blend 

barley flour had found 2.77%. Regarding as blended barley flour has a barely incredible of crude 

fibre as compared to similar work and wheat flour (WCF) (1.48. %). 

 

Basehekala flour and wheat flour blends (B02, B03, and B01) have been (74.31%, 74.99%, 78.43% 

extraction) had a higher content of utilization carbohydrate. However, a moderate decrease in 

carbohydrate content was observed in contrast with wheat barley flour (WCF 73.41%) in Table 4.1 

The carbohydrate content of Basehekala flour and wheat flour blends (B01) used to be 78.43% these 

findings verify earlier reports, which were in close agreement with Maray et al. (2018) with the 

reported value of 72%. 

Table 4.1 Proximate Analysis of the Bashekala Barley Blended Flours 

 

Samples 

Parameters (%) WCF (100/0%) B01 (20:80%) Bo2 (25:75%) B03 (40:60 %) 

Moisture content % 10.72±82 ab 8.32±0.72 aa 10.63±0.15 ab 10.41±0.39 ab 

Fat % 2.04±0.49 ab 1.56± 0.32 aa 2.54±0.577 ab 3.23±0.42 ab 

Ash % 1.46±0.19 ab 1.46± 0.06 aa 1.98±0.96 ab 1.98±0.44 ab 

Crude. Fiber% 1.48±0.18 ab  2.77± 0.01 aa 2.0±0.500 ab 1.73 ±0.25 ab 

Crude. Protein % 10.40±0.95 ab  7.46± 0.00 aa 8.00±1.00 ab 8.67±0.764 ab 

Carbohydrate/UC% 73.41±2.7 ab 78.43±0.14 aa 74.31±2.65 ab 74.99±1.19 ab 

Where: Mean values from Triplicated determinations ±SD (Standard deviation). Samples with the 

difference superscript letter in the row are not significantly (p>0.05). (20BF:80WF%), 

(25BF:750WF%), (40BF:60WF%), and WCF is wheat flour (control sample) 

 

4.1.2 The Proximate Analysis of the Biscuits 

  

The proximate results of the biscuits the crude protein, moisture, ash, fat, carbohydrate utilization, 

and crude fiber content of the blended ratio of biscuits samples proximate analysis of had ranged 
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from 0.49 to 11.93%, 3.36 to 4.59%, 0.18 to 1.24%,4.02 to 13.15%, 66.67 to 78.87%, and 0.30 to 

1.24% respectively. A significant difference (p<0.05) was proven in the moisture (BWF7), fat 

(BWF1), crude fibre (BWF7), crude protein (BWF1, BWF4), and ash (BWF1) content of proximate 

analysis of the biscuit’s product throughout column amongst blended flour biscuit’s product (Table 

4.2). Perhaps, an increase in moisture content may want to be due to the high water-binding capacity 

of the starch in the barley flour. The low moisture content was obtained from a high percentage of 

wheat flour. The proximate analysis of the biscuits products parameter fat, ash, crude protein, 

carbohydrate, BWF1,20:80), moisture and crude protein, (BWF7,40:60%), crude protein and 

carbohydrate, BWF 4 (33.3:66.6%) respectively the sample effect exhibit that there were significant 

differences at (p<0.05) between WCF (100/0%) and others remaining sample.  Sample results show 

that there were significant differences at (p<0.05) between WCF (100/0%) and others remaining 

sample.  

 

Figure 4.1: Biscuit’s products different blending of ratio of (100: 0, 20: 80, 40: 60, 30:70, 25:75,  

               35:65, 33.3:66, and 26:73) Bashekala and Wheat Flour 
 

With R2 Value of 72.64% %, the model equation for color was given by: 

                Moisture = + 0.51469* Bashekala flour 

                                    +0.019668*Wheat Flour 

                                    -4.63222E-004* Bashekala flour* Wheat Flour  

According to the research, no significant difference (p>0.05). was observed between the original 

100% Bashekala flour and the blend of different proportions of wheat flour that was used to make 
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the biscuits for evaluating consumer preference and acceptability of foods in terms of colour, 

appearance, taste, odour, texture, and overall quality in three trials using the hedonic scale. The 

quality of the biscuits made with Bashekala & wheat flour was acceptable to the consumer in terms 

of eating quality, flavor, and colour. This made the biscuits commercially acceptable. Based on the 

results of the study, bashekala barley and wheat flour B03 and B01 biscuits had the highest moisture 

and ash contents, of 4.59% and 1.88 % respectively compared to others.  

  

The B03 bashekala barley quality protein bashekala barley flour biscuit had the highest protein 

content of 11.93% whilst the (WCF) 100% quality protein bashekala barley flour biscuit had the 

lowest (8.06%). The B03 blend biscuit had the highest protein content, which is in agreement with 

the report of Giwa and Ikujenlola (2010). The B03 sample quality bashekala barley flour biscuit had 

the highest crude fibre, the (WCF) 100% wheat/quality flour biscuit had the highest carbohydrate 

and crude lipid contents of 78.87 and 17.75% respectively. The presence of high-fat content in the 

biscuits serves as a lubricating agent that improves the quality of the product in terms of flavour and 

texture. 

 

Table 4.2 Proximate Analysis of biscuits products (Blending of Bashekala and wheat flour)  

   Parameters 

Samples Moisture 

content % 

Fat % Ash % Crude 

Fiber% 

Crude 

Protein % 

Carbohydrate

/UC% 
BWF (100%) 2.35±0.01 ab 9.93±2.97 ac  0.18±0.28 ab 0.49±0.3 ab 8.06±0.21 ac 78.87±3.26 ac 

BWF1(20:80) 3.36±0.46 ab 17.74±0.65aa 1.88±0.31 aa 1.37±0.49 ac 8.96±0.25aa 66.67±1.47 ab 

BWF 2 

(25:75%) 

4.14±0.21 ac   12.73±12.73 ac 1.29±0.17 ab 1.74±0.54 ac 11.79±0.36ad 68.29±1.49 ab 

BWF 3 

(30:70%) 

3.69±1.53 ac 9.93±2.97 ac 0.18±0.28 ab 0.49± 0.03 ab 8.06±0.208 ac 78.87±3.26 ab 

BWF 4 

(33.3:66.6%) 

3.65±0.25 ac 4.02±1.53 ab 1.67±0.72 ab 0.30±0.22 ab 0.49±0.31aa 68.06±0.21 ab 

BWFG 5 

(35:65%) 

4.008±0.16 ac 4.59±0.13 ab 1.25±0.07 ac 1.24±0.15 ac 2.30±0.0.41 ab 66.26±0.21ab 

WWF 6 

(26.67:73% 

3.88±0.18 ac 4.18±0.18 ab 1.27±0.462 ac 1.29±0.17 ac 1.74±0.54 ab 68.13±0.36 ab 

BWF7 

(40:60%) 

4.59±0.13aa 13.145±0.35 ac 1.24±0.15 ab 2.30±0.41aa 11.93±0.37 ad 66.79±0.85 ac 

Where: Mean values from triplicated determinations ±SD (Standard deviation). Samples with the similar 

superscript letter in the columns are significantly difference (p<0.05). The levels of temperature were 180 

0C, and Time 10-15 min, BWF is Wheat Biscuit (control sample). 
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4.1.3 Mineral content of Bashekala Barley-Wheat Flour 

The mineral content of the studied flours used to be evaluated and presented in Table 4.3. Results 

exhibit that there were significant differences at (p<0.05) in Zn content B01 (20:80%) between B02, 

B03 and WCF4 and the blended ratio of Bashekala and wheat flour sample Whereas the study 

confirmed Bo2 (25:75%), B03 (40:60 %) and WCF (100/0%) were not a significant difference (p < 

0.05) in Fe, and Cu results. As the substitution stage of bashekala barley flour increases, the result 

conformed an increase in minerals content Cu, Zn and Fe contents increased as the compositions of 

components have been changed. 

 

Table 4.3.: Minerals (Mg/100 G) Analysis of Bashkala Barley-Wheat Flour 

 

Samples 

Parameters (%) WCF (100/0%) B01 (20:80%) Bo2 (25:75%) B03 (40:60 %) 

Cu (ppm) 0.30±0.01ab 0.03± 0.00 ab  0 .57±0.03 ac 0.58±0.02 ac   

Zn (ppm) 0.93±0.03 cd  0.20± 0.00aa   0.65±0.12 cd  0.71±0.24 cd   

Fe(ppm) 1.80±0.09 ab 2.74± 3.33 ab 6.63±0.06 ac 6.14±0.32 ac 

Where: Mean values from Triplicated determinations ±SD (Standard deviation). Samples with the 

similar superscript letter in the row are significantly different (p<0.05). (20BF:80WF%) and 

(25BF:75WF%), (40BF:60WF%) % and WCF (100/0%) is wheat flour (control sample) 

 

This used to be due to the significant higher mineral contents of the blended flour than the wheat 

control flour sample (WCF) as indicated in Table 4.3. 

4.1.3 Functional Properties             

The Bashekala barley-wheat flour blends have been prepared in three blending ratios consisting of 

WF (100:0); B1 (20:80), B2 (25:75), and B3 (40:60) respectively. The end result of functional 

properties of composite flours such have been analyzed BD, OAI, WAI, WSI and swelling power 

(SP) blended flour showed that there was no significant (p>0.05) between (CWF 100%, BWF1 

(20:80) and BWF2 (25:75 is presented in Table 4.4. But there was a significant difference across the 

column among BWF3 (40:60) with CWF 100%, BWF1 (20:80) and BWF2 (25:75) blended flour. 

The OAC was no significant to each other at (p>0.05) level of significance. The bulk density (g/ml) 

varied significantly across the column for BWF3 (40:60) with CWF 100%, BWF1 (20:80) and 

BWF2 (25:75) blended flours. 
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From which, it ought to be indicated in this study that the water holding capacity decreased gradually 

by the increased percentage of bashekala barley flour blends ratio as compared to the control sample 

wheat flour 100%.  According to Marrotti et al. (2006) said reported that WSI of raw barley was 

once 7.5 % whilst after the puffing of barley it used to be increased by up to 30.2%. Lee and Inglett 

(2006a) studied the impact of hydrothermal treatment on barley flour and reported a water solubility 

index of 15.82% for control flour whilst after hydrothermal treatment it was increased by using 

20.20% (Ainsworth et al., 2007). WSI is viewed as an indicator of soluble material produced and 

molecular breakdown through thermal processing (Ding et al.,2006). 

 

The swelling power of different flours ranged between 1.24 to 1.35 g/g. The composite flour (BWF2) 

had the highest swelling power (1.35g/g) whilst BWF1 (1.24g/g) had the lowest values. The swelling 

power of composite flours increased with an increase in the level of degree of incorporation ratio of 

Bashekala barley flour and decreased with the degree of wheat flour. It is expressed that the swelling 

power of composite flours is extremely affected by way of the degree of starch content material 

flour. The swelling capacity of flours relies upon the size of particles, of type’s variety and kinds of 

processing methods or unit operations. 

 

The water absorption ion capacity for composite flours is given in Table 4.4. The WAC ranged 

between 73.38 to 93.38% for all flours. The WAC used to be determined was observed highest in 

BWF1 (90.38%) and lowest in W (73.38%). While as control wheat flour (CWF 90.95%) of WAC. 

The water holding capacity of composite flour for Bashekala Barley-Wheat blends sample BWF2 

and BWF3 at blends ratio percentage had reduced which the WHC had the lowest values as 

compared manipulate control sample (CWF) respectively. This result indicates the WAI capacity of 

flour determine the amount of water absorbed and hold by starch granules and indicates the integrity 

of starch in aqueous phase dispersions. WAI capacity is additionally related to pore size, the expense 

on the protein molecules and hydrophilic properties of starch and protein in the flour and shows 

greater WAI capacity it performs an important role in developing food texture. 

 

From the existing study, wheat flour sample flour had the highest CWF (90.95%). A comparable 

remark was once suggested via Kaushal et al. (2012). Kuntz (1971) reported that a decrease in WAC 

in some flours may additionally be due to much less availability of polar amino acids in flours. The 
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extend in the WAC has usually been related with an extend in amylose leaching and solubility and 

loss of starch crystalline structure. The flour with excessive water absorption might also have greater 

hydrophilic materials such as polysaccharides.  In the result of these studies, low WAC of composite 

flours was not suggested that the flours could be used in the formulation of some foods such as 

sausage, dough, and bakery products. The determined variation in distinctive flours may additionally 

be due to one of kind protein concentration, their degree of interplay with water and conformational 

traits (Butt and Batool, 2010). 

 

Oil absorption capacity (OAC %) ranged between 60.9 to 86.1% amongst all the flours. The 

composite flours (BWF2) had the highest OAC (86.1%) and the lowest for (60.9 %) as in contrast 

to wheat flour (90.7%). The presence of the highest -fat content in flours may have affected adversely 

the OAC of the composite flours. The OAC was no significant to each other at (p>0.05) level of 

significance. Therefore, the variable cause for extend in the OAC of composite flours after 

incorporation of Bashekala barley-wheat flour and is the variants in the presence of non-polar side 

chain, which may bind the hydrocarbon side chain of the oil amongst the flours. Similar findings 

research determines and after roller milling of barley exhibited an oil holding capacity of 1.3 g/g by 

using Kaushal et al. (2012) and Bhatty, (1993a). According to Sharma et al., (2011) reported that 

the oil retaining capability of whole barley flour ranged from 1.50 to 1.68 g/g. 

 

It ought to be observed that the oil holding capacity values of composite flour for Bashekala Barley-

Wheat blends ratio alternative at BWF3 (40:60 %) had barely slightly decreased in contrast to BWF1 

(20:80%) and control sample (CWF) samples. High OHC indicated that the improved hydrophobic 

character of proteins in the flours. OHC has exhibited the aid of the proteins in the flour, which 

physically bind to fats by means of capillary attraction. These proteins expose extra non-polar amino 

acids in the fats and enhance hydrophobicity because of which flours soak up oil.  The water holding 

and oil holding capacity decreased steadily with the aid of the increased proportion of Bashekala 

barley flour at BWF1, BWF2 and BWF3) in contrast control sample whilst bulk density, increased 

steadily with the aid of the increased percentage of Bashekala barley flour respectively. The outcome 

results showed a decrease (90.38-73.824%) in water absorption capacity and a slight increase 

(1.24%- 1.35%) in the swelling capacity as the Bashekala Barley level increases in the flour blends. 
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Bulk density (g/ml) of flour is the density measured without the influence of any compression. The 

bulk densities of flours ranged from 0.714 g/ml to 0.755 g/ml.  The highest best bulk density was 

observed BWF3 (40:60) flour (0.755 g/ml) followed by BWF2 (25:75) flour (0.727 g/ml), BWF1 

(20:80) flour (0.714 g/ml) and lowest for as manipulate sample wheat flour (0.702 g/ml). The current 

studies revealed that bulk density relies upon the particle size and initial moisture content of flours.  

This research exhibit it is clear that decrease the proportion of wheat flour increase the bulk density 

of composite flours that suggests their suitability be used as a thickener in food products and for use 

in food preparation due to the fact it helps to decrease paste thickness, which is a necessary factor in 

convalescent and baby feeding. Similar findings have been reported by way of Eltayeb et al. (2011).  

        Table 4.4. Functional properties of flour quality analysis        

Parameters  

Samples BD (%) WAI(g/g) OAI WSI (%) SP 

CWF 100% 0.702±0.02ab 90.95±2.34 ab 0.907±0.187 ab 7.00±0.00 ab 1.07±0.028 ab 

BWF1 (20:80) 0.714±0.00 ab 90.38±44.64 ab 0.852±0.591 ab 10.50±6.36 ab 1.24±0.608 ab 

BWF2 (25:75) 0.727±0.018 ab 73.38±4.186 ab 0.861±0.051 ab 8.±0.00 ab 1.35±0.078 ab 

BWF3 (40:60) 0.755±0.024aa 73.824±1.928 ab 0.609±0.266 ab 10±1.414 ab 1.34±0.021 ab 

Note: Mean values from triplicated determinations ±SD (Standard deviation). WAC=Water absorption 

capacities, OAI=Oil absorption capacity, SP=Swelling power, WSI=Water Solubility index, DB=Bulk 

Density. Within a column, values with similar superscript letters have significant (P<0.05). 

4.3 Rheological properties 

4.3.1 Pasting properties of Blended starch   

 

Table 4.5 offers the mean values for the pasting properties (peak viscosity, peak time. trough 

viscosity, breakdown viscosity, final viscosity, setback viscosity, and pasting temperature) of the 

blended Bashekala barley -wheat flours had ranged from 4314.0±136.18 to 273.37±10.71 mPa·s, 

5.84±0.17 to 5.92±0.17 mPa·s, 2339.67 to 86.48 mPa·s, 54 ±1.29 to 1974±142.89 mPa·s, 

353.84±2.12 to 60.37±2.06 mPa·s, and 69.60±0.85 to 69.90±0.43 mPa·s respectively. From table 

4.5 analysis studies, it can be considered that pasting properties of the wheat control sample (WCS 

100/0%), PC2 (25:75%) and PC3 (40:60%) blends were not significantly different at (P< 0.05) 

affected by fibre type and concentration. The pasting properties are significantly affected by the 
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application of heat and the degree of starch gelatinization and are governed by the type and severity 

of heat treatment (Altan et al.,2009b). 

The pasting properties (peak viscosity) value ranged from 4314.0±136.18 mPa·s to 273.37±10.71 

mPa·s. The highest value was recorded for PC1 (20:80%) whilst the lowest value was once recorded 

for PC3 (40:60%) 40% Bashekala flour substituted with 60 wheat flour (Annex II). The pasting 

properties have been confirmed to be dependable in predicting the pasting behavior and quality 

characteristics of the flour samples. It was once a similar comparable reported that barley flour had 

a peak viscosity of 3604 cP, trough viscosity of 1682 cP, and final viscosity of 3411 cP (Koksel et 

al., 2004). 

     

No significant difference at (P< 0.05) was observed in the peak time, peak viscosity hot paste 

viscosities at 950C, cooked paste viscosities (viscosity when held at 95C for 15 min) of WCS (100%) 

PC2 and PC3 starch samples. However, had significantly (P< 0.05) higher peak viscosities (WCS 

(100%), PC1(20:80%), PC2(25:75%) and PC3 (40:60%) hot paste, cooked paste viscosities starch 

samples (Annex II) and it was once found that the higher the quantity of Bashekala flours substituted, 

the more the reduction in peak viscosity of the flour samples. Visco-Amylograph was used to study 

the pasting profile of puffed barley, which exhibited peak viscosity of 950 Brabender Units (BU) 

and a pasting temperature of 62.0°C (Mariotti et al., 2006). The peak viscosity is indicative of the 

strength of pastes, which are formed from gelatinization all through processing in food applications. 

It also reflects the extent of granule swelling (Liang and King, 2003). 

 

Trough viscosity values ranged from 2339.67 to 86.48 whilst the breakdown ranged from 105.03 

±1.05 to 54.37±1.29 mPa·s. The highest value of the trough and breakdown used to be recorded for 

PC1 (2339.67 & 1974.33 mPa·s.) respectively whilst the lowest value of the trough and breakdown 

was recorded in PC2 and PC3 (25 %, 40%, Bashekala flour substituted with 75%, 60% wheat flour) 

(Annex II). There were significant differences amongst the PC1(20:80%) starch samples at (p<0.05) 

which intended that the higher the quantity of Bashekala flour substituted, the lesser the trough and 

breakdown values of the flour samples. Breakdown viscosity displays the stability of the paste all 

through processing. There were significant differences amongst the PC1 (20:80%) samples at 

(p<0.05) and it was observed that the higher the quantity of Bashekala flour substituted, the more 

the reduction in peak viscosity of the sample. The higher the breakdown in viscosity, the decrease 

the ability of the starch in the flour samples to withstand heating and shear stress at some point 
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(Adebowale. etal., 2005). It was also comparable research reported by (Chinma, et al. (2010) that 

high breakdown value indicates a relatively weak point of the swollen starch granules against hot 

shearing whilst low breakdown values indicate that the starch in query possesses cross-linking 

properties. Therefore, the granule size appears to be a factor affecting the pasting properties of starch. 

Indeed, large granules had higher PV, BD, and setback (SB) of pasting than the small granules (Ao 

and Jane .2007). Amylose is another important factor affecting starch-pasting behaviors (Cozzolino 

etal., 2013). 

 

The final viscosity value ranged from 5902.67±195.21 to 353.84±2.12 whilst set back viscosity 

value ranged from 3563±209.02 to 64.03±3.98. Data presented in table 5 indicate that the starch 

samples (PC120:80%) were significantly different at (p<0.05) for final viscosity and setback. The 

highest value of the final viscosity and setback viscosity was recorded for PC1 (20% Bashekala flour 

substituted with 80% wheat flour). Whilst the lowest value was recorded for PC2 (PC3 (25% 

Bashekala flour substituted with 75% wheat flour). The final viscosity and setback viscosity 

decreased with an increase in substitution of the Bashekala flour. Final viscosities are important in 

determining the ability of the starch sample to form a gel during processing whilst set back viscosity 

indicates gel stability and potential for retrogradation (Liang and King.,2003).  Also, similar research 

findings reported that high setback value is an indication of the propensity of the starch molecules 

to disperse in the hot paste and re-associate comfortably during cooling. 

