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Abstract  

The study was conducted with the aim of development of legume based complimentary food 

products between age group of 6 to 18 months using drum dryer. The products can be used as a 

protein and energy complimented combining legumes and cereals. Accordingly, chickpea, maize 

and millet were selected based on their nutritional value, availability in the local market and 

affordability. By Applying simplex-centroid design, formulation containing 66.66% chickpea, 

16.666% maize and 16.666% millet of flour was selected as the best source of protein and energy. 

The physical properties (viscosity and bulk density), functional properties (water absorption 

capacity, oil absorption capacity and Dispersibility) were done, the blend with drum temperature 

only (130, and 150 0C), Drum speed (200 and, 300 rpm) and particle size (0.8 and 1 mm). Sensory 

characteristics of complementary food products (color, appearance, odor, taste and overall 

acceptability) were also studied to evaluate the suitability of the product. Using the blend ratio 

obtained from the design, the product containing 16 % protein, 382.3kcal Energy, 3.07 % of fat 

and 73.6 % of carbohydrate found in the complimentary food products. The viscosity and bulk 

density were found highly affected by drum temperature and particle size. As the drum temperature 

increased from 1300C to 1500C and the drum speed remain at 200 rpm and particle size 1mm. the 

product viscosity decrease to (13.5*10-2Pa.s, 7.36*10-2Pa.s) respectively. And lower bulk density 

(0.3999g/ml) were found. As the Particle size increases from (0.8mm, 1mm) the viscosity of the 

product decrease to (14.4*10-2Pa.s, 7.36*10-2Pa.s; 6.18; 4.91) respectively. Drum speed effect 

was seen on the proximate chemical composition of the product and physical properties of the 

product. When the drum speed increase 200 to 300 rpm viscosity was decrease (7.36*10-2, 

4.91*10-2Pa.s) respectively. But bulk density showed an increment (0.399 to 0.457 g/ml). The 

functional properties, water absorption capacity, oil absorption capacity and Dispersibility of the 

Product (346.7%, 1.834 ml/g and 31.3%) were found to be higher than that of formulated flour 

(119.3%, 0.845ml/g and 74%) due to starch gelatinization. Results on the calcium, zinc and iron 

studies showed that (144.4, 1.926, 1.587 mg/100g) respectively and Antinutrient reduction of 

43.2% in phytate and 25% in tannin. The sensory results indicated that the product produced with 

a temperature of 1500C, and drum speed of 300 rpm and particle size of 1mm was perceived as 

the most accepted product, as compared to the other formulated complementary food products. 

 

Key words: Chickpea flour, Millet flour, Maize flour, drum dryer, complementary food products. 
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                              CHAPTER ONE 

                            Introduction 

1.1 Background 

Complementary food is the process starting when breast milk alone is no longer sufficient to meet 

the nutritional requirements of infants. It is play vital role for children growth and development 

and complements for both Nutritional and developmental needs of the infant when breast milk 

alone is no longer sufficient (Temesgen, 2013). In Ethiopia, a combination of nutritionally inferior 

diets and improper feeding practices are major contributing factors to the development of 

childhood malnutrition (Rubery, 1988 and Jakobs, 1991).Traditional infant foods made of cereals 

or grains are bulky and may be low in several nutrients including protein, vitamin A, zinc iron and 

contain high amount of factors reducing mineral bioavailability, such as phytates and tannin which 

is the potential for stunting in children (Suhasini and Malleshi, 2003 and Melaku, et al, 2005).  

According to WHO (2003), good quality complementary food must have high nutrient density, 

low viscosity, bulk density and appropriate texture along with high energy, protein & micronutrient 

content, have low consistency that allows easy consumption (Balasubramanian,Kaur, & Singh, 

2014). Several studies have reported that most of the complementary foods consumed by the 

infants in many parts of world are deficient in essential macronutrients and micronutrients leading 

to malnutrition, which is one of the serious problems in developing countries. According to 

UNICEF, in Ethiopia every year one million children below the age of five years die due to protein 

energy malnutrition. 

Protein energy malnutrition generally occurs during the crucial transitional phase when children 

are weaned from liquid (i.e. breast milk) to semi-solid or fully adult (family) foods. Poor nutrition 

leads to ill-health and ill-health contributes to further deterioration in nutritional status. These 

effects are most dramatically observed in infants and young children. World Health Organization 

recommends exclusive breastfeeding till six months of age, and continued breastfeeding for at least 

two years along with timely introduction of adequate amount of complementary foods of suitable 

nutritional quality. Childhood malnutrition remains a public health challenge as the underlying 



cause of morbidity and mortality. Complementary foods should be rich in energy and nutrients, 

clean and safe, easy to prepare from family foods, locally available and affordable. Most foods 

developed in the different countries to provide nutrient dense complementary foods to meet the 

nutritional needs of infants and young children are based on local foodstuffs blended with legumes 

to give protein portion of the diet (World Health Organization, 2002). 

 

Drum dryers are used in the food industry for drying a variety of products, such as milk product, 

baby foods, breakfast cereal, fruit and vegetable pulp, mashed potatoes, cooked starch, and spent 

Yeast (Rodriguez.et. al., 1996). Drum drying is one of the most energy efficient drying methods 

and is particularly effective for drying high viscous liquid or pureed foods. Precooking would be 

important in developing countries where quick cooking, saves scarce fuel and simplifies 

preparation. Again, a precooked product that requires minimal further cooking. The aims of 

precooking are targeting enzyme denaturation, anti-nutrient inhibition, microbial inactivation, 

general product acceptability, In addition to that dried product are microbiologically safe and can 

be stored for long periods of time because of low moisture content. (Filli and Nkama, 2007). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1.2   Statement of the Problem 

Malnutrition directly cause of all infant deaths. Ethiopia due to malnutrition 52% children are 

stunted and 47 % underweight from the year 1995 to 2002 (UNICEF, 2003). Major contributing 

factors to malnutrition among infants and children are poverty, food insecurity and low purchasing 

power of the family. Due to this rural infant are highly exposed to protein energy malnutrition and 

micronutrient deficiencies. In Ethiopia, babies the first months of life, feeding includes 

breastfeeding giving cow’s milk, porridges, and gruels. Much of the cow’s milk that is sold has 

been diluted and the human milk in reasonable quantities alone cannot provide all the energy and 

protein required for maintaining an adequate velocity of growth for the infant after the age of six 

months. Because of this infant exposed to protein energy malnutrition. It is currently the most 

widespread and serious health problem of children in the world. 

To meet the unsatisfied demand Ethiopia also imports a variety of infant foods from a number of 

countries. The country's requirement for baby food is met by domestic production and through 

imports. The demand for industrially processed baby food is influenced mainly by the baby /infant 

population, income of household and urbanization. These research are key to addressing, import 

substitution and minimize foreign currency.  

Imported or commercially developed complementary food products are not used for by low income 

rural families due to high cost and poor availability. They are mostly manufactured using high 

technology and are sold in sophisticated packaging. Therefore, there is need low-cost 

complementary foods which can be prepared easily from locally available raw materials such as 

maize, chickpeas and millet using simple technology like drum dryer.  

 

 

 

 

 

 



1.3    Objectives 

1.3.1 General objective 

The general objective of this study was to develop legume based complementary food products 

from cereals and legume. 

1.3.2 Specific Objective were to:   

 Determining the blend/ formulation ratio of the product. 

 

 Study proximate composition of raw materials, formulated raw flour and complimentary 

food Products. 

 

 Determine the effect of drying parameter of drum dryer on physical and functional 

properties of formulated raw flour and complementary food product. 

 

 Study some nutrient composition of the complementary food product. 

 

 Determine the effect of drying parameter of drum dryer on some anti-nutrients (phytate 

and tannin) of formulated raw flour and complementary food product. 

 

 Analyzing microbial quality of formulated raw flour & complementary food product. 

 

 Investigate sensory qualities of the complementary food products. 

 

 

 

 

 

 

 

 

 

 

 



1.4   Significance of the research 

Agriculture is the leading sector of Ethiopian Economy. It is one of the largest producers of 

chickpea, maize and millet in the world. Hence, the production of complimentary food through 

value addition on these locally available cereals and legume will have a great contribution to the 

country economy not only by utilizing the largely available agricultural resources but also by 

substituting the import of infant food. Furthermore, utilization of locally available agricultural 

resources can enhance income generation and provide employment opportunity in the country.  

 

These research are key to addressing food insecurity, protein energy malnutrition, and the desired 

characteristics of foods include high nutrient density, low bulk property, as well as utilization of 

low cost and locally-available raw material. 

 

 

 

 

 

 

 

 

 

 

                                

 

 



                                    CHAPTER TWO   

                                    Literature Review 

2.1. Overview of maize, chickpea and millet production in the world, Africa and Ethiopia 

Maize (Zea mays L.) originated in Central America and introduced to West Africa in the early 

1500s by the Portuguese traders. The United States is the largest producer, accounting for nearly 

40% of the total world production, followed by China and Brazil. It is grown on more than 96.5 

million hectares in the developing world and many millions of people worldwide are dependent 

on maize as a staple food. Maize accounts for 15 to 56% of the total daily calories of people in 

about 25 developing countries (Prasanna et al., 2001). In Africa, maize supplies at least one fifth 

of total daily calories consumed and accounts for 17% to 60% of people’s total daily protein supply 

in 12 countries, as estimated by FAO food balance sheets (Krivanek et al., 2007). 

Maize was introduced to Ethiopia during the 1600s to 1700s and its production has increased over 

the years. In the 1980s, the total production within a year remained below 20 million quintals and 

maize production area exceeded slightly one million hectare only in 1987, 1988 and 1989 

However, in the 1990s, maize production in Ethiopia increased: the total area and production 

remained over 1.3 million hectare and 23.4 million quintals from 1996-2000, respectively. The 

yield per hectare also increased slightly in the late 1990s. From 1995- 2000, growth rate per year 

for yield per hectare, maize area and total production was 3.1%, 7.1% and 11.3%, respectively 

(Kebede et al., 1993). 

The major chemical component of the maize kernel is starch, which provides up to 72 to 73 percent 

of the kernel weight. Other carbohydrates are simple sugars present as glucose, sucrose and 

fructose in amounts that vary from 1 to 3 percent of the kernel. The starch in maize is made up of 

two glucose polymers: amylose, an essentially linear molecule, and amylopectin, a branched form. 

The composition of maize starch is genetically controlled. In common maize, with either the dent 

or flint type of endosperm, amylose makes up 25 to 30 percent of the starch and amylopectin makes 

up 70 to 75 percent. Waxy maize contains a starch that is 100 percent amylopectin. An endosperm 

mutant called amylose-extender induces an increase in the amylose proportion of the starch to 50 

percent and higher. Other genes, alone or in combination, may also modify the amylose-to-

amylopectin ratio in maize starch (Boyer and Shannon, 1987).  



Maize as the major source of dietary protein. Protein-containing foods are necessary for the rapid 

growth of children (Millward and Rivers, 1989), and in some countries maize is a primary weaning 

food for babies. The maize kernel contains about the same amount of protein as other cereals but 

with a lower content of lysine and tryptophan (Kim et al., 2008; Hollenbeck et al., 2000). It is used 

as a staple food mainly in the Americas and in Africa (Kim et al., 2008) and its major nutritional 

component is starch in the form of amylose and amylopectin. 

The two main commercial groups of chickpeas include Desi and Kabuli. Desi type (Indian origin) 

has a thick, colored seed coat and colored flowers. It has smaller seed than the Kabuli type and has 

been produced in the Indian subcontinents and milled for making some food products. However,  

Desi type is not preferred by consumers. Kabuli type, which is called (garbanzo bean) has a thin, 

white seed coat with white flowers which is also used mainly in salad bars and vegetable mixes. 

The Kabuli type seed is white to cream in color and has larger seed than the Desi type (Salunkhe 

et al., 1985).  

Chickpea is a good source of protein, carbohydrates, calcium, and phosphorus, among other 

compounds. The levels of proteins, total carbohydrates and crude fibre in chickpeas range from 

20.2 to 30.5%, from 63 to 65% and from 0.9 to 1.5%, respectively in dehulled seed. Thus, 

chickpeas are a good source of proteins and starch, having two to three times more protein than 

cereals. Chickpea proteins contain globulins, glutelins, albumins and prolamin. Apart from the 

highly acceptable taste of toasted chickpea; its protein retains a reasonable nutritional value. 

However, studies reported that amino acid composition reveals that methionine is the first limiting 

amino acids. According to Omima et al., (2010) chickpea contained of high levels of acidic amino 

acids (Aspartic and Glutamic acids), but it is poor in sulfur amino acids (Cystein and Methionine). 

Iqbal et al., (2006) reported that chickpea protein is rich in lysine and arginine but most deficient 

in sulfur-containing amino acids methionine and cystine.  

Starch is the major component of chickpeas and constitutes 37.2 to 50.8% of the whole seed and 

55.3 to 58.1% of the dehulled seed. Desi type has less starch content than the Kabuli type. Chickpea 

starch contains 31.8 to 45.8% amylose and the rest is amylopectin. The amount of amylopectin is 

higher than amylose, making this starch useful for special applications. The gelatinization 

temperature of isolated starch is 63.5 to 68°C. With starch being a long-chain molecule, it has 

lower digestibility and may cause flatulence in humans (Biliaderis et al., 1981). 



 Finger millet (Eleusine coracana L.) is commonly known as “ragi” in India. The ragi word is 

originated from a Sanskrit word “raga” meaning red. This can be grown in almost all types of soils 

and climatic conditions. It is known as poor man’s food because of its long sustenance as it can be 

stored safely for many years without infestation by insect and pests.  Nutritionally, finger tail millet 

is good source of nutrients especially of calcium, other minerals and fiber. Total carbohydrate 

content of finger millet has been reported to be in the range of 72 to 79.5% (Pore and Magar, 1979; 

Hulse et al., 1980; Joshi and Katoch, 1990; Bhatt et al., 2003). 

 Finger millet (Eleusine coracana), also known as ragi is a good source of carbohydrate, protein, 

dietary fiber and minerals, and an important staple food for people under low socio- economic 

group (Sripriya, et al., 1997) and those suffering from metabolic disorders like diabetes and obesity 

(Mathanghi & Sudha 2012). It is important because of its excellent storage properties and nutritive 

value (Shashi et al., 2007). Its dietary fibre and mineral content is markedly higher than wheat, 

rice, and fairly well balanced protein (Ravindran, 1991).  

Tryptophan is usually the second most deficient amino acid in cereals. However, is not deficient 

in finger millet. Threonine too was not deficient, in contrast to rice, wheat and sorghum (FAO, 

1968). Among millets, finger millet is relatively better balanced in essential amino acids because 

it contains more lysine, thereonine and valine (Ravindran, 1992). Lysine content and the 

methionine content of the protein are inversely correlated with the protein content of the finger 

millet grain. The fractions of albumin and globulin contain a good compliment of essential amino 

acids and the prolamin fraction contains higher proportion of glutamic acid, proline, valine, 

isoleucine, leucine and phenylalanine but low, arginine and glycine (Lupien, 1990). The isoleucine 

content of finger millet is high. Leucine and isoleucine ratio is almost equal to that of rice and 

wheat (Indira and Naik, 1971). Antony et al. (1996) reported that finger millet had sulphur 

containing amino acids equal to that of milk. 

Legumes and cereals are the two most important flowering plants used in agriculture. Legumes are 

usually deficient in sulfur containing amino acids, methionine and cystine (Alsohaimy et al., 2007). 

According to Omima et al., (2010), legume seed grain proteins are the natural supplement to cereal 

grain protein in producing and overall essential amino acid balance. The protein quality cereals 

can be improved by combining it with other rich sources of protein (Awadalkareem et al., 2008; 

Carlos et al., 2004). Most cereal grains are higher proportionally in the sulfur bearing amino acids 



(Wilcke et al., 1979). When legume is blended with cereals, the resulting balance of sulfur bearing 

amino acids with the other essential amino acids is substantially improved. Wilcke et al., (1979). 

 2.2 Prevalence of Child Malnutrition in Ethiopia 

Malnutrition is the major nutritional disorder among children of African country such as Ethiopia, 

because of inadequate consumption of balanced diet and high disease burden (Williams CL 1995). 

The most important nutrition problems documented in Ethiopia are protein energy malnutrition 

and micronutrients deficiency vitamin C, vitamin A, iodine, iron and zinc deficiencies (Williams 

CL 1995).  

Children malnutrition in Ethiopia constitutes big challenges as the country had a 17% under five 

mortality rates in 2001 of which an estimated 57% was linked to severe and mild to moderate 

malnutrition (Alemu M et al.2005). According to Firmin et al. Regional variation in nutritional 

status of children is substantial. Children in Benishangul- Gumuz are least likely to receive vitamin 

A supplement compared with children in the other region, while households in Dire Dawa are most 

likely to consume salt that is adequate in iodized while least in BenishangulGumuz. Moreover, 

percentage of children aged 6-59 months classified as having anemia, by background 

characteristics. More than half (54%) of Ethiopian children 6-59 months old are anemic, with 21 

percent mildly anemic, 28 percent moderately anemic, and 4 percent severely anemic. Ethiopian 

children under five years of age (stunted-short for their age), 11% wasted (thin for their height) 

and 38% underweight (Firmin et al). This is because of; children in Ethiopia are introduced directly 

to the regular household diet made of cereal or starchy root crops. This introducing directly into 

the family meal; option creates a problem, as the child may not be able to eat enough adult diet to 

meet his or her nutritional needs (rando S et al.2005).  

2.3 Complementary foods development in Ethiopia 

Complementary food can be generally produced following traditional technologies such as 

malting, popping and fermentation and modern food processing technologies such as roller drying 

and extrusion cooking. Mostly prepared in the form of tin porridge or gruels are used for ready 

consumption (Lutter CK, Rivera JA 2003). The choices of complementary foods are affected by 

factors like family dietary pattern, influence of elders, cultures, customs, and beliefs of food 



taboos, previous experience of feeding patterns, agriculture, inadequate nutritional knowledge, 

geography and climates (Lutter CK, Rivera JA 2003).  

Development of complementary food is guided by high nutritional value to supplement breast 

feeding, acceptability, low price and use of local food items. The concept of improved feeding of 

infant and young children is not well understood by most families in Ethiopia. The point at which 

infants begin the actual weaning process i.e. the introduction of grain based solid foods is not the 

same throughout the country. It varies considerably with the ethnic make-up of the population the 

degree of urbanization and the socio economic status of the families. In general infants in the rural 

areas starts very late from 8 to 12 months of age whereas urban infants (Suhasini AW, Malleshi 

NG 2003) begin at about 5 months (Melaku U, et al.2005).  

When mothers introduce solid foods to their infants, they traditionally give gruel made from a 

variety of cereals. As the infants grow, porridge is given in addition to gruel and both foods are 

given together until about the end of the 2nd year. When the child is about 2 years of age “fetfet 

“ketta” and “dabo” are given; soon afterwards the child is introduced to an adult diet consisting 

mainly of thin leavened bread (Injera) with hot sauce (wot) made from legume (split or ground 

and spiced). Wherever available, butter is added to all these weaning foods either toasted or boiled 

whole cereals, legumes or both are also given as small meals to older children who are able to 

chew it thoroughly. Generally, complementary foods in Ethiopia are made from cereals or starchy 

tubers such as maize, sorghum, millet, rice and yam, potato, barley and yam. Traditional 

complementary food gruels or porridge are based on starchy staple foods, such as wheat, rice, 

maize, barley, oat, tef, millet or sorghum but in some areas also forms starchy roots or tubers that 

produce viscous porridges that are difficult for children to consume (Ramakrishna V et al.2006). 

As a result, mothers commonly dilute the porridge with water to reduce its viscosity. Such dilution, 

however, also reduces the energy density of the mixture. Since young children have small gastric 

Capacities, they are unable to consume enough of the diluted porridge to meet their energy 

requirements and consequently may become malnourished. This problem of high viscosity, low 

energy density, or both in complementary food is often referred to as “dietary bulk” ( Sucan MK 

1987).  

 



Children consuming these foods grow poorly and have higher mortality rates. Increasing the 

nutrient density of complementary foods is a strategy commonly recommended for improving 

child nutrition. It is possible to achieve an adequate nutrient intake by increasing the daily intake 

of such low nutrient-dense foods, but the volume of the food to be consumed may be too large to 

allow the child to ingest all the food necessary to cover nutrient needs. For instance, an infant aged 

4–6 months would need about 62 g of corn gruel to meet daily need of energy of 740 (kcal), and 

protein need. This is an impossible target considering the size of an infant’s stomach (Sucan MK 

1987). 

2.4 Traditionally Available Complementary Foods in Ethiopia 

A common feature of plant foods is their high content of water, fiber, low energy and micronutrient 

densities (Phillippy BQ 2003).This characteristic becomes particularly cause of worry during the 

complementary feeding period in infants and children. Hence, traditional weaning foods from plant 

staples often fail to meet the nutritional needs of the infants, due to stiff consistency and high 

volume which combine to offer a low-cost filling meal that often lacks adequate nutrients (Frias 

J,et al.2005). Therefore, known to poorly support growth and development. Poor combination and 

formulation has partly contributed to the poor performance of traditional complementary foods. A 

number of researches (Ramakrishna V et. al, .2006) have shown that a combination of cereals and 

legumes or tubers with fruits, vegetables and animal sourced food rather than the single diets, can 

better support growth and development. The presence of non-nutrient constituents (anti-nutritional 

factors) in plant-based foods has been shown to also negatively influence the bioavailability of 

nutrients. The best documented being oxalic acid which forms oxalate precipitates with dietary 

calcium, while phytic acid forms insoluble phytates with Ca, Fe, Zn and possibly other metals. For 

instance the relatively poor availability of the fairly high Fe content of cereals is mainly due to 

their correspondingly high phytic acid levels (Sucan MK 1987).  

Poor processing methods and hygiene have also been identified as other factors responsible for 

low nutrient density in local complementary foods due to lack of knowledge about simple 

processing techniques to produce nutritious food. The simple traditional house hold technologies 

have been used to process the cereal in order to improve the nutritional quality. These include 

roasting, germination or sprouting; fermentation, cooking and soaking that greatly influence their 

nutritive value. Of these, cooking and germination plays an important role as it influences the 



bioavailability utilization of nutrients and also improve palatability which can result in enhancing 

the digestibility and nutritive value (Mariam S 2005). 

Table 2.2: Major grain-based traditional complementary foods.  

Complementary foods                        Raw Food Items Used 

 

Gruel            Teff, Sorghum, Barley, Maize, Wheat, emmer wheat and enset 

Porridge       Teff, sorghum, barley, maize, wheat, emmer wheat and enset 

Fetfet            Teff, sorghum, barley, maize, wheat, broad bean chick-peas, field peas, and lentil 

Kitta             Teff, sorghum, barley, maize, wheat, enset and chick peas 

Dabo            Teff, sorghum, barley, maize, wheat and emmer wheat 

 

Source: (Temesgen M 2013). 

