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ABSTRACT 

Malnutrition, a widespread problem especially in developing countries, affecting all age groups 

particularly children and reproductive age women. Among the causes that have led to perennial 

malnutrition levels in Kenya, is the over reliance on starchy staples like maize, sorghum, rice and 

millet. These staples are characterized by low nutrient densities that are further lowered during 

processing. In a bid to combat the problem, the government  targeted increased production of the 

micronutrient (minerals, vitamins) fortified maize flour. This is mostly based on chemical 

fortificants, a short term strategy aimed at increasing micronutrient intake. Therefore, there is 

need to think about long term and sustainable strategies such as food to food fortification. This 

study aimed at providing a better and more sustainable approach by fortifying maize based foods 

with grain amaranth. Maize was procured from National Cereals and Produce Board and 

processed to refined flour and whole meal flour while amaranth grain that had been toasted at 

100ºC for 5 minutes and milled into flour was obtained from Annicos Limited. The refined maize 

flour and whole maize meal flour were then mixed with varying amounts of grain amaranth flour 

(0-40%). The proximate composition and mineral content of the raw materials (control samples) 

and the blends were determined using standard methods while protein digestibility was 

determined after enzyme digestion. Nutritional composition of amaranth grain flour differed 

significantly (p=0.001) from refined and whole meal maize flour. Amaranth grain flour was found 

to be superior in proteins (15.82%), lipids (7.61%), ash (2.54%) and fibre (4.39%) as compared to 

refined maize flour; proteins (6.29%), lipids (1.92%), ash (0.55%) and fibre (0.76%), and whole 

meal maize flour; proteins (9.81%), lipids (3.89%), ash (1.14%) and fibre (2.68%). Adding grain 

amaranth flour to refined and whole meal maize flour at the different ratios increased the nutrient 

density significantly (p=0.001), particularly protein, iron, calcium and zinc. However, it decreased 

the digestibility of protein significantly (p=0.001). The results indicate that although adding 40% 

grain amaranth flour to refined and whole meal maize flour gave the highest nutritional profiles, 

the most acceptable blends had 20% grain amaranth addition. Therefore, food to food fortification 

is an approach that can be adapted to meet the nutrition requirements of our society. 

Key words: Nutrition, complementary, blending, amaranth flour, maize flour 
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Background information 

Malnutrition is defined as ―a state of nutrition in which a deficiency, or excess, of energy, protein 

and micronutrients causes measurable adverse effects on tissue/body form (body shape, size and 

composition) and function, and clinical outcome‖ (Stratton et al., 2003). Protein-energy 

malnutrition and micronutrient malnutrition are the common forms of malnutrition that result in 

deficiencies with adverse effects, ranging from mild to severe malnutrition. Policies and 

programs aimed towards reducing malnutrition include food based strategies such as food 

fortification, dietary diversification and nutrition education and non-food based strategies such as 

supplementation (WHO and FAO, 2006). In the past, food based approaches have become 

attractive options towards increasing micronutrient uptake due to increased sustainability. In 

particular, food fortification is the process in which micronutrients such as minerals and vitamins 

are added to food materials. This is increasingly gaining importance as channeling interventions 

through food vehicles that are important to a population reduces deficiencies and enhances 

effectiveness of the programs (WHO and FAO, 2006). 

Maize flour is among the main vehicle in fortification programs, for it is the staple food in many 

African countries, thus increased possibilities of nutritional interventions. In Kenya, ―the food, 

drugs and chemical substances act of 2015 requires all packaged wheat flour, maize meal, salt 

and cooking fats and oils to be fortified with basic nutrients‖ (GOK, 2015). As a result, maize 

flour is fortified with vitamins A, B1, B2, B6, niacin and folate; iron and zinc. However, concerns 

on bioavailability, lipid oxidation and sensory quality resulting from fortification  have 

previously been raised (Hurrell et al., 1991). Despite fortification being a great tool towards 

mitigating malnutrition and more so to the vulnerable groups, the use of chemical fortificants is a 

short term measure that targets reducing the level of micronutrient malnutrition. Therefore, there 

is need to think about long term and sustainable strategies. In this research, a food to food 

fortification approach is used in which grain amaranth is used to fortify maize flour.  

Amaranth grain has a high nutritional value (Kariuki et al., 2013), thereby providing most of the 

nutrients required by the body. Additionally, it contains exceptionally complete protein for plant 

sources. In particular, it has a relatively high proportion of lysine, an essential amino acid, 
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compared to other foods, leading to its effective utilization as a protein source. Besides protein, 

amaranth grain is a good source of fats, carbohydrates, sugars, vitamins such as A, C, E and folic 

acid as well as minerals such as calcium, iron, magnesium, phosphorous, copper and manganese. 

It contains fairly high levels of poly-unsaturated fats (Kariuki et al., 2013; Mburu et al., 2011) 

The grain is also high in dietary fibre, a leading factor in prevention and treatment of chronic 

diseases (Silva-Sanchez et al., 2008)  lowers blood cholesterol levels (Saunders and Becker, 

1983), lowers the risk of coronary heart disease and high blood pressure, enhances weight 

control and reduces the risk of intestinal cancer by improving digestive functions (Martirosyan, 

et al., 2007). Therefore, it is anticipated that blending maize flour with grain amaranth will result 

in a more sustainable food fortification strategy since grain amaranth is locally available and the 

nutritional outcomes are likely to be better. 

1.2 Problem Statement 

Malnutrition is a widespread problem in Kenya manifested mainly through under-nutrition 

(protein-energy malnutrition) and micronutrient deficiencies. It is associated with devastating 

consequences including weakening the immune systems and worsening illness. On a national 

level, 26% of children under 5 are stunted, 11% are underweight and 4% are wasted (KNBS, 

2015). In fact, in terms of proportions, Nairobi is leading since a study conducted in two urban 

slums in Nairobi indicated that close to 40% of the children were stunted (Abuya et al., 2012). In 

addition, children are the most vulnerable group with others being individuals that are pregnant, 

lactating mothers, the elderly and refugees (FAO, 2005).   

Maize is the main staple food in Kenya, with others being sorghum, rice and millet. The protein 

quality in these cereals is inadequate, especially in essential amino acids. Milling of maize 

involves removal of bran. This further reduces the nutrient density of the end product since fibre, 

some vitamins and minerals are lost in the process. Some of the micronutrients affected are zinc, 

calcium and iron (FAO, 1997).  

In rural populations, cases of repeated consumption of the staple food on all the 3 daily meals in 

a household over prolonged periods are common. Although they provide the body with the 

required energy, they are largely deficient in some of the nutrients, therefore the need to 

diversify our meals. It is therefore important to stress the need to educate families to exploit 

locally produced foods to produce nutritionally adequate products (WHO and FAO, 2006). 
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Existing efforts for food fortification largely depend on adding specific minerals. However, the 

amounts added may either be too little or above the required limit set by Kenya Bureau of 

Standards. This might lead to other unknown health problems since fortification of maize flour is 

still at its infancy. Moreover, compared to blended foods, chemical fortificants may pose a threat 

to the health of Kenyans if not added in the right amounts. 

1.3 Justification 

The use of chemical fortificants is a short term measure which targets reducing the level of 

malnutrition while creating better livelihoods.  On the other hand, food to food fortification and 

diet diversification are better and more sustainable approaches towards meeting the nutrition 

requirements. These approaches are food based and targets increasing the nutritional benefits to 

the consumer. In this research, grain amaranth has been selected as the fortificant of choice 

because it does not only address the micronutrient deficiency but also the protein deficiency 

(Mugalavi et al., 2013). Furthermore, it is governmental policy to fortify all packaged maize 

meal (GOK, 2015). 

Amaranth grain contains exceptionally complete protein for plant sources. In particular, it has a 

relatively high proportion of lysine, an essential amino acid, compared to maize, leading to its 

effective utilization as a protein source (FAO, 1997; Kariuki et al., 2013). It is also a good source 

of fats, carbohydrates, fibre, sugars, vitamins such as A, C, E and folic acid and micronutrients 

such as iron, calcium and zinc (Kariuki et al., 2013).  

The grain also thrives in poor soils and arid conditions (Kauffman and Weber, 1990). This means 

a lot of arid and semi-arid areas can be converted to amaranth producing zones without 

compromising maize production. It is also a fast growing crop with the ability to perform under 

marginal conditions (Muriuki et al., 2014). The crop requires 40-50% less moisture as compared 

to other cereals e.g. maize and survives better than most crops under dry and hot conditions. 

Harvesting of the grain occurs between 60-90 days, while that of the leaves as from 4 weeks. In 

addition, the grain stores very well once it is well dried and is not easily infested by pests 

(Muyonga et al., 2008). In Kenya, production of grain amaranth has been demonstrated and a 

number of high yielding and nutritious grain amaranth varieties already identified (Kariuki et. 

al., 2013)  
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1.4 Objectives 

1.4.1 Main Objective 

To improve the nutritional quality of maize based diets by blending maize flour using grain 

amaranth flour 

1.4.2 Specific objectives 

i. To carry out a feasibility study on the purchase of grain amaranth and its products in 

supermarkets and companies 

ii. To determine the nutritional value of refined maize flour, whole meal maize flour and 

their respective amaranth flour blends 

iii. To evaluate the protein digestibility of the processed and optimized blends 

iv. To determine the shelf life and sensory acceptability of the developed products 

1.5 Hypothesis (Ho)  

i. Grain amaranth is not purchased in supermarkets and companies 

ii. Raw grain amaranth does not have a high nutritional content as compared to maize flour 

iii. Blending of maize with amaranth flours improves protein digestibility  

iv. Blending of the flours does not affect the sensory characteristics and shelf life of the 

developed products 
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CHAPTER TWO 

2.0  LITERATURE REVIEW 

2.1 Introduction 

 Overview of Food Security 2.1.1

Food security is defined as ―condition where all people, at all times, have physical and economic 

access to sufficient, safe and nutritious food to meet their dietary needs and food preferences for 

an active and healthy life‖ (World Food Summit, 1996). Globally, it is estimated that two billion 

people are affected by chronic deficiencies of micronutrients, collectively known as hidden 

hunger (WHO, 2002; WHO, 2004; WHO, 2008 and WHO 2009). The most widespread 

micronutrient deficiencies in the world are of iron, zinc, vitamin A, iodine, and folate. 

Developing countries are the most affected by food insecurity with factors such as high prices of 

food commodities and policy barriers elevating the food crisis (Weaver, 1994).  This is evident 

for multiple micronutrient deficiencies often occur together in the same population (Allen et al., 

2009). Young children, women, and refugees especially those living in low-income countries are 

among the most vulnerable. These deficiencies account for approximately 7% of the global 

disease burden annually (Ezzati et al., 2004).  

It has been reported that deficiencies of vitamin A and zinc were responsible for 0.6 million and 

0.4 million child deaths respectively, and a combined 9% of global childhood Disability 

Adjusted Life Years (DALYs) (Black et al., 2008). Iron deficiency was associated with 115,000 

maternal deaths (Ezzati et al., 2004). These deficiencies mainly lead to cognitive impairment, 

poor physical growth, increased morbidity from infectious diseases in infants and young 

children, and decreased work productivity in adulthood (Elmadfa et al., 2003). Generally, the 

effects of prolonged deficiency tend to be irreversible (Mclaren and Frigg, 2001). In Africa, 

Kenya ranked second to Niger with the highest Hidden Hunger Index (HHI) score for preschool-

age children (Muthayya et al., 2013). The HHI was estimated based on national estimates of the 

prevalence of stunting, anemia due to iron deficiency, and low serum retinol concentration. On a 

national level, 26% of children under five are stunted, 11% are underweight and 4% are wasted 

(KNBS, 2015). In ASAL regions, under nutrition rates have been reported to be high with 80-

98% of the children being iron deficient (ARLMP, 2008; GoK, 2008).  
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2.1.2 Strategies to address micronutrient deficiencies 

Adoption of a comprehensive approach is key in reducing malnutrition and hidden hunger. 