 

Peak time value ranged from 5.78 min to 5.92 min whilst pasting temperature value ranged from 

50˚C to 95˚C at the rate of 12˚C/min maintained at 95˚C for 2.5 min, and then cooled to 50˚C at the 

same rate. Regarding peak time values, they were observed to decrease at (P< 0. 05) via an increase 

in the substitution level of bashekala barley flour concentration. Peak time displays the temperature 

at peak viscosity and shows the duration required to swell until the rupture of starch granules. In this 

study, blending of bashekala barley with -wheat starch was thought to increase the duration required 

to swell until the rupture of starch granules will increase, thus leading to longer peak time observed 

in the bashekala barley starch with -wheat starch blends when the water holding capacity of 

bashekala barley starch increased with wheat starch addition. The peak viscosity of bashekala barley 

and blended starches was depending upon its amylose and lipid contents and through branch chain-

length distribution of amylopectin.   
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The attainment of the pasting temperature is vital in ensuring swelling, gelatinization and subsequent 

gel formation all through processing. The pasting temperature (PT) is the temperature at which the 

viscosity starts to rise. The plot of viscosity of the flour samples against heating time was used to 

proven in respectively (Annex II). These observations may want to attribute to the differences in the 

chemical composition of starch and the nature of bonding within the starch structure (Blessing, 2014) 

stated reported that starch damage influences dough rheology and the baking quality of the flour. 

The rheological behavior of dough has been reported to depend on its flour composition.  

Table 4.5. Pasting properties of the Bashekala Barley-Wheat starch   
 

Samples 

Parameters   WCS (100%) PC1 (20:80%) PC2 (25:75%) PC3 (40:60%) 

PT(°C) 5.92±.087 ab 5.78±.0.04 ab 5.84±0.17 ab 5.92±0.17 ab 

PV (mPa·s) 257±1.0 ab 4314±136.18aa 281±5.01 ab 273±10.71 ab 

BV (mPa·s) 105.03 ±1.05 ab 1974±142.89aa 54.9±2.300 ab 54 ±1.29 ab 

TV (mPa·s) 153.20±0.98aa 2339.67±38.39 aa 82.59±5.72 ab 86.48±1.31 ab 

SV (mPa·s) 126.82±1.28 ab 3563±209.02aa 60.37±2.06 ab 64.03±3.98 ab 

PT (mPa·s) 66.22±0.58aa 69.90±0.43 ab 69.60±0.85 ab 69.60±0.85 ab 

FV (mPa·s) 282.75±5.48 ab 5902.7±195.21aa 353.84±2.12 ab 353.84±2.12 ab 

Note: Mean values from triplicated determinations ±SD (Standard deviation). Samples with the 

different letter in the row are not significantly (p>0.05), PT= Peak Time, PV=Peak Viscosity, BV= 

Breakdown Viscosity, SV(CPV-HPV) = Setback   viscosity, PT= Pasting temp, FV=Final viscosity, 

TV= Trough viscosity, (20BF:80WF%) and (25BF:750WF%), 40BF:60WF%), and FCWF (100/0%) 

is wheat starch (control sample). 

4.3.2 Farinograph Properties   

4.3.2.1 Farinographic Properties of Blended Flours 
 

All measured values of rheological properties of farinographic values of blended flours with 

bashekala Barley-wheat flour quality had been checks the use of Brabender farinogram (farinograph 

curve on the 500-Brabender Unit (BU) line) as proven in Table 4.6 and Annex I. The rheological 

properties of farinographic values of blended flours with Bashekala barley flour FBWF (B20:80%) 

FWBF (B25:W75%), FBWF (40: W60) and FCWF (100/0%) quality had been assessments 

outcomes exhibit that there were significant differences at (p<0.05) between dough consistency 

during production, WA, DS, DDT, and FQN, respectively. However, no significant difference at 
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(P<0.05) Used to been found in the degree of softening, and degree of softening in the find out about 

as described in table 4.6 below.   

 

The results outcome of the Brabender farinogram showed that the farinographic quality number 

decreased with an increase in the percentage of wheat flour and a percentage of bashekala barley 

flour (BBF) increase with an increase that the farinographic quality numbers a percentage of wheat 

flour (Table 4.5). On the different hand, dough consistency and dough development time, dough 

stability, water absorption and farinograph quality number increased with an increase in a percentage 

of the amount of bashekala barley flour whereas degree of softening, (ICC) degree of softening 

(AACC) decreased with a decreased in a proportion of wheat flour substitution of wheat flour. 

 

Water absorption gradually increased with farinographic values of blended flours by BBF, it 

increased from 64.27 for control wheat flour sample to 55.88% respectively for wheat flour blended 

flours with 20:80 % bashekala barley flour. This relates to the amount of water needed for flour to 

be optimally processed into products. Likewise, dough development time increased and reached 3.03 

and 0.91 min for BBF blended with 20% & 80% WF respectively as compared to the corresponding 

control (1.91 min). This offers an indication of optimum mixing time under standardized conditions. 

These results are comparable to the findings of (Sudha et al., 2007). It was well known that the 

increase in fibre content in dough caused an increase in water absorption. These flours are 

characterized by using robust water absorption (greater than 58%). This flour with very sturdy flours 

as compares control sample (Rosell et al., 2001). 

 

On the different hand, dough stability time (min) was shortened in the dough farinographic values 

of blended flours with 80%WF due to the fact the existence of fibre particle resulted in a disruption 

of starch gluten network and hence a decrease in dough stability time weak (0.11 min) whilst this 

value increased (3.59 min) and reached to the medium in the dough substituted with 20% WF as a 

contrast with the corresponding control sample (1.98 min). This indicates the time the dough 

maintains maximum consistency and is a good indication of dough strength. The dough stability is 

better when the time is longer (Mehfooz et al.,2018) as substitute findings had been previous 

research by (Uro oj et al. (1998) and Hussein et al (2006) who confirmed that the high concentration 

of barley flour mixed with refined white flour led to a progressive elevation in water absorption, 

dough stability time and arrival time. 
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The degree of softening (AAC and ICC) increased with the increase in WF at some point mixing 

and reached the maximum (138.03FU & 139.10 FU respectively) in the dough mixing with 80% 

WF. According to (El-Taib et al.,2018) beforehand research which these findings affirm our findings 

when they found that the degree of weakening (FU) used to be raised gradually by the increasing 

ratios of wheat flour and it can be attributed to lower the bashekala barley flour gluten content in the 

dough (Mekhael, 2005). The farinogram of bashekala barley flour resembled that of weak gluten 

flour and this was once due to its gluten-free nature. Farinographic qualities of bashekala barley 

flour and wheat flours are illustrated in (Annex I). 

 

Table 4.6 Farinographic Properties of blended of Bashekala barley flours  

 

                       Parameters (%) 

Samples DDT (min) DS((min) DSAAC(FU) DSICC(FU) FQN WA 

FCWF 

100/0% 

1.91±0.95aa 1.98±0.03ab 88.03±0.06ab 97.03±0.06 ab 29.±0.06ab 55.88±0.07 aa 

FBWF1 

B20:80% 

3.06±0.40ab 1.83±0.32ab 123.33±36.53cd 123.33±36.53cd 36.66±9.02ab 69.86±0.76 aa 

FWBF2 

B25:W75% 

3.03±0.06ab 3.59± 0.02aa 65.03±0.058ab 79.03±0.06 ab 32±0.00ab 64.27±0.58 aa 

FBWF3 

B40:W60 

0.91±0.1aa 0.11±0.00aa 138.03±0.058cd 139.10±0.01cd 9.03±0.06aa 57.38±0.10 aa 

Note: Mean values from Duplicated determinations ±SD (Standard deviation). Samples with the similar letter 

in the columns are significantly different (p<0.05), DDT=dough development time, DS=dough stability, and 

DS(AACC)= degree of softening, DS (ICC) degree of softening, Farinograph Quality Number=FQN, & water 

absorption =WA. FCWF is wheat starch (control sample) 

4.4 Morphology Properties  

Regarding the morphology and size distribution of the granules of the bashekala barley and wheat 

starches samples, which have been determined in SEM illustrated in Figure 4.2 show exhibit 

significant differences in the distribution of starch granule size and the morphological properties that 

had been observed between the two starch samples. Figure 4.2 “a and b” exhibit micrographs 

corresponding to a Bashekala barley starch and control sample (wheat starches), respectively. In 

Fig. 4.2” a” a small granule identification and rough-surfaced, and irregular or spherical and starch 

gluten network more compacted can be observed. On the different hand, in Fig. 4.2 “b” as in contrast 
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with when manipulate control sample wheat starches, its granules have been highly swollen and 

appeared like smooth surface, oval, and irregular or disk-shaped. In general, the large granules have 

a tendency to be disc-shaped, whereas the small granules tend to be spherical, which results from an 

agreement with (Ao and Jane. 2007).  

 

The morphology of starch granules relies upon the biochemistry of the chloroplast or amyloplastic, 

as well as the physiology of the plant (Bengtsson & Tornberg, 2011; Lopez-Sanchez et al., 2011), 

where the high amylose starch has the smallest size. Regarding the particle size distribution analysis, 

the behavior determines indicated how dispersed the granule sizes are in two starches sample. 

 

 

Figure 4.2 a and b (control sample wheat starch). Particle size distribution graphs with inserted 

granules morphology scanning electron micrographs of control sample wheat starch and, Bashekala 

barley starch Sample. Scale bar = 20 µm; Magnifying power = x1000. 

4.5 Sensory Evaluation of Biscuits 

The sensory characteristics of cookies prepared from blended bashekala barley and wheat flour at 

different ratios of 100: 0, 20: 80, 40: 60, 30:70, 25:75, 35:65, 33.3:66, and 26:73 was investigated. 

Based on sensory results, biscuits products made from eight levels of bashekala barley and wheat 

blended flour are shown in table 4.7. The biscuit varied in colour (2.64-4.80), taste (3.88-4.64), odor 

(3.48-4.56) appearance (3.08-4.72), texture (3.52-4.84) and overall acceptability (4.46-4.88). There 

  

a) Bashkala barley starch                                                  b) Control Wheat Starch    
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was a significant difference (p<0.05) observed in the colour and appearance (BWF1) sensory 

evaluation of biscuit across the column among blended flour biscuit samples. The differences across 

the columns of BWF2 (25:75%), BWF3 (30:70%), BWF4 (33.3:66.6%), BWFG5 (35:65%), BWF6 

(26.67:73%), BWF7 (40:60%), and CWF 100%, blended flour biscuit's product samples were not 

significant (Table 4.7). As the substitution level of bashekala barley flour increases, the sensory 

scores for the reference sample increase. Therefore, the high levels of protein, fat, moisture, and 

crude fiber in biscuits made from bashekala barley flour substitution make a significant contribution 

to nutrient intake in consumers. 

Based on the combined effect of the blended products on the bashekala barley and wheat flour 

biscuit, it was concluded that using bashekala barley and wheat flour blend produced better biscuit 

BWF 7 (40%) bashekala flour with 60% better sensory characteristics, healthy and good 

acceptability, great quality biscuits, and reduced wheat flour shortages. The highest rate of crust 

colour was observed for BWF7 (4.80±0.41) and the lowest rate of crust colour was observed for 

BWF1 (2.64±0.810) Table 4.7. As the level of bashekala barley was doubled in blends, the crust 

colour of the biscuits changed from dull colour (light brown) to darker wealthy brown colour. 

Lookalike results were reported by (Gupta et al., 2011). 

     

Results for sensory attributes parameters score remarkably upon increasing the blending level of 

bashekala barley flour. Amongst the blended biscuit, the highest score was observed for texture 

BWF7 (4.84±0.37), altogether acceptability (4.88±0.33) and colour (4.80±0.41) while the lowest 

score was observed for attributes parameters score texture (3.52±0.96), colour (2.64±0.81), taste 

(3.88±0.67), odor/aroma (3.48±0.96) and appearance (3.08±0.95) for BWF1 (20:80%) sample 

cookies products (Table 4.6). These results are fairly lookalike to the findings of (Gupta et al.,2011). 

The odour and aroma of bashekala barley blended biscuits may be impacted by the fibrous flavor 

and fiber rusks of bashekala-barley flour (Table 4.7). A lookalike overall acceptability of biscuit due 

to strong flavor was observed by noticed by (Dingra et al., 2004). 

 

The crust texture was narrated to the external appearance of the biscuit, i.e., smoothness or roughness 

of the crust. Crust texture score decreased with an increase in in the bashekala barley flour and wheat 

flour as in comparison with the control sample. Amongst the blended cookies, the texture highest 

score was observed for BWF4 (5.52±7.15), while the lowest score was observed for BWF2 
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(3.52±0.96) table 4.7 (Carson et al., 2000) observed lookalike further deterioration of the texture of 

bashekala cookies on supplementation. 

 

Taste evaluation recommended that control and bashekala barley blended biscuit had taste scores up 

to the love extremely much. Results denoted that the highest taste score was observed for BWF 6 

(26.67:73%) and BWF7 (4.64±0.490), while the lowest score was observed for BWF1 (3.52±0.96) 

board 8. The reductions in taste scores were due to the diverse flavors of flour blends (Gupta et al., 

2011). The results showed that the altogether acceptability score of all the bashekala barley blended 

cookies at the 4.88±0.33 level was at par with the control (Table 4.7). Biscuits composed from 

bashekala barley flour and wheat flour up to the 4.88±0.33 level were found acceptable, but with 

4.46±0.617 substitution, the altogether acceptability score was remarkably reduced as in comparison 

with the control. 

Table 4.7 Means scores for the sensory evaluation of biscuit produced from bashekala barley  

             and wheat flour blends   

Sensory Attributes Parameters   

Samples Texture Colour Taste Odor (Aroma) Appearance Overall 

Acceptability 
BWF (100%) 4.12±0.53ab 4.80±0.87cd 4.68±0.48 cd 4.44 ± 0.80 cd 4.56±0.58 ab 4.80±0.41 ab 

BWF1(20:80) 3.52±0.96 ab 2.64±0.81 aa 3.88±0.67ab 3.48±0.96 ab 3.08±0.95aa 4.64± 0.57 ab 

BWF 2 

(25:75%) 

4.08±0.82 ab 4.08± 0.82ab 4.17±0.72 ab 3.96±0.79 ab 4.06±0.69 ab 4.46±0.617 ab 

BWF 3 

(30:70%) 

4.50±0.50 ab 4.50±0.707 ab 4.50±0.71 cd 3.50± 2.12 ab 4.00±1.41 ab 4.50 ±0.76 ab 

BWF 4 

(33.3:66.6%) 

5.52±7.15 ab 4.56±0.61 ab 4.60±0.49 cd 4.22±0.815 ab 4.46 ± 0.54 ab 4.76±0.43 ab 

BWFG 5 

(35:65%) 

4.52±0.51 ab 4.48±0.89 ab 4.60±0.50 cd 4.32±0.85 cd 4.52± 0.59 ab 4.68±0.48 ab 

WWF 6 

(26.67:73% 

4.68±0.47 ab 4.72±0.46 cd 4.64±0.49 cd 4.32±0.69 cd 4.60 ± 0.58 ab 4.84±0.37 ab 

BWF 7 

(40:60%) 

4.84±0.37 ab 4.80±0.41 cd 4.64±0.490 
cd 

4.56±0.56 cd 4.72±0.58 cd 4.88±0.33 ab 

Where: Mean values from Triplicated determinations ±SD (Standard deviation). Samples with the different 

letter in the columns are not significantly different (p>0.05). The levels of temperature were 180 0C, and 

Time 10 -15 min, BWF is Wheat Biscuit (control sample) 

The sensory characteristics of the biscuit prepared from the different mixed ratios of bashekala 

barley and wheat flour 100: 0%, 20: 80%, 40: 60%, 30: 70%, 25: 75%, 35: 65%, 33.3: 66: 66%, 

26.66: 73: 33% with respect to wheat and barley flours (WCF 100%) are present in table 4.7. The 
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characteristic odor (aroma) values, color, taste, texture and general appearance decreased in all 

biscuit prepared from different mixed ratios of samples of bashekala and wheat flour. 

 

The lower values of odour (aroma), coloration, flavor, texture and general appearance are 

determined in prepared biscuit BWF01 followed by way of BW02 then BWF3. Also, the feel sensory 

attributes values all had been observed the blended effect of the combined products were not 

significantly different (P<0.05) biscuits prepared BWF1 to BWF8. As in comparison with overall 

acceptability characteristic values increase in all different mixed ratio (BWF1 to BWF8) biscuits 

prepared increased but wheat barley flour biscuit prepared (WCF) slightly decrease. Whereas, the 

wheat barley flour WCF showed increases in colour, taste, odour, texture, general appearance and 

overall acceptability with increasing the sensory characteristics of produced biscuit. 

 

From the sensory results, it could be concluded that the mixed ratio of bashekala barley and wheat 

flour the texture score decreased. While the colour, texture, general appearance and overall 

acceptability of biscuit are improved in BWF4, BWF5 and BWF7 from bashekala barley and wheat 

flour biscuit products. These results are in agreement with those reported by (Hassan, etal. 2012) 

and (Maray.etal.,2018). The results show the possibility of making good quality biscuits with 

bashekala barley flour, which will open up a potential new market for an old bashekala barley grain. 

Biscuits made from bashekala barley and wheat flour as the superior healthy and good acceptability, 

biscuit quality and reduce the shortage of wheat flour. 

 

It could be noticed that almost no sensory parameters of biscuit prepared from 80% WF + 20% BF 

were statistically significant from control biscuit. Biscuit prepared from 60%WF + 40% BF had a 

score for odour and taste higher than the control sample. However, the minimum values of 

appearance and colour were observed in biscuit 60%WF+40% BF but the textures of supplemented 

biscuit were comparable to the control. Further elevation in barley flour level decreased the scores 

of surfaces colour. The control sample had the maximum score for these parameters. 

 

Consumer acceptability or preference of the final product is popularly carried out by affective 

parameters (Svensson, et al., 2012). It could be noticed that almost no sensory parameters of biscuit 

prepared from 20% BF + 80% WF were statistically significant from control biscuit. Biscuit 

prepared from 60%BF + 40% WF had a score for odour and taste higher than the control sample. 

However, the minimum values of appearance and colour were observed in biscuit 60% BF + 40% 
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WF but the textures were comparable to the control. The resultant data showed that the highest 

surface colour score was recorded in biscuit prepared with bashekala barley and wheat flour, 

however, barley flour significantly decreased the surface of colour. The surface appearance was also 

reduced as increasing in barley inclusion over 25%. On the same line, the texture was lowered with 

the increase of the level of barley flour. The overall acceptability of the biscuit prepared decreased 

because of increasing barley flour substitution though the biscuit prepared with 100% barley flour 

exhibited overall acceptability. 

4.6 Colour Analysis   

Colour measurements of biscuit made from the different mixed ratios of bashekala and wheat flour 

100:0%, 20:80%,40:60%,30:70%,25:75%,35:65%,33.3:66:66%,26.66:73:33% as compared with 

wheat barley flour (WCF 100%) the results are tabulated in table 4.8. Bread samples colour 

measurements of results indicated that they were not significant different (P<0.05) biscuits made 

from the different mixed ratios of bashekala and wheat flour the values of L*, a* and b* ranged from 

66.52 to 69.03, from 4.08 to 5.95 and from 15.34 to 30.48 respectively. But biscuits made from the 

bashekala and wheat flour blend ratio BWFG2 (25:75%) the values of   b*(Yellowness/blueness) 

were significant different (P<0.05). The highest value of colour coordination was observed for 

sample variety BWFG3 had the highest L* lightness (69.03), a*(Redness/greenness BWFG5 (5.95) 

and b*(Yellowness/blueness BWFG1 (30.48) that was the results obtained L*, a* and b* takes 

positive values for lightness/white, reddish and yellowish colours values respectively. The variety 

sample BWFG3 had the highest L* lightness (69.03).  

 

The red saturation index a* is high for the variety sample BWFG5 (5.95). A high yellowness was 

observed in the varieties sample BWFG1 (30.48), BWFG3 (25.78) and WWFG6 (23.39). The data 

indicated that the lightness of biscuit colour decreased by increasing bashekala flour replacement. 

The biscuit colour analysis parameters lightness (L*), redness/greenness (a*) and yellowness/ 

blueness (b*) were widely used to describe colour changes of food materials. The data indicated that 

the lightness of biscuit colour decreased by increasing bashekala flour replacement. Where G5 

recorded the lower value, followed by G6 than G7. Bashkala flour colour often affects the colour of 

the finished product and is, therefore, one of many flour specifications required by end-users.  

Results agreement with (Hassan, etal.,2012).   
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From this colour analysis results, it could be concluded the results obtained for colour analysis of 

bashekala flour and wheat flour diff erent substitution levels of bashekala flour increase showed that 

there was decrease in lightness (L ∗) value and an increase in redness/greenness (a∗) whereas 

decrease in yellowness/blueness(b∗) redness/greenness values with the increase in the percentage of 

bashekala flour. Similar observations were recorded by (Sanz-Panella et al. 2013). According to the 

similar studies which each colour can be considered as equivalent to a member of the greyscale, 

between black and white (Granato and Masson 2010). 

 

 With R2 Value of 28.14% % the model equation for color was given by: 

   Color= + 0.066422* Bashekala flour 

                 +0.081679*Wheat Flour 

                +2.67979* Bashekala flour* Wheat Flour  

Table 4.8: Means scores for the colure analysis of biscuit produced from Bashekala barley and 

wheat flour blends   

Parameters (%) 

Samples  L* (Lightness) a*(Redness/greenness) b*(Yellowness/blueness 

CWF/Control (100%) 72.03±2.25ab 4.84±1.13 ab 28.94±3.68 ab 

BWFG1 (20:80%) 68.815±1.51 ab 4.08±2.42 ab 30.48±6.36 ab 

BWFG2 (25:75%) 68.53±0.11 ab 5.11±0.01 ab 15.34±0.21aa 

BWFG3 (30:70%) 69.310±0.44 ab 4.89±1.21 ab 25.78±2.49 ab 

BWFG4 (33.3:66.6%) 68.03±0.83 ab 5.38±0.37 ab 20.92±7.67 ab 

BWFG5 (35:65%) 66.52±3.37 ab 5.95±0.21 ab 23.19±0.43 ab 

BWFG6 (26.67:73:3%) 67.25±1.77 ab 5.85±0.21 ab 23.39±0.86 ab 

BWFG7 (40:60%) 67.39±0.69 ab 5.83±0.84 ab 23.01±0.15 ab 

Where: Mean values from Triplicated determinations ±SD (Standard deviation). Samples with the different letter 

in the columns are not significantly different (p>0.05). L*(lightness with L= 100 for lightness/white, and L= zero 

for darkness/black), a* (chromaticity on a green (−) to+60 red color/ red (+)] –60 green color, b*(Chromaticity on 

–60 blue color, +60-90 yellow color (+), 180˚= bluish to green and 270˚=blue scale. CWF is wheat Biscuit (control 

sample) 

 

4.7 Texture Profile Analysis of Biscuits 

A load-time plot for a two-bite test TPA performed on a ball probe of Bashekala barley -wheat flour 

blend biscuit is shown hardness, fracture strength (break load) versus peak load of biscuit samples 



44 

 

were plotted in the following (Appendix IV & Table 4.9). There were significant differences at 

(P<0.05) in the hardness the biscuit sample placed between the molars soft-hard across the column 

among BWF1, BWF2, BWF3, BWF6 with CWB, others blended biscuit products. Texture profile 

analysis on a fracture strength (break load) load is a measure of force that required to the initial force 

needed for a material to fracture splitting cookie’s structure values form the (Appendix IV & Table 

4.9). 

 

The force time plots were analyzed for hardness or breaking force (N) and fracture ability (N) to 

reach the peak. The hardness (N), and fracture ability (N) biscuit products showed that there was no 

significant at (P<0.05) between BWFB4, BWF5 and BWF7 biscuit from each other and had a higher 

hardness than other the remaining biscuit samples. Hardness was to completely bite through a biscuit 

sample placed between the molars soft-hard results there was a significant difference at (P<0.05) 

across the column among BWF1, BWF2, BWF3, BWF6 with CWB (control sample), others blended 

biscuit products. There were significant differences at (P<0.05) in the hardness the biscuit samples 

(BWFB 1, BWFB2 and BWFB6), but fracture ability of the eight biscuit samples were no significant 

differences at (P<0.05) its sample. 

 

The fracture strength ranged between 0.092 N to 8.88 N among all the biscuit. The biscuit BWFB5 

had highest 8.88±5.77N and BWFB2 (0.092N) was lowest than the others. Which was decreasing 

in gluten content buck wheat flour, the fracture strength of biscuit was lowest. It implies that the 

biscuit sample has more fracture characteristics. According to Szczesniak (1963) And Brandt et.al. 

(1963) grouped the textural properties as initial on first bite hardness, fracture ability and resilience). 

The hardness was originally identified by Friedman et al. (1963) with the force.  

The result for hardness analysis ranged between 15.43±0.40 N to 37.5±0.5N among all the biscuits. 

The biscuit BWFB7 had highest, hardness force at p1 that the initial force used to deform (37.5N) 

and lowest for 15.43N (15.43N) as compared to control wheat flour sample (WB1) 14N. The 

hardness (N), fracture ability (N) and resilience blended biscuit products showed that there was no 

significant difference between BWFB4, BWF5 and BWF7 whereas there was a significant 

difference across the column among BWF1, BWF2, BWF3, BWF6 with CWB (control sample), 

others blended biscuit products. 
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The hardness, which is the maximum force required to break the biscuit decreased as the percent 

inclusion of wheat flour in the formulation decreased. Hardness, which is the peak force required to 

break the cookies, decreased as the percentage inclusion of bashekala flour in the formulation 

reduced. Fracture ability measures the ability of a product to fight to regain its original status or 

form. The fracture ability of the biscuit samples significantly (p<0.05) reduced as the level of 

(BWFB2) Bashekala Barley flour increased. Resilience that A2/A1 that measurement of how a 

sample recover from deformation in relation to speed and forces no significantly different (P<0.05) 

between WB, BWF1 to BWF7. 

 

The results obtained from the texture analysis results show that as bashekala flour substitution levels 

increased, there was an increase in texture profile, while wheat flour substitution levels decreased 

the result showed a decrease in biscuit products' texture profile. With R2 Value of 97.69 % the model 

equation for texture was given by: 

        Texture = +2.68090* Bashekala flour 

                         + 0.19940*Wheat flour 

                         -0.63009* Bashekala flour* Wheat Flour   

Table 4.9 effect of texture profile analysis on hardness, fracture ability (N) and resilience of 

bashekala barley flour & blend with wheat flour made biscuit. 

Parameters (%) 

Samples Hardness (N) Fracture ability/Brittleness (N) Resilience 

CWB100% 14±0.5 bb 5.33±2.08 ab 0.375±0.00 aa 

BWFB 1(20:80%) 15.43±0.40 aa 5.50±4.27 ab 0.83±0.00cd 

BWFB2 (25:75%) 16±0.50 cc 0.092±0.95 ab 1.06±0.00cb 

BWFB3 (30:70%) 24.13±0.32 cc 8.00±1.00 ab 1.20±0.00cb 

BWFB4(33.3:66.6%) 27.5±0.5 ab 7.330±5.33 ab 2.00±00ab 

BWFB5(35:65%) 28±0.5 dd 8.88±5.77 ab 1.34±0.11cd 

BWFB6(26.67:73:3%) 17.83±0.76 bb 3.5±2.78 ab 1.42±0.413bb 

BWFB7 (40:60%) 37.5±0.5 ab 5.08±4.88 ab 1.33±0.11ab 

Where: Mean values from triplicated determinations ±SD (Standard deviation). Samples with the 

different letter in the columns are not significantly different (p>0.05), WB1 is wheat biscuit) (control 

sample) 
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5 Conclusions and Recommendations 

5.1 Conclusions 

This study has provided important and essential information the functional properties of (BD, OAI, 

WAI, WSI, and SP), starch, pasting and farinograph properties of BBF, as well as its blends with 

WF ratios and developed biscuits from them. The physio-chemical and sensory properties, biscuit 

development and color analysis were evaluated using standard laboratory procedures, while the data 

generated were statistically analyzed using ANOVA using SPSS (version 20) was used to significant 

difference at (p<0.05) and design expert version 8.0 software. For flour blend formulation, the D-

optimal mixture design software was used (20:80%,40:60%,30:70%, 25:75% ,35:65%, 

33.33:66:66%, 26.66:73:33%). According to the functional properties, analyzed for the blended 

flours, there was a significant difference across the column between BWF3 (40:60)) and CWF 100%, 

BWF1 (20:80), and BWF2 (25:75). There was a significant difference in bulk density (g/ml) between 

BWF3 (40:60) and CWF 100%, BWF1 (20:80) and BWF2 (25:75) blended flour. Basehekala barley-

wheat flours ranged in crude protein, moisture, ash, fat, carbohydrate utilization, and crude fiber 

content 7.46 to 8.67%, 8.32 to 10.41%, 1.46 to 1.98%,1.56 to3.23%,78.43 to 74.99%, and 2.77 to 

1.73% respectively.  

 

There was a significant difference among the functional properties of BD, OAI, WAI, WSI, and SP 

blended flours with respect to CWF 100%, BWF1 (20:80) and BWF2 (25:75). There was a 

significant difference in bulk density between BWF3 (40:60) with CWF 100%, BWF1 (20:80) and 

BWF2 (25:75) blended flours. The crude protein, moisture, ash, fat, carbohydrate, and crude fibre 

content of the blended Bashekala barley-wheat flours ranged from 7.46 to 8.67%, 8.32 to 10.41%, 

1.46 to 1.98%,1.56 to3.23%,78.43 to 74.99%, and 2.77 to 1.73% respectively. The proximate 

composition blended ratio flour B01 (20:80%), were significantly different (p<0.05). Results exhibit 

that there were significant differences at (p<0.05) in Zn content B01 (20:80%) between B02, B03 

and WCF4 and the blending ratio of flour.  

 

The pasting properties (PV, PT. TV, BV, FV, SV, and PT) of the blended ratio flours ranged from 

4314.0±136.18 to 273.37±10.71 mPa·s, 5.84±0.17 to 5.92±0.17 mPa·s, 2339.67 to 86.48 mPa·s, 

54±1.29 to 1974±142.89mPa·s, 353.84±2.12 to 60.37±2.06 mPa·s, and 69.60±0.85 to 69.90±0.43 
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mPa·s respectively. From this analysis of research, it can be viewed that the pasting properties of 

the WCS (0:100%), PC2 (25:75%), and PC3 (40:60%) blends samples were not significantly 

different at (P<0.05). The farinograph properties values of blended ratio flour FBWF1 (20:80%) 

FWBF2 (25:75%), FBWF7 (40:60%), and CWF (100/0%) was significant differences at (p<0.05) 

between dough consistency during production, (WA, DS, DDT, and FQN respectively. The crude 

protein, moisture, ash, fats, carbohydrate utilization, and crude fibre content of the blended ratio of 

biscuits samples proximate analysis of had ranged from 0.49 to 11.93%, 3.36 to 4.59%, 0.18 to 

1.24%, 4.02 to 13.15%, 66.67 to 78.87%, and 0.30 to 1.24% respectively.  

 

A significant difference (p<0.05) was shown in the moisture (BWF7), fat (BWF1), crude fibre 

(BWF7), crude protein (BWF1, BWF4), and ash (BWF1) content of proximate analysis of the 

biscuit’s product throughout the column amongst blended flour biscuit’s product. There were 

significant differences at (P<0.05) in the hardness of the biscuits. The sample was placed between 

the molars was soft hard throughout the column amongst BWF1, BWF2, BWF3, BWF6 with CWB, 

different blended biscuit’s products. Biscuit’s samples colour (L*, a*, b*) analysis of outcomes 

indicated that BWFG2 (25:75%) the values of b*(Yellowness) had been significant different 

(P<0.05). The data indicated that the lightness of biscuit colour decreased by increasing bashekala 

flour replacement. 

 

The sensory evaluated results obtained that the analysis of varied in colour (2.64-4.80), taste (3.88-

4.64), Odor (Aroma) (3.48-4.56), appearance (3.08-4.72), texture (3.52-4.84) and overall 

acceptability (4.46-4.88). No significantly different was observed Bashekala and wheat flour blend 

biscuit products for sensory evaluated using the hedonic scale (p>0.05) but were significant 

difference at (P<0.05) was observed BWF1 (20:80) sample between colour and appearance. The 

highest value of crust colour was observed for BWF7 (4.80±0.41) and the lowest value of crust 

colour was observed for BWF1 (2.64±0.810).   

 

Finally, was concluded according to the sensory evaluation of biscuits results, BWF1 (20:80%) & 

BWF7 (60:40%) made biscuits with superior sensory characteristics, healthful and very good 

acceptability, and quality biscuit's and reduce wheat flour shortages. The possible value of biscuit's 
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crust colour become founded for BWF7 (4.80±0.41) and the lowest value of biscuit’s crust colour 

was observed for BWF1 (2.64±0.810).    

5.2 Recommendations 
 

According to this study, the following recommendations are forwarded. It would be advisable to use 

this blending ratio   

 BWF1 (20%) BBF with 80% wheat flour as a superior with respect to sensory characteristics, 

healthy and good acceptability, quality biscuit production and its flour substitution wheat flour 

could significantly contribute to, the develop biscuits from them and ready to use 

manufacturing and reducing wheat flour shortages. 

 Bashekala barley flour and starch rheological (farinograph) properties like water absorption 

properties are superior and 

 It can be recommended that biscuit prepared from 60%WF+40% BF ratio had a score for odour 

and taste higher than the control sample. 

 The results obtained from the texture analysis results show that as BBF substitution levels 

increased, there was an increase in texture profile, while wheat flour substitution levels 

decreased the result showed a decrease in biscuit products' texture profile. 

 The Bashekala barley-wheat blend flour gave higher rheological properties of the dough, while 

the lightness of the produced biscuit was reduced. 

Finally, from the present studies, it was concluded that biscuits made from a 20% bashekala barley 

flour blend had superior sensory characteristics and were superior to other blended biscuits. 
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A  endices 
Appendix I: Farinographic Values of Blended Flours Test Result  

 

 

   Note: Wheat Flour (100:0) Control sample test result 
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BWF (20:80 %) 

 

 

 

Note: BWF (20:80 %) 
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Note: BWF (20:80 %) 
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Note: BWF (20:80 %) sample test result 
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FWBF (B25:W75%)

 

 

Note:   FWBF (B25:W75%) sample test result 
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FWBF (B40: W 60%) 

 

 

Note:    FWBF (B40: W 60%) sample test result 
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Appendix II: Pasting properties of the Bashekala Barley-Wheat starch RVA (Model RVA   

                        4500 Perten instrument, Australia)    

TCW3 Report 
09-08-202103:59:10 User DELL-3 

Security ID = 140864545001537 

Test Details Samples   

01 C:\Users\DELL-3\Documents\TCW3 Data\B1 

Configuration file C:\Users\DEL 

Date 2021-08-09 

Sample Weight 4.00 (g) 

L-3\Desktop\ferie\teketel\B1.rvc 

Time 03:45:43 

Water Weight 25.00 (g) 

Tester DELL-3 

Sample Moisture 14.00 (%) 

Instrument 2163684 

Moisture Basis 14.00 (%) 

Test Results       

Test 

01   B1 

Peak 1 

4454.00 

Trough 1 

2318.00 

Breakdown 

2136.00 

Final Peak 

6122.00 

Satback 

3804.00 
peak Time 5.80 

Test Pasting Temp      

01   B1 70.15      

     

Note:    Pasting (Starch) Sample Test Result 
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TCW3 Report 

09-08-2021 04:19:40 User DELL-3 

Security ID = 140864545001537 

Test Details Samples   

02

 C:\Users\DE

LL-

3\Documents\TCW3 

Data\B2 

Configuration file 

C:\Users\DEL 

Date 2021-08-09 

Sample Weight 4.00 

(g) 

L-

3\Desktop\ferie\teketel\B1.rvc 

Time 04:06:21 

Water Weight 25.00 (g) 

Tester DELL-3 

Sample Moisture 

14.00 (%) 

Instrument 2163684 

Moisture Basis 14.00 (%) 

Test Results       

Test 

02   B2 

Peak 1 

4306.00 

Trough 

1 

2384.00 

Breakdown 

1922.00 

Final 

Peak 

5838.00 

Satback 

3454.00 
peak Time 5.80 

Test Pasting Temp      

02   B2 69.40      

 

Note:    Pasting (Starch) Sample Test Result 
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TCW3 Report 
09-08-2021 04:38:21 User DELL-3 

Security ID = 140864545001537 

Test Details Samples 
  

03 C:\Users\DELL-

3\Documents\TCW3 

Data\B3 

Configuration file 

C:\Users\DEL 

Date 2021-08-09 

Sample Weight 4.00 (g) 

L-3\Desktop\ferie\teketel\B1.rvc 

Time 04:25:00 

Water Weight 25.00 (g) 

Tester DELL-3 

Sample Moisture 14.00 (%) 

Instrument 2163684 

Moisture Basis 14.00 (%) 

Test Results 
      

Test 

03   B3 

Peak 1 

4182.00 

Trough 1 

2317.00 

Breakdown 

1865.00 

Final Peak 

5748.00 

Setback 

3431.00 

peak 

Time 5.73 

Test Pasting Temp      

03   B3 70.15      

 

Note:    Pasting (Starch) Sample Test Result 
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Appendix III:  Minerals (mg/100 g) Analysis of Blending ratio of Bashkala and wheat flour  

                           test result 

 

 

 
 

     Report Date: Wednesday, August 4, 2021 12:04 PM 

 

 

 

 

Solution Label Zn (213.857 nm) Fe (371.993 nm) cu (324.754 nm) 

13314002 A 0.20 (ppm) 0.79 (ppm) 0.03 (ppm) 

13314002 B 0.21 (ppm) 0.84 (ppm) 0.03 (ppm) 

13314002 Aspk 2ppm 2.10 (ppm) 2.59 (ppm) 1.83 (ppm) 

13314002 B spk 2ppm 2.13 (ppm) 2.74 (ppm) 1.94 (ppm) 
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Appendix IV. Blend Ratio of Bashekala Barley -Wheat Flour Blend Vs Texture Profile Analysis of 

Biscuit 

 

 

 
 

With R2 Value of 97.69 % the model equation for texture was given by: 

        Texture = +2.68090* Bashkala flour 

                         + 0.19940*Wheat flour 

                         -0.63009* Bashekala flour* Wheat Flour   

 

Design-Expert® Software

Correlation: 0.974
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 Appendix V; Texture profile analysis graph for two bite tests on Bashekala barley -wheat flour 

different ratio blend biscuit 

 

 

 
 

 

 
 

 

 

 

 
 

Time(s) 
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Appendix VI: Effect of texture profile analysis (TPA) on Bashkala barley flour & blend with wheat flour made Biscuit. Ball 

probes (10mm diameter ball, hardness and softness Test) 

 

       

 E01 E02 E03 E04 E05 E06 E07………E08 

Time (s) Load (N) Time (s) Load (N) Time (s) Load (N) Time (s) Load (N) Time (s) Load (N) Time (s) Load (N) Time (s) Load (N) 

0   0 0 0   0   0   0.1037 -0.014996 0   

0.1461 0.0025613 0.1518 0.036273 0.2714 0.0029686 0.307 -0.037281 0.1732 0.0078691 0.2075 0.0085989 0.05658 0.0068981 

0.2921 0.0051574 0.3036 0.034375 0.5429 0.0059587 0.6139 -0.03641 0.3465 0.015828 0.3112 0.032194 0.1132 0.014043 

0.4382 0.0077534 0.4553 0.032476 0.8143 0.0089488 0.9209 -0.035539 0.5197 0.023787 0.415 0.032708 0.1697 0.021187 

0.5842 0.010349 0.6071 0.030578 1.086 0.011939 1.228 -0.034668 0.6929 0.031745 0.5187 0.025627 0.2263 0.028332 

0.7303 0.012945 0.7589 0.028679 1.357 0.014929 1.535 -0.033797 0.8661 0.039704 0.6225 0.018546 0.2829 0.035477 

0.8764 0.015542 0.9107 0.026781 1.629 0.017919 1.842 -0.032926 1.039 0.047663 0.7262 0.011464 0.3395 0.042622 

1.022 0.018138 1.062 0.024882 1.9 0.022271 2.149 -0.032055 1.213 0.055622 0.8299 0.0043833 0.3961 0.055002 

1.168 0.020734 1.214 0.022984 2.171 0.02748 2.456 -0.031184 1.386 0.063581 0.9337 -0.002698 0.4527 0.14698 

1.315 0.02333 1.366 0.021085 2.443 0.032631 2.763 -0.030313 1.559 0.065641 1.037 -0.0097792 0.5092 0.16447 

1.461 0.025926 1.518 0.019187 2.714 0.037618 3.07 -0.029442 1.732 0.066912 1.141 -0.01686 0.5658 0.17719 

1.607 0.028522 1.67 0.017289 2.986 0.042605 3.377 -0.028571 1.905 0.068183 1.245 -0.023942 0.6224 0.18992 

1.753 0.031118 1.821 0.01539 3.257 0.047592 3.683 -0.027699 2.079 0.069454 1.349 -0.031023 0.679 0.20264 

1.899 0.033714 1.973 0.013492 3.529 0.052579 3.99 -0.026828 2.252 0.070726 1.452 1.257 0.7356 0.21536 

2.045 0.03631 2.125 0.011593 3.8 0.057566 4.297 -0.025957 2.425 0.071997 1.556 1.5125 0.7921 0.22808 

2.191 0.17943 2.277 0.0096948 4.072 0.062553 4.604 -0.025086 2.598 0.073268 1.66 2.0662 0.8487 0.24081 

2.337 6.907 2.429 0.0077964 4.343 0.067539 4.911 -0.024215 2.772 0.074539 1.764 6.3482 0.9053 0.25353 

2.483 10.139 2.58 0.0058979 4.614 0.072526 5.218 -0.023344 2.945 0.07581 1.867 6.2472 0.9619 0.26625 

2.629 14.677 2.732 0.0039995 4.886 0.075585 5.525 -0.022473 3.118 0.077082 1.971 9.6784 1.018 0.27897 

2.775 15.657 2.884 0.0021011 5.157 0.0727 5.832 -0.021602 3.291 0.078353 2.075 11.667 1.075 0.29169 

2.921 21.423 3.036 0.00020262 5.429 0.069815 6.139 -0.020731 3.465 0.079624 2.179 13.457 1.132 0.30442 

3.067 25.458 3.187 -0.0016958 5.7 0.06693 6.446 -0.01986 3.638 0.080895 2.282 12.673 1.188 0.31714 

3.213 27.671 3.339 -0.0035943 5.972 0.064045 6.753 -0.018989 3.811 0.082166 2.386 15.173 1.245 0.32986 

3.359 26.974 3.491 -0.0054927 6.243 0.06116 7.06 -0.018117 3.984 0.083437 2.49 17.403 1.301 0.34258 

3.505 23.957 3.643 -0.0073911 6.514 0.058275 7.367 -0.017246 4.157 0.084709 2.594 18.685 1.358 0.29484 

3.652 17.942 3.795 -0.0092896 6.786 0.05539 7.674 -0.016375 4.331 0.08598 2.697 19.968 1.415 0.431 

3.798 12.911 3.946 -0.0044494 7.057 0.052505 7.981 -0.015504 4.504 0.087251 2.801 21.25 1.471 1.4191 

3.944 9.4063 4.098 0.0017069 7.329 0.04962 8.288 -0.014633 4.677 0.088522 2.905 22.533 1.528 2.3949 

4.09 6.473 4.25 0.0078631 7.6 0.046735 8.595 -0.013762 4.85 0.0079188 3.009 23.816 1.584 2.319 

4.236 4.918 4.402 0.014019 7.872 0.04385 8.902 -0.012891 5.024 -0.0032 3.112 24.453 1.641 2.3998 

4.382 3.6906 4.553 0.020176 8.143 0.040965 9.209 -0.01202 5.197 0.0015189 3.216 25.088 1.697 2.575 

4.528 2.6023 4.705 0.07773 8.414 0.03808 9.516 -0.011149 5.37 0.0062377 3.32 25.724 1.754 3.2225 
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4.674 1.5141 4.857 3.2023 8.686 0.035195 9.823 -0.010278 5.543 0.010956 3.424 26.315 1.811 4.9417 

4.82 1.4413 5.009 5.9045 8.957 0.03231 10.13 -0.0094065 5.716 0.015675 3.527 26.513 1.867 5.7893 

4.966 1.4406 5.161 6.646 9.229 0.029425 10.44 -0.0085354 5.89 0.020394 3.631 26.655 1.924 5.088 

5.112 1.3319 5.312 8.9602 9.5 0.02654 10.74 -0.0076643 6.063 0.025113 3.735 26.209 1.98 4.9608 

5.258 1.1209 5.464 8.8179 9.772 0.023655 11.05 -0.0067932 6.236 0.029832 3.838 23.839 2.037 5.6938 

5.404 1.4648 5.616 12.293 10.04 0.020769 11.36 -0.0059222 6.409 0.034551 3.942 21.099 2.094 6.4318 

5.55 0.68458 5.768 13.958 10.31 0.017884 11.66 -0.0050511 6.583 0.038265 4.046 18.359 2.15 6.9758 

5.696 0.51933 5.919 15.974 10.59 0.014999 11.97 -0.00418 6.756 0.038245 4.15 15.33 2.207 7.1697 

5.842 0.52486 6.071 18.381 10.86 0.012114 12.28 -0.0033089 6.929 0.038225 4.253 12.221 2.263 6.4109 

5.988 0.53039 6.223 21.005 11.13 0.0092294 12.59 -0.0024378 7.102 0.038205 4.357 7.243 2.32 7.0037 

6.135 0.53592 6.375 23.437 11.4 0.0063444 12.89 -0.0015667 7.276 0.038185 4.461 4.6993 2.376 7.9383 

6.281 0.54145 6.527 25.749 11.67 0.0034594 13.2 -0.00069561 7.449 0.038165 4.565 2.4342 2.433 8.3521 

6.427 0.31556 6.678 27.725 11.94 0.00057433 13.51 0.00017548 7.622 0.038145 4.668 1.9 2.49 8.766 

6.573 0.28008 6.83 29.56 12.21 0.0060519 13.81 0.0010466 7.795 0.038125 4.772 1.3659 2.546 8.99 

6.719 0.24459 6.982 31.396 12.49 0.013603 14.12 0.0063215 7.968 0.042134 4.876 0.83174 2.603 9.1239 

6.865 0.22009 7.134 33.094 12.76 0.021154 14.43 0.015692 8.142 0.052835 4.98 0.38342 2.659 9.2577 

7.011 0.30915 7.286 34.564 13.03 0.028705 14.73 0.025062 8.315 0.063535 5.083 0.35162 2.716 9.3915 

7.157 0.45255 7.437 36.033 13.3 0.035398 15.04 0.032915 8.488 0.074236 5.187 0.31981 2.772 9.4682 

7.303 0.59595 7.589 37.07 13.57 0.036047 15.35 0.033263 8.661 1.3835 5.291 0.28801 2.829 9.5648 

7.449 0.73935 7.741 37.92 13.84 0.036697 15.65 0.03361 8.835 2.5702 5.395 0.2562 2.886 9.9156 

7.595 0.57335 7.893 38.385 14.11 0.037346 15.96 0.033958 9.008 5.308 5.498 0.22439 2.942 10.266 

7.741 0.63652 8.044 38.45 14.39 0.037995 16.27 0.034306 9.181 8.6744 5.602 0.19259 2.999 10.617 

7.887 0.87466 8.196 38.527 14.66 0.038644 16.58 0.034653 9.354 9.5689 5.706 0.16078 3.055 10.968 

8.033 1.084 8.348 38.489 14.93 0.039294 16.88 0.035001 9.527 12.471 5.81 0.12898 3.112 11.319 

8.179 1.1595 8.5 38.162 15.2 0.039943 17.19 0.035348 9.701 14.788 5.913 0.097172 3.169 11.611 

8.325 1.235 8.652 37.835 15.47 0.037796 17.5 0.035696 9.874 16.806 6.017 0.065367 3.225 11.855 

8.471 1.3912 8.803 37.481 15.74 -0.038076 17.8 0.036043 10.05 18.618 6.121 0.033561 3.282 12.1 

8.618 1.3465 8.955 37.114 16.01 -0.039689 18.11 0.036391 10.22 20.091 6.225 0.21595 3.338 12.344 

8.764 1.3017 9.107 36.46 16.29 -0.041302 18.42 0.036739 10.39 21.564 6.328 0.2039 3.395 12.588 

8.91 1.2458 9.259 35.546 16.56 -0.042916 18.72 0.037086 10.57 22.669 6.432 0.19184 3.451 12.822 

9.056 1.2569 9.41 34.323 16.83 -0.044529 19.03 0.037434 10.74 23.528 6.536 0.17978 3.508 12.994 

9.202 1.3954 9.562 32.761 17.1 0.032168 19.34 0.037781 10.91 24.226 6.64 0.16772 3.565 13.166 

9.348 1.4684 9.714 30.481 17.37 3.7862 19.65 0.038129 11.09 24.536 6.743 0.15567 3.621 13.339 

9.494 1.3751 9.866 28.005 17.64 4.9202 19.95 0.038476 11.26 24.329 6.847 0.14361 3.678 13.511 

9.64 1.2817 10.02 25.045 17.91 6.1509 20.26 0.00013508 11.43 23.788 6.951 0.13155 3.734 13.683 

9.786 1.1883 10.17 21.88 18.19 8.216 20.57 0.00056746 11.61 22.438 7.054 0.1195 3.791 13.855 

9.932 1.0949 10.32 18.19 18.46 9.8921 20.87 0.00099983 11.78 18.958 7.158 0.10744 3.848 14.028 
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10.08 1.0016 10.47 14.567 18.73 11.302 21.18 0.0014322 11.95 14.92 7.262 0.095382 3.904 14.023 

10.22 0.90819 10.62 11.616 19 12.671 21.49 0.0018646 12.13 11.141 7.366 0.083325 3.961 14.008 

10.37 0.81482 10.78 9.2375 19.27 13.804 21.79 0.0022969 12.3 7.2891 7.469 0.071268 4.017 13.993 

10.52 0.72145 10.93 7.0376 19.54 14.731 22.1 0.0027293 12.47 4.1062 7.573 0.059211 4.074 13.767 

10.66 0.62808 11.08 5.6941 19.81 15.734 22.41 0.0031617 12.65 2.6914 7.677 0.047154 4.13 13.386 

10.81 0.5347 11.23 4.5425 20.09 17.191 22.71 0.0035941 12.82 1.3289 7.781 0.035096 4.187 12.659 

10.95 0.44133 11.38 3.5895 20.36 17.749 23.02 0.0040264 12.99 0.44669 7.884 0.023039 4.244 11.35 

11.1 0.34796 11.54 2.6596 20.63 17.99 23.33 0.0044588 13.17 0.29835 7.988 0.016371 4.3 9.527 

11.25 0.25451 11.69 2.0258 20.9 17.377 23.64 0.0048912 13.34 0.23397 8.092 0.014744 4.357 5.6929 

11.39 0.14248 11.84 1.548 21.17 16.452 23.94 0.0053235 13.51 0.16959 8.196 0.013117 4.413 1.0793 

11.54 0.10541 11.99 1.2061 21.44 14.426 24.25 0.0057559 13.68 0.10521 8.299 0.01149 4.47 -0.31286 

11.68 0.092001 12.14 0.86415 21.71 12.212 24.56 0.0061883 13.86 0.040835 8.403 0.0098625 4.527 -0.36153 

11.83 0.078593 12.29 0.60758 21.99 9.8211 24.86 0.0066207 14.03 0.13563 8.507 0.0082353 4.583 -0.35349 

11.98 0.065184 12.45 0.53264 22.26 7.9435 25.17 0.007053 14.2 0.12277 8.611 0.0066081 4.64 -0.34545 

12.12 0.053785 12.6 0.39506 22.53 6.2475 25.48 0.0074854 14.38 0.10992 8.714 0.0049809 4.696 -0.3374 

12.27 0.045748 12.75 0.32179 22.8 4.6249 25.78 0.0079178 14.55 0.097064 8.818 0.0033537 4.753 -0.32936 

12.42 0.037711 12.9 0.31994 23.07 3.8009 26.09 2.3726 14.72 0.08421 8.922 0.0017265 4.809 -0.32132 

12.56 0.029674 13.05 0.3181 23.34 3.1006 26.4 10.042 14.9 0.071355 9.026 0.000099284 4.866 -0.31327 

12.71 0.021637 13.2 0.31626 23.61 2.4308 26.71 16.147 15.07 0.0585 9.129 -0.0015279 4.923 -0.30523 

12.85 0.0136 13.36 0.31441 23.89 1.6509 27.01 9.9903 15.24 0.045645 9.233 -0.0031551 4.979 -0.29719 

13 0.0055625 13.51 0.31257 24.16 1.2327 27.32 1.7091 15.42 0.039543 9.337 -0.0047823 5.036 -0.28915 

13.15 -0.0024745 13.66 0.30616 24.43 0.81451 27.63 0.53454 15.59 0.036574 9.441 -0.0064095 5.092 -0.2811 

13.29 -0.010512 13.81 0.29922 24.7 0.67411 27.93 0.35458 15.76 0.033605 9.544 -0.0080367 5.149 -0.27306 

13.44 -0.018549 13.96 0.31272 24.97 0.53628 28.24 -0.0044982 15.94 0.030636 9.648 -0.0096639 5.205 -0.26502 

13.58 -0.026586 14.12 0.25996 25.24 0.5107 28.55 -0.011176 16.11 0.027667 9.752 -0.011291 5.262 -0.25697 

13.73 -0.031075 14.27 0.20721 25.51 0.53892 28.85 -0.017853 16.28 0.024697 9.856 -0.012918 5.319 -0.24893 

13.88 -0.028744 14.42 0.074033 25.79 0.61823 29.16 -0.024531 16.46 0.025354 9.959 -0.015886 5.375 -0.24089 

14.02 -0.026412 14.57 0.066673 26.06 0.69755 29.47 -0.031209 16.63 0.026836 10.06 -0.019108 5.432 -0.23285 

14.17 -0.024081 14.72 0.059312 26.33 0.77686 29.77 -0.037886 16.8 0.028319 10.17 -0.022331 5.488 -0.2248 

14.31 -0.021749 14.87 0.051951 26.6 0.85618 30.08 -0.044564 16.98 0.029802 10.27   5.545 -0.21676 

14.46   15.03   26.87   30.39   17.15     5.602 -0.20872 
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Appendix VII: Colour Analysis results (Konica Minolta Chroma Meter CM-600, Japan) 

Sample name Duplicated Result Remark 

CWF/Control 

Sample (100%) 

L* = 73.62 L* = 70.44  Data is duplicated 

a* = 4.04 a* = 5.64 

b* = 31.54 b* = 26.34 

 

BWFG1 (20:80%) 

 

L* = 68.61 L* = 68.45  

Data is duplicated a* = 5.12 a* = 5.10 

b* = 15.49 b* = 15.19 

 

BWFG2(25:75%) 

 

L* = 64.14 L*=63.93  

Data is duplicated a* = 6.10 a* = 6.00 

b* = 22.89 b* = 22.35 

 

BWFG3 (30:70%) 

 

L* = 70.44 L* = 69.88  

Data is duplicated a* = 5.64 a* = 5.79 

b* = 26.34 b* = 25.98 

BWFG4 

(33.3:66.6%) 

L* = 67.44 L* = 68.61 Data is duplicated 

a* = 5.64 a* = 5.12 

b* = 26.34 b* = 15.49 

BWFG5 (35:65%) 

L* = 64.14 L* = 68.90 Data is duplicated 

a* = 6.10 a* = 5.80 

b* = 22.89 b* = 23.50 

BWFG6 

(26.67:73:3%) 

L* = 68.50 L* = 66.00 Data is duplicated 

a* = 5.70 a* = 6.00 

b* = 22.78 b* = 24.00 

BWFG7 (40:60%) 

L* = 67.87 L* = 66.90 Data is duplicated 

a* = 5.77 a* = 5.89 

b* = 23.11 b* = 22.90 

 

Calibration value (Absolute white) 

 

 

 

L* = 99.40 

a* = - 0.11 

b* = - 0.05 
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Appendix VIII; Isolation of Native Starches and develop biscuit from Bashekala Barley-Wheat Flour 
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Appendix XI:  Checklist of Semi Structure Interview to be filled by filled by each panelist   

I. Questionnaire to be filled by each panelist 

  1. Enumerator’s/Tasters name __________________________Age_________Sex_________ 

  2. Experience/specialization/profession/___________________Working conditions_________ 

 Tast sample with the Bashekala flour biscuits &  blend with wheat flour biscuits 

 Make  with an ,X  the perception  threshhold of the following sensories  atrttribities  base 

on the consenses critrial  

 The relative importance of each factor was compared numerically on a 5-point hedonic rate 

scales & gread , i.e.from  

1 = dislike very much,  

2 = dislike slightly,  

3 = neither like nor dislike, 

4 = like slightly& 

5 = like very much.    

The product samples was evaluated by  panelists, using an organoleptic acceptance questionnaire 

(Koletta et al., 2014). The acceptability of the products will be evaluated for testing consumer 

preference and acceptability of foods making quality in terms of the response variable (dependent 

variables) which will be measured at the end and assessed the following attributes: colour, 

appearance taste, texture and quality overall acceptability. The sensory analysis will be being a 

limiting factor to determine the acceptance critical point.   

Bashekala flour biscuits & blend with wheat flour made biscuits on sensory quality analysis data sheet (20:80%, 

40:60%,30:70% ,25:75 %, 35:65%,33.33:66:66%,26.66:73:33%) 

Testing consumer preference base on the consensus criteria on sensory quality attributes Analysis Results: are the 

biscuits significantly different? 

 Sensory Quality Attributes/Characteristic/ 5- Point Hedonic Rate Scales/scores 

Code WFBF = 100%   1 2 3 4 5 

CWF   Colour       

CWF General Appearance        

CWF Taste      

CWF Odor (aroma)      

CWF Texture         

CWF Overall Acceptability      

Mean   score      

Code 20:80  5- Point Hedonic Rate Scales/scores 

1 2 3 4 5 
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BWF1 Colour       

BWF1 General Appearance       

BWF1 Taste        

BWF1 Odor /aroma        

BWF1 Texture         

BWF1 Overall Acceptability      

Mean   score      

                             25:75% 5- Point Hedonic Rate Scales/scores 

BWF2 Colour       

BWF2 General Appearance       

BWF2  Taste        

BWF2 Odor /aroma        

BWF2 Texture         

BWF2 Overall Acceptability      

Mean   score      

  5- Point Hedonic Rate Scales/scores 

Code 30:70 % 1 2 3 4 5 

BWF3 Colour       

BWF3 General Appearance        

BWF3 Taste      

BWF3 Odor (aroma)      

BWF3 Texture         

BWF3 Overall Acceptability      

…….. Mean   score      

Code 35:65%   1 2 3 4 

BWF4 Colour       

BWF4 General Appearance        

BWF4 Taste      

BWF4 Odor (aroma)      

BWF4 Texture         

BWF4 Overall Acceptability      

… BWF8       

Note. 

 WFBF = 100% using wheat flour made biscuits 

 BWF1 = 20/80 using 20% Bashekala flour blend with 80 % wheat flour made biscuits.   

 BWF3 = 25/75% using 25% Bashkala flour blend with 75% wheat flour made biscuits.  

 BWF4= 30:70 using 30% Bashekala flour blend with 70% wheat flour made biscuits. 

 BWF5=35/65% using 25% Bashekala flour blend with 75% wheat flour made biscuits. 

 BWF6= 33.33:66:66%, using 33.33% Bashekala flour blend with 66.66 % wheat flour made biscuits. 

 BWF7=26.66:73:33% using 26.66% Bashekala flour blend with 73:33% wheat flour made biscuits. 

 BWF8: 40:60% using 40% Bashekala flour blend with 60% wheat flour made biscuits.   
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Appendix X: Research Laboratory Mapping 
 

S.N. Name Of Equi ment s & 

Chemicals  

 Testing   parameters   Lab. Location  

1 Rapid Visco Analyzer 

(RVA)   

Functional Properties of Bashekala flour or 

starch/viscosity 

 WAC, OAC, SP, WSI, SI, and DB,   

AAU 4k, industrial chemistry 

 

 

 

-AASTU food Eng, Lab.,   

Pasting profile of composite of Bashekala barley flour  

 PT, PV, BV, SV, PT, FV   TV,   

2 Scanning electron 

microscope (SEM) & 

Morphology and size distribution of starch granules  . Adama University &   

-AASTU Central lab.   

3  

Kjeldahl, /protein analyzer 

Digester (AOAC approved 

standard methods) 

Proximate Analysis of the Bashekala barley flour    

  

ECAE 

 Crude Protein, 

 Moisture Content 

 Crude Fiber Content 

 Crude Fat Content 

 Ashe Content 

4 Use of biological, 

biochemical, or chemical 

methods  

Microbial quality analysis (biscuit sample)  

ECAE 

5 Texture analyzer (TA) and 

texture profile analysis 

(TPA) (Stable Micro 

Systems, UK). 

 Texture, colour, hardness.   

 Brittleness /Fracture  

 

AAU 5 kilos Food Engineering 

laboratory  

6 Commission International 

de l’Eclairage (CIE) L*a*b* 

Coordinate 

Color characteristics of bashekala flour & Biscuit 

 Identifying Color Differences Using (L* a* b*) 

Coordinates 

AAU  5 K. Analytical lab. 

7 Atomic Absorption 

Spectrophotometer 

Iron (Fe)   

 ECA Zinc (Zn) & Cu 

8 Bartender farinograph   DDT=dough development time, DS=dough stability, 

and DOS= degree of softening & Farinograph Quality 

Number=FQN, strength floe & characteristics & water 

absorption =WA 

-  

 Akilit food share company  

 

 


