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Abstract 

Legumes including beans and chickpeas are important crops because of their nutritional quality. 

They are rich sources of protein and the aim of this study was to develop value added Bread and 

Biscuit made by supplementation of chickpea flour to wheat flour. The proximate composition, 

Water Absorption Capacity and Oil Absorption Capacity of chickpea and wheat flours were also 

studied. Chickpea flour was supplemented to wheat flour at different ratios for bread (0, 10, 15 

and 20%) and biscuit (0, 5, 10, 15, 20, 25, and 30%) making. Chickpea flour supplemented 

breads were subjected to variable baking time (15, 20, 25 and 30min)-temperature (180, 200, 

220 and 240
0
C) combinations and the effect of this baking conditions on specific loaf volume, 

baking loss, total crust color and sensory scores were studied. In this study digital imaging 

method was used to measure the crust color of bread. The proximate composition shows that the 

crude protein content of chickpea flour (21.76±0.141 and 24.91±0.185, for Desi and Kubuli 

varieties respectively) is more than two times than that of wheat flour (11.21±0.025 and 

9.57±0.021, for hard and soft wheat respectively). Similarly chickpea flour shows higher Water 

Absorption Capacity and lower oil absorption capacity than wheat flour. The result shows that 

10% chickpea flour supplemented bread looks almost similar to the wheat flour bread in all 

aspect (specific loaf volume; 5.45±0.001cm
3
/g and baking loss; 10.37±0.764g). Likewise the 

sensory evaluation shows that no significant differences were observed for sensory attributes of 

color, texture, aroma, taste and overall acceptability in chickpea supplemented bread up to 10% 

chickpea flour addition. The variable baking time-temperature combinations significantly affect 

physical characteristics as well as the sensory attributes of bread. Thus acceptable results; with 

respect to specific loaf volume, baking loss, total crust color and sensory attributes, were 

obtained when the breads baked in the regions of high temperature for short time and low 

temperature for long time. In this study the bread baked at 220
0
C for 20min was found to be 

optimum bread. On the other hand supplementing chickpea flour to wheat flour affects the 

physical and sensory characteristics of the biscuits. The biscuits produced with wheat-chickpea 

composite flour up to substitution level of 20% chickpea flour shows similar physical 

characteristics (spread ratio, 7.00±0.176; specific volume, 1.60±0.034cm
3
/g and overall 

acceptability, 8.06±0.168) as compared to wheat flour biscuit and it was optimum biscuit. 

Key words: Chickpea Flour, Biscuit and Bread, Crust color, Digital imaging method 
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CHAPTER ONE 

Introduction 

1.1. Background  

Legumes including beans and chickpeas are important crops because of their nutritional 

quality. They are rich sources of protein all over the world and contain approximately three 

times more proteins than cereals. They are also rich sources of complex carbohydrates, 

vitamins and minerals (Wang et al., 2010). The addition of legumes in the daily diet has 

many beneficial physiological effects in controlling and preventing various metabolic 

diseases such as diabetes mellitus, coronary heart disease and colon cancer (Siddiq et al., 

2010). 

Chickpea (Cicer arietinum L.) is a member of the cool season Fabaceae (Leguminosae) 

family of legumes (Nwokolo and Smart, 1996). It is one of the top five important legumes on 

the basis of whole grain production (Ionescu et al., 2009). Chickpea is a valuable, ancient 

leguminous plant which grows well in different soils and climates. It is used as food by 

people surrounding the Mediterranean Sea. It has been used for the preparation of various 

traditional foods (Ravi and Suvendu, 2004), such as an ingredient in bakery products, 

imitation milk, infant food formulations and meat products. In addition to being an important 

source of protein, chickpea is also reported to be a good source of minerals. This legume 

supplies larger amounts of calcium and phosphorus than do other legumes and contains more 

calcium than whole cow‟s milk (120 mg/100 g) (Nestares et al., 1997). Due to their good 

balance of amino acid, high protein bioavailability and relatively low levels of anti-nutritional 

factors, chickpea seed have been considered a suitable source of dietary proteins. However, 

chickpea flour has not been utilized as a food source to its full potential as an ingredient in 

bakery product (biscuit and bread). While replacing part of wheat flour with non-wheat 

ingredients such as barley, sorghum, millet, oatmeal and multi-grain mixtures for the 

production of biscuit, bread and other baked products had been reported by several 

researchers. The composite flours are beneficial to the developing countries since the flour 

could reduce wheat imports, increased the potential use of locally grown crop and improves 

nutritional status of the people (Hugo et al., 2003). 

Bread is one of the oldest foodstuffs. The purpose of the foodstuffs is not only to satisfy one‟s 

appetite and to help to stay alive, it should also support one‟s health and good form 

(Bojňanská et al., 2012). Bread is widely consumed and it is a potential vehicle to consider 



2 

 

for supplementation of pulse proteins. The supplementation of wheat flour with chickpea 

flour would greatly improve the protein nutritional quality of bread. This high protein content 

in the chickpea supplemented breads would be of nutritional importance in most developing 

countries, such as Africa and Asia, where many people can hardly afford high portentous 

foods because of their expensive costs (Aider et al., 2012). 

Biscuit is a baked flour confectionery dried down to low moisture content (Bender, 1999). It 

is principal food throughout the world which gives more nutrients than any other single food 

sources. It is mainly made from cereals, sweeteners, shortenings and leavening agents. Wheat 

is the most widely used cereals for Biscuit making in that it provides necessary gluten to its 

structure. In Ethiopia, Bread and Biscuit making industries have increased considerably in the 

last decade. Bearing in mind this as one big advance, improving the different quality aspects 

of the product produced in the country is what is expected from the government, different 

higher institutions and research centers. The purpose of this study is to supplement chickpea 

flour to wheat flour for production of bread and biscuit.  

1.2. Statement of the Problem  

The main challenge that consumers face in their daily menu is that the shortage of protein. 

Most of our baked products are carbohydrate rich but less in protein. In order to produce 

protein rich products, it is essential to supplement the flours of these products with legume 

proteins, such as chickpea flour.  

Ethiopia has a considerable chickpea production capacity. However chickpea is under-

utilized crop in Ethiopia because the use of chickpea grain is not exceeding being used in the 

forms of green vegetable (green immature seed), „Kollo‟ (soaked and roasted) and „nifro‟ 

(boiled seeds) and „wot‟ (sauces) made up of „shiro‟ (powdered seeds) etc. In all the forms, it 

may be consumed alone or mixed with cereals. In addition to using in such traditional foods, 

it is also better to develop food products from chickpea. Thus the utilization of chickpea flour 

as ingredient in bakery products (bread and biscuit) will create new market for the demand of 

protein rich products and overcomes the problems stated above. 

There is a lot of competition in the market which forces bakery industry to search for 

ingredients which impart specific functionalities to the baked product. The protein 

supplemented bread contains nutrients in concentrated forms for feeding programs at 

institutes such as schools or for emergency rations. However, the acceptances of protein 
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fortified bread depend on their nutritional and organoleptic quality and cost of production.  In 

general, chickpea production capacity of Ethiopia shows large potential and the intension of 

this work is to utilize chickpea flour for the production of protein rich baked products (Bread 

and Biscuits). 

1.3. Objectives 

1.3.1. General Objective  

The general objective of the research is to develop value added food products (Bread and 

Biscuits) made by supplementation of chickpea flour to wheat flour. 

1.3.2. Specific Objectives 

The specific objectives were to: 

 Study the effect of variable baking time-temperature combinations on the physical 

characteristics of chickpea supplemented bread  

 Study the effect of blend proportion of chickpea and soft wheat flour on the 

quality of biscuits made 

 Evaluate the sensory attributes of bread and biscuits made by supplementing 

chickpea flour  

 

1.4. Significance of the Study  

This thesis work generally resulted in: 

o Introducing bread production from blends of chickpea flour and wheat flour 

o Introducing biscuit produced from blends of chickpea flour and wheat flour 

o Indicating the effect of blending on the quality  of Bread and Biscuit 

o Encourage farmers to cultivate and increasing production of chickpea 

o Improved nutritional status of the society 

o Advise the use of digital imaging method for color determination of foods 
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CHAPTER TWO 

Literature Review 

2.1. Overview of Chickpea Production in the World 

Chickpea (Cicer arietinum L.), also called garbanzo bean or Bengal gram, is an old World 

pulse and one of the seven Neolithic founder crops in the Fertile Crescent of the Near East 

(Lev-Yadun et al., 2000). Globally, chickpea is the third most important pulse crop in 

production, next to dry beans and field pea. During 2006-09, the global chickpea production 

area was about 11.3 million ha, with production of 9.6 million metric tons (mmt) and average 

yield of 849 kg ha
-1

. India is the largest chickpea producing country with an average 

production of 6.38 million metric tons during 2006-09, accounting for 66% of global 

chickpea production (FAO, 2011). The other major chickpea producing countries include 

Pakistan, Turkey, Australia, Myanmar, Ethiopia, Iran, Mexico, Canada and USA. 

Chickpeas (Cicer arietinum L.) are one of the oldest and most widely consumed legumes in 

the world; it is a staple food crop particularly in tropical and subtropical areas (Alajaji and El 

Adawy, 2006). The crop is grown on small-scale farms as a food and cash crop. The 

immature pods, shoots and seeds may be used as vegetables. 

There are two main commercially available types of chickpea grown in the world: the desi 

and the kabuli chickpea. Desi chickpea seed is small with a dark irregular-shaped seed coat 

and is grown on semi-arid land. Kabuli chickpea (Garbanzo beans) is larger than desi 

chickpea, has a thin light-colored seed coat and is normally grown in temperate regions of the 

world. A variety of desi and kabuli chickpeas have been developed and the characteristics of 

these cultivars may vary depending on the producing region (Agriculture and Agri-Food 

Canada, 2008). 

The kabuli chickpea have normally larger seeds, better water uptake properties, shorter 

cooking time, lower crude fiber and higher caloric value than desi type. In the Indo-Pak 

Subcontinent, the desi chickpeas are used whole, shelled and split to produce dhal, or ground 

into fine flour called besan. Besan is used in many ways for cooking, including mixing with 

wheat flour to make roti or chapatti (kinds of bread), and for making sweets and snacks. The 

kabuli types are used mainly in salad bars and vegetable mixes. They are also used in 

preparing a wide variety of snack foods, soups, sweets, and condiments. Smaller size kabuli 

chickpeas are also milled for obtaining chickpea flour (Singh, 1988). 
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Figure 2.1: Desi (i) and Kabuli (ii) types of chickpeas  

There is a high demand for world production, exports and imports of chickpeas due to the 

crop‟s nutritional value. Chickpea is high in protein, low in fat and sodium, cholesterol free 

and is an excellent source of both soluble and insoluble fiber, complex carbohydrates, 

vitamins, folate, and minerals, especially calcium, phosphorous, iron, and magnesium 

(Nwokolo and Smartt, 1996). Chickpea is a good source of dietary protein due to its well-

balanced amino acid composition and protein bioavailability. The nutritional benefits of 

chickpea have led to its use in various culinary applications such as hummus. In addition, 

chickpea is used in stews, soups and salads, and can be processed into flour (Yust et al., 

2003). 

2.2. Chickpea Production and Utilization in Ethiopia 

In Ethiopia, the earliest finding of chickpea is reported in 1520 BC (Joshi et al., 2001). 

Ethiopia is the largest producer of chickpea in Africa accounting for about 46% of the 

continent‟s production during 1994-2006. It is also the seventh largest producer worldwide 

and contributes about 2% to the total world chickpea production. 

Several new varieties, both desi and kabuli types, have been introduced and developed by 

International Crops Research Institute for the Semi-Arid Tropic ( ICRISAT) and International 

Center for Agricultural Research in Dry Areas ( ICARDA) and released by the national 

program. Chickpea is grown in Ethiopia, mainly by subsistence farmers usually under rain 

fed conditions. It is one of the main annual crops in Ethiopia both in terms of its share of the 

total cropped pulse area and its role in direct human consumption. It is grown widely across 

the highlands and semi-arid regions of the country (Bejiga et al., 1996). 
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Chickpea, locally known as shimbra (in Amharic), is one of the major pulse crops (including 

faba bean, field pea, haricot bean, lentil and grass pea) in Ethiopia and it is the second most 

important legume crop after faba beans. It contributed about 16% of the total pulse 

production during 1999-2008.The total annual average (1999-2008) chickpea production is 

estimated at about 173 thousand tones. During the same period, chickpea was third after faba 

beans and field peas in terms of area coverage (Menale et al., 2009). 

Chickpea production and cultivated area are gradually increasing annually in Ethiopia (CSA, 

2012/13). Although chickpea is widely grown in Ethiopia, the major producing areas are 

concentrated in the two regional states - Amhara and Oromia. These two regions cover more 

than 90% of the entire chickpea area and constitute about 92% of the total chickpea 

production (Menale et al., 2009). The top 9 chickpea producing zones (North Gonder, South 

Gonder, North Shewa, East Gojam, South Wello, North Wello, West Gojam, Gonder Zuria) 

belong to the Amhara region and account for about 80% of the country‟s chickpea 

production. In the Oromia region, the major producing zones are in West Shewa, East Shewa 

and North Shewa, which account for about 85% of the total area and production in this 

regional state (Menale et al., 2009). 

Chickpea production using residual moisture at the end of August has become an integral part 

of the teff and wheat production systems in the vertisols of the Ethiopian highlands where it 

is rotated with the cereals for enhancement of soil fertility. Chickpea generates cash income 

and improves food and nutritional security for smallholder farmers. In the past the food 

preparations were mainly by way of roasting or boiling but now this has increased to include 

the making of flour for preparation of sauce used in eating Injera, the most popular Ethiopian 

soft bread made from teff and other cereals (Jones et al., 2006). 

2.3. Nutritional Composition of Wheat and Chickpea  

2.3.1. Nutritional Composition of Wheat flour 

Wheat is one of the cereals used for pasta, bread, biscuit, and pastry and noodle productions. 

The peculiar characteristic of wheat to be suitable for these products is due to its gluten (Day 

et al., 2006). This is responsible for the formation of viscoelastic dough when hydrated with 

water, is capable of supporting gas cells and retaining gas (Maforimbo et al., 2008; He and 

Hoseney, 1991).  
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The grain is composed of branny husk 13 %, germ 2 % and endosperm 85 % (Bender, 1995). 

The composition of wheat varies according to variety, method of cultivation, production area 

and soil type. The approximate composition of wheat is protein (N x 5.7) 7-18%, Minerals 

(Ash) 1.5 - 2.0%, Lipids 1.5 - 2.0, starch 60 - 68 %, cellulose (fiber) 2.0 - 2.5% and Moisture 

content 8.0 - 18 %. 

