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Dietary quality assessment of existing practice and development of teff based 

enriched complementary food in Jimma Town Southwest Ethiopia. 

 

Major Advisor: Prof. Tefera  Belachew (MD, M.Sc, PhD) 

Co- Advisor: Dr. Neela Satheesh (PhD) 

 

ABSTRACT 
 

Consumption of variety of foods, diversified diet, and nutritionally adequate and good quality 

diet is essential for child health. However, the dietary quality of complementary foods in Jimma 

Town is not yet studied and given more attention. In line with this, Between February and April 

2015, 384 under-two children living in Jimma Town were randomly selected and for their food 

variety score, dietary diversified score; and major nutrients, anti-nutrients and nutrient 

adequacy of complementary food samples were assessed. Formulations were also made to 

produce red teff based porridge with composite flour of soybean and papaya powder to evaluate 

the potential of improving the nutritional and sensory quality of porridge using germinated 

soybean flour and papaya powder. Eleven formulations of the composite flours were prepared 

using D-optimal mixture experiment with three ingredients with the help of Minitab Version 16 

Statistical Software with ranges of 55-70% for red teff, 20-30%  for soybean and 5-15% for 

papaya The major response variables of nutritional composition, functional propriety, anti-

nutritional factor and sensory quality of the product were analyzed. Results showed that the 

based on 24 hours recall the mean FVS was 7.14 ± 4.07 (range 0 to 18), while DDS was 3.44± 

1.75 (range 1 to 8). All complementary food samples collected from respondents were found 

nutritionally inadequate. Results of nutrient content of formulated porridge showed significance 

difference (P<0.05) in ash, fat, fiber, protein, carbohydrate, calorie, iron, calcium, zinc, β- 

Carotene , phytates, tannin, appearance, taste, mouth feel and overall acceptability of the 

porridge; and water activity, and water absorption capacity on composite flour. High blending 

ratio of germinated soybean increased fat, protein, gross energy, mineral, whereas papaya 

increased the carbohydrate value, β-carotene and sensory acceptability of porridge. The overall 

optimum point (fat 5.27-7.44 %, fiber 2.33-3.6%, protein 12.55-24.22%, carbohydrate 60.08-

69.68%, calorie 376.3-385.56 kcal/100g, iron 12.55-34.86 mg/100g, calcium 201.49-293.57 

mg/100g, zinc 4.05-5.58 mg/100g, β-carotene 0.608-5.737 mg/g and overall acceptance received 

hedonic ratings 4.02-4.97) were found in a range of red teff  (60-70%), soybean (20-27.5%), and 

papaya (10-12.5%). The study showed the current status of dietary quality of complementary 

foods in the Town which helps for intervention of malnutrition; and the red teff, soybean and 

papaya potential to develop nutritionally enhanced porridge.  

 

Key words: Food variety, dietary diversity, nutrient composition, porridge 
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1. INTRODUCTION 

 

Dietary diversity refers to an increase in the variety of foods across and within food groups 

WHO/FAO  (1996) capable of ensuring adequate intake of essential nutrients that promote good 

health (Ruel, 2002). Since no single food can contain all nutrients, Labadarios et al. (2011) noted 

that the more food groups included in daily diet the greater the likelihood of meeting nutrient 

requirements. With that background, Kennedy et al. (2009) argued that, a diet which is 

sufficiently diverse reflect nutrient adequacy. 

 

Dietary quality and nutrient adequacy assessment is crucial for children health and for 

monitoring nutrients and energy requirements needed for growth and development (Lakshmi et 

al., 2005; Marriott et al., 2012). Dietary diversity (DD) that an individual consumer is commonly 

used measures for dietary quality. Healthy growth and development essentially need a balanced 

diet of nutrients and vitamins which includes a variety of foods from different food groups 

(vegetables, fruits, grains, and animal source foods) (Belachew et al., 2004). Non-diversified diet 

can have negative consequence on individual health, wellbeing, as this kind of diet is not likely 

to meet micronutrient requirement (Kant, 2004). 

 

Mostly porridge provide for children is a dish made by boiling grounded, cereal in water, milk, 

or both, with optional flavorings, usually served hot in a bowl or dish. It may be sweetened with 

sugar or honey and served as a savory dish. In Ethiopia after birth, a thick, hot porridge called 

“genfo” is eaten by the new mother and less viscous one for children. For a mother, it is believed 

to help to gain back strength and to heal quickly. Friends and family make the genfo. It is made 

with barley, whole wheat flour, and spiced butter (clarified butter). This study used teff, soybean 

and papaya as ingredient for developing formulated porridge. Teff, soybean and papaya are very 

useful for product development.  

 

Teff (Eragrostis teff (Zucc.)) is a millet-like, tiny, and prolate spheroid grain (Zewdu and 

Solomon, 2007) with length ranging from 0.9 to 1.7 mm and width from 0.7 to 1 mm. The 

proximate composition (db) of teff is reported to be 9.4% – 13.3% protein, 73.0% carbohydrate 

1.98% – 3.5% crude fiber, 2.0% – 3.1% fat and 2.7% – 3.0% ash (Bultosa and Taylor, 2004). 
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Teff is considered to have an excellent amino acid composition, with lysine levels higher than 

wheat and barley, as well as very high calcium, phosphorous, iron, copper, aluminium, barium, 

and thiamine (Mengesha, 1966). Teff is also gluten-free, and is gaining popularity as an 

alternative grain for persons with gluten sensitivity (Bultosa, 2007). Recently there is a growing 

interest on teff research to explore its potential for nutrition and economic merits such as starch  

extruded products (Sirawdink and Ramaswamy, 2011; Kebede et al., 2010; Solomon, 2007), a 

composite with sorghum for injera making (Yetneberk et al., 2005) and as a composite with 

wheat for bread (Mohammed et al., 2012). Teff grain is carbohydrate rich cereal (Bultosa, 2007; 

Bultosa and Taylor, 2004). Germination also increases nutrient digestibility and mineral 

bioavailability (Ejigui et al., 2005; Mugendi et al., 2010; Rusydi and Azrina, 2012) which is 

important for food formulation and product development. 

 

Major nutritionally important components of soybeans are proteins and lipids, some vitamins and 

minerals, and carbohydrates are major constituents quantitatively. Whole soy foods are also good 

sources of dietary fiber, B-vitamins, calcium, and essential omega-3 fatty acids (Lokuruka, 

2010).  

 

The other component used papaya is a powerhouse of nutrients and is available throughout the 

year. It is a rich source of three powerful antioxidant vitamin C, vitamin A and vitamin E; the 

minerals, magnesium and potassium; the B vitamin pantothenic acid and folate and fiber. All the 

nutrients of papaya as a whole improve cardiovascular system, protect against heart diseases, 

heart attacks, strokes and prevent colon cancer. The fruit is an excellent source of β-carotene that 

prevents damage caused by free radicals that may cause some forms of cancer. It is reported that 

it helps in the prevention of diabetic heart disease. Papaya lowers high cholesterol levels as it is a 

good source of fiber. Papaya effectively treats and improves all types of digestive and abdominal 

disorders. It is a medicine for dyspepsia, hyperacidity, dysentery and constipation. Papaya helps 

in the digestion of proteins as it is a rich source of proteolytic enzymes.  Papaya contributes to a 

healthy immune system by increasing resistance to coughs and colds because of its vitamin A 

and C contents. Papaya included in diet ensures a good supply of vitamin A and C that are highly 

essential for maintaining a good health (Aravind et al., 2013). 
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Worldwide, malnutrition is an underlying cause of deaths for more than 3.5 million children 

under the age of 5 year. Around 13 million infants are born each year with low birth weight 

(LBW). Fifty five million children are wasted, and of these 19 million are severely wasted. 

About 178 million children around the world are stunted. Out of the estimated 178 million, 90 

percent live in 36 countries, one of which is Ethiopia (Black et al., 2008; Khan and Bhutta, 

2010).  

 

Ethiopia has witnessed encouraging progress in reducing malnutrition over the past decade. But, 

still high malnutrition rates in Ethiopia pose a significant burden in economic and social 

development (Fottrell et al., 2009). Under-nutrition is one of the main problems causing high 

child mortality, accounting for 51% of all childhood deaths in Ethiopia (Assegid, 2006). In fact, 

malnutrition is the underlying cause of 57% of child deaths in Ethiopia (SCUK, 2009), with 

some of the highest rates of stunting and underweight in the world. Under-nutrition has an 

enormous impact on health, wellbeing and productivity. Major contributing factors to 

malnutrition among infants and children are poverty and low purchasing power of the family 

(Woldemariam and Genebo, 2002). The EDHS 2011 estimated the national prevalence of 

stunting among children at 44.4 %, the prevalence of underweight at 28.7 % and wasting at 9.7 

%. Micronutrient deficiency, also known as “hidden hunger”, because it is less visible to the 

naked eye, is an additional, yet related issue in Ethiopia. In both 2008 and 2012 the Copenhagen 

Consensus rated interventions to reduce under-nutrition is first priority among ten of the world‟s 

most important challenges (Copenhagen, 2012). Addressing the problem of under-nutrition is 

critical for achieving all MDGs. 

 

To tackle the problem of malnutrition in poor nations, a number of targeted interventions have 

emerged. These include micro-nutrient and vitamin supplementation programs for young 

children (Save the Children, 2012). A broader approach is the provision of food aid. Ethiopia has 

a long history of receiving food aid (Gilligan et al., 2009), yet the country‟s record of child 

malnourishment remains poor and rates of malnutrition are among the highest in Africa 

(Christiaensen and Alderman, 2004). 

 



 
 

4 
 

Therefore, following food-based strategies are key to address hunger and malnutrition, and the 

desired characteristics of foods should have to include high nutrient density, low bulk property, 

as well as utilization of low cost and locally-available crops. This will ensure early adoption at 

home and at the village level (Mahgoub, 1999). Although Ethiopia has a fairly large livestock 

population, availability of meat and milk for local human consumption is limited, especially in 

rural areas where wealth index values are in the lower quintiles, according to Demographic and 

Health Survey report (Central Statistical Agency and ICF International, 2012). Despite children‟s 

high requirements for nutrients, their diets in developing countries are mostly comprised of 

cereals or starchy root crops which are provided in the form of porridge and eaten exclusively 

that result in deficiencies of key nutrients such as iron, zinc, calcium, riboflavin, vitamin A, and 

vitamin C (Allen ,2006). 

 

According to Federal Democratic Republic of Ethiopia Ministry of Health (2003) the health 

problem of majority of the population of Ethiopia emanate from lack of adequate and balanced 

diet even though Ethiopia is a producer of a variety of agricultural products. Children‟s are the 

most affected social group by the problem. In case of Jimma Town, there was not found a study 

documented on dietary quality of 6-24 month age group but similar study was conducted by 

Nejat et al. (2015) in Jimma Zone on selected local administered district called Woreda  (Mana, 

Dedo and Omo-Nada) which reported a low DDS. So, this study was intended in assessing 

dietary quality and nutrient adequacy of under two year children‟s complementary diet in Jimma 

Town and to investigate the potential of newly developed red teff based porridge fortified with 

soybean and papaya fruit powder which is essential in reduction of malnutrition among the most 

vulnerable group‟s particularly children aged 6-24 month and also to evaluate the nutritional 

profile and sensory acceptability of the newly developed red teff based porridge.  

 

The major limiting factor to use soybean is beany flavour characteristics that leads to 

objectionable, limiting the use of soybean in formulation of infant foods.  Anti-nutritional 

compounds are responsible for the bitterness and beany taste of raw soybean. Such chemicals 

include trypsin inhibitors; which prevent the action of the breakdown of protein by trypsin; 

haemaglutinins, which cause agglutination of red blood cells, phosphatidylcholine, which 

produces an objectionable flavour and bitterness and raffinose which cause flatulence according 
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to Fouzia (2009) was soak, germinate during sample preparation and blend during formulation of 

the red teff based enriched porridge with papaya powder. 

 

Assessment of dietary quality in 6-24 month age group is very important to recommend 

appropriate dietary interventions to prevent occurrence of chronic diseases. This study will also 

help in alleviating and intervention of malnutrition within the community through the 

development of nutritionally enriched and sensory accepted complementary foods prepared by 

formulating the blends of red teff flour, soybean flour and papaya powder.  

 

Objective 

 

General objective  

 

 To assess dietary quality of complementary foods in Jimma Town and evaluate the effect 

of blending ratio of germinated soybean flour and papaya powder blending ratio on the 

nutritional and sensory quality of red teff flour based porridge.  

  

Specific objectives:  

 

 To asses food variety score, dietary diversity score and nutrient adequacy of infants diet 

based on 24 hour recall period 

 

 To evaluate consumer acceptance of sensory properties of optimized formulation to 

produce better quality porridge. 

 

 To determine the optimum formulations composition of for making of porridge with 

better nutritional value to use as complementary foods for children aged 6-24 month. 
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2. LITERATURE REVIEW 

 

2.1. Dietary Quality 

 

2.1.1. Food variety 

 

Eating a wide variety of nutritious foods is important in childhood, when growth and maturation 

are occurring and future eating habits are being established. Variety is a primary factor in the 

development of lifelong healthy eating behaviors. Consumption of a wide variety of foods make 

it less likely that excessive or inadequate amounts of any particular nutrient or other food 

component will be consumed. Food variety can be defined in terms of foods that are biologically 

diverse or foods that are nutritionally distinct from each other. Variety further refers to choosing 

a range of items from within each food group, particularly from the plant-based food groups 

(vegetables, fruits and cereals) (NH and MRC, 2003).  

 

Consuming a diet that consists of a wide range of food items has been shown to increase intake 

of energy and micronutrients in developing countries (Moursi et al., 2008 and FANTA, 2004). 

Doctors recommended cereals as the first food to be added to infant diets and a healthy diet for 

adults should have most of its calories in the form of complex carbohydrates such as cereals 

grain starch. Cereals and millets form the staple food of diets in about 75% of the countries of 

the world (Khader, 2001). 

 

The recommendation to eat a wide variety of nutritious foods is a cornerstone according to 

Guidelines National Health and Medical Research Council (2003) and to Healthy Eating (Kellet 

et al., 1998). Eating a varied diet of foods that are biologically diverse or nutritionally distinct 

from each other is key to achieving adequate coverage of the essential nutrients (Guidelines 

National Health and Medical Research Council, 2003 and Nicklaus, 2009). Amongst children 

increased food variety is associated with better dietary quality indicators (Steyn et al., 2006).  

 

2.1.2. Dietary diversity 
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Dietary diversity is particular importance to poor populations in developing countries where diets 

are mainly based on starchy staples, with little or no animal products, fruit nor vegetables 

(Underwood, 2000 and Ruel, 2003). Dietary diversity, closely related to dietary quality, had 

strong association with increased longevity and protection against chronic diseases (Kant et al., 

1995). 

 

Dietary diversity consists of the total number of food groups that contribute to the overall diet of 

an individual over a reference period (FAO, 2007) and dietary diversity is a better predictor of 

diet quality than that based on individual food items (Steyn et al., 2006). Greater dietary 

diversity was associated with improved nutrient adequacy in children 4–8 years of age in Kenya 

(Ruel et al., 2004). Analysis of children aged 6–13.9 months from four developing countries 

concluded that there was promising evidence for the utility of dietary diversity as an indicator of 

inadequate nutrient intake (Dewey et al., 2004) 

  

Adequate nutrition during infancy and early childhood is fundamental to the development of 

each child‟s full human potential. It is well recognized that the period from birth to two years of 

age is a “critical window” for the promotion of optimal growth; health and behavioral 

development. Children are at greatest risk of nutritional deficiency and growth retardation 

between the age of 6 and 24 months. Around six months of age, introduction of complementary 

foods, along with sustained breastfeeding is required. Appropriate formulated complementary 

food helps promote growth, prevent stunting, and increase a child‟s chances for a healthy. 

Complementary foods should be varied and include adequate quantities of meat, poultry, fish or 

eggs, as well as vitamin A-rich fruits and vegetables every day. Where this is not possible, the 

use of fortified complementary foods and vitamin mineral supplements may be necessary to 

ensure adequacy of particular nutrient intakes (WHO, 2001). 

 

2.2. Nutritional Quality and Consumption Trends of Soybean, Red Teff and Papaya 

 

2.2.1. Nutritional composition, utilization and consumption trends of soybean 
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Historians believe that soybean (Glycine max (L.) Merrill)) is one of the oldest crops grown by 

human beings. It originated from Eastern Asia, probably in north and central China (Laswai et 

al., 2005). Soybean is strongly believed to have originated from the orient (Myaka et al., 2005). 

Soybean was first grown in Eastern Asia about 5000 years ago (BIDCO, 2005), about 5000 years 

after agriculture evolved making it one of the oldest cultivated crops.  

 

Soybean cultivation reached Africa in the late 1800s; although little is known of the countries to 

which it was first introduced (Shurtleff and Aoyagi, 2007). The next record of cultivation of 

soybeans in Africa dates from 1903, when they were grown in South Africa at Cedara in Natal 

and in the Transvaal. In about 1907 soybeans were introduced to Mauritius and to Tanzania, at 

that time a German colony (Shurtleff and Aoyagi, 2007). 

  

The world production of the soybean seeds (Table 1) in 2009/2010 growing season carried out 

about 260.6mln ton and the same importance producers of seeds and soybean meal are USA, 

Brazil , Argentina as well as China, which produced about 87% total quantity of soybean seeds. 

The main export countries of the soybean seeds are USA (about 44%), Brazil (about 33%) and 

Argentina (about 11%) and main importer are China (about 38%) (Rynek , 2010). 

 

Table 1: Global production of soybean seeds (2009/2010) 

 

Country/Region Production, Mln ton 

United States of America 94.8 

Brazil 68,0 

Argentina 54.5 

China 14.5 

India 9.1 

Paraguay 6.7 

Other 13.00 

Total  260.6 

Sources: Rynek, 2010 
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Soybean is cultivated in sub-Saharan Africa to a very limited extent (Laswai et al., 2005; 

Shurtleff and Aoyagi, 2007). During the last decade or so, the African continent accounted for 

0.4% to 0.6% of the world‟s total production of soybean, the main producers being Nigeria (437 

000 MT global production), South Africa (221 000 MT), Uganda (166 000 MT), Zimbabwe (83 

000 MT), and Rwanda. Overall, about 19 African countries appear in the world soybean 

production statistics. These countries and the proportion (%) of African soybean production that 

each accounts for are: Nigeria (48.9%), Uganda (16.8%), South Africa (14.9%), Zimbabwe 

(8.4%), Ethiopia (2.7%), Rwanda (2.0%), Egypt (1.7%), and DRC (1.4%). Others are: Cameroon 

(0.8%), Benin (0.7%), Cote d‟Ivoire (0.3%), Liberia (0.3%), Burkina Faso (0.3%), Zambia 

(0.2%), Gabon (0.2%), Tanzania (0.2%), Morocco (0.1%), Burundi (0.0%), and Madagascar 

(0.0%) (FAO, 2008).  

 

Soybeans appear in various colours: black, brown, blue, green and yellow. Soybean is an 

important crop, providing primarily a high content of oil and protein. At present soybean is one 

of the most important oil and protein crops of the world. Soybeans contain 30 to 45% protein 

with a good source of all essential amino acids. The protein content of soybean is about 2 times 

of most other pulses, 4 times of wheat, 6 times of rice grain, 4 times of egg and 12 times of milk 

(Liu, 2004).The oil and protein content together account for about 60% of the weight of dry 

soybean flour; protein 38 % and oil 22 %. The protein content is high quality. It contains all the 

essential amino acids. With the exception of the sulphur containing amino acids, cysteine and 

methionine, in which soybean is deficient, other essential amino acid are present in sufficient 

quantities; noteworthy is the high amount of lysine which distinguishes soybean from other 

legumes and cereals. Soybean has 3% lecithin, which is helpful for brain development. Soybean 

seed contains up to 23% oil and can be more widely utilized than most of the food legumes. It is 

used as human food, for livestock feeds, as oil and for various industrial purposes (Myaka et al., 

2005).  

 

On average dry soybeans contain about 35% carbohydrates. The insoluble carbohydrates in 

soybeans include cellulose, hemicellulose, pectin and a trace amount of starch. Soybeans contain 

both water-soluble and fat-soluble vitamins. The water-soluble vitamins are mainly thiamine, 

riboflavin, niacin, pantothenic acid, and folic acid. Soybeans also contain vitamin C but the 



 
 

10 
 

amount is negligible in mature soybeans, although it is present in measurable amounts in both 

immature and germinated seeds. The fat-soluble vitamins in soybeans are vitamins A and E, with 

essentially no vitamins D and K. Vitamin A is mainly present as the provitamin β-carotene and 

the content is negligible in mature seeds. As in most legumes, there is an abundance of potassium 

but not sodium, and soybeans are a very good source of phosphorus, although a significant 

proportion of it is present as phytic acid phosphorus which has only partial biological 

availability. Soybeans are also a good source of calcium and magnesium but poor in iron. The 

amounts of zinc, iron and iodine are minimal (Liu, 2004). 