2.5 Assessment of existing baby food production in Ethiopia 

Faffa Food S.C produces mainly Famix, Dube Duket, Cerifam, Edigut Milk, Faffa and Others. The 

factory purchases its raw materials from local market and other ingredients such as Vitamins, 

minerals, premix, milk powder, enzymes and etc from foreign market. 

 

 Famix can be used at all times to families, to the public, drought victims, and to vulnerable 

people. It is prepared from roasted maize, and roasted soya flour, sugar, vitamins (A, B1, 

B2,B6, B12, C, D, Nicotic Acid, Folic Acid ); minerals (Iron, Iodine and Calcium). 

 

 Dube Duket is protein enriched wheat flour prepared from high quality wheat flour, soya 

flour, vitamins and minerals. 

 

 Cerifam is nutritionally enriched pre-cooked baby food usually for infants above age of 4 

months. It is composed of wheat flour, skimmed milk powder, full fat milk, soya flour, 

chick peas, sugar, vitamins & minerals and an enzymes α-amylase & vanilla flavor. 

 

 



 Edger Milk is fortified full cream powder for family. It is composed of full fat milk 

powder, sugar, vitamins and minerals. 

 

 Faffa is supplementary weaning food for infants primarily above age of 6 months. It is 

basically prepared from wheat flour, skimmed milk powder, soya flour, chick peas, sugar, 

vitamins and minerals. 

 

Table 2.2: Major types of complementary food in Ethiopia 

Type of product Protein(g) Fat(g) Carbohydrate(g) Calorific 

value 

(KCal.) 

Packaging 

type 

Famix ≥ 14 ≥ 7 ≥ 70 ≥ 400 PE or PP 

films 

Dubeduket 13 4.5 75 370 PP films 

Cerifam 18 5.1 70.5 400 PP films 

Edeger milk 19 19 60 480 PE or can 

Faffa 

 

17 4.5 70 370 PE or PP 

films 

Source: Factory profile of the HACCP document of Faffa Food S.C (2003)  

 

2.6 Complementary Foods and their Quality Attributes 

Functional properties, such as solubility, gelation, viscosity, water and fat binding properties will 

reflect the level of protein interaction with water, while fat absorption and emulsion are influenced 

by protein and fat interaction. Nitrogen solubility is a good index of the functional potential of 

protein-rich products. CSA (2006).  

Viscosity is an important functional property of foods that affects mouth-feel and textural quality 

of fluid. Food which has shown that viscosity is a function of not only the solid concentration, but 

also the type of starch and protein the product bears (Shimelis A, Rakshit SK 2008). When starch 

granules are heated in water they swell and gelatinize forming a viscous bulky water retaining 

paste on cooling such thick feed, the gruel will be too thick and viscous for young infant to 



consume the product. Protein concentration, especially the globulin fraction, interaction, with 

carbohydrate and lipids will influence the properties of protein concentrates. This interaction is 

responsible for the gelation capacity of legume and oil seed protein. CSA (2006). 

Oil absorption is related to the physical entrapment of oil and to the number of nonpolar side chains 

on the proteins that bind hydrocarbon chains on the fatty acids. Water binding by protein is a 

function of different parameters, including size, shape, conformational characteristics, steric 

factors, and hydrophilic-Hydrophobic balance of amino acids in the protein molecules, lipids and 

carbohydrates associated with the protein. (Shimelis A, Rakshit SK 2008). 

 

2.7 Effect of Processing Conditions on Anti-Nutritional Factors of Complementary Food 

Cooking and pre-treatment such as soaking, Dehulling , germination, and fermentation can alter 

the content, physical–chemical properties of the components and reduce anti-nutrient level. House 

food processing method including soaking, germination plays an important role since it influence 

the bioavailability, utilization of nutrients and also improves palatability that may results in 

enhancing the digestibility and nutritive value (Sandberg AS, Andlid T 2002). 

2.7.1 Effect of Soaking 

Soaking cereal and most legumes in water can result in passive diffusion of water-soluble Na, K, 

or Mg phytate, which can then be removed by decanting the water. The extent of the phytate 

reduction depends on the species, pH, and length and conditions of soaking. A simple soaking 

procedure appropriate for rural subsistence households has been developed that can reportedly 

reduce the phytate content of unrefined soybean by 50%. This is important because several recent 

studies in adults and infants have reported improvements in absorption of iron, zinc, and calcium 

in cereal-based foods prepared with a reduced phytate content. Some polyphenols and oxalates 

that inhibit iron and calcium absorption, respectively, may also be lost by soaking (Ologhobo & 

Fetuga, 1984). 

2.7.2 Effect of Dehulling 

Dehulling is one of the physical treatments to remove the hulls (coats) that contain unwanted 

substances such as tannins and high-lignin fibers present in the hull. The hulls, therefore, should 



be removed to reduce off-flavor. The preparation of beans for processing is important to achieve 

good hull removal. This step is critical for manufacture of high-protein dehulled soy meal. 

However, the complete separation of the hulls from the meal of the soybean during processing is 

unlikely. Dehulled bean is produced by dry method or wet method. Dry method involves heating 

the cleaned whole beans in oven or a dry saucepan and splitting the beans then removing the hulls 

from the cotyledons. The wet method involves soaking the whole beans in water for some times 

and removing the hulls manually and drying the cotyledons (Christine & Rosalind, 2007). 

 

2.7.3 Effect of Roasting 

Roasting consists of dry heat to the seed material by conduction or convection and heat radiations. 

In conduction equipment heating can be indirect through a granular medium, or direct through a 

metallic surface heated with a burner or electric resistances. In convection equipment, like 

drumdrier, the seeds are heated by hot air and infrared radiations generated by a gas-fired burner. 

Residence time can be adjusted from 1 to 10 minutes as a function of the slope of the drum (Assefa, 

2008). In any case, a uniform treatment must be sought, thus avoiding a situation in which the core 

of some of the particles remains raw whilst the outer layer of others has been over processed. It is 

important to divide the different beans up into size categories before roasting in order to prevent 

the overheating of the smallest ones. Roasting has a significant impact on the overall quality of 

grain and the final product (Mridula et al., 2007). 

 2.7.4 Domestic and Imported Infant Food Production 

 The country's requirement for baby food is met by domestic production and through imports. 

Baby foods that are produced domestically are known as FAFA, DUBE, EDGET and MITIN. 

Some quantity of imported baby foods like NIDO, COAST, CERILAC, NAN and GUIGOZ. 

Domestic production of baby or infant food between 2001/02-2009/10 is presented in Table 2.3. 

 

 

 

 

 

 



Table 2.3: Domestic Production of Baby or Infant food (Tons) 

 

 

 

 

 

 

 

 

 

 

Source: CSA, Large and Medium Scale Manufacturing and Electricity Industries   Survey, 

                   Various Issues. 

To meet the unsatisfied demand Ethiopia also imports a variety of infant foods from a number of 

countries. The data source for import statistics i.e. Ethiopian Revenue and Customs Authority 

classifies import of baby foods under the following headings. For the purpose of this study, only 

HS code of 1901 and 1905, which include only preparations for infant use, of flour and other infant 

or invalid foods are taken. A summary of the above three types of infant foods imported during 

the period 2001 – 2011 is presented in Table 2.4. 

 

 

 

 

 

 

Year Production 

2000/01 11,693 

2001/02 9,216 

2002/03 15,379 

2003/04 18,481 

2004/05 12,828 

2005/06 14,570 

2006/07  11,924 

2007/08 11,382 

2008/09 10,990 

2009/10 37,971 



               Table 2.4: Import of Baby Food (Tons) 

Year Import 

2001 180 

2002 846 

2003 1202 

2004 1528 

2005 1906 

2006 1996 

2007 2037 

2008 1178 

2009 759 

2010 1396 

2011 1754 

        Source:  Ethiopian Revenue and Customs Authority. 

2.8 Demand Gap between the Existing Productions 

 The demand for industrially processed baby food is influenced mainly by the baby /infant 

population, income of household and urbanization. The urban population in Ethiopia is growing 

by more than 4%. Assuming there will be a modest growth of household income, urbanization 

considering the Health Extension Program in Ethiopia and programs of Non-Governmental 

Organizations which aims at improving infant feeding. Domestic production is assumed to remain 

at 38,000 tons (estimated level of production for 2012). The resulting total demand and the 

unsatisfied demand is shown in Table 2.5 

 

 

 



                Table 2.5: Projected Demand for Baby Food (Tons) 

Year Projected 

Demand 

Existing 

Production 

Unsatisfied 

Demand 

2013 61,660 38,000 23,660 

2014 64,126 38,000 26,126 

2015 66,691 38,000 28,691 

2016 69,358 38,000 31,358 

2017 72,132 38,000 34,132 

2018 75,017 38,000 37,017 

2019 78,018 38,000 40,018 

2020 81,139 38,000 43,139 

2021 84,384 38,000 46,384 

2022 87,759 38,000 49,759 

Source:  Ethiopian Revenue and Customs Authority. 

2.9 Single drum dryer Equipment 

Depending on the design, the slurry is applied continuously as a thin film at the top of the main 

drum. As the drum rotates and is heated on the inside, the product dries on the outside of the drum 

surface. The short exposure to a high temperature reduces the risk of damage the product and the 

construction of the knife holder guarantees an even pressure over the total length of the drum. The 

use of specific materials prevents vibrations as a result of scraping and guarantees uniform product 

removal. The pressure of the knife can be controlled simply and this is done outside the process 

area. (Rodriguez et.al., 1996) 

 

 

 



Single drum dryer is available with overhead or underlying applicator rolls, for controlling the 

application of the product. These rolls also have a kneading effect which prevents the formation 

of lumps in sticky products. Applicator rolls which make it easy to regulate product feed. In 

addition, they have a kneading effect, preventing lump formation in stickier materials. With perfect 

distribution along the length of the drum. 

2.9.1 Drum Dryer Feeding Methods 

The method of applying sluryy onto the drum surface differs depending on the drum arrangement, 

the solid concentration, viscosity, and wetting ability of the product. Industrial drum dryers use 

five basic feeding methods, namely, roll feeding, and nipfeeding, dipping, spraying, and splashing. 

2.9.2 Drum dryer machine variables  

 Input variables.  

Drum speed (Vrc) and steam pressure (pv) are the most important variables of the process with 

regards to the final product moisture content (Xf ) and outlet mass flow rate (mf). For an increase 

in Vrc, the influence on Xf is due to the reduction in the drying time available and change in the 

quantity of product smeared over the drum (Cs). Final moisture content is also conditioned by 

steam pressure pv: Xf obviously decreases with increase in the steam pressure (pv) due to the 

higher drum surface temperature. All variables induce nonlinear responses with response times 

and delay depending on the set points (G. Rodriguez, J.etal.1995). 

 

 Output variables. 

 The most important are final moisture content Xf’, which will be measured by means of product 

temperature (ToC) and mass flow rate (mf) linearly depending on Cs and Vrc (Rodriguez, 

J.etal.1995).  

 

 

 

 

 

 

 



2.10 Concluding remarks 
 
 Legumes and cereals are the two most important flowering plants used in agriculture. Legumes 

are usually deficient in sulfur containing amino acids, methionine and cysteine. Legume seed grain 

proteins are the natural supplement to cereal grain protein in producing and overall essential amino 

acid balance. Most cereal grains are higher proportionally in the sulfur bearing amino acids When 

legume is blended with cereals, the resulting balance of sulfur bearing amino acids with the other 

essential amino acids is substantially improved). 