Therefore, this indicates the importance of promoting activities that increase accessibility, 

sufficiency and utilization of adequate quantity and quality of foods. Policies and programs 

aimed towards reducing malnutrition include food based strategies such as food fortification, 

dietary diversification and nutrition education and non-food based strategies such as 

supplementation (WHO and FAO, 2006). The application of a strategy is highly dependent on 

the conditions and needs of a targeted population.  

Currently, food based approaches such as food fortification and diet diversification are becoming 

more attractive options towards increasing micronutrient uptake due to increased sustainability. 

Food fortification is the process in which micronutrients such as minerals and vitamins are added 

to food materials. This is increasingly gaining importance as channeling interventions through 

food vehicles that are important to a population reduces deficiencies. Food fortification can be 

achieved through the use of micronutrient powders as well as food to food fortification 

(Mulokozi et al., 2004; Horton et al., 2008).   

Diet diversification involves increasing the range of foods consumed. It can be achieved through 

foods of plant or animal origin Increasing dietary diversity is advantageous as it does not only 

improve the micronutrient intake but also the overall nutritional status. However, limitations of 

acceptance and change in behavioral patterns in the population remain a challenge. Previously, 

studies by FANTA and FAO (2007) showed that dietary diversification is a good indicator of 

nutrition security and is associated with lower morbidity. Nutrition education through creating 

awareness of these foods from production to consumption is important in the implementation of 

diet diversification. This is because inclusion of a wide variety of foods in the diet facilitates 

adequate nutrient intake (Hotz and Gibson, 2001). 

Micronutrient supplementation is achieved through the use of mainly tablets, capsules, oil 

solutions or powders or syrups (WHO and FAO, 2006). Supplementation programmes are widely 

applicable especially in developing countries providing micronutrients to pregnant women, 

children under 5 years and postnatal depressed women. Supplements for fat solubles vitamins are 

consumed 2-3 times a year while those of water solubles are more frequent. For an effective 

supplementation program, purchases, distribution systems and consumer compliance are key 

(WHO and FAO, 2006).   
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The use of chemical fortificants is a short term measure which targets reducing the level of 

malnutrition. This strategy has been in existence and found not sustainable for it is financially 

expensive and therefore not accesible to all populations in the country (GOK, 2015). However, 

excessive intake of synthetic form of micronutrients reportedely causes toxicity of micronutrients 

(Alais and Linden, 1991). Although the use of supplements is often the fastest at increasing 

micronutrient intake, food based strategies are viewed to be more sustainable in the long run 

(FAO, 1997; Hotz and Gibson, 2001; Oniang‗o, 2001; Yadav and Sehgal, 1995). 

2.2 Maize  

 Origin of maize 2.2.1

Maize (Z ea mays ssp. mays ) belongs to the tribe Maydae, family Poaceae and was originated in  

Mexico and Central America. It possesses somatic chromosome number of 20, a genome size of 

2.3 gigabase and more than 32,000 genes (Schnable et al., 2009). Maize grows well in various 

agroecologies and is unparalleled to any other crop due to its ability to adapt in diverse 

environments. It has emerged as a crop of global importance owing to its multiple end uses as a 

human food and livestock feed and serves as an important component for varied industrial 

products. Besides, maize serves as a model organism for biological research worldwide.  

 Maize as a staple food 2.2.2

Maize ranks as the second most widely produced cereal crop in the world after wheat (Johnson, 

2000). More than 90% of the white maize is produced in the developing countries. Main 

producers include South Africa, Zimbabwe, Kenya, Malawi, Tanzania and Zambia. Maize meal 

flour is the dominant staple food in Eastern and Southern Africa (Jayne et al., 1996) where white 

maize varieties are used more for human consumption than yellow varieties (FAO, 1997). White 

maize represents approximately 90 percent of total cereals production. It plays a major role in the 

diet primarily in sub-saharan Africa and parts of Central America. In Africa, maize is mainly 

used for human consumption with other uses being livestock feed production and brewing. Data 

for between 1995 and 1997 indicates that Eastern and Southern Africa used an average of 72%, 

Western and Central Africa used 66% and North Africa used 45% of the total maize national 

requirements for human consumption (Aquino et al., 2000).  

Maize flour is among the main vehicle in fortification programs for it is the staple food in many 

African countries thus increased possibilities of nutritional interventions. It provides the body 

with significant amounts of nutrients, particularly calories. In Kenya, maize meals are being 
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fortified with vitamins A, B1, B2, B6, niacin and folate; iron and zinc  mainly based on the use of 

micronutrient powders (GOK, 2015). 

 Maize grain 2.2.3

Maize remains an important cereal, especially in Kenya where white maize is highly consumed. 

The major parts of the maize kernel are the endosperm which contains mostly of starch and the 

germ which contains most of the oil. Maize is processed by four main methods: wet milling, the 

dry grind process for ethanol production, dry milling and alkaline processing. Alkaline processed 

and dry milled maize goes directly for human consumption (Watson & Ramstad, 1987; Shukla & 

Cheryan, 2001). 

There are two different systems used to dry-mill the maize grain: Non-degerming and 

Degerming (Johnson, 2000). The non-degerming system involves grinding of the maize grain 

into meal with very minimal levels of separation (Johnson, 2000). This process results in whole 

meal which contains the bran, germ and endosperm similar to the proportions found in the whole 

kernel. Refined meals are produced through the degerming system by removing part of the germ 

and bran, resulting in a lower extraction rate than whole meals. Super-refined meal is highly-

refined and with much lower extractions rates than refined meals (Jayne et al., 1996). Maize 

grains contain about 7.9% protein as shown in Table 1 which is almost the same as other cereal 

grains. Most of this protein is in the form of zein, a poor-quality protein containing only small 

amounts of lysine and tryptophan. 

Table 1: Nutrient content of maize 

Nutrient Refined meal Whole meal Nutrient Refined meal Whole meal 

 
Extraction rates 

 
Extraction rates 

65% 85% 96-99% 65% 85% 96-99% 

Protein 7.9 9.3 10.0 Calories (Kcal) 334 341 343 

Fat 1.2 2.4 3.8 Calcium (mg) 6.0 7.0 12.0 

Carbohydrates 78.4 75.1 73.4 Iron (mg) 1.1 2.0 2.5 

Fibre 0.6 1.1 1.9 Thiamin (mg) 0.14 0.30 0.35 

Ash 0.5 0.7 1.3 Riboflavin (mg) 0.05 0.08 0.13 

 Niacin (mg) 1.0 1.8 2.0 

Source: West et al., 1987 
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Milling reduces the nutritive value of maize just as it does that of other cereals. This means that 

the increased popularity and use of highly milled maize meal as opposed to traditionally ground 

or lightly milled maize results in deficiency of B vitamins. However, vitamin B constituents lost 

in milling, as shown in Table 2, may be replaced in maize meal, as in other cereal flours, by 

fortification (FAO, 1997). Maize is not a common allergenic food, although in some case-

studies, allergic reactions were reported (Hefle, 1996). These reported allergic effects for maize 

include skin, gastrointestinal and respiratory complaints.  

In Kenya, urban sifted maize meal consumption is highly consumed due to its taste and cooking 

attributes as compared to whole meal (Jayne and Argwings-Kodhek, 1997). The success of 

higher consumption of the sifted maize results from wide range of advertisements by large scale 

milling industries. Currently, more households are purchasing sifted maize meal due to 

convenience as compared to whole meal (De Groote and Kimenju, 2012). Moreover, more of 

those who consumed whole meal chose it because it was cheaper and nutritious. This indicates 

that many urban households were already aware of whole meal‘s superior nutritional quality at 

the time of this survey (Mukumbu and Jayne, 1995).   

Table 2: Effects of milling on vitamin B content of maize  

Level of processing of maize 

Thiamine 

(mg/100g) 

Riboflavin 

(mg/100g) 

Niacin 

(mg/100g) 

Whole grain 0.35 0.13 2.0 

Lightly milled 0.30 0.13 1.5 

Highly milled (65 percent 

extraction) 
0.05 0.03 0.6 

Source: FAO 1997, Human nutrition in the developing world 

 Importance of maize meal in Africa 2.2.4

At the household level, maize meal is consumed as dough or thick porridges. This is quite 

common in Southern Africa (Van der Merwe et al., 2001); in Zambia (Laleye and Wesley, 

2001), in Zimbabwe, South Africa, East Africa including Kenya, Tanzania, Uganda, Burundi, 

Rwanda, and Democratic Republic of the Congo, West Africa particularly in Nigeria (Tembo, 

2007) and light porridges at breakfast (Sammon, 1999). Indeed, maize meal porridge is used as 

complementary food for infants in many African countries (Lartey et al., 1999; Huffman et al., 
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2000; Mamabolo et al., 2004; Faber et al., 2005). For example Eastern and Southern Africa, 

fermented starch-based porridges are particularly popular; uji, togwa, kenkey, mahewu, ogi and 

enjera (spongy bread) (Steinkraus, 1996).   

Industrial food applications of maize meal include its use in production of non-alcoholic 

fermented products such as commercial production of ‗mageu‘ (Holzapfel, 1989). Maize meal is 

also used in the commercial production of African alcoholic products at industrial level. Factory 

brewers almost invariably use maize grits (or maize meal) as starchy adjuncts (Haggblade and 

Holzapfel, 1989).  

On the other hand, extrusion products are beginning to have a huge market in Africa, especially 

for children‘s ready-to-eat snacks. Maize flour is one of the major ingredients in extruded 

products (Martinez-Bustos et al., 1998; Onwulata et al., 2001a, 2001b; Wen et al., 1990; Zhang 

and Hoseney, 1998). Maize flour is also used extensively in animal feeds as an energy source in 

Africa. In livestock feeding, yellow maize is preferred because it gives poultry meat, animal fat 

and egg yolk the yellow colour appreciated by consumers in many countries. 

  Amaranth 2.3

2.3.1 Origin of amaranth 

Amaranthus is an annual herb that belongs to the family Amaranthaceae (Stephens, 2009). There 

are more than 60 amaranth species  and between 4000 – 6000 varieties (Yarger, 2008). Amaranth 

is native to Central and South America and considered among the oldest cultivated plant species. 

It dates back to Mayan, Incan and Aztec civilisations having been cultivated for more than 8,000 

years (Yarger, 2008). The grain amaranth was a staple food to the Aztecs and was included into 

their religious ceremonies until in the 1516 when the spaniards conquistadors prohibited its 

production (O‘Brien and Price, 1983). In the past 30 years, amaranth has gained more attention 

and it has been shown to hold many unique nutritional qualities (Kariuki et al., 2013; Njoki et 

al., 2014). Amaranth species thrives mostly in tropical and temperate regions. The crop is 

cultivated in the world as cereals, leaf vegetables, and ornamental plants, while others grow 

naturally as weeds (Railey, 1993).  

In the recent past, production and consumption of grain amaranth varieties was limited to only a 

few areas in the Nyanza region (Yongo, 2009). Crop production is now widespread in the 

country; grown for both subsistence and cash purposes.The crop mainly grows naturally in open 
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fields especially in the rural areas. Average yields in farmers' fields have ranged from 0.25 to 1 

tonne/hectare. This is highly dependent on the weather patterns and cultural practices (Grubben 

and van Sloten, 1981; O‘ Brien and Price, 1983). Generally, amaranth leaves were more 

commonly consumed than the grains until recently (Alemu, 2005). There are two main grain 

amaranth varieties grown, the short and tall varieties. The short varieties are better suited for low 

rainfall areas while the tall varieties are for high rainfall regions. Some of the vegetable species 

grown are Amaranthus cruentus, Amaranthus blitum, Amaranthus dubius and Amaranthus 

tricolor while the grain species are Amaranthus hypochondriacus, Amaranthus cruentus and 

Amaranthus caudatus. The colour of the grains  range from white, yellow, black or pink (Railey, 

1993). Most of the ethnic groups in Kenya have a name for the vegetable amaranth. Kikuyu‘s 

call it Terere, Waswahili‘s Mchicha, Luhya‘s Omboga, Luo‘s Ododo, Pokot‘s Sikukuuor 

Chepkuratian, Turkana Lookwa or Epespes and Teso Ekwala (Alemu, 2005). 

2.3.2    Production of grain amaranth 

a) Ecological requirements 

Grain Amaranth grows in a wide range of soil conditions. It grows in soil pH ranging from 4.5 – 

8.0. It can also grow in loam soils and silty loams with good water holding capacity. The optimal 

growth temperature ranges from 22 - 30ºC with 15 - 17ºC being the least temperature for seed 

germination and biomass accumulation. Also, the growth of is optimal  under humid conditions 

and do well under rainfed as well as irrigation. The grain is characterised with large flower heads 

laeding to high evapotranspiration rates thus the need to water for improved production 

(Mwangi, 2003). Adequate soil moisture is key during germination and also in the first weeks of 

growth. Temperatures  above 35ºC cause a decline in seed yield due to decreased seed 

germination (Modi, 2006). In the tropics, it grows at altitudes of 1000 m to 3500 m. Although the 

optimal conditions, it is extremely adaptable to adverse growing conditions. This is seen by its 

ability to tolerate drought and soils with low fertility. Grain Amaranth is drought tolerant for it 

has deep roots which extend down up to 2 metres in search of water. During high temperatures, 

its C4 photosynthetic pathway is highly efficient in utilization of light and nutrients. In extreeme 

cases the plant has the ability to go dormant (O‘Brien and Price, 1983) and recovers easily when 

moisture is available (Myers, 1996). Grain amaranth water requirements are lower as compared 

to other cereals such as wheat and maize (Mwangi, 2003). It does well under conditions ideal for 

maize (O‘Brien and Price, 1983) thus possibilities of intercropping. 

http://en.wikipedia.org/wiki/Amaranthus_cruentus
http://en.wikipedia.org/wiki/Amaranthus_blitum
http://en.wikipedia.org/wiki/Amaranthus_dubius
http://en.wikipedia.org/wiki/Amaranthus_tricolor
http://en.wikipedia.org/wiki/Amaranthus_tricolor
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b)  Grain preparation 

Grain amaranth generally takes about 7-8 weeks to mature. However, this is highly dependent on 

the variety type whereby short varieties mature in 45 – 60 days while tall varieties take 70- 120 

days. Mature seeds hang very loosely on husks when they are ready for harvest. Also, no liquid 

oozes out from the seeds when crushed (Myers, 1996). Harvesting of the mature seeds is 

followed by winnowing whereby the seeds are cleaned and foreign materials removed. The grain 

should be dried to a moisture content not exceeding 13% to limit growth of moulds and enhance 

the keeping quality. The grains can be stored in clean plastic paper bags in a cool room where 

rodents are completely avoided and with adequate ventilation. Sisal bags, which are widely used 

for storage of grains, are also quite suitable. Most stored grains are usually susceptible to 

infestation; however, due to their small size, infestation by weevils and grain borers is greatly 

reduced. With correct storage conditions, post-harvest losses are minimal and the grain can be 

stored up to seven years (Weber, 1987; Myers and Putnam, 1988). 

c) Processing of grain amaranth 

The amaranth grain is processed under conditions that do not damage its protein and its essential 

amino acids availability, like moist heat cooking and extrusion, presents good protein quality, 

similar to casein (Mendonza and Bressani, 1987). The digestibility and the protein efficiency 

ratio are improved if the grain is heat processed (Kauffman and Weber, 1990). Heat removes 

lectins and improves the protein efficiency ratio of the amaranth flour (Singhal and Kulkani, 

1988).  

There are a number of viable methods for processing, including popping, toasting, heat-rolled 

flakes, extrusion, and wet cooking as gruel. Excessive thermal processing reduces the quality of 

amaranth grain (Bressani and Elias, 1984). Processing methods involving heat reduce the anti-

nutrirent content especially moist heat (Njoki et al., 2014). 

Processing is important with respect to the protein quality of amaranth grain. According to 

Pederson et al., (1987), processing increased the protein quality of amaranth grain. However, if 

the processing is carried out under more extreme conditions of time and temperature, it destroys 

the quality of the product by reducing available lysine content (Pedersen et al., 1987). Of interest 

is the extrusion process, which for A. cruentus and A. caudatus yielded cooked flour equal in 

protein quality to casein (Mendoza and Bressani, 1987). 
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2.3.3   Utilization of amaranth 

a)  Amaranth grain 

Amaranth grain flour is obtained through milling by the use of a mechanized mill. Other milling 

methods such as the use of a pestle and mortar or grinding using a stone can also be used. 

Generally, at the household level, milling is done on small scale so as to avoid spoilage of the 

flour. The main disadvantage of milling is grain loss during the process. This is because the 

amaranth grains are quite small that sometimes they come out of the milling machine. To curb 

this, amaranth is milled with other grains such as maize, millet and sorghum among others to 

produce composite flour. The flour can be used to cook porridge and to make tortillas, pinole or 

toasted meal, confectionery, pastries, biscuits, atoles, small savoury pancakes, desserts and bread 

(Muyonga et al., 2008; Yarger, 2008). Soups and stews can also be made from whole grain; 

alegria, a confection made from popped amaranth in Mexico; atolea, a fermented Mexican drink 

made from roasted amaranth flour; chichi, which is a form of beer made from amaranth in Peru; 

sattoo, a gruel consumed in Nepal, and chapatti made in different parts of Asia (Kauffman and 

Weber, 1990). 

 Grains can be popped at temperatures of about 220ºC for 10 – 15 seconds resulting in increase 

of volume of upto 1,050 %. Popped amaranth can be used as breakfast cereals with milk as well 

as  in confections bound with sorghum, molasses or honey (Muyonga et al., 2008). The seeds can 

also be sprouted before milling. Sprouting increases digestibility and bioavailability of nutrients 

(Colmenares De Ruiz and Bressani, 1990). Roasting of the grains can be done in an oven at 

around 120°C for 5 - 10 minutes before milling. The toasted seeds are brownish and give a nutty 

flavour as well when milled. The grains can also be fermented or malted for beer production.   

b)  Amaranth leaf 

Amaranth leaf is highly nutritious and rich in micronutrients such as zinc, folic acid, vitamin E, 

B vitamins, ascorbic acid, selenium, β - carotene, calcium and iron (Funke, 2011; Mwangi, 2003; 

Yadav and Sehgal, 1995; Yarger, 2008; Muriuki et al., 2014.). The leaves, often freshly picked, 

are widely used as vegetables for human consumption. Mostly, they are normally cooked like 

spinach and other greens (Muyonga et al., 2008; Yarger, 2008). Amaranth leaves do not differ 

significantly with other green vegetables in terms of appearance, texture and flavour except for 

nutritive value (Mwangi, 2003). In fact, cooking and discarding the water removes potentially 
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harmful oxalates and nitrates (Yarger, 2008). On the other hand, fresh amaranth leaves can be 

dried and stored using appropriate technology to ensure availability throughout the year 

(Masarirambi et al., 2010). The root of mature amaranth can also be used in making of soups, to 

prepare curries and also as a stir-frying vegetable. 

c)  Animal feed 

Amaranth can also be used in feeding of animals. The foliage is used in stock breeding as a green 

fodder, silage component and for obtaining protein-vitamin flour and concentrates (Ofitserov, 

2001). Research has shown that the use of cooked or autoclaved amaranth grain as chicken feed 

gives good production results (Yarger, 2008). For instance, in China, forage is fed to hogs, rather 

than harvesting the grain (Myers, 1996; National Academy of Sciences, 2006). 

2.3.4    Amaranth grain market outlets in Kenya 

Amaranth grain markets in Kenya could be divided into four main categories; household 

consumer, institutional consumer, industrial consumer and animal feeds markets (Bahilgwa, 

2006). At the household level, the exact quantity of amaranth grain consumed in Kenya is not 

well known. Generally, the market is very small as compared with the other market outlets 

(institutional consumer market, industrial consumer market, and livestock feeds market). There 

are also a few middlemen who buy the grain from the farmers and market it to the larger 

companies. Apart from these few big brokers, there is not much wholesaling of amaranth grain in 

the country because the sub-sector is still small at the moment.  

With respect to amaranth grain products of human food processors (e.g. Annicos limited, 

Kirinyaga flour mills etc.) and human food and livestock processors, there is a relatively high 

intensity of wholesaling. Human food processors make wholesales to institutional consumers 

such as world food program (WFP) for refugee feeding. Similarly, the human food and livestock 

feed processors make wholesales to human food retailers such as the supermarkets and also to 

livestock feed.  

Certified amaranth grain seeds of different varieties can be acquired in most regions of the 

country. Various research institutions such as KALRO are carrying out more adaptive research 

on amaranth grain such as production of high quality seeds. KALRO also provides improved 

amaranth seed varieties.  
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2.3.5    Nutritional value of grain amaranth 

The nutritional composition of different varieties of the grain has been extensively studied (Petr 

et al., 2003; Kariuki et al., 2013). Variations in the nutritional composition can be attributed to 

the species grown, the geographical location, harvesting season and fertilizer application among 

others. The protein content ranges from 12-19%, which is higher than most grains except in 

soybean that contains about 37% (Akpagu et al., 2015). Its protein quality is characterized by the 

high levels of the essential amino acid lysine, methionine and cysteine which are in low levels in 

commonly consumed cereal grains. The average protein content of commonly consumed grains 

such as wheat, maize and rice ranges from 6 – 14% (Goldberg, 2003).  

The lipid content of grain amaranth ranges from 5.4 - 10% which is almost 3 times higher when 

compared to other cereal grains (Kariuki et al., 2013). Studies indicate that the grain contains a 

high amount of unsaturated fatty acids with linoleic acid (35-55%) and oleic acid (18-38%) 

dominating.  The saturated/unsaturated fatty acid ratio ranges from 0.29 to 0.43. Linoleic acid is 

an essential fatty acid which is important in human nutrition especially in children for proper 

growth and development. Stearic acid (3-4%) and palmitic acid (20-23%) were found to be the 

dominating saturated fatty acids (Berganza et al, 2003; Escudero et al., 2004; Kariuki et al., 

2013).  

The grain is also high in micronutrients such as especially vitamin A, iron and zinc (Caulfield et 

al., 2006). The carbohydrates in grain amaranth consist primarily of starch made up of both 

glutinous and non-glutinous fractions. Starch granules of the amaranth grain are much smaller (1 

to 3 µm) compared to other cereal grains such as maize (5 to 25μm). Due to the size, the grain 

exhibits greater water-binding capacity, higher swelling power, lower gelatinization temperature 

and high resistance to amylases and could therefore  benefit the food industry. For instance, 

studies have been done on use of grain amaranth starch in food preparation such as custards have 

been done (Singhal and Kulkarni, 1990a; Singhal and Kulkarni, 1990b). The grain does not 

contain gluten. Allergens are also not observed in the grain thus making it an alternative source 

for non-allergenic food products (Thanapornpoonpong, 2004). 
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Table 3: Nutrition profile of amaranth grain 

Nutrients Amount ( %) Nutrients 

Amounts  

(IU/mg/g) 

Proteins 19 Vitamin A 6100 

Fibre 8 Vitamin B1 1.29 

Minerals 3.1 Vitamin B2 2.1 

Carbohydrates 65 Vitamin B3 8.4 

Unsaturated oils 8 Vitamin C 4.63 

Moisture 9 Folic 49.0 

  Vitamin E 1.03 

Source: Pedersen, et al., 1990 

2.3.6  Nutrition and health benefits of grain amaranth consumption 

Consumption of grain amaranth has a range of nutritional and health benefits. Some of them 

include general improvement in well-being to prevention and improvement of specific ailments 

and symptoms, recovery of severely malnourished children and an increase in the body mass 

index of people formerly wasted by HIV/AIDS (SRLP, 2005; Tagwira et al., 2006). Tagwira et 

al., (2006) documented perceived benefits of consuming grain amaranth among communities in 

Zimbabwe. The communities claimed that eating grain amaranth made them feel healthier and 

they noticed improvements in the health of their children. Specific health improvements noted 

included improvement in appetite, fast healing of mouth sores and herpes zoster, and weight gain 

for people living with HIV and AIDS. Amaranth consumption was also associated with higher 

milk production among breast feeding mothers. The improvements in general well-being and 

health reported by people who included grain amaranth in their diets are generally explainable by 

its high nutritional value (Tagwira et al., 2006). 

Amaranth oil lowers total serum triglycerides and levels of low-density lipoproteins (LDL) in 

animals (Esculedo et al., 2006). Consequently, similar effects have been reported in humans 

(Martirosyan et al., 2007). High levels of serum LDL are associated with coronary heart disease. 

The serum LDL lowering effect of amaranth has been attributed by tocotrienols (unsaturated 
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forms of vitamin E) and squalene in amaranth oil. This is because these compounds affect 

cholesterol biosynthesis in humans (Martirosyan et al., 2007). 

Studies indicate the oil to have anti-tumor and antioxidative activity (Kim et al., 2006a), pointing 

to potential anti-cancer effects. In addition, supplementation of patients with coronary heart 

disease with amaranth oil has been shown to contribute to a decrease or disappearance of 

headaches, weakness, increased fatigue, shortness of breath during a physical activity, edema of 

the legs towards the evening hours and feeling of intermission of heart function in most patients 

(Martirosyan et al., 2007).  

Consumption of grain amaranth has potential benefits to diabetics. Indeed, studies suggest that 

supplementation of diets with amaranth grain and amaranth oil improves glucose and lipid 

metabolism in diabetic rats (Kim et al., 2006b). Moreover, it also contains dietary fibers 

important in prevention of coronary heart disease and cancer of the colon. Consumption of the 

grain has been known to enhance human growth and development, improve general health and 

strengthen body immunity (Alemu, 2005; Legacy, 2003; Spetter and Thompson, 2007). 
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CHAPTER THREE 

3.0  MATERIALS AND METHODS 

3.1 Summary of activities 

Figure 1 below indicates the activities that were carried out. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Flowchart of research activities 
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3.2 Data collection 

3.2.1 Feasibility Study 

A feasibility study was carried out in order to determine the popularity and the general public 

acceptability of grain amaranth. This was done by the use of semi-structured questionnaires 

(refer to appendixes 2 and 3) in supermarkets and industries respectively. The study was 

conducted in Nairobi region whereby three supermarket chains (“Tuskys”, “Uchumi” and 

“Nakumatt”) were purposively selected based on popularity. This was then followed by a 

random selection of three supermarkets from each chain where the questionnaire was 

administered. ―Tuskys” branches selected were “Imara”, “greenspan” and “adams”. “Uchumi” 

branches selected were “capital centre”, “Koinange” and “sarit centre”. Lastly, “Nakumatt” 

branches selected were “mega”, “prestige” and “downtown”. A total of 5 companies dealing 

with grain amaranth flour (“Kirinyaga millers”, “Annico Limited”, “Promote Amaranth”, 

“Ngong Amaranth foods” and “Nature‟s Pure Health”) were also purposively selected and 

questionnaires administered.  

3.3 Determination of optimal blends of maize and grain amaranth 

Maize grains were procured from National Cereals and Produce Board in Nairobi and milled to 

whole meal flour and refined flour. Milling was done in Juja at “Kwest Millers”. Amaranth grain 

which had been toasted at 100ºC for 5 minutes and milled into flour was obtained from “Annico 

Limited”. Complementary diets were then prepared by blending the flours. Both the whole meal 

flour and the refined flour were mixed with inclusions of 0, 20, 30 and 40% of the grain 

amaranth flour as shown in Table 4 and 5.  

Table 4: Formulation of refined maize and amaranth flour blends 

Flour type RMF RA1 RA2 RA3 GAF 

Refined Maize Flour 100 80 70 60 0 

Grain Amaranth Flour 0 20 30 40 100 

Total Weight (g) 100 100 100 100 100 

RMF- Refined Maize flour; GAF- Grain Amaranth flour; RA1- 80:20 (RMF: GAF); 

RA2-70:30 (RMF: GAF); RA3- 60:40 (RMF: GAF). 
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Table 5: Formulation of whole meal maize and amaranth flour blends 

Flour type WMF WA1 WA2 WA3 

Whole Meal Maize Flour 100 80 70 60 

Grain Amaranth Flour 0 20 30 40 

Total Weight (g) 100 100 100 100 

WMF- Whole Meal Maize flour; GAF- Grain Amaranth flour; WA1- 80:20 (WMF: GAF); 

WA2-70:30 (WMF: GAF); WA3- 60:40 (WMF: GAF). 

Chemical analyses were carried for raw materials (refined maize flour, whole meal maize flour 

and grain amaranth) and the blended samples each in triplicate. 

3.4 Proximate analysis 

3.4.1 Determination of moisture content 

Moisture was determined according to Association of Official Analytical Chemists (AOAC) 

methods specification 950 46, method 925.10-32.10.03 (AOAC, 1995). Five grams of sample 

was accurately weighed into a moisture dish and transferred in a hot-air oven previously heated 

to around 105
o
C and then dried for one hour. The final weight of the sample was then taken after 

drying and cooling in a dessicator. The residue was taken as the total solids and loss in weight as 

the moisture content of the sample. Calculation was done using the formula: 

% Moisture = 
     

  
     

W1 - Weight of sample before drying 

W2 - Weight of sample after drying 

3.4.2 Determination of protein content 

Protein was determined using the semi-micro kjeldahl method, specification 950.46, method 

20.87-37.1.22 (AOAC, 1995).  

Sample weights of about 2 g were weighed into a digestion flask together with a combined 

catalyst of 5 g K2SO4 and 0.5 g of CuSO4 and 15 ml of concentrated H2SO4. The mixture was 

heated in a fume hood until the digest color turned blue. This signified end of the digestion 

process. The digest was cooled, transferred to 100 ml volumetric flask and topped up to the mark 

with deionized water. A blank digestion with the catalysts was also made.  Approximately 10 ml 

of diluted digest was transferred into the distilling flask and washed with about 2 ml of distilled 

water. Approximately 15 ml of 40% NaOH was then added and this washed with 2 ml of 



 

21 

 

distilled water. Distillation was done to a volume of about 60 ml distillate. The distillate was 

titrated using 0.02N HCl to an orange color of the mixed indicator, which signified the end point. 

Calculation was done using the formula: 

%N=                               

V1 - Titer for sample in ml 

V2 - Titer for blank in ml 

N - Normality of standard HCl solution (0.02) 

F - Factor of the standard HCl solution 

V - Volume of diluted digest taken for distillation (10 ml) 

S - Weight of sample taken (1 g) 

% Crude protein =        

Protein factor (PF) = 6.25 

3.4.3  Determination of crude fat content 

Crude fat was done using the soxhlet method 920.85-32.1.13, (AOAC, 1995). This gave an 

intermittent extraction of oil with excess of fresh condensed organic solvent used. 

Approximately 5 g of sample was weighed into extraction thimbles and initial weight of 

extraction flasks taken. Fat extraction was done using petroleum spirit in Soxhlet apparatus for 8 

hours. The extraction solvent was rotary evaporated and the fat extracted dried in a hot air oven 

for 15 minutes before the final weight of flasks with extracted oil taken. Calculation was done 

using the formula: 

% Crude fat=             

W1 - Weight of fat extracted 

W2 - Weight of the sample 

3.4.4 Determination of crude ash 

Ash content was determined by incinerating in a muffle furnace according to method 923.03-

32.1.05, (AOAC, 1995).  Sample weights of about 5 g were weighed in pre-conditioned 

crucibles. First, the sample was charred by a flame to eliminate carbons before being incinerated 
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at 550
0
C in a muffle furnace, to the point of white ash. The residues were cooled in a dessicator 

and the weights taken. Calculation was done using the formula: 

% Crude ash =             

W1 - Weight of ash 

W2 - Weight of the sample 

3.4.5 Determination of crude fiber 

Crude fiber was determined according to (AOAC, 1995, Method 920.86-32.1.15). 

Approximately 2 g of sample was weighed into a 500 ml conical flask. About 200 ml of boiling 

1.25% H2SO4 was added and boiled for 30 minutes under reflux condenser. Filtration was done 

under slight vacuum with Pyrex glass filter (crucible type) and the residue washed to completely 

remove the acid with boiling water. Approximately 200 ml of boiling 1.25% NaOH was added to 

the washed residue and boiling done under reflux for another 30 minutes. Filtration was done 

using the same glass filter previously used with the acid. The residue was rinsed with boiling 

water followed by 1% HCl and again washed with boiling water to rinse the acid from the 

residue. The residue was washed twice with alcohol and thrice with ether. It was then dried in a 

Hot-air oven at 105ºC in a porcelain dish to a constant weight. Incineration was then done in a 

muffle furnace at 550ºC for 3 hrs and the dish cooled in a dessicator. The final weight taken and 

calculation was done using the formula: 

% Crude fiber=              

W1 - Weight of acid and alkali digested sample 

W2 - Weight of incinerated sample after acid and alkali digestion  

W - Weight of sample taken. 

3.4.6 Determination of total carbohydrate 

Carbohydrate was estimated by difference based on Müller and Tobin (1980) method.  

Total carbohydrates %                                                     

           ) 
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3.5 Determination of mineral content 

Mineral analysis was determined according to AOAC (1995) method. The ash that was 

previously determined (refer to 3.4.4) was cooled. This was then followed by addition of 15 ml 

of 6N HCl to samples in crucibles before transferring to 100 ml volumetric flasks. Distilled water 

was used to top up to the mark (100 ml). A standard solution of calcium, iron and zinc at 

different concentrations was prepared and was subjected to atomic absorption spectrophotometer  

Standards of (refer to appendix 1). Atomic Absorption Spectroscopy (AAS) was used for all the 

minerals (Model A-6200, Shimadzu, Corp., Kyoto, Japan). 

3.6 Determination of in vitro protein digestibility 

The pepsin digestion method was used based on that of Hamaker et al., (1987). Accurately 

weighed samples (200 mg) were digested with P7000100G pepsin, activity 863 units/mg proteins 

for 3 hours at 37°C and products of digestion was pipetted off using a Pasteur pipette. The 

residues were washed with distilled water and clear supernatant pipetted off. The residues were 

then dried in an oven at 100°C overnight. The residual protein was determined by the Dumas 

combustion method (American Association of Cereal Chemists (AACC) International, 2000). 

Protein digestibility (%)                                                      

3.7 Shelf life determination based on microbial growth 

3.7.1 Total plate count determination 

Using the aerobic plate count technique on plate count agar, serial diluents in ratios of 1:10 using 

peptone water was done. Further stepwise serial dilutions were done appropriately in series 

tubes. Twenty milliliters of plate count agar was poured into each of the test tubes at 45ºC and 

incubated at 35ºC for 48 hours. Duplicate plates of at least one of three dilutions between 30-300 

colony ranges were considered to compute the average count per gram and reported as CFU/ml 

(AOAC 966.23, 2000). 

3.7.2 Total yeast count determination 

Using the potato dextrose agar (PDA), serial diluents in ratios of 1:10 using peptone water were 

done. Further stepwise serial dilutions were done appropriately in series tubes. Twenty milliliters 

of the PDA agar was poured into each of the test tubes and incubated at 25ºC for 48 hours. 

Duplicate plates of at least one of three dilutions between 20-200 colony ranges were considered 

to compute the average count per gram and reported as CFU/ml. 
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3.7.3 Escherichia coli determination 

Using the violet red bile agar (VRBA), serial diluents in ratios of 1:10 with peptone water were 

done. Further stepwise serial dilutions were done appropriately in series tubes. Twenty milliliters 

of the VRBA was poured into each of the test tubes and incubated at 37ºC for 24 hours. 

Duplicate plates of at least one of three dilutions between 20-200 colony ranges were considered 

to compute the average count per gram and reported as CFU/ml. 

3.8 Sensory analysis 

Thirty semi-trained panelists consisting of staff members and graduate students from Jomo 

Kenyatta University of Agriculture and Technology evaluated ‗ugali‘ made from the different 

blends. The samples were prepared by use of clean drinking water boiled for 10 minutes and the 

flour blends added and mixed to make ‗ugali‟. Characteristics evaluated were: a) Appearance, b) 

Color, c) Mouth feel, d) Texture, e) Taste and f) Overall acceptability (refer to appendix 4). A 9 

point Hedonic scale (Rangana, 1994) was used to measure the consumer acceptability of the 

products. The relative importance of each factor was compared numerically on a scale of 1 to 9; 

1 = dislike extremely, 9 = like extremely). Each panelist gave a score. The average score of each 

sample was then calculated.  

3.9 Data analysis 

Data on feasibility study was analysed using Microsoft excel. For nutrient content  analysis, three 

independent replications were conducted and the data obtained subjected to Analysis of Variance 

(ANOVA) using Genstat 14
th

 edition, 2012 (VSN international, UK). Mean comparisons for 

treatments were made using Duncan's Multiple Range Tests. Significant difference was accepted 

at P≤0.05 (Steel and Torrie, 1980). 
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CHAPTER FOUR 

4.0 RESULTS AND DISCUSSION 

4.1 Feasibilty study  

4.1.1 Supermarkets  

Supermarkets were selected as they are one of the fastest growing retail shops in Kenya. In urban 

Kenya, they have risen from a tiny niche a half decade ago to a fifth of food retail, targeting all 

income groups. In addition, they are expected to provide a wide range of quality and variety as a 

means to appeal to consumers (Terblance and Boshoff, 2004). Therefore, the study was carried 

out in three main supermarkets in Nairobi. The results showed that a wide variety of grain 

amaranth flour and its products were sold. The composite flour pack sizes were 500g, 1Kg and 

2Kg. Packaging materials for processed amaranth grain products was polythene bags and paper 

boards. Flour packed in polythene bags was hardly branded while those in paper boards were 

branded with the Kenyan standardization mark. The prices of grain amaranth flour products 

ranged from as low as KES 55/kg to as much as KES 115/kg. These prices on the final products 

were dependent on the pack size and the flour constituents. In addition, the products were also 

either fermented or unfermented. Those meant for complementary feeding were unfermented 

whilst those targeting family consumption were mainly fermented. The composite flours were 

meant for ―uji‖- (a thick gruel porridge) preparation and also for “ugali” preparation. This study 

indicated that in the month of March and April 2014, “Nakumatt” supermarket sold the most 

quantity (54%) of amaranth grain products while “Uchumi” supermarket sold the least (8%) as 

shown in Figure 2.  

 

Fig 2: Market share of amaranth grain products sold in March and April 2014 



 

26 

 

According to information on the labels of grain amaranth products, grain amaranth flour was 

mixed with flours such as finger millet, cassava, soya, groundnuts, beans and green grams. In 

fact, some companies also had fortified pure amaranth grain flour with vitamins and minerals. 

Despite these mixtures and additions, grain amaranth flour was hardly mixed with maize flour. 

4.1.2 Companies 

An industrial survey on grain amaranth and its products is shown in Table 6. From this study, 

raw grain amaranth is locally obtained from Western and Nyanza regions in Kenya. The grain is 

either sent directly to the processors or gets into the hands of middlemen and finally to the 

processors. Industries purchased a kilo of grain amaranth from as low as KES 70 to KES 130. 

The industry that had the highest consumption of grain amaranth per month was” Kirinyaga 

millers” (2 tonnes per month while “Nature‟s Pure Health” and “Promote Amaranth” which 

used 0.5 tonnes per month had the lowest consumption. Pre-processing procedures included 

cleaning and drying in all the industries. Cleaning and drying is important for removal of 

contaminants and prevention of mold growth. The main process subjected to the grain was 

milling with others being toasting, popping, puffing and fermentation. The temperature-time 

combination during thermal processing was mainly 120ºC for 5 seconds. There were high 

variations in the blending ratios of amaranth flour with other flours. These variations depended 

largely on the company as well as consumer needs. 
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Table 6: Industrial survey of grain amaranth 

NAME OF 

INDUSTRY 

SOURCE OF RAW 

MATERIALS 

AMARANTH 

PRICE/KG 

GRAIN 

USED/MONTH 
PRE-PROCESSING 

GRAIN 

PROCESSING 

TIME - 

TEMP 

BLENDING 

RATIOS 

Kirinyaga 

millers 

Kakamega,Bungoma, 

Budalangi (Western) 
70 – 130 2 tonnes Cleaning, drying Milling None 

Dependent on 

consumer needs 

Annico 

Enterprises 

Budalangi, Suba, 

Bondo, Lugali, Busia 
85 1 tonne Cleaning, drying 

Milling 

Toasting 

Puffing 

120°C-5 sec 

Maize: amaranth  

3:1                  

Amaranth: rice      

7:3 

Promote 

Amaranth 

Bondo, Suba 

 

70 0.5 tonne Cleaning, drying 

Milling 

Popping 

Toasting 

120°C-5 sec 

Maize+wheat: 

Amaranth               

3:1 

Ngong 

Amaranth 

Foods 

Kakamega, Suba, 

Bondo 
80-100 1 tonne Cleaning, drying 

Milling 

Popping 

Fermentation 

120°C-5 sec 
Amaranth: other 

flours 1:2 

Nature’s 

Pure  health 

Budalangi, Suba, 

Bondo, Lugali, Busia 
80-100 0.5 tonne Cleaning, drying 

Milling 

Toasting 

120°C-5 sec 

Amaranth: millet 

1:3 
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4.2 Proximate analysis of the blends 

The nutritional composition of the raw materials and the formulated blends are shown in 

Tables 7 and 8. Table 7 indicates the nutritional quality of refined maize flour blends while 

Table 8 indicates the nutritional quality of whole meal flour blends. Each of the nutrition 

parameters will be discussed independently for the raw materials, whole and refined maize 

flour blends. 

Table 7: Proximate composition of raw materials and refined maize flour blends 

(g/100g) 

Means within the same column with different alphabetic superscripts were significantly 

different at (p=0.001). Values are presented as means ± standard error, n=3. RMF- Refined 

Maize flour; GAF- Grain Amaranth flour; RA1- 80:20 (RMF: GAF); RA2-70:30 (RMF: 

GAF); RA3- 60:40 (RMF: GAF); CHO – Carbohydrates, LSD – Least Significant Difference 

4.2.1 Moisture content 

There were significant differences (p=0.001) in the moisture content of the refined maize 

flour blends and whole meal flour blends. The moisture content of GAF was found to be 

8.34%, which was lower than RMF, WMF and all the blends. This could be as a result of 

longer conditioning periods prior to storage of the grain. The moisture content of RMF and 

WMF was found to be 13.05% and 12.67% respectively, which was within the recommended 

limit of 15.5% (WFP, 2012). The flour blends had moisture content ranging from 10.75 - 

Samples Moisture 
Crude 

fat 

Crude 

Protein 

Crude 

Ash 

Crude 

Fibre 
CHO 

RMF 12.73
d
±0.09 1.92

a
± 0.27 6.29

a
± 0.17 0.55

a
± 0.05 0.76

a
± 0.10 77.75

c
 ±0.26 

GAF 8.34
a
±0.02 7.61

d
± 0.21 15.82

e
 ±0.22 2.54

d
 ±0.02 4.50

d
± 0.13 61.19

a 
±0.57 

RA1 12.57
d
± 0.02 3.75

b
± 0.19 6.62

b
 ±0.22 0.83

b
± 0.01 1.78

b
 ±0.19 77.44

d
 ±0.51 

RA2 12.15
c
± 0.03 4.11

bc
± 0.08 7.92

c
± 0.24 1.04

c
 ±0.01 2.15

b 
±0.26 72.63

c
± 0.24 

RA3 11.11
b
± 0.11 4.63

c
± 0.13 8.80

d
 ±0.12 1.10

c
± 0.03 2.99

c
 ±0.18 71.38

b
± 0.22 

LSD 

5% 
0.371 0.585 0.627 0.121 0.662 1.179 

Grand 

Mean 
11.38 4.41 9.09 1.21 2.43 71.48 

P value 0.001 0.001 0.001 0.001 0.001 0.001 
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12.57%. The low moisture contents observed in this study could be an indicator of longer 

shelf life of the products. Generally, grain of higher moisture content is highly susceptible to 

deterioration. Furthermore, moisture content is highly dependent on the duration of the drying 

process thus an index of storage stability of the flour (Brewbaker, 2003). 

Table 8: Proximate composition of raw materials and whole meal flour blends (g/100g) 

Means within the same column with different alphabetic superscripts were significantly 

different at (p=0.001), Values are presented as means ± standard error, n=3. WMF- Whole 

Meal Maize flour; GAF- Grain Amaranth flour; WA1- 80:20 (WMF: GAF); WA2-70:30 

(WMF: GAF); WA3- 60:40 (WMF: GAF); CHO – Carbohydrates, LSD – Least Significant 

Difference 

4.2.2 Fat content 

GAF had significantly (p=0.001) higher lipid content (7.61%) than RMF (1.92%) and WMF 

(3.89%). Crude fat of GAF fell within the reported range of 5.60 to 10.9% (Mlakar et al 2009 

and Kariuki et al., 2013). Ijabadeniyi and Adebolu (2005) determined the fat content of three 

maize grain varieties grown in Nigeria which ranged from 4.77 - 5.00%. Abiose et al., (2014) 

reported values of 4.50% of whole meal flour which is higher than the reported value in this 

study. Values of 1.4% of maize flour that had been degermed and dehulled have been 

reported (Adeyeye et al., 2014) which is slightly lower than the reported value in this study. 

Onyango (2014) reported commercial sifted maize meal brands purchased from a 

supermarket in Nairobi ranging from 0.95 - 3.25%. The amount of crude fat is highly 

dependent on the refinement degree of maize flour thus reduces with eliminating much of the 

Samples Moisture 
Crude 

fat 

Crude 

Protein 

Crude 

Ash 

Crude 

Fibre 
CHO 

WMF 12.67
d
±0.10 3.89

a
± 0.28 9.81

a
± 0.26 1.14

a
± 0.01 2.68

b
± 0.13 67.99

c
 ±0.61 

GAF 8.34
a
±0.03 7.61

d
± 0.21 15.82

e
 ±0.22 2.54

e
 ±0.02 4.50

a
± 0.27 61.19

a 
±0.57 

WA1 11.64
b
± 0.10 5.55

b
± 0.27 10.43

b
 ±0.17 1.43

b
± 0.01 3.14

a
 ±0.15 67.80

c
 ±0.22 

WA2 11.47
c
± 0.03 6.08

bc
± 0.08 11.83

c
± 0.12 1.55

c
 ±0.10 3.40

a 
±0.41 65.66

b
± 0.46 

WA3 10.75
c
± 0.06 6.49

c
± 0.11 12.65

d
 ±0.19 1.67

d
± 0.01 3.42

a
 ±0.50 65.05

b
± 0.37 

LSD 

5% 
0.4621 0.5566 0.6146 0.0695 1.024 1.353 

Grand 

Mean 
10.98 5.93 12.11 1.67 3.43 65.90 

P value 0.001 0.001 0.001 0.001 0.001 0.001 
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germ portion. Most of the oil is found mainly in the germ. Significant differences (p=0.001) 

in lipid content were observed among the blends. The lipid content of the refined maize flour 

blends and the whole meal flour blends ranged from 3.75 - 4.63% and 5.55 - 6.49% 

respectively.  

The higher the proportion of amaranth flour in the blend the higher was the fat content. This 

trend is similar to maize fortified with Moringa olifera seed flour whereby an increase of up 

to 4.40% (Aluko et al., 2013) was observed and 8.34% for maize fortified with defatted 

pumpkin flour (Ikujeniola et al., 2013). 

4.2.3 Protein content 

Similarly, GAF had significantly (p=0.001) higher protein content (15.82%) than RMF 

(6.29%) and WMF (9.81%). The protein content of GAF was similar to that reported values 

ranging from 13.1-21% (Kariuki et al., 2013). Onyango (2014) reported commercial sifted 

maize meal brands purchased from a Nairobi ranging from 7.90 - 11.61% which is higher 

than the reported value in this study. Abiose et al., (2014) reported values of 9.80% of whole 

meal flour which is in agreement with the results of this study. Ijabadeniyi et al., (2005) 

determined the fat content of three maize grain varieties grown in Nigeria which ranged from 

4.77 - 5.00%. Significant differences (p=0.001) in protein content were observed among the 

blends. Addition of grain amaranth significantly improved the protein content of the blends. 

The protein content of the refined maize flour blends and the whole meal flour blends ranged 

from 6.62 - 8.80% and 10.43 - 12.65% respectively. This trend is similar to maize fortified 

with Moringa olifera seed flour whereby an increase of up to 4.82% (Aluko et al., 2013) was 

observed and 15.86% for maize fortified with defatted pumpkin flour (Ikujeniola et al., 

2013). Therefore the use of grain amaranth flour in blending increases the biological value 

(Bressani et al., 1990). 

4.2.4 Fibre content 

GAF had significantly (p=0.001) higher fibre content (4.50%) than RMF (0.76%) and WMF 

(2.68%). The fibre content of GAF was similar to reported values ranging from 3.1 – 5.0% 

(Kariuki et al., 2013). Onyango (2014) reported commercial sifted maize meal brands 

purchased from a Nairobi ranging from 1.34 – 2.20% which is higher than the reported value 

in this study. Ullah et al., (2010) reported a range of 0.89 – 2.32% of different maize varieties 

grown in Pakistan. Abiose et al., (2014) reported values of 2.60% of whole meal flour which 

is slightly lower than the results of this study. Ajabadenyi et al., (2005), reported fibre 
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content in the range of 2.07 – 2.97% for maize variety grains in Nigeria. Significant 

differences (p=0.001) in fibre content were observed among the blends. Furthermore, grain 

amaranth significantly improved the fibre content of maize flur blends. The fibre content of 

the refined maize flour blends and the whole meal flour blends ranged from 1.78 – 2.99% and 

1.43 – 1.67% respectively. This trend is similar to maize fortified with Moringa olifera seed 

flour whereby an increase of up to 1.55% (Aluko et al., 2013) was observed and 1.90% for 

maize fortified with defatted pumpkin flour (Ikujeniola et al., 2013). Crude fiber is highly a 

characteristic of the kernel seed coat (87% of the seed coat), but is also found in smaller 

amounts in the endosperm and germ walls. The fiber content of processed, dehulled kernels is 

drastically lower than that of whole-grain options, because fiber is concentrated in the 

pericarp. 

4.2.5 Ash content 

GAF had significantly (p=0.001) higher ash content (2.54%) than RMF (0.55%) and WMF 

(1.14%). Crude ash of GAF is within the range of 2.5 - 4.4% reported by Mlakar et al., 

(2009). Crude ash of RMF is within the range of 0.46 - 0.87% reported by Calvin (2014) of 

commercial sifted maize meal brands purchased from a supermarket in Nairobi. Crude ash of 

WMF is also within range of 1.0 - 2.0% reported by Aisha and El – Tinay (2004).  The higher 

the ash content the greater the proportion of non-endosperm material. Significant differences 

(p=0.001) were observed among the blends. The ash content of the refined maize flour blends 

and the whole meal flour blends ranged from 0.83 - 1.10% and 1.43 - 1.67% respectively. All 

the samples were within the acceptable ranges of up to 3 % (WFP, 2012).  

4.2.6 Carbohydrates 

RMF had significantly (p=0.001) higher carbohydrate content (77.75%) than WMF (67.99%) 

and GAF (61.19%). GAF was within the range that has been reported of 55 - 69% (Kariuki et 

al., 2013). Significant differences (p≤0.05) were observed in the blends. The carbohydrate 

content of the refined maize flour blends and the whole meal flour blends ranged from 71.38 

- 77.44% and 65.05 - 67.80% respectively. Maize is generally known to be high in 

carbohydrate and as such a good source of calories (Nuss and Tanumihardjo, 2011). The high 

carbohydrate content observed in this study indicates that the samples are energy dense foods 

which thus can be incorporated in addressing energy malnutrition.   
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4.3 Mineral composition 

The mineral composition of the raw materials and the formulated blends are shown in Table 9 

and 10. Generally, increase of amaranth flour significantly (p=0.001) increased the calcium, 

iron and zinc content of the blends. From the studies, sample WA3 had the highest amounts 

of the minerals analyzed followed by RA3. This indicates that grain amaranth can 

successfully be used to improve the micronutrient density of refined maize flour and whole 

meal flour. Differences in mineral composition of the samples can be attributed to genetic 

factors and environmental factors such as soil composition, irrigation frequency and type of 

fertilizer used. Concentration levels of the minerals in the corn are lower than the levels in 

wheat (Kulp & Ponte, 2000). The mineral constituents lost in milling may be replaced in 

maize meal, as in other cereal flours, by fortification with grain amaranth flour as indicated 

by the results. 

Table 9: Mineral composition of raw materials and refined maize flour blends (mg/100 

g) 

Means within the same column with different superscripts were significantly different at 

(P=0.001), Values are presented as means ± standard error, n=3. RMF- Refined Maize flour; 

GAF- Grain Amaranth flour; RA1- 80:20 (RMF: GAF); RA2-70:30 (RMF: GAF); RA3- 

60:40 (RMF: GAF); LSD – Least Significance Difference 

4.3.1 Calcium 

 GAF was significantly (p=0.001) higher in calcium (190.13 mg/100 g) as compared to RMF 

(2.46 mg/100 g) and WMF (6.94 mg/100 g). The content of calcium in grain amaranth is 

Samples Calcium Iron Zinc 

RMF 2.46
a
±0.15 0.72

a
± 0.08 0.67

a
± 0.02 

GAF 290.13
e
±1.30 9.58

e
± 0.14 4.38

e
 ±0.03 

RA1 57.1
b
± 0.53 2.21

b
± 0.21 1.41

b
 ±0.10 

RA2 88.8
c
± 1.22 3.06

c
± 0.25 1.77

c
± 0.07 

RA3 114.8
d
± 1.13 4.05

d
± 0.10 2.15

d
 ±0.09 

LSD 5% 2.458 0.585 0.141 

Grand Mean 110.13 4.41 9.09 

P value 0.001 0.001 0.001 
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slightly higher than reported values (189 mg/100 g) by Mburu et al., (2011). Significant 

differences (p=0.001) were observed in the blends. The calcium content of the refined maize 

flour blends and the whole meal flour blends ranged from 57.1 - 114.8 mg/100 g and 63.11 - 

13.82 mg/100 g respectively. Calcium plays a vital role in bone and tooth development, blood 

clotting and maintenance of healthy nerves and muscles (Ishida et al., 2000), thus important 

to have its daily requirement met. 

4.3.2 Iron 

Iron is a hemoglobin component which transports oxygen to body tissues. It is also a 

component of proteins and enzymes. Iron deficiencies especially in infants, has been 

associated with cognitive impairment and mental development (Andraca et al., 1997). GAF 

was significantly (p=0.001) higher in iron (9.58 mg/100 g) as compared to RMF (0.72 

mg/100 g) and WMF (2.38 mg/100 g). Significant differences (p=0.001) were observed in the 

blends. The calcium content of the refined maize flour blends and the whole meal flour 

blends ranged from 57.1 - 114.8 mg/100 g and 63.11 – 113.82 mg/100 g, respectively.  

Table 10: Mineral composition of raw materials and whole meal flour blends (mg/100 g) 

Means within the same column with different superscripts were significantly different at 

(P=0.001), Values are presented as means ± standard error, n=3. WMF- Whole Meal Maize 

flour; GAF- Grain Amaranth flour; WA1- 80:20 (WMF: GAF); WA2-70:30 (WMF: GAF); 

WA3- 60:40 (WMF: GAF); LSD – Least Significant Difference 

4.3.3 Zinc  

Zinc is an essential component of most enzymes in the body. Zinc boosts immunity and also 

helps the body heal wounds and maintain normal blood glucose levels. Research suggests that 

Samples Calcium Iron Zinc 

WMF 6.94
a
±0.20 2.38

a
± 0.33 1.36

a
± 0.08 

GAF 290.13
e
±1.30 9.58

d
± 0.14 4.38

d
 ±0.03 

WA1 63.11
b
± 0.44 3.81

b
± 0.10 2.02

b
 ±0.10 

WA2 84.22
c
± 1.14 4.65

b
± 0.13 2.22

c
± 0.07 

WA3 113.82
d
± 1.29 5.26

c
± 0.10 2.53

c
 ±0.08 

LSD 5% 4.052 0.2370 0.64 

Grand Mean 111.64 2.50 5.14 

P value 0.001 0.001 0.001 
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zinc also has a role in improving recall skills, reasoning and attention (Krebs et al., 2006). 

GAF was significantly (p=0.001) higher in zinc (4.38 mg/100 g) as compared to RMF (0.67 

mg/100 g) and WMF (1.36 mg/100 g). The content of zinc in grain amaranth is slightly 

higher than reported values (3.6-4mg/100 g) by Kariuki et al., 2013. Hassan et al., (2009) 

reported 0.5 mg/100 g of maize varieties grown in Sudan which is slightly lower than the 

reported values in this study. Significant differences (p=0.001) were observed in the blends. 

The zinc content of the refined maize flour blends and the whole meal flour blends ranged 

from 1.41 - 2.15% mg/100 g and 3.81 - 5.26 mg/100 g respectively. 

4.4 Protein digestibility 

The protein digestibility of raw materials and the formulated blends are shown in Figure 3. 

RMF had significantly (p=0.001) higher protein digestibility (86.23%) than GAF (77.04%) 

and WMF (73.14%). In vitro digestibility of 61 - 76% has previously been reported for raw 

grain amaranth proteins (Correa et al., 1996). The relatively low protein digestibility of raw 

grain amaranth compared to refined maize flour may be attributed due to the influence of 

anti-nutrients such as enzyme inhibitors, lectins, phytates, tannins and dietary fiber, which 

inhibits protein digestion (Nestares et al., 1993). These anti nutrients interact with protein to 

form complexes that decrease protein solubility (Alonso et al., 2000). Also the protein 

structures are not denatured thus less protein are accessible for enzyme digestion (Fennema, 

1996). The in vitro protein digestibility values recorded from grain amaranth were higher 

than reported digestibility values for whole raw maize (66.6%) and sorghum (55.8 - 59.1%) 

(Duodu et al., 2002). The digestibility of RMF was higher than that reported of 84.5% 

(Malomo et al., 2013). This could be attributed to the removal of the bran during milling 

resulting in reduction of anti-nutrients. 

Significant differences (p=0.001) were observed in the blends. The protein digestibility of the 

refined maize flour blends and the whole meal flour blends ranged from 80.17 - 83.67% and 

74.04 - 75.92% respectively. The protein digestibility of the refined maize flour blends 

decreased with increase of GAF with sample RA1 being the highest. The decrease could be 

attributed to the high content of anti-nutrients in grain amaranth flour. The protein 

digestibility of the whole meal flour blends increased with increase of GAF with sample 

WA3 being the highest.  

The biological utilization of protein is majorly dependent on its digestibility (Cruz et al., 

2003). Products with high protein digestibility are considered nutritionally better for they 
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provide higher amino acid amounts during absorption. Low protein digestibility in the diet 

affects the bioavailability of the amino acids and also the protein quality of the food (Gilani et 

al., 2005). However, the higher protein content of GAF will compensate for the reduced 

digestibility in the blends. 

 

Values are presented as means ± standard error, n=3. RMF - Refined Maize flour; GAF - 

Grain Amaranth flour; WMF - Whole Meal Maize flour; RA1 - 80:20 (RMF: GAF); RA2 -

70:30 (RMF: GAF); RA3 - 60:40 (RMF: GAF); WA1 - 80:20 (WMF: GAF); WA2 - 70:30 

(WMF: GAF); WA3- 60:40 (WMF: GAF). 

Fig 3: Protein digestibility of the different flour blends 

4.5 Microbiological quality of the flours 

Generally, flour is considered a microbiologically safe product due to its low water activity. 

The results in Figure 4, 5 and 6 indicate the rate of microbial growth during storage at 0, 3 

and 6 months.  

Total plate count(TPC) and coliform count indicate the effectiveness and efficiency of the 

food chain process and also information on shelf life and organoleptic changes of the food 

stuff (Batool et al., 2012). Higher coliform count, TPC and E. coli counts more than the legal 

limits indicate poor sanitation and/or problems with the process control and handling of the 

raw materials and their products. 
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Values are presented as means ± standard error, n=3. RMF - Refined Maize flour; GAF - 

Grain Amaranth flour; WMF - Whole Meal Maize flour; RA1 - 80:20 (RMF: GAF); RA2 -

70:30 (RMF: GAF); RA3 - 60:40 (RMF: GAF); WA1 - 80:20 (WMF: GAF); WA2 - 70:30 

(WMF: GAF); WA3- 60:40 (WMF: GAF). 

Fig 4: Total plate count of the different flour blends 

GAF had significant (p=0.002) lower microbial counts as compared to RMF and WMF. This 

might be due to the fact that the grains had been toasted for 5 minutes at 100ºC and this may 

have reduced the microbial load. High microbial counts found in refined maize flour and 

whole meal flour may be attributed to microbes already present in the cereal before milling or 

the milling method used. Build-up of residues may also be a source of contamination 

(Berghofer et al., 2003). There was an increase in microbial load of the blends during the 

storage period. This could be attributed to the blends having a better nutrient base than the 

unfortified flour, thus offering better growth conditions for the microbes. Similar to this, 

Bothast et al., (1981) found that both bacteria and mold counts in maize meal increased 

during the storage period 
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 Values are presented as means ± standard error, n=3. RMF - Refined Maize flour; GAF - 

Grain Amaranth flour; WMF - Whole Meal Maize flour; RA1 - 80:20 (RMF: GAF); RA2 -

70:30 (RMF: GAF); RA3 - 60:40 (RMF: GAF); WA1 - 80:20 (WMF: GAF); WA2 - 70:30 

(WMF: GAF); WA3- 60:40 (WMF: GAF). 

Fig 5: Yeast and mould counts of the different flour blends 

 

The level of  contamination  of  flour  by  yeasts  and  moulds  is  of paramount importance  

when considering the  quality and safety of food. Yeast and moulds in the blends increased 

with increased storage time. This deterioration could lead to moulds producing enzymes 

which begin to degrade the lipids. Consequently, this affects the quality parameters of the 

flour during storage. The maximum legal limit for fungi in flour is log10 3 cfu/g (WFP, 2012). 

Yeasts and moulds from the results were within recommended limits. Higher level of fungi 

more than the legal limits deteriorates the quality of food and causes food borne diseases.  

E. coli was detected in all the samples at very low levels and the results were within the WFP 

legal limits (log101 cfu/ml). All samples were free from Salmonella. The results obtained 

were consistent with WFP (2012) up to 3 months. Studies have shown few cases of food 

borne disease outbreaks caused by flours (Batool et al., 2012). 
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Values are presented as means ± standard error, n=3. RMF - Refined Maize flour; GAF - 

Grain Amaranth flour; WMF - Whole Meal Maize flour; RA1 - 80:20 (RMF: GAF); RA2 -

70:30 (RMF: GAF); RA3 - 60:40 (RMF: GAF); WA1 - 80:20 (WMF: GAF); WA2 - 70:30 

(WMF: GAF); WA3- 60:40 (WMF: GAF). 

Fig 6: Escherichia coli counts of the different flour samples 

4.6 Sensory analysis 

The sensory attributes of “ugali” from the different blends are shown in Tables 11 and 12. 

Generally, the different variations of “ugali” samples were all acceptable. There were 

significant differences (p≤0.05) among the products. Incorporation of grain amaranth flour to 

refined maize flour and whole meal flour significantly (p˂0.05) reduced the attributes of 

appearance, colour, mouth feel, texture, taste and overall acceptability. In addition, there were 

no significant differences (p≤0.05) in all the sensory attributes between RA2 and RA3 and 

WA2 and WA3. 

The colour of the ‗ugali‘ is dependent on the colour of the flour used to make it. The results 

showed that for the refined maize flour blends, the colour of the ‗ugali‘ prepared of RMF was 

most preferred followed by RA1 and RA2. In fact, this was similar to whole meal flour 

blends whereby the most preferred was WMF followed by WA1 and WA2. Notably, the 

preference for RMF could be due to its light colour in comparison to the rest of the blends. 

Increasing the proportion of grain amaranth flour resulted in a darker colouration of the 

blends. 
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Table 11: Sensory evaluation scores for ‘ugali’ from the refined maize flour blends 

Samples Appearance Colour 
Mouth 

feel 
Texture Taste 

Overall 

Acceptability 

RMF 8.17
c
±0.14 8.00

c
±0.16 7.63

c
±0.18 7.57

c
±0.23 7.80

c
±0.19 8.00

c
±0.17 

RA1 6.37
b
±0.26 5.93

b
±0.35 6.37

b
±0.35 6.20

b
±0.31 6.27

b
±0.36 6.27

b
±0.29 

RA2 5.03
a
±0.36 4.97

a
±0.35 4.50

a
±0.39 4.73

a
±0.39 4.53

a
±0.40 4.93

a
±0.38 

RA3 4.40
a
±0.33 4.93

a
±0.30 4.30

a
±0.44 4.33

a
±0.41 4.20

a
±0.43 4.43

a
±0.33 

LSD 5% 0.771 0.825 0.945 0.962 0.959 0.804 

Grand 

Mean 
6.08 5.98 5.69 5.79 5.75 6.00 

P value 0.003 0.003 0.003 0.003 0.003 0.003 

Means within the same column with different alphabetic superscripts were significantly 

different at (p=0.003). Values are presented as means ± standard error, n=30. RMF- Refined 

Maize flour; GAF- Grain Amaranth flour; RA1- 80:20 (RMF: GAF); RA2-70:30 (RMF: 

GAF); RA3- 60:40 (RMF: GAF); LSD – Least Significance Difference 

 

Table 12: Sensory evaluation scores for ‘ugali’ from the whole meal flour blends 

Samples Appearance Colour 
Mouth 

feel 
Texture Taste 

Overall 

Acceptability 

WMF 6.43
b
±0.23 6.07

b
±0.28 5.63

b
±0.28 6.10

ab
±0.26 5.97

b
±0.34 6.27

b
±0.22 

WA1 5.30
a
±0.39 5.60

ab
±0.32 5.50

b
±0.33 5.37

b
±0.30 5.27

ab
±0.34 5.83

b
±0.26 

WA2 4.80
a
±0.41 5.00

a
±0.38 4.50

a
±0.32 4.73

a
±0.40 4.80

a
±0.39 4.83

a
±0.32 

WA3 5.20
a
±0.32 4.93

a
±0.36 4.30

a
±0.41 4.60

a
±0.41 4.87

a
±0.35 4.67

a
±0.33 

LSD 5% 0.927 0.948 0.978 1.037 0.956 0.801 

Grand 

Mean 
5.43 5.40 4.98 5.20 5.22 5.40 

P value 0.008 0.008 0.008 0.008 0.008 0.008 

Means within the same column with different alphabetic superscripts were significantly 

different at (p=0.008). Values are presented as means ± standard error, n=30. WMF- Whole 

Meal Maize flour; GAF- Grain Amaranth flour; WA1- 80:20 (WMF: GAF); WA2-70:30 

(WMF: GAF); WA3- 60:40 (WMF: GAF); LSD – Least Significant Difference 
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The mouth feel, texture and taste from RMF and WMF were most preferred. Addition of 

grain amaranth flour resulted in the ‗ugali‘ obtaining a ‗grainy‘ texture, thereby affecting the 

mouth feel and taste of the blends. The results show that the most acceptable refined maize 

flour blend and whole meal flour blend was RA1 and WA1 respectively. Further increasing 

the grain amaranth flour resulted in progressive decline in acceptability of the blends. This 

could be due to the reason that respondents are more familiar to ‗ugali‘ made solely from 

maize flour.  
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CHAPTER FIVE 

5.0 CONCLUSIONS AND RECOMENDATIONS 

5.1 Conclusion 

Grain amaranth flour and its wide array of products are sold in relatively large amounts in the 

supermarkets. This is advantageous as supermarkets can be used as distribution platforms of 

new developed products, such as in this study.  

According to the study, grain amaranth flour is highly nutritious particularly with respect to 

proteins, fat and minerals as compared to refined and whole meal maize flour. Blending 

refined and whole meal maize flour with grain amaranth flour significantly increases the 

nutritional quality. Samples with the highest nutritional profile were the blends with 40% 

grain amaranth flour while the most acceptable blends were with 20% grain amaranth flour.  

The protein digestibility of refined maize flour blends decreased with increase of grain 

amaranth flour while that of whole meal flour blends decreased. Nutritionally, flours with 

higher levels of protein digestibility are preferred due to the increase in protein digestion. The 

shelf life of the blends was acceptable up to 3 months of storage after which they were not 

generally regarded as safe to consume due to unacceptable levels of microbes.  

Therefore, this study confirms that the approach of food to food fortification can provide a 

sustainable alternative to current chemical fortification approaches if indigenous food crops 

of high nutrient content are incorporated in common staple diets. Strategies such as nutrition 

education can be explored in order to enhance acceptability of blends with more than 20% 

inclusion of grain amaranth flour. Overall, grain amaranth can successfully be used in 

mitigating nutrition insecurity and reducing malnutrition levels in Kenya if used in blended 

maize recipes. 

5.2 Recommendations   

From the study, recommendations include to determine the effect of other processing 

techniques (malting, fermentation) on the nutrients and anti-nutrient content of grain 

amaranth flour, in particular digestibility of proteins. Also, to carry out in vivo tests in order 

to determine the bioavailability of nutrients such as starch.  
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Appendix 1: Standard curves for mineral composition 
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Appendix 2: Supermarket Survey questionnaire 

Name of supermarket…………………………..            Date………………………………….. 

Product name Package unit Price (KES) 
Average sales 

March 

Average sales 

April 

     

     

     

     

     

     

     

     

     

     

     

     

     

     

 

Thank you for your time 
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Appendix 3: industrial Survey questionnaire  

Date of interview: …………………..... 

Name of the industry 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

Where do you source your raw materials from? 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

……………………………………………………………………………………………….. 

 

At what price per kg do you buy amaranth grain? 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

What is the amount of amaranth grain used per month? 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 
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What are the post-harvest practices carried out after receiving grain amaranth? 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

Which are the common processing methods applied on grain amaranth? Please mention in 

order of the highest to lowest 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

……………………………………………………………………………………………….. 

 

In the case of processing, what are the time temperature combinations used? 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

What are the blending ratios of grain amaranth flours with other flours? 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

Thank you for your time 
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Appendix 4: Sensory evaluation form 

SENSORY EVALUATION FORM 

The sensory evaluation being carried out is of ‗ugali‘. Different flour mixing ratios have been 

used in preparation. The key flour includes Grain amaranth flour, refined maize flour and 

whole meal flour. The scale used is the 9 point hedonic scale whereby; 

 1   Dislike extremely  6   Like slightly  

2   Dislike very much             7   Like moderately 

3   Dislike moderately            8   Like very much 

4   Dislike slightly                  9   Like extremely 

5   Neither like nor dislike 

                                        

                                                THANK YOU FOR YOUR TIME 

  

 SAMPLES 

 F M H N G S J A 

Appearance         

Colour         

Taste         

Mouthfeel         

Texture         

Overall 

Acceptability 
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BIOFORTIFICATION OF MAIZE FLOUR WITH GRAIN AMARANTH FOR 

IMPROVED NUTRITION 

 

ABSTRACT 

Food insecurity and malnutrition remain two major problems in Kenya that causes under-

nutrition (protein-energy malnutrition) and nutrient deficiencies. In a bid to combat the 

problem, the government has targeted increased production of the micronutrient (minerals, 

vitamins) fortified maize flour. This is mostly based on chemical fortificants which is a short 

term measure that targets reducing the level of malnutrition while creating better livelihoods. 

However, there is need to think about long term and sustainable strategies. Among the causes 

that have led to food and nutrition insecurity in the country, there is the over reliance of 

maize as the staple food with others being sorghum, rice and millet. This study aimed at 

providing a better and more sustainable approach by fortifying maize based diets with grain 

amaranth. Maize was procured from National Cereals and Produce Board and processed to 

refined flour while amaranth grain that had been toasted at 100ºC for 5 minutes and milled 

into flour was obtained from Annicos Limited. Complementary formulations were then 

prepared by blending the flours. The refined maize flour was mixed with varying ratios of 0, 

20, 30 and 40% of the grain amaranth flour. The proximate composition, mineral content and 

microbiological analysis of the raw materials and the blends were determined using 

recognized standard methods while protein digestibility was determined after enzyme 

digestion. Nutritional composition of grain amaranth flour differed significantly (p≤0.05) as 

compared to refined maize flour; amaranth flour was found to be superior in proteins 

(15.82%), lipids (7.61%), ash (2.54%) and fibre (4.39%) as compared to proteins (6.29%), 

lipids (1.92%), ash (0.55%) and fibre (0.76%) in refined maize flour. Adding grain amaranth 

flour to refined maize flour at the different ratios increased the nutrient density significantly 
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(p≤0.05), particularly protein, iron, calcium and zinc. However, it decreased the digestibility 

of protein significantly (p≤0.05). The results indicate that although adding 40% grain 

amaranth gave the best results, the most acceptable blend was the 20% grain amaranth 

addition. They also indicate that ―food to food‖ fortification can be an approach that can be 

adapted towards meeting the nutrition requirements of our society. 

Key words: Nutrition security, biofortification, amaranth flour, maize flour, optimal blend 

INTRODUCTION 

Amaranth is an annual herb and is a pseudo cereal native to South and Central America [1]. 

There are about 60 amaranth species and between 4000 – 6000 varieties [2]. These species 

are cultivated in the world as cereals, leafy vegetables, and ornamental plants, while others 

occur naturally as weeds. Grain amaranth is mainly characterized by large flower heads 

which produce thousands of dicot seeds. It thrives mostly in temperate and tropical regions 

and also in poor soils and arid conditions [3]. In Kenya, the crop is mainly grown in Central, 

Western and Nyanza regions naturally in open fields especially in the rural areas. The 

average yield in fields is highly dependent on the weather patterns and agronomic practices 

[1]. This means a lot of arid and semi-arid areas can be converted to amaranth producing 

zones without compromising maize production. Amaranth grain contains significantly higher 

protein than most other cereal grains. In particular, it has a relatively high proportion of 

lysine, an essential amino acid, compared to maize, leading to its effective utilization as a 

protein source [4]. It is also a good source of fats [5], carbohydrates, fibre, sugars, vitamins 

(A, B, C, E) and minerals (iron, calcium and zinc) [6].  

Malnutrition is a widespread problem in Kenya mainly manifested through under-nutrition 

(protein-energy malnutrition) and micronutrient deficiency. On a national level, 35% of 

children under 5 years are stunted, 16% are underweight and 7% are wasted [7]. Prevalence 

of under-nutrition is high in urban slums where stunting among children under 5 years is 
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more than 40% [8]. Food and nutrition insecurity aggravated by the over reliance on staple 

foods especially highly refined maize is the main cause of under-nutrition in Kenya. Besides 

children, the other most vulnerable individuals are pregnant and lactating mothers, the elderly 

and refugees [9]. 

Maize is a staple food in many African countries thus increased possibilities for nutritional 

interventions, hence the main vehicle in fortification programs. Currently, maize flour is 

being fortified with vitamins A, B1, B2, B6, niacin and folate; iron and zinc. However, 

concerns on bioavailability, lipid oxidation and sensory quality resulting from fortification 

have previously been raised [10]. In Kenya, it is now government policy to fortify all flours. 

This is geared towards mitigating malnutrition within the vulnerable groups. The use of 

chemical fortificants is a short term measure which targets reducing the level of malnutrition 

while creating better livelihoods. However, there is need to think about long term and 

susainable strategies. In this project, other than using chemical fortificants, a food 

diversification approach is applied in which maize flour is fortified using grain amaranth. 

This approach has been previously recommended for unfermented porridge where it was 

shown that, inclusion of 70% amaranth flour in porridge will increase dietary iron intake 

among children in Kenya [11]. It is anticipated that this will be more sustainable since 

amaranth is locally available and the nutritional outcomes are better. 

MATERIALS AND METHODS 

Sample preparation 

Maize grain was provided by the National Cereals and Produce Board and processed to 

refined flour while amaranth grain which had been toasted at 100ºC for 5 minutes and milled 

into flour was obtained from Annicos Limited, Nairobi. The refined maize flour was mixed 

with inclusions of 0% (RMF), 20% (RA1), 30% (RA2) and 40% (RA3) of the grain amaranth 

flour as shown in table 1. Preliminary studies indicated that with above 40% of grain 
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amaranth, the product losses its cooking-pasting properties. Complementary meals were then 

prepared from the refined maize flour and the different blends of the flours. 

Determination of proximate composition 

Proximate composition of the raw materials and blends were determined as follows: Moisture 

content was determined by the oven drying method according to AOAC [12] method 930.04; 

Crude protein (N x 6.25) was determined using semi-microkjeldal method according to the 

AOAC [12] procedure 978.04; Crude fat was determined by the Soxhlet extraction according 

to the AOAC [12] method 920.85; Crude ash was determined by ashing according to AOAC 

[12] method 923.05; Crude fibre was determined by the Hennenberg-Stohman according to 

AOAC [12] method 920.86. An amount of 5 grams of the samples was used for each 

replicate. Total carbohydrates content of the samples was determined by difference [13]. 

Nutritional analysis was carried out in triplicate for the raw materials (refined maize flour 

(RMF) and grain amaranth flour (GAF)) and the different blends (RA1, RA2, RA3). 

Determinations of mineral composition 

The ash that was previously determined was cooled and dissolved in 15 ml 10% HCl in a 

volumetric flask which was then topped up to 100 ml mark with distilled water. This was 

used for mineral determination according to the AOAC method [13]. Iron, calcium and zinc 

were determined by Atomic Absorption Flame Spectrophotometer (Model A. A-6200, 

Shimadzu., Kyoto, Japan). 

Determination of Protein Digestibility 

Protein digestibility was determined according to the method by Hamaker et al [14] whereby 

1 g samples were digested in 2ml of pepsin for 2 hours at 37ºC. The residual protein was then 

determined using Semi-MicroKjeldal method according to the AOAC [12] procedure 978.04. 

Microbiological analysis 

Microbial analysis was done for samples kept for 0, 3 and 6 months. Total plate counts were 

determined on Plate Count Agar pour plates and enumerated after an incubation period of 48–
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72 hours at 37°C. E. coli was enumerated on Violet Red Blue Agar pour plates after an 

incubation period of 24hrs at 37ºC. Yeast and Moulds enumerated on Potato Dextrose Agar 

pour plates after an incubation period of 120 hours at 25ºC [15]. 

Sensory analysis 

Thirty semi-trained panellists consisting of staff members and graduate students from Jomo 

Kenyatta University of Agriculture and Technology evaluated ‗ugali‘ made from the different 

blends. All samples were prepared and cooked in clean drinking water boiled for 10 minutes 

and the flour blends added and mixed to make ‗ugali‘. Characteristics evaluated were: a) 

Appearance, b) Colour, c) Mouth feel, d) Texture, e) Taste and f) Overall preference. A 9-

point hedonic scale [16] was used to measure the consumer acceptability of the products. The 

relative importance of each factor was compared numerically on a scale of 9 to 1 (9 = like 

extremely, 1 = dislike extremely). Each panellist gave a score. The average score for each 

sample was then calculated.  

Data analysis 

Each determination was carried out in triplicate; the figures were averaged and standard error 

calculated. Data was subjected to ANOVA (p≤0.05) using GenStat 14
th

 edition (VSN 

international, UK). Comparison of treatment means was done using Duncan's Multiple Range 

Tests [17]. 

RESULTS 

The nutritional composition of the raw materials and the formulated blends are shown in table 

2. There were significant differences (p≤0.05) in the moisture content of the flours. The 

moisture content of grain amaranth flour (GAF) was found to be lower than that of the 

refined maize flour (RMF), and all the maize-amaranth flour blends (RA1, RA2 and RA3). 

The moisture content of the flour blends was within the range of 11.11 - 12.57%.  
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Grain amaranth flour (GAF) had significantly (p≤0.05) higher lipid content than refined 

maize flour (RMF). Significant differences (p≤0.05) in lipid content were observed among 

the blends. The lipid content of the blends ranged from 3.75 - 4.63% with RA3 being the 

highest. Similarly, GAF had significantly (p≤0.05) higher protein content than RMF. 

Significant differences (p≤0.05) in protein content were observed among the blends. The 

protein content of the blends ranged from 6.62 – 8.80% with RA3 being the highest. Crude 

fibre was significantly (p≤0.05) higher in GAF as compared to RMF. Significant differences 

(p≤0.05) were observed among the blends. The fibre content of the blends ranged from 0.83 - 

2.99% with RA3 being the highest. Grain Amaranth flour had significantly (p≤0.05) higher 

ash content than RMF. Significant differences (p≤0.05) were observed among the blends. The 

ash content of the blends ranged from 0.83 - 1.10%. Sample RA3 had the highest nutritional 

composition. Refined maize flour had significantly (p≤0.05) higher carbohydrate content than 

GAF. Significant differences (p≤0.05) were observed in the carbohydrate content of the 

blended flours. The carbohydrate content of the blended flours ranged from 71.38 - 77.44%. 

The mineral composition of the raw materials and the formulated blends are shown in table 3. 

The results indicate that there was a significant difference (p≤0.05) between GAF and RMF. 

GAF was higher in calcium, iron and zinc as compared to RMF.  Significant differences 

(p≤0.05) were also observed in the mineral content of the blended flours. Sample RA3 had 

the highest levels of the minerals analysed; calcