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Abstract 

 

The study was conducted to develop gluten-free and protein-rich biscuit to achieve nutritionally 

improved quality product and reduce celiac problem which arises with gluten content. Teff (Boset 

variety), Sorghum (Melkam variety) and Cowpea (Bole variety) were collected from Debrezeit and 

Awash Melkasa Agricultural Research Centers. The raw materials were cleaned, soaked(cowpea), 

dehulled(cowpea), dried(cowpea), milled and sieved before blended flour preparation.  Blend 

proportions of Teff, Sorghum and Cowpea were prepared as S1 (65%: 20%: 15%), S2 (40%: 

25%:35%) and S3 (50%:30%:20%) ratios, respectively using D-optimal design software. In this 

study, proximate composition, functional properties, anti-nutritional properties, mineral content 

and sensory analysis were conducted. Biscuit samples were prepared with temperature controlled 

oven at 205ᵒc for 10 minutes. The results showed that the protein and fat contents of biscuit 

product were directly proportional to the amount of cowpea flour added in the blend proportion, 

biscuit having 35% cowpea or S2 being the highest ( 15.4g/100g and 8.5g/100g). Mineral content 

increment for Fe, Zn and Ca was 9.33 to 12.05, 2.62 to2.95 and 95.34 to 116.3mg/100g 

respectively with increasing teff proportion. Tannin (23.08mg/100g) and phytates (439.23mg/100g) 

were higher in higher cowpea and teff addition respectively. Functional properties such as water 

absorption capacity(2.15ml/gm), oil absorption capacity(1.73ml/g) and bulk density (0.94g/ml) 

registered the highest values.. pH values of samples were 6.39, 6.49 and 6.45 respectively for S1 

(65%: 20%: 15%), S2(40%: 25%:35%) and S3(50%:30%:20%) in the blend proportions 

respectively. The highest overall sensory acceptability score was 7.8(S3) which was liked 

moderately next to the control biscuit sample. S3 also scored highest in texture (7.65), appearance 

(7.8) and taste (7.65) parameters whereas the color (7.7) of S1 biscuit sample was better liked by 

panelists.  

 

Keywords: anti-nutritional, celiac disease, D-optimal, functional properties, gluten-free.   
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Chapter One 

1. Introduction 

1.1. Background 

 

Cereals can be defined as a grain or edible seed of the grass family, Gramineae. Cereals are grown 

for their highly nutritious edible seeds, which are often referred to as grains. Some cereals have 

been staple foods both directly for human consumption and indirectly through livestock feed since 

the beginning of civilization. Cereals are the most important sources of food, and cereal based 

foods are a major source of energy, protein, B vitamins and minerals for the world population. 

Generally, cereals are cheap to produce, are easily stored and transported, and do not deteriorate 

readily if kept dry (McKevith, 2004). 

 

Celiac disease is a disease and is characterised by gluten intolerance. It is classified as autoimmune 

enteritis with positivity of transglutaminase 2 autoantibodies and the destruction of small intestine 

mucosa, accompanied by a wide spectrum of clinical symptoms. Extra-intestinal symptomatology 

is not considered unique to celiac disease in clinical practice, with the disease being often 

diagnosed in older patients. The association between gluten intake and clinical symptomatology 

has also been observed even in atypical forms of celiac disease. The therapy for patients with celiac 

disease is based on a strict gluten-free diet, and no significant changes to this have been applied in 

recent years. Gluten must to be completely excluded from the diet of hypersensitive patients. 

Gluten-free diets are now a hot topic among the professional community. Gluten is a protein 

complex that is found as a natural component of grain seeds (Makovicky P et al., 2020). 

 

Teff (Eragrostis tef), a warm-season annual cereal, is one of the underutilized crops that can 

contribute to food security and crop diversification. Teff is the most commonly used cereal for 

gluten free product development. Teff contains high and unique nutritional values, which will meet 

the need of health-conscious consumers. It is also a low risk crop, which resists many biotic and 

abiotic stresses. Currently, Ethiopia is the largest teff producing country, and the only country to 

have adopted teff as a staple crop. However, the teff production and value chain in Ethiopia largely 
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rely on traditional practices, and the teff market is limited by the government‘s export ban. Instead, 

other countries such as USA are increasingly participating in the teff market (Lee, 2018). 

 

Worldwide, 0.6-1.0 percent of the population is affected by celiac disease (CD) (Gujral et al., 

2012). The prevalence of the disease in populations at risk of CD is as follows: 3 to 6 percent in 

type 1 diabetic patients, up to 20 per-cent in first-degree relatives, 10 to 15 percent in those with 

symptomatic iron-deficiency anemia (IDA), 3 to 6 percent in those with asymptomatic IDA, and 1 

to 3 percent in individuals with osteoporosis (Dubé et al., 2005). CD is caused by aberrant T-cell 

responses to glutens and gluten-like proteins found in wheat, barley, rye and possibly oats (Vader 

et al., 2003). The symptoms include diarrhea, abdominal pain, and disturbances in nutrient 

absorption caused by histological alterations of the small bowel. Extra-intestinal complications 

such as osteoporosis, infertility, and cancer have also been reported (Alaedini & Green, 2005). 

 

Compared to gluten-free cereals and pseudocereals such as quinoa, amaranth, buckwheat, maize, 

brown rice, and sorghum, teff is more nutrient-dense (Gebremariam et al., 2012). Furthermore, the 

low glycemic index of teff may help maintain good glycaemic control.  

 

Sorghum (Sorghum bicolor L. Moench) is a warm season crop, intolerant of low temperatures but 

fairly resistant to serious pests and diseases. It is known by a variety of names (such as great millet 

and guinea corn in West Africa, kafir corn in South Africa, jowar in India and kaoliang in China) 

and is a staple food in many parts of Africa, Asia, and parts of the Middle East. Most of the 

sorghum produced in North and Central America, South America and Oceania is used for animal 

feed. The grain consists of a naked caryopsis, made up of a pericarp, endosperm and germ. 

Although there is a huge range of physical diversity, sorghums are classed into one of four groups 

(1) grain sorghum; (2) forage sorghum; (3) grass sorghum; or (4) Sudan sorghums and broomcorn 

(Daba, 2017). 

 

Among the legumes, cowpea is believed to be the most widely grown, distributed and traded food 

commodity in Africa (Yilma & Admassu, 2019). Grain legumes are important sources of proteins) 

and can therefore be used as a substitute for animal protein in the regions of the third world where 

production of the latter is limited with an added role of increasing animal production through use as 

feed and forage.  
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Legumes contribute to smallholder income, as a higher-value crop and to diet, as a cost-effective 

source of protein. Moreover, pulses offer natural soil maintenance benefits through nitrogen-fixing, 

which improves yields of cereals through crop rotation or intercropping, and can also result in 

savings for smallholder farmers from low rate of fertilizer use (Yoseph et al., 2014)  

 

Cowpea, is a food legume of the family Fabaceae. It is a herbaceous legume which shows 

considerable adaptation to the warm climate with adequate rainfall, it is cultivated across Southeast 

Asia, Africa, Southern United States and Latin America.  Cowpea is also traditionally cultivated in 

some Mediterranean countries although it is not widespread in Europe. However, the origin of 

cowpea is considered as Africa. Cowpea provides food for millions of people mainly in developing 

countries with an annual worldwide production of about 4.5 million metric tons. Though beans are 

the primary focus of the cowpea plant, both flowers and leaves are also considered as edibles in 

some parts of the world(Cooper et al., 2007).  Drought has major implications for global food 

supply because of the expected effects gradual climatic change and the variations in climatic in 

short term that it is to bring. It is generally considered that use of drought tolerant crop varieties 

with effective soil moisture conservation practices is an important for improved crop production in 

an advanced manner (Yoseph et al., 2014). 

 

Cowpea, like other grain legumes, is an important foodstuff in tropical and subtropical countries. 

Nutrients provided by cowpea make it extremely valuable where many people cannot afford 

proteins from animal sources such as meat and fish. Cowpea also cultivated in Ethiopia and use for 

traditional food preparation and animal feed as a meat source. It is well adapted to the stressful 

growing condition of the tropics and has excellent nutritional qualities (Yilma & Admassu, 2019). 

 

The interest in bakery products is growing day by day because of their nutritional properties and 

feasibility of their use in feeding programs and disaster situations such as earthquakes. Plenty of 

research on cereal science and technology provides an insight into the research efforts applied to 

the studies of bakery products. Among the bakery products, biscuit is a versatile snack of the food 

industry occupying a notable position due to its attractive features like longer shelf life, varied 

taste, and texture, including wider consumption (Arepally et al., 2020). 
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Biscuit is an important edible confectionary crisp product of flour majorly consumed with tea by 

human especially children and used as weaning food for infants(Ismail et al., 2018). Biscuit is an 

essential food material usually sold in ready to serve form contributing valuable quantities of 20 

ppm iron, 12 ppm calcium, 100 ppm protein, 20 ppm calories, 40 ppm fibre and some of the B-

vitamins to our diet and daily food requirement(Ismail et al., 2018). 

1.2 Statement of the Problem 

 

Among ready-to-eat snacks, biscuits/cookies possess several attractive features, including a wider 

consumption base, relatively long shelf life, greater convenience and good eating quality (Hooda 

and Jood, 2005). The growing interest in these types of bakery products is due to their better 

nutritional properties and the possibility of their use in feeding programmes and catastrophic 

situations such as starvation or earthquakes. In many countries, biscuits are prepared with fortified 

or composite flour to increase their nutritive value.  

 

Food sensitivities are increasing in prevalence within the general population, and wheat-related 

proteins play a prominent contributing role in this trend. Teff has an excellent nutritional profile 

and also a gluten-free cereal. It contains all essential amino acid that makes it comparable to egg. 

Thus, highly nutritionally improved gluten free foods can be made with it. It is naturally higher in 

nutritional profile as compared to other grains and doesn‘t need to be fortified. Teff is a reliable 

and low risk cereal that grows on a wider ecology under moisture stress and waterlogged areas with 

few plant diseases and grain storage pest problems. Processing of teff for different foods is usually 

done by traditional ways and is mostly limited to the household level. Processing of the grain for 

different commercial foods is needed to promote worldwide teff utilization. Teff grain nutrients are 

promising and it is also an excellent gluten free alternative for people with celiac disease and other 

gluten allergy (Akansha et al., 2018). 

 

Sorghum is consumed in various forms around the world like baked bread, porridge, tortillas, 

couscous, gruel, steam-cooked products, alcoholic, and non-alcoholic beverages, and so on. The 

potential food and industrial applications of sorghum have been reported. It has the potential to be 

processed into starch, flour, grits, and flakes, and it is used to produce a wide range of industrial 

products. It can also be malted and processed into malted foods, beverages, and beer. On account 
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of its nutritional significance, and its easy adaptability to a wide range of growing conditions and 

lesser water requirements, sorghum has the potential to be incorporated in the diets of human 

populations around the world, more specifically to those intolerant to wheat (Kulamarva et al., 

2009). 

Cowpea, like other grain legumes, is an important foodstuff in tropical and subtropical countries. 

Nutrients provided by cowpea make it extremely valuable where many people cannot afford 

proteins from animal sources such as meat and fish. Cowpea is also cultivated in Ethiopia and used 

for traditional food preparation and animal feed. It is well adapted to the stressful growing 

condition of the tropics and has excellent nutritional qualities (Yilma & Admassu, 2019).  

 

Most of our baked products are carbohydrate rich but less in protein. Moreover, these products 

don‘t consider gluten intolerant consumers. Furthermore, there are many cereals and legumes 

which are underutilized in Ethiopia such as sorghum and cowpea. These crops can be incorporated 

to produce a nutritious biscuit product at the same time considering health issues related to gluten. 

The development of biscuit utilizing teff, sorghum and cowpea is expected to improve the 

nutritional value, address every consumer group and positively impact the industrial processing of 

those ingredients.  

1.3 Objectives 

1.3.1 General Objective 

The general objective of the research was to develop gluten-free biscuit from teff and sorghum  

and cowpea flour. 

1.3.2 Specific Objectives 

The specific objectives are to: 

 Analyze the chemical composition and physicochemical properties of each cereal flour and 

flour blend. 

 Determine the functional properties of teff, cowpea and sorghum blended flour. 

 Study the effect of blend proportion of teff, cowpea and sorghum on the quality of biscuit. 

 Evaluate the microbiological quality, mineral content and anti-nutritional factors and 

conduct sensory quality evaluation of biscuit made from the flours. 
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Chapter Two 

2. Literature Review 

2.1 Overview of Teff Production in the World 

 

Teff (Eragrostis tef (Zucc.) Trotter) (Poaceae) is an indigenous Ethiopian annual crop cultivated 

mainly for its small grain used in the preparation of a pancake-like staple food called injera. The 

geus Eragrostis consists of about 350 varieties. But teff is the only cultivated species. The crop is a 

stress tolerant domesticated about 3,000 years ago. It grows in a diversity of environmental 

conditions extending from low lands to high lands. Teff  grain is also tolerant to storage pests. 

Therefore, teff  can be considered as a low-risk crop since it can be cultivated and thrived in a wide 

range of ecological conditions including under harsher environmental conditions where many other 

cereals fail(Gebru et al., 2020). Teff is a minor cereal crop worldwide, whereas in Ethiopia, it is a 

major food grain, mainly used to make injera, a traditional fermented Ethiopian pancake. In other 

countries like Australia, South Africa, and United States, it is principally used as a forage crop for 

animal feed.  

 

Relative to more common cereals like wheat, rice, and maize, little is known about the nutritional 

composition and potential health benefits of teff. This, along with technological limitations in 

processing teff, has for long restricted its more widespread consumption from its center of origin, 

Ethiopia. Although teff is the preferred grain for making the staple injera (Baye, 2014), the limited 

information available to the general public and the lack of global interest in teff, has prolonged 

thinking by Ethiopians that their grain is of inferior nutritional quality. However, over the past 

decade, the recognition that teff is gluten-free has spurred global research interest by nutritionists 

and food scientists. Consequently, studies on the nutritional composition of teff and its processing 

qualities have grown, and the development of new teff-based products has accelerated. 

 

Scientists are interested to know about the composition of teff because of its socio-cultural, market 

values, high preference, good nutrient compostion, and being gluten-free. As an evidence for the 

good nutritional quality of teff, some researchers mentioned the resistance and general good fitness 

of Ethiopian sportspeople (Daba, 2017).  
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The nutritional properties, and the changes that happen during grain fermentation for preparation of 

injera, a flat bread that is responsible for about 70% of the Ethiopian population also received 

concern; many universities from Ethiopia and other countries, and private companies are working 

on this crop to make it a ―golden grain‖. 

 

Unlike other cereals (wheat, maize, rice and barley) processed at an industrial level, diversified 

utilization of teff in Ethiopia has been limited which could be attributed to its uniqueness to 

Ethiopia and an age-old processing carried out at a house hold-level. The teff grain, owing to its 

high mineral content, has started to be used in mixtures with soybean, chickpea, and other grains in 

the baby food industry. Although the main teff cultivation and production remains in Ethiopia and 

Eritrea, recently  

some Western countries began to use Teff as well. Countries like USA, Canada, Australia, the 

Netherlands, South Africa and Kenya are using Teff as forage crop, thickening agent for soups, 

gravies and stews. Food manufacturers are also exploring the possibility of using teff as a novel 

food and ingredient. Products, including teff flour, gluten-free beer and energy cereal bars, have 

been introduced to the Netherlands market. Teff also found its place as a health food product in the 

USA. Teff products such as Teff breakfast cereals, Teff waffles and Teff bread are appearing in the 

USA.  

 

Teff is the most value-added crops compared to other cereal crops. Following the imposing ban on 

raw teff grain export; selling of processed from of teff product is started to rise at national and 

global level as well as benefited many stakeholders involved in the process (Fikadu et al., 2019). 

Some of the industrial teff products are appetizers, biscuits, breads, breakfast and desserts bars, 

Breakfast dishes (to be eaten with fruits and milk, hot or cold), brownies, cakes and cupcakes, 

casserole, dishes, cookies, crackers, desserts, dips, sauces and gravy, muffins, pancakes and 

waffles, pastas, pie crusts, pizza crusts, rolls and buns, soups and stews, tortillas and flat breads. It 

can be concluded that with the nowadays technology every product that normally is made from 

wheat can be made with teff. There is not found a product that can be made from wheat and not 

from teff. 
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2.2 Teff Production and Utilization in Ethiopia 

 

Teff is one of the most important and dominant staple cereal crop in Ethiopia. Cereal crops grown 

on 71% of the total area cultivated and about 61% of total agricultural production shared. Though 

teff is untouched cereal crop; it is the second largest share of cereal crops production following 

maize. Teff accounted approximately 28.4% of the total cereal crop‘s cultivated area and 50% of 

total cereal production quantity. Teff production area continues to expand; and a greater number of 

farmers are producing teff. Approximately 6.3 million farmers were growing teff in 2013; 

compared with 4.4 million farmers in 2001/2002. Similarly; the cultivated area which is allocated 

to teff is increased from 1.8 million hectars in 1997 to 2.7 million hectars in 2013(Fikadu et al., 

2019). 

 

In the central, northern, and western parts of the country, it is the staple food. Teff is a high-status 

cereal crop and a family who do not depend on teff as a daily food is considered poor in these parts 

of the country. The main reason behind such attitude is the long historical, socio-economic, and 

cultural values of teff developed by the society(Lee, 2018).  

 

In the past, a major determinant of grain consumption was its production (Berhane et al., 2013). 

However, with improvement in market linkages, this picture is gradually changing. In Oromia 

region, for instance, where regional teff production is the second highest next to Amhara region in 

Ethiopia, its consumption expenditure is only 8 percent. In contrast, the Afar region, little known 

for its teff production, has comparatively higher teff consumption expenditure (10 per-cent). 

Today, several factors including agro-ecology, livelihoods, and income determine cereal 

consumption in Ethiopia. Findings from the analyses of a nationally representative household 

consumption and income survey conducted in 2004/05, suggests that teff‘s contribution to energy 

(calorie) intake in Ethiopia is only 11 percent (Figure 1). Maize (17 percent), sorghum (14 percent) 

and wheat (13 percent) are all more important sources of calories in Ethiopia. This finding on 

consumption challenges assumptions that teff is a major staple in Ethiopia that are based solely on 

production figures (Berhane et al., 2013). 
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Figure 1 Contribution to energy intake (calories) per capita of different cereals in Ethiopia. 

Source: Berhane et al., (2013). 

 

2.3 Cowpea Production and Utilization in Ethiopia 

 

Cowpea is cultivated primarily in lowland areas of Ethiopia for its edible seeds, pods and leaves. 

Besides, cowpea provides feed, forage, hay, and silage for livestock, and green manure and cover 

crop which maintain the productivity of soils ( Kebede & Bekeko, 2020).In the agricultural system, 

it compensates for the loss of nitrogen absorbed by cereals, thus, it has a positive impact on soil 

properties. This is due to its unique capacity to fix atmospheric nitrogen and performs well even in 

poor soils. The crop has also weeds suppressing ability. Being a drought-tolerant and warm-

weather crop, it is a promising food and forage species in a typical tropical lowland climate. 

 

Although there have been successes of cowpea production in the country and major producing 

regional levels, little is known about its production, productivity, distribution, importance, and 

utilization. The yields of cowpea have generally remained below the potential of the crop and 

consistently remained below the world averages. The lack of information and sustained production 

is indicative of the fact that the production of cowpea is dominated by small-scale farming. The 
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production and productivity of cowpea in the country are hindered by the lack of access to modern 

technologies such as improved varieties and the accompanying crop and pest management 

practices, inputs such as fertilizers (both mineral and biofertilizers), seeds of improved varieties, 

and poor input and output market access. However, Ethiopia has a high potential for the production 

of various crops as more than 66.5% of the arable land is very suitable for cowpea production 

(Mulugeta et al., 2016). 

 

 Farmers grow cowpea for household food, animal feed, cash income and medicinal uses (to a 

lesser extent 4.8 %). Medicinal value of cowpea to rank fifth in cowpea utilization whereas a 

quarter of the farmers were reported to have used the leaves and grains of cowpea for the treatment 

gastric discomfort, malaria and liver diseases. On the other hand, grain harvest is the driving reason 

for growing cowpea in Oromia and Amhara regional states while grain and leaves are more 

important products in SNNPR and Tigray than the two regional states. Grain, leaves and green 

pods were used across all the regional states. Grain and leaves were used by a significantly higher 

proportion of growers in Gambella than they were in other regional states (Beshir et al., 2019). 

Consumption of green pods was not important in itself as its use is related to growing cowpea for 

other purposes. Growing cowpea as a feed was reported to be more significant in Oromia and 

SNNP regional states. Cowpea straw is used for animal feed. Straw use is associated with the total 

size of tropical livestock units (TLUs) owned, except in Gambella which own a relatively larger 

number of tropical livestock units although they hardly use the straw as livestock feed. 

 

Considering the potential of cowpea in terms of drought tolerance, compatibility for intercropping, 

supply of low cost and quality protein, high potential for income generation for farmers, 

information regarding production, marketing and consumption of the crop is indispensable (Beshir 

et al., 2019). 

 

2.4 Sorghum Production and Utilization in Ethiopia 

 

Sorghum is produced for its grain which is used for food, feed and stalks for fodder and building 

materials in developing countries, while it is used primarily as animal feed and in sugar, syrup, and 

molasses industry (Dahlberg et al., 2011) in developed countries. It is major food and nutritional 
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security crop to more than 100 million people in Eastern horn of Africa including Ethiopia, 

providing a principal source of energy (70% starch) , proteins, vitamins and minerals (Chemeda, 

2018).  

 

Ethiopia is the third largest producer of sorghum in Africa behind Nigeria and Sudan with a 

contribution of about 12% of annual production and the second after Sudan in the Common Market 

for Eastern and Southern Africa (COMESA) member countries. It is the third most important crop 

both in sown area (ha) and total production (qt) after teff, maize and maize, teff, respectively; 

becoming third primary staple food crop in Ethiopia after teff, maize and second most important 

crop for injera (common leavened flat bread) making next to teff (Adugna, 2007). Currently, 

sorghum is produced by 5 million holders and its production is estimated to be 4.6 million metric 

tons from nearly 2 million hectares of land giving the national average grain yield of around 2.3 

tons per hectare. It covers 16% of the total area allocated to grains (cereals, pulses, and oil crops) 

and 14.58% of the area covered by cereals. The crop is cultivated in all regions of Ethiopia between 

400m and 2500m altitude, mostly at lower altitudes along the country's Western, South-Western, 

North Eastern, Northern and Eastern peripheries and staple food crop on which the lives of millions 

of poor Ethiopians depend (Chemeda, 2018). 

 

2.5 Nutritional Composition and Health Benefit of Teff, Sorghum and Cowpea 

2.5.1 Nutritional Composition and Health Benefit of Teff 

 

Teff (Eragrostis tef) is a grain commonly used in Ethiopia. Its small size (1-1.5 mm) prevents the 

separation of the germ from the endosperm in teff flour. It is reported to have a higher content of 

iron, calcium, phosphorus, copper, and thiamine compared to other grains like wheat, barley, and 

sorghum. It is also reported to be free of gliadin and could be suitable for use in the diet of patients 

suffering with celiac disease. Teff proteins are non-gluten in nature. It has high nutritional content  

including all essential amino acid composition especially lysine, more mineral content (mainly 

iron, calcium, phosphorus and copper) than other cereal grains. It contains B1 vitamin and is rich in 

fibre (Baye, 2014). 

 

The chemical composition of cereals varies widely and depends on the environmental conditions, 

soil, variety and fertilizer. The importance of teff is mainly due to the fact that it has attractive 
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nutritional profile and has no gluten found in other common cereals such as wheat, barley and rye. 

Now days the demand for gluten-free foods is growing among the people are which diagnosed with 

celiac disease and other types of gluten sensitivity(Akansha et al., 2018). 

 

Table 2.1 Nutritional and Microelement Composition of Teff Grain. 

Nutrients Amount 
         Crude Protein (g/100g)        11.0 

         Crude fat (g/100g)         2.5 

            Moisture (g/100g)        10.5 

                Ash(g/100g)         2.8 

         Crude fibre(g/100g)         3.0 

         Carbohydrate (g/100g)       70.2 

         Calcium (mg/100g)      165.2 

             Iron (mg/100g)       15.7 

         Magnesium (mg/100g)      181.0 

         Phosphorus (mg/100g)      425.4 

         Potassium (mg/100g)      380.0 

         Manganese (mg/100g)        3.8 

            Copper (mg/100g)        2.6 

            Sodium (mg/100g)       15.9 

             Zinc (mg/100g)        4.8 

 

Source: Akansha et al., (2018). 

2.5.1.1 Carbohydrates 

Carbohydrates are the major source of energy for human nutrition and play an important role in 

metabolism and homeostasis. Based on the molecular size and degree of polymerization, 

carbohydrates can be classified into sugars, oligosaccharides, starch (amylose, amylopectin), and 

non-starch polysaccharides. Complex carbohydrates make up 80 percent of the teff grain. It has a 

starch content of approximately 73 percent, making teff a starchy cereal. The amylose content of 13 

teff varieties tested ranged from 20 to 26 percent, comparable to other grains, such as Sorghum 

(Bultosa, 2007). The extent to which carbohydrate is digested and absorbed in the small intestine 

determines its health effect. Rapidly digested and absorbed carbohydrates (glycemic carbohydrates) 

have greater impact on blood glucose levels, as they lead to greater metabolic perturbation. Such 

perturbations have been associated with metabolic diseases such as type-2 diabetes and 

cardiovascular diseases (Ludwig 2002). Hence, from a health standpoint, slowly digesting 

carbohydrates are preferred over rapidly digesting ones (Bultosa, 2007). 
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2.5.1.2 Protein 

The average crude protein content of teff is in the range of 8 to 11 percent, similar to other more 

common cereals such as wheat. Teff‘s fractional protein composition suggests that glutelins (45 

percent) and albumins (37 percent) are the major protein storages, while prolamins are a minor 

constituent (~ 12 percent). In contrast, more recent studies report that prolamins are the major 

protein storages in teff. The different methods of extraction between these studies may explain the 

contradictory findings. By examining the amino acid profile, the higher contents of glutamine, 

alanine, leucine and proline and the relatively lower content of lysine further suggests that 

prolamins are the major storage proteins. Teff‘s amino acid composition is well-balanced. A 

relatively high concentration of lysine, a major limiting amino acid in cereals, is found in teff 

(Bekele et al., 1995). The grain proteins are presumed easily digestible, because prolamines are 

very small.  

 

2.5.1.3 Fat  

Cereals are not the best source of fat, but as they are often consumed in large quantities, cereals can 

contribute a significant amount of essential fatty acids to the diet. Fatty acids are potentially 

beneficial to growth, development and long-term health. Consequently, there has been significant 

interest in recent years in their inclusion in diets. For instance, increased intake of n-3 fatty acids 

(α-linoleic acid) were found to reduce biological markers associated with cardio-vascular disease, 

cancer, inflammatory and autoimmune diseases among others. The crude fat content of teff is 

higher than that of wheat and rice, but lower than maize and sorghum. Rice, wheat and maize 

contain negligible amount of linoleic acid (LA) and only traces of α-linoleic acid. Furthermore, 

these widespread cereals are consumed after decortication and further refining which reduces their 

amount of crude fat and n-6 and n-3 poly-unsaturated fatty acids.  

By maintaining whole (Bekele et al., 1995) grains, as in the case of teff, this provides a better 

source of fatty acids than refined ones. Teff grains are rich in unsaturated fatty acids, 

predominantly oleic acid (32.4 percent) and lino-leic acids (23.8 percent). 

 

2.5.1.4 Crude Fiber 

The crude fiber content in teff (3.0 g/100 g) is far higher than the other gluten containing and 

gluten-free cereals. Consumption of dietary fiber provides many health benefits. The dietary fiber 



14 
 

content of teff (8.0 g/100 g) is high when compared to some fruits, nuts, pulses and cereals such as 

corn and rice. Studies revealed that high fiber diets prevent many human diseases like colon cancer, 

coronary heart disease and diabetes (Akansha et al., 2018). 

 

2.5.1.5 Minerals 

The difference in mineral content between and within teff varieties is wide ranging. Red teff has a 

higher iron and calcium content than mixed or white teff. On the other hand, white teff has a higher 

copper content than red and mixed teff (Table 2.2). The most recent study investigated iron content 

in selected teff grains. Their findings showed that teff contained almost 38mg/100g and more than 

150mg/100g of iron in locally purchased white and red teff grains varieties respectively (Akansha 

et al., 2018). 

Table 1.2 Mineral content of Teff grain. 

Minerals (mg/100g) White Teff Red Teff Mixed Teff 
              Iron      9.5-37.7 11.6-150 11.5-150 

              Zinc      2.4-6.8 2.3-6.7 3.8-3.9 

           Calcium      17-124 18-178 78.8-147 

            Copper      2.5-5.3 1.1-3.6 1.6 

 

Source: Akansha et al., (2018). 

 

2.5.1.6 Total Phenol Compounds 

The other most important health-promoting aspects of teff as a food is like other millets. It is 

generally assumed to contain substantial amounts of phenolics. Research findings revealed that 

ferulic acid (285.9μg/g) is the major phenolic compound in teff. Some other phenolic compounds 

such as protocatechuic (25.5 μg/g), gentisic (15 μg/g), vanillic (54.8 μg/g), syringic (14.9 μg/g), 

coumaric (36.9 μg/g), and cinnamic (46 μg/g) acids are also present in teff in considerable 

amounts. Phenolics are notable for their antioxidant activity which appears to be beneficial in terms 

of prevention of cardiovascular diseases and cancer. They also act as natural antioxidants for the 

food industry. At the same time, they might inhibit digestive enzymes and reduce food digestibility 

(Akansha et al., 2018). 

2.5.2 Nutritional Composition of Sorghum 

2.5.2.1 Carbohydrate Content 

Starch is the principal storage form of carbohydrate in sorghum and the average starch content is 

69.5%. Arabinoxylans (pentosans) in cereals play an important role in the bread-making quality 
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and have proven to influence the water balance and rheological properties of dough and starch 

retrogradation. They are complex polysaccharides with arabinose residues branching on a xylan 

backbone. The carbohydrate composition and structural features of arabinoxylans of sorghum with 

good roti making quality have been evaluated. Sorghum has similar amounts of starch as wheat 

flour, but with significantly lower α –amylase (40–50%) and amylolytic (10%) activity when 

compared to wheat flour (Kulamarva et al., 2009). 

 

2.5.2.2 Proteins 

 
Proteins form the second major component of sorghum grains. The protein content of sorghum is 

affected by both genetic and environmental factors. The protein content of sorghum is known to 

vary along with the changes in its amino acid composition. The protein content of sorghum is 

equivalent to that of wheat and maize. High fiber content and poor digestibility of nutrients is a 

characteristic feature of sorghum grains, which severely influences its consumer acceptability.  

 

Sorghum cultivars have been proven to have reduced amounts of lysine, threonine and total sulphur 

amino acids. It is reported that the leucine/isoleucine ratio was imbalanced in comparison with the 

FAO/WHO reference protein and baking reduced the tannin levels to zero in the cultivars studied. 

Breads fermented for 18h had higher vitamin B12 and pantothenic acid levels but lower P levels as 

compared to unfermented breads. There was a slight reduction in amino acid levels in fermented 

bread. The nutrient composition of sorghum is at par with wheat and rice, but the protein quality is 

poor due to its high leucine and tannin contents, and hence, it would be beneficial to incorporate 

other cereal or legume flours to enrich its nutritional quality (Kulamarva et al., 2009). 

 

 

2.5.2.3 Other Nutrients 

 

Sorghum has a higher crude fat content (3%) than wheat or rice. The germ and aleurone layers are 

the major sources of the fat content. The germ contributes to about 80% of the total fat. The 

mineral composition of sorghum grains is highly variable. Sorghum is a rich source of B-complex 

vitamins. Other fat-soluble vitamins, namely D, E, and K, have also been found in sorghum grain. 

Sorghum is not a source of vitamin C. The concentrations of thiamin, riboflavin, and niacin in 

sorghum were comparable to those in maize. Sorghum does not contain vitamin A, although certain 

yellow endosperm varieties contain small amounts of β-carotene—a precursor of vitamin A. 
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Cellulose, the major insoluble fibre component of sorghum varied from 1.19 to 5.23% in sorghum 

varieties. 

 

Grain sorghum does contain phenolic compounds other than tannin that affect its sensory and 

nutritional quality. Sorghum phenols have been shown to act as antioxidants in vitro. Antioxidants 

have been reported to be able to decrease the risk of several diseases including cancer, 

atherosclerosis, rheumatoid arthritis, inflammatory bowel disease, and cataracts by lowering the 

amount of free radicals. They can also be used as antifungal, antibacterial, and antiviral agents 

(Kulamarva et al., 2009). 

 

2.5.3 Nutritional Composition of Cowpea 

2.5.3.1 Protein  

Cowpea is a legume, which is considered as one of the major high quality plant protein sources in 

tropics. Generally, the protein content of cowpea differs along with the variety. Moreover, cowpea 

contains a complex and unique protein profile with an array of seed proteins including globulins 

(about 16 protein bands), albumins (about 20 protein bands), glutelins (21 protein bands) and 

prolamin (one protein band). The protein of cowpea is mostly composed of the globulin fraction 

(50%-70%) that is composed of two major groups of proteins, 11S fraction (legumin) and 7S 

fraction (vicilin/ β-vignina). Albumins and globulins are considered as the major storage protein in 

cowpea with high amount of sulphur containing amino acids. Fractions of albumin in seeds vary 

between 8.2 to 11.9%. They are categorized as enzymatic and metabolic proteins, such as 

lipoxygenase, protease inhibitors and lectins. Glutelins is the next major protein fraction found in 

the range of 14.4 to 15.6% of the total proteins (Cooper et al., 2007). 

 

Cowpea proteins contain amino acids such as valine, leucine, phenylalanine and lysine in a slightly 

higher amount than those of sulphur-containing amino acids. However, mature seeds are reported 

to contain a low amount of free amino acids compared to the immature ones. This is mainly due to 

the utilization of free amino acids in protein synthesis during seed development. 

 

In addition to the importance of essential amino acids, there is also a growing interest in protein-

derived fragments called peptides, which can be used in preventing or even treating chronic 

metabolic disorders. Natural peptides which are released as a result of enzymatic hydrolysis or 



17 
 

fermentation are reported to act favorably inside the body. The ability of these peptides to make 

favorable physiological conditions for proper body functions makes them ‗bioactive‘ (Cooper et 

al., 2007). 

 

2.5.3.2 Resistant Starch and Dietary Fiber 

 

The legume starch has a low digestibility mainly due to the abundance of resistance starch, 

amylose and dietary fiber present in the seeds. Legume starch contains 60-70% amylopectin and 

30-40% amylose while the other starchy food contains 70-75% amylopectin and 25-30% amylose. 

Evidence indicates that resistant starch and amylose play a major role in overall human health. 

Food with high resistant starch and amylose exhibits a slow rate of digestion which leads to slow 

release of glucose  

in to the system thereby reducing glucose uptake by the intestinal cells. Resistant starch is not 

digested completely by the human digestive enzymes so it passes to the large intestine or colon and 

act as a substrate to the functional probiotics. Fermentation of those resistant starches by the 

colonic microbes produce short chain fatty acids such as butyrate which provide many favorable 

health benefits in proper lipid function and cancer prevention (Cooper et al., 2007). 

 

2.6 Anti-Nutritional Factors and their Effects 

2.6.1 Phytate 

Phytates are salts of phytic acids also called myo-inositolhexaphosphoric acid. With formula of 

C6H18O24P6, this acid has an esterified inositol radical with six phosphate radicals. The amount of 

phytates in different legume samples differs from varieties ranging from 8.10 to 16.36 mg / g 

(Diouf et al., 2019). In cowpea seeds the phytate content can reach 836 mg/ 100g and even further 

to 1230 mg / g. The location of phytates in plants varies with the types. In legume seeds, they are 

stored in cotyledons. Thus, in most seeds, phytates constitute the primary phosphate reserve having 

60-90% of total phosphorus. Phytates greatly influence functional and nutritional properties of food 

products by binding to minerals such as calcium, magnesium, copper, iron and zinc.  

Thus will decrease their bioavailability. Phytates have a strong binding capacity and can therefore 

form complexes with proteins and multivalent cations that affect digestion. Indeed, studies have 

shown that most phytate metal complexes are insoluble at physiological pH rendering minerals not 

bioavailable. 
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2.6.2 Tannin 

These are phenolic compounds of various structures that have the property of precipitating 

proteins. These are often polymerized compounds that give molecules of molecular weight ranging 

from 500 to 3000 Da (Rudra et al., 2019). 

Tannins are secondary compounds of various chemical structures widely occurring in plant 

kingdom. They are defined as high-molecular-weight polyphenolic compounds that have the ability 

to bind with protein and preserve animal hides. Tannins are generally divided into hydrolysable 

(glucose polyesters of gallic or hexahydroxydiphenic acids) and condensed tannins 

(proanthocyanidins)(Hajra et al., 2013). Tannins readily form indigestible complexes with proteins 

and other macro-molecules under specific environmental conditions, up on Tannins can reduce 

protein digestibility and adversely influencing the bioavailability of non-haem iron leading to poor 

iron and calcium absorption. Also carbohydrate is affected leading to reduced energy value of a 

diet containing tannins.  

Tannins also reduce the absorption of vitamin B12. Contrary to condensed tannins, the 

hydrolysable tannins are easily degraded in biological systems, forming smaller compounds that 

can enter the blood stream and over a period of time cause toxicity to the organs (e.g liver and 

kidney).Tannins may form a less digestive complex with dietary proteins and may bind and inhibit 

the endogenous protein, such as digestive enzymes. Tannin protein complexes involve both 

hydrogen bonding and hydrophobic interactions. The precipitation of the protein-tannin complex 

depends upon pH, ionic strength and molecular size of tannins. Both the protein precipitation and 

incorporation of tannin phenolics into the precipitate increase with increase in molecular size of 

tannins. 

2.7 Processing Methods used to Reduce Anti-Nutritional Factors 

The anti-nutritional factors, which reduce the nutritional value of foods can be reduced by the use 

of traditional food preparation methods such as fermentation, cooking, soaking and puffing. These 

food processing techniques reduce anti-nutritional factors, increase protein digestibility and 

improve the biological value of cereal crops(Samtiya et al., 2020) 

2.7.1 Milling 

Milling Milling is the most traditional method to separate the bran layer from the grains. It is a 

process by which grains are ground into flour. The milling technique removes anti-nutrients (e.g. 

phytic acid, lectins, tannins), which are present in the bran of grains(Gupta et al., 2015). 
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2.7.2 Soaking 

Soaking is an attractive method for removing anti-nutrient content of foods because it also reduces 

cooking time. Soaking also enhances release of enzymes (e.g. endogenous phytases), which are 

present in plant foods like almonds and other nuts and grains. Soaking generally provides essential 

moist conditions in grains and other edible seeds, which are required for their germination and 

associated reductions in level of enzyme inhibitors as well as other anti-nutrients to enhance 

digestibility and nutritional value (Diouf et al., 2019). Soaking is also commonly required for 

fermentation, which can also be used to reduce the level of various anti-nutrients in foods (Gupta et 

al., 2015). Many of the anti-nutrients are water soluble in nature, which enhance their removal 

from foods through leaching. Soaking generally increases the hydration level of legumes and 

cereals, which make them soft and also activate an endogenous enzyme like phytase to enhance 

ease of further processing such as cooking or heating. 

2.7.3 Germination 

Germination is also considered as a highly suitable method for reducing the anti-nutrient 

components of plant-based foods. Germination of seeds generally activates the enzyme phytase, 

which degrades phytate and leads to decreased phytic acid concentration in the samples. 

Germination commonly changes the nutritional level, biochemical property and physical features 

of the foods. For reduction of cereals anti-nutritional content, this method is most frequently used. 

Germinated cereals showed enhanced activity of phytase-degrading enzyme while in non-

germinated cereals the endogenous activity of phytase enzyme was observed in diminished 

amounts (Vashishth et al., 2017) .  

2.7.4 Fermentation 

Fermentation is one of the processing methods usually used in Africa to make cereal crops edible 

and also to increase the nutritional quality as well as safety aspects of these foods, because cereals 

are not easily consumed in natural/raw forms (Samtiya et al., 2020). In cereals, phytic acid 

normally forms complexes with the metal cations including iron, zinc, calcium and proteins. These 

complexes are generally degraded by enzymes, which require an optimum pH maintained by 

fermentation. Thus, this kind of degradation decreases the phytic acid content and liberates soluble 

iron, zinc and calcium, which enhance the nutritional level of food grains(Gibson et al., 2010) 

Fermentation of cereals by lactic acid bacteria (LAB) has been reported to increase free amino 

acids and their derivatives by proteolysis and by metabolic synthesis. Fermentation has been shown 
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to improve the nutritional value of grains by increasing the content of essential amino acids such as 

lysine, methionine and tryptophan. 

2.8 Composite Flour Technology 

 

Composite flour is a mixture of flours, starches and other ingredients intended to replace wheat 

flour totally or partially in bakery and pastry products. (Verma et al., 2018) also agreed with that as 

the composite flours used were either binary or ternary mixtures of flours from some other crops 

with or without wheat flour. The use of composite flours has advantages for developing countries 

such as Ethiopia in terms of: i) the saving of hard currency; ii) promotion of high-yielding, native 

plant species; iii) a better supply of protein for human nutrition; and iv) better overall use of 

domestic agriculture production. Composite flour is considered advantageous in developing 

countries as it reduces the importation of wheat flour and encourages the use of locally grown 

crops as flour (Noorfarahzilah et al., 2014) . Local raw materials substitution for wheat flour is 

increasing due to the growing market for confectioneries. Thus, several developing countries have 

encouraged the initiation of programmes to evaluate the feasibility of alternative locally available 

flours as a partial or complete substitute for wheat flour. 

 

The FAO reported that the application of composite flour in various food products would be 

economically advantageous if the imports of wheat could be reduced or even eliminated, and that 

demand for bread and pastry products could be met by the use of domestically grown products 

instead of wheat (Jisha et al., 2008). The bakery products produced using composite flour were of 

good quality, with some characteristics similar to wheat-flour bread, though the texture and the 

properties of the composite flour bakery products were different from those made from wheat flour, 

with an increased nutritional value and the appearance. Apart from being a good source of calories 

and other nutrients, wheat is considered nutritionally poor, as cereal proteins are deficient in 

essential amino acids such as lysine and threonine. Therefore, supplementation of wheat flour with 

inexpensive staples, such as cereals and pulses, helps improve the nutritional quality of wheat 

products (Jisha et al., 2008). 

2.8.1 Composite Flour in Biscuit Making 

 

Among ready-to-eat snacks, biscuits/cookies possess several attractive features, including a wider 

consumption base, relatively long shelf life, greater convenience and good eating quality. The 
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growing interest in these types of bakery products is due to their better nutritional properties and 

the possibility of their use in feeding programmes and catastrophic situations such as starvation or 

earthquakes. In many countries, biscuits and cookies are prepared with fortified or composite flour 

to increase their nutritive value (Hooda & Jood, 2005). 

2.9 Biscuit Production 

 

Biscuit recipe consists of major and minor ingredients. Flour, fat or oil, sugar, water, chemical 

leavening agents (sodium bicarbonate, ammonium bicarbonate) are the essential major ingredients 

while salt, egg, emulsifier, milk powder and flavoring compounds serve as the optional minor 

ingredients. However, it is difficult to compare every ingredient's applications; hence here 

explained the most commonly used ingredients in biscuit manufacturing. The type and quantity of 

these ingredients show a great impact on the quality of the final product (Arepally et al., 2020). 

 

Flour is one of the major ingredients of bakery products such as biscuit, bread, cake, cookie, and 

pastry. It mainly consists of starch, protein, and water with important characteristics for biscuit 

production. The level of damaged starch and protein affect the water-absorbing properties of the 

flour. Unlike bread, the starch granules do not form a continuous gel network in the biscuit system, 

rather it acts as a filler in biscuit dough. However, the gluten in wheat flour causes celiac disease, 

an immune-mediated disorder (Arepally et al., 2020).  

Moreover, wheat flour is the main contributor to the complex carbohydrate content of biscuit that 

results in an increase in obesity rate especially in children. Therefore, wheat flour is substituted or 

sometimes replaced with the other flours for the development of nutrient-rich biscuits. 
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Chapter Three 

3. Materials and Methods 

3.1 Frame Work of the Experiment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Framework of the Experiment. 
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3.2 Raw Material Preparation 

Three basic raw materials were used in this research project namely Teff (boset variety), Cowpea 

(bole variety) and Sorghum (melkam variety). Teff flour was used as a base material for the 

preparation of biscuit with Cowpea and Sorghum flour. Teff is selected as a base material because 

there is a growing interest on the crop since it is gaining global popularity for its outstanding 

nutritional properties. Teff and Sorghum were transported from Debre Zeit Agricultural Research 

Centre (DZARC) which is located 47 km South East of Addis Ababa and Cowpea was collected 

from Melkassa Agricultural Research Center which is located South-East of Addis Ababa at 

118Km. Additional ingredients including sugar, leavening agent, dry yeast, shortening, plastic 

bags, oil, knife and salt were purchased from local supermarket. 

   

      

          Teff (boset variety)    Sorghum(melkam variety)          Cowpea(bole variety) 

Figure 3.2 Teff, Sorghum and Cowpea respectively. 

3.2 Flour Preparation of Teff, Cowpea and Sorghum 

3.2.1 Flour preparation of Teff 

The Teff was cleaned manually to remove damaged grains, stones, dusts, light materials, stalks, 

undersized and immature grains and other extraneous materials. Then it was milled and ground in 

to fine flour using small scale commercial mill. Following grinding, the flour was sifted to pass 

through 710 μm test sieve and sealed in poly ethylene plastic bags, and stored at room temperature 

for further laboratory analysis and baking (Kebede et al., 2010). 
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Figure 3.3 Process flow diagram for the preparation of Teff flour (Kebede et al., 2010). 

3.2.2 Flour Preparation of Sorghum 

The Sorghum was cleaned manually to remove stones, dusts, light materials, stalks, undersized and 

immature grains and other extraneous materials. Then it was milled and ground in to fine flour 

using small scale commercial mill. Following grinding, the flour was sifted to pass through 710 μm 

test sieve and sealed in poly ethylene plastic bags, and stored at room temperature for further 

laboratory analysis and baking (Sadik et al., 2013). 
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Figure 3.4 Process flow diagram for the preparation of Sorghum flour(Sadik et al., 2013). 

3.2.3 Flour Preparation of Cowpea 

Cowpea seeds were manually cleaned to remove stones, grit, chaff and other impurities. After 

cleaning, the seeds were soaked for 5 minutes, dehulled and oven roasted at 40ºC for 2 hours in 

order to remove its anti-nutrients before milling. The roasted seeds were then milled in flour mill to 

give the finer flour. Cowpea flour prepared was then packed in air tight containers until further 

use(Kushwaha et al., 2019). 
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Figure 3.5 Process flow diagram for the preparation of Cowpea flour (Kushwaha et al., 2019). 

3.3 Equipments 

Equipments such as miller, sieves, washing plates were used for sample preparation. PH-meter, 

pipette, distilled water, taste tubes, oven, centrifuge, measuring tube etc were also used. The major 

instruments used for the study were obtained from Food Engineering and Food Science and 

Nutrition laboratories of Addis Ababa University.  

Cowpea seed 

Cleaning 

    Soaking 

    Dehulling 

Roasting/drying 

    Milling 

    Sieving 

Cowpea Flour 
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3.4 Site of the Study 

The experiment was conducted at Addis Ababa University, School of Chemical and 

Bioengineering, Food Engineering laboratory and Food Science and Nutrition laboratory of Addis 

Ababa University, Arat kilo campus.  

3.5 Blend Formulation 

The Composite blend was prepared by mixing Teff flour with Sorghum flour and Cowpea flour at 

different level of ratio. D-Optimal mixture ratio design was used to determine the optimum mixture 

formulation ratio. For the three components, the range of constrains were determined based on 

different literatures. Wheat flour was used as a control i.e. 100% wheat flour (w/w on flour basis). 

Blended flour was then packed in an air tight polythene packages and kept for further use. 

Table 3.1 Maximum and minimum value (%) of mixture components fed for D- optimal mixture 

software. 

Mixture Component         Low Value       High Value 

Teff flour               40              65 

Sorghum flour                20              30 

Cowpea flour                15              35 
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Table 3.2 Blend Formulation using D- optimal Design 

  

3.6 Biscuit Product Development 

Biscuit samples were produced according to AOAC (2005). The baking formula was 70% flour, 

14.44% Sugar, 0.58% Salt, 3.89% shortening, 9.33% water and 1.57% other ingredients. A flour 

blend of Teff, Sorghum and Cowpea were used by (65:20:15, 40:25:35 and 50:30:20) ratios 

respectively. The three flour blends and other essential ingredients were mixed together to make 

the dough. The dough was allowed to rest for 5min. Then the dough was sheeted and flattened 

using roller and aluminum foil and then cut into rectangular pieces. The prepared dough was baked 

in a temperature controlled oven at 205ºC for 10 minutes, cooled and packed for further use.                 
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Table 3.3 Formulation for biscuit production. 

  Ingredient                             Amount 

Flour                                       200gm (mixing 

of teff, cowpea and sorghum) 

Water                                      45ml 

Sugar                                       70gm 

Baking fat                               30ml 

Vanilla                                     0.2ml 

Salt                                           4 gm 

Baking Powder and yeast        2 gm each 

 

 

 

 

   

                                

 

 

 

Figure 3.6 Flow diagram for Biscuit Production. 

3.7 Methods of Analysis 

3.7.1 Proximate Analysis 

3.7.1.1 Moisture Content 

About 5 gm of each sample was measured into a previously weighted cleaned, dried and weighed 

crucible. The crucibles containing the samples were transferred into an oven set at 105 ºC to dry to 

a constant weight for 24 hours. At the end of this period, the crucibles were taken out from the 

oven and transferred to the desiccator, cooled for ten minutes and reweighed (AOAC 2005). The 

weight of empty crucible was recorded as W0; the crucible plus sample was as W1 while the weight 

of crucible plus oven dry sample was recorded as W3.  

Where W0═ weight of empty crucible 

            W1═ weight of crucible containing sample 

Packaging and Storage 

Cooling 

Baking 

Sheeting and Cutting 

Flour 

Mixing Water Ingredients 
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            W3═ weight of crucible and dried sample 

% Dry matter = W3-Wo  × 100 

                               W1-Wo 

% Moisture content = W1-Wo   ×100 

                                          W1-Wo 

or % Moisture content= 100 ˗ % Dry matter 

3.7.1.2 Determination of Crude Fat 

Clean and dried thimble was weighted (W1) and 5g flour sample was added and re-weighted (W2). 

The round bottom flask was filled with petroleum ether at 40 – 60 ºC up to ¾ of the flask. Soxhlet 

extractor was fixed with a reflux condenser to adjust the heat sources and the solvent boils gently. 

The samples in the thimble were inserted into the Soxhlet apparatus and extraction under reflux 

was carried out with petroleum ether for 6 hours. After the barrel of the extractor is empty, the 

condenser was removed and the thimble was removed, take into the oven at 60 ºC for 1 hour and 

later cool in the desiccator and weighted again (W3) according to AOAC (2005). 

      
                                     

                         
 ×100 

 

3.7.1.3 Crude Protein Determination 

 

The amount of crude protein of the sample were determined according to the AOAC (2005). A 

digestion flask containing about 0.5 g of sample, to which 6 ml of acid mixture (conc. sulphuric 

acid and about 3g of catalyst mixture (K2SO4 and Copper) were added and exposed to about 3700C 

in order to allow digestion. Then, distillation took place in Kjeltec by adding 25 ml of 40% NaOH 

and using 25 ml of boric acid with 10 drops of indicator solution. Finally, the distillate was titrated 

with standardized 0.1N hydrochloric acid to a reddish color. The crude protein content was 

estimated using the formula:- 

Nitrogen % 
                   

        

Where 

V1=volume in ml of the standard hydrochloric acid used in the titration for the blank determination 

V2=volume in ml of the standard hydrochloric acid solution used in the titration of the test material 

N= normality of the standard hydrochloric acid 
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W = weight in grams of test material 

The conversion factor is 6.25, which is obtained from food composition table of EPHI. 

           

                  Crude protein content (%) = total nitrogen (%) × 6.25 

 

3.7.1.4 Total Ash 

 

The crucible used for the analysis was washed by dilute hydrochloric acid on boiling and it was 

washed with distilled and de-mineralized water respectively. Then dried at 105ºC in an oven and 

ignited at 550ºC in Muffle furnace for 30 minute. It was then removed from furnace and cooled in 

desiccators. The mass of the crucible was measured using analytical balance and weight was 

recorded as M1. About 2.5 gm of sample flour was weighed into the crucible taken as M2. The 

sample was then charred at 20ºC on hot plate until the whole content becomes carbonized. Then the 

sample was placed in a furnace at 550°C until whitish color appears for 5hours.Then the sample 

was removed from the furnace and placed in desiccators. Finally, the mass was weighed as M3. 

 

% Ash= M3-M1 × 100 

              M2-M1 

Where M1= mass of crucible 

           M2= mass of crucible and sample 

           M3= mass of crucible and sample after ashing 

3.7.1.5 Determination of Crude Fiber 

Total crude fiber was determined according to AOAC (2005). About 2gram of the sample was 

weighed and 0.5g bumping granules insert in each beaker, followed by 200ml of 1.25% sulfuric 

acid solution was added to the beaker. The sample in the beaker was then boiled for 30 minutes by 

rotating periodically. Near the end of refluxing, it was placed on Buchner funnel fitted with rubber 

stopper and filtered. At the end of filtration, the solids were washed by warm water and 1.25% 

sodium hydroxide. The filtration was continued until moisture dried off. The residue was placed on 

crucible, dried for two hours at 130ºC for overnight, cooled in the desiccators and weighed (M1). 

Then again it was ash at 550
0
C, cooled in desiccators and weighed (M2). Finally, the crude fiber 

percentage was calculated as follows. 
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% Crude Fibre = M1-M2   × 100 

                   Weight of sample 

Where M1= weight of sample and crucible 

            M2= weight of ash and crucible 

 

3.7.1.6 Utilizable Carbohydrate Determination 

The total amount of carbohydrate of the sample was determined by subtracting all sum of the 

proximate analysis results from one hundred. 

                                                         

 

3.7.1.7 Total Energy in Kilo Calories      

Total energy content of each sample was determined mathematically using the following formula: 

Gross energy(Kcal)= (9×crude fat) +(4×crude protein) +(4×carbohydrate) 

3.7.2 Minerals Analysis 

 

Minerals content was determined according to the method by Association of Official analytical 

Chemists (AOAC, 2000). About 2.5gm of the sample was charred to remove organic matter, then 

ash in muffle furnace at 550ºC for 5hours for the determination of the total ash content. Three 

drops of 1N HNO3 acid and few drops of deionized water added to the sample in each of the 

crucibles. The ash was digested by using 3N and 6N hydrochloric acid. The digested sample was 

filtered into sample bottles each using the Whatmann filter paper (42mm) prior to analysis after 

filtration made up the volume to 50ml with deionized water. The Fe and Zn content in the sample 

were determined using Atomic Absorption Spectrophotometer (AAS) using air acetylene flame. 

Using AAS, a calibration curve was prepared by plotting the absorption or emission values against 

the metal concentration in mg/100g for all of the above minerals. Thus reading was taken from the 

graph which depicted the metal concentrations that correspond to the absorption or emission values 

of the samples and the blank. The metal contents were calculated by using the formula: 

                           Metal Content (
  

    
  =

     

   
×V 

       Where A=concentration of sample solution in ppm 

                   B=concentration of blank solution from curve in ppm 

                  W=weight of the sample, 

                   V= volume of extract 
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3.7.3 Physico-chemical Properties 

3.7.3.1 pH  

The pH of the samples were determined according to the method of (AOAC 1984). About 10 g of 

the samples were weighed in triplicates in 250ml beaker and mixed with 50 ml of distilled water 

and stirred for 10 min. The pH of the sample was determined by dipping the electrode of the 

Jenway pH meter (Jenway 3510 pH meter) in the mixture. The pH meter was calibrated using pH 

4.0 and 7.0 buffers prior to determination of the pH of the samples. 

3.7.3.2 Bulk Density 

5g flour was added into a 10 ml measuring pipette and tapped to a constant volume (Appiah et al., 

2011)and the bulk density was calculated using the formula: 

 

             
                  

            
 

3.8 Determination of Anti Nutritional Factors 

 

3.8.1 Tannin  

 

Tannins were determined using the method of (Amorim et al., 2008). About 1.5gm of sample flour 

was weighed in a screw capped test tube and 10ml of 1% HCl in methanol was added to each test 

tube containing the samples, then the tubes were put on mechanical shaker for 24 hours at room 

temperature. After 24 hour of shaking, the tubes were centrifuged using (DYNAC II centrifuge, 

Clay Adams division of Becton and Dikinson Company, USA) for 5 min. One ml of the clear 

supernatant was taken and mixed with 5ml of vanillin-HCl reagent (prepared by combining equal 

volume of 8% concentrated HCl in methanol and 4% vanillin in methanol). In another test tube and 

this mixture was allowed to stand for 20 min to complete the reaction. D-Catechin was used as 

standard for condensed tannin determination. A 40mg of D-Catechin was weighed and dissolved in 

1000 ml of 1% HCl in methanol, which was used as stock solution. A bout 0, 0.2, 0.4, 0.6, 0.8 and 

1 ml of stock solution was taken in test tube and the volume of each test tube was adjusted to 1ml 

with 1% HCl in methanol. About 5ml of vanillin HCl reagent was added into each test tube. After 20 

min, the absorbance was read at 500nm by spectrophotometer (UV-7804C, ultraviolet-visible 

spectrophotometer). The concentration of tannin was calculated using D-Catechin standard curve 

and results was expressed as of D- Catechin equivalent in mg per 100g dry weight. The standard 

curve was shown in apendex1. 

       (
  

    
)  
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Where As= absorbance of sample solution 

           Ab= slope of the absorbance equation 

           Int.= intercept from the absorbance equation curve 

           D= density of the solvent 

           W= weight of the sample 

 

3.8.2 Phytate 

 

The phytate content was determined according to the method described by (Lorenz et al., 2007). 

About 0.075 grams of sample flour was extracted with 10ml 2.4% HCl for 1 hour at ambient 

temperature and centrifuged at (3000 rpm/ 30 min). The clear supernatant was used for the phytate 

estimation, two ml of Wade reagent (0.03% solution of FeC13.6H2O containing 0.3% sulfosalicylic 

acid in water) was added to 3ml of the sample solution and the mixture was centrifuged. The 

absorbance at 500nm was measured using UV-VIS spectrophotometer (UV-7804C). The phytate 

concentration was calculated from the difference between the absorbance of the control (3ml of 

water+2ml Wade reagent) and sample. To prepare the phytic acid standard curve, a series of 

standard solution were prepared containing 5–40 mg/ml phytic acid in water. The concentration of 

standards were (5, 9, 18, 27, 36) ppm. About 3ml of the standard was pipetted into15ml centrifuge 

tubes with 3ml of water used as a zero level. About 2ml of the wade reagent was added and the 

solution was mixed on a vortex mixer for 5sec. The mixture was centrifuged for 10 minutes and the 

supernatant read at 500ηm using UV spectrometer was read by using water as a blank. The 

concentration of phytate was calculated using phytic acid standard curve and results were 

expressed as phytic acids in mg per 100 g dry weight. . 

        
  

    
   

          

   
 

           Where As= absorbance of sample solution 

           Ab= slope of the absorbance equation 

           Int.= intercept from the absorbance equation curve 

           D= density of the solvent 

           W= weight of the sample 
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3.9 Determination of Functional Properties 

3.9.1 Water Absorption Capacity  

About one gram of sample flour was mixed with 10 ml distilled water in a pre-weighed 20 ml 

centrifuge tube. The slurry was agitated for 2 min, allowed to stand at 28
0
C for 30 min and then 

centrifuged at 2000 rpm for 20 min. The clear supernatant was decanted and discarded. The 

adhering drops of water in the centrifuge tube was removed with cotton wool and the tube was 

weighed, the weight of water absorbed by about 1g of flour was calculated and expressed as water 

absorption capacity (Buchat (1977). Finally, the water absorption capacity was determined using 

the formula: 

 

WAC=(g/100g) = (W2-W1)  × 100 

                                   W3 

Where W1=weight of test tube 

            W2=weight of test tube and residue after centrifuge 

            W3=weight of sample 

            WAC= water absorption capacity  

3.9.2 Oil Absorption Capacity 

Similar to WAC, about one gram of sample flour was mixed with 10 ml refined palm oil in a pre-

weighed 20 ml centrifuge tube. The slurry was agitated for 2 min, allowed to stand at 28
0
C for 30 

min and then centrifuged at 2000 rpm for 20 min. The clear supernatant was decanted and 

discarded. The adhering drops of oil in the centrifuge tube was removed with cotton wool and the 

tube was weighed, the weight of oil absorbed by about 1g of flour was calculated and expressed as 

oil absorption capacity (Buchat,1977). Finally, the oil absorption capacity was determined using 

the formula: 

 

 OAC=(g/100g) = (W2-W1)  × 100 

                                   W3 

Where W1=weight of test tube 

            W2=weight of test tube and residue after centrifuge 

            W3=weight of sample 

            OAC= Oil absorption capacity 
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3.10 Microbiological Analysis  
The microbiological analysis sample was carried out according to Harrigan, (1998). Plate count 

agar was used for enumeration of bacteria. 

3.10.1 Yeast and Mold Enumeration 

Potato Dextrose Agar (PDA) was used for enumeration of yeast and mold according to Harrigan, 

(1998). 0.1 ml of from series dilution was transferred to corresponding plate and spread over the 

agar surface and incubated at 25
0
C for 3 days. 

3.10.2 Total Aerobic Bacteria 

Plate count agar was used for the detection of aerobic plate count by the multiple tube technique 

according to Harrigan, (1998). One up to 10-7 series dilution of sample was prepared and from 

every series dilution, 0.1 ml was poured in to labelled Petridish and spread over the agar surface. 

Incubation was done at 35
0
C form 1 up to 3 days.  

3.11 Experimental Design and Statistical Analysis 

 

The data obtained from this study was statistically evaluated using IBM SPSS 21.0 statistical tool 

while the mean significant differences of triplicate values were separated by Duncan Multiple 

range method using analysis of variance (ANOVA) at p < 0.05. The experiment was conducted 

under completely randomized design(CRD). 

3.12 Sensory Evaluation 

The sensory assessment was conducted by 20 untrained panelists, who were selected from School 

of Chemical and Bioengineering. They were requested to express their perceptions about the 

products by scoring the sensory attributes; visual color, texture, appearance, taste and overall 

acceptability were evaluated using a nine-point hedonic scale.  
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Chapter Four 

4. Results and Discussion 

 

In this chapter, proximate composition, functional properties, physicochemical properties, mineral 

composition and anti-nutritional factors of the sample flours are discussed. These analytical results 

are shown in tables. All results were analyzed on dry weight basis of sample flours. 

4.1 Proximate composition, Physical and Physicochemical properties 

4.1.1 Proximate Composition of the Blended Flour 

 

The chemical composition of wheat (control), teff, sorghum, cowpea and blended flour were 

presented in table 4.1from. Moisture is a major component in food. The presence of moisture in 

foodstuffs will affect the texture, taste, appearance and storability. (Puspitasari et al., 

2019).Proximate results obtained are close to what is reported by Bultosa, G. (2007). The moisture 

content for the flours ranged from 6.3% to 9.6%. The maximum moisture observed among the 

blended flours was 8% for S1(65% teff, 20% sorghum and 15% cowpea). Legumes are very 

essential to provide plant protein and carbohydrate.  

 

According to Sreerama et al., (2012) cowpea has a good source of crude protein. The amount of 

crude protein in each blending ratio has a significant change with respect to cowpea flour crude 

protein concentration. The amount of cowpea flour blending ratio has affected the concentration of 

crude protein. The higher blend proportion resulted in an increased crude protein significantly 

(p<0.05).  S2(40% teff, 25% sorghum and 35% cowpea) has shown the maximum crude protein 

among the blended flours. 

 

The ash content of S2(2.425g/100g) is significantly higher than the remaining samples at (p<0.05). 

S2(40% teff, 25% sorghum and 35% cowpea) has shown the maximum result because of the 

amount of ash content in pure cowpea flour. This implies that besides the higher amount of crude 

protein of cowpea flour, it has also higher concentration of ash and it is an important implication of 

the presence of different minerals in cowpea flour. This result is in agreement with Corke et al., 

(2004). 
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The fat content of blended samples ranged from 2.15g/100g to 3.01g/100g. The amount of crude 

fat has shown maximum result for pure teff flour(2.66g/100g) and 3.01g/100g for S2(40%teff, 

25%sorghum and 35%cowpea) at (P<0.05). 

The crude fiber content of samples is presented in Table 4.1. Among the blended samples, S1 has 

shown maximum fiber content(2.7g/100g) at (P<0.05). This is due to the higher amount of crude 

fiber present in pure teff flour(3.17g/100g). Relatively lower crude fiber content is reported for all 

samples as compared to what are reported in Lovis, (2003) and Corke et al., (2004), they reported 

that 3% and 3.8% respectively. The carbohydrate content has shown maximum result for 

S3(71.9g/100g) and minimum result for S2(69.53g/100g). This is lower than the values indicated in 

Lovis, (2003) which is (73.0%) and similar with USDA, (2015). The calorie obtained from S2 is 

significantly higher than the remaining samples(368.2kcal/100g).  

Table 4.1 Proximate analysis of blended flour samples. 

Sam

ple  

Type 

% 

Moisture 

% Crude 

Protein(g/10

0gm) 

% Crude 

Fat 

% Crude 

Ash 

% Crude  

fiber 

% 

Carbohydr

ate 

% 

Energy(kcal/

100g) 

W 9.0367±0.

02 

10.03±0.060 0.9333±0.

05 

0.5733±0.

015 

2.03±0.02 77.3967±0

.08 

358.1 

T 9.6167±0.

02 

10.2±0.02 2.66±0.02 2.02±0.02

6 

3.17±0.05

2 

72.3333±0

.11 

354.07 

S 8.1267±0.

015 

10.44±0.026 2.5133±0.

015 

1.2167±0.

02 

2.54±0.03 75.1633±0

.011 

365.03 

C 6.3767±0.

025 

21.6133±0.0

2 

2.41±0.02 2.8167±0.

015 

2.04±0.04 64.7433±0

.1 

367.1 

S1 7.9933±0.

011 

13.9933±0.0

2 

2.1567±0.

03 

2.06±0.03 2.7067±0.

015 

71.09±0.0

4 

359.7 

S2 7.03±0.06

0 

15.74±0.02 3.0133±0.

023 

2.3433±0.

03 

2.3417±0.

036 

69.5317±0

.05 

368.2 

S3 7.2667±0.

02 

14.08±0.026 2.5033±0.

025 

2.23±0.02 1.9667±0.

02 

71.9533±0

.03 

366.66 
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-All values are means of triplicates ±standard deviation, n=3 

-W(wheat), T(Teff), S(sorghum), C(cowpea), S1(65%T:20%S:15%C), S2(40%T:25%S:35%C), 

S3(50%T:30%S:20%C). 

4.1.1.1 Proximate Composition of the Biscuit Samples 

During biscuit product development, nutritional composition of a product is very essential 

parameter for consumer preferences. Moisture is one of the important parameters in baked food 

products such as biscuit. It significantly affects shelf life and growth of microbial 

contamination(Sole et at., 2004). Moisture content in food is also very important on the stability 

and durability of biscuits. Moisture content of biscuits baked at different blend proportion of teff, 

sorghum and cowpea resulted in a range of 5.16%(S2) to 5.82%(S1). It is obvious that low moisture 

content of biscuit is due to relatively high baking temperature.  The proximate composition of 

biscuit sample was presented in Table 4.2. Based on the proximate analysis, S2 had higher protein, 

fat and ash concentration than the other biscuit samples. This result showed that incorporation of 

cowpea flour up to 35% in biscuit product can improve proximate composition and can influence 

consumer preference over the usual biscuit. S1 has scored higher percentage of crude fiber whereas 

S3 has scored the least. Comparing the proximate composition of the biscuit samples with the 

sensory evaluation results, S3 having 20% cowpea flour blend has the highest overall acceptability. 

This indicates that even if the incorporation of cowpea flour up to 35% resulted in an improved 

proximate composition, sensory attributes are also influenced. Similar result is reported with 

protein content of S2 (sample containing higher proportion of teff flour) by Teshome et al., (2017).  

Table 4.2 Proximate composition of biscuit sample. 

Biscu

it 

sampl

e 

type 

 

 

% 

Moisture 

 

% Crude  

Protein 

(g/100gm) 

 

 

% Crude  

Fat 

 

 

% Crude  

Ash 

 

 

% Crude 

fiber 

 

 

% 

Carbohydr

ate 

 

% 

Energy 

(kcal/100

g) 

S1 5.822± 

0.02 

13.668± 

0.029 

7.628± 

0.019 

2.174±0.0

03 

2.433±0.01

1 

74.095±0.3

06 

419.71 

S2 5.1667±0.

02 

15.425±0.0

13 

8.5117±0.0

09 

2.57±0.03 2.1482±0.0

05 

71.344±0.3

29 

423.68 
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S3 5.29±0.02 13.82±0.02 8.0137± 

0.02 

2.26± 

0.002 

2.0127±0.0

16 

73.891±0.0

46 

422.967 

 

4.1.2 pH Values 

The pH values for different samples of teff, sorghum and cowpea flour blends were shown in Table  

4.3. The values were within the range of 6.39 to 6.49. The values of blended flour samples are not 

significantly different at (P<0.05). This indicates the addition of different proportions of sorghum 

and cowpea flour into wheat flour doesn‘t significantly change the pH value.  

Table 4.3 pH values of blended flour. 

   

                          Sample                   pH                                           BD(g/ml) 

                              type 

                              S1                       6.39±0.02828                          0.9436±0.00015 

                              S2                       6.49±0.01414                          0.9203±0.00153 

                              S3                       6.45±0.01414 0.9266±0.00055 

 

All values are the means of triplicates ±standard deviation, n=3 

S1(65%T:20%S:15%C), S2(40%T:25%S:35%C), S3(50%T:30%S:20%C). 

4.1.3 Bulk Density 

The bulk density of the blended samples ranged from 0.91 to 0.94g/cm
3
. Higher value was 

observed for S1. The bulk density is generally affected by the particle size and the density of flour 

or flour blends and it is very important in determining the packaging requirement, raw material 

handling and application in wet processing in the food industry. 

4.1.4 Color 

Colour differences including visual brightness (L), redness to greenness (a), yellowness to blueness 

(b) of blended flours were measured by Colour Hunter Lab. L* value is a measure of the 
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lightness/darkness fraction (L* =0 yields black and L* =100 indicates white). The higher cowpea 

flour addition (35%) resulted in increase of the whiteness, and decrease in redness. L* value 

decreased when the teff blend proportion increased. This signifies that the colour becomes darker 

as the teff flour addition increased in the biscuits, which may be due to comparatively darker colour 

of the teff. b* value gives an indication of the yellowness and high b* values were found for S1 

followed by S3.  

Table 4.4 L* value, a*value and b*value of color. 

Sample type L*value a*value b*value 

S1 81.03 1.31 12.3 

S2 83.12 1.1 11.3 

S3 82 1.24 11.83 

 

 

Figure 4.1. L*, a* and b* values of sample. 

4.1.5 Width, Diameter and Thickness of biscuit sample 

Table 4.5 shows the physical properties of biscuit sample. The width, diameter and thickness of 

biscuit ranged from 23.5mm to 30mm, 55.5mm to 57.5 and 5.5mm to 6.5mm respectively. The 

difference may be due to the different characteristics of flours and their proportion. 
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Table 4.5 Width, diameter and thickness of biscuit sample. 

Parameters Sample type 

Control S1 S2 S3 

Width(mm) 26 23.5 27 30 

Diameter(mm) 56 55.5 57 57.5 

Thickness(mm) 6.5 6 5.5 5 
 

4.2 Mineral Analysis Result 

The results of the mineral analysis of blended flours are presented in Table 4.6. The results showed 

that calcium as the most abundant mineral, ranging from 99.87mg/100g to 116.28mg/100g of dry 

weight.  

4.2.1 Calcium 

The values of calcium are presented in Table 4.6.  Calcium content of blended flours were ranged 

from 95.34mg/100g to 116.3mg/100g dry weight. The maximum calcium content(116.3mg/100gm) 

was observed at S1(65%T:20%S:15%C) and the minimum value of 99.87mg/100g at 

S3(50%T:30%S:20%C) at (P<0.05). This indicates that the higher teff flour addition resulted in a 

higher calcium content. 

 

4.2.2 Iron 

As shown in Table 4.6, iron content of sample flours ranged from 9.33mg/100g to 12.05mg/100g. 

The lower value of iron content recorded was 9.33mg/100g at S2(40%T:25%S:35%C) and the 

higher value was 12.05mg/100gm at S1(65%T:20%S:15%C) at (P<0.05). The lower value observed 

was due to the higher amount of cowpea and its lower iron content. The iron content of the blended 

flour was increased with the increment of teff proportion.  

4.2.3 Zinc  

Zinc content of blended flours ranged from 2.62mg/100g to 2.95mg/100g. Higher amount of zinc 

was recorded at S1(2.95mg/100g) at(P<0.05) which had maximum amount of teff flour blended. 

Therefore, its higher value resulted from the higher content of zinc in raw teff flour (3.64mg/100g).  
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Table 4.6 Mineral content of Flour Samples. 

 

Sample      Fe(mg/100g)              Zn(mg/100g)              Ca(mg/100g) 

  type 

 

  T              15.97±0.06                    3.62±0.027                152.71±0.02 

  S               3.81±0.013                   0.79±0.015                 25±0.01528 

  C              5.8367± 0.01528           2.835±0.013               80.06±0.023 

  S1            12.05±0.02                     2.9522±0.0018          116.3±0.02 

  S2            9.3363±0.01                   2.6462±0.006            95.34±0.036 

  S3            10.837±0.00025             2.6227±0.011            99.87±0.025 

 

-All values are the means of triplicates ±standard deviation, n=3 

-W(wheat), T(Teff), S(sorghum), C(cowpea), S1(65%T:20%S:15%C), S2(40%T:25%S:35%C), 

S3(50%T:30%S:20%C). 

4.3 Anti Nutritional Factors 

4.3.1 Tannin 

The antinutrient contents of blended flour are presented on Table 4.7. Tannin contents of samples 

ranged from 13.12mg/100g to 23.08mg/100gm. The higher tannin content was observed on S2 

while the lower value was observed on S1.  

4.3.2 Phytate 

The amount of phytates present in the samples are presented in table 4.2 along with tannin content. 

Phytate values ranged from 286.44mg/100gm to 439mg/100gm. S1 was found to have the highest 

phytates content whereas the lowest value was recorded for S2.  
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Table 4.7 Tannin and Phytate content of sample flours. 

 

Sample           Tannin (mg/100gm)        Phytate (mg/100gm) 

  type 

  S1                13.12±0.02646                  439.23±0.04583 

  S2                23.0867±0.10263              286.4433±0.02082 

  S3                18.4533±0.01528              310.4967±0.01528 

 

4.4 Functional Properties of the Flour Blend 

 

The functional properties are those parameters that determine the application and use of food 

material for various food products. The values are shown in Table 4.8. 

4.4.1 Water Absorption Capacity  

 

Water absorption capacity reflects the amount of water that the flour can absorb and retain. Water 

absorption capacity of blended flours was shown in Table 4.8. The values ranged between 2.02ml/g 

to 2.15ml/g. The higher value(2.15ml/g) was recorded at S2. This indicates that the higher 

proportion of cowpea flour addition confers high water binding capacity, which in turn improves 

the reconstitution ability and textural properties of dough obtained from teff, sorghum and cowpea 

flour. Higher water capacity is also attributed to lose structure of starch polymers while low value 

indicates the compactness of the structure(Adebowale et al., 2012). 

4.4.2 Oil Absorption Capacity 

Oil absorption capacity ranged from 1.61ml/g to 1.73ml/g. The higher values (1.73ml/g) for oil 

absorption respectively were recorded at S2. The capacity of the blends to absorb oil significantly 

(p < 0.05) increased with increased amount of cowpea in the blends. The cowpea flour may have 

contained numerous non-polar side chains that bind hydrocarbon chains, thereby contributing to the 

high oil absorption capacity of the blends in relation to cowpea flour(Sole et al., 2004). 
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Table 4.8 Functional Properties of blended flour. 

Sample                  WAC(ml/g)                OAC(ml/g)                         

    Type 

 

    W                        0.856± 0.00416              1.12±0.02                                

     S1                       2.02±0.02                       1.635±0.015                             

     S2                       2.152±0.002                   1.73±0.023                                   

     S3                        2.05±0.02                       1.613±0.121                             

All values are the means of triplicates ± standard deviation, n=3 

4.5 Microbiological Analysis Results 

 

Table 4.9 shows the microbial analysis of blended flour before biscuit production. It indicates the 

yeast, mold and total viable counts of the flour samples. Total viable counts are used as a measure 

of microbiological quality with respect to the levels of the general microbial contamination. The 

total viable counts were 1×10
4 

and 0.15×10
4
 CFU/ml being the lowest and highest respectively. 

The yeast count was 11, 15 and 10 colonies for S1, S2 and S3 respectively. Mold was not detected in 

any of the samples.    

Table 4.9 Microbial analysis result of flour before biscuit production. 

Sample Yeast (in colony Mold (in colony Total Viable Count (CFU/ml) 

S1 11 ND (not detected) 1×10
4
 

S2 15 ND 0.15×10
4 

S3 10 ND 1×10
3 

 

4.6 Sensory Evaluation 

Samples from biscuit products, which were selected during the preliminary test, were evaluated 

using 9 point hedonic scale. The sensory attributes considered for the evaluation were color, 
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texture, appearance, taste and overall acceptability. The means of sensory scores for the biscuit 

products are summarized in Table 4.10. The sensory scores for appearance, flavor, crispiness and 

overall acceptability for most of the products had a mean value greater than 6, indicating that they 

were liked by the panelists.  

Table 4.10 Sensory analysis of biscuit product. 

 

Sample             Color         Texture       Appearance       Taste           Overall acceptability 

 type 

 

Control              8.4                8.3                   8.55              8.4                        8.45 

S1                      7.7               7.45                 7.55               7.3                        7.35 

S2                      7.5               7.35                 7.55               7.5                        7.55  

S3                      7.5               7.65                  7.8                7.65                       7.8  

 

The color of biscuit made from 65%teff, 20%sorghum and 15% cowpea was most preferred (liked 

moderately) by the panelists next to the control biscuit sample. The color preference for S2 and S3 

were not significantly different.  For texture, the highest score was given to S3 containing 20% 

cowpea flour. Its texture was liked moderately by the panelists. S2 was the least scored biscuit 

sample for texture containing 35% cowpea flour. Panelists liked moderately the appearance of 

S3(50%T:30%S:20%C) biscuit sample. The appearance of S1 and S2 biscuit samples were not 

significantly different. S1 biscuit sample was least preferred for its taste while S3 was the most 

preferred one. For the overall acceptability of biscuit samples, S3 has scored the maximum value.  
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Chapter Five 

5. Conclusion and Recommendation 

5.1 Conclusion 

 

The aim of this research was to develop gluten free biscuit having a better protein content. For the 

study, teff, sorghum and cowpea were selected because these cereals are gluten free and cowpea 

contains high protein content. Based on the results of the study, it can be concluded that the protein 

content of biscuit sample was improved by 5% due to the incorporation of 35% cowpea flour.  

Improvement in the mineral content like Fe, Zn and Ca was also observed in the biscuit sample 

having higher teff blend proportion than other samples. Therefore, a better mineral availability is 

obtained by utilizing those iron rich cereals. Additionally, functional properties, WAC, OAC and 

BD were found to be higher for the sample having a higher teff blend proportion.  

With regards to the sensory acceptability, biscuit sample having blend proportion of 50% teff, 30% 

sorghum and 20% cowpea scored 7.8 overall acceptability. This result shows that cowpea flour can 

be substituted up to 20% without adversely affecting its sensory acceptability.  

This study can enhance the use of unusual raw materials such as teff, sorghum and cowpea for 

commercial biscuit production which are usually used to prepare Ethiopian staple foods in different 

forms. This product is useful to prevent malnutrition in children and adults being highly 

nutritionally improved and also it is an excellent alternative for people with celiac disease and other 

gluten allergies.  
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5.2 Recommendation 

 

The following recommendations are suggested for further study: 

 Teff, sorghum and cowpea are one of commercially underutilized cereals and legumes in 

Ethiopia. Therefore, further studies are needed to be conducted to improve their utilization 

with different forms of foods such as biscuit.  

 Additional studies are needed on shelf life and packaging conditions of the product in order 

to preserve their nutritional benefits. 

 During this research, high content of phytates was observed. Further study is needed to be 

conducted on its bioavailability and also on application of different processes which have 

better reduction effect on its content. 

  Effect of variable baking time-temperature on physical characteristics of biscuit. 

 There are also different cowpea varieties in Ethiopia and further study is needed on their 

protein composition and suitability for different bakery products such as biscuit.  

 Emphasis should be given on the production, utilization and commercialization of those 

grains because this can positively impact food security and foreign currency generation by 

exporting in different form of food. 
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Appendices 

Appendix A: Sensory Analysis Form  

Panelist name:                          Sex: 

Date:                                  Sample code: 

P a

 

 

 

  

 Acceptance 

with 

corresponding 

scale 

Sensory parameter 

 

 

Color 

 

 

Texture 

 

 

Appearance 

 

 

Taste 

 

Overall 

acceptability 

Like 

extremely       

     

 Like very 

much        

     

Like 

moderately 

     

Like Slightly         

Neither like 

nor Dislike         

     

Dislike 

slightly 

     

Dislike 

moderately 

     

Dislike very 

much 

     

Dislike 

extremely 
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Appendix B: Standard curve of tannin and phytate 

 

                                                     Tannin and Phytate Chart 
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Appendix C: Blend Formulation using D- Optimal Design 
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Appendix D: Proximate analysis descriptive table from Design expert software 
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Appendix E: Pictures during Laboratory Analysis 

 

Centrifuge for WAC &OAC              pH meter                                 Protein Analysis 

     

                                            Dough samples prepared before baking 
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