 

Figure 2.2: Cross section of a wheat kernel (Potter and Hotchkiss, 1998)  

Wheat flour consists of starch, gluten, non-starch polysaccharides, lipids and trace amounts 

of minerals. Starch, a major component of wheat flour, making up to 80% of wheat flour dry 

weight, significantly affects the dough rheological properties, particularly the starch 

gelatinization upon heating in the presence of water. Available water content has been 

suggested to modify the structural properties of the dough (Giannou et al., 2003). 

Martínez-Anaya (1996) stated that wheat flour contains considerably low amounts of sugar, 

about 1.55-1.84% (0.19-0.26% sucrose, 0.07-0.10% maltose, 0.01-0.09% glucose, 0.02- 

0.08% fructose and 1.26-1.31% oligosaccharides (fructosans and maltooligosaccharides)). 

Typically, wheat flour contains two types of amylases: α-amylase and β-amylase. Both 

amylases degrade the wheat starch producing dextrins and maltose sugars. Almost 85% of 

starch is converted to sugars, ready for transformation by yeast into carbon dioxide (CO2) and 

alcohol during dough fermentation (Belderok, 2000). 
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2.3.2. Nutritional Composition of Chickpea flour 

The cotyledons are the major source of nutrients in pulse grains. For chickpeas, cotyledons 

constitute 84% of the whole seed weight. The embryo has also considerable protein, fat and 

minerals but its contribution in total seed weight is too little. The seed coat contains most of 

the non-digestible carbohydrates and relatively higher proportion of calcium (Chavan et al., 

1986). During de-hulling in which seed coat is removed by abrasion, crude fiber and ash 

levels decrease while protein, total carbohydrates and lipids content increase. 

The chickpea seed is a good source of carbohydrates, dietary fiber, protein, niacin, folate and 

minerals like Ca, Fe, Mg, K, P, Zn and Cu. It also has vitamin A and B –carotene (USDA, 

2010). Chickpeas are highly valuable and economical source of vegetable protein, which 

includes essential amino acids (Clemente et al., 2000; Menkov, 2000). The protein content of 

chickpea varies from 12.4% to 30.6% (Chavan et al., 1986). The storage proteins of chickpea 

seeds include albumins (water soluble), globulins (salt soluble), prolamines (alcohol soluble), 

glutelins (acid/alkali soluble) and residual proteins. The globulins, consisting mainly of 

legumin and vicilin, constitute the major storage protein (56%) followed by glutelins 

(18.1%), albumins (12.0%) and the least are prolamines (2.8%). The cotyledon is the largest 

component of a chickpea seeds; hence, it contains the majority of the globulins, glutelins and 

albumins (Chavan et al., 1986). Studies have shown that the globulins do not contain 

methionine and cystine (sulfur amino acids). While the albumins and glutelins have higher 

level of these two amino acids (Saxena and Singh, 1987; Swanson, 1990; Clemente et al., 

2000). Hence, the poor nutritive value of chickpeas is due to globulins fractions (Chavan et 

al., 1986). Studies have shown that legume protein fractions are mainly deficient in sulfur 

containing amino acids and tryptophan but they are rich in lysine, unlike cereals.  

The total carbohydrates of dry legumes vary from 24 to 68%. These include mono-, oligo- 

and polysaccharides including starch. Starch is a polysaccharide, which is digestible by 

humans. Chickpeas contain 52.4 to 70.9% total carbohydrates that constitute a major portion 

of the seed. The starch in chickpeas is a major component of total carbohydrates (Salunkhe et 

al., 1985; Chavan et al., 1986). 

The total lipid content in whole and de-hulled chickpeas range between 3.1-6.9% and 4.5-

7.5% respectively. Lipids are a heterogeneous group. Triglycerides are the major components 

of neutral lipids and lecithin is the major component of polar lipids (Chavan et al., 1986). 

Unsaturated fatty acids constitute 67.13% of the total lipids that include oleic acid (21.84%), 
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linoleic acid (43.29%) and linolenic acid (2.0%). Saturated fatty acids constitute10.42% of 

the total lipids, which include palmitic acid (9.22%) and stearic acid (1.20%) (Salunkhe et al., 

1985; Chavan et al., 1986). 

The most important minerals contained in chickpeas are calcium, phosphorus, magnesium, 

iron, copper, zinc, sodium and potassium. From a nutritional point of view, the difference 

between de-hulled seeds and whole seed in mineral composition is marginal except for 

calcium (Salunkhe et al., 1985; Chavan et al., 1986). Most of the seed calcium is located in 

the seed coat. Therefore, the consumption of whole seed would be useful in calcium-deficient 

diets. Chickpeas are also a good source of iron. They contain higher level of iron in 

comparison with other legumes (Chavan et al., 1986). Chickpeas are good sources of 

vitamins such as thiamine, riboflavin and niacin. It contains considerable concentration of 

ascorbic acid. There is no significant difference between the amount of vitamins in de-hulled 

seeds and whole seeds. However there appears to be a large variation in ascorbic acid content 

among the cultivars (Chavan et al., 1986). 

The chickpea cultivars Desi and Kabuli were found to vary significantly in their physical 

properties such as seed color, size, 100-seed weight and 100-seed volume (Ravi and Harte, 

2009). Desi chickpea seeds are comprised of the embryo (1.5%), seedcoat (15.5%), and 

cotyledons (83%); the seedcoat fraction of kabuli seeds is much lower (6.5%), resulting in a 

higher cotyledon fraction (92%) (Wrigley et al., 2004). Between the dry and wet milling, a 

higher yield (2–4%) of dhal was obtained from wet milling. Between the cultivars, Desi was 

found to be the higher dhal-yielding cultivar in both dry and wet milling methods. Fat, ash 

and protein contents were found to be higher in Kabuli than in Desi cultivar. 

 

Figure 2.3: Structure of chickpeas seed (a) and dehulled chickpea (b)  



10 

 

Wang et al., (2010) showed that the amino acids score of protein isolates from kabuli 

chickpea, desi chickpea and soybean could reach the FAO/WHO requirement for the 

essential amino acids for preschool children. The order of in-vitro digestibility was Kabuli 

(87.47%), desi (80.82%) and soybean (71.04%). Their results indicated that, compared with 

soybean protein isolate, kabuli and desi chickpea protein isolates had higher digestibility 

value. Thus, chickpea protein could be utilized as a good source of protein for human 

nutrition. 

2.4. Composite Flour Technology 

Composite flour technology refers to the process of mixing various flours to make use of 

local raw material to produce high quality food products in an economical way. Formulation 

of composite flour is vital for development of value-added products with optimal 

functionality (Rehman et al., 2010). A variety of wheat flour substitutes have been tried in 

bakery formulations with varying success. 

The concept of using composite flours is not new and has been the subject of numerous 

studies (Vieira et al., 2007). Experience gained in the use of composite flours has clearly 

demonstrated that for reasons of both product technology and consumer acceptance, wheat is 

an essential component in many of these flours. The percentage of wheat flour required to 

achieve a certain effect in composite flours depends heavily on the quality and quantity of 

wheat gluten and the nature of the product involved (Mepba et al., 2007). 

The shortage of energy, protein and essential amino acids are amongst major problems of 

human nutrition in developing and under developed countries including Ethiopia. The 

nutritional quality of food can be improved by supplementing protein content and limiting 

amino acids especially lysine (Pogna et al., 1994).  

In food products manufacturing, it is important to balance the quality and quantity of protein 

keeping in view the nutritional status of populations (Hung and Zayas, 1991). The total 

protein content and the total essential amino acids are important factors from nutritional view 

point; essential amino acids should be supplied in adequate amounts in the daily diet (Anjum 

et al., 2005). Cereal proteins are deficient in few essential amino acids like lysine and 

tryptophan but these deficiencies are mainly related to endosperm portion of the kernel (Myer 

et al., 1996).  
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Since legume proteins are rich in lysine and deficient in sulphur containing amino acids, 

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

acids (Eggum & Beame, 1983), the combination of grain and legume proteins would provide 

better overall essential amino acid balance, helping to combat world protein calorie 

malnutrition (Livingstone et al., 1993). Besides, some studies have shown additional benefits 

of pulse flour use such as an increase in mineral bioavailability and lowering of glycaemic 

response in healthy consumers when pulses, such as chickpea flour, are added to the diet 

(Goni & Valentín-Gamazo, 2003; Frost et al., 1999). 

Numerous studies are concerned in the incorporation of chickpea flours to the basic recipe of 

various bakery products such as: 

Hefnawy et al. (2012) Studied the impact of adding chickpea (Cicer arietinum L.) flour to 

wheat flour on the rheological properties of toast bread and observed that it is possible to use 

chickpea flour to partially substitute wheat flour in the elaboration of bread. The substitution 

percentage and the kind of chickpea flour used should be experimentally determined in each 

case depending on the kind of bread, and the followed objectives (nutritional improvement, 

free-gluten products, and special organoleptic characteristics). 

Abdelrahman et al. (2011), Studied the dynamic rheological properties of chickpea and wheat 

flour dough's and the addition of chickpeas to the wheat flour did not significantly affect the 

properties of dough. Besides, the nutritional values have been improved by the addition of 

chickpeas. In general, it is clear that the addition of chickpea flour up to 30% is not affected 

on the working properties of the dough. 

Sikandra and Boora (2009), studied the nutritional evaluation of sorghum and chickpea 

incorporated value added products (biscuits, cupcakes, laddu, chapaties and noodles). 

Supplementation has improved the nutrient composition, sugars and mineral content of the 

products. The protein content increased in biscuits, chapattis, cupcakes and noodles. Calcium, 

copper, iron and zinc content increased in biscuits, chapattis, cupcakes and noodles. 

Supplemented products have acceptability as good as control product. 
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2.4.1. Composite Flour in Bread Making 

Bread is considered as one of the crucial bakery products. Its large loaf volume and fine 

texture require formation of well developed, elastic dough structure. An essential element in 

this process is gluten present in the flour (Eneche, 1999). As bread is widely consumed by 

many, it is a potential vehicle to consider for supplementation of pulse proteins.  

Many studies have reported on the possibility of replacing wheat flour with those obtained 

from local crops for the purpose of making bread and other baked products (Mepba et al., 

2007); however, consumer acceptability of these products is still under study. According to 

Mepba et al. (2007), flours from corn, barley and cassava are the most predominant flours 

that have been studied in production of composite flour in breads. Bojňanská et al. (2012) 

studied by substituting part of wheat flour by lentil and chickpea flour at different levels (10 

%, 20 %, 30 %, 40 %, and 50 %) and Acceptable values were found in loaves with addition 

of 10 %, 20 %, and 30 % of lentil and chickpea, but the best qualitative parameters were 

found in bread with addition of 10 % of chickpea. 

Mohammed et al. (2012), studied the effect of chickpea flour on wheat pasting properties and 

bread making quality and the results showed that substituting wheat flour with chickpea flour 

at level of 10 to > 20 % produced dough with better properties almost similar to the wheat 

flour dough. Correspondingly, the baking tests showed that chickpea addition with more than 

20% significantly reduced the volume, internal structure and texture of the breads. 

Pea, Lentil and Chickpea Protein Application in Bread Making was studied by Aider et al. 

(2012). He prepared the breads by supplementing pulse proteins by substituting part of the 

wheat flour with 3, 6 and 9%. At the 3% supplementation level, the supplemented breads 

showed acceptable loaf mass volume but this decreased as the supplementation level was 

increased especially when pea protein was used. Bread crumb and whites also became darker 

as the supplementation level was increased and in the lentil supplemented bread; a greener 

color appeared at the 6 and 9% supplementation levels. Generally, the results showed the 

chickpea protein concentrate which had the lowest protein content to have the greatest 

potential for use as a supplement in bread making. 
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2.4.2. Composite Flour in Biscuit Making 

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

consumption base, relatively long shelf-life, more convenience and good eating quality (Tsen 

et al., 1973; Akubor, 2003; Hooda and Jood, 2005). Long shelf-life of biscuits makes large 

scale production and distribution possible. Good eating quality makes biscuits attractive for 

protein fortification and other nutritional improvements. 

The term biscuits as they are called in many parts of the world, refers to a baked product 

generally containing the three major ingredients; flour, sugar and fat. Biscuit is a low-

moisture bakery product. According to the information provided by various manufacturers, 

its moisture content varies widely, because of the variation in its thickness and weight during 

forming and shaping. Typically, the moisture content of biscuit after baking is below 10%. 

Therefore, water addition to biscuit dough is lower compared to other bakery products. The 

size of the biscuit after baking is affected by the rheological properties of the dough. For 

sweet biscuit that contains high levels of sugar and fat, the dough has good cohesiveness and 

plasticity without the formation of a gluten network. Claughton and Pearce (1989) reported 

that the supplementation of cookies with roasted dehulled sunflower flour gave cookies with 

acceptable spread, top grain, and flavor. They also reported that replacing part of wheat flour 

with rice flour and soy flour enhanced the nutritive value due to the complementary nature of 

the amino acids in these raw materials. Chickpea and broad bean are widely available and 

used in different countries as a source of protein (Akubor, 2003). Kohajdová et al., (2011) 

observed that overall acceptability of crackers did not show significant differences between 

control sample and crackers, in which 10 and 20 % of fine wheat flour was replaced by 

chickpea flour. 

Yadav et al. (2012), studied the effect of incorporation of plantain and chickpea flours on the 

quality characteristics of biscuits. Plantain and chickpea flours each with concentrations of 0, 

10, 20, 30 and 40% was added to refined wheat flour for development of biscuits. He find out 

that the thickness and diameter of biscuits did not differ significantly (p<0.05). The spread 

ratio and percent spread decreased with the addition of plantain and chickpea flours each up 

to a concentration of 30%. The fracture strength of biscuits increased significantly (p<0.05) 

with addition of plantain and chickpea flours and was highest at 40% concentration. The 

protein and crude fiber content of biscuits increased significantly (p<0.05) from with 

increasing extent of chickpea flour and plantain flours in the blends. Generally, biscuits with 
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acceptable sensory properties and enhanced protein and fiber content can be developed by 

incorporating plantain and chickpea flour each up to a level of 20% in refined wheat flour. 

Taha et al. (2006) studied the effect of Chickpea, Broad Bean, or Isolated Soy Protein 

Additions on the Physicochemical and Sensory Properties of Biscuits. The results of this 

study showed that fortification of biscuits with broad bean, chickpea flour, or Isolated Soy 

Protein could be used to produce high-protein biscuits with consumer acceptance. 

Fortification with broad bean and Isolated Soy Protein increased the hardness and the 

darkness, while chickpea flour increased the lightness. 

Noor Aziah et al. (2012), studies the effects of wheat flour substitution with legume flour 

(mung bean and chickpea) in cookies in terms of the physicochemical and organoleptic 

properties. The result shows that, chickpea cookies was significantly (p<0.05) highest in 

protein and resistant starch content whereas the mung bean cookies was significantly 

(p<0.05) highest in weight, diameter, height and spread ratio. 

2.5. Bread Baking Technology 

Bread making is an ancient art that has been known to humankind for thousands of years. 

Today, the bakery market is one of the largest in the food industry. In the European Union, 

the market for bread amounts to 32.1 million tons, 73% of which are fresh products, 25% are 

pre-packed products of long shelf life, and 2% are pre-packed, part-baked or frozen products. 

Bread represents a substantial part of the daily food around the world. Around the globe, 

there are many varieties of bread that differ according to the ingredients and preparation 

methods used. The basic ingredients for bread making are flour, yeast, salt, and water. White 

wheat flour is the most often used flour for making bread. Continuous improvement in baking 

technology and introduction of new materials and ingredients to the bread composition 

resulted in better quality product which enhance its‟ nutritional value (Mondal and Datta, 

2007). 

Different baking technologies were developed to respond better to new market demands 

(Decock and Cappelle, 2005). New materials and ingredients were introduced in bread 

composition while research generated a constant and impressive progress in bread making. 

Continuous improvement in baking technology is worth investigating primarily for better 

quality product, development of nutritionally superior product and economic consideration. 

Bakery products differ from other products in that they are leavened or raised to yield baked 



15 

 

goods of low density. It is a yeast-raised product. Leavening is done by CO2 produced from 

yeast fermentation. Leavening is produced only if the gas trapped in a system that will hold it 

and expand along with it. Therefore much of baking technology is the engineering of food 

structures through formation of correct dough and batter to trap leavening gases and the 

fixing of these structures by the application of heat (Balaji, 1991). 

Bakery products are produced mainly according to three methods. First method is the straight 

dough method where mixing of ingredients is performed in one step. According to 

manufacturer‟s choice and available equipment, ingredients of the dough may differ. Sponge 

and dough method is the second one where mixing of ingredients is performed in two steps. 

Leavening agent is prepared during the first step. Yeast and certain quantity of water and 

flour are mixed together. The mixture is left to develop for few hours and afterwards it is 

mixed with the rest of the ingredients. Chorleywood method is the third method where all the 

ingredients are mixed in an ultrahigh mixer for few minutes (Giannou et al., 2003). Proper 

investigation into these three methods may reveal more information like optimum bread 

quality, energy utilization efficiency, volume expansion etc. 

The value-added products in the health food sector are significantly expanding and gaining 

popularity in the world due to the increase consciousness in health. Various types of high 

fiber food products are found in the market. High dietary fiber content of bread and baked 

products are well accepted by the consumers for its health claim. Conversely, bread and 

baked products with high dietary fiber content required new technology to satisfy the quality 

and palatability of the products. In recent years, baking technology has advanced drastically 

to meet the preference of consumer‟s needs. In the modern baking industries, bread making 

technology evolved significantly to suit the large scale production and increased demand of 

consumers on high qualities, yet maintaining the cost efficiency for the industry itself 

(Mondal and Datta, 2007; Giannou et al., 2003). 

Generally, the process of bread making can be divided into three basic operations i.e. mixing, 

fermentation (resting and proving) and baking (Sahlström and Bråthen, 1997). Mixing 

entrains gas cells into the dough; proving inflates these gas cells with CO2 generated by yeast 

during fermentation; and baking transforms the foam structure containing discrete bubbles 

into a sponge of interconnected gas cells, and sets the structure (Campbell, 2003). However, 

different processing methods vary in the above-mentioned operations and responded 

differently to diverse ingredient qualities and formulations (Cauvain, 1998b). 
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Substantial change of physical and chemical property of dough takes place during baking. 

Scanlon and Zghal (2001) gave a qualitative description of mechanical properties such as 

stress, strain and modulas of elasticity of bread. Material properties which changes with 

temperature and moisture content are not readily available. Unklesbay et al. (1981) 

determined the thermal conductivity of white bread during heat processing in forced air 

convection and analyzed the relationship among thermal conductivity and selected physical 

properties like moisture, volume, bulk density and porosity. They showed that thermal 

conductivity values were indirectly linearly dependent, p < 0.05 on volume and porosity and 

directly linearly dependent on bulk density and moisture loss.  

Rheological properties of dough are also important for both product quality and process 

efficiency. Rheological properties of dough can be related to bakery products specific volume 

and textural attributes. Phan-Thien and Safari-Ardi, (1998) gave some rheological properties 

like results of storage relaxation and loss moduli over wide range of strain, frequency and 

time. Farinograph is the most frequently used equipment for empirical rheological 

measurements (Razmi-Rad et al., 2007). They used artificial neural network (ANN) 

technology for predicting the correlation between farinographic properties of wheat flour 

dough like water absorption, dough development time, dough stability time, degree of dough 

softening with its chemical composition like protein content, wet gluten, sedimentation value 

and falling number etc. Since the approach of ANN analysis is a black box simulation, this 

type of study fails to reveal the physical understanding behind established correlations, even 

though these might be excellent (Mondal and Datta, 2008). 

The texture and density of baked products such as bread and cakes are controlled by the way 

their rheology and vapor content change during the baking process. Dobraszczyk and 

Morgenstern (2003) reviewed the rheological properties of gluten polymers of wheat flour 

which intern affects the rheological properties of bread. Jury et al. (2007) used line heat 

source method in unsteady conditions to measure thermal conductivities of bread during 

thawing and baking of the dough. Their experimental results of thermal conductivity of bread 

dough as function of freezing and baking temperatures were successfully fitted to parallel 

model where air, solid, ice and water were considered to be forming parallel layers of 

resistances. 

Whole wheat contains significant amounts of flavor pigments such as tricin and xanthophylls. 

But it lacks carotene which adds to yellow color. Color development is a function of moisture 
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content, baking time and baking temperature. There is large scope of studying these variables 

as they affect the color of the baked dough. Identifying the significance of quantitative 

evaluation of physicochemical changes, Zanoni et al. (1995c) developed the kinetic models 

for starch gelatinization and surface browning of bread during baking. Since starch 

gelatinization is one of the critical factors that determine the baking time and extent of 

gelatinization in the bread crumb, it may be taken as a minimum baking index. They baked 

the dough in a pilot forced convection electric oven at 250
0
C. Type J thermocouple was used 

to measure crumb temperature at a depth of 22 mm in axial position and bread was extracted 

at different crumb temperatures. They used a differential scanning calorimeter to determine 

the extent of starch gelatinization and a tristimulus calorimeter was used for the measurement 

of surface color. The extent of starch gelatinization and color difference followed the first 

order kinetics and were modeled using the Arrhenius equation. Therdthai et al. (2002) 

developed a quadratic model to describe the effect of baking temperature and time on the 

bread quality attributes including crust color, crumb temperature and weight loss. 

Temperature is the dominating factor in various physicochemical changes during baking 

(Mondal and Datta, 2008). To reduce energy consumption and to improve product quality, 

optimization of oven operating condition is required. To achieve optimal baking, the common 

industrial practice is to bake bread in the oven controlled at a constant temperature. The 

prediction of baking performance of wheat sample is a difficult task as mechanism of baking 

is not fully understood. Bread volume is one of the important measurements of wheat quality. 

Protein and lipid contents are also very important factors for baking properties. Andersson et 

al. (1994) investigated the quality and stability of models for predicting baking performance, 

based on grain and flour composition, including analysis of the non-starch polysaccharides 

and dough property parameters. Wong et al. (2007) applied a two dimensional computational 

fluid dynamics model to design process controller for an industrial continuous bread-baking 

oven.  

The quality and shelf life of baked product is affected by the time and temperature of the 

baking process. Patel et al. (2005) investigated moisture loss, firmness, enthalpy, amylase 

content and viscosity as functions of heating rates. The extent of starch granule hydration, 

swelling, dispersion and the extent of re-association were affected by the heating rates during 

baking. However, this study fails to establish the change in properties of baked products as 

functions of time during baking. Heating rate should not be a factor in commercial baking as 

ovens are preset at baking temperature. 
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Singh (2005) studied molecular changes of wheat protein during bread baking using SE-

HPLC. His work confirmed the earlier findings of the researchers that polymeric proteins 

tend to decrease while low molecular weight proteins tend to increase during bread baking. 

This work also confirmed that intra and inter molecular disulfide bonds of gluten proteins are 

important in forming the gluten matrix in dough. Decrease in protein solubility due to 

aggregation or cross-linking was observed with time of baking.  

The physical properties of wheat flour undergo a series of changing procedure known as 

gelatinization during baking. This gelatinized starch results in an amorphous structure in final 

bread (Primo-Martin et al., 2006). The denaturation of protein and gelatinization of starch 

both affect the diffusion of water by releasing and absorbing water. These two phenomena 

occur during the same temperature interval of 60-85
0
C and contribute to the change from 

dough to crumb. Thorvaldson and Skjoldebrnd (1998) developed a process to study 

continuous heat and water transport in bread during baking using a fiber optic NIR instrument 

and thermocouples which is described in detail by Thorvaldson and Skjoldebrnd (1996). 

Their experiment showed that water appeared to be moving towards the coldest region and 

not towards the geometrical center. 

Heat and mass transfer phenomena are taking place simultaneously during bread baking 

which causes physical, chemical and structural transformation (Sablani et al., 1998). There 

are four phases in transport process; solid, liquid water, water vapor and CO2 (Zhang and 

Datta, 2006). To know the baking process in detail it is necessary to know all these processes 

together. The rising temperature during baking causes thermal expansion of vapor and raises 

the saturation pressure of water within the dough. This leads to a local expansion but at the 

same time forces compression and higher densities elsewhere. 

Crust formation is one of the limiting factors, which restricts the expansion of the dough 

(Zhang et al., 2007). Zanoni et al. (1994) suggested that crust might restrict water vapor flow 

from pore to the dough surface. The constraints developed by crust on the crumb structure 

have rarely been studied. The formation of crust and browning during baking appear to be 

primary contributors to the formation of bread flavor. The browning is mainly the result of a 

Maillard type browning reaction rather than of caramelization. Crust browning occurs when 

the temperature is greater than 110
0
C and it showed an experimental correlation with weight 

loss during baking and with oven temperature. Zanoni et al. (1995a) developed a kinetic 

model for browning kinetics of bread crust by instant heating of dehydrated and milled bread 
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crumb on contact with a refractory plate at 140, 150, 165, 185, 210, 235 and 250
0
C when 

color was measured with a tristimulus colorimeter. The model which followed first order 

kinetics and which was dependent on surface temperature predicted crust browning during 

bread baking at 200 and 250
0
C under forced convection. But the results were acceptable at 

250
0
C. 

Surface color is another important characteristic of baked products which may be considered 

as a critical index of baking (Zanoni et al., 1995a). The Maillard reaction is important for the 

formation of color and aroma in the bread crust, but may also be associated with the 

formation of toxic compounds such as acrylamide which is carcinogenic. Brathen and 

Knutsen (2005) examined the effect of baking time and temperature on the formation of 

acrylamide in bread, flat bread, dry starch system and dried rye-based flat bread. Up to 10 

g/kg acrylamide formation was reported. This opens up the possibility of significant 

alteration in baking process so that crust formation is minimized. 

Purlis and Salvadori (2007) proposed a model to predict the development of browning during 

baking by measuring surface color and weight loss variation under natural and forced 

convection at three temperatures 180, 200 and 220
0
C. Different thermal properties like 

effective thermal conductivity, specific heat and density are very much influenced by the 

water content and oven temperature.  

Purlis (2010) reviewed browning development in bakery products and several aspects of the 

development of browning during baking of bakery products, mainly from an engineering 

point of view were observed. During baking, the formation of color is due to the Maillard 

reaction, and caramelization of sugars. Besides the major influence of this phenomenon on 

the initial acceptance of products by consumers, it is the responsible for other relevant 

changes occurring in food during baking; production of flavor and aroma compounds, 

formation of toxic products (e.g. acrylamide), and decrease of nutritional value of proteins. 

As well as baking, the development of browning in bakery products is a simultaneous heat 

and mass transfer process that occurs mostly in a non-ideal system under non-ideal 

conditions. In addition, the mechanisms of chemical reactions involved are still not clarified 

completely, so the process is difficult to control and represents a major challenge for food 

engineers.  
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Therdthai et al. (2002) studied the optimization of the temperature profile in bread baking 

and establish an optimal temperature profile for white-sandwich bread to achieve the best 

product quality. They carry out the experiment by a multi-level partial factorial design, where 

dough was baked in a process with 4 equally divided zones. Mathematical models were 

established to describe the effects of tin temperature and baking time on bread quality 

attributes. Based on the models, by solving a constrained minimization problem, the optimal 

tin temperature profile for the lowest weight loss was determined to be {115
0
C, 130

0
C, 

156
0
C, 176

0
C} in the four zones with a baking time of 27.4 min. The crumb temperature was 

predicted to reach 99
0
C, while the top crust color, side crust color and averaged crust color 

were all within an acceptable range. 

Gundu et al. (2012) studied the optimization of cup bread baking in household electric oven. 

The breads were baked in house hold conventional oven at three different temperatures 

175
0
C, 200

0
C and 225

0
C for 5 to 30 min with an increment of 5 min at each temperature. 

After baking the crumb moisture content, crust hardness, color was determined and sensory 

evaluation was also carried out. From the results, the optimized operating parameters were 

found as at 175
0
C, baking time is 30 min; at 200

0
C, baking time is 25 min and at 225

0
C the 

baking time is 20 min. 

2.6. Biscuit Production 

The term biscuit refers to all types of thin baked products that have been baked to low 

moisture content less than 5% (ES, 1052:2005), Because of the low moisture content, biscuits 

have long shelf life provided that they are packed in a suitable packaging material usually 

polypropylene film lined with aluminum foil. 

The quality of biscuits is influenced by several factors like quality and level of ingredients 

used, and processing conditions such as mixing, resting and molding of the dough, and 

baking and cooling of the biscuits. Several ingredients are used in biscuit formulation which 

includes wheat flour, sugar, vegetable fat, milk powder, salt, leavening agents, flavors, and 

preservatives (Sudha et al., 2006). Among the ingredients, the quality of flour, sugar and fat 

greatly influence the quality of biscuits.  
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2.7. Bread Crust Color Measurement 

The color of surface is the first sensation that the consumer perceives and uses as a tool to 

accept or reject food. The determination of color can be carried out by visual (human) 

inspection or by using a color measuring instrument. Although human inspection is quite 

robust even in the presence of changes in illumination, the determination of color is in this 

case, subjective and extremely variable from observer to observer. In order to carry out a 

more objective color analysis, color standards are often used as reference material (León, 

2006). At present, color spaces and numerical values are used to create, represent and 

visualize colors in two and three dimensional space (Trusell et al., 2005). 

Most commercial color measurement instruments are not well suited for food engineering 

research, because they are designed mainly for quality control. Since those instruments can 

only provide average values, it would be rather difficult and time-consuming if they were 

used for point-by-point measurement at many locations to obtain color distribution (Yam and 

Papadakis, 2004). Recently automatic inspection systems, mainly based on camera and 

computer technology have been investigated for the quality analysis of agricultural and food 

products. This system known as computer vision has proven to be successful for objective 

measurement of various agricultural (He et al., 1998; Li and Wang, 1999) and food products 

(Sun, 2000; Wang & Sun, 2001).  

Computer vision is an automated and cost-effective technique, which has already been 

applied to evaluate quality features of bakery products (Brosnan and Sun, 2004). This method 

is also nondestructive and the measured surface size in a single determination is higher than 

that evaluated by a conventional colorimeter.  

Computer vision includes the capturing, processing and analyzing images, facilitating the 

objective and nondestructive assessment of visual quality characteristics in food products 

(Timmermans, 1998). A computer vision system generally consists of five basic components: 

illumination, a camera, an image capture board (frame grabber or digitizer), computer 

hardware and software as shown in Figure 2.4 (Wang & Sun, 2002). 
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Figure 2.4: Components of a computer vision system (Wang & Sun, 2002a). 

2.7.1. Color Spaces 

There are three main color spaces are used to define color: the RGB (red, green, and blue) 

color space, the CMYK (cyan, magenta, yellow, black) color space, and the L*a*b* color 

space. Among them, the L*a*b* model has the largest gamut encompassing all colors in the 

RGB and CMYK gamuts (Adobe Systems, 2002). While those color models are useful, their 

limitations should also be observed. For example, the spectrum of colors seen by the human 

eye is wider than the gamut (the range of colors that a color system can display or print) 

available in any color model. 

RGB color space is composed of three colorimetric components namely, Red, Green, and 

Blue, each of which varies in the range 0-255. Every pixel in RGB images has certain values 

of red, green, and blue components. 

The CMYK is a color space based on the light absorbing quality of ink printed on paper 

(Adobe Systems, 2002). As white light strikes translucent inks, certain visible wavelengths 

are absorbed while others are reflected to the eyes. Three primary ink colors (cyan, magenta, 

and yellow) are used to create other colors. In theory, these three primary colors should 

combine to absorb all light and produce black; however, a muddy brown is produced instead 

because all printing inks contain some impurities. Thus, the fourth primary ink color (black) 

is needed to produce a true black. The CMYK model is also device dependent and is used in 

four-color process printing. 

The L*a*b* color space is an international standard for color measurement developed by the 

Commission Internationale d‟Eclairage (CIE) in 1976. The L*a*b* color consists of a 

luminance or lightness component (L* value, ranging from 0 to 100), along with two 
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chromatic components (ranging from -120 to +120): The a* component (from green to red) 

and the b* component (from blue to yellow) as shown in Figure 2.5. The L*a*b* color is 

device independent, providing consistent color regardless of the input or output device such 

as digital camera, scanner, monitor, and printer. The L*a*b* values are often used in food 

research studies. 

 

Figure 2.5: Lab color space 

2.7.2. Steps in Computer Vision System 

According to Purlis and Salvadori (2007) and Saeed et al. (2012), the main steps involved in 

crust color measurement using computer vision system (digital imaging method) are image 

capturing and image processing. 

 Image Capturing 

In each baking series, 4 breads were randomly selected and imaged. To avoid light reflection 

in the space and preventing from fluctuation in imaging, a chamber having walls covered 

with black fabric was used for imaging. The images were captured by a Canon camera model 

Powershot A520 which was connected to computer via USB port. The camera was fixed 

parallel to and at a distance of 20 cm from samples (Saeed et al., 2012). 
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 Image Processing 

1000 x 1000 pixel pieces are cut from the captured images and saved under BMP format. The 

images were converted into CIE XYZ and then into L*a*b* spaces using ImageJ1.40g 

software and by means of the ImageJ package referred to as “Color_Space_Converter”. 

According to the proposed code, two-stage method was applied for converting the 

information acquired from pixels in RGB into L*a*b* color space. The conversion between 

color spaces must be done using a white reference (Gonzalez and Woods, 2002). In the first 

stage, RGB parameters were converted into XYZ space and in the second stage, transform 

was performed from XYZ into L*a*b* spaces. Following evaluation of colorimetric 

parameters in L*a*b* space, mean and standard deviation values of each parameter were 

determined (Saeed et al., 2012). Once mean values of L*a*b* parameters were evaluated, the 

total color change (ΔE) was determined as: 

 

 

Where: L0, a0, b0 were the reference values taken from unbaked dough (initial time of baking) 

(Purlis and Salvadori, 2007). 

Several studies were carried out to analyze visual characteristics of food products by using 

computer vision system. Such as: 

Yam and Papadakis (2004) studied a simple digital imaging method for measuring and 

analyzing color of food surfaces.This study presents a simple method that uses a combination 

of digital camera, computer, and graphics software (Photoshop) to measure and analyze the 

surface color of food products. They utilized Photoshop software for determining L*a*b 

values and colorimetric distribution of images. The method has also the advantages of being 

versatile and affordable. Purlis and Salvadori (2007) in their study of bread browning kinetics 

during baking they use computer vision system. The developed computer vision system 

demonstrated to be a useful tool to monitor the surface color of breads during baking. Also 

they established a useful baking index such as surface browning was easily established by 

knowing the weight variation of breads and the baking temperature during the process.  

 

 

ΔE =   (L0- L) 
2 

+ (a0 - a) 
2
 + (b0 - b) 

2
 

½ 
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Briones and Aguilera (2004) used image processing for tracking color variations of milk 

chocolate crust during preservation period. Milk chocolates were placed under intensified 

conditions for fat migration and evaluated in different time intervals. These researchers first 

converted captured RGB images to CIE XYZ model and then into CIE L*a*b* model using 

MATLAB software. They also studied the correlation between colorimetric values acquired 

from image processing with values measured by HUNTERLAB machine. 

Chin et al. (2009) studied bread crust thickness measurement using digital imaging and Lab 

color system. He develops a simple and new method for the evaluation of baking process on 

bread quality through the measurement of bread crust thickness. By distinguishing the crust 

and crumb regions of bread, the system which uses digital imaging and the Lab color system 

can predict bread crust thickness from the color measurements of bread surface browning.  

Sun et al. (2006) investigated the qualitative evaluation and inspection of food products using 

image analysis techniques. They analyzed four aspects of image processing application in 

qualitative assessment including color, size, shape, and texture. Pedreschi et al. (2006) have 

used image analysis in L*a*b* model for evaluating chips color. In his research, he 

transformed the images obtained in RGB model to L*a*b* color space using a program of 

MATLAB software with artificial neural network. Saeed et al. (2012) studied investigation 

of physical characteristics of bread by processing digital images (machine vision). In this 

study application of image processing in colorimetry of medium-sized soya-enriched bread 

crust is discussed. Loaves of bread enriched with soy flour at 4 levels (0, 4, 8 and 12%) were 

produced and Image processing for extraction of color parameters from 96 pictures is carried 

out in L*a*b* color space and color space transformation was conducted in a two-stage 

procedure with Image J software. Statistical analysis showed that enrichment of bread with 

different levels of soy flour will lead to a significant effect on mean values of L*, a*, and b* 

components. 
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CHAPTER THREE 

Materials and Methods 

3.1. Materials 

Two basic raw materials were used in this research project: chickpea (Cicer arietinum L.) and 

wheat flour. The wheat flour (soft and hard); used as a base material for the preparation of 

composite flours with chickpea flour, was obtained from Kebron Food Complex P.L.C. A 

variety of chickpea (Cicer arientimum L.); Kubuli type (Arerti), was obtained and transported 

from Debre Zeit Agricultural Research Centre (DZARC). DZARC is located 47 km South 

East of Addis Ababa and Desi type, was obtained from local market in Addis Ababa. 

Additional ingredients include sugar, leavening agent, dry yeast, milk powder, shortening, 

plastic bags, knife, salt purchased from local supermarket.  
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3.2. Frame Work of the Experiment 

The overall framework of experiments of the thesis was shown in Figure 3.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Framework of the Experiment 
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3.3. Methods 

3.3.1. Processing Method of Chickpea Flour 

The chickpea seed is manually cleaned of all foreign matter, broken grains, and other 

impurities. The cleaned seed is soaked for 2h by immersing the seeds in water (Wet 

Processing Method). At the end of the equilibrium stage, the moisture content of the seeds 

was around 35% (Ravi and Harte, 2008). The soaked seeds were then dried under sunlight for 

24 h or at 45–50
0
C for 6h. Milling was done in Laboratory Miller (Model: polymix LABE-

7B, California, 2005) and different fractions were obtained such as dhal, partially dehulled 

whole grains, husk, broken seeds and powder. The dehulled & split product were ground in a 

Laboratory Miller (Model: polymix LABE-7B, California, 2005) to pass through 500 mesh 

screens (Model: AS200 digit, Germany, 2001). The flour is packed in an airtight plastic 

container and stored at room temperature for further uses. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2: Chickpea flour processing flow diagram 
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3.3.2. Development of Chickpea Flour Supplemented Bread 

Bread was prepared by straight dough bread production process (mixing and kneading, bulk 

fermentation, molding, rounding, intermediate proofing, molding, final proofing, baking, 

cooling and packaging). The baking formula was 62.8% flour, 0.3% yeast, 0.3% bread 

improver, 0.6 % salt and 36 % water. All ingredients were mixed in a dough mixer (model: 

B15 mixer). The dough was fermented in a bowl covered with polyethylene plastic for 30 

minutes at room temperature. It was then knocked back and molded. The dough pieces were 

then allowed to ferment for 60 minutes in a proofing room of temperature 35
0
C and relative 

humidity of 80 %. The fermented dough was baked in Laboratory Oven (Model: KL-2, 

Miniature oven with prover, Italy, 2012) at variable time-temperature combinations. The 

experiment was conducted in Kebron Food Complex P.L.C Quality Control Laboratory. 

 

 

 

 

 

 

 

 

 

Figure 3.3: Flow diagram of bread production 
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were used. The blend rations were selected based on the works of Bojňanská et al., 2012 and 
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temperature boundaries for bread baking. This was carried out with the selected blend ratio 

and the bread was baked at upper (30min & 240
0
C) and lower (15min & 180

0
C) time-

temperature boundaries. These time-temperature boundaries were selected based on a review 

of Purlis (2010). 

 Effect of Time-Temperature on Chickpea Supplemented Bread  

Based on preliminary work, the blend ratio and time-temperature boundaries were fixed. 

Thus, the bread was baked at variable time-temperature combinations (15, 20, 25, 30 min and 

180, 200, 220, 240
0
C for time and temperature respectively) and the effect of time-

temperature on physical characteristics of chickpea flour supplemented bread were studied by 

measuring the specific loaf volume, baking loss, crust color and sensory analysis.  

3.3.3. Development of Chickpea Flour Supplemented Biscuit  

Biscuits were produced according to a commercial formulation and baking practices of some 

companies located in Addis Ababa with some modifications. The baking formula was 70% 

flour (CF:WF), 14.44% Sugar, 0.58% Salt, 3.89% shortening (Butter), 0.19% Milk powder, 

9.33% water and 1.57% other ingredients. The wheat flour (control), wheat-chickpea blended 

flours at ratios of 5%, 10%, 15 %, 20%, 25% and 30 % chickpea flour were used for biscuit 

making. The blend ratios were selected based on Kohajdová et al. (2011) and Saleh et al. 

(2012). 

All ingredients were mixed in a dough mixer (model: B15 mixer). The dough was removed 

from the mixer and allowed to rest for 5min. Subsequently, the dough was sheeted and 

flattened using roller into a sheet and then cut into circular pieces. Samples were baked in 

Laboratory Oven (Model: KL-2, Miniature oven with prover, Italy, 2012), where the upper 

surface of the biscuit was exposed to 280
0
C baking temperature while the bottom surface of 

the biscuit was exposed to 200
0
C baking temperature for 5 minutes. The biscuits were 

allowed to cool for about 15 min on a rack. Then the biscuits were ready for packaging and 

distribution. 
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Figure 3.4: Flow diagram for biscuit production 

 

3.3.4. Proximate Analysis 

The proximate analysis was performed according to the following procedures given. 

 Determination of Moisture Content  

Moisture content was determined by the method of the Association of Official Analytical 

Chemists‟ (AOAC, 2000); the Official Method 925.10, by drying the samples in an oven until 

a constant weight was obtained. The crucible with its content was put into a drying oven 

(Gallenkamp, model OV 880, England) at 105°C for 5hr and placed in desiccators to cool. 

The weight of the crucible (W1) was determined. 5 grams of the samples were accurately 

weighed into a previously cleaned, dried and weighed glass crucible. Samples weighed in dry 

crucible (W2) dried at 105ºC until constant mass was attained and after cooling in desiccators 

to room temperature it was again weighted (W3). The samples were then cooled in 

desiccators and weighed. The process was repeated until a constant weight was obtained. The 

loss in weight expressed as a percentage of the initial weight of sample gave the percent 

moisture content. The moisture content was determined using equation (3.1). 
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 Determination of Total Ash 

Ash was determined by the method of the Association of Official Analytical Chemists‟ 

(AOAC, 2000), using the Official Method 923.03. Clean porcelain crucible, dried at 120
0
C in 

an oven was ignited at about 550
0
C in a muffle furnace for 3 hours was cooled in desiccators 

and weighed (M1). Then 2.0 g samples were weighed into previously dried and weighed (M2) 

porcelain crucible. These samples were dried at 120
0
C for 1 hour and carbonized by oven 

until the contents turn black. The crucible with the contents were placed in a Muffle furnace 

(Gallenkamp, Model: FSL 340-0100, U.K) set at 550
0
C for 1 hour to ignite until ashing was 

completed. After this period the crucible with its content was removed and cooled in the 

desiccators. The crucible with the residue was weighed (M3). The weights of the ash were 

expressed as a percentage of the initial weight of the samples. The total ash was expressed as 

percentages on dry matter basis as follows: 

 

 

 

 

Where: (M2 – M1) is sample mass in g on dry base and (M3 – M1) mass of ash in g 

 

 Determination of Crude Protein 

Crude protein was determined by the method of the Association of Official Analytical 

Chemists‟ (AOAC, 2000) using the Official Method 920.87. Two grams (2.0g) of the 

samples were weighed into a digestion flask and 0.5g of selenium catalyst was added. 25ml 

of concentrated H2SO4 was added and the flask was shaken to mix the contents. The flask 

was then placed on a digestion burner for 8h and heated to (370
0
C) allowing digestion until 

the solution turned green and clear. The sample solutions were then transferred into a 100ml 

volumetric flask and made up to the mark with distilled water. 25ml of 2% boric acid was 

pipetted into a 250ml conical flask and 2 drops of mixed indicator (20ml of bromocresol 

green and 4ml of methyl red) solution added. Into the decomposition chamber of the 

distillation apparatus was added 15ml of 40% NaOH solution. 10ml of the digested sample 

solution was then introduced into a Kjedahl flask. The condenser tip of the distillation 

apparatus was then dipped into the boric acid contained in the conical flask. The ammonia in 

the sample solution was then distilled into the boric acid until it completely changed to bluish 

green. Finally, the distillate was titrated with standardized 0.1N sulphuric acid to a reddish 

color. The percent total nitrogen and crude protein were calculated using the equation (3.3). 

X 100 
M3 – M1 

Total Ash (%) = 
M2 – M1 

3.2 
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Where:  

o V2 = Volume in ml of standard sulfuric acid solution used in the titration for the test 

material. 

o V1 = Volume in ml of standard sulfuric acid solution used in the titration for the blank 

determination. 

o N = Normality of standard sulfuric acid (0.1N). 

o Wo = Sample weight on dry matter basis and 14.007 is the molecular weight of nitrogen. 

N.B: The % of nitrogen is converted to % of protein by using appropriate conversion factor 

(James, 1995) 

(Crude protein content percent per weight = total nitrogen * 6.25 for composite flour and 

total nitrogen 5.71 for wheat flour and banana flour). 

 Determination of Crude Fat 

Crude fat was determined based on the Sohxlet extraction method of AOAC (2000) using 

official method 920.39. A 250 ml quick fit round bottom flask was washed and dried in an 

oven (Gallenkamp, model OV 880, England) at 105
0
C for 25 minutes and allowed to cool to 

room temperature before it was weighed. A clean and dried muslin thimble containing about 

5 g of dried sample and covered with fat free cotton at the bottom and top was placed in the 

extraction chamber. 2.0g of the samples were weighed into the thimble. This was inserted 

into the extraction column with the condenser connected. 200ml of the extracting solvent 

(petroleum ether, boiling point 40-60
0
C) was poured into the round bottom flask and fitted 

into the extraction unit. The flask was then heated with the aid of electro-thermal heater at 

60
0
C for 8 hrs. Losses of solvent due to heating were checked with the aid of the condenser 

so that it cooled and refluxed the evaporated solvent. After extraction, the thimble was 

removed and the solvent salvaged by distillation. The flask containing the fat and residual 

solvent was placed on a water bath to evaporate the solvent followed by a further drying in an 

oven (Gallenkamp, model: OV 880, England, 1974) at 105
0
C for 30 minutes to completely 

evaporate the solvent. It was then cooled in desiccators and weighed. The flask containing the 

extracted fat was dried on a steam bath at 98
0
C to a constant mass. The fat obtained was 

expressed as a percentage of the initial weight of the sample using the formula. 

 

Nitrogen (%) = 
Wo 

(V2 V1) N 14.007 100 
3.3 
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Where:  

o W1 = weight of the extraction flask (g),  

o W2 = weight of the extraction flask plus the dried crude fat (g), and  

o W = weight of samples (g) 

 

 Determination of Crude Fiber 

Crude fiber was determined by the method of the Association of Official Analytical 

Chemists‟ (AOAC, 2000) using the official method 962.09. About 3.0g defatted samples 

(from crude fat determination above) were transferred into a 750 ml Erlenmeyer flasks and 

200ml of boiling 1.25% H2SO4 was added and the flask was immediately set on a hot plate 

electric oven at 130
0
C and condenser connected to it. The content was brought to boil within 

1 minute and the sample was digested for 30 minutes. At the end of the 30 minutes, the flask 

was removed and the content was filtered through a linen cloth in a funnel and subsequently 

washed with boiling water until the washings were no longer acidic. The samples were 

washed back into the flask with 200ml boiling 1.25% NaOH solution. The condenser was 

again connected to the flask and the content of the flask was boiled for 30 minutes. It was 

then filtered through the linen cloth and thoroughly washed with boiling water until the 

washings were no longer alkaline. 

The residue was transferred to a clean crucible with a spatula and the remaining particles 

washed off with 15ml ethanol into the crucible. The crucible with its content was then dried 

in an oven (Gallenkamp, Model: OV 880, England, 1974) at 105
0
C overnight and cooled in a 

desiccator and weighed (M1). The crucible with its content was then ignited in a furnace 

(Muffle furnace size 2, England) at 550
0
C for 2h, cooled and re-weighed (M2). The loss in 

weight gave the crude fiber content and was expressed as a percentage of the initial weight of 

the sample using the formula. The total crude fiber was expressed in percentage as: 

 

 

 

  

Where: M3 is the weight of samples 

 

X 100 
W2 – W1 

Crude fat, % by weight = 
W 

3.4 

X 100 
M1 – M2 

Total Crude fiber = 
M3 

3.5 
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 Determination of Total Carbohydrate 

Total percentage carbohydrate was determined by the difference method as reported by 

Osborne and Voogt (1978). This method involves adding the total values of crude protein, 

crude fat, crude fiber, moisture and ash constituents of the sample and subtracting it from 

100. The value obtained is the percentage carbohydrate constituent of the sample. Total 

carbohydrate content of the samples including crude fiber was determined by subtraction of 

the above tested parameters from 100%. Carbohydrate content was determined by difference. 

 

  

 

Where:  

o C - Carbohydrate content, M - Moisture content, P - Protein content, F - Fat content,  

Fb - Fiber content and A - Ash content. 

 

 Calorific Value 

Energy value (calorific value) is quantified using an indirect calculation method. The three 

groups of nutrients, which provide the body with energy, are carbohydrates, fats and proteins 

(James, 1995). One gram of carbohydrate (C) was assumed to give 4Kcal energy; one gram 

of fat (F) 9Kcal energy and one gram of protein (P) 4Kcal. Therefore, determination of 

calorific value (Kcal/100g) of baked products was determined according to James (1995). 

 

 

Where: 

o P = Protein content (%). 

o F = Fat content (%). 

o C = Available total carbohydrate (%). 

 

 Wet Gluten Determination 

2% salt solution was prepared by dissolving 20 gm salt in one liter of distilled water. Then 

10gm flour of each blend ration was mixed with 4.5 ml of 2 % salt solution and dough was 

formed. The dough was let to relax for 30 minutes. The purpose of dough relaxation was to 

enable the gluten to develop well so that a good yield of the final product can be achieved. 

The dough after relaxation was washed with 2 % NaCl solution to extract wet gluten. The 

starch and effluent passed through the perforated sieve while the wet gluten complex 

Total %C 100 %M %P %F %Fb %A 3.6 

Energy value = (P* 4) + (F* 9) + (C* 4) in Kcal/100g of the sample 3.7 
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remained on the surface of the washing plate. Washing was performed until all the starch was 

removed. The effluent solution together with the starch was collected in a plastic bucket 

while the wet gluten was removed from the plate of the washer by hand and transferred to the 

gluten press. After washing, the wet gluten was pressed with a gluten press to remove some 

of the water. 

The % gluten is calculated as follows:  

 

 

 

3.3.5. Functional Properties of Flours 

 Water Absorption Capacity (WAC) 

WAC was determined with the method reported by Sosulski and Wu (1988). 25 ml of 

distilled water is added to a sample of 3g flour (W1) in a weighed centrifuge tube (W2) and 

stirred six times for 1 min at 10 min intervals. The mixtures were centrifuged at 3000 rpm for 

25 min and the clear supernatant was decanted and discarded. Pellets were dried at 50
0
C for 

25 min. The adhering drops of water were removed and then reweighed (W3). The amount of 

water retained in the sample was recorded as weight gain and was taken as water absorbed. 

Water absorption capacity was expressed as the weight of water bound by 100 g dried flour. 

 

 

 

 Oil Absorption Capacity (OAC) 

The method used by Adeleke et al. (2010) was used for oil absorption capacity. 10 ml (V1) of 

refined corn oil with density of 0.92 g/ml was added to one gram of flour in a 25 ml 

centrifuge tube. The content of the centrifuge tube was stirred for 2 min and then centrifuged 

at 4000 rpm for 20 min. The amount of oil separated as supernatant will be decanted and 

measured using 10 ml cylinder (V2). The difference in volume was taken as the oil absorbed 

by the sample. Oil absorption capacity was expressed as ml of oil bound by 100 g dried flour. 

 

 

 

 

Water absorption capacity (g/g) = 
W3 – (W1 + W2) 

W1 
X 100 3.9 

X 100 
Weight of Original Flour 

% Wet Gluten = 
Weight of Gluten 

3.8 

Oil / Fat Absorption Capacity (ml) = (V 1 V 2) 3.10 
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3.3.6. Physical Properties of Bread 

 Specific Volume 

Specific volume was calculated as volume to mass ratio (cm
3
/g) (Abdel-Kader, 1993). The 

loaf weight was measured using a laboratory scale (Europe 1700, Gibertini, Italy) and Loaf 

volume was measured 50 minutes after loaves were removed from the oven by using the 

rapeseed displacement method as modified by Hegazy and Faheid (1990). A box of fixed 

dimensions (24.00 x 15.70 x 18.95 cm) of internal volume 7140 cm
3
 was put in a tray, half 

filled with rapeseed, shaken vigorously 4 times, then filled till slightly overfilled, so that 

overspill fell into the tray. The box was shaken again twice, and then a straight edge (or rule) 

was used to press across the top of the box once to give a level surface. The rapeseed were 

decanted from the box into a receptacle and measured by using measuring cylinder. The 

procedure was repeated three times and the mean value for rapeseed weight was noted (B g). 

A weighed loaf was placed in the box and weighed seeds (4500 g) were used to fill the box 

and leveled off as before. The overspill was weighed and from the weight obtained the weight 

of seeds around the loaf and volume of seed displaced by the loaf were calculated by the 

following equations. 

 

 

 

 

 

 

 Baking Loss  

The baking loss is done according to Kandhari, (1983) and is obtained by subtracting loaf 

weight (g) from initial dough weight (120.00g). 

 

 

  Crust Color Measurement 

Bread crust is referred as a marketing tool that attracts customers through its appearance, 

aroma, and flavor (Zenthenbaur and Grosh, 1998; Purlis and Salvadori, 2007). The crust 

color was measured by Digital imaging system (Computer Vision) as described by Saeed et 

al. (2012). Digital imaging system includes the capturing, processing and analyzing images, 

cm
3 

B 

L x 7140  
Loaf Volume (V) = 3.12 

Specific Loaf Volume = Loaf Volume / Loaf Weight (cm
3
/g) 3.13 

Seeds displaced by loaf (L) = B g + overspill weight – 4500 g 3.11 

Baking Loss = Dough Weight (g) - Loaf Weight (g) 3.14 



38 

 

facilitating the objective and nondestructive assessment of visual quality characteristics in 

food products (Timmermans, 1998). The L*a*b color space was used for determining bread 

crust colors because color of foods has been measured in L*a*b* color space and it was an 

international standard for color measurements, adopted by the Commission Internationale 

d‟Eclairage (CIE) in 1976. Where L* is the luminance or lightness component, which ranges 

from 0 to 100, and parameters a* (from green to red) and b* (from blue to yellow) are the two 

chromatic components, which range from -120 to 120 (Segnini et al., 1999; Papadakis et al., 

2000; Yam and Papadakis, 2004). The L*a*b* color space gives uniformity in color 

distribution and closeness to human perception (León et al., 2006).  

The detailed procedure for crust color determination was as follows: 

 Image Capturing  

From each batch of baking, 3 breads were arbitrarily selected and imaged. To avoid light 

reflection in the space and preventing from fluctuation in imaging, a chamber having light 

bulb was prepared and a bread sample was placed in the chamber for imaging (Figure 3.5). 

The images were captured by a SONY Camera (model: DSC-W610, 14.1 mega pixels) which 

was connected to computer via USB port. The camera was fixed parallel to and at a distance 

of 30 cm from bread samples. The Imaging was performed using SIGMA Capture Pro 1.1. 

 

 

Figure 3.5: A chamber used for imaging 
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 Image Processing 

500*500 pixel (Area = 250000 pixels) pieces are cut from the captured images and saved 

under BMP format.  The captured image was in RGB color space, we have to convert it to 

L*a*b* color spaces by using ImageJ 1.46r software. By aid of the ImageJ package referred 

to as “Color_Space_Converter”. 

 Analyzing color 

The converted L*a*b* images were analyzed using ImageJ 1.4 software and the mean value 

and standard deviation of color intensity in the image pixels was obtained and saved in 

Microsoft Excel 2010. 

 

 The total color change, ΔE of the bread crust from the reference is: 

 

 

 

Where:  

       L0=100, a0=0 and b0=0 

 

3.3.7. Physical Properties of Biscuits 

 Spread Ratio (SR) 

The diameter (D) and thickness (T) of the biscuits were measured to calculate the spread ratio 

(SR) according to AACC method 10-50D (AACC, 2000). The diameter of the biscuits was 

measured by placing six biscuits edge-to-edge horizontally and rotating at 90
0
 angles for a 

duplicate reading. The thickness of biscuits was measured by placing six biscuits on top of 

each other, followed by a duplicate reading recorded by shuffling biscuits. All the 

measurements were done in two replicates of six biscuits each, and all the readings were 

divided by six to get the values per biscuits. The spread ratio was calculated by the following 

formula: 

 

 

Where:  

CF = correction factor, at constant atmospheric pressure (1.0 in the present study). 

 

3.15 ΔE =   (L0- L) 
2 

+ (a0 - a) 
2
 + (b0 - b) 

2
 

½ 

SR = (D/T × CF) 3.16 
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 Specific Volume 

Biscuit specific volume was measured by the same procedure used for bread. 

3.3.8. Sensory Analysis 

The final product (bread and biscuit) samples were subjected to sensory evaluation using 

panelists. Just before each test session, panelists were given orientation about the procedure 

of sensory evaluation. The health status of the panelist was also considered during panelist 

selection (not suffering from colds and allergies that affect their sensitivity for the product). 

Panelists were asked to rinse their mouth with tap water that was provided to them, before the 

next serving. The panelist were asked to rank the products on the basis of visual color, 

texture, aroma and overall acceptability using a nine point hedonic scale rated from 1(dislike 

extremely) to 9 (like extremely). All sensory evaluation was performed at ambient room 

temperature with equalized light intensity levels, free from disturbing noises and with a 

continually circulating air. The sensory evaluation was carried out at Kebroon Food Complex 

P.L.C quality control laboratory using score sheets (Appendix A and B) for rating the 

samples using nine point hedonic scales. The panelists rated the samples by putting number 

scores under the degree of their satisfaction for each sensory attributes. The results were then 

evaluated using statistical Soft Ware JMP in version 5.0.1. Each attribute was separately 

scaled and analyzed. 

3.3.9. Data Analysis 

The study was conducted to develop and evaluate wheat-chickpea flour based Bread and 

Biscuits by varying the blending ratio, and in the case of bread; by fixing blend ratio and 

study the effect of variable time-temperature combinations on the quality of bread. Means 

comparison was performed using one-way analysis of variance (ANOVA) for all data at each 

processing stage. Comparisons for each data were carried out using Student's t test, to see 

whether the actual difference in each value means is greater than the difference that would be 

significant. Finally the products were selected which gave a good quality of bread and biscuit. 

Statistical analyses were performed using JMP version 5 (SAS Institute Inc., Cary, NC, USA) 

and Design-Expert 6.0.8 (Stat-Ease, Inc., Minneapolis, 2002). 
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CHAPTER FOUR 

Result and Discussion 

4.1. Physico-chemical Characteristics and Functional Properties of 

Chickpea and Wheat Flours 

Proximate composition of the Chickpea (Desi and Kabuli) and Wheat (Hard and Soft) flours 

were shown in Table 4.1. The result for proximate composition shows that the crude protein 

content of chickpea flour is more than twice than that of wheat flour. Also crude fat, crude 

fiber and total ash content of chickpea flour shows higher value than wheat flour. On the 

other hand it shows slightly lower values in its total carbohydrates when compared to that of 

wheat flour. Also chickpea flour had higher energy values than wheat flour (Table 4.1). 

Among the two varieties of chickpea flour, the highest protein content was recorded in the 

Kubuli variety (24.91 ± 0.185 g/100g) while the Desi variety (21.76 ± 0.141 g/100g) shows 

lower value. Generally, the proximate composition of chickpea flour was shown a slight 

higher protein, moisture, fat and ash contents but, a lower carbohydrate, ash, fiber and energy 

values than values reported by (Rababah et al., 2006; Singh et al., 1997; EHNRI, 1997; 

Dejene, 2010) and but these results shows almost similar to those reported by other 

researchers (Sanjeewa et al., 2010; Kaur and Singh, 2005).  

Table 4.1: Physico-chemical Characteristics and Functional properties of flours 

 

Parameters 

Chickpea flour (g/100g) Wheat flour (g/100g)  

Desi Kabuli Hard Wheat Soft Wheat 

Moisture content 11.19 ± 0.056
a
  10.65 ± 0.104

a
 11.87 ± 0.061

a
 11.34 ± 0.013

a
 

Crude protein 21.76 ± 0.141
b
 24.91 ± 0.185

a
 11.21 ± 0.025

c
 9.57 ± 0.021

d
 

Crude fat 4.48 ± 0.180
c
  5.21 ± 0.131

c
 1.67 ± 0.018

d
 1.08 ± 0.005

d
 

Crude fiber 2.85 ± 0.012
d
  1.42 ± 0.025

a
 0.61 ± 0.015

b
 0.38 ± 0.028

b
 

Total ash 2.71 ± 0.125
a
  3.68 ± 0.114

b
 1.84 ± 0.013

c
 1.03 ± 0.018

c
 

Total Carbohydrates 57.01 ± 0.514
b
  54.13 ± 0.559

c
 72.80 ± 0.132

d
 76.60 ± 0.021

a
 

Energy (Kcal/100g)  355.4 ± 0.128
a
  363.05 ± 0.317

b
 351.07 ± 0.266

c
 354.4 ± 0.213

a
 

Wet gluten - - 28.84 ± 0.125
a
 25.13 ± 0.250

b
 

WAC 134 ± 0.046
d
 143 ± 0.058

c
 77 ± 0.002

b
 72 ± 0.001

a
 

OAC 112 ± 0.051
a
 126 ± 0.049

b
 154 ± 0.032

c
 213 ± 0.041

d
 

Levels not marked by the same letter across a rows are significantly different (n=2) 
 

Desi = chickpea variety used for biscuit making, Kabuli = chickpea variety used for bread making, 

WAC = Water absorption capacity, OAC = Oil absorption capacity 
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Wet Gluten Content of wheat flour is shown in Table 4.1and the result shows that the wet 

gluten content of hard wheat is higher than soft wheat flour. Gluten is the protein that present 

in wheat and chickpea flour doesn‟t have gluten; it is gluten free. 

Water Absorption Capacity (WAC) represents the ability of a product to associate with water 

under conditions where water is limiting (Singh, 2001). The WAC of wheat flour and 

chickpea flour used for bread and biscuit making were shown in Table 4.1. The result shows 

that the higher values were found in chickpea flour while the lowest value was obtained in 

wheat flour. Among the two varieties of chickpea flour (Kubuli and Desi) used in these study, 

the Kubuli chickpea flour had higher WAC than Desi chickpea flour which is similar to that 

reported by Kaur & Singh (2005). 

The oil absorption capacity (OAC) of flour helps improve mouth feel and flavor retention 

(Kinsella, 1979). As shown in Table 4.1, the wheat flour shows higher value of OAC while 

chickpea flour had slightly lower value. Kabuli chickpea flour showed higher OAC than the 

Desi chickpea flours and the result was almost similar to that reported by Kaur and Singh 

(2005) and Kaur (2007). The oil absorption can also be influenced by the lipophilicity of 

protein (Kinsella, 1979). The high OAC could suggest the presence of a large proportion of 

hydrophobic groups as compared with the hydrophilic groups on the surface of protein 

molecules. 

4.2. Chickpea Flour Supplemented Bread 

4.2.1. Preliminary Works 

Two main preliminary works were carried out; the first one is searching the blend ratio which 

was comparable to the control bread (0% CFK flour) and the other is setting time-temperature 

boundaries for bread baking. This preliminary work is needed to fix the blend ratio and 

explore the upper and lower time-temperature boundary limits for further study and the 

results were discussed in detail as follows: 

I. Selection of Optimum Blend Ratio  

Four different blend ratios (0%, 10%, 15%, and 20% CFK flour) were used and the bread was 

baked at 230
0
C for 20 minutes (according to laboratory practice of Kebroon Food Complex 

P.L.C). Chickpea flour supplemented bread characteristics were evaluated by measuring the 

specific loaf volume, baking loss, sensory evaluation and comparing the results to control 

bread.  
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The result shows that Specific loaf volume decreased significantly as the level of chickpea 

flour addition increased from 0 to 20% (Table 4.2). The highest value was obtained in control 

(wheat flour) bread (5.65 ± 0.020 cm
3
/g) while the lowest value was obtained in the 20%CFK 

flour supplemented bread (4.98 ± 0.001 cm
3
/g). These findings are in close agreement with 

the results reported by other researchers (Mohammed et al., 2012; Skendi et al., 2010; Dervas 

et al., 1999 and Doxastakis et al., 2002). The decrease in Specific loaf volume of bread may 

be attributed due to the reduction in wheat proteins (gluten) with the addition of chickpea 

flour to wheat flour, which results in low ability of dough to entrap air.  

Table 4.2: Physical characteristic of bread made from different blends (0 to 20% CFK) 

Bread (CFK:WF) Specific Loaf volume (cm
3
/g) Baking Loss (g) 

0:100 5.65 ± 0.020
a
 12.47 ± 0.457

d
 

10:90 5.45 ± 0.001
b
 10.37 ± 0.764

c
 

15:85 5.29 ± 0.028
c
 9.28 ± 0.514

a
 

20:80 4.98 ± 0.001
d
 7.49 ± 0.600

b
 

 

Levels not marked by same letter across a column are significantly different (n=3, p<0.05) 

CFK = Chickpea flour (Kabuli Variety)                WF = Wheat flour 

0% CFK 10% CFK 15% CFK 20% CFK 

 

Figure 4.1: Bread made from different blends (0 to 20% CFK flour) 
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The baking loss of chickpea flour supplemented bread decreased as the level of chickpea 

flour addition increased. The highest value was obtained in control (wheat flour) bread (12.47 

± 0.457 g) while the lowest value was obtained in 20%CFK bread (7.49 ± 0.600 g). The result 

was similar to that reported by I. Mohammed (2012), who also reported that chickpea-

enriched breads had slightly higher moisture content than the control due to a higher capacity 

of chickpea protein to retain more water than gluten (wheat protein). 

In Figure 4.1 the pictures shows the effect of blend ratio on the physical characteristics of 

bread and as shown the 10% CFK supplemented bread looks almost similar to the control 

bread, but 20% CFK supplemented bread was compact in volume and this result was in 

agreement to the sensory mean scores of the bread samples. The sensory mean scores of the 

bread samples were shown in Table 4.3. Nine point Hedonic scale sensory evaluation was 

performed to evaluate loaf Texture, Colour, Aroma, Taste and Overall acceptability of the 

bread samples. The mean scores decreased in increasing the proportion of chickpea flour in 

the blend. The score of 10%CFK bread was almost similar to that of control (wheat flour) 

bread. 

Table 4.3: Sensory evaluation of chickpea flour supplemented bread  

Bread 

(CFK:WF) 

Parameters 

Color Aroma Taste Texture Overall acceptability 

0:100 8.32±0.187
a
 8.08±0.201

a
 8.18±0.139

b
 8.15±0.086

a
 8.18±0.151

c
 

10:90 8.18±0.211
a
 8.05±0.182

a
 8.12±0.107

b
 8.12±0.124

a
 8.12±0.159

c
 

15:85 7.62±0.251
b
 7.89±0.217

b
 7.93±0.241

c
 7.63±0.185

c
 7.77±0.226

b
 

20:80 6.52±0.289
c
 6.81±0.248

c
 5.35±0.281

d
 5.71±0.214

d
 6.09±0.251

d
 

 

Levels not marked by same letter across a column are significantly different (n=3, p<0.05) 

CFK = Chickpea flour (Kabuli Variety)                WF = Wheat flour 

Generally, the bread prepared from blends of wheat flour and chickpea flours were evaluated 

for sensory attributes and no significant differences were observed for sensory attributes of 

color, texture, aroma, taste and overall acceptability in breads up to 10% chickpea flour 

addition (8.12±0.159). However, the chickpea flour addition at 20% (6.09±0.251) showed a 

decreasing trend in almost all of the sensory characteristics. The result shows that 10%CFK 

bread is preferable in all aspects than 15% & 20%CFK breads. Based on this 10%CFK is 

selected as optimum blend ratio and used for further work.  
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II. Time and Temperature Boundaries 

With the selected blend ratio (10%CFK) the bread is baked at upper (30min & 240
0
C) and 

lower (15min & 180
0
C) time-temperature boundaries. These time-temperature boundaries 

were selected based on a review of Purlis (2010). The baked breads were analyzed for 

specific loaf volume and baking loss. 

As shown in Table 4.4, the result for specific loaf volume of bread baked at lower (15min & 

180
0
C) time-temperature combination shows lower value (5.12±0.013 cm

3
/g) than the control 

bread (5.65±0.020 cm
3
/g, Table 4.2) and the bread is whitish in color, heavier in weight and 

the bread seems not fully cooked (Figure 4.2). Whereas the bread baked at higher (30min & 

240
0
C) time-temperature combination shows higher specific loaf volume than the control 

bread and as shown in Figure 4.2, the bread is dark brown in color, lighter in weight than 

other breads and can be classified as over-cooked. 

Table 4.4: Physical characteristics of bread baked at upper and lower time-temperature 

boundaries 

Temperature (
0
C) Time (Minute) Specific Loaf volume (cm

3
/g) Baking Loss (g) 

 
 

180 
15 5.12 ± 0.013

a
 3.16 ± 0.622

d
 

30 5.52 ± 0.009
c
 11.63 ± 0.512

a
 

 
 

240 
15 5.49 ± 0.017

c
 11.04 ± 0.715

a
 

30 5.81 ± 0.011
d
 17.04 ± 0.618

c
 

Levels not marked by same letter across a column are significantly different (n=3, p<0.05) 

    

180
0
C for 15min 180

0
C for 30min 240

0
C for 15min 240

0
C for 30min 

Figure 4.2: Photo of bread baked at upper and lower time-temperature boundaries 
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The baking loss of bread obtained at lower (15min & 180
0
C) time-temperature combination 

shows significantly lowest value (3.16 ± 0.622 g) when compared to the control bread (12.47 

± 0.457 g) and the bread was not fully cooked. On the other hand, the bread baked at highest 

(30min & 240
0
C) time-temperature combination shows higher baking loss (17.04 ± 0.618 g) 

than the control bread (12.47 ± 0.457 g) and the bread become lighter in weight due to over 

cooking. The result indicates that outside these time-temperature boundaries the acceptability 

level of the bread was significantly lower and we can say if the bread was baked beyond 

these time-temperature boundaries, the bread become unacceptable. Therefore, the breads 

should be baked with in these time-temperature boundaries.  

Generally, based on the result obtained it is observed that the time-temperature boundaries 

are acceptable for present study as designed before; time (15, 20, 25, and 30 min) and 

temperature (180, 200, 220, and 240
0
C). 

4.2.2. Effect of Time-Temperature on Chickpea Supplemented Bread 

Based on preliminary work, 10%CFK supplementation is selected and the bread is baked at 

variable time-temperature combinations (15, 20, 25, 30 min and 180, 200, 220, 240
0
C for 

time and temperature respectively) and the effect of time-temperature on physical 

characteristics of chickpea flour supplemented bread were studied by measuring the specific 

loaf volume, baking loss, crust color and sensory analysis. The results were discussed as 

follows: 

I. Specific Loaf Volume of Bread 

The effect of time-temperature on specific loaf volume of bread was shown in Table 4.5 and 

Figure 4.3.  

Table 4.5: Effect of baking Time and Temperature on Specific Loaf volume (cm
3
/g) 

Time 

(Minute) 

Temperature (
0
C) 

180 200 220 240 

15 5.15 ± 0.008
a
 5.19 ± 0.029

c
 5.36 ± 0.002

d
 5.47 ± 0.020

a
 

20 5.24 ± 0.006
a
 5.35 ± 0.018

b
 5.46 ± 0.013

d
 5.60 ± 0.010

b
 

25 5.40 ± 0.015
b
  5.48 ± 0.007

a
 5.58 ± 0.018

c
 5.71 ± 0.013

d
 

30 5.51 ± 0.001
b
 5.56 ± 0.017

a
 5.67 ± 0.018

c
 5.80 ± 0.018

d
 

 

Levels not marked by same letter across a column are significantly different (n=3, p<0.05) 
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The result shows that the highest specific loaf volume of bread (5.80 ± 0.018 cm
3
/g) was 

obtained when the bread is baked at highest time-temperature combinations. This is due to 

more moisture loss when the bread is baked at highest time-temperature combination, 

consequently this results in an increased specific loaf volume. While the specific loaf volume 

at lowest time-temperature combinations show lower values (5.15 ± 0.008 cm
3
/g).  

Generally, the higher specific loaf volume was preferable but to select the best operating 

zones (time-temperature combinations) we need to compare these results to preliminary work 

results. Based on preliminary work the preferable Specific Loaf volume was 5.45 to 5.65 

cm
3
/g (the result of 10%CFK and control bread respectively). As shown in Figure 4.3, the 

preferable ranges were set and it was observed that the bread baked at high temperature for 

short time, and low temperature for long time shows acceptable result. 
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Figure 4.3: Effect of baking time and temperature on Specific Loaf volume (cm
3
/g) 

 

II. Baking Loss  

The result obtained shows that the bread baked at lowest time-temperature combinations loss 

less water (3.85 ± 0.731 g), as aresult the bread become heavier in weight. Whereas the bread 

baked at highest time-temperature combinations loss more water (16.82 ± 0.801 g) and the 

bread become under weight (Table 4.6 and Figure 4.4). This result was in agreement with that 

reported by Patela et al. (2005) and Kotoki and Deka (2010). 

Table 4.6: Effect of baking time and temperature on Baking Loss (g) 

Time 

(Minute) 

Temperature (
0
C) 

180 200 220 240 

15 3.85 ± 0.731
a
 5.35 ± 0.610

c
 8.37 ± 0.851

c
 10.65 ± 0.664

a
 

20 5.75 ± 0.801
c
 8.16 ± 0.521

b
 10.39 ± 0.551

b
 13.12 ± 0.712

b
 

25 9.16 ± 0.721
d
 10.75 ± 0.702

a
 12.76 ± 0.852

b
 15.21 ± 0.692

d
 

30 11.45 ± 0.763
b
 12.55 ± 0.790

a
 14.43 ± 0.711

d
 16.82 ± 0.801

c
 

 

Levels not marked by same letter across a column are significantly different (n=3, p<0.05) 

 



49 

 

According to the preliminary work (Table 4.2) the preferable ranges for baking loss were 

10.37 to 12.47 g (the result of 10%CFK and control bread respectively) and these ranges were 

set as shown in Figure 4.4. Similar to the specific loaf volume result, acceptable results were 

obtained at high temperature for short time, and low temperature for long time. 

 

 

Figure 4.4: Effect of baking time and temperature on Baking Loss (g) 
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III. Crust Color 

The color of the bread crust is an important sensory criterion for consumers and may be 

considered as a critical index of baking (Zanoni et al., 1995a). In this study digital imaging 

system was used to measure the crust color. The digital imaging method allows 

measurements and analyses of the color of food surfaces that are adequate for food 

engineering research (Yam and Papadakis, 2004). The total crust color (ΔE) was calculated 

from the mean values of L*a*b* parameters, the result obtained shows that towards highest 

time-temperature combinations (the right bottom corner of Table 4.7) the bread become dark 

brown in color (high ΔE value). While at the lowest time-temperature combinations (the left 

top corner of Table 4.7) the bread becomes whitish in color (low ΔE value) as shown in Table 

4.7 and Figure 4.5. But the intermediate results (across the diagonal of Table 4.7) show good 

color. 

Table 4.7: The Total Crust Color of bread baked at different time and temperatures 

Time 

(Minute) 

Temperature (
0
C) 

 

180 200 220 240 

 
 

15 

 
ΔE = 43.553±0.505 

 
ΔE = 50.439±0.977 

 
ΔE = 58.607±0.631 

 
ΔE = 69.719±1.008 

 
 

20 

 
ΔE = 52.166±1.522 

 
ΔE = 63.944±0.549 

 
ΔE = 67.745±0.410 

 
ΔE = 71.563±1.896 

 
 

25 

 
ΔE = 65.328±0.456 

 
ΔE = 67.158±0.062 

 
ΔE = 71.592±4.937 

 
ΔE = 74.539±1.135 

 
 

30 

 
ΔE = 68.107±0.303 

 
ΔE = 70.945±3.865 

 
ΔE = 73.572±4.930 

 
ΔE = 75.126±2.363 

             ΔE - calculated total crust color  
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Generally, the desirable crust color of bread is “Golden brown” and it was observed that 

variable time-temperature combinations significantly affect crust color. Esteller et al. (2006) 

observed that, during baking, amount of water on the dough surface quickly decreased 

providing favorable conditions for browning reactions resulting in darker brown color. 

 

 

Figure 4.5: Effect of baking time and temperature on Total Crust Color (ΔE)  

Based on the sensory mean scores of crust color the acceptable total crust color (ΔE) values 

were set (58.500 to 71.600) and the boundaries were shown in Figure 4.5. Acceptable crust 

color results were obtained when the bread baked at high temperature for short time, and low 
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temperature for long time and these results were similar to the results of specific loaf volume 

and baking loss. 

4.2.3. Sensory Evaluation of Bread 

Nine point Hedonic scale was used for bread quality evaluation on the basis of Color, Taste, 

Aroma, Texture and Overall acceptability. 12 panel members, familiar with quality attributes 

and also daily consumers of local bread, were selected from staff of the Kebroon Food 

Complex P.L.C and voluntarily from ordinary peoples, to perform the evaluation. The bread 

baked at different time-temperature combinations were subjected to sensory evaluation and 

the sensory scores were shown in Appendix C. The sensory attributes are discussed as 

follows: 

I. Color 

The mean scores for crust color decreased significantly in lowest and highest time-

temperature combinations. The lowest score was obtained in the bread baked at 180
0
C for 

15min (whitish crust color) and 240
0
C for 30min (dark brown crust color). On the other hand, 

The highest mean scores for crust color was obtained in bread baked at 220
0
C for 20min, 

followed by 240
0
C for 15min, 200

0
C for 25min, 220

0
C for 15min, and 240

0
C for 20min 

according to their scores respectively. The optimum scores were obtained at regions of high 

temperature for short time, and low temperature for long time baking conditions (as shown in 

Figure 4.6). 

 

Figure 4.6: Effect of baking time and temperature on sensory score of crust color 
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II. Taste 

The sensory score for taste of bread baked at different time and temperature shows variation 

towards the two extremes of time-temperature combinations. The lowest score was obtained 

at low baking temperature (180
0
C) for short time (15min) and at high baking temperature 

(240
0
C) for long time (30min). The highest scores were found in bread baked at 220

0
C for 

20min; which is in the range of like very much to like extremely. Also the bread baked at 

240
0
C for 15min, 200

0
C for 25min, 220

0
C for 15min, and 240

0
C for 20min scores good 

results. 

III. Aroma 

The means for aroma score for bread showed significant variations at different time and 

temperatures. The maximum score was observed in bread baked at 220
0
C for 20min and 

240
0
C for 15min while the minimum score was obtained at two extremes of baking 

conditions; high temperature for long time and low temperature for short time. However, the 

mean scores obtained for aroma; those possess acceptable level, were range from like very 

much to like extremely sensory perception. 

IV. Texture  

The sensory scores for texture were significantly varied at different baking time and 

temperatures. The minimum scores were found in bread baked at low temperature for short 

time (the bread become sticky or uncooked) and high temperature for long time (the bread is 

too hard or over cooked). The highest score was obtained in bread baked at 220
0
C for 20min. 

V. Overall Acceptability 

The overall acceptability scores show significant variations for different baking time and 

temperatures (Figure 4.7). The minimum scores were recorded in two extremes of time-

temperatures combinations; at 180
0
C for 15min (1.75±0.205) and 240

0
C for 30min 

(1.83±0.369). These scores were extremely small (Dislike Very much); it is due to under 

cooking (at 180
0
C for 15min) and over-cooking (at 240

0
C for 30min) of bread, as a result the 

bread was unacceptable by consumers. But the highest values were recorded for bread baked 

at 220
0
C for 20min (8.28±0.156) followed by 240

0
C for 15min (7.94±0.199) and these scores 

are in the range of like very much to like extremely. However, the overall acceptability scores 

of the rest breads were ranged from like moderately to dislike very much. As shown in Figure 

4.7, the optimum acceptable breads were obtained above the boundary line at any time-

temperature combinations. 
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Figure 4.7: Effect of baking time and temperature on overall acceptability 

 

4.3. Chickpea Flour Supplemented Biscuit 

4.3.1. Preliminary Works 

In the case of biscuit making, the preliminary works were done to fix baking time-

temperature combinations. Based on baking practice of some factories located in Addis 

Ababa different baking time-temperature combinations were obtained. Among this the high 

temperature-short time (280
0
C for 5 min) combination was selected and the baking tests were 

done in order to set best baking time (4, 5, 6 and 7 minutes). 

As shown in Figure 4.8, the effect of variable baking time at 280
0
C baking temperature of 

biscuits shows significant variation and the best time combination was selected based on 

physical characteristics of the biscuit. Thus, 5 minute baking time was selected and the 

baking time-temperature combination was established to be 280
0
C for 5 minutes for present 

study. 
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280
0
C for 4 min 280

0
C for 5 min 280

0
C for 6 min 280

0
C for 7 min 

Figure 4.8: Effect of variable baking time of biscuits at 280
0
C baking temperature 

4.3.2. Physical Characteristics of Chickpea Flour Supplemented Biscuits 

The biscuits were developed with different ratios of chickpea flour (0, 5, 10, 15, 20, 25, and 

30%) addition to wheat flour. The blend ratios were selected based on the publications of 

Saleh et al. (2012) and Kohajdová et al. (2011). Biscuit characteristics were evaluated by 

measuring the spread ratio, specific volume and the organoleptic characteristics. As shown in 

Figure 4.9, the biscuits physical appearance was not significantly affected as the level of 

chickpea addition increased from 0 to 30%. 

Biscuit (CFD:WF) 

0:100 5:95 10:90 15:85 20:80 25:75 30:70 

 

CFD = Chickpea flour (Desi Variety)                WF = Wheat flour 

Figure 4.9: Effect of variable blend ratios on the physical characteristics of biscuits 

I. Spread Ratio 

The spread ratio is the ratio between the diameter and the thickness and this parameter is 

important to assess the quality of the biscuits (Bose and Shams-Ud-Din, 2010). It was an 

indication of the viscous property of the dough and influenced by the recipe, ingredients, 

procedures and conditions used in biscuit production (Dogan, 1998). Biscuits with high 

spread ratio values are better (Eissa et al., 2007). 

 

30:70 B
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F
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As shown in Figure 4.10, the spread ratio of biscuits decreased gradually from 7.67±0.134 to 

6.67±0.144 as the level of chickpea flour addition increased from 0 to 30%. These result was 

in agreement with those found by Singh et al. (1996); Onweluzo and Iwezu (1998); Siddiqui 

et al. (2003); Rababah et al. (2006) and Yadav et al. (2012). They revealed that with the 

increasing of the chickpea flour levels in biscuit blends, the spread ratio was gradually 

decreased as compared with the control biscuit. This were attributed to the fact that 

composite flours apparently form aggregates with increased numbers of hydrophilic sites 

available for competing for the limited free water in biscuit dough (Hooda and Jood, 2005 

and Rababah et al., 2006). Rapid partitioning of free water of these hydrophilic sites occurs 

during dough mixing and increases dough viscosity, thus limiting cookie spread and top grain 

formation during baking. Similarly, Vieira et al., (2007) reported that biscuits spread were 

strongly correlated to the water absorption capacities of the flour.  

 

Figure 4.10: Effect of different blends on Spread ratio of biscuit 
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II. Specific Volume 

The quality of biscuits is also evaluated by its specific volume which is a technological 

parameter that can adequately inform on the textural properties of the dry biscuits (Igrejas et 

al., 2002; Manoharr et al., 2002; Pedersen et al., 2004 and Fustier et al., 2007). 

Specific volume of biscuits slightly increased from 1.44±0.009 to 1.69±0.001 cm
3
/g with the 

incorporation of chickpea flour (Figure 4.9 and Figure 4.11). This was mainly attributed to 

the gradual increase in volume and decrease in weight. The decrease in weight was possibly 

due to low oil absorption capacity (OAC) of the chickpea flour (Yadav et al., 2012). 

 

Figure 4.11: Effect of different blends on Specific volume of biscuit 

 

4.3.3. Sensory Evaluation 

Similarly, Nine point Hedonic scale sensory evaluation was performed to evaluate biscuits 

color, aroma, taste, texture and the overall acceptability of biscuit samples. The mean scores 

were slightly decreased in increasing the proportion of chickpea flour in the blend (as shown 

in Table 4.8). However, all the biscuits were accepted according to the panelists.  
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Table 4.8: Sensory characteristics of biscuit made from Wheat-Chickpea composite flour  

 

Biscuit 

(CFD:WF) 

Parameters 

Color Aroma Taste Texture 
Overall 

acceptability 

0:100 8.34 ± 0.161
a
 8.31 ± 0.190

c
 8.42 ± 0.133

b
 8.47 ± 0.195

d
 8.39 ± 0.175

a
 

5:95 8.30 ± 0.173
a
 8.26 ± 0.177

c
 8.36 ± 0.288

b
 8.23 ± 0.106

d
 8.29 ± 0.189

a
 

10:90 8.25 ± 0.227
a
 8.23 ± 0.235

c
 8.28 ± 0.145

b
 8.18 ± 0.226

d
 8.24 ± 0.213

a
 

15:85 8.15 ± 0.273
a
 8.16 ± 0.109

c
 8.21 ± 0.281

b
 8.02 ± 0.176

d
 8.14 ± 0.215

a
 

20:80 8.10 ± 0.129
a
 8.11 ± 0.239

c
 8.12 ± 0.178

b
 7.91 ± 0.127

c
 8.06 ± 0.168

a
 

25:75 8.01 ± 0.293
a
 8.02 ± 0.122

c
 7.98 ± 0.219

c
 7.79 ± 0.129

b
 7.95 ± 0.191

b
 

30:70 7.85 ± 0.128
b
 7.95 ± 0.118

b
 7.81 ± 0.127

c
 7.68 ± 0.217

a
 7.82 ± 0.145

c
 

 

Levels not marked by same letter across a column are significantly different (n=3, p<0.05) 

CFD = Chickpea flour (Desi Variety)                WF = Wheat flour 

 Color 

Color is very significant parameter in judging well baked biscuits. It doesn‟t only reflect the 

suitable raw material used for the preparation but also provides information about the 

formulation and quality of the product (Mepba et al., 2007). The mean score of biscuits color 

was decreased from 8.34 ± 0.161 to 7.85 ± 0.128 as the level of chickpea flour addition 

increased from 0 to 30% (Table 4.8). The supplementation of chickpea flour up to 20% 

shows no significant difference when compared to the control biscuit. This indicates that 

supplementation of wheat flour with chickpea flour up to 20% for biscuit making was 

acceptable with respect to color. Siddiqui et al. (2003) found that the decrease in biscuits 

color was related to the high level of proteins. Biscuits color becomes darker with increasing 

the levels of proteins in the formulation due to the amino acids of proteins react with reducing 

sugars during baking in the Maillard reaction (Dhingra and Jood, 2001; Iwe, 2007; Ubbor and 

Akobundu, 2009; Mohsen et al., 2009).  