Malnutrition is the major nutritional disorder among children of African country such as Ethiopia, 

because of inadequate consumption of balanced diet and high disease burden. Poor processing 

methods and hygiene have also been identified as other factors responsible for low nutrient density 

in local complementary foods due to lack of knowledge about simple processing techniques to 

produce nutritious food. The most important nutrition problems documented in Ethiopia are 

protein energy malnutrition and micronutrients deficiency such as vitamin C, vitamin A, iodine, 

iron and zinc.  

Among the different types of technologies which are used to complementary food products, drum 

drying technology offers many advantages over other traditional forms of processing, the greatest 

of which is that it is a continuous process. Also, by varying factors such as ingredients, drum 

temperature, and residence time, a wide variety of complementary food product can be produced. 

 

 

 

 

 

 

 

 



                                 CHAPTER THREE 

                               Material and Method 

3.1 Source of Materials and Sample Preparation 

3.1.1. Location of the Study 

The experiment will be conducted in Hawassa, Ethiopia. Raw materials will be prepared and 

processed at Guts Agro industry. The experiment on the drum drier process was conducted in Guts 

Agro industry Hawassa while the proximate, Functional, chemical and sensory analyses and other 

parameters of the complimentary food will be analyzed in the food processing laboratory of the 

school of chemical and food engineering Addis Ababa University and Ethiopian public health 

Institute (EPHI). 

3.1.2. Sources of raw Materials Collection and Transportation 

The product was formulated by combining the cereal, legume mixtures to maximize the starch and 

protein quality. Based on amount of energy value, availability on the market, and price. Maize, 

chickpea and finger millet flour are selected for this study. As a result, corn (BH580), which is 

currently giving a high yield in Ethiopia, is collected from the local market Hawassa. kabuli type 

chickpea also has relatively larger amount of starch and protein is selected for this study collected 

from the local market shashemena, Ethiopia. Finger millet was obtained from the local market 

(Hawassa).then all raw material collected in different place and travel in GUT agro industry by 

using transportation. 

3.1.3. Raw materials preparation  
 
Impurities which came together with Maize, millet and chickpeas were removed manually. Then 

maize millet and chickpea were roasted to facilitate the next dehulling process and to get a good 

color on the final product. Following roasting, the chickpeas were dehulled to remove the husk. 

This dulling process also increased the nutritional value of the chickpea. Finally maize, millet and 

chickpea are milled in to flour using miller in a sieve size of 0.8mm and packed in polyethylene 

bags. 

 

 



3.2 Experimental Frame Work of the research  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure. 3.1 Experimental frame work of the research  
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3.3 Processing Methods 

3.3.1 Drum Drying Processing 

Based on the selected formulation from the design expert software sample was prepared as 

described in section 3.1.3 and subjected to drying test at all combinations of the operating 

conditions. Drying process was performed using industrial scale single drum dryer. (Model E- N0 

5/5, china). The slurry feed in to single drum dryer by spray feeder type method .The temperature 

of the dryer was controlled by stem pressure gage and inferred thermometer, drum speed and 

electrical power (current and voltage) was controlled by read on separate control panel board.  

Necessary calibration and adjustment of the material performed drum dying process. The drum 

temperature which varied from 130oC and 150oc was selected for the experiment. Drum speed set 

at 200 and 300 rpm and Particle size set 0.8mm & 1mm. levels were also chosen by looking the 

product characteristic at pre-test experiments.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure 3.2 Single drum dryer applicator rolls. 

 

Figure 3.3 Single drum dryer Equipment. 

 

 



3.3.2 Blend formulation 

Simplex- Centroid design was used to the experiments as it is used for studying properties over 

the entire region of a three or more components mixture. Mixture Design Expert software (v.6.0.8) 

was used to build, test adequacy and optimize a model. In a mixture system with three components, 

the number of different points in a Simplex Centroid design is 2q-1, where q is the number of 

components. Hence, the components, in this study, were Maize, Millet and Chickpea. Therefore, 

for three components, the number of different points in a Simplex Centroid design became 23-1=7. 

Using Mixture Design Expert software (v.6.0.8) augmented points were added to the design data, 

making the total number of runs 10.This helps to examine the three components for their effect 

(independently or in combinations) on the responses.  

 

Table. 3.1 Blend formulation in the experimental design 

 

 

 

 

 

Trial Maize (A) Chickpea(B) Millet(C) 

1 0 0 1 

2 0 0.5 0.5 

3 1 0 0 

4 0 1 0 

5 0.5 0 0.5 

6 0.5 0.5 0 

7 0.666667 0.166667 0.166667 

8 0.166667 0.666667 0.166667 

9 0.3333 0.3333 0.3333 

10 0.166667 0.166667 0.666667 



 

Figure 3.4 Flour blends prepared based on the experimental design 

 

The experimental domain consisted of different proportions of components of, A (Maize), B 

(Chickpea) and C (Millet) with values between zero and one i.e, 0<A+B+C<1. The sum for each 

run of the mixture is 1 and the component values are interpreted as proportions. Hence, flour of 

maize, millet and chickpea were prepared and flour blend, according to the augmented simplex-

centroid mixture design with 10 points, were prepared. 

 Model fitting 

The first step in each case is to perform ANOVA to select the appropriate type of model (linear, 

quadratic, etc.). Once a model has been fit, it was important to verify the adequacy of the chosen 

model quantitatively and graphically (Cristiane et al., 2006). Under the "Source" column of the 

ANOVA table, the line labeled "Linear" indicates the significance of adding linear terms, and the 

line labeled "Quadratic" indicates the significance of adding quadratic terms. The column labeled 

"DF" shows the degrees of freedom for each source. The F-statistic is calculated for each type of 

model, and the highest order model with significant terms normally would be chosen. Significance 

is judged by determining if the probability that the F-statistic calculated from the data exceeds a 

theoretical value. The probability decreases as the value of the F-statistic increases. If this 



probability is less than 0.05, the terms are significant and their inclusion improves the model. 

Moreover, test statistics like adjusted R2, predicted R2, and prediction error sum of squares 

(PRESS) calculated by the Mixture Design Expert of the Statistical Analysis System software were 

additionally considered to choose best fit model (Ibrahim et al, 2010). 

 Check lack of fit  

The lack-of- fit is a measure of the failure of a model to represent data in the experimental domain, 

especially for those points which were not included in the regression or variations in the models 

and thus cannot be accounted for by random error .Once the type of model (e.g., linear, quadratic, 

etc.) was selected, the second step was to perform a lack-of-fit test, also using ANOVA, to compare 

the residual error to the pure error from replication. When residual error significantly exceeds pure 

error, then it was concluded that there were differences in the blends that the model cannot explain, 

and hence there was significant lack of fit (p-value >0.05) and selection of another model was 

appropriate. A model is adequate in describing the response if the lack-of-fit is insignificant.  

 Energy value calculation  

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 (Gaman and 

Sherrington, 1986). One gram of carbohydrate (C) was assumed to give 15.71kJ energy; one gram 

of fat (F) 37.71kJ energy and one gram of protein (P) 16.76kJ. Therefore, determination of calorific 

value (kJ/100g) of dry beans was determined according to Osborne and Voogt (1978). The energy 

values for one gram of the three groups of nutrients which provides the body with energy were 

calculated by using specific values of Atwater factors for protein, fat, and total carbohydrate as 

recommended by Birch et al. (1980). 

 

Energy value=  
(�∗ ��.��) � (�∗ ��.��) � (�∗ ��.��) �� ��

���� �� ��� ������
                                                                              (3.1) 

 

Where; 

P = Protein content (%). 

F = Fat content (%). 

C = Available total carbohydrate (%) 



 3.4 Analysis Methods 

3.4.1 Proximate composition 

 Determination of crude protein 

Protein content was determined according to (AOAC, 2000) using the official method 979.09.  

A digestion flask containing about 1 g of sample, to which 6 ml of acid mixture (conc. Sulphuric 

acid and conc. orthophosphuric acid) and about 3g of catalyst mixture (K2SO4 and Selenium) 

were added and exposed to about 370 0C in order to allow digestion. Then, distillation took place 

by adding 25 ml of 40% NaOH and using 25 ml of boric acid with 10 drops of indicator solution. 

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

crude protein content was estimated using the formula 

 

   ����� �������� =
((�����)∗ �∗��.���∗���) 

�
                                                                                     (3.2) 

 

Where, 

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

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

determination. 

N = Normality of standard sulfuric acid. 

W = Weight in grams of the test material. 

N.B. Crude protein content percent per weight = total nitrogen * 6.25 for the blend. 

 Determination of crude fat 

A clean and dried 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. Then, extraction took place for at least 

4h according to (AOAC, 2000) official method 450.1. The crude fat content was determined by 

the formula. 

Weight of fat (Wf)  =  Wa − Wb                                                                                                  (3.3) 

Where: 

Wa = Weight of extraction flask after extraction. 

Wb = Weight of extraction flask before extraction. 



 Crude fat content (g/100) = 
�� [��� � ��������%]

��
                                                                            (3.4)        

Where: 

Wd = Dried sample obtained after determination of moisture. 

 Determination of moisture content 

Moisture of the flour was determined according to (AOAC, 2000) using the official method 

925.09. A clean dried and covered flat aluminum dish was weighed and about 5g of the sample 

was transferred to the dish. The dish then placed in the oven (memmert 854 Schwabach, West 

Germany) at 102 0C for 5h and cooled in desiccators and re-weighed. Then, the moisture content 

Was estimated by the formula. 

 

Moisture content [%] =
 (������ �� ����� ������������� �� ��� ������)

������ �� ����� ������
∗ 100                                                 3.6 

 Determination of total ash 

A dry porcelain dish containing about 2g sample was placed in a muffle furnace (GALLENKAMP, 

Model FSL 340-0100, U.K.) set at 550 0C for 1h and by allowing to cool in a desiccator and 

weighing it, the ash content was determined by (AOAC, 2000) using the official method 923.03 

and applying a simple formula. 

 

Total ash [%] =
 (����) 

(����)
∗ 100                                                                                                                         3.7     

Where: 

w = Weight in grams of empty dish 

w1 = Weight in grams of the dish plus the dried test material 

w2 = Weight in grams of the dish plus ash 

 Determination of total carbohydrates 

Total carbohydrate content of the samples including crude fiber was determined by Subtraction of 

the above tested parameters from 100% 

 

Total carbohydrates [%] =100 − [%Moisture +  % Protein +  % Fat +  % Ash]                       3.8                                                                     



3.4.2 Mineral analysis 

Zinc, calcium and Iron were determined using atomic absorption method of Osborne & Voogt 

(1978). The ash obtained after dry ashing at 525 0C was treated with 7 ml of 6N HCl to wet it 

completely and 15 ml of 3N HCl was added and the dish was heated on the hot plate until the 

solution just boils. Then, it has been cooled and filtered. 10 ml of 3N HCl was added to the dish 

and heated until the solution just boils. Finally, cooled and filtered into the graduated flask. Using 

atomic absorption spectrophotometer (Varian, spectra-10/20, Australia) a calibration curve was 

prepared by plotting the absorption or emission values against the metal concentration in mg/100g. 

Reading was taken from the graph which depicted the metal concentrations that correspond to the 

absorption or emission values of the samples and the blank. The metal contents were calculated by 

using the formula. 

Metal content [(mg/100g)] =
(���)∗�

���
                                                                                                     3.9                                         

Where, 

W = Weight of sample in (g) 

V = Volume of extract (ml) 

A = Concentration of sample solution (μg/ml) 

B = Concentration of blank solution (μg/ml) 

3.4.3   Physical properties 

3.4.3.1 Determination of viscosity 

The viscosity of cooked paste was determined with a Vibro Viscometre (SV-10, Germany). A 10% 

slurry (dry matter basis) of each flour was prepared with 200 ml distilled water and the slurry was 

heated uniformly from 25°C to 95°C and held for 15 min and cooled to 50°C. Then viscosity on 

cooling to 50°C was determined (Mbata et al., 2009). 

3.4.3.2 Bulk densities of the flour 

Bulk density was determined by the method of Narayana & Narasinga (1984). An empty 

Calibrated centrifuge was weighed. The tube was then filled with a sample to 5 ml by constant 

Tapping until there was no further change in volume. The weight of the tube and its contents was 



Taken and recorded. The weight of the sample alone was then determined by difference. Bulk 

Density was calculated from the values obtained as follows. 

Bulk density (g/ml) =
������ �� ������ 

������ ��������
                                                                                                       3.10 

 

3.4.4 Functional properties 

3.4.4.1 Dispersibility  

Dispersibility in water which indicates their ability to reconstitute was determined by the method 

of Kulkarni et al. (1991). 10 g of each flour sample were weighed into a 100 ml measuring cylinder. 

Distilled water was added up to 100 ml volume. The sample was vigorously stirred and allowed to 

settle for 3 h. The volume of settled particles was recorded and subtracted from 100 to give a 

difference that is taken as percentage Dispersibility. 

3.4.4.2 Water absorption capacity 

WAC which gives an indication of the amount of water available for gelatinization was determined 

according to method used by Solsulski (1962). 2.5 g of each sample were added to 30 ml distilled 

water in a weighed 50 ml centrifuge tube. The tube was agitated for about 5 min before being 

centrifuged (D72, Andreas, Hettich, Germany) at 4000 rpm for 20 min. The mixture was decanted 

and the clear supernatant discarded. Adhering drops of water were carefully siphoned as much as 

quantitatively possible and the tube was reweighed. WAC was expressed as the weight of water 

bound by 100 g dry flour. 

3.4.5 Oil absorption 

Oil absorption capacity was determined according to the method of Beuchat (1977). 1g of the 

sample flour was measured and mixed with 10ml (V1) oil (pure soybean oil) in a 25ml centrifuge 

tube and stirred for 2 min. The samples were allowed to stand at room temperature for 30 min, 

centrifuged at 5000rpm using a centrifuge (D72, Andreas Hettich, Germany) for 30 min, and the 

volume of the supernatant was noted in a 10ml graduated cylinder (V2). The difference in volume 

was taken as the oil absorbed by the sample (V3). Density of oil was taken as 0.895g/ml. 



3.4.6   Microbial quality Analysis 

Determination of Yeast and Mold was conducted using NMKL, No. 98, 1997 method. Coliform 

count was carried out according to NMKL, No. 44, 2004.  

3.4.7   Sensory quality Analysis 

Complementary food (gruel) prepared from famix provided from FAFA, and the blend flour 

evaluated by panelists. The fifteen panelists were selected from the staff of food engineering 

laboratory at AAiT and MSc students from environmental and process engineering stream. The 

gruels were prepared by mixing 10g of Blend flour dissolved in 200 ml distilled water and cooked 

at 950C for 15 min. The weaning food thin porridge (gruels) was served to the panelists in white 

and transparent glass cups at about 400C. The containers with the samples were coded in three 

digits and kept far apart to avoid crowding and for independent judgment. The panelists were asked 

to rank the gruel on the basis of (color), appearance, odor, and texture using a nine point hedonic 

scale with 1=Dislike extremely, 5=Neither like nor dislike, 9=Like extremely was used for all 

attributes measured. Water was provided to rinse the mouth between evaluations. 

3.4.8 Experimental Design and Statistical Analysis of Drum Dryer Process 

The experiment was analyzed with three variables using a mixed 2x2x2 full factorial Experimental 

design was used to study the effect of drying operating conditions and raw material characteristics 

on product quality attributes. The factors that affect drum dryer with levels are drum temperature 

with two levels (130 & 150), drum speed with two levels (200, & 300 rpm) and particle size 

distribution with two levels (0.8mm & 1mm). Therefore, using these variables with respective 

levels, full factorial design treatment was used for flour of blends. 

The analysis of regression was carried out to investigate the effect of operating conditions and raw 

material characteristics on the final product quality using SPSS software. One way ANOVA 

(analysis of variance) were used for comparison of means. Significance was accepted at 0.05 level 

of probability (p<0.05). Mean separation was performed by LSD (least significant difference) for 

multiple comparisons of means. 

 

 

                                



                             CHAPTER FOUR 

                                Results and Discussion 

4.1 Chemical composition of raw material flours 

Table 4-1.Chemical composition of raw material flours 

 

Proximate 

compositions (g/100g 

Chickpea Maize Millet 

Moisture (%) 4.44 ±0.23d 7.07 ±0.05b 7.04 ±0.20c 

Protein (%) 21.1 ±0.60b 6.57 ±0.70b 8.29 ±0.90b 

Fat (%) 7.22 ±0.75c 1.33 ±0.45c 0.65 ±0.30e 

Ash (%) 2.76 ±0.20e 0.46 ±0.02d 3.19 ±0.05d 

Carbohydrate (%) 64.4 ± 0.40a 84.5±0.50a 80.7±0.05a 

 

a-e
 Means with the same superscript letters within a row are not significantly different (P > 0.05)  

All Values are means ± SD of the triplicate 

Values except Moisture are expressed in dry weight basis (DWB). 

 

 

 

 

 

 

 

 



Crude protein content of chickpea flour (21.1%) was found greater than that of the maize and 

millet which had a protein content of 6.57 % and 8.29 % respectively. maize had the highest total 

carbohydrate (84.5%) than chickpea flour which contained 64.4 % total carbohydrate and millet 

(80.7%). The value of carbohydrate found in maize was almost the same with the finding of millet 

flour. The protein value of the Maize was little lower than the value protein that most cereals 

expected to have (8%-11%).  

As it is shown in the table the protein content of the Chickpea flour was 21.1% and the total 

carbohydrate content of the chickpea was found to be 64.446%. 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 (Chavan et al. 1986). Based on the proximate value obtained, 

chickpea flour was the major source of protein and maize was the major source of Carbohydrate 

for the final product which will be developed. 

4.2   Blend ratio selection using mixture design  

The data obtained from the experiment were analyzed with the help of Design Expert software. 

From different methods found in the Design Expert software, Mixture design method was chosen 

for determining the ratio of each ingredient in the final product and to examine the statistical 

significance of the model terms for each response.  

Blends of Maize flour, Chickpea flour and Millet were prepared according to the augmented 

simplex-centroid mixture design with 10 points (table 4-2). Experiments have been conducted at 

all augmented simplex-centroid design points design by Mixture Design Expert software. The 

results obtained from the experiment were feed in to the software (Appendix X). Based on the 

experimental data the software calculated and provided the responses. Based on the result which 

is obtained from the experiment done on the blends, the software calculated the effects for all 

model terms and produced statistics (Appendix IV and VII). For comparing the model statically 

value such as p-values, lack of fit and R2, PRESS values were used. As a result the software 

executed statistics and suggested linear model significant at p<0.0001 with R2 = 0.9997 was 

selected. 

 

 

 



Table 4.2 Statistics executed for the significantly fit model 

Response Model DF MS p-value R2 ad R2  
 

pr R2  

 

PREES 

Protein Liner 2 162.16 0.0001 0.9997 0.9997 0.9996 0.13 

Energy Special 

cubic 

1 6.09 0.0160 0.9983 0.9968 0.9769 57.88 

Where: DF - Degree of freedom, MS – Mean square, adR2 – Adjusted R2, pr R2 – Predicted R2 

and PRESS –Predicted error square. 

The selected models, as compared to the other model, had low PRESS value for all responses and 

large values of predicted R2 and adjusted R2. The adjusted R2 is a measure of the amount of 

variation about the mean explained by the model, adjusted for the number of parameters in the 

model. The predicted R2 measures the amount of variation in new data explained by the model. 

PRESS measures how well the model fits each point in the design. PRESS is the sum of the squared 

differences between the estimated values and the actual values over all the points. A good model 

will have a low RMSE, a large predicted R2, and a low PRESS. The R2 is defined as the ratio of 

the explained variation to the total variation and is a measure of the degree of fit (Ibrahim, et.al, 

2010). 

Following selection of the best fit model, coefficients (linear terms) of the model were estimated 

for each response. For protein, prediction equation was developed using statistical parameters 

given in Table 4-2 Therefore, protein could be predicted as:  

 

Protein= 6.58 A+21.1B+8.293C 

Where A, B and C represent any proportion of Maize, Chickpea and Millet respectively.  Since 

the parameter estimate for B greater than A and C, it can be concluded that the B (Chickpea) will 

be the main sources of protein for the product to be developed. 

For Energy, prediction equation was developed using statistical parameters given in Table 4-2. 

Therefore Starch could be predicted as:  

Energy= +355.49*A+391.03*B+396.14*C+24.69*A*B-0.66*A*C+0.33*B*C-75.02*A*B*C 

Where A, B and C represent any proportion of Maize, Chickpea and Millet respectively.  



4.2.1 Numerical optimization  

The numerical optimization finds a point that maximizes the desirability function. The Mixture 

Design Expert program randomly picked a set of conditions from which to start its search for 

desirable results and sorts the results. The Mixture Design Expert program selected 10 

solutions/formulations which can be the best solution (Appendix XI). Appendix XI also shows 

how well the responses satisfied the criteria and the overall combined desirability. Desirability 

value for the whole solutions is 1. This shows all solution can be considered as a good solution 

(Ibrahim, et.al, 2010; Cristiane et.al, 2006). 

4.2.2 Graphical optimization  

Mixture Design Expert Software provides contour plots over the mixture design space. The 

response can be represented by the surface above the triangle in 3D or as a contour plot, where 

each contour line represents a specific response. The contours are plotted on the 2-dimentional 

triangle and indicated a region that best predicts the pre-defined responses 

 

 

 

 

Figure 4.1 Contour plots for protein 



 

 

 

 

 

 

Figure 4.2 Predicted Contour plots for protein 

 

 

 

 

Figure 4.3 Contour plots for Energy 



 

 

Figure 4.4 Predicted Contour plots for Energy. 

 

The Result shows in the above graph the formulation which contained 66.66 % chickpea flour, 

16.666 % maize and 16.666% millet flour which provide approximately 15.94% protein was 

selected. The probability of selecting a formulation with high content of protein is limited with the 

energy content of the final product. 

 

 

 

 

 

 

 

 

 

 

 

 

 



4.3   Chemical composition of the formulated raw flour and complementary food products. 

 Crude protein 

As it is shown the Table 4.3, the mixture of maize, chickpea and millet flour after drum dryer 

contained a better content of crude protein (16.0 %) than that of the mixture of maize, chickpea 

and millet flour before drum dryer (15.94 %). This due to the fact nutritive value of a protein 

depends on the relative amounts of the essential amino acids, the proteins digestibility and 

bioavailability (Mensa-Wilmot et al., 2001). Proteins undergo cross-linking reactions due to the 

applied heat and shear that causes denaturation of the proteins during drum dryer processing. 

Cross-linking causes the formation of a new molecular aggregate structure (Cindio et al., 2002b). 

As a result, the possible cause might be the denaturation of proteins and inactivation of anti-

nutritional factors that impair digestion.  

Generally the value of protein that is obtained before and after drum dryer processing are 15.94% 

& 16% respectively. This protein result is within the range of infant food (famix) (≥ 14%), product 

of Faffa Food S.C; higher than the minimum protein requirement (14%) of WFP specification for 

corn-soya blend and within the range to the values (16.00% – 19.97%) reported by the authors 

Lalude et al. (2006) of a weaning food from Sorghum and Oil - Seeds; higher than (7.68% – 8.56%) 

of Amankwah et al. (2009) for maize-soybean weaning blend and  Saeeda et. al (2009) report 

14.4% of crud protein from rice, mango, potato, poppy seed blend ,17% protein from wheat, pea, 

cabbage and groundnut blend ; Bojnanskal et.al (2012) report 12.57% to 16.28% from wheat, lentil 

and chickpea. Codex/WHO/FAO 2004 the required daily recommended protein in the 

complimentary food are ≥15%. Finally suggest that increasing of the chickpea can improve the 

protein content of complimentary process food (Barac et. al 2010). 

 Total carbohydrates 

Generally complementary food products had the highest total carbohydrate content than the 

formulated raw flour. As it is shown the table 4.3, the carbohydrates content of complementary 

food product & formulated raw flour are 70.2% & 73.6% respectively. The cause of the higher 

carbohydrate content might be due to starch degradation in to dextrin and simple sugars like free 

glucose, this is easily observed in increasing the WSI values of the product. All experimental 

values of carbohydrates before and after drum dryer processing is comparable with Values (70.2% 

and 73.6%) respectively.  Research findings by Mbata et al. (2009) for fermented maize flour and 



Bambara groundnut-maize fortified flour; slightly higher than the values obtained from Famix 

(infant foods) – (70%) and slightly lower than (Shimelis, 2009) with the average value of (75%) 

for the production of sorghum based weaning food; higher than the values (60.85 and 61.99) 

reported by the authors Amankwah et al. (2009) for different blend ratio in the formulation of 

weaning food from fermented maize, rice, soybean and fishmeal. Bolaji et al. (2010) reported that 

the total carbohydrate content of maize – soybean blend for the production of Ogi is (61.76%); 

Elemo et al (2011) and Hussain et al (2012) report 63.7-77.4% carbohydrate from sorghum and 

cowpea, 61.24-70.73% carbohydrate from wheat and lentil. That is lower than the value of the 

Research finding. WHO/FAO (2004) recommended carbohydrate content of complementary food 

products are ≥65g/100g. This carbohydrate result is within the range of infant food. 

 Crude fat 

Complementary food products had the lowest crude fat content than the formulated raw flour. As 

it is shown the table 4.3, the crud fat content of complementary food product & formulated raw 

flour are 3.07 % and 5.03 % respectively. This is possibly due to loss of some free oil at the drum 

dryer processing.  

Research finding values of crude fat content before and after drum dryer processing values is 

5.03% and 3.07% respectively. Lalude & Fashakin (2006) reported that the fat content of weaning 

food from sorghum and oil – seeds is (9.87%). So, the value of crude fat when research finding is 

lower than this range. According to the findings of Amankwah et al. (2009), the crude fat content 

of formulation of weaning food from Fermented maize, rice, soybean and fishmeal is (9.38% and 

8.75%).The fat content of current study is also higher than the value, Ghavidel and Davoodi (2011) 

1.36% crud fat in complimentary food from wheat and grengram and 1.27% from wheat and lentil 

seed. Solomon (2005) report 11.524.8% from rice, maize, achagrain, soya bean, bambaranut, 

bennished, carrot, gardenegg and crayfish. WHO/FAO recommended crude fat content of 

complimentary food products are 10-15%. 

 

 

 

 

 

 



Table 4.3 Chemical composition of the formulated raw flour and complementary food products. 

Sample code 

 

Drum 

Tempera

ture(oc) 

Drum 

speed(r

pm) 

Particle 

size(mm) 

Moisture(wb) Protein% Fat% Ash% Carbohydrate% Energy(kcal) 

Formulated 

raw flour (ff) 

   5.32±0.20d 15.94±0.40c 5.03±0.17d 2.5±0.07e 70.2±0.20b 372.2±0.01a 

P1 130 200 0.8 6.63±0.10d 15.84±0.40c 3.37±0.16e 2.36±0.07f 71.80±0.10b 377.6±0.60a 

P2 150 200 0.8 3.41±0.20d 16.23±0.30c 3.09±0.33d 2.51±0.63e 75.0±0.30b 389.3±1.01a 

P3 150 300 0.8 3.43±0.20d 15.99±0.90c 2.53±0.48d 2.46±0.39d 75.59±0.55b 385.7±2.35a 

P4 150 200 1 3.09±0.18d 16.23±0.30c 3.09±0.60d 2.51±0.63d 75.08±2.35b 389.7±0.70a 

P5 130 200 1 6.60±0.10d 15.84±0.40c 3.37±0.70d 2.36±0.07d 71.83±0.83b 377.7±6.91a 

P6 130 300 0.8 8.63±0.30d 15.44±0.40c 3.48±0.60e 2.37±0.28f 70.08±0.42b 370.2±1.20a 

P7 150 300 1 4.4 ±0.40d 15.99±0.90c 2.53±0.48d 2.46±0.39e 74.62±0.62b 381.9±1.90a 

 

 

a-f
 Means with the same superscript letters within a row are not significantly different (P > 0.05)  

All Values are means ± SD of the triplicate 

Values except Moisture are expressed in dry weight basis (DWB). 

 

 

 

 

 



 Moisture 

 The moisture contents could also be a contributing factor. Amankwah et al. (2009) reported that 

the removal of moisture generally increases concentrations of nutrients and can make some 

nutrients more available. The moisture contents of both formulated raw flour and complementary 

food products obtained in this study were below 10% as can be seen from table 4.3. Those values 

are in agreement with the values obtained from (Shimelis, 2009). Such low moisture content of 

flours prevents microbial activity and extends the shelf life of the flour (Kikafunda, 2006). 

Temperature is significantly affect the amount of moisture content of the product. As temperature 

increased. The moisture content of complementary food products decrease with the value to 

(6.63%, 3.41%)  This is possibly due to loss of some free water at the drum dryer processing.  

 

 Energy  

The calories of infant’s diet are provided by protein, fat and carbohydrates (Amankwah et al., 

2009). As it is shown the table 4.3, the calorific value of the formulated flour and complementary 

food products are 372.2 kcal and 382.3 kcal respectively. Accordingly to previous researchers such 

as (Griffith et al., 1998) of weaning food; in agreement with the value (398.9 KCal.) “Nutrend” 

(Nestle, Nigeria-weaning diet) obtained commercially and the experimental value (441 KCal.) 

obtained from the author Lalude & Fashakin, (2006). The value is also in the range with WHP 

specification minimum requirement of (380KCal.) for the weaning food from corn-soya blend 

(CSB) and as reported from Onilude, (1999), they are slightly comparable with the values of 

unfermented blend (418.0KCal.) And slightly lower than the fermented ones (464.2KCal.) for the 

composite blend of cereal and soybean for infant weaning food. 

 

 

 

 

 

 

 

 

 



4.4. Effect of drying operating variables on physical properties of products 

4.4.1 Viscosity 

Temperature significantly affect the viscosity of complementary food products. As it is shown the 

table 4.4 temperature increase from 130oc to 150oc the viscosity of the complementary food 

product decrease from (13.8*10-2Pa.s, to 7.36*10-2Pa.s) respectively. This due to when the 

temperature increases the particles move faster and begin to move away from each other. Because 

the particles are moving around more, they can flow more and hence their viscosity is lower.  

Furthermore, Particle size affect the viscosity of complementary food product. Particle size 

increase from (0.8mm to 1mm) the viscosity of the product decrease from (14.4*10-2Pa.s, 

7.36*10-2Pa.s; 6.18; 4.91) respectively.  Due to this size of the particles of a substance will greatly 

affect its viscosity. The number of particles will increase when particle size decreases. As a result 

of this, the number of interactions between particles increases as well, leading to an overall 

increase in viscosity (the resistance to force that causes flow). 

4.4.2 Bulk density 

Drum dryer processing has been used by various workers helped in reducing the bulk density of 

reconstituted gruels. Temperature significantly affect bulk density of complementary food product. 

As it is shown the table 4.4, the temperature increase from (130oc to 150oc) bulk density of the 

product decrease (0.487 to 0.425 g/ml). This is due to density decreases with increase temperature 

due to starch gelatinization. Increased gelatinization increases volume of products consequently 

bulk density decreases. At high temperature the gelatinization of the starch is more complete. This 

means that the melt has lower viscosity and hence, a high pressure is available, causing increase 

in expansion and decrease the bulk density (Bhattachary and Hanna, 1978).respectively.  

Furthermore, Particle size affect bulk density of the product .its increased from (0.8mm to 1mm) 

the bulk density of  food product decreased from  (0.499 g/ml, 0.457g/m;0.477g/ml, 0.399g/ml) 

respectively. This due to the number of particles will increase when particle size decreases. As a 

result of this, the number of interactions between particles increases as well, leading to an overall 

increase in viscosity causing decrease in expansion and increase the bulk density. The values of 

the current study is  lower range value with (0.657 and 0.605) reported by Lalude & Fashakin 

(2006) of a Weaning Food from Sorghum and Oil – Seeds and Nutrend – Nigerian commercial 



weaning food respectively and similarly the values are lower comparable with  (0.68) reported by 

Mesfin (2007).  

 

Table 4.4 Effects of drying variables of the drum dryer on viscosity and Bulk density of the product. 

Drying Parameter  Sample code Viscosity (pas) Bulk density (g/ml) 

Formulate raw flour ff 5.31*10-1±0.21d 0.845±0.45a 

130,200.0.8 P1 14.6*10-2±0.06a 0.499±0.07c 

130, 200, 1 P2 13.8*10-2±0.02b 0.457±0.04c 

150, 200, 0.8 P3 14.4*10-2±0.04a 0.477±0.04c 

150, 200, 1 P4 7.36*10-2 ± 0.02c                      0.399±0.35d 

150, 300, 0.8 P5 6.18*10-2±0.01d 0.508±0.15b 

150, 300, 1 P6 4.91*10-2±0.02e 0.457±0.04c 

 

a-d Means with the same superscript letters within a row are not significantly different (P > 0.05)  
All Values are means ± SD of the triplicate 

 

 

 

 

 

 

 

 



 

4.5 Functional property of the formulated flour and dried product 

WAC, an indicator of the ability of flour to absorb water, depends on the availability of hydrophilic 

groups which bind water molecules and on the gel-forming capacity of macromolecules. WAI is 

the measure of the swelling power of the starch (Kite et al., 1957:Anderson et al., 1996). Water 

Absorption index (WAC) characterized how the products will interact with water and are often 

important in predicting how the formulated complementary food products may behave if further 

processed. Also the degree of conversion of starch from granule during processing can be assessed 

via WAI (seriburi et al., 1999). 

Table 4.5 Functional properties of raw material and formulated raw flour 

 

Flour name Sample 

code 

WAC(%) OAC(%) Dispersibility (%) 

Maize flour Mf 105.2  ± 5.20 a 0.8 ± 0.40 c 75.5 ± 0.50 b 

Chickpea flour  Cf 141.8  ± 1.80 a 0.99  ± 0.90 c 75 ± 1.00 b 

Millet flour Mif 92.15  ± 0.15 a 0.932± 0.02 c 76 ± 0.50 b 

Formulated raw flour ff 119.3  ± 1.30 a 0.845  ± 0.45 c 74± 0.40 b 

 

WAC- water absorbing capacity and OAC- oil absorption capacity  

a-c Means with the same superscript letters within a column are not significantly different (P > 

0.05)  Values are triplicate means ± SD 

 

 

 

 



4.5.1 Water and Oil absorption 

The formulated raw flour and complementary food products WAC values of (119.3% and average 

value 346.7%) respectively. This indicates that WAC value of the complementary food product is 

relatively higher than that of the formulated raw flour. This is possible due to Protein denaturation, 

starch gelatinization and, swelling of crude fiber, which occur during drum dryer processing. As 

it is shown the table 4.6. Temperature affected WAC of the complementary food products. Its 

increase from (1300c to 150oc) WAC of the product increase from (348.7, 363.4 to 266,370 %) 

respectively. This due to starch gelatinization and, swelling of crude fiber, which occur during 

drum dryer processing could all be responsible for the increasing WAC value of products.  

 

Particle size significantly affect water absorption capacity of the product. As it’s shown the table 

4.6,  particle size increase from (0.8mm to 1mm)  WAC increase value range from (348.7, 266; 

391,334; 370.8, 363.8%) respectively. This may due to increase in WAC observed might have 

been caused probably a more open structure was formed during drying which could allow water 

penetration and retention in the product. Edema et al. (2005) reported that the water absorption of 

flour from commercially sold floury maize and Maize-soy flour blend is (194.65% & 172.98% 

respectively). This result indicated that the water absorption blend flour is lower than that of the 

researches findings. In the current study the unfermented and fermented blends found to contain 

lower amount of water absorption with (134%) that is reported by Emmanuel, et al. (2010) cowpea 

–fortified nixtamalized food. 

 

 

 

 

 

 

 

 

 

 

 



Table 4.6 effect of drying parameter of drum dryer on formulated complementary food products. 

Drying parameter Sample 

code 

WAC (%) OAC(ml/g) Dispersibility 

(%) 

 

130,200,0.8 P1 348.7  ± 8.70 a 1.80  ± 0.01 c 21 ± 0.11 b 

150,300,0.8 P2 391.7 ± 1.70 a 1.73  ± 0.03 c 35 ± 0.60 b 

150,200,0.8 P3 370.4  ± 1.40 a 1.60 ± 0.01 c 31.5 ± 0.80 b 

150,300,1 P4  334  ± 1.00 a 1.97 ± 0.07 c 30 ± 0.10 b 

130,200,1 P5  266.1  ± 6.10 a 2.13 ± 0.13 c 27 ± 0.40 b 

130,300,0.8 P6  352.5  ± 2.50 a 1.77  ± 0.70 c 39 ± 0.40 b 

150,200,1 P7  363.8  ±  3.15 a 1.84 ± 0.40 c 36 ± 1.00 b 

 

WAC- water absorbing capacity and OAC- oil absorption capacity  

a-c Means with the same superscript letters within a column are not significantly different (P > 

0.05)  Values are triplicate means ± SD 

Oil absorption capacity of formulated raw flour is (0.845ml/g) and complementary food products 

(average value 1.83ml/g) .This result indicates that the oil absorption of product is higher than that 

of formulated raw flour. This due to the ability of flour to retain flavor and improved mouth feel 

when drum dryer processing. 

Particle size significantly affect oil absorption capacity of the product. As it is shown the table 4.6, 

particle size increase from (0.8mm to 1mm) oil absorption capacity increase value range (1.8, 2.13 

ml/g; 1.6 ml/g,1.84ml/g) respectively. This may due to  increase in OAC observed might have 

been caused probably a more open structure was formed during drum dryer processing which could 

allow oil penetration and retention in the product (Artz et al., 1990). The values obtained from 

current study are higher than that of (1.22ml -2.23ml) reported by Fouzia (2009) of extrusion 

cooking of full-fat soy flour. Similarly, oil absorption of  dried product are higher than the value 

(1.82ml, 1.44ml) for different varieties reported by Assefa (2008) of improved varieties of soybean 

in Ethiopia. 



4.6 Phytate & tannin contents for the formulated raw flour and complementary food 

products 

 

Table 4.7 Total phytate and tannin content of formulated raw flour and complementary food 

products. 

Type of product phytate (mg/100g)  

 

Tannins (mg/100g)  

 

Formulated raw Flour  

 

72.46 ± 1.00a 34.05 ± 0.02c 

Complementary food product 41.09 ± 0.18b 25.52 ± 1.04d 

a-d Means with the same superscript letters within a column are not significantly different (P > 

0.05)  Values are triplicate means ± SD 

The phytate results of formulated raw flour and complementary food products were analyzed are 

shown in table 4.7. Drum dryer processing reduced the phytate level from 72.46 to 41.09. It would 

be expected that lowering this compound should and enhance the bioavailability of such minerals 

as zinc and iron .Several attempts could be done to reduce anti-nutritional effects of phytate such 

as soaking, drying, and germination. Phytate present in raw materials and foods of plant origin are 

suggested to be a major factor responsible for lowering the availability of minerals and some 

proteins (Shimelis & Rakshit, 2006). Normally encountered levels of phytates in cereals and 

legumes can reduce protein and amino acid digestibility by up to 10% (Gilani et al., 2012). Phytate-

containing foods may be a strong contributing factor for poor iron and zinc status in population 

that consume these diets (Gibson et al., 2010). 

 The drum dryer processing also shows that some effect on the tannin content of the product by 

reducing it from 34.05 to 25.52. During the raw material preparation stage, the chickpea which is 

thought to have tannin was sorted, to remove darker seeds and dehulled before drum dryer 

processing. Therefore theses may be the probable cause for resulted lower tannin value in the final 

product. The tannin content of legumes ranges from a high value of 2000 mg/100g in faba beans 

to a low value of 45mg/100g in soybeans (kim et al, 2008). But as it is shown in the table the tannin 

value of the formulated raw flour and complementary food product lower than the value of tannin 

which legumes expected to have. This mainly related to the raw material preparation process. 



4.7 Microbial quality of formulated raw flour and complementary food products 

Table 4.8 Total yeast, mold and total coliform content of formulated raw flour and 

complementary food products. 

Type of product Yeast (cfu/g) mold (cfu/g) Total 

coliform(cfu/g) 

Formulated raw flour 140*102 161*102 TFTC 

Complementary food 

product 

22*102  41*102 TFTC 

TFTC (Too few to count) 

In the counts < 30 cfu/g is the standard reporting format for plates from all dilution of the sample 

has no colonies (TFTC)). 

Microbial contents of the formulated raw flour and complementary food products were analyzed. 

In order to check the safety of the products as can be contaminated with yeast, mold & total 

coliform. The results showed that the total coliform contents of the formulated raw flour and 

products were found to be below the detection limit or TFTC (Too few to count). From this result 

it was not able to see the effect of drum drying process on the total coliform content of the final 

product (as the raw material was found free from total coliform or below detection limit).  

The results showed in the table 4.8, yeast and mold contents of the complementary food  products 

lower than formulated raw flour from (22*102,140*102  to 161*102, 41*102) respectively. This 

result indicated that as drum dryer decreased, the undesirable microorganism, yeast, mold & total 

coliform. This shows clearly that the importance of drying in the aspect of food preservation. 

 

4.8 Micronutrient composition of complementary food product  

The Ca (mg/100 g) concentration of the commercial famix was 80 ± 0.00, which was lower than 

the complementary food prepared. Other studies on Ca concentration of weaning food processed 

from legumes are in the range 18.47 to 319.79 mg/100 g for homemade weaning foods as reported 

by Mosha et al. (2000). The WHO (2013) had also reported the recommended Ca concentration 

of weaning food to be 400-500 mg/day but not met the weaning food prepared this demand. This 

is because low Ca concentration of product compared with animal foods and the implication from 



this is that weaning food should be enriched with high Ca concentration food types such as milk 

and other Animal food sources. The Ca and Fe content are higher than the values (22 mg/100g and 

1.0 mg/100g) from (Lalude & Fashakin, 2006), of Nutrend – commercial weaning food from 

Nigeria. The values Ca, are higher than that of (13.1 mg/100g) reported by Edema et al. (2005) for 

maize-soybean blend, and higher than the values (98.2 mg/100g) from the researcher (Bolaj et al., 

2010) of the production of Ogi. 

 

Table 4.9 calcium, zinc and iron content of complementary food product. 

Micronutrient 

composition 

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

Complementary food 

product 

144.4a ± 36.2 1.926b ± 0.02 1.587b ± 0.06 

    

 All Values are means ± SD of the triplicate 

a-bMeans with the same superscript letters within a column are not significantly different 

(P>0.05)  

The Fe (mg/100 g) concentration of the commercial famix was 6.00 ± 0.00 which was higher than 

the complementary food prepared in the study. The WHO (2013) recommendation for Fe 

concentration in the complementary food to be at least 5.8 mg/100 g. but the values of iron and 

zinc are out of the range of WHP specification (3.25 mg/100g, 5 mg/100g) for the manufacture of 

corn soya blend for infants. The value of Fe are lower than that of (2.93 mg/100g and reported by 

Edema et al. (2005) for maize-soybean blend, and lower than the values (24.3 mg/100g) from the 

researcher (Bolaj et al., 2010) of the production of Ogi. 

Zinc is an important micronutrient for infants and young children since it is used in the synthesis 

of enzymes, hormones, proteins and other materials that promote optimal physical and mental 

growth. Zinc also enhances the body’s immune system thus, protecting children from infections. 

Moshat et al., (2000) had reported that the commercial weaning foods contained higher 

concentrations of Zn as compared to the home made foods. Zinc concentration of the processed 

weaning food found in this work was lower than the range (2.4-10 mg/100 g) reported by 

FAO/WHO (2010). 



4.9. Sensory quality  

The Seven formulated complementary food products (P1-P7), which were selected .The sensory 

attributes considered for the evaluation were color, appearance, odor and test and overall 

acceptance. 

Table 4.10 sensory evaluation of the complementary food products 
 

Parameter code Color Appearance Odor Texture Overall 
acceptability 

130,200,1 
 

P1 6.28  ± 0.97 5.71  ± 0.71 7.50±  0.98 7.21 ± 1.39 6.92 ±0.97 

150,200.0.8 
 

P2 
 

6.57 ± 1,39 7.28  ± 1.39   7.35 ± 0.96 7.35 ± 0.96 7.21  ±1.39 

150 300 0.8 
 

P3 6.42 ±  0.97 7.42  ± 0.96 7.21 ± 0.96 7.5±  0.96 7.57  ±0.96 

130,200,0.8 
 

P4 6.14 ± 0.97 5.78 ±  0.97 7.28  ± 1.39 7.5 ± 0.96 7.07 ±0.96 

130,300,0.8 
 

P5 
 

6.42 ±0.71 6.5  ±  1.39 7.00 ±  0.97 7.14 ± 0.97 7.21 ± 0.96 

150,200,1 
 

P6 6.64 ± 0.23  7.21 ±  0.96 7.21  ± 0.97 6.5 ±  0.97 7.2 ±  0.96 

150,300,1 
 

P7 6.64 ± 0.96 6.5 ±  0.96 7.07  ± 0.96 8.71 ±  0.71 8.04 ± 0.7 

Famix(control) 
 

control 8.3 ±  0.65 8.3  ±  0.65 8.80 ± 0.24 8.90  ± 0.23 8.90 ± 0.34 

The color of the thin porridge (gruel) made from all product the result of the ranged 6.14 to 6.64 

(like slightly).This might be due to all the products are evaluated without colorant agents. The 

appearance of the thin porridge (gruel) made from P3 was preferred by the panelists with the 

average value of (like moderately) whereas the gruel prepared from P6 and P2 were ranked second 

and third with the average value of (like moderately & like moderately).This is due the low viscous 

nature of the blend upon cooling at a temperature of 500C. The odor of the thin porridge (gruel) 

made from all product the result of the ranged 7.00 to 7.50 (like moderately).This might be due to 

all the products are evaluated without flavoring agents. Test of the seven product was tested in the 

mean score of P6 (8.71) like very much as compared to P5, P4, and P3. P2 and P1 gave a texture 

that was the moderately liked. The Overall acceptability of product with mean scores of 8.04 (like 

very much). The sensory results indicated that the product produced with a temperature of 1500C, 

and drum  speed of 300 rpm and particle size 1mm was perceived as the most accepted product, 

as compared to the other dried  produced with different drying conditions. 



                              CHAPTER FIVE  
 

                    5   Conclusions and Recommendations  
 

 5.1. Conclusions 

This study aimed in formulating complementary food products that provide protein-energy 

requirement using the improved staple legume and cereals. That is rich in essential limiting amino 

acids, methionine & tryptophan, and protein rich legume, chickpea. Legume is blended with 

cereals, the resulting balance of sulfur bearing amino acids with the other essential amino acid is 

substantially improved. 

In the present work, it was demonstrated that drum drying process significantly changed the 

Nutritional value of the complementary food products. Numerical optimization provided the 

formulation that contains 66.66 % chickpea flour, 16.666% maize flour and 16.666% millet flour 

as highest desirability and in terms of their predicted response. The proximate analysis on this 

formulation gave the responses of 15.9% protein 5.03% fat, 372.2 kcal energy and 70.2% 

carbohydrates were found. After performing on the drum drying process, the complementary food 

products average proximate value of Protein 16 %, fat 3.07%, energy 382.3 kcal and a total 

carbohydrate of 73.6 % was achieved. 

On the other hand, gruels (thin porridge) prepared from complementary food products flour were 

less viscous and the dietary bulkiness nature was improved. This obviously will increase the food 

intake of many infants. Drum dryer processing method significantly affect the functional properties 

of the product. WAC, OAC and Dispersibility of complementary food products (346.7%, 1.834 

ml/g and 31.3%) were found higher than that of the formulated raw flour (119.3%, 0.845ml/g and 

74%); respectively due to starch gelatinization & swelling of crude fiber. 

In this research was demonstrated that drum drying process significantly change the value anti-

nutrient and microbial quality of complementary food products. The maximum reduction of 

phytate was 43.2% and tannin was 25% due to drum drying effect observed. The reduction of other 

anti-nutritional factors that are not included in this study, but expected to be reduced during drum 

drying process can lead us to the increment of the bioavailability of micronutrients. Yeast & mold 

quality of complementary food product lower than formulated raw flour (22*102, 41*102cfu/g) 

and (140*102,161*102 cfu/g) respectively.  



From this result indicated drum dryer processing method decrease the undesirable microorganism, 

Yeast, Mold & Total coliform. This shows clearly that the importance of drying in the aspect of 

food preservation.  

Finally, it can be concluded from the sensory results indicated that, complementary food products  

with a Temperature of 1500C, Drum speed of 300 rpm and particle size 1 mm was perceived as 

the most accepted product, as compared to the other products.  

5.2. Recommendations  
 
During the process of undergoing this research paper, there had been some constraints and 

Results. Based on this, the following recommendations are made. 

 

 It is also recommended for researches to conduct other more functional properties such as 

emulsion activity & stability; foaming capacity & stability; and water solubility index. In 

addition to this, physic-chemical properties like seed density, hydration & swelling 

coefficient, and hydration, swelling capacities & indices. 

 

 It is good to design small scale drum drying machine. 

 

 A full study should be conducted on the effect of the drying process on the amino acids 

profile of the product.  

 

 Further study should be conducted to analyze the protein digestibility index of the 

product.  

 

 Further studies on the shelf life and packaging materials, which enable good handling of 

the product, should be carried out.  

 

 It is recommended to use the cheap cereals and legumes such as maize, millet and chickpea 

accompanied with simple processing methods use simple drying technologies so that it is 

possible to attain the need of those lower class families especially in rural areas. 
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Appendices  

 

Appendix- I. Summary of Mixture Design Expert for the components and protein response 

component Name unit Type Lower 

actual 

Higher 

actual 

Lower 

code 

Higher 

code 

Maize 

flour 

% mix 0 1 0 1 

Chickpea 

flour 

% mix 0 1 0 1 

Millet 

flour 

% mix 0 1 0 1 

Response Name unit  Analysis Min Max Ratio 

Protein % 14 Liner 6.57 21.1 3.211 

Energy % 14 Special 

cubic 

355.5 396.0 1.113 

 

 

Appendix- II. Fit Summary table for Protein response 

 

Source Sum of 

square 

df Mean square F Value P value 

(Prob > F)  

 

 

Mean 2086.2 1 2086.2    

Linear 324.32 2 162.16 18626.73 <0.0001 Suggested 

Quadratic 7.373*10-3 3 2.458*10-3 0.22 0.87882  

Special 

cubic 

5.778*10-3 1 5.778*10-3 0.49 0.5067  

Cubic 0.048 2 0.024 3.49 0.1127 Aliased 

Residual 0.034 5 6.9*10-3    

Total 0.410.62 14 172.19    



 

Appendix- III. ANOVA for protein 

 

Source Sum of 

square 

df Mean 

square 

F value p-value  

Model 324.32 2 162.16 18626.7 <0.0001 Significant 

Linear 

mixture 

324.32 2 162.16 18626.7 <0.0001  

Residual 0.096 7 0.014    

Total 324.42 13     

 

 

 

Appendix- IV. Model Summary for protein response 

 

Source St.dev. R-Squared  

 

Adjusted 

R-Squared  

 

Predicted 

R-Squared  

 

PRESS  

Linear 0.093 0.9997 0.9997 0.996 0.13 Suggested 

Quadratic 0.11 0.9997 0.9996 0.9993 0.24  

Special 

cubic 

0.11 0.9997 0.9995 0.9976 0.78  

Cubic 0.083 0.9999 0.9997 0.9873 4.12 Aliased 

 

 

 

 

 

 

 

 



Appendix- V. Summary of Mixture Design Expert for the components and Energy response 

 

component Name unit Type Lower 

actual 

Higher 

actual 

Lower 

code 

Higher code 

Maize 

flour 

% mix 0 1 0 1 

Chickpea 

flour 

% mix 0 1 0 1 

Millet 

flour 

% mix 0 1 0 1 

Response Name unit  Analysis Min Max Ratio 

Protein % 14 Liner 6.57 21.1 3.211 

Energy % 14 Special 

cubic 

355.5 396.0 1.113 

 

Appendix- VI. Fit Summary table for Energy response 

 

Source Sum square df Mean square F value p-value  

Mean 2.047E+0.06 1 2.047E+0.06    

Linear 2473.02 2 1236.51 366.28 <0.0001  

Quadratics 26.77 3 8.92 6.88 0.0132  

Special 

cubic 

6.09 1 6.09 9.97 0.0160 Suggested 

Cubic 2.26 2 1.13 2.81 0.1524 Alliased 

Residual 2..02 5 0.40    

Total 2.049E+0.06 14 1.464E+0.05    

 

 

 

 

 



Appendix- VI I. ANOVA of Energy response 

 

Source Sum of 

square 

df Mean 

square 

F value P value  

Model 2505.88 6 417.65 683.60 <0.0001 Significant 

Linear 

mixture 

2473.02 2 1236.51 2023.92 <0.0001  

AB 31.66 1 31.61 51.82 0.0002  

AC 0.022 1 0.022 0.036 0.8539  

BC 9.182E-

0.03 

1 9.182E-

0.03 

0.015 0.9059  

ABC 6.09 1 6.09 5.57 0.0160  

Residual 4.28 7 0.61    

Cor total 2510.15 13 0.61    

 

Appendix- VIII. Model Summary for Energy response 

 

Source St.dev. R-Squared  

 

Adjusted 

R-Squared  

 

Predicted 

R-Squared  

 

PRESS  

 

 

Linear 1.84 0.9852 0.9825 0.9784 54.34  

quadratics 1.14 0.9959 0.9933 0.9760 60.15  

Special 

cubic 

0.78 0.9983 0.9968 0.9769 57.88 suggested 

Cubic 0.63 0.9992 0.9979 0.9059 236.19 Aliased 

 

 

 

 

 

 



Appendix- IX. Executed Numerical Optimization report for all ingredients and responses 

 

Number Maize Chickpea Millet Desirability Protein Energy 

1 0.78 0.02 0.20 1 7.23 362.12 

2 0.59 0.17 0.23 1 9.51 371.26 

3 0.38 0.14 0.48 1 9.39 377.92 

4 0.86 0.03 0.11 1 7.21 360.12 

5 0.77 0.12 0.11 1 8.52 365.05 

6 0.17 0.66 0.17 1 15.94 381.40 

7 0.98 0.00 0.01 1 6.64 355.99 

8 0.81 0.13 0.07 1 8.54 364.31 

9 0.29 0.11 0.59 1 9.22 374 

10 0.72 0.16 0.11 1 9.17 367.47 

 

Appendix- X: an augmented simplex centroid design with 10 ratios of the 3 components blends 

and responses values. 

 

Tria

l 

Maize (A) Chickpea(B) Millet(C) Response value for 

experiment design  
 

Protein % Energy (kcal) 

1 0 0 1 8.29 396.0 

2 0 0.5 0.5 14.69 393.7 

3 1 0 0 6.57 355.5 

4 0 1 0 21.1 391.3 

5 0.5 0 0.5 7.43 375.6 

6 0.5 0.5 0 13.835 380 

7 0.666667 0.166667 0.166667 9.33 368.5 

8 0.166667 0.666667 0.166667 16.871 386.0 

9 0.333 0.333 0.333 11.97 381.72 

10 0.166667 0.166667 0.666667 10.17 388.3 



 

Appendix- IX. 

Sensory score card using nine point hedonic scale for complimentary food product sample 

Panelist code/nameDateAge 

You are presented with food sample. Please taste and tickthat describe how you feel about the 
sample 

Characteristics 

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 

Overall acceptability 

1=extremely unacceptable   2=very much unacceptable                      3=moderately unacceptable   
4=slightly unacceptable       5= neither acceptable nor unacceptable   6=acceptable slightly   
7=acceptable moderately     8=acceptable very much                            9=acceptable extremely 

 

 Sample 
code 

Co 1 Co2 Co3 Co4 Co5 Co6 Co7 

Characteristics 
&desirability 
 

        

Color  
 

        

Appearance 
 

        

Texture 
 

        

Aroma 
 

        

overall 
acceptability 
 

        

Comment 
 

        

Pleas rinse your mouth with water before testing each sample. 

 

 



 

Raw material chickpea (Kabuli), maize and millet respectively 

 

Slurry preparation                                                                  Single drum drier  

 

    

                                                        Formulated complementary food products 

 