 

 Soybean has an exceptionally high content of fat. The quality of fat is also good. On the other 

hand soy also contains high levels of antinutrients, especially phytate. There is a lack of studies 

on the potential negative effects of the antinutrients in soy in malnourished infants and young 

children (Hoppe et al, 2008). Soybean can contribute to poverty reduction and the eradication of 

malnutrition among children and expecting mothers (Myaka et al., 2005). Soybean also has one 

of the lowest levels of saturated fat among vegetable oils (BIDCO, 2005). 

 

It is also rich in calcium, phosphorous and Vitamins A, B, and D, it has been referred to as the 

protein hope of the future. Moreover, isoflavones contained in soybeans are effective cancer-

preventive agents for lowering risks of various cancers disease. Evidence also points to the 

beneficial effects of soybean isoflavones in the prevention of cardiovascular. There is the need to 

develop a different approach to offer the weary consumers the opportunity to feed on improved 

formulations with substantive health benefits from soybean combinations. A functional food, 

which combines many nutritional benefits of foods supplemented with soybeans, has been 

proposed to cater for a set of consumers whose health has been compromised such as those 

suffering from protein-energy-malnutrition, diabetes and obesity (Gomez et al., 2003).Table 2 

shows the high protein content of different parts of soybean. The importance of soybean is based 

on its high quality protein content compared to other grain legumes (common beans, groundnut, 

peas, and pigeon peas), livestock products (meat, milk, and egg), cereal products (wheat flour, 

finger millet flour, and maize flour), root and tubers products (cassava flour, round potatoes, and 

sweet potatoes) and plantain and banana. 
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Table 2: Protein, fat, carbohydrate and ash content (db %) in different parts of soybean 

 

Component or part of soybean  Protein  Fat  Carbohydrate  Ash  

Whole  40  20  34  4.9  

Hull  43  23  29  5.0  

Cotyledons  8  1  86  4.3  

Hypocotyls  41  11  43  4.4  

Source: Oshodi and Adeladun,(1993). 

 

Soybean has high commercial value and contains all the amino acids required by the human 

body except methionine that can be found in cereals such as maize (Osho, 1995).Content of 

essential amino acids of soybean  are shown in Table 3.  

 

Table 3: Contents of essential amino acids in soybean products 
 

Amino acids Soybean seeds, 

% of DM 

Soybean meal 

44% CP, 

% of DM 

SBM, g/16g  

Arginine 2.45 3.49 6.79 

Cystine 0.45 0.66 1.57 

Histidine 1.0 1.21 2.58 

Isoleucine 1.76 2.15 4.24 

Leucine 2.2 3.66 8.21 

Lysine 2.5 2.99 6.49 

Methionine 0.5 0.6 1.50 

Phenylalanine 1.6 2.35 4.93 

Threonine 1.4 1.89 3.99 

Tryptophan 0.51 0.66 1.05 

Valine 1.5 2.24 5.22 

Source: Banaszkiewicz, 2000 
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Soybean utilization options include: (i) weaning food, (ii) roasted soybeans (ingredients in 

traditional confectionery products and snacks), (iii) immature whole green soybeans (as 

vegetable), (iv) germinated soybean and soybean sprouts (as vegetable), (v) dehulled whole 

beans full fat flour (bakery and dietetic food), (vi) very finely ground full fat flour (as spray-

dried milk alternative), (vii) oil source (shortening, margarine, cooking oil and salad dressing, 

paint, varnishes, printing inks, lecithin (Ahima, 2011), oil highly digestible (CGIAR, 2001), and 

(viii) soy meal for animals (soybean cake) (Laswai et al., 2005). 

 

Processed soybeans have been widely used in many countries for many years as a source of 

energy and protein. Lipid fraction of the soybean seeds contains about 99% of triglycerides, in 

which content of polyunsaturated fatty acids (linoleic and linolenic) and unsaturated oleic acid is 

high shown in Table 4. In the lipid fraction of soybean seeds the fatty acids content about 80%, 

from what about 50% it is the linoleic acid (Zulu, 2005).  

 

Table 4 : Fatty acid composition of soybean seeds and oil 

 

Fatty acids  Soybean seeds % of DM  Soybean oil % 

Palmitic 1.44 7-12 

Stearic 0.54 2-5 

Oleic 3.15 19-34 

Linoleic 6.48 48-60 

Linolenic 0.72 2-10 

Arachidic 0.04 < 1.0 

Sources: König et al., 2004 

 

The concentration of mineral components in the soybean seeds depend on different factors and 

the most of all on origin, conditions of tillage, variety and technological process. The soybean 

products contain the considerable quantities of phosphorus and potassium indicated in Table 5. 
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Table 5: Content of minerals in seeds and soybean products, g/kg  

 

Sources: Van Eys et al., 2004; Banaszkiewicz, 2000 

 

There are a number of seeds subjected to dehulling during processing basically to improve the 

appearance and quality of the final products. These legumes, which include soybean, are one of 

these products. Unlike some the seeds, removal of the hulls in legumes is not necessarily a 

requirement before consumption but to retain the fiber. While efforts have been made on the 

development of appropriate dehulling methods and techniques (Raji and Akaaimo, 2005), there 

is a need to investigate the effect of these processes on the quality of the final products.  

 

The proximate composition of undehulled and dehulled soybean to moisture content variation is 

presented in Tables 6 and 7. Protein, fat, ash and fibre were decreasing with a decrease in 

moisture while carbohydrate increased. For the undehulled samples, significant differences 

between the values of protein occurred only at moisture contents below 10.2%. The proximate 

composition of dehulled soybean flour sample obtained at different moisture content, presented 

in Table 7, follows the same pattern as that of undehulled samples presented in Table 6, only that 

the dehulled sample has higher protein, fat and carbohydrate content and less ash and fiber. 

There is significant difference between protein contents below 10.2% moisture content. The rate 

of decrease of protein at lower moisture content is faster than at higher moisture content. It was 

observed that the dehulled samples have higher values than the undehulled at the same moisture 

level. This can be attributed to inclusion of bran in the undehulled samples which resulted in 

reduced percentage composition of endosperm. Protein is contained in the endosperm. The 

Mineral 

components 

Soybean seeds Soybean meal SBM 

  Mechanical 

extracted 

(cakes) 

Solvent 

extracted 

44% CP 

Ca 2.62 2.96 3.12 2.71 

P 5.70 6.64 6.37 5.14 

Mg 2.80 2.84 2.72 2.27 

K 15.93 20.28 19.85 6.66 

Na 0.29 0.33 0.18 0.30 
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fibrous portion of soybean might have broken down to simpler non fibrous causing reduction in 

the bulk of fiber content of soy flour. Maillard reaction might have been responsible for 

reduction in protein, in the presence of heat; proteins (amino acids) would react with 

carbohydrate to form melanoidins (Baltes, 1982). 

 

Table 6 : Proximate composition (in %) of flour from undehulled soybean at different moisture 

content. 

  

MC  Protein  Fat  Fibre  Ash  CHO  

19.8 37.46 23.61 8.64 8.04 12.25 

17.4 36.38 23.08 8.12 7.92 14.8 

15.5 35.43 22.56 7.49 7.66 16.86 

13.8 34.63 21.72 7.19 7.48 18.98 

12.4 34.02 20.54 6.87 7.36 21.21 

11.4 33.42 19.62 6.63 7.41 22.72 

10.2 32.51 18.24 6.72 7.57 24.92 

9.4 29.77b 16.94 6.53 7.23 28.16 

8.7 25.14 16.63 6.59 6.81 28.2 

8.2 20.86  16.06 6.44 6.35 30.2 

Source: Raji and Famurewa, 2008 
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Table 7: Proximate composition (in %) of flour from dehulled soybean at different moisture 

content. 

 

 

Source: Raji and Famurewa, 2008 

 

It can be concluded that in both dehulled and undehulled samples, flour yield was increasing as 

moisture content was reducing, showing that flour yield is not a function of hull present. 

Acceptability and proximate composition are however affected by the presence of hull. 

Generally the dehulled samples gave higher yield and better nutritive composition except for ash 

and fiber (Raji and Famurewa, 2008). 

  

2.2.2. Nutritional composition and consumption trend of teff  

 

Teff (Eragrostis tef (Zucc.) Trotter) is a unique durable crop grown over a wide range of 

environmental conditions in Ethiopia and has been utilized as food and supplements for majority 

of the human diet in Ethiopia (Sirawdink and Ramaswamy, 2011). It is as nutritious as major 

staple cereals like wheat, rice, oats and barley and even better in some aspects, containing more 

calcium, zinc, iron and potassium and being high in dietary fiber. It is a rich source of vitamins 

and is considered to be an excellent source of essential amino acids with higher levels than wheat 

and barley (Gebremariam et al., 2012). The grain is too small, with average length and width of 

1.20 and 0.75 mm respectively to separate the germ from the bran hence the germ and the entire 

seed is consumed. This results in a better nutrition provision and higher fiber content. The whole 

MC  Protein  Fat  Fibre  Ash  CHO  

22.1 40.73 26.3 7.87 7.34 17.76 

18.9 40.04 24.92 7.28 6.58 21.38 

16.2 39.44 23.51 6.42 6.54 24.09 

14.1 37.72 23.45 6.22 6.32 24.29 

12.4 36.53 22.98 6 5.97 26.52 

11.2 35.76 22.14 5.78 5.8 28.52 

10.2 34.64 22.25 5.63 5.62 31.86 

9.2 31.12 21.27 5.36 5.36 36.89 

8.5 28.48 20.62 5.2 5.28 40.42 

8.1 24.53 19.9 5.03 5.04 44.5 
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meal is used for making pancake like bread called injera. The flour can also be used to make 

other food products such as qitta (unleavened bread), porridge and home brewed traditional 

beverages like “tella” (local bear) and “katikalla”(distilled liquor). Unlike other cereals (wheat, 

maize, rice and barley) processed at an industrial level, diversified utilization of teff has been 

limited which could be attributed to its uniqueness to Ethiopia and an age old processing carried 

out at a house hold-level (Bultosa, 2004; Zewdu and Solomon, 2007), 

 

 Teff is mainly grown in Ethiopia and Eritrea has superior nutritional quality. It contains 11% 

protein, 80% complex carbohydrate and 3% fat. It is an excellent source of essential amino acids, 

especially lysine, the amino acid that is most often deficient in grain foods. Teff contains more 

lysine than barley, millet, and wheat and slightly less than rice or oats. Teff is also an excellent 

source of fiber, iron, calcium content, and high content of phosphorus, copper, and thiamine and 

other essential minerals found in an equal amount of other grains. Teff is nearly gluten-free, and 

is gaining popularity in the whole food and Health food industry in the U.S. as an alternative 

grain for persons with gluten sensitivity. Teff is very useful for persons with Celiac Disease 

(Doris, 2002). 

 

Red teff, the least expensive form and the least preferred type, has the highest iron content. In 

persons living in areas of the country where consumption of red teff is most prevalent, 

hemoglobin levels were found to be higher with a decreased risk of anemia related to parasitic 

infection. As studies of the increased health benefits associated with high iron contents in red teff 

become elucidated, there is more acceptance of this grain in society. Today in Ethiopia, red teff 

is becoming more popular related to its increased iron content. The data composition tables 

available were not able to differentiate the iron content between red and white teff. The average 

iron content of teff is 62.71mg/4oz grain (Bultosa, 2002).  

 

Teff starches had slightly lower hydrolyzed lipids (mean 8.9 mg/g) than maize starch (9.9 mg/g). 

The crude fat (ether extract) content of the teff starches (mean 0.29%) was relatively low as 

compared to that of maize starch (0.34%). The crude fat of that of grain teff is around 2% (db) 

(Nyakabau et al., 2013). Crude fat (petroleum ether extract) consist mostly of non-starch lipids 

i.e., it is not endogenous to the starch. The low crude fat content in teff starch is most probably 
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related to the low crude fat content of the grain. Bultosa (2002) found that the teff total starch 

lipid was higher than that of pearl millet (5.0 mg/g) and slightly higher than that of rice (7.6 

mg/g). 

 

In the carbohydrate fraction of grain teff, starch is the largest proportion (Umeta and Faulks, 

1988). The mean amylose content of the teff starches varies from 28.2 to 28.4, depending of the 

method used for the determination, and on the teff variety analysed (Bultosa, 2002).  

 

The grain of teff has a very good nutritive value, with grain protein content (10-12%) similar to 

other cereals. Besides providing protein and calories, teff is a good source of minerals, 

particularly iron. It has very high calcium content and contains high levels of phosphorus, 

copper, aluminium, barium and thiamine (Hager et al., 2012). But the bigger nutritional 

importance that teff has, is the lack of gluten in the grain. This made it useful for patients with 

the celiac disease. 

 

2.2.3. Nutritional composition and consumption trend of papaya  

  

 Papaya (Carica papaya ) is native of tropical America but has now spread all over the tropical 

world. The fruit is usually cylindrical, large (weighing 0.5-2.0 kg), and fleshy. The flesh is 

yellow-orange, soft, and juicy. The central cavity contains large quantities of seeds that comprise 

about 15% of the wet weight of the fruit (Desai and Wagh, 1995). 

 

In terms of nutrition, fruits are very good sources of several vitamins, mineral salts and dietary 

fiber, all of which are essential for good health. Papaya known as the wonder fruit of the tropics 

can provide the essential protective nutrition for the poorest section of the society. Papaya is 

nutritious and has much therapeutic value (Directorate of Extension, 2000). Papaya is unique 

among the fruit crops because of its high yielding potential and year round fruiting behaviour 

(Singh et al., 1998). It is a good medicine for constipation and urinary disorders (Joseph, 2002). 

 

Papaya is a common man‟s fruit, which is reasonably priced and has a high nutritive value. 

Papaya has more carotene compared to other fruit such as apples, guavas, sitaphal and plantains, 
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which help to prevent damage by free radicals. Unripe green papaya is used as vegetable, it does 

not contain carotene but all other nutrients are present (Table 8). It is also used in salads, pies, 

sherbets, juice and confections. Papaya when consumed regularly will ensure a good supply of 

vitamin A and C, which are essential for good health especially for eyesight and can help to 

prevent early age blindness in children. The fruit is rich source for different types of enzymes 

(Krishna et al., 2008). 

 

Table 8: Nutritive value of 100g of ripe and unripe papaya fruits  

 

Source: Krishna et al., 2008 

 

The fruits are low in calories and rich in natural vitamins and minerals. Papaya places the highest 

among fruits for vitamin C, vitamin A, riboflavin, folate, calcium, thiamine, iron, niacin, 

potassium and fiber shown in Table 9. The comparative low calorie content (32 kcal /100 g of 

fruit) makes it a favorite fruit for obese people who are on a weight reducing regime. Also, 

papaya ranks the highest per serving among fruits for carotenoids, potassium, fiber, and ascorbic 

acid content (Liebman 1992; 2008). Papaya contains 108 mg ascorbic acid per 100g of fresh 

fruit, which is higher than oranges (67 mg/100 g). Papaya fruit is highly appreciated world-wide 

for its flavour, nutritional qualities, digestive properties and serotonin content (Fernandes et al., 

2006). Papaya is a good source of serotonin (0.99 mg/100 mg), which has been associated with 

enabling the gut to mediate reflex activity and also decreasing the risk of thrombosis (Santiago et 

al., 2011). 

Constituents Ripe papaya Green papaya 

Protein 0.6 g 0.7g 

Fat 0.1g 0.2g 

Minerals  0.5g 0.5 

Fiber  0.8g 0.9g 

Carbohydrate 7.2g 5.7g 

Energy  32 kcal 27kcal 

Total carotene 2740 µm 0 

Beta carotene  888 µm 0 

Mineral  0.5g 0.5g 
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Table 9: Nutritional value of fresh (Matured) papaya per 100 g   

 

Nutrient            Amount  

Protein  0.61 g 

Fat  0.14g 

Calcium  24 mg  

Carbohydrate  9.81 g 

Dietary fibre  1.8 g 

Energy  163 kJ  

Vitamin A  328 µg  

Thiamine(vit  B1)  0.04 mg  

Riboflavin (vit B2 )  0.05 mg  

Niacin (vit  B3)  0.338 mg  

Vitamin B6  0.1 mg  

Folate (vit B9)  38 g  

Vitamin C  61.8 mg  

Calcium  24 mg  

Iron  0.10 mg  

Sodium  3 mg  

Magnesium  10 mg  

Phosphorus  5 mg  

Potassium  257 mg  

Source: USDA, 2011 

 

Various pharmacological actions and medicinal uses of different parts of the papaya are reported 

with the crude extracts and different fractions from crude extracts of different parts of papaya. 

They have been used as traditional medicine for the treatment of various diseases. Many 

biologically active phytochemical from different parts of papaya tree (latex, seed, leaf, root, 

stem, bark and fruit) have been isolated from papaya and studied for their potency Table 10. 

Antifungal chitinase has been genetically cloned and characterized from papaya fruit. Classified 

a class IV chitinase based on amino acid sequence homology with other plant chitinase, the 

recombinant chitinase also exhibit antibacterial activity. Commercially available spray dried 
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latex of papaya fruits has isolatable chamopapain which exhibit immunological properties 

(Krishna et al., 2008).  

 

Table 10: Medical function of different parts of papaya plant  
 

Part  Medicinal uses 

Latex Anathematic, relieves dyspepsia, cures diarrhoea, pain of burn and topical use, 

bleeding haemorrhoids, stomachic , whooping cough 

Ripe fruit Stomachic, digestive, carminative diuretic, dysentery and chronic diarrhoea, 

expectorant, sedative and tonic, relieves obesity, bleeding piles, wound of 

urinary tract, ringworm and skin disease psoriasis 

Unripe fruit Laxative, diuretic, dried fruit reduces enlarged spleen and liver, use snakebite to 

remove poison, abortifaciant, anti- implantation activity and antibacterial 

activity 

Seeds Carminative, emmenagogue, vermifuge, abortifaciant, counter irritant, as 

paste in the treatment of ringworm and pasoriasis, anti-fertility agent in malic 

Seed juice Bleeding piles and enlarged liver and pectoral properties 

Root Abortifacient, diuretic, checking irregular bleeding from the uterus, piles, 

antifungal 

activity 

Leaves Young leaves as vegetable, Jaundice(fine paste), urinary complaints 

and gonorrhoea (infusion) dressing wound fresh leave, antibacterial 

Flower Jaundice, emmenagogue, febrifuge and pectoral properties 

Steam bark Jaundice, anti-haemolytic activity, STD, store teeth(inner bark), anti-fungal 

activity 

Source: Krishna et al., 2008 

 

2.3. Effect of Processing on Nutrient Composition and Anti-Nutritional Factors (ANFs) 

 

Plants have high amounts of essential nutrients, vitamins, minerals, fatty acids and fiber (Gafar 

and Itodo, 2011). Plant food contain high amounts of “anti-nutritive” factors (ANF) (Bardocz et 

al, 1996). The anti-nutritional factors (ANFS) may be defined as those substances generated in 
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natural food stuffs by the normal metabolism of species and by different mechanisms (e.g. 

inactivation of some nutrients, diminution of the digestive process, or metabolic utilization of 

feed) which exert effects contrary to optimum nutrition (Kumar, 1992). 

 

The most important anti-nutritional food constituent in diets in low-income countries in terms of 

negative nutritional impact is phytate, primarily contributed from cereal staples and secondarily 

from legumes and other plant foods. Phytate forms insoluble complexes with a range of 

nutrients, and thereby inhibits the absorption of protein and minerals, in particular iron, zinc and 

calcium. Another important anti-nutritional factor in foods having negative nutritional impact in 

low-income countries is polyphenol compounds present in different forms in fruits, vegetables, 

pulses and cereals. One of the most widespread groups of polyphenols with anti-nutritional 

properties is soluble tannins. The anti-nutritional effect of polyphenols is complex formation 

with iron and other metals, and precipitation of protein, which reduces absorbability. On the 

other hand, it has recently been discovered that some ant- nutrients may have beneficial effects 

when ingested in small quantities and can even help in the prevention of certain illnesses such as 

cancer and coronary disease (Muzquiz, 2004). Tannins are reported to have possible anti-

carcinogenic effects (Butler, 1989). 

 

The anti-nutritional factors can be eliminated or reduced by cooking or with other simple 

technologies (Vidal et al., 1994; Urbano et al., 1995) although processing will improve the 

nutritive utilization of protein. There are the traditional processing techniques include: (i) non-

heat processing such as germination, de-hulling or fermentation and (ii) heat processing, such as 

cooking at atmospheric pressure, autoclaving or roasting. Most ANFs are heat liable, such as α-

galactosides, protease inhibitors and lectins, so cooking would eliminate any potential effects 

before consumption. On the other hand, tannins, saponins and phytic acids are heat-stable, but 

can be reduced by de-hulling, soaking, germination and/or fermentation (Muzquiz and Wood, 

2007). Hence, processing methods such as soaking, germination, fermentation, cooking and 

addition of enzymes have been reported by many researchers to alleviate the effect of ANFs and 

to improve the nutritional value of cereals and legume seeds (Sokrab et al., 2012; Mohamed et 

al., 2010, Mohiedeen et al., 2010, Osman et al., 2010 and Idris et al., 2007). Mainly, cooking 

and germination play an important role as they influence the bio-availability and utilization of 
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nutrients and also improve palatability which incidentally may result in enhancing the 

digestibility and nutritive value (Oboh et al., 2000; Ramakrishna et al., 2006).  

 

2.3.1. Soaking 

 

Both whole grain and flours can be soaked. Usually the process lasts for 1-2 days, but soaking 

for some hours may also have beneficial effects, like reduction of phytate content. Soaking of 

flours results was in diffusion of water-soluble minerals, but also a reduction in the content of 

phytate. The extent of the phytate reduction depends on the type of cereals or legumes, pH, and 

length and conditions of soaking. Soaking of unrefined maize flour can reduce phytate content 

by up to 50%, and most of this reduction takes place during the first few hours of soaking (Hotz 

and Gibson, 2001).The content of other anti-nutrients such as saponins, trypsin inhibitors and 

polyphenols is also reduced during soaking (Mensah and  Tomkins, 2003). If grains are soaked 

before milling it can improve flavour. If unsafe water is used for soaking enteropathogen 

microbes might multiply and result in a contaminated product. It is therefore important that such 

foods are boiled long enough to secure that pathogens are killed. 

 

2.3.2. Germination and Malting 

 

Legumes and grains can be soaked in water for up to 24 hours and allowed to germinate or 

sprout (i.e.; grow a new shoot). Grains are then dried, dehusked and milled. In this malting 

process some of the starch in the grains is degraded into sugars, protein quality and digestibility 

is improved and the content of riboflavin, niacin, and vitamin C is increased and the content of 

anti-nutrients is reduced.  In one study the content of phytate in maize flour was reduced by 46% 

after germination (Mensah and Tomkins, 2003). Malting produces α-amylase which converts 

starch into sugars and thereby makes the porridge or gruel less thick. This is of special 

importance for children with moderate malnutrition as it allows more cereal or legume to be 

added thereby increasing the energy and nutrient density. Several studies have shown that the 

energy and nutrient intake can be improved if germinated amylase-rich flour is used for 

porridges or if some of this flour is added to porridge (Owino et al., 2007). Soaking, which is 

part of germination and malting processes, can add pathogens to the product, so it should be 

ensured that the gruel or porridge is heated sufficiently before consumption (Mensah and 
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Tomkins, 2003). In conclusion germination and malting results in a number of beneficial effects 

of which the most important are increased energy and nutrient content and reduced levels of anti-

nutrients. 

 

2.4. Functional Properties  

 

Some functional properties can be interpreted as a result of the thermodynamically favorable 

protein-water interactions (wetability, swelling, water retention, solubility) or unfavorable 

(foaming, emulsification). The interactions of protein with water are important in relation to 

dispensability, water absorption and binding, swelling, viscosity, gelation and surfactant 

properties as these properties influence the important functions of proteins in meat, bakery and 

beverage systems (Moure et al., 2006).  

 

Water activity speed up chemical/biochemical reactions (e.g. the Maillard reaction) increasingly 

take place and possibly change the microbiological stability, chemical stability, content of 

proteins and vitamins, color, taste and nutritional value, stability of the compound and durability, 

storage and packing, solubility and texture (Banu, 2002; Nicolau, and Turtoi, 2006, and Tatarov, 

2007). 

 

According to Omueti et al.(2009), Water holding capacity is the ability of a product to associate 

with water under a condition where water is limiting. The higher WAC of commercial diet 

compared with other diets may be attributed to the proportion of hydrophilic and hydrophobic 

amino acids in the protein and relative amount of carbohydrates. The more hydrophilic amino 

acids and the polysaccharide constituents, the more water make the diet absorb and bind 

(Otegbayo et al., 2000). It is desirable for making thinner gruels with high Caloric density per 

unit volume. Sprouted and un-sprouted combinations, mixes that contained higher amount of 

corn flour showed higher WAI, which was due to their higher amylose/amylopectin ratio (Nicole 

et al., 2010). 

  

Water holding capacity is the ability to retain water against gravity, and includes bound water, 

hydrodynamic water, capillary water and physically entrapped water. Germination, fermentation, 

soaking or thermal treatments (toasting/autoclaving) significantly improves water absorption 
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capacity (Moure et al., 2006). Proteins swell as they absorb water and it is an important 

functional property in foods like processed meat, doughs and custards where the proteins should 

imbibe and hold water without dissolving and concurrently impart body, thickening and 

viscosity. A highly soluble protein is required in order to obtain optimum functionality required 

in gelation, solubility, emulsifying activity, foaming and lipoxygenase activity (Riaz, 2006). 

Soluble protein preparations are easier to incorporate in food systems, unlike those with low 

solubility indices which have limited functional properties and more limited food uses.  

 

Bulk density is a measure of heaviness of flour (Nicole et al., 2010) and is generally affected by 

the particle size and the density of the flour. It is very important in determining the packaging 

requirement, material handling and application in wet processing in the food industry 

(Adebowale et al., 2005).  

 

The local formulated diets had significantly lower bulk density than the commercial product 

produce in food plants. This indicates that the gruel made from the formulated diets will have a 

lower dietary bulk. This is important in complementary foods because high bulk density limits, 

the caloric and commercial diet in take per feed per children and infants are sometimes unable to 

consume enough to satisfy their energy and commercial diet requirements (Omueti et al., 2009). 

 

 

 

 

 

 

 

 

 



 
 

25 
 

3. MATERIALS AND METHODS 

 

3.1. Description of the Study Area 

 

This study was conducted at Jimma Town located in Oromia National Regional State, in Jimma 

Zone. Jimma Town is located at about 346km, Southwest of Addis Ababa. Its astronomical 

location is 7º 4‟ North Latitude and 36º 5‟ East Longitude. While, the laboratory analysis were 

conducted at Jimma University College of Agriculture and Veterinary Medicine (JUCAVM) in 

Post-harvest Management laboratory and Debrezit Agricultural Research Center soil and plant 

research laboratory.  

 

3.2. Field Survey 

 

3.2.1. Sample size determination and sampling procedure 

 

This cross- sectional study was carried out from February 12-30, 2015 in Jimma Town. The 

Town has a total estimated population of 121, 432 people living in 17,078 households-projected 

from 1994/6 population and housing census residing in three administrative divisions 

(„„kefitegnas‟‟). At the time of the study, the town had 21 “kebeles” (the smallest unit of local 

administration). One kebele was randomly selected from each of the three administrative 

divisions „„kebeles‟‟ and multi stage stratified simple random sampling method was used to 

identify the study household infants. In the case where there were more than one eligible 

individual in the household, a lottery method was used to pick one from each household. In the 

event that there was no eligible infant in the selected household, the next door was visited. 

 

The sample size was calculated using probability proportional to sample size-sampling technique 

using the formula shown in Eq.1 developed by Cochran (1977) for descriptive cross-sectional 

study employing expected prevalence of consuming quality diet to be 50% as there was no prior 

study on the subject, at 95% confidence level and 5% margin of error giving a sample size of 

384.  
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--------------------Eq.1 

Where; 

no = the desired sample size Cochran‟s (1977), when population is greater than 10,000 

n = Finite population correction factors (Cochran‟s formula, 1977), when population is less 

than10000 

Z = is 95% confidence level i.e.1.96  

P = 0.5 (percentage picking a choice, expressed as decimal used for sample size needed) 

q = 1-P   i.e. (0.5) 

N = Total number of population 

C = Confidence interval (0.05) 

 

Data were collected using six health extension workers in each selected kebeles together with the 

researcher using a pre-tested questionnaire. All interviewers were working in the health care area 

and/or had previous experience with similar surveys. They all can speak Amharic and Oromiffa. 

The data collectors were given half day training on the interview techniques and on the 

questionnaire before data collection. During interviewer training, all sections of the survey, i.e. 

general questionnaire, 24-hour recall were explained and discussed.  

  

A 24-hour recall provides information on the respondent‟s food intake during the 24 hours 

preceding the interview or during the day preceding the interview. Before starting the recall, the 

mother was asked, whether the last day was a usual day concerning the child‟s diet, e.g. did the 

child eat less due to illness or more/different food due to holiday. The mothers (care takers) were 

asked to whether they had fed their children each of those (predefined) food items over the last 

24-hour starting from the previous day when the child woke up to the present morning before it 

had its first meal of the day. 

 

First, a list of all the foods and drinks consumed was obtained. Every food was described as 

detailed as possible, e.g. Injera made from sorghum and teff. For composite dishes, a list of all 
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ingredients was recorded. The recall was read all over again to the mother and she was asked, 

whether she had anything to add, like snacks or drinks. 

 

To determine dietary diversity score, 24-hour recalls were conducted with mothers regarding 

their children‟s intake. This score was calculated using food categories based on the FAO 

guidelines for measuring individual dietary diversity (FAO, 2008). Each of the following eight 

food categories were assessed, and presence of a food in each was scored as 1: (a) grains, roots 

and tubers; (b) vitamin A-rich plant foods;(c) other fruits or vegetables; (d) meat, poultry, and 

sea food; (e) egg; (f) pulses/legumes/nuts; (g) milk and milk products, and (h) food cooked in 

oil/fat.  

 

So a consumption of each food item in food groups was given the value of 1 if it was consumed 

at least once in a 24-hour time and a value of zero if not. The dietary diversity score (DDS) was 

calculated as a composite variable by summing up the scores of the eight food groups, which 

were either one or zero. This gives a score between 0 to 8 and median score 4.0 was used as cut-

off point to dichotomize dietary diversity. Accordingly, those who had total dietary diversity 

score above 4 were labeled as having had diversified diet and the rest as having had non-

diversified diet. 

 

Infant‟s diet samples were collected using polyethylene plastic bottles with in ice box from 30 

mothers who had 6-24 months aged child. Those samples which had the same ingredient were 

mixed up and were immediately dried on the same day at 60
ο
C using hot air oven. Then, the 

dried complementary food samples were stored at 4
ο
C until the samples were analyzed to 

quantify, moisture, ash, macronutrients protein, crude fat, carbohydrates, crude fiber , energy, 

micronutrients  β-carotene, calcium, iron and zinc because some of these are the nutrients of 

interest in the concerning area of malnutrition and to calculate the nutrient adequacy. In addition, 

it was analyzed for possible inhibitors of nutrient absorption like tannin and phytates .This  

method was solved one of the limitation of all of the food tables  based estimation of nutrient 

which do not account for nutrient losses during food processing, i.e. data for both raw and 

boiled/fried/dried etc.  
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The complementary food samples its nutrient adequacy were evaluated. The WHO 

recommendations and FAO, if these were not available; the USA RDA/USA minimum 

requirements (Garrow et al., 1993; Savage King et al., 1993) were used to estimate whether the 

children met their needs of energy and of the above mentioned nutrients (except moisture, ash). 

 

Generally, the survey was conducted to get the data on local dietary quality of 384 children‟s 

diet; socio-economic and demographic data of care taker of infants using semi-structured 

questionnaire; and nutrient and anti-nutrient composition of infants‟ complementary foods diet 

by taking food samples from each administration divisions. 

 

Ethical Consideration and Inform consent: Permission was obtained from Jimma City 

Administration and each „kebeles‟ representative through a formal letter written from 

Department of Post-harvest Management, Jimma University. The participant (mothers or care 

takers) was informed about the purpose of the study and verbal consent was obtained before each 

interview.  

 

3.3. Raw Material Collection and Sample Preparation 

 

3.3.1. Raw material collection 

 

Red teff grain named DZ-01 99 was collected from Debre Zeit Agricultural Research Center, 

soybean seed of variety clerk 63k was obtained from Jimma Agricultural Research Center and 

papaya fruit solo varty was collected from Gojeb Horazion Plantation PLC. 

                                                                                             

3.3.2. Sample preparation 

 

I. Preparation of red teff flour 

 

Red teff seeds were manually cleaned by siftings and winnowing and freed carefully from chaffs, 

dust and other impurities. It was then ground into flour by miller (Heavy-duty cutting mill, 

SM2000/695upm, Germany) and sieved through a 0.5 mm sieve and packed in plastic bags prior 

to analysis. 
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II. Preparation of germinated soybean flour 

 

Soybean flour was prepared by using the method described by Tizazu et al. (2010). Soybean 

seeds were cleaned properly using dry cleaning methods to remove foreign materials. Then it 

was soaked in excess of water for about 18 hrs at room temperature. The soaked soybean seeds 

were washed using distilled water after the soaking water drained off. Then the soybean seeds 

were germinated for about 48 hrs at 25
o
C and 95% of relative humidity in the growth cabinet 

(model: RGX250).  Next, the germinated soybean seeds were dried for about 24 hrs using hot air 

oven at 50 
o
C. The dried soybeans were then milled into fine powder using a miller (Heavy-duty 

cutting mill, SM2000/695upm, Germany) and sieved through a 0.5 mm sieve and packed in 

plastic container untill to laboratory analysis. 

 

III. Preparation of papaya powder 

 

The harvested papaya fruits were sorted and washed with clean water. Papaya peel was removed 

using vegetable peeler or paring knife. It was sliced lengthwise in half on cutting board and seeds 

were scooped out and discarded with large spoon. Sliced papaya was dried using hot air oven 

method at 60 
o
C for 24 hr. Finally, it was then ground into powder by miller (Heavy-duty cutting 

mill, SM2000/695upm, Germany) and sieved through a 0.5 mm sieve and packed in black plastic 

container and stored until needed for analysis (Padmapriya, 2013). 

 

3.4. Treatment Combinations and Experimental Design 

 

The Lower and upper ranges of treatment combinations (coded form) are indicated in Table 11. 

This range was set based on previous reported result on complementary porridge quality 

prepared from grains, legumes and vitamin rich plant food considering WHO infant feeding 

guidelines. Eleven treatment combinations were generated via D-optimal Mixture design with 

three ingredients (red teff flour, soybean flour, and papaya powder) using Minitab version 16 

statistical software as indicated in Table 12. The simplex design plot for the three -components 

of mixture formulations is presented in Figure 1, which shows the experimental point and the 

experimental region. Lack of fit was not come up with the eleven treatment combinations. 
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Red teff flour

55

75

Soybean flour

40

20

Papaya powder

25

 5

 

  

Figure 1: Simplex design plots of the three-component mixture formulations 

 

Table 11:  Lower and upper limit of ingredients in D-optimal design 

 

Ingredients  Lower  Upper 

Red teff flour 55 70 

Soybean flour 20 30 

Papaya powder 5 15 

   

Source: FDREMH, 2006; Charles et al., 2014; and Cameron et al., 2009 
 

 

 

 

 

 

 

 

Experimental region Experimental point 
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Table 12: Formulations of red teff based complementary porridge blended with soybean flour 

and papaya powder 

 

StdOrder RunOrder PtType Blocks 

Red teff 

flour 

Soybean 

flour 

Papaya 

powder 

3 1 1 1 65 20 15 

1 2 1 1 55 30 15 

4 3 1 1 70 25 5 

9 4 -1 1 65 22.5 12.5 

7 5 -1 1 60 27.5 12.5 

2 6 1 1 70 20 10 

10 7 -1 1 67.5 25 7.5 

11 8 -1 1 65 27.5 7.5 

6 9 0 1 65 25 10 

8 10 -1 1 67.5 22.5 10 

5 11 1 1 65 30 5 

 

3.5. Formulation of Red Teff Based Complementary Porridge 

 

3.5.1. Preparation of red teff based porridge  

 

The composite flour was mixed using an electrical blender for 2–3 min at 200rpm.The flour 

samples were packed and sealed in high density polyethylene bags. Porridges were prepared 

according to Onabanjo et al. (2009) from each eleven composite flours. Three hundred grams 

(300 g) composite flour was mixed with 300 ml of water in small plastic bowl. The rest 300 ml 

of distilled water was boiled in to the pan. After it was boiled, the slurry was mixed with boiled 

water and heated for 15 min at 90 
o
C with continuous stirring to avoid coagulation and sticking 

on the pan. After 15 min the pan with porridge was removed from the stove. Sample preparation 

procedure and all parameters (physico-chemical, nutritional and anti-nutrition) analysis data 

shown in Figure 2 was collected using the analysis procedures.  
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Figure 2: Flow diagram of experimental framework for preparation of flour samples of porridge  

(Onabanjo et al., 2009; Padmapriya, 2013; Tizazu et al., 2010) 

3.6. Data Collection and Analysis Methods 

 

Red teff  

Cleaning 

Milling and sieving in 
0.5mm size 

Papaya fruit 

 Sorting and  cleaning 

Slicing into half 

Removing the seed 
and sliced into piece  

Drying in hot air oven 
at 60 oC for 24 hr. 

Milling and seiving in 
0.5mm size 

Soyabean 

Cleaning and soaking for 18 hrs 

Germinating for 48 hr at 25oC & 
95% RH 

Drying  in hot air oven at 50oC for 
24 hrs and dehulling  

Milling and sieving in 0.5mm size 

Red teff flour 

• Proxmate composition  

• Mineral analysis 

• Anti-nutrtional factor 

• Functional properties 

Papaya Powder 

• Proxmate composition  

• Mineral analysis 

• Anti-nutrtional factor 

• Functional properties 

Germinated soybean 
flour 

• Proxmate composition  

• Mineral analysis 

• Anti-nutrtional factor 

• Functional properties 

Composite flours 

• Water activity  

• Water absorpition capacity 

• Bulk density 
 

Porridge  

•  Proxmate composition  

• Mineral analysis 

• Anti-nutrtional factor 

• Sensory  attributes  
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3.6.1. Proximate composition 

 

Proximate composition of each ingredient flour and formulated diets was determined. These data 

was collected in triplicate. 

 

I. Determination of moisture content 

 

The moisture content of the sample was determined using hot air oven method according to 

(AOAC, 2011, 925.10). The weight of the empty metal dish was taken using digital electronic 

balance (model: HCB1002, Malaysia) after being dried in hot air oven (model: Leicester, 

LE675FT, England) at 130 
o
C for 1hr and cooled in desiccators to room temperature. About 2 g 

of well-mixed sample was transferred on to the pre-dried dish and dried in oven for 6 hr at 102 

o
C. Then the weight of dried dish containing the sample was taken after it cooled down to room 

temperature in desiccators. The percentage of moisture content in sample was estimated using 

Eq.2 

 

             
                 

       
      -------------------------------------------------------- Eq.2 

II. Determination of crude protein  

 

Protein content was determined according to Kjeldahl method of crude protein analysis (AOAC, 

2000, 979.09). 

 

 Digestion: Food sample 0.3 g weigh was added into the digestion flask or larger test tube for 

digestion by addition of small volume (3-5ml) of concentrated H2SO4 (an oxidizing agents which 

digests the food), anhydrous Na2SO4 or K2SO4 that speed up the reaction by raising the boiling 

points of H2SO4 and a catalyst (CuSO4, selenium, titanium or mercury) to speed the reaction. 

One gram of catalyst mixture was made of Na2SO4 or K2SO4 with anhydrous CuSO4 in the ratio 

of 10:1 was used. During digestion any nitrogen in the food (other than that which is in the form 

of nitrates or nitrites) was converted into ammonia and other organic matter to CO2 and H2O.  
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Distillation: After digestion is completed, the content in the flask was diluted by water and a 

concentrated NaOH (40%) solution using distiller (model KDN-F-China). It was added to make 

the solution slightly alkaline and to liberate ammonia gas. The ammonia was then distilled into 

receiving flask that consist a standardized strong acid such as solution of excess boric acid (4%) 

or sulfuric acid for reaction with ammonia or sulfuric acid. The total nitrogen and percentage of 

protein content in sample was estimated using Eq.3 and Eq.4. 

 

Calculation =Total nitrogen, percent by weight 

 

                
                    

 
 --------------------------------------------------------------Eq.3 

 

Where:  

T-Volume in ml of the standard acid solution used in the titration for the test material 

B - Volume in ml of the standard acid solution used in the titration for the blank determination 

N - Normality of standard hydrochloric acid 

W - Weight in grams of the test material 

                 

    Crude protein = 6.25 * total nitrogen---------------------------------------------------------------Eq.4 

 

III. Determination of crude fat  

 

Crude fat was determined using soxhlet extraction method according to (AOAC, 2011, 2003.06). 

Sample of 1.5g was weighed into a thimble. The thimble and contents were placed in to a 50 ml 

beaker and dried in oven for 2 hr at 102 
o
C. Thimble and contents was transferred in to extraction 

apparatus. The beaker was rinsed for several times with the solvent diethyl ether. The sample 

contained in the thimble was extract with the solvent diethyl ether in a Soxhlet extraction Soxhlet 

extractor (model: SZC-C fat extractor, china) for 6 hr. At the completion of the extraction, the 

extract was transferred from the extraction flask into a pre-weighted evaporating small beaker 

with several rinsing with the solvent. The diethyl ether was evaporated until no odor of it is 

detected. The beaker and contents was dried in the oven for 30 minutes at 102
o
C to remove 
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moisture. Then it was removed from the oven and cooled in desiccators. The beaker and content 

was weighed. The percentage of crude fat content in sample was estimated using Eq.5. 

 

             
     

                
        ----------------------------------------------------------Eq.5 

Where:  

         W1= Weight of extraction flask before extraction 

          W2 = Weight of extraction flask after extraction. 

 

 

IV. Determination of crude fiber  

 

The crude fiber was determined by the non-enzymatic gravimetric method (AOAC, 2000, 

920.168). Two g food sample was placed into 600 ml beaker and 200 ml of 1.25% H2SO4 and 2 

g pre weighed boiling chips was added. Then the beaker was placed on digestion apparatus and 

was boil exactly for 30 min., while shaking at 5 min intervals. The solution was passed through 

screen sieve and the digested sample was decanted. The digestion beaker was washed with 3 x 

50 ml portion of near boiling point water and each was transferred into the screen for filtration. 

The residue left on the screen was transferred into 600 ml digestion flask by washing the screen 

with 200 ml (50mlx4) 1 % NaOH. It was then placed on digestion apparatus and boiled for 30 

minute while shaking at 5 min interval. The digested sample was filtered in coarse porosity 

(75µm) crucible in apparatus at a vacuum of about 25mm.  The residue was dried at 130 
o
C for 2 

hrs and cooled in desiccators and weighed (M1). The dried residue was ignited for 2 hrs at 600 
o
C 

until ashing was completed and then cooled in desiccators and reweighed (M2). The percentage 

of crude fiber content in sample was estimated using Eq.6. 

 

              
     

                 
       ----------------------------------------------------------Eq.6 

Where, 

M1 = mass of crucible and residue before ignition   

M2 = mass of crucible and residue after ignition 
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V. Determination of total ash  

 

The crucibles which used for the analysis were clean, dry at 120 
o
C and igniting at 550 

o
C in 

furnace for 3 hours. Then the crucibles were removed from the furnace and cooled in desiccators. 

The mass of the crucibles were measured by analytical balance (M1). About 5g of the sample 

was weighed into crucibles (M2). The sample was dried at 120
o
C for 1hr in drying oven. The 

sample was removed from the drying oven and carbonizes by blue flame of Bunsen burner by 

placing the sample dish on wire gauze. The sample was then placed in furnace (model: SX-5-12 

box resistance furnaces, China) at about 550
o
C until free from carbon and the residues appear 

grayish white (about 8 hours). The sample was removed from the furnace when the sample is not 

completely change to ash. It was moistened by the few drops of water and placed in an oven at 

120
o
C for 1hr and was re-ashed at 550

o
C until white ash color was obtained. It was removed 

from the furnace and placed in the desiccators and weighed (M3). The ash content was 

determined by official method (AOAC, 2011, 923.03) and applying a simple formula shown in 

Eq.7. 

 

             (
     

     
)        ----------------------------------------------------------------- Eq.7 

 

VI. Determination of utilizable carbohydrates (   ) 

 

The total percentage carbohydrate content was determined by the difference method as reported 

by Onyeike et al. (1995). This method involved adding the total values of crude protein, lipid, 

crude fibre, moisture and ash constituents of the sample and subtracting it from 100 (Eq.8). The 

value obtained is the percentage carbohydrate constituent of the sample.  

 

                                   ------------------------------------Eq.8 

 

Where: 

M = Moisture content, CF = crude fat, CFi = crude fiber and P = crude protein 

 

VII. Determination of calorific value/energy value calculation 
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Gross energy was calculated according to the method developed by Osborne and Voogt (1978). 

The gross energy content in raw and processed sample was calculated using Eq.9.  

 

                                                                    -----Eq.9 

 

3.6.2. β-Carotene 

 

β-carotene was determined according to the method of Sadler et al. (1990). Two grams of each 

sample was mixed with one gram of CaCl2.2H2O and 50 ml extraction solvent (50 % hexane, 25 

% acetone, and 25 % ethanol) and shaken in five minute intervals for 30 min at 4±1
o
C 

refrigeration. Again 15 ml of deionized water was added and the solution was frequently shaken 

in five minute interval for additional 15 min stored at 4±1
o
C. After the extraction phase, the 

organic phase, containing the ß-carotenoid was separated from the water phase, using a 

separation funnel, and filtered using what man filter paper No.1. The extraction procedure was 

carried out under subdued light to avoid degradation of carotenoid. β-carotene was estimated 

from a standard curve (R
2
=0.998) of β-carotene standard product of Sigma Aldrich dissolved in 

the same solvent combination using double beam UV-Vis spectrophotometer (T80,China) at 

450nm wavelength.  

 

3.6.3. Anti-nutritional factors 

 

I. Phytate determination 

 

The method described by (Vaintraub and Lapteva 1988) was used for phytate determination. 

Five gram of dried sample was weighed and extracted with 10ml of 0.2N HCl for 1 hr at an 

ambient temperature and centrifuged (3000rpm for 30minut) using centrifuge (model 800-1). 

The clear supernatant was used for the phytate estimation. Then 2 ml of wade reagent was added 

to 3ml of the supernatant sample solution then it was homogenized and centrifuged (3000rpm for 

10 minutes). The absorbance at 500nm was measured using double beam UV-Vis 

spectrophotometer (T80, China). The phytate concentration was calculated from the difference 

between the absorbance of the blank (3ml of 0.2N HCl +2ml of wade reagent) and that of 
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assayed sample. The amount of phytic acid was calculated using phytic acid standard curve and 

result was expressed as phytic acid in µg/g fresh weight (Eq.10). 

 

Standard solution preparation: A series of standard solution was prepared containing 4-40 

µg/ml phytic acid in 0.2N HCl. 3ml of standard was pipette in to 15 ml centrifuge tubes with 3ml 

of water used as a zero level (blank). Then 2ml of the Wade reagent was added to each tube, and 

the solution was mixed on a vortex mixer for 5 seconds. The mixture was centrifuged for 

(3000rpm for 10minutes) and the supernatant was read at 500 nm by using water to make zero 

the spectrophotometer. Using SPSS plot the calibration curve was prepared (absorbance with 

concentration) and the slope and intercept was found out from the graph equation.  

Calculation:  

              
  

 
 

                    

                                
 -----------------------------------------------Eq.10 

             

II. Condensed tannin determination 

 

The method described by Maxson and Rooney (1972) was used for condensed tannin 

determination. One gram of sample was added in a screw cap test tube and 10ml 1% HCl in 

methanol was mixed to the sample containing tube, the tube was closed with lid and allowed to 

shake on mechanical shaker for 24 hr at room temperature. It was centrifuged at 1000 gravity for 

5minute using centrifuge (model 800-1) and 1ml supernatant was taken and mixed again with 

5ml of vanillin-HCl reagent in another test tube and left for 20 minute until the reaction is 

completed and then the absorbance was read at 500nm using double beam UV-Vis 

spectrophotometer (T80, China). 

 

Standard solution preparation: D-Catechin was used as the standard value of tannin in mg D-

Catechin per g of sample. 40 mg of D-Catechin was weighed and dissolved in 100ml of 1% HCl 

in methanol (stock) then  was taken 0, 0.2, 0.4, 0.6, 0.8 and 1ml of stock solution in a test tube 

and  adjusted volume of each tube to 1ml with 1% HCl in methanol. In each tube 5ml of vanillin-

HCl reagent was added and allowed for 20 minutes to complete the reaction. The absorbance was 
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read at 500nm. Reference curve was prepared from the series of standard solution. The amount 

of tannin was calculated using tannin standard curve and result was expressed as tannin in mg/g 

fresh weight (Eq.11). 

 

          
  

 
 

                    

                                
 ---------------------------------------------------Eq.11 

 

3.6.4. Mineral analyses 

 

The contents of Ca, Zn and Fe in foods was measured by atomic absorption spectrophotometer 

(AAS) (Perkin-Elmer, Model 3100, USA) according to the method of Hernandez et al. (2004) 

after dry ashing of 5g sample. The resulting white ash was weighed, dissolved in 3ml of 

concentrated nitric acid and then finally diluted with deionized water in a 25ml calibrated flask. 

Then the solution was used to determine Ca, Zn, and Fe. Standard stock solution of iron, zinc 

and calcium was prepared by appropriate dilution. The samples and standards were atomized by 

using air –acetylene as a source of energy for atomization (AACC, 2000). For iron content 

determination absorbance was measured at 248.3nm and iron was estimated from a standard 

calibration curve was prepared from analytical grade iron wire with a range of 0, 0.05,2,4,8 and 

16ml. For zinc content determination, absorbance was measured at 213.8nm and zinc level was 

estimated from a standard calibration curve prepared from ZnO. For calcium content 

determination, absorbance was measured at 422.7nm after addition of 1% lanthanum (i.e., 1ml 

La solution /5ml) to sample and standard to suppress interferences. Calcium content was then 

estimated from standard solution 0, 0.05, 2, 4, 8 and 16 ml prepared from CaCO3. 

 

3.6.5. Functional properties 

 

I. Water activity  

 

Water activity was determined using lab-master water activity meter (model CH-8853 Lachen 

made in Switzerland). For high precision measurement, the instrument was run hours before 

starting measurement. During this time temperature of the system was stabilized. The cup was 

cleaned and dried. The sample holder cup was filled to 2/3 with sample flour to be measured. 

The instrument cover was open-ended and checked the chamber. This was clean and absolutely 



 
 

40 
 

dry. Sample cup containing the sample was open and inserted into measuring left chamber. The 

next cup was placed with its plastic cover (closed) in to a preconditioning chamber (right) to 

reach thermal equilibrium. The cover was pressed completely down and started analyzing the 

sample. The stability observation function was flash yellow led (analyzing) and waited until the 

buzzer sounds and flash green led stable light up. Finally, the water activity value was recorded 

before open the cover. 

  

II. Bulk densities of the flour 

 

Bulk density was determined by the method of Adeleke and Odedeji (2010) fifty g flour sample 

was taken into a 100 ml measuring cylinder. The cylinder was tapped several times on a 

laboratory bench to a content volume. The volume of sample was record Bulk density was 

calculated from the values obtained as follows: 

 

             (
 

   ⁄ )  
                  

                               
-----------------------------------------Eq.12 

   

III. Water absorption capacity (WAC) 

 

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

determined according to method used by Edema et al., (2005). Sample of 2.5 g was added to 30 

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

before being centrifuged at 4000 rpm for 20 min. The mixture was decanted and the clear 

supernatant discarded. Adhering drops of water was carefully drained off as much as 

quantitatively possible and the tube was reweighed.  

 

     
                          

                            
----------------------------------------------------------------Eq.13         

 

3.6.6. Sensory evaluation 

 

Eleven formulated complementary porridge samples were prepared and subjected to sensory 

evaluation. The evaluation was carried out based on appearance, aroma, taste, mouth feel and 
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overall acceptability using a five point hedonic scale, where 1= dislike extremely, 2 = dislike 

moderately, 3 = neither like nor dislike, 4 = like moderately and 5 = like extremely (Kolapo and 

Oladimeji , 2008). A total 50 panelists (Mothers) (Wechsler, 2010) was randomly selected from 

Jimma Town. The consumer panelists were informed on the 5-point hedonic scale and its use 

prior to assessment. Freshly prepared porridge was served in randomly coded white plate and 

arranged randomly (Tewodros, 2009). Further, in analysis perfectly assessed samples were taken 

to data analysis. The sample was coded and subjected to statistical analysis to get means, 

frequency and percentages. During the evaluation panelists was asked to use water for palate 

cleaners in between each samples sensory analysis. 

 

3.7. Data Analysis 

 

The data collected from the survey were subjected to analysis of variance (ANOVA) by using 

SPSS version 20 statistical software. The data collected from the lab experiment was analyzed by 

using Minitab 16 software package. The statistical significance of the terms in the regression 

equations were examined by analysis of variance (ANOVA) for each response and the 

significance test level was set at 5% (P < 0.05).  All data normality distribution were checked. 

The fitted models for all the parameters were generated three-dimensional contour plots. 

Graphical optimization was carried out to determine the optimum formula of red teff based 

porridge by substituting with some level of soybean and papaya in terms of nutrient composition 

and sensory attributes. 
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4. RESULTS AND DISCUSSIONS 

 

During the survey, a total number of 384 respondents were interviewed and were completed with 

a respondent rate of 100%. Though it was explained to the mothers before starting the interview 

that would have no immediate benefit from answering questions, none of the mothers refused 

their participation. There was no questionnaire that had to be excluded for all analyses. 

 

4.1. Socio-demographic Characteristics of Respondents 

 

Household size was range 2-11 with mean of 4.21 ±1.27. With respect to type of household 235 

(61.2%) were male headed and 149 (38.8%) female headed. Most of the care givers of the infants 

were 375 (97.7%) mothers followed by 6 (1.6 %) father, 1 (0.3 %) brother, sister, and adopter. 

marital status of caretakers, 334 (87%) were married, 16 (4.2 %) separated, 16 (4.2%) divorced 

and mean age of study population of care givers was 27±5.1 years ranging from 18 to 42. With 

respect to their educational status, 326 (84.9 %) of care givers had attended school. Out of these, 

22 (5.7%) had bachelor degree and above, 24 (6.3%) diploma, 171 (44.5%) grade 7-12 with 

highest percentage, 109 (28.4%) grade 1-6 and, 1 (0.3%) who can read and write, and 57 (14.8%) 

illiterate. Out of total, 105 (27.5 %) were house hold wife with highest percentage, 95 (24.7%) 

daily labor, 94 (24.5%) merchant and 73 (19.0%) government employed, 7 (1.8 %) depends on 

hand craft, 5 (1.3 %) NGO employed, 4 (1.0) student and 1(0.3%) soldier. Out these, ninety five 

(24.7 %) had no income, 88 (22.9%) 200-600 Birr income, 79 (20.6%) 601-1001 Birr, 31 (8.1%) 

1002-1502 Birr, 35 (9.1%) 1503-2004 Birr, 56 (14.6%) >2005 Birr income. The mean (±Sd) 

monthly incomes were 1144.177± 1408.6 Birr which ranges from 0-10,000 Birr.  

 

Among socio-economic characteristic of participants (care givers of the child) the primary source 

of water of the household used were 304 (79.2%) piped water with highest percentage, 62 

(16.1%) river, 12 (3.1%) borehole, 1 (0.3%) river and borehole; 1(0.3%) piped water, river and 

borehole,4 (1%) piped water and borehole. All of the care givers, 384 (100%) had toilet with pit 

type. The roofing material for the main house were 4 (1%) thatched; 380 (99.0%) corrugated 

sheets with highest percentage; wall material was 351(91.4%) with highest percentage mud, 4 

(1%) wooden, and 29 (7.6%) iron sheet. 
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The main income earner of the house hold were 241 (62.8%) husband with highest percentage, 

64 (16.7%) wife, 23 (6.0%) family, 56 (14.6%) both husband and wife. The main income sources 

of the participants were 162 (42.2%) with salary had highest percentage, 107 (27.9%) trade, 9 

(2.3%) pension, 102 (26.6%) daily labor, and 4 (1.0%) salary and trade. Average money on food 

purchase monthly spent were 2 (0.5%) <200 birr, 126 (32.8%) 201 -500 birr, 161 (41.9%) 501-

1002 birr with highest percentage, 46 (12.0%) 1003-1504 birr, 28 (7.3%) 1505-2006 birr, and 21 

(5.5%)>2007 birr and with mean (± Sd) of 958.54 ±594.53 birr. Average money on food 

purchase monthly spent were ranges from 140-3800 Birr. Those who changed work in the last 

six month were 383 (99.7%) with No answer and 1(0.3%) Yes answer.  

 

4.2. Dietary Quality Assessment (24 Hour Recall) 

 

4.2.1. Food variety score 

  

Forty two different food items in total were eaten by the children during the 24 hour period, 

corresponding to a theoretical maximum of the Food Variety Score (FVS) of 42. Findings from 

this study have shown that the maximum number of food items consumed by this population 

within the previous 24- hour period was eighteen. One to thirteen food items were consumed by 

most (90.1%) of the children. A mean FVS of 7.14 ± 4.07 (range 0 to 18) was acquired. This 

result was higher than study of Potts and Potts (2014) who reported a result of a highest number 

of food items consumed (17 food items) and was lower in mean FVS  value of 9.37 ± 2.45 (range 

2 to 17). Other studies result was also reported with higher mean FVS value of 12.93 ±4.47 and 

7.52 (range of 1–24), 20.5 (range 13-29) (Musinguzi ,2012,Jane et al., 2012 and Hatlùy,1998 ). 

 

 FVS which are reflected as a simple add up of food items consumed were found to be low in 

general. A total of 42 different food items were noted and most of the children consumed 

between 1 and 13 food items within that previous 24-hour recall of the survey. 

 

4.2.2. Dietary diversity score 
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Consumption of food groups was significantly associated with kebele as shown in Table 13. 

Grains, roots and tubers were highly significant among the three allocated kebeles (P=0.01) with 

frequency of for Mender Kochii 113(88.3%), Hermata Merkato 122(95.3%) and Bosa Addis 

kitto 127(99.2%). With respect to Vitamin A-rich plant foods, other fruits or vegetables; meat, 

poultry, and sea food; egg; pulses/legumes/nuts; milk and milk products ; and food cooked in 

oil/fat food groups were highly significant (P=0.001).  Generally, larger proportion of the study 

participants in Bosa addis kitto were consumed all food groups with higher proportion followed 

by Hermata merkato and Mendera qochii. Children‟s tend to consume in higher and low 

percentage of food groups due to number of reasons, of which one could be lack of knowledge 

on the right diet or lack of access to the right kind of food due to overall food insecurity of the 

care taker (Azadbakht et al., 2005; Savy and Martin, 2002; and Ahn et al., 2006). In general, 

children choose to eat the foods that are served most often, and tend to prefer to eat foods that are 

readily available in the home (Birch and Marlin, 1982). 
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Table 13: Cross tabulation of consumption of food groups by kebeles, Jimma town Southwest 

Ethiopia 
 

 

Where: P= P Value ; GRandT = Grains, roots and tubers; Vit A-RPFS  = Vitamin A-rich plant 

foods; OFV other fruits or vegetables, MPandSF = Meat, poultry, and sea food; Pu/le/Nu = 

Pulses/legumes/nuts; M andMP = Milk and milk products; and FCOF = Food cooked in oil/fat. 

 

Consumption diversified diet were highly significantly associated with residence (“kebeles”) 

(P=0.0001). Study participants (care takers) whose residence in Bossa addis kitto were providing 

more frequently medium diversified diet (52.3%) and high diversified diet (22.7%) to their child 

compare to their counterparts (Table 14). 

 

The mean DDS was 3.44± 1.75 (range 1 to 8). With regard to dietary diversity score, majority of 

the children 196 (51%) had low DDS (<4 food groups), about 148 (38.5%) had medium DDS (4 

 

Place of respondents residence (“kebels”) 

P Mendera Qochii Hermata merkato Bosa addis kitto                

No (%) Yes (%) No (%) Yes (%) No (%) Yes (%) 

GR and 

TS 

15 (11.7) 113(88.3) 6(4.7) 122(95.3) 1(0.8) 127 (99.2) <.0001 

VARPFS 93(72.7) 35(27.3) 60(46.9) 68(53.1) 47(36.7) 81(63.3) <.0001 

OFV 94(73.4) 34(26.6) 34( 26.6) 94(73.4) 21(16.4) 107(83.6) <.0001 

MP and 

SF 

125(97.7) 3(2.3) 102(79.7) 26(20.3) 101(78.9) 27(21.1) <.0001 

Egg 101(78.9) 27(21.1) 76(59.4) 52(40.6) 60(46.9) 68(53.1) <.0001 

Pu/le/Nu 109(85.2) 19(14.8) 122(95.3) 6(4.7) 32(25 ) 96(75) <.0001 

M  and 

MP 

94(  73.4) 34(26.6) 39( 30.5) 89(69.5) 60( 46.9) 68(53.1) <.0001 

FCOF 128(100) 0(0.0) 103(80.5) 25(19.5) 127(99.2) 1( 0.8) <.0001 
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and 5 food groups) and 40 (10.5%) had high DDS (>5 Food Group). Out of the total only 188 

(49%) of the participants feed a diversified diet from the eight food groups. This result is 

consistent with the studies that measured DDS using the 24- hour recall questionnaire among 

children by FANTA (2006).It was less than the mean dietary diversity score of 4.2 food groups, 

with a minimum of 2 and a maximum of 8 food groups; and higher in low dietary, medium 

diversity and lower in high dietary diversity compare to the study by Badake et al. (2014) which 

were 41.9%, 37.5% and 22.5% respectively. Other studies by Musinguzi et al. (2012), Potts and 

Potts (2014) and Hatlùy (1998) have reported higher results with a mean DDS value of 7.36 

±1.39 (ranged 1-9) and 4.19 ± .83 (range 1 to 6) and 5.8 (range 1 to 8) respectively. Generally, in 

this study there were low values of dietary diversity score which mean majority of the children 

were consumed low dietary quality. Dietary diversity by socio-demographic, socio-environment 

and socio-economic variables are shown in Table 14. 

 

Consumption diversified diet were highly significantly associated with age of the care taker 

(P=0.0001). Care takers with age group 28-32 years were providing more frequently medium 

diversified diet (47.2%) and high diversified diet (11.2%) to their child compare to their 

counterparts. This might be due to economic independence, better income and low family size at 

this age group which enable to have diversified diet.  

 

 Consumption diversified diet were highly significantly associated with the education level 

(P=0.005). Care takers with education level of degree holder were providing more frequently 

medium diversified diet (54.5%) and high diversified diet (22.7%) to their child compare to their 

counterparts. This could be due awareness of educated people on providing balanced diet to 

children‟s. Higher parental education has been associated with health consciousness in food 

choices (North and Emmett, 2000).Adolescents whose parents were relatively more educated had 

higher intakes of carbohydrates, protein, fiber, folate, vitamin A, and calcium; higher 

consumption of vegetables; and greater likelihood of consuming the recommended servings of 

dairy products (Xie et al., 2003). 

 

 Consumption diversified diet were highly significantly associated with occupation (P=0.0001). 

Care takers whose occupation merchants were providing more frequently medium diversified 
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diet (50%) and high diversified diet (18.1%) to their child compare to their counterparts. This 

might be because of merchant‟s purchasing power and income. More advantaged occupational 

levels permit increased access to medical care, enable one to have the funds for better housing 

and better nutrition, to live in safer neighborhood and increase his/her opportunity to engage in 

health-promoting behaviors‟ ((López et al., 2003). 

 

Consumption diversified diet were highly significantly associated with monthly income 

(P=0.0001). Care takers with monthly income 1503-2004 Ethiopian birr were providing more 

frequently medium diversified diet (51.4%) and high diversified diet (28.6%) to their child 

compare to their counterparts. Consumption diversified diet were highly significantly associated 

with way of making income (P=.001). Care takers making income with both salary and trade 

were providing more frequently medium diversified diet (100%) to their child compare to their 

counterparts. This could be due to better earning of care takers with both salary and trade. 

Consumption diversified diet were highly significantly associated with average money spent on 

food purchase monthly (P=0.0001).  Care takers with average money spent on food purchase 

monthly 1505-2006 Ethiopian birr were providing more frequently medium diversified diet 

(53.6%) and high diversified diet (17.9%) to their child compare to their counterparts. This might 

be due to allocating of more money on food purchase. 

Income is likely to mirror the availability of economic and material resources, and therefore 

influences dietary quality by making healthy food more or less affordable and accessible (Turrell 

and Kavanagh, 2006).  
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Table 14: Dietary diversity by socio-demographic, socio-environment and socio-economic 

variables, Jimma town, Southwest Ethiopia. 

 

Variables Respondents diversified diet during 24 hour recall Chi-

square 

P 

<4  Non 

Diversified 

(n=196) 

4 and  5 Medium  

diversified 

(n=148) 

>5-High 

diversified  

(n=40) 

Socio-demographic 

Variables 

Freq. (%) Freq. (%) Freq. (%)   

Type of household    .307 .858 

Male headed 122(51.9) 88(37.4) 25(10.6)   

Female headed 74(49.7) 60(40.3) 15(10.1)   

Residence (kebeles)    115.729 <.0001 

Mendera/Cochii 111(86.7) 16(12.5) 1(0.8)   

Hermata Merkato 53(41.4) 65(50.8) 10(7.8)   

B/A/kitto 32(25) 67(52.3) 29(22.7)   

Care taker    7.952 .438 

Mother 192(51.2) 145(38.7) 38(10.1)   

Father 3(50) 1(16.7) 2(33.3)   

Brother 0(0) 1(100) 0(0)   

Sister 0(0) 1(100) 0(0)   

Adopter 1(100) 0(0) 0(0)   

Marital  status    13.902 .084 

Unmarried 2(33.3) 4(66.7) 0(0)   

Married 170(50.9) 131(39.2) 33(9.9)   

Separated 11(68.8) 3(18.8) 2(12.5)   

Divorced 6(37.5) 5(31.3) 5(31.3)   

Widowed 7(58.3) 5(41.7) 0(0)   

Gender     978 .613 

Male 3(60) 1(20) 1(20)   

Female 193(50.9) 147(38.8) 39(10.3)   
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Age of the care 

taker 

   30.367 <.0001 

18-22 Years old 49(70.0) 18(25.7) 3(4.3)   

23-27 Years old 70(53.4) 50(38.2) 11(8.4)   

28-32 Years old 52(41.6) 59(47.2) 14(11.2)   

33-37 Years old 20(43.5) 19(41.3) 7(15.2)   

38-42 Years old 5(41.7) 2(16.7) 5(41.7)   

Education    25.037 .005 

Illiterate 38(66.7) 19(33.3) 0(0)   

Can read  and write 0(0) 1(100) 0(0)   

Grade 1-6 62(56.9) 37(33.9) 10(9.2)   

Grade 7-12 77(45) 70(40.9) 24(14)   

Diploma Holder 14(58.3) 9(37.5) 1(4.2)   

Degree Holder and 

above 

5(22.7) 12(54.5) 5(22.7)   

Occupation    47.080 <.0001 

Daily  labor 62(65.3) 28(29.5) 5(5.3)   

Soldier 0(0) 1(100) 0(0)   

Merchant  30(31.9) 47(50) 17(18.1)   

Hand craft 2(28.6) 5(71.4) 0(0)   

Government 

employee 

29(39.7) 31(42.5) 13(17.8)   

Housewife 69(65.7) 32(30.5) 4(3.8)   

NGO 3(60) 2(40) 0(0)   

Student 1(25) 2(50) 1(25)   

Monthly income     75.751 <.0001 

No income 63(66.3) 29(30.5) 3(3.2)   

200-600 Birr 64(72.7) 22(25) 2(2.3)   

601-1001  37(46.8) 37(46.8) 5(6.3)   

1002-1502  11(35.5) 14(45.2) 6(19.4)   

1503-2004  7(20) 18(51.4) 10(28.6)   
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>2005  14(25) 28(50) 14(25)   

Socio-environment 

variables 

     

Water source    13.303 .207 

Piped water 145(47.7) 123(40.5) 36(11.8)   

River 37(59.7) 21(33.9) 4(6.5)   

Borehole 9(75) 3(25) 0(0)   

River and borehole 1(100) 0(0) 0(0)   

Pipe water ,river and 

borehole 

0(0) 1(100) 0(0)   

Piped water and 

Borehole 

4(100) 0(0) 0(0)   

Roofing material 

main house 

   2.352 .308 

Thatched 1(25) 3(75) 0(0)   

Corrugated sheets 195(51.3) 145(38.2) 40(10.5)   

Wall material for 

the main house 

   6.454 .168 

Mud 185(52.7) 129(36.8) 37(10.5)   

Wooden 1(25) 3(75) 0(0)   

Iron sheet 10(34.5) 16(55.2) 3(10.3)   

Socio-economic 

variables 

     

Main income 

earner 

   11.503 

 

.074 

 

Husband 114(47.3) 99(41.1) 28(11.6)   

Wife 36(56.3) 22(34.4) 6(9.4)   

Family 10(43.5) 8(34.8) 5(21.7)   

Both husband and 

wife 

36(64.3) 19(33.9) 1(1.8)   

Way of making    26.960 .001 
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income 

Salary 73(45.1) 68(42) 21(13)   

Trade 49(45.8) 45(42.1) 13(12.1)   

Pension 3(33.3) 4(44.4) 2(22.2)   

Daily labor 71(69.6) 27(26.5) 4(3.9)   

Salary and trade 0(0) 4(100) 0(0)   

Type of work 

changed 

   1.599 .450 

No 196(51.2) 147(38.4) 40(10.4)   

Yes 0(0) 1(100) 0(0)   

Average money 

spent on food 

purchase monthly 

   46.693 <.0001 

<200 Birr 2(100) 0(0) 0(0)   

201 -500  86(68.3) 36(28.6) 4(3.2)   

501-1002  73(45.3) 69(42.9) 19(11.8)   

1003-1504  19(41.3) 23(50) 4(8.7)   

1505-2006  8(28.6) 15(53.6) 5(17.9)   

>2007 8(38.1) 5(23.8) 8(38.1)   

Freq = frequency  

 

4.2.3. Nutritional quality and nutrient adequacy of complementary food of children 

 

Access to adequate complementary foods is a necessary condition for improving infant and 

young child feeding. There is ample evidence that diets, if based solely on unmodified, locally 

available ingredients, are often inadequate to meet recommended energy and nutrient needs 

(WHO, 2001). 

 

Complementary collected food samples macro and micro nutrient, energy and anti-nutrient 

contents are shown in Table 15-18. Macronutrient content of infants complementary foods per 

100 gram in dry base protein content were vary from 8.5 % to 13.19 % with average value of 

10.94 %, fat content from 1.93-10.73% with average of 5.71%, crude fiber content from 1.05-
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3.25% with average of 2.2%, carbohydrate content from 70.30 to 82.13% with average value of 

74.95%, total energy content from 372.47 to 423.55 Kcal/100g with average value of 391.99 

Kcal/100g, moisture percentage from 3-5.78 with average of 4.44 and ash percentage from 1.14-

2.88 with average of 2.085. 

 

Table 15: Proximate composition (%) and energy (kcal/100g) content of children 

complementary foods in Jimma Town, Southwest Ethiopia. 

 

 

Where: - MC= Moisture content, CP= Crude protein, CFA= Crude fat, CFI=Crude fiber, CHO= 

carbohydrate and kcal=Kilo calorie 

 

According to Chessa and Kathryn (2003) the daily ration size g/d of a fortified processed 

complementary food (FPCF) reported result were 40, 60, and 50 for 6–11, 12–23, and 6–23 

month age children respectively. Similarly other report stated that the hypothetical quantity 

Food type mixed MC Ash CP CFA CFI  CHO  Energy 

Macaroni , cerfam 5.78 2.61 12.31 4.53 2.85 71.92 377.71 

Macaroni, rice 5.4 1.8 10.55 5.00 1.4 75.85 390.60 

Bean,maize,wheat,maize,mango, cerfam 4.82 2.31 8.50 3.67 2.5 78.20 379.81 

Milk, bread, oat, meat, injera 3.39 2.2 11.73 3.60 1.05 78.03 391.44 

Injera, bread, busicut, potato 3 2.41 13.19 5.67 2.4 73.33 397.09 

Biscuit, rice ,banana 4.23 1.35 7.04 8.40 1.65 77.33 413.08 

Milk, macaroni 4.49 1.86 9.97 2.33 2.1 79.25 377.87 

Atimit  4.6 2.81 10.85 7.80 3.1 70.84 396.96 

Biscuit, rice, egg 4.4 1.23 11.43 10.73 1.9 70.30 423.55 

Injera, milk ,banana ,egg, biscuit 5.4 1.7 14.95 1.93 2.2 73.82 372.47 

Pasta, cerfam 4.7 2.16 10.55 5.07 2.7 74.82 387.09 

Pasta 5.2 2.3 11.14 6.53 2.35 72.48 393.27 

Injera, milk 3.58 1.14 8.50 2.80 1.85 82.13 387.72 

Mitin 3.4 2.88 12.90 3.93 3.25 73.64 381.55 

Atimit (oat,wheat) 4.2 2.52 10.55 8.67 1.7 72.36 409.65 
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consumed is approximately 53 g (202 kcal) for the 6-8 month-old children, 81 g (307 kcal) for 

the 9-11 month-old children and 144 g (548 kcal) for 12-23 month-old children and 269 g (1024 

kcal) for 24-35 month-old children (Camila and Kathryn, 2009). These quantities represented the 

“dry weight” of the ration that would need to be consumed to meet the average energy intake of 

each age group, though it would be expected that the ration components would be diluted when 

prepared for feeding and thus the total weight and volume of food would be greater once diluted. 

As a result the quantified dietary adequacy of all complementary food samples for all age groups 

was below one which means that all diets were not nutrient adequate. 

 

The average nutritional content of 50g on dry base in almost all types of complementary samples 

were below the daily requirement as a complementary food when compared to RDA of young 

children‟s and was below 50% to meet RDA requirement per 50g and 100g. Complementary 

nutritional quality of this study result was lower in protein and fat content and higher in Energy 

than a result reported by Chessa (2000) on nutritional characteristics of complementary foods per 

100 g of dry product of USAID/WFP wheat soya blend and corn soy blend were 21.5, 17.2 

Protein (g); 5.9, 6.9 Fat (g); and 355, 376 Energy (kcal) content respectively. Similar study result 

also reported on  nutrient composition of fortified complementary foods per 100 g for 6–23 

month age were 440 energy (kcal), 6-11 Protein (g), 12.7 Fat (g) was higher than present  result 

(Chessa and Kathryn ,2003). 

 

The codex alimentarius guidelines for formulated supplementary foods for older infants and 

young children FAO/WHO (1991) also propose an energy density of at least 400 kcal/100 g of 

dry food, a fat content between 20 and 40% of energy, corresponding to 10–25 g of fats or oils 

per 100 g of dry food which is higher than present result.  

 

Institute of Medicine and WHO/FAO (2004) report on Adequate Intakes (AI) and Recommended 

Nutrient Intakes (RNIs) for 7-11 month-old infants of carbohydrate  were 95 g/day, fat 30 

(g/day),  protein 11(g/day);  for 1-3 year-old (12-35 months old) children carbohydrate 130 

g/day, 30-40% of total energy intake fat (g/d) , and 13 (g/d) protein were higher than present 

result of complementary foods. This shows the diet had low dietary quality in meeting 

Recommended Nutrient Intakes (RNIs). 
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According to WHO/UNICEF (1998) report recommended protein nutrient intakes per day used 

were 9.1, 9.6 and 10.9 g/day for the respective age group of 6-8, 9-11 and 12-23 month age 

group which were a higher than the current result. Similarly Golden (2009) has also proposed  

recommended nutrient intake (RNI) for children with moderate acute malnutrition (MAM ) 

living in poor environments expressed as nutrient energy densities (amount of nutrient/1000 

kcal) were 24 g protein for locally available foods and 26 g protein for specially formulated 

foods when compared to the present study was higher in nutrient content. 

  

As complementary foods are introduced to the diet, fiber intake increases; however, no adequate 

intake for fiber has been established. It has been recommended that from 6 to 12 months whole-

grain cereals, green vegetables, and legumes be gradually introduced to provide 5 grams of fiber 

per day by 1 year of age (Agostoni et al., 1995). 

 

Total energy content of collected complementary food samples varied from 372.47 Kcal/100g  

(teff  injera, milk, banana, egg, and biscuit) to 423.55 Kcal/100g (Biscuit, rice, and egg) 

presented Table 15. Energy was higher in food type containing biscuit, rice, and egg in their diet. 

Food diet containing higher content of fat, protein and carbohydrate makes up the food to have 

higher energy content as result of carbohydrate, protein, and high fat content composition in the 

food (USDA and WIC, 2009). This result had higher Kcal content than a breastfed child 6-8 and 

9-11 months of age needs only 200 and 300 kcal, respectively, in addition to breast milk from all 

complementary foods, and a breastfed child aged 12-23 months needs 550 kcal  energy in 

addition to breast milk PAHO and WHO (2003) which is higher than this result (423.55 

Kcal/100g ).Energy requirements according to age group, as presented in the WHO/UNICEF 

(1998) 682 kcal/day were for 6-8 month aged, 830 kcal/day for 9-11 month aged, and 1092 

kcal/day for 12-23 month aged. Energy requirement from food (kcal) of each age 6-8, 9-11, 12-

23 month is 202,307, and 548 kcal (FAO/WHO/UNU, 2001) 

 

According to Institute of Medicine and WHO/FAO (2004) report on adequate intakes (AI) and 

recommended nutrient intakes (RNIs) and upper limits (UL) of minerals for 7-11 month aged 

child were Calcium (mg/d)  270 AI, 400 RNIs and RDI; Iron (mg/d) 1.1 AI,40 UL,0.93 RNI and 
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RDI; and  Zinc1.1 RDI, (mg/d) ,23-38 UL); for 1-3 year-old (12-35 months old) children require 

Calcium (mg/d) 270 AI, 400 RNIs, RDI ; Iron (mg/d) 1.26 AI, RDA, 40UL, 0.58, RNI, RDI; and 

Zinc 0.9 AI, RDA, 23-28 UL(mg/d). 

 

Mineral composition of infants complementary foods Fe content were varied from1.08 to 5.60 

mg/100g  with average value of 3.12 mg/100g, Ca mg/100g  from 19.86 to 201.69 mg/100g with 

average value of 96.13 mg/100g, and Zn content  from 1.52 to 5.93 mg/100g  with average value 

of 3.50 mg/100g as shown in Table 16.  

 

Table 16: Mineral composition of children‟s complementary foods in mg/100g, Jimma Town, 

Southwest Ethiopia. 

 

Food type mixed Fe Ca Zn 

Macaroni, cerfam 3.23 201.69 3.2 

Macaroni, rice 2.24 177.8 3.54 

Bean, maize, wheat, maize, mango, cerfam 4.26 155.08 2.69 

Milk, bread, oat, meat,injera 4.12 133.43 5.52 

Injera, bread, biscuit, potato 3.91 98.34 5.93 

Biscuit,  rice, banana 1.4 128.43 3.51 

Milk, macaroni 1.21 103.7 5.1 

Atimit  5.2 79.12 3.53 

Biscuit, rice, egg 2.34 88.45 3.67 

Injera, milk, banana, egg, biscuit 4.5 61.45 3.18 

Pasta, cerfam 2.9 45.93 2.04 

Pasta 1.08 49.72 1.52 

Injera, milk 2.36 23.75 3.73 

Mitin 5.6 75.19 2.36 

Atimit (oat, wheat) 2.4 19.86 2.92 

 

Complementary mineral characteristics of this study result was lower in Fe, Ca  and Zn content 

than a result reported by Chessa (2000) on micro nutrient of complementary foods per 100 g of 
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dry product of USAID/WFP wheat soya blend and corn soy blend were 17.9, 17.5 Iron (mg) ; 

842, 831Calcium (mg); and 5.5, 5 Zinc (mg). Another similar study result reported on mineral 

content of fortified complementary foods per 100 g for 6–23 month age were 200-400 mg 

Calcium, 14 mg Iron, and 8.3 mg Zinc which was also higher than current result (Chessa and 

Kathryn, 2003). Sampled complementary food this study were not nutrient adequate at all for the 

stated age group according to recommended dietary allowance of infants under two year shown 

in Appendix I. 

 

Beta carotene as provitamin A contributes to an entirely different set of functions by supplying a 

portion of the body‟s requirement for retinol (vitamin A). In fact, a single molecule of beta 

carotene can be cleaved in the body to produce two molecules of vitamin A (National Research 

Council DC, 1989) 

 

β- carotene content of infants complementary foods were varied from 0.09-1.69 mg/g with 

average value of 0.71 mg/g shown in Table 17. This result was less than the daily requirements 

of children under two years. 
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Table 17:  β-carotene composition of children‟s complementary foods, Jimma Town, Southwest 

Ethiopia. 

  

 

Compared to Golden (2009) proposed recommended nutrient intake (RNI) for children with 

moderate acute malnutrition (MAM) living in poor environments expressed as nutrient energy 

densities (amount of nutrient/1000 kcal) were 960 mg retinol for locally available foods and 

1900 mg retinol for specially formulated foods were very low in β- Carotene content in the 

collected complimentary food from the household. 

 

Based on  Camila and Kathryn (2009) report  on vitamin A UL for children 7-35 months of age 

is set at 600 μg /day which is very close to the recommended daily intake of 400 μg /day, 

allowing for a very narrow margin between adequate and excess intake. However, the no-

observed-adverse-effect-level (NOAELp) for this age group is 6000 μg /day and the UL of 600 

μg /day was derived based on an uncertainty factor of 10, allowing for a large margin of safety.  

Food type mixed β- carotene (mg/g) 

Macaroni, cerfam 0.28 

Macaroni, rice 0.67 

Bean, maize, wheat, maize, mango, cerfam 1.69 

Milk, bread, oat, meat,injera 1.05 

Injera, bread, biscuit, potato 1.16 

Biscuit,  rice, banana 0.72 

Milk, macaroni 0.58 

Atimit  0.09 

Biscuit, rice, egg 1.21 

Injera , milk, banana, egg, biscuit 0.76 

Pasta, cerfam 0.75 

Pasta 1.07 

Injera, milk 0.20 

Mitin 0.16 

Atimit (oat, wheat) 0.22 
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Phytates content of complementary food samples varied from 15.76 to 133.40 μg/g  with average 

value of 70.62 μg/g and tannin content from 0.05 to 0.23 mg/g with average value of 0.13 mg/g 

as shown in Table 18. Phytate and condensed tannin were highest in Mitin and Injera. This might 

be due to high content of phytate in legumes and grains like teff and sorghum; and using of 

unprocessed or raw ingredient in preparation diet. This result shows that complementary foods 

had low dietary quality due to high consentient of anti-nutrition.  
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Table 18:  Anti-nutrition composition of children complementary foods, Jimma Town , 

Southwest Ethiopia. 

 

 

4.3. Red Teff Based Formulated Complementary Porridge Enriched With Soybean and 

Papaya Food (FCF) 

 

The red teff based formulated complementary porridge components was selected based on the 

nutritional and sensory quality merit shown in this part. In the study area among most of the 

households used was teff grain as a main food for infants. Soybean was selected to improve the 

macro nutrient and mineral content of the complementary food. Papaya was also selected for its 

high potential to improve the vitamin content, sensory quality and health benefit of the product. 

 

4.3.1. Proximate analysis 

 

Food type mixed Phytate  (μg/g) Tannin (mg/g) 

Macaroni, cerfam 37.39 0.12 

Macaroni, rice 26.05 0.09 

Bean, maize, wheat, maize, mango, cerfam 70.38 0.09 

Milk, bread, oat, meat,injera 53.57 0.21 

Injera, bread, biscuit, potato 45.17 0.21 

Biscuit,  rice, banana 22.06 0.12 

Milk, macaroni 36.76 0.08 

Atimit  125.00 0.11 

Biscuit, rice, egg 15.76 0.15 

Injera , milk, banana, egg, biscuit 102.94 0.23 

Pasta, cerfam 78.78 0.12 

Pasta 86.13 0.07 

Injera, milk 117.65 0.05 

Mitin 133.40 0.12 

Atimit (oat, wheat) 108.19 0.15 
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The proximate composition (moisture, ash, crude protein, crude fat, crude fiber and carbohydrate 

estimation) of the composite flours have been shown to affect functional property, anti-nutrition 

composition, nutritional and sensory quality of their products (Dhingra and Jood, 2001; Akhtar et 

al., 2008; Mashayekh et al., 2008). 

 

The proximate values for ash, fat, crude fiber and protein, were higher in red teff and soybean 

substituted samples than in papaya. This Result agree with Joel et al. (2011) that showed better 

values of proximate with increasing levels of soya bean substitutions except for carbohydrate 

content and energy values which showed the reverse. 

 

The proximate compositions of porridge prepared from different mixtures of composite flour and 

each of the three ingredients are presented in Table 19. Table 20 shows the p-value for mixture 

compositions of proximate analysis and the estimated regression coefficients along with their 

standard errors of all proximate compositions of porridge are summarized in Appendix I. 
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Table 19: Measured proximate content (%) and energy (kcal/100g) of red teff based formulated 

porridge and individual flour. 

 

Formulation  
Components Proximate composition 

RTF SBF PAP  MC Ash  CFA CFI CP CHO Energy 

FM1 65 20 15 6.8 3.19 5.27 2.51 12.55 69.68 376.30 

FM2 55 30 15 5.5 3.99 7.13 3.45 19.84 60.08 383.88 

FM3 70 25 5 5.8 3.87 6.27 3.07 15.61 65.39 380.40 

FM4 65 22.5 12.5 6.3 3.23 5.67 2.37 13.86 68.57 380.70 

FM5 60 27.5 12.5 5.7 3.55 6.47 2.93 17.65 63.70 383.61 

FM6 70 20 10 6.6 3.25 5.36 2.33 13.57 68.88 378.09 

FM7 67.5 25 7.5 6 3.61 6.20 2.77 15.32 66.10 381.48 

FM8 65 27.5 7.5 5.6 3.70 6.69 3.13 19.70 61.18 383.70 

FM9 65 25 10 6.1 3.35 6.14 2.60 16.20 65.62 382.51 

FM10 67.5 22.5 10 6.2 3.34 5.74 2.49 14.44 67.79 380.62 

FM11 65 30 5 5.2 4.11 7.44 3.60 24.22 55.43 385.56 

Red Teff 100 0 0 8.10 3.31 2.60 3.20 12.26 70.54 354.57 

Soybean 0 100 0 3.45 5.56 18.22 5.73 43.63 23.41 432.14 

Papaya 0 0 100 8.39 0.63 0.16 1.93 0.88 88.01 357.01 

 

Where: FM= formulation, RTF=Red teff flour, SB=Soybean flour, PAP=Papaya powder, 

MC=Moisture content, CFA=Crude fat, CFI=Crude fiber, CP=Crude protein, CHO= 

Carbohydrate, and Kcal=Kilo calorie 
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Table 20: Analysis of variance (ANOVA) p-values of proximate parameters and energy 

 

Source     MC  Ash CFA CFI CP CHO Energy  

Linear 0.599 0.000 0.002 0.001 0.001 0.000 0.023 

Quadratic 0.983 0.000 0.014 0.004 0.001 0.001 0.027 

A*B 0.806 0.015 0.008 0.047 0.001 0.000 0.994 

A*C 0.955 0.000 0.597 0.005 0.014 0.077 0.008 

B*C 0.972 0.001 0.004 0.001 0.001 0.000 0.032 

 

Where: MC=Moisture content, CFA=Crude fat, CFI=Crude fiber, CP=Crude protein, CHO= 

Carbohydrate, Kcal=Kilo calorie, A= Red teff, B=Soybean, and C=Papaya 

 

I. Moisture content (MC) 

 

The dry base moisture content of individual components and red teff based porridge were varied 

between 3.45-8.38 %, and 5.2-6.8% respectively. Moisture content did not show any significant 

difference between all possible interactions. But, there was values of MC (6.8%) with proportion 

of red teff (65 %), soybean (20 %) and papaya (15%) and values MC (5.2%) with red teff (65%), 

soybean (30%) and papaya (5%) of the product. The moisture contents of the composite porridge 

increased with 55% to 70% red teff and 5 to 15 % papaya substitution by a range of 5.5 -6.6 and 

5.2 - 6.8% consecutively. Increase in moisture content has been associated with increase in fiber 

content (Akhtar et al., 2008; Elleuch et al., 2011; Maneju et al., 2011). Study done by Nair et al. 

(2013) was in contrast to this study which showed that with increasing soya flour the moisture 

content of the product was increased from1.87 of control to 4.08 for 10 % soya flour 3.52 for 

20% soy flour and 0.84 for soy incorporated rice based traditional products. This might be due to 

germination and conventional drying during sample preparation. 

 

Figure 3 showed the contour graph of moisture content as influenced by proportion of red teff, 

soybean and papaya. The regression model for moisture content is shown as Eq.14 (all 

independent variables in coded values) indicating quadratic effects with all three variables (A= 

Red teff, B=Soybean, C=Papaya) 
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MC (%) =7.976A-7.625B+11.844C+8.447+1.935AC+1.216BC--------------------------------Eq. 14 
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Figure 3: Contour plot of displaying moisture content (dry base) of porridge. 

 

II. Total ash 

 

The ash content gives an indication of the mineral composition of food materials (Omotoso 

2005: Nnamani et al., 2009). In this study ash value was found in the range of 3.19-4.11% in the 

porridge and 3.31% in red teff flour, 5.56 % in soybean flour and 0.63% in papaya powder. The 

lowest value (3.19%) corresponded to the sample containing 65% red teff, 20% soybean and 

15% papaya. The ash content of porridge was highly significantly (p<0.01) affected by 

proportion of red teff, soybean and papaya in the mix (Table 20) in linear, quadratic model, 

between red teff with papaya, and soybean with papaya and significant different among red teff 

and soybean. The ash content of the blends was increased gradually with increasing proportion 

of soybean flour. This might with increasing level of soy flour substitution supporting the claims 

of Akpapunam (1997) and low ash content was observed as proportion of papaya increased in 

the mixture. This could obviously be due to the non significant quantity of ash in papaya which 

is 0.60 % ash (Padmapriya, 2013). 

 

The findings reported by different studies are in agreement with the results found in the present 

study indicating an increase in ash content with the increase in soy flour supplementation in the 
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red teff flour. A study conducted by Brou et al. (2013) reported that the ash content of flour 

blends increased from 2.33-2.55 % as the amount of soybean increases from 0% to 45% in the 

composite flour prepared from millet, maize and soybean composite flour. Another research 

done by Okoye et al. (2008) stated that ash contents of the blended products increased as the 

level of soybean flour inclusion increased. The ash content results showed that the malted 

soybean flour contained the highest minerals. 

 

Figure 4 showes the contour graph of ash as influenced by proportion of red teff, soybean and 

papaya. The regression model for ash is shown as Eq. 15 (all independent variables in coded 

values) indicating quadratic effects with all three variables. 

 

Ash (%) =8.1A+31.2B+78.5C-47.8AB-111.4AC-101BC----------------------------------------- Eq.15 

Where : 

A=Red teff, B=Soybean and C=Papaya 
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Figure 4: Contour plot of displaying ash content of porridge  

 

III. Crude fat  
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Fat is an important source of energy for infants and young children. The fat content of human 

milk is high with about 50% of the energy coming from fat, underlining that fat requirements are 

high in early life. 

 

The crude fat amount of the formulated components red teff, soybean and papaya were 2.60%, 

18.22% and 0.16 % respectively whereas the crude fat levels of formulated porridge was ranged 

from 5.27% -7.44 %. There was a highly significance difference (p<0.01) in the linear model; 

significance difference (p<0.05) in the interaction of red teff with soybean, and soybean with 

papaya. There was no significant difference (p > 0.05) in the interaction between red teff with 

papaya. The fat level was low in FM1 (red teff 65%, soybean 20%, and papaya 15%) with 

percentage of 5.27 but higher in FM11 (red teff 65%, soybean 30%, and papaya 5%) having the 

highest percentage crude fat 7.44. As the amount of soybean flour increases from 20% to 30% 

the fat content of the porridge was showed increment from 5.27 to 7.44 and this occurs for the 

cause of the high amount of fat found in soybean.  

 

This result was similar to Ayo et al. (2014) who reported effect of the added malted soybean 

flour on the quality of the acha based bread fat content was increased from 12.02-18.34% with an 

increase in the percentages (0-50%) of malted soybean flour. On other study the fat content was 

similarly increased from 0.5 to 2.4% in the composite breads produced from soy-bean flour 

substitution (Joel et al., 2011). Soybean is important in complementary foods because it adds fat 

(Martin et al., 2010).The crude fat content of more soybean blend was higher than high 

proportion of containing red teff and papaya. This is due to the superior quality of soybean over 

red teff and papaya in terms of fat content (Meseret, 2011). Teff is also staple grain food from 

Ethiopia that has a favorable fatty acid composition compared with other staple foods 

(Michaelsen et al., 2011). Dietary fats function in the increase of palatability of food by 

absorbing and retaining flavors (Antia et al., 2006). 

 

Figure 5 showed the contour graph of fat content as influenced by proportion of red teff, soybean 

and papaya. The regression model for fat is shown as Eq. 16 (all independent variables in coded 

values) indicating quadratic effects with all three variables (A=Red teff, B=Soybean and 

C=Papaya) 
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Fat (%) =6.96A+66.77B+13.50C-82.08AB-10.85AC-96.44BC--------------------------------- Eq.16 
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Figure 5: Contour plot of displaying fat content of porridge  

 

IV. Crude fiber 

 

The American Association of Cereal Chemists (AACC) (2001) adopted the definition of dietary 

fibre as the edible parts of plants or analogous carbohydrates that are resistant to digestion and 

absorption in the human small intestine with complete or partial fermentation in the large 

intestine. Dietary fibre includes polysaccharides, oligosaccharides, lignin and associated plant 

substances. Dietary fibres promote beneficial physiological effects including laxation, and/or 

blood cholesterol attenuation, and/or blood glucose attenuation (FAO/WHO, 2004). It is known 

to be an important moderator of digestion in the small bowel and insufficient intake from the diet 

can result in inadequate faecal bulk and may affect overall health. 

 

 

The crude fibers of the formulated porridges varied from 2.33 % to 3.60 %. The crude fiber 

content of the individual flour samples (red teff, soybean and papaya) were 3.20 %, 5.73% and 

1.93 % respectively as shown in Table 19. The formulated complementary porridge crude fiber 

content showed highly significance difference in linear model whereas a significant difference 

(P<0.05) in the quadratic model. There was significant difference in the crude fiber contents of 
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all formulated porridge made from mix up composite flour. Among the combination, the crude 

fiber content of the porridge was increased with an increase in the levels of soy flour and red teff 

flour supplementation. Similarly by other study on porridge containing maximum level of 

soybean flour has high content of crude fibre (Vandana et al., 2012). The crude fiber content of 

formulated porridge was higher than study report on breadfruit - soybean food (1.37 to 2.12%) 

(Steve and Funmilayo, 2005).  

 

Similarly,  other study indicated that crude fibre content of malted soybean flour had the highest 

crude fibre content of 5.18% (Nwosu et al.,  2014). The soybean-acha biscuit was also accepted 

up to 30% added malted soybean with corresponding fiber content of 13.40% which is higher 

than crude fiber content of this study (3.60%) (Ayo et al., 2014). Red teff grains have a relatively 

high proportion of bran, which is high in fiber (Bultosa, 2007). Therefore, higher dietary fiber 

content is similarly expected with increased ratio of red teff. This indicated that red teff and 

soybean used in this study has higher fiber content and contributed for higher value as their 

proportion increased in the formulation. 

 

Figure 6 showed contour graph indicating crude fiber increment with an increase in the 

concentration of soybean, red teff ; and papaya had the opposite effect. The regression model for 

crude fiber is shown as Eq. 17 (all independent variables in coded values) indicating quadratic 

effects with all three variables (A= Red teff , B= Soybean  and C=Papaya). 

 

Crude fiber (%) =6.1A+45.6B+94.9C-63.6AB-118.5AC+168BC------------------------------ Eq. 17 
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Figure 6: Contour plot of displaying crude fiber of porridge  

 

V. Protein 

 

Proteins are large molecules made up of amino acids bonded together by peptide linkages. They 

provide the essential amino acids, which are the initial materials for tissue synthesis and 

constituent of tissue protein. Thus, it was often referred to as the “currency” of nutrition and 

metabolism. A protein is important for the formation of regulatory compounds. Some hormones, 

all enzymes, and most other regulatory materials in the body are proteins substances. Proteins 

defend the body against disease (Young, 2001).. 

 

The protein content of the components of porridge was 12.26 %, 43.63 % and 0.88 % for red 

teff, soybean and papaya respectively.  Whereas the protein content of formulated porridges were 

ranged from 12.55 % to 24.22 % indicated in Table 19. The protein content of the porridge 

showed highly significance difference in linear model in the quadratic model (P<0.01). Highly 

significance variation was observed red teff with soybean, between soybean and papaya, and 

significant difference among red teff and papaya (Table 20).  

 

There were high protein content result in germinated soybean flour and germinated soybean four 

substitution in the formulated porridge. This might be due to germination effect on protein 

content. In similar trend as reported by Malomo et al.(2012) germination of soybean causes 9.4% 

crude protein increment .The increase in protein content observed may be due to the synthesis of 
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enzymes or a compositional change following the degradation of other components. Malted 

soybean flour had also the highest crude protein content of (38.5%) and fermented soy flour had 

higher protein content (46.28%)  which supported the results of this study had been reported by 

(Nwosu et al., 2014 ;Ugwuona, 2009).The increase in protein content could be due to added 

malted soybean containing high percentage (36.49%) of protein (Wolf, 2012). 

 

Similar study by Emmanuel et al. (2012) there was a progressive increase in the protein value 

with increase in soybean addition. Mashayekh et al. (2008) also reported increase in protein 

content of the bread as a result of the addition of soy flour. In fact, legumes are rich in proteins 

with the content ranged from 20 to 50% according to Singh et al. (2004). 

 

Another findings indicated by Mariam et al. (2009) showed that the supplementation of wheat 

flour with teff caused insignificant reduction in protein content. Similarly red teff flour is lower 

in protein as compared to soybean and higher as contrast to papaya powder. Bultosa (2007) also 

reported similar result to this study in which teff grain protein content ranged from 11.1 to 8.7% 

with mean of 10.4%. Even though the average crude protein content of teff is in the range of 8 to 

11 percent as reported by (Kaleab, 2014). Teff‟s amino acid composition is well-balanced with a 

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

Similarly, compared to other cereals, higher contents of isoleucine, leucine, valine, tyrosine, 

threonine, methionine, phenylalanine, arginine, alanine, and histidine are found in teff. Another 

important feature of teff is that it has no gluten (Hopman et al., 2008). 

 

The amount of protein obtained is indicated in the contour graph (Figure 7). The results from the 

study have shown that mixing of soybean flour with red teff and papaya flour would result in 

considerable improvement in the protein content of the flour. This is because the high amount of 

protein content in soybean flour. 

 

The regression model for protein is shown as Eq. 18 (all independent variables in coded values) 

indicating quadratic effects with all three variables (A=Red teff , B=Soybean and C=Papaya) 

 

Protein =39A+704B-303C-1029AB+570AC-989BC--------------------------------------------- Eq. 18 
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Figure 7: Effects of formulation on protein content of porridge indicated by contour plot 

 

VI. Carbohydrate 

 

Carbohydrates are an important source of energy in human diets comprising some 40 – 80% of 

total energy intake. There are several reasons why it is desirable that carbohydrates should 

provide the main source of energy (FAO/WHO, 1998). In addition to providing easily available 

energy for oxidative metabolism, carbohydrate-containing foods are vehicles for important 

micronutrients and phyto-chemicals. Dietary carbohydrate is important to maintain glycaemic 

homeostatis and for gastrointestinal integrity and function. 

 

The carbohydrate in the main component flours was 70.54 %, 23.41 % and 88.01% in red teff , 

soybean flour and papaya powder. The carbohydrate of formulated porridges ranged from 55.43-

69.68 %. Moreover, there was a decline as the amount of soybean increased which is stated in 

the contour graph (Figure 8). There was a highly significant difference (P<0.01) in the linear 

model of carbohydrate. 

 

 Even though there was no significance difference in quadratic model of carbohydrate, there was 

an increment from 55.43 % to 69.68% as the amount of papaya increased from 5% to 15%. The 

carbohydrate content of the porridge was enhanced as the ratio of papaya increased. This could 
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be due high amount of carbohydrate content found in papaya whose major components of papaya 

dry matter are carbohydrates (USDA, 2009). 

 

The carbohydrate content of the product has decreased from 69.68% to 55.43 % with increase in 

the percentages (20-30%) of the germinated soybean flour. The carbohydrate contents decreased 

with increase in the proportion of the soy flour in the soybean flour supplemented porridge. This 

trend supports the claim of (Rita and Sophia, 2010). Germination of soybean for sample 

preparation degrades carbohydrate. This may be due to an increase in respiration rate during 

germination that brings about the release of energy from the breakdown of carbon compounds 

(Malomo et al., 2012).  

 

The carbohydrate content was increased from 60.08% to 68.86 in the formulated porridge as the 

ratio of red teff flour varies from 55% to 70%. This increment might be due to higher contents of 

carbohydrate in red teff. This could be due to complex carbohydrates content which make up to 

80 percent of the teff grain and a starch content of approximately 73 percent, making teff a 

starchy cereal as reported by Kaleab (2014). 

 

The regression model for carbohydrate is shown as Eq. 19 (all independent variables in coded 

values) indicating quadratic effects with all three variables (A=Red teff , B=Soybean and 

C=Papaya) 

 

Carbohydrate=32.1A-740B+204C+1214.2AB-330.9AC+1353BC----------------------------- Eq.19 
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Figure 8: Contour plot of displaying carbohydrate content of porridge  

 

VII. Gross energy 

 

The gross energy in kcal per 100g of independent component sample red teff flour, soybean flour 

and papaya powder was 354.57, 432.14 and 357.01 respectively. While for the formulated 

complementary porridge varied from 376.30 to 385.56 kcal/100g. The amount of calorie in the 

final product showed highly significant difference (P<0.01) in linear and in the quadratic model; 

red teff with soybean; and soybean with papaya while it was no significant difference (p<0.05) 

between red teff and papaya. The amount of calorie obtained is indicated in the contour graph 

(Figure 9). 

 

The statistical results regarding gross energy value of formulated porridge presented in Table 19 

indicated that soy flour supplementation possessed significant effect on the gross energy of soy 

flour supplemented red teff flour and papaya powder. This observation may be attributed to the 

high content of gross energy in soybean. The sources of high energy level in formulated 

complementary food were linked to the high carbohydrate content in the red teff, papaya; 

proteins and lipids contents in the soybean. The formulated complementary food energy value 

(376.30-385.56 kcal/100g) is greater than recommendation of WHO (2003) for an infant 
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complementary food in developing countries which is ranged from 200 to 300 kcal/day for 

infants under one year. 

 

The energy needs from complementary foods for infants with “average” breast milk intake in 

developing countries (WHO/UNICEF, 1998) are approximately 200 kcal per day at 6-8 months 

of age, 300 kcal per day at 9-11 months of age, and 550 kcal per day at 12-23 months of age. In 

industrialized countries these estimates differ somewhat (130, 310 and 580 kcal/d at 6-8, 9-11 

and 12-23 months, respectively) because of differences in average breast milk intake. Among 

breastfed children in developing countries, average breast milk energy intake is 413, 379 and 346 

kcal /d at 6-8, 9-11 and 12-23 months, respectively (WHO/UNICEF, 1998).  

 

The regression model for calorie is shown as Eq. 20 (all independent variables in coded values) 

indicating quadratic effects with all three variables.  

 

Calorie=345.9A+456.9B-273.3C+1.5AB+857.8AC+588.9------------------------------------ Eq. 20 

Where: A=Red teff , B=Soybean and C=Papaya 
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Figure 9: Contour plot of displaying calorie content of porridge  
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4.3.2. β- Carotene Content 

 

Beta carotene is the best known of the carotenoids because (Groff et al., 1995 ) it is one of the 

most abundant in our diet; (Olson et al., 1996) in addition to its role as an antioxidant, beta 

carotene also possesses provitamin A activity (Handelman ,1996).  

 

The β-carotene content of components was 0.193 mg/g in red teff flour, 0.424 mg/g soybean 

flour and 33.510 mg/g papaya. The β-carotene content of porridge sample varied between 0.245 

mg/g to 5.737 mg/g as represented in Table 21 and the p-value for mixture compositions of β-

carotene content shown Table 22.  

 

Table 21: Measured percentage of β-carotene content red teff based formulated porridge and 

individual flour 

 

Formulation  Teff flour Soybean flour Papaya powder β- Carotene (mg/g) 

FM1 65 20 15 4.916 

FM2 55 30 15 5.737 

FM3 70 25 5 0.245 

FM4 65 22.5 12.5 2.816 

FM5 60 27.5 12.5 3.626 

FM6 70 20 10 1.420 

FM7 67.5 25 7.5 0.608 

FM8 65 27.5 7.5 0.744 

FM9 65 25 10 2.052 

FM10 67.5 22.5 10 1.746 

FM11 65 30 5 0.351 

Red teff 100 0 0 0.193 

Soybean 0 100 0 0.424 

Papaya 0 0 100 33.510 
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Table 22: Analysis of variance (ANOVA) p-values of β- Carotene parameters 

 

Source    β- Carotene mg/g 

Linear 0.003 

Quadratic 0.015 

A*B 0.826 

A*C 0.004 

B*C 0.011 

A= Red teff, B=Soybean, C=Papaya 

 

Highly significant difference (P<0.01) was resulted in β-carotene content of the formulated 

porridges in linear model, interaction between red teff with papaya and significant different 

(P<0.05) in quadratic model and soybean with papaya (Table 22). The increment of β-carotene 

content was parallel increase in the proportion of papaya powder (Figure 10). This is due to the 

high β-carotene content of papaya (Padmapriya, 2013). 

 

The regression model for β-carotene was shown by (Eq.21) in the quadratic model with three 

variables.  

 

β-carotene =-0.9A-9B+346.3C+18.3AB-387AC-312.8BC--------------------------------------- Eq.21 

Where: A=Red teff , B=Soybean and C=Papaya 
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Figure 10: Contour plot of displaying β- carotene content of porridge  

 

4.3.3. Mineral contents (Iron, Calcium and Zinc) 

 

All micronutrients are essential to normal functions of biological processes and human health. 

Iron is involved in many vital functions in the human body. First, iron is important for oxygen 

transport. Further, iron is essential to brain function and development and severe iron deficiency 

can cause retarded mental development, which may be irreversible (Walker et al., 2007). Zinc is 

essential to growth, synthesis and maintenance of lean body mass, and to the immune functions. 

Through its position in metalloenzymes  zinc plays a major role in vital processes such as nucleic 

acid synthesis, protein digestion and synthesis, carbohydrate metabolism, bone metabolism, 

oxygen transport and antioxidative defence. Zinc is often the limiting growth (type II) nutrient in 

diets in populations with high prevalence of malnutrition (Golden, 2009). 

 

Mineral content of formulated porridges and individual component were analyzed for calcium, 

zinc and iron. Diagnostic tools like normal plot of residuals indicated that the residuals of all the 

parameters (minerals) content were normally distributed. Table 23 presents the mineral content 

in all porridge samples at the similarly Analysis of variance (ANOVA) for the p-values of 

minerals contents are summarized and shown in Table 24. 
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 Table 23: Measured mineral content of formulated porridge and individual flour in mg/100gm        

                                                                                                                             

Formulation  

Red teff 

flour 

Soybean 

flour 

Papaya 

powder Fe    Ca  Zn  

FM1 65 20 15 12.29 160.62 4.05 

FM2 55 30 15 9.38 169.471 4.31 

FM3 70 25 5 34.86 270.26 5.44 

FM4 65 22.5 12.5 13.76 177.95 4.53 

FM5 60 27.5 12.5 9.85 182.62 4.81 

FM6 70 20 10 29.24 198.23 4.84 

FM7 67.5 25 7.5 25.64 235.22 5.36 

FM8 65 27.5 7.5 21.74 245.44 5.38 

FM9 65 25 10 16.97 204.8 5.24 

FM10 67.5 22.5 10 22.4 201.49 5.09 

FM11 65 30 5 27.58 293.57 5.58 

Red teff 100 0 0 38.00 179.30 5.23 

Soybean 0 100 0 9.88 264.80 8.29 

Papaya 0 0 100 0.94 28.70 0.32 

 

Table 24: Analysis of variance (ANOVA) p-values of mineral content 

 

Source    Fe    Ca  Zn  

Linear 0.000 0.000 0.009 

Quadratic 0.000 0.000 0.024 

A*B 0.000 0.011 0.308 

A*C 0.000 0.001 0.016 

B*C 0.000 0.000 0.008 

A= Red teff, B=Soybean, C=Papaya 

 

The iron contents of the formulated porridges were found in a range of 12.29-34.86 mg/100g. 

Individual components of the formulated porridge iron content in mg/100gm were 38 in red teff 
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flour, 9.88 in soybean and 0.94 in papaya powder. The compositions of Fe in the formulation 

showed highly significance different (P<0.01) both in linear, quadratic model and in all possible 

interaction of red teff, soybean and papaya.  

 

The calcium contents of the formulated porridges were found in a range of 160.62-293.57 

mg/100g. Individual components of the formulated porridge iron content in mg/100gm were 

179.30 in red teff flour, 264.8 in soybean and 28.7 in papaya powder. Calcium content was found 

to be highly significant in linear, quadratic model and in the interaction of red teff with papaya 

(P<0.01) and significantly difference (P<0.05) in the interaction of soybean and papaya.  

 

The zinc contents of the formulated porridges were found in a range of 4.05-5.58 mg/100g. 

Individual components of the formulated porridge zinc content in mg/100g were 5.23 in red teff 

flour, 8.29 in soybean and 0.32 in papaya powder. Zinc content was found to be highly 

significant in linear model and in the interaction of soybean with papaya (P<0.01) and 

significantly difference (P<0.05) in quadratic model and the interaction of red teff with papaya. 

Even though it was varied in the amount of 4.05-5.58 mg/100g as the amount of soybean 

increased, it did not show significance difference in interaction of red teff with soybean.  

 

The results found that high amount Ca and Zn contents when there was high ratio of soybean 

flour in the porridge and Fe content was increased in the formulation as the proportion of red teff 

increased in the product. This could be due high iron content in red teff variety. As reported by 

Abebe et al. (2007) red teff has a higher iron and calcium content. A study result reported by 

Tewodros et al.(2013)  was similarly indicated that grain teff has high iron content (36.2mg100g
-

1
) , low zinc (1.50mg100g

-1
) and calcium (66.6mg 100g

-1
)  contents than flaxseed (4.3mg 100g

-1
, 

188.5mg 100g
-1

 and 267.7mg 100g
-1

, respectively).  Another study was also shown that grain teff 

is known for its high (37.7mg100g
-1

) iron contents (Abebe et al., 2007). Higher mineral content 

(iron, calcium and zinc) in the present study found in different porridges was due to higher 

concentration of calcium and zinc in the soybean flour and iron in red teff flour used for 

formulation of this product.  

 

The contour plots for iron, zinc and calcium are presented in Figure11a, 11b and11c respectively. 
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The regression model for mineral content i.e. iron, zinc and calcium is shown in Eq. 22, 23 and 

24 respectively indicating quadratic effects with all three variables (A= Red teff, B=Soybean, 

C=Papaya). 

 

Iron =279A+951B+408C-2070AB-1226AC-1064------------------------------------------------ Eq. 22 

Calcium=355A+1863B+3213C-2003AB-4073AC-8914BC------------------------------------- Eq. 23 

Zinc =1.70A-11.52B-98.71C+36.23AB+114.65AC+137.67BC--------------------------------- Eq. 24 
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Figure 11: Contour plot of displaying a) iron content b) calcium content c) zinc content of 

porridge 
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4.3.4. Major anti-nutritional factors  

 

The phytate and tannin contents are shown in Table 25. The influence of primary ingredients 

such as red teff, soybean and papaya on anti-nutritional factor of the porridge was analyzed using 

Analysis of variance (ANOVA). ANOVA results of p-values for models and combination 

products are summarized in Table 26.   

 

Table 25: Measured values of anti-nutritional factors for porridge and individual flour 

 

Formulation  Red teff flour Soybean flour Papaya flour  

Phytate  

(μg/g)  Tannin (mg/g) 

FM1 65 20 15 295.168 0.239 

FM2 55 30 15 256.303 0.265 

FM3 70 25 5 273.109 0.128 

FM4 65 22.5 12.5 282.563 0.201 

FM5 60 27.5 12.5 268.908 0.226 

FM6 70 20 10 285.714 0.115 

FM7 67.5 25 7.5 275.210 0.141 

FM8 65 27.5 7.5 263.655 0.179 

FM9 65 25 10 278.361 0.184 

FM10 67.5 22.5 10 280.462 0.154 

FM11 65 30 5 244.748 0.162 

Red teff 100 0 0 295.168 0.111 

Soybean 0 100 0 163.866 0.261 

Papaya 0 0 100 232.143 0.542 
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Table 26: Analysis of variance (ANOVA) p-values of anti-nutritional factors 

 

Source    Phytate  Tannin  

Linear 0.011 0.007 

Quadratic 0.043 0.005 

A*B 0.011 0.009 

A*C 0.313 0.022 

B*C 0.042 0.021 

A= Red teff, B=Soybean, C=Papaya 

 

The phytate content of soy supplemented composite flours containing red teff, soybean and 

papaya is given in Table 25. The result showed a significant difference (P<0.05) effect on the 

linear, quadratic model, in the interaction of red teff with soybean and soybean with papaya and 

there was no significant difference (P<0.05) in the interaction of red teff with papaya. The 

amount of phytate content of porridge made from different composite flours ranged from 

244.748-295.168 μg/g shown in Table 25. The phytate amount of individual flour red teff, 

soybean and papaya were 295.168 μg /g, 163.866 μg /g, and 232.143 μg /g respectively. 

 

Phytates binds to minerals like calcium, iron, magnesium and zinc and make them unavailable 

for bio absorption (Nelson et al., 1968). Anemia and other mineral deficiency disorders are 

common in regions where the diet is primarily a vegetarian (Erdman, 1979) 

 

Tannins are a group of phenolic non-nitrogenous organic constituents, which are chemically 

classified into two broad categories namely hydrolysable and condensed tannins (McLeod, 

1974). Tannins bind to proteins through hydrogen binding and hydrophobic interactions, thereby 

reducing their nutritional quality (Hahn et al., 1984) and combine with digestive enzymes 

thereby making them unavailable for digestion (Abara, 2003). They also cause decreased 

palatability and reduced growth rate (Roeder, 1995).  
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The levels of tannin content showed a high significant difference (P<0.01) effect on linear, 

quadratic model and interaction between red teff with soybean and significant different (P<0.05) 

effect on interaction among red teff with papaya and soybean with papaya indicated in Table 26.  

The amount of tannin content of porridge made from different composite flours ranged from 

0.115-0.265 mg/g as shown in Table 25. The tannin amount of individual flour red teff, soybean 

and papaya were 0.111 mg/g, 0.261 mg/g, and 0.542 mg/g respectively. 

 

Amount of tannin in the porridge was increased as the amount of soybean flour increased. This 

result occurred because soybean contains high amount of tannin (Folake et al., 2012). Findings 

of the present study are in agreement with that of Maqbool et al. (1987) who concluded tannin 

content of wheat rot is increased by the increasing supplementation level of soy flour. Peel and 

pulp of ripe papaya fruits also contains low amounts of anti-nutrients like tannin (10.16 mg/100 g 

of dry matter), phytate (3.29 mg/100 g of dry matter) and oxalate (1.89 mg/100 g of dry matter) 

creating in compatibility problems as reported by Onibon et al. (2007). Both phytate and tannin 

content have shown a reduction when it is contrast to the raw value. This might resulted from the 

different germination, soaking and heat treatment during processing. Phyto-chemical 

composition of teff grain result was reported with phytate content of 682-1374 mg/100 g and 

tannin 16 mg /100 g on dry matter (Kaleab, 2014). 

 

Figure 12a and 12b showed the effects of flour formulation on phytate content and tannin content 

in contour graph respectively. The regression model for phytate and tannin content is shown as 

Eq. 25 and 26 (all independent variables in coded values) indicating quadratic effects with all 

three variables (A= Red teff, B=Soybean, C=Papaya). 

 

Phytate=128A-2106B+1118C+3764AB-1063AC+2595BC---------------------------------------Eq.25 

Tannin=-0.997A-4.334B+9.718C+10.371AB-8.223AC-8.395BC------------------------------ Eq. 26 

Where: A= Red teff, B=Soybean, C=Papaya 
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Figure 12: Contour plot of displaying a) Phytate content b) Tannin content of porridge 

 

4.3.5. Functional properties 

 

Composite flour functional properties such as water absorbance capacity (WAC), bulk density 

(BD), and water activity (aw) are summarized in Table 27. The estimated regression coefficients 

along with their standard errors of all functional properties of porridge were obtained and shown 

in Appendix I. Table 28 showed the summarized p-values obtained from ANOVA results for 

models and mixed products 

 

b 

a 
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Table 27: Measured functional properties of formulated flours and powder   

 

Code  Red teff flour Soybean flour Papaya flour  AW at 26 
ο
C % WAC BD g/cm

3
 

1 65 20 15 0.347 156 0.836 

2 55 30 15 0.343 147 0.813 

3 70 25 5 0.382 106 0.847 

4 65 22.5 12.5 0.356 136 0.885 

5 60 27.5 12.5 0.345 132 0.877 

6 70 20 10 0.38 124 0.833 

7 67.5 25 7.5 0.373 112 0.855 

8 65 27.5 7.5 0.359 108 0.847 

9 65 25 10 0.357 116 0.833 

10 67.5 22.5 10 0.364 120 0.893 

11 65 30 5 0.362 100 0.787 

Red teff 100 0 0 0.351 148 0.962 

Soybean 0 100 0 0.345 108 0.769 

Papaya 0 0 100 0.254 216 0.943 

BD=Bulk Density, WAC= Water absorption capacity, aw =Water activity 

 

Table 28: Analysis of variance (ANOVA) p-values of functional property 

 

Source    AW at 26
 ο
C WAC (%) BD (g/cm

3
) 

Linear 0.534 0.002 0.073 

Quadratic 0.005 0.006 0.139 

A*B 0.039 0.846 0.084 

A*C 0.243 0.002 0.598 

B*C 0.210 0.003 0.043 

A= Red teff, B=Soybean, C=Papaya, 

BD=Bulk Density, WAC= Water absorption capacity, aw =Water activity 

 

Water activity is an important basic element in foods. For a long time, the industry has known 

how important it is to check free water. The water activity (aw) measurement forms the basis of 
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this and provides important information about the quality of a product. Finally it provides 

information regarding the possibility of microbiological growth on the surface. Only with this 

conclusions can be made about the stability and durability of a sample (Novasima, 2005). The 

water activity of red teff flour, soybean flour, and papaya powder were 0.351, 0.345 and 0.254 

respectively. The formulated flours water activities ranged from 0.343 to 0.382. The regression 

model for water activity is shown as Eq. 27  (all independent variables in coded values) 

indicating quadratic effects with all three variables (A= Red teff, B=Soybean, C=Papaya) and 

water activity is illustrated in Figure 13a contour graph 

 

AW =0.774A+1.236B+0.034C-2.537AB-1.207AC+1.326BC------------------------------------ Eq.27 

Where: 

A= Red teff, B=Soybean, C=Papaya 

 

Water absorption capacity is the ability of flour particles to entrap large amounts of water, such 

that exudation is prevented (Chen and Lin, 2002). It also refers to the total amount of water held 

by a starch gel under a defined state of conditions (Pinnavaia and Pizzirani, 1998). It is highly 

dependent on the crystalline properties of starch being high for starches with low crystalline and 

hence, is correlated to the amylose content of starch (Agama et al., 2008). Water absorption 

capacity varies with size, shape, presence of proteins, carbohydrates and lipids, pH and salts 

(Ezeocha et al., 2011). Water binding capacity is affected by the presence of minerals like 

phosphorus in starch where starches having high phosphorus contents have high water binding 

capacities (Zuluaga et al., 2007). 

 

The water absorption capacity of red teff flour, soybean flour, and papaya powder were 148% 

(1.48), 108% (1.08) and 216% (2.16) respectively. The formulated flours water absorption 

capacities ranged from 100% to156%. The water absorption capacity decreased as the ratio of 

papaya powder decreased in the blends of flours and had the highest water absorption capacity as 

the proportion of red teff and papaya powder increased in the mix. A result reported by 

Iheagwara (2012) components with the lowest protein content had the lowest water absorption 

capacity was in contrast to this study result. Malted soybean flour had the highest water 

absorption capacity (3.0 ± 0.02) (Nwosu et al., 2014). According to Joana (2013) reported 
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average values water absorption capacity of teff flour was 3.03 (±0.05) (ml/g) which is higher 

than this study. 

 

In addition, it has been reported that hydrophilic constituents present in flours could increase 

water absorption capacity (Hodge and Osman, 1976). In partial conclusion, water absorption 

capacity of flour was closely linked to both amount of amino acids in different flours studied and 

availability of proteins functional groups in flour. However, high water absorption capacity was 

desirable in order to improve the viscosity reduction in food products (Oyarekua and Adeyeye, 

2008). 

 

WAC is shown in Figure 13 contour graph and the regression model for WAC value is shown as 

Eq. 28 (all independent variables in coded values) indicating quadratic effects with all three 

variables (Red teff, Soybean, Papaya).  

 

WAC=136A-58B+3827C+142AB-4119AC-3728BC-------------------------------------------- Eq. 28 

A= Red teff, B=Soybean, C=Papaya 

 

The density of the flour is important in determining the packaging requirement and material 

handling (Ezeocha et al., 2011). Bulk density among the different composite flours; the bulk 

density showed an increment from 0.787-0.893 gm/ml as the amount of red teff and papaya 

increased from 55-70 % and 5-15% as indicated in Figure 13c contour graph. The amount of 

bulk density was increased as the amount of papaya and red teff in the composite flour increased.  

 

From Table 27 the bulk density of red teff was the highest (0.962 g/cm
3
) followed by that of the 

papaya powder (0.943 g/cm
3
 )  and malted soybean flour had the least bulk density(0.769 g/cm

3
). 

The bulk density results indicated that malted soybean flour had more moisture than the other 

flours. Usually, the lower the bulk density of a food powder, the higher the moisture content. 

Compared to Joana (2013) reported average values bulk density of teff flour was 0.40 (±0.01) 

(g/ml) which is lower than this study. 
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The regression model for bulk density is shown as Eq. 29 (all independent variables in coded 

values) indicating quadratic effects with all three variables (A= Red teff, B=Soybean, 

C=Papaya). 

 

BD=-0.320A-9.929B-3.895C+18.741AB+4.896AC+23.576BC-------------------------Equation 29 
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Figure 13: Contour plot of displaying a) water activity b) Water absorption capacity c) Bulk 

density of composite flours 
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4.3.6. Sensory evaluation  

 

 Sensory quality attributes evaluation of porridge produced from red teff, soybean and papaya 

flour at different mixture ratio is presented in Table 29. There was highly significant difference 

(P<0.01) in linear model of taste, in the interaction of soybean with papaya and significance 

difference in quadratic model, in the interaction of red teff with papaya. There was no significant 

difference in the interaction of red teff with soybean (Table 30). It was also indicated that there 

was high significance difference (P<0.01) in the linear and quadratic model; between red teff and 

soybean; soybean with papaya and significant difference (P<0.05) in the interaction of red teff 

with papaya of appearance. The linear and quadratic models for aroma was no showed 

significance difference (P>0.05) in the interaction between red teff with soybean and it was only 

significantly different (P<0.05) in the interaction of red teff with papaya, and soybean with 

papaya. The linear, quadratic model for the mouth feel in the interaction between red teff with 

papaya, and soybean with papaya showed a significance difference (p<0.05) but there was no 

significant difference (P>0.05) between interaction red teff with soybean. There was high 

significance difference (P<0.01) in the linear and quadratic model, and in all interactions of red 

teff, soybean, and papaya of overall acceptability.  

 

The scores were generally high for all attributes of the products. The addition of malted soybean 

flour increased the average mean score of taste from 3.35-5.35 of soya-acha bread as the 

concentration (0-50%) of malted soybean increases. The increase in the average mean score 

could be due to the fact that malted soybean contains relatively high sugar content and some 

compound of sensory desire (Ayo et al., 2014). The addition of malted soybean flour increased 

the mean score of the odor from 3.30-5.55 as the percentage (0-50%) of the bread increases. This 

could be due to inherent fat content of the malted soybean which at high baking temperature 

produces some volatile compounds which have been known to be desired (Fenema, 2005).The 

addition of malted soybean flour increased the mean score of the general acceptability from 3.50-

4.40 as the concentration (0-50%) of the malted soybean flour increases. This could be due to the 

fact that the higher the concentration of the malted soybean flour, the acceptability is more. 
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Among the major soluble sugars in ripe fruits (glucose, fructose and sucrose), sucrose is most 

prevalent. During fruit ripening, the sucrose content was shown to increase from 13.9 ± 5.0 mg/g 

fresh weight in green fruit to 29.8 ± 4.0 mg/g fresh weight in ripe fruits (Gomez et al., 2002). 

 

Table 29: Sensory quality of porridge formulated from red teff flour, soybean flour and papaya 

powder  

 

Formulation  

Red teff 

flour 

Soybean 

flour 

Papaya 

flour  

appeara

nce Aroma Taste 

Mouth 

feel O.A 

FM1 65 20 15 4.50 4.93 4.94 4.9 4.97 

FM2 55 30 15 4.82 4.85 4.76 4.78 4.84 

FM3 70 25 5 3.70 2.75 3.99 3.99 3.93 

FM4 65 22.5 12.5 4.30 4.75 4.63 4.61 4.62 

FM5 60 27.5 12.5 4.50 4.65 4.49 4.48 4.58 

FM6 70 20 10 2.50 4.35 4.41 4.33 3.99 

FM7 67.5 25 7.5 3.80 3.85 4.10 4.11 4.02 

FM8 65 27.5 7.5 4.30 3.7 4.05 4.05 4.07 

FM9 65 25 10 4.10 4.07 4.18 4.17 4.27 

FM10 67.5 22.5 10 3.20 4.19 4.32 4.26 4.13 

FM11 65 30 5 4.72 2.45 3.97 3.86 3.84 

 

Appear= appearance; O.A = Overall acceptability; values indicating that 5- like very much, 4- 

like,3- neither like or dislike, 2- dislike and 1- dislike very much 

 

Porridge formulations with the lowest aroma, taste, mouth feel and overall acceptability ratings 

were given for formulations those that had high amounts (30%) of soybean flours and low 

amount of papaya powder while those with low proportions soybean (20 %) and high proportion 

of papaya (15%) had the best score. Porridge with fairly balanced and intermediary proportions 

of red teff, low proportion soybean flour, and a high amount of papaya powder (15%) had the 

highest aroma, taste, mouth feel and overall acceptability score. But, appearance was lowest 
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rating with those that had high amounts high amount of red teff (70%), lowest amount soybean 

(20%) and papaya (5%) had low score. 

 

A similar result was reported by Kanyago et al. (2007) with addition of soybean up to 25% gave 

the porridge a good color, flavor and taste. There was enhancement in all the sensory 

characteristics in all the porridges except for appearance in porridge containing 67.5 % red teff, 

22.5% soybean and 10 % papaya.  

 

The overall result reported by Nair et al. (2013) also reveals that addition of soy flour at 20% 

was highly acceptable by the panel of judges but the addition of soybean more than 25% the 

acceptability was decreased. 

 

Table 30: Analysis of variance (ANOVA) p-values of sensory quality parameters 
 

Source  Appearance Aroma Taste Mouth feel Overall acceptability 

Linear 0.005 0.053 0.009 0.013 0.000 

Quadratic 0.002 0.057 0.027 0.044 0.001 

A*B 0.004 0.684 0.273 0.725 0.001 

A*C 0.015 0.048 0.027 0.012 0.000 

B*C 0.007 0.015 0.007 0.031 0.008 

A= Red teff, B=Soybean, C=Papaya 

 

All the sensory attributes were increased as the amount of papaya increased. The sensory 

attributes such as appearance, aroma, taste, mouth feel and overall acceptance were illustrated by 

contour graph (Figure 14a, 14b, 14c, 14d and 14e respectively). 
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Figure 14:  Contour plot of displaying a) Appearance b) Aroma c) Taste d) Mouth feel e) 

Overall acceptance of porridge 
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Sensory evaluation of the porridge showed that intermediate proportion of red teff, high amount 

papaya in combination with low amounts of soybean (20%) resulted in a highly ranked porridge 

formulation (Figure 14). 

 

4.3.7. Region of optimum formulation 

 

I. Micro and macro nutrient composition 

 

The sweet point which includes all the optimum points (fat % and fiber %, protein %, 

carbohydrate %, gross energy Kcal/100gm, Iron mg/100gm, calcium mg/100gm, zinc 

mg/100gm, and β-carotene) is indicated in Figure 15. The sweet point was found in the porridge 

samples prepared within the range of red teff 60-70%, soybean 20-27.5 % and 10-12.5 papaya % 

(Figure15). From the optimal value it can be seen that the amount of soybean can be used from 

the lowest value to the maximum without affecting the nutritional content where as the optimum 

nutritional content was found at the maximum amount of soybean. 
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Figure 15: Overlaid contour plot of macro and micronutrients composition 

 

II. Based on sensory evaluation 

 

Although an optimal formation should maximize consumer acceptance, it is impossible to 

develop a product with all five sensory qualities that would satisfy consumers in most 

applications (Moskowitz, 1994). To obtain the optimum region therefore, and hence the 

ingredient formulation that would obtain optimum appearance, taste, aroma, mouth feel and 

overall acceptability for porridge, the contour plots for these attributes were overlaid in a single 

graph on same axis as shown in Figure 16. The sweet point was obtained by placing a range of 

appearance, taste, aroma, mouth feel and overall acceptance. The optimum region in this overlaid 

plot was where the criteria for all the five response variables (appearance, taste, aroma, mouth 

Sweet point 



 
 

96 
 

feel and overall acceptance) were satisfied and this region is found in the range of red teff 55-

65%, soybean 20-30 % and papaya15 %. 
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Figure 16: Overlaid contour plot of sensory quality 

 

III. Overall optimal mixture compositions 

 

In order to determine the optimum formulation, the regions of acceptability in the contour plot 

for protein, carbohydrate, fat, calorie, fiber %, iron, calcium, zinc and overall sensory attribute 

were superimposed. Superimposition of contour plot regions of interest (protein %, carbohydrate 

%, fat %, calorie kcal/100gm, %, iron mg/100g, zinc, calcium mg/100g and overall acceptance 

received hedonic ratings) resulted in optimum regions for porridge (Figure 17). The white region 

in these figures indicates that any point within this region represents an optimum combination of 

red teff, soybean and papaya, which results in desirable attributes. The overall optimum values 

were found in a range of red teff 60-70%, soybean 20-27.5 %, and papaya 10-12.5%. 
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Figure 17: Overlaid contour plot of fat, fiber, protein, carbohydrate, energy, iron, calcium, zinc, 

β-carotene and overall acceptance of porridge 
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5. SUMMARY AND CONCLUSIONS 

 

This study was conducted with the broad aim of assessing dietary quality of complementary 

foods and enhancing the nutritional composition and sensory quality of red teff based enriched 

porridge. Investigating DDS, FVS, nutrient adequacy, nutrient composition of red teff based 

porridge and anti-nutrition composition have significant implication for intervention and to 

lessen children malnutrition. The mean FVS was 7.14 ± 4.07 (range 0 to 18) within the previous 

24- hour period. The mean DDS value was 3.44± 1.75 with majority of the children 196 (51%) 

had low diversity (<4 food groups), and about 148 (38.5%) had medium diversity (4-5 food 

groups). The average nutritional content in almost all types of complementary samples was 

nutrient inadequate and below the daily requirement as a complementary food. As a result, the 

research study was conducted to develop complementary food with the hypothesis of improving 

the nutritional quality and sensory acceptability of the product by combination of red teff with 

soybean and papaya powder for under two years children. 

 

The result of this study indicated that, the protein, fat and energy contents were significantly 

improved with increasing the proportion (20-30%) of the soybean flour in the composite flour 

formula. β-carotene of the product increased significantly with the increasing proportion of 

papaya powder. The phytate, tannin concentration in the porridge was increased as the levels of 

soybean and papaya increases to 30% and 15% respectively. The sensory acceptability of almost 

all formulated complementary porridge scored better value in terms of appearance, aroma, taste 

and mouth feel and overall acceptability. Higher proportion of papaya presence in the 

formulation of porridge was showed good sensory acceptability. The overall optimum point was 

found in a range of red teff 60-70%, soybean 20-27.5 %, and papaya 10-12.5%. 

 

Generally, the results of this study indicate that children‟s dietary diversity, food variety score 

and nutrient adequacy of children‟s complementary food were not satisfactory.  Furthermore, 

most mothers were preparing only from cereal and starch rich root and tubers although variety of 

fruit and vegetables, legumes and animal source foods are available in the area with higher 

macro and micro nutrient content than cereal grains. The red teff, soybean and papaya resulted in 

a significant improvement in the porridge nutritional and sensory quality. The result revealed that 
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red teff, soybean and papaya have good potential source for providing protein, fiber, 

carbohydrate, energy, β-carotene, and minerals rich complementary food. Formulation of a 

soybean, papaya containing red teff based porridge as complementary food produced a higher 

nutritional quality food with acceptable sensory characteristics when compared to the normal 

cereal-based porridge nutritional quality of the region.  
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6. RECOMENDATION 

 

This study recommended successful use of locally-available, inexpensive different food groups 

in a meal that enhance nutritional and sensory quality of complementary foods and  to prepare  

nutritionally rich complementary foods using red teff as main ingredient with soybean and 

papaya supplementation which results nutrient enrichment of infant diet that has great health 

benefit. Beside those, health extension works and child care givers should have to be attaining 

short term training on how to maintain and feeding quality food for less than two years infants 
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7. FUTURE LINE OF WORK 

 

This study suggested future line of work on effect of traditional food processing method on 

nutritional and sensory quality of children complementary foods. Optimization of traditional 

food processing conditions on nutritional and sensory quality of children complementary foods is 

essential to know the extent of nutrient loss and to put solution for the caused loss. Effect of anti-

nutritional factors on nutrient bioavailability of local foods in human body and complementary 

food safety assessment should have to work to have health diet. 
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9. APPENDICES 

 

Appendix Table 1: Estimated regression coefficients of proximate compositions of individual 

and mixed products.  

 

Term  

MC (%) Ash (%)   CFA (%) CFI (%) CP (%) CHO 

Energy 

Kcal/100g 

RC SE RC SE RC SE RC SE RC SE RC SE RC SE 

A 
7.976 2.356 8.1 0.9553 6.96 1.387 6.1 1.751 39 11.02 32.1 10.76 345.9 14.29 

B 
-7.625 17.854 31.2 7.2398 66.77 10.513 45.6 13.268 704 83.52 -740.0 81.53 456.9 108.29 

C 
11.844 24.777 78.5 10.0469 13.50 14.589 94.9 18.413 -303 115.90 204.0 113.15 -273.3 150.28 

A*B 
8.447 32.668 -47.8 13.2466 -82.08 19.236 -63.6 24.277 -1029 152.81 1214.2 149.18 1.5 198..14 

A*C 
1.935 32.668 -111.4 13.2466 -10.85 19.236 -118.5 24.277 570 152.81 -330.9 149.18 857.8 198.14 

B*C 
1.216 32.947 -101.0 13.3597 -96.44 19.400 168.0 24.484 -989 154.12 1353.0 150.46 588.9 199.83 

R
2 98.28  99.37  99.71  98.82  99.27  99.56  98.01  

 
A= Red teff, B=Soybean, C=Papaya, RC= Regression coefficient; SE= standard error, R2 

=determination coefficient 

 

Appenidx Table 2: Estimated regression coefficients of β- Carotene of individual and mixed 

products 

 

Term  β- Carotene (mg/g) 

RC SE 

A -0.9 5.664 

B -9.0 42.924 

C 346.3 59.567 

A*B 18.3 78.538 

A*C -387 78.538 
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B*C -312.8 79.208 

R
2 

99.34  

A= Red teff, B=Soybean, C=Papaya, RC= Regression coefficient; SE= standard error, R2 

=determination coefficient 

 

 
Appenidx Table 3: Estimated regression coefficients of minerals of individual and mixed 

products   

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

RC SE RC SE RC SE 

A 279 7.755 355 36.87 1.70 2.303 

B 951 58.777 1863 279.43 -11.52 17.455 

C 408 81.566 3213 387.77 -98.71 24.223 

A*B -2070 107.543 -2003 511.27 36.23 31.937 

A*C -1226 107.543 -4073 511.27 114.65 31.937 

B*C -1064 108.462 -8914 515.63 137.67 32.210 

R
2 

99.94  99.95  98.48  

A= Red teff, B=Soybean, C=Papaya, RC= Regression coefficient; SE= standard error, R2 

=determination coefficient 

 

Appenidx Table 4: Estimated regression coefficients of functional properties of individual 

ingredient and their mixed products. 

 
Term  aw at 26

  ο
C WAC (%) BD (g/cm

3
) 

RC SE RC SE RC SE 

A 0.774 0.06585 136 50.04 -0.320 0.6270 

B 1.236 0.49905 -58 379.26 -9.929 4.7520 

C 0.034 0.69254 3827 526.31 -3.895 6.5945 

A*B -2.537 0.91310 142 693.93 18.741 8.6948 

A*C -1.207 0.91310 -4119 693.93 4.896 8.6948 

B*C 1.326 0.92090 -3728 699.85 23.576 8.7690 

R
2 98.24  99.43  70.86  

A= Red teff, B=Soybean, C=Papaya, RC= Regression coefficient; SE= standard error, R2 

=determination coefficient 
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Appenidx Table 5: Estimated regression coefficients of anti-nutrition factors of individual and 

mixed products. 

 

Term  Phytate (μg/g) Tannin (mg/g) 

RC SE RC SE 

A 128 68.44 -0.997 0.1808 

B -2106 518.68 -4.334 1.3703 

C 1118 719.79 9.718 1.9016 

A*B 3764 949.03 10.371 2.5072 

A*C -1063 949.03 -8.223 2.5.72 

B*C 2595 957.13 -8.395 2.5287 

R
2 98.33  98.96  

A= Red teff, B=Soybean, C=Papaya, RC= Regression coefficient; SE= standard error, R2 

=determination coefficient 

 

Appenidx Table 6: Estimated regression coefficients of sensory evaluations parameters of 

individual ingredient and their mixed products. 

 

Term  Appearance Aroma Taste Mouth feel Over all 

acceptability 

RC SE RC SE RC SE RC SE RC SE 

A -24.7 3.927 0.5 4.381 5.82 1.321 4.34 1.369 -3.6 0.9422 

B -109.5 29.765 -18.9 33.204 15.51 10.010 -1.89 10.377 -46.8 7.1409 

C 227.4 41.306 -114.7 46.079 60.28 13.892 69.26 14.401 105.5 9.9096 

A*B 268.3 54.461 26.2 60.754 -22.57 18.316 7.07 18.987 98.6 13.0656 

A*C -197.2 54.461 158.6 60.754 -56.99 18.316 -73.12 18.987 -

105.6 

13.0656 
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B*C -241.9 54.926 223.2 61.273 -82.20 18.472 -56.91 19.149 -56.2 13.1772 

R
2 

97.73  97.96  98.83  98.80  99.58  

 

Appenidx Table 7: The response optimizer analysis of the best treatment combination value for 

all parameters 

 

Parameters Predicted responses 

Fat (%)   6.551 

Fiber (%)          2.886 

Protein (%)          18.616 

Carbohydrate (%)            62.678 

Energy (kcal /100g)   384.136 

Fe (mg/100g )         17.838 

Ca(mg/100g ) 222.438 

Zn(mg/100g ) 5.303 

β- Carotene (mg/g)    1.440 

Overall acceptability (in scale of 5)    4.156 
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Appenidx Table 8: Dietary reference intakes (DRIs), recommended dietary allowances, and 

adequate intakes of young childrens 

 

Nutrient  Life stage group 

 Infants  6-12 month  Children 1-3y   

Vitamin A (μg/d)a  500
*
 300    

Calcium (mg/d)  260* 700   

Iron (mg/d) 11  7   

Zinc (mg/d) 3  3   

Carbohydrate (g/d)  95* 130   

Total fiber(g/d)  ND 19*   

Total Fat(g/d)  30* ND   

Protein (g/d)  11 13   

 

This table presents Recommended Dietary Allowances (RDAs) in bold type and Adequate 

Intakes (AIs) in ordinary type followed by an asterisk (*).An RDA is the average daily dietary 

intake level; sufficient to meet the nutrient requirements of nearly all (97-98 percent) healthy 

individuals in a group. It is calculated from an Estimated Average Requirement (EAR). If 

sufficient scientific evidence is not available to establish an EAR, and thus calculate an RDA, an 

AI is usually developed. For healthy breastfed infants, an AI is the mean intake.  ND:   Not 

determined. 
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I. β- Carotene standard calibration curve 

 

 

 

II. Iron standard calibration curve 
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III. Calcium standard calibration curve  

 

 

 

IV. Zinc Standard calibration curve 

 

 

 

V. Phytate standard curve 
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VI. Tannin standard curve 

 

 
 

VII. Sensory evaluation questioner form  

 
Please look at and taste each sample of porridge in order from left to right as shown on the ballot. 

Indicate how much you like or dislike each sample by checking the appropriate phrase of 

category which is listed below and mark your choice with the number that corresponds to your 

preference on each parameter.  
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1. Dislike Very Much  

2. Dislike  

3. Neither Like or Dislike  

4. Like  

5. Like Very Much 

 

Sample code  Appearance  Aroma  Taste  Mouth feel  Overall acceptability  

      

      

      

      

      

 
VIII. Questioners                                                                                     
                                                                                                                      Date_________ 

A. Identification                                                                                           Code No._______ 

Name of the respondent _______________________   

Time of questioning______________  

Place of questioning (“Kebel”): _______________________   

Interviewer____________________ 

Supervised by Name________________    Date ____________      Signature ____________  

  

B .Demographic Information 

1. Types of the household: (tick where appropriate) 1. Male headed             2. Female headed                

2.  What is the household size? 1. Male _________2. Female __________ 3. Total ___________ 

Socio –demographic data of the care givers 

 

No. Family 

relation 

ship 

Marital Status 

 

Sex 

 

Age 

 

Education 

Level 

 

Occupation 

 

Monthly 

Income 

 1.Mother 

2.Father  

3.Brother  

4.Sister  

1.Unmarried 

2.Married 

3.Separated 

4.Divorced 

1.Female 

2.Male 

 1. Can read 

and write 

2. Grade 1-6 

3. Grade 7-

1.Farming 

2. Handicraft 

3. Daily labor 

4. Student 
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5.Adopter  

6.other   

5.Widowed 12 

4. Illiterate 

5.Diploma 

holder 

6. Degree  

and above 

5. Soldier 

6. Trade 

7. Gvt sector 

8.Others 

(Specify) 

 

C. Socio-Economic Information 

 

 Environment 

 

a) What is your water source?  (tick where appropriate) 

    1) Piped water                      2) River                  3) Borehole                  4) others (specify)   

b) Do you have access to latrine/toilet?   

Ye s = 1                           No =0 

c) If yes, what type? 

1) Pit     2) WC    3) Bush  4) other  (specify)       

d) What is the roofing material for the main house? 

1) Thatched   2) Corrugated sheets   3) Tiles 4) others (specify) 

e) What is the wall material for the main house? 

1) Mud    2) wooden  3) Iron sheet   4) others (specify) 

  Economic Issues 

a) Who is the main income earner? 

1) Husband   2)Wife   3) Family  members (                         )     

b) How does this person make an income? 

1) Salary    2 ) Merchant    3) Pension  4) others (specify) 

c) Has type of work changed in the last month? 

Ye s = 1                           No =0 

d) In what way has it changed?                                  

e) How much money on average do you spent on food purchase daily?   Birr 

f) Do you practice farming? 

Ye s = 1                           No =0 

g) If yes, what type and number of animals and crops you keep? 
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Animal No. of animals   Crops  Area in M
2 

 

     

     

 

h) Do you earn any income from agriculture? 

Ye s = 1                           No =0 

i) If yes, from which agriculture sources and how much per year? 

 

Animals  Birr Crop  Birr 

    

    

    

    

 

D. DDS (Children) Food Groups (Score: 0-8) 

1. Grains, roots or tubers 

2. Vitamin A-rich plant foods 

3. Other fruits or vegetables 

4. Meat, poultry, fish, seafood 

5. Eggs 

6. Pulses/legumes/nuts 

7. Milk and milk products  

8. Foods cooked in oil/fat 
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Under line the foods (meals and snacks) that ate or drank in 24 hour during the day and night, 

whether at home or outside the home. Start with the first food or drink eaten in the morning. 

 

Food group  Food list  

1 White teff , Red teff ,Wheat ,Barely, Sorghum, Rice, Oate ,Maize ,Rye,  Triticale 

,Yam, Potato, Sweat potato, Cassava, Enset , and Taro root 

2 Ripe mango, Carrot, Papaya , Moringa , Pumpkin ,Orange flesh sweet potato, 

Apricots 

3 Cabbages, Spinach, Amaranthus, Carrots, Tomatoes , Lettuce, Spinach, 

Cabbage, Cucumbers, Lettuce, Zucchini, Apple, Blackberry, Grapefruit, Guava, 

Lemon, Mangoes ,Pineapple, Strawberry, Watermelon, Oranges, Banana 

,Squash, Passion fruit, Papaya and Avocado 

4 Fish, Chicken, Beef, Organ Meat, Flesh Meat, Fresh or dried fish, Canned fish 

(anchovies, tuna, sardines) 

5 Egg  

6 Beans, Peas, Soybean, Chickpea, Guaya  (vetch), lentil , Pigeon pea, peanut 

7 Milk 

8 Biscuits (sweet) or cookies 

 

 

 
 