 Aroma 

The mean aroma score of the biscuit was significantly affected by blend proportion and the 

result shows that the aroma score decreased from 8.31 ± 0.190 to 7.95 ± 0.118 as the level of 

chickpea flour addition increased in the biscuit.  Similar to the color result, supplementation 
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of chickpea flour up to 20% shows no significant difference when compared to control 

biscuit. Hence 20% chickpea flour addition was acceptable with respect to aroma. 

 Taste 

The taste of chickpea supplemented biscuit was decreased significantly from 8.42 ± 0.133 to 

7.81 ± 0.127 as the level of chickpea flour addition increased from 0 to 30%. The biscuits 

containing high level of chickpea flour showed enhanced bitter taste. Similar results were 

observed by Kohajdová et al. (2011) and Tiwari et al. (2011). Similar to the result of color 

and aroma, the mean taste score of chickpea flour supplementation up to 20% showed no 

significant difference when compared to control biscuit. 

 Texture 

Texture fundamentally was important in determining the consumer acceptability of biscuit 

(Pareyt and Delcour, 2008). The result shows that the mean texture score of chickpea flour 

supplemented biscuit was decreased from 8.47 ± 0.195 to 7.68 ± 0.217 with increasing 

chickpea flour substitution. Consequently the biscuits made by high level of chickpea flour 

addition resulted in harder texture than the control biscuit. This result was in agreement to the 

results reported by Tiwari et al. (2011). Unlike the result of color, aroma and test, the mean 

texture score of chickpea flour supplementation up to 15% showed no significant difference 

when compared to control biscuit. 

 Overall acceptability 

Overall acceptability was decreased from 8.39 ± 0.175 to 7.82 ± 0.145 as the level of 

chickpea addition increased from 0 to 30%. However, the overall acceptability of all biscuits 

were above 7 (like moderately) sensory perception (Figure 4.11) and we can say that all 

biscuits were in acceptable range. But the mean score of overall acceptability up to 20% 

chickpea flour biscuit (8.06 ± 0.168) was above 8 (like very much) and signifying that it was 

not significantly different when compared to control biscuit. Generally, in this study it was 

observed that the substitution of chickpea flour up to 20% shows no significant difference on 

the overall acceptability of the biscuits.  
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Figure 4.12: Effect of different blends on Overall acceptability of biscuit 

 

 

4.4. Plant Layout of Chickpea Flour, Bread and Biscuit Manufacturing  

 

 

 

Figure 4.13: Plant Layout of chickpea flour production 
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Figure 4.14: Plant Layout of chickpea based Bread production 

 

 

 

 

 

Figure 4.15: Plant Layout of chickpea based Biscuit production 
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CHAPTER FIVE 

Conclusion and Recommendation 

5.1. Conclusion 

The proximate composition shows that the crude protein content of chickpea flour is more 

than two times than that of wheat flour. Also crude fat, crude fiber and total ash content of 

chickpea flour shows higher value than wheat flour. So it results in improvement in chemical 

constituents of the composite flour as well as the products. On the other hand chickpea flour 

shows higher Water Absorption Capacity (WAC) and lower oil absorption capacity (OAC) 

than wheat flour. Among the two varieties of chickpea flour (Kubuli and Desi) used in these 

study, Kabuli chickpea flour showed higher WAC and OAC than the Desi chickpea flours 

and the result was similar to that reported by Kaur and Singh (2005) and Kaur (2007). 

The breads prepared from blends of wheat flour and chickpea flours shows significant 

variation on the physical characteristics and sensory mean scores as the level of chickpea 

flour addition increased from 0 to 20%. The 10% CFK supplemented bread shows similar to 

the control (wheat flour) bread in all aspect (specific loaf volume; 5.45±0.001cm
3
/g and 

baking loss; 10.37±0.764g). Also the sensory evaluation shows that no significant differences 

were observed for sensory attributes of color, texture, aroma, taste and overall acceptability 

(8.12±0.159) in breads up to 10% chickpea flour addition.  

The variable baking time-temperature combinations significantly affect physical 

characteristics as well as the sensory attributes of bread. Thus acceptable results; with respect 

to specific loaf volume, baking loss, total crust color and sensory attributes, were obtained 

when the breads baked in the regions of high temperature for short time and low temperature 

for long time. Thus anybody can select any baking time-temperature combination with in the 

acceptable ranges of specific loaf volume, baking loss and crust color from the graph in order 

to bake optimum bread with acceptable characteristics. For the present study it was concluded 

that the bread baked at 220
0
C for 20min (specific loaf volume, 5.46±0.013 cm

3
/g; baking 

loss, 10.39±0.551g; total crust color, 67.745±0.410 and overall acceptability, 8.28±0.156) 

was found to be optimum bread. 

In this study digital imaging method was used to measure the crust color and the result 

obtained shows comparable results to sensory mean score of color. So the digital imaging 

method was effective method for measuring the color of bread.  
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Supplementing chickpea flour to wheat flour slightly affects the physical and sensory 

characteristics of the biscuits. The biscuits produced with wheat-chickpea composite flour up 

to substitution level of 20% chickpea flour shows similar physical characteristics (spread 

ratio, 7.00±0.176; specific volume, 1.60±0.034cm
3
/g and overall acceptability, 8.06±0.168) 

as compared to wheat flour biscuit and it was optimum biscuit for present study. 

5.2. Recommendation 

The following recommendations are suggested for future study: 

 Effect of incorporating vital gluten powder for production of value added bread from 

wheat-chickpea composite flour as a means of getting nutritionally rich and high loaf 

volume breads 

 Development and evaluation of roasted chickpea flour on the physical characteristics 

and sensory attributes of bread and biscuits 

 The effect of chickpea husk addition on the properties of bread and biscuits 

 The effect of variable baking time-temperature combination on properties of chickpea 

supplemented biscuits 

 The role of chickpea flour supplementation in the extension of the shelf life of bread 
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APPENDICES 

Appendix A: Sensory evaluation score sheet using nine point Hedonic scale (for Biscuit) 

Panelist Code/Name: ____________________    Sample Code: _________   Date: 

___/___/___ 

 

Score 

 

Sensory Perception Sensory quality attributes 

 

Color 

Texture/ 

Crispiness 

 

Aroma 

 

Taste 

 

Overall Acceptability 

9 Like Extremely  
     

8 Like Very Much  
     

7 Like Moderately  
     

6 Like Slightly  
     

5 Neither like nor Dislike 
     

4 Dislike Slightly 
     

3 Dislike Moderately 
     

2 Dislike Very Much 
     

1 Dislike Extremely 
     

 

 

 

Additional comment (if any) 

----------------------------------------------------------------------------------------------------------------------------- ----------

------------------------------------------------------------------------------------------------------------------------- --------------

----------------------------------------------------------------------------------------------------------------------------- ----------

----------------------------------------------------------------------------------------------------------- ----------------- 
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Sensory Perception (score): 1= Dislike Extremely, 2= Dislike Very much, 3= Dislike Moderately, 

4= Dislike Slightly, 5= Neither Like nor Dislike, 6= Like Slightly, 7= Like Moderately, 8= Like 

Very much, 9= Like Extremely 

Appendix B: Sensory evaluation score sheet using nine point Hedonic scale (for Bread) 

   Panelist Code/Name: _______________________                                Date: 

____/____/____ 

 

Sample 

Code 

Sensory quality attributes 

Color Texture/ Crispiness Aroma Taste Acceptability 

A1      

A2      

A3      

A4      

B1      

B2      

B3      

B4      

C1      

C2      

C3      

C4      

D1      

D2      

D3      

D4      

 

 

 

 

 

 

 

Additional comment (if any) 

---------------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------- ----------

---------------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------  
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Appendix C: Sensory mean score of chickpea flour supplemented bread baked at different 

time- temperature combinations 

 

 

Bread  

Parameters 

Color Taste Aroma Texture Overall acceptability 

A1 1.41±0.278 1.82±0.181 1.91±0.071 1.85±0.281 1.75±0.205 

A2 2.31±0.119 2.19±0.307 2.78±0.207 3.07±0.281 2.59±0.231 

A3 6.65±0.271 5.13±0.189 5.23±0.211 5.01±0.197 5.51±0.222 

A4 7.04±0.172 6.03±0.211 6.11±0.188 5.91±0.214 6.27±0.194 

B1 2.56±0.122 3.32±0.241 2.95±0.287 3.49±0.288 3.08±0.235 

B2 6.65±0.128 5.25±0.277 5.32±0.215 5.21±0.201 5.61±0.208 

B3 7.73±0.244 7.95±0.187 7.88±0.217 7.49±0.233 7.76±0.218 

B4 6.55±0.221 6.01±0.179 5.51±0.284 5.09±0.331 5.79±0.254 

C1 7.51±0.187 7.56±0.213 7.49±0.254 7.27±0.179 7.46±0.211 

C2 8.46±0.211 8.32±0.107 8.09±0.182 8.25±0.124 8.28±0.156 

C3 6.01±0.211 6.44±0.255 6.58±0.155 6.18±0.221 6.30±0.208 

C4 5.21±0.188 4.91±0.212 5.07±0.277 4.89±0.235 5.02±0.228 

D1 8.31±0.151 7.93±0.241 7.89±0.217 7.63±0.185 7.94±0.199 

D2 6.81±0.255 6.76±0.255 6.91±0.211 6.55±0.216 6.76±0.237 

D3 4.56±0.133 4.86±0.314 4.95±0.376 3.98±0.345 4.59±0.295 

D4 1.55±0.388 1.88±0.344 1.98±0.338 1.89±0.389 1.83±0.369 

 

A=Bread baked at 180
0
C, B= Bread baked at 200

0
C, C=Bread baked at 220

0
C, and D=Bread baked at 

240
0
C; the subscripts (1, 2, 3, & 4) indicate different baking time (15, 20, 25, & 30min respectively). 
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Appendix D: Physical characteristics of biscuit made from Wheat-Chickpea composite flour 

 

Biscuit 

(CFD:WF) 

Parameters 

Thickness 
(cm) 

Weight 
(g) 

Diameter 

(cm) 
Volume 

(cm
3
) 

Spread Ratio Specific 

volume (cm
3
/g) 

0:100 0.61 ± 0.015 7.23 ± 0.023 4.68 ± 0.031 10.48 ± 0.075 7.67 ± 0.134 1.44 ± 0.009 

5:95 0.61 ± 0.011 7.22 ± 0.018 4.68 ± 0.018 10.48 ± 0.056 7.67 ± 0.098 1.45 ± 0.007 

10:90 0.62 ± 0.008 7.16 ± 0.107 4.65 ± 0.033 10.52 ± 0.044 7.50 ± 0.027 1.47 ± 0.015 

15:85 0.64 ± 0.017 7.05 ± 0.024 4.64 ± 0.028 10.81 ± 0.063 7.25 ± 0.108 1.53 ± 0.006 

20:80 0.66 ± 0.026 6.93 ± 0.121 4.62 ± 0.019 11.06 ± 0.029 7.00 ± 0.176 1.60 ± 0.034 

25:75 0.67 ± 0.005 6.81 ± 0.014 4.61 ± 0.052 11.19 ± 0.038 6.88 ± 0.031 1.64 ± 0.005 

30:70 0.69 ± 0.031 6.76 ± 0.023 4.60 ± 0.046 11.45 ± 0.027 6.67 ± 0.144 1.69 ± 0.001 

CFD = Chickpea flour (Desi Variety)                WF = Wheat flour 
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Appendix E: Color Variables (L*, a*, b* and Calculated ΔE) of Bread baked at different 

Temperature and Time (Area = 250000 pixels) 

 

 

Temperature 

(
0
C) 

Color 

Variables 

 

Time (Minute) 

15 20 25 30 

 
 

 
 

180 

L* 61.756 ± 1.759 55.382 ± 4.373 46.618 ± 2.8 43.97 ± 3.375  

a* -3.688 ± 2.076 2.588 ± 4.754 12.068 ± 3.44 12.899 ± 2.988  

b* 20.51 ± 2.971 26.904 ± 5.051 35.671 ± 4.405 36.507 ± 4.06  

ΔE 43.553 ± 0.505 52.166 ± 1.522 65.328 ± 0.456 68.107 ± 0.303 

 
 

 

 

200 

L* 55.158 ± 4.042 46.283 ± 3.59 44.221 ± 2.946 36.865 ± 6.787 

a* 2.946 ± 4.648 10.521 ± 3.347 12.46 ± 3.572 12.309 ± 3.423 

b* 28.918 ± 5.074 33.054 ± 4.352 35.266 ± 4.054 29.928 ± 4.857 

ΔE 50.439 ± 0.977 63.944 ± 0.549 67.158 ± 0.062 70.945 ± 3.865 

 

 
 

 

220 

L* 58.039 ± 4.217 49.542 ± 3.364 39.058 ± 5.292 31.086 ± 6.781 

a* 8.465 ± 2.741 11.006 ± 2.692 9.249 ± 3.581 11.653 ± 4.306 

b* 32.269 ± 4.402 25.834 ± 5.435 17.079 ± 5.709 15.506 ± 6.966 

ΔE 58.607 ± 0.631 67.745 ± 0.410 71.592 ± 4.937 73.572 ± 4.930 

 

 
 

 

240 

L* 38.7 ± 4.431 33.763 ± 4.288 28.766 ± 2.929 26.291 ± 3.481 

a* 18.534 ± 4.443 16.35 ± 3.522 14.833 ± 3.553 10.609 ± 5.335 

b* 27.56 ± 5.578 21.6 ± 5.539 16.178 ± 6.217 9.92 ± 5.634 

ΔE 69.719 ± 1.008 71.563 ± 1.896 74.539 ± 1.135 75.126 ± 2.363 
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Appendix F: Photos of Laboratory Equipment used during laboratory session 

 

a) Moisture analyzer (Crystal Therm, Gibertini, Italy ) 

b) Laboratory scale (Europe 1700, Gibertini, Italy) 

c) Laboratory Miller (Model: polymix LABE-7B, California, 2005) 

d) Flour blender 

e) Dough mixer (model: B15 mixer) 

f) Chickpea, Kubuli variety 

g) Chickpea, Desi variety 

h) Ingredients used for bread and biscuits 

i) Laboratory Oven with Prover (Model: KL-2, Miniature oven with prover, Italy, 2012) 
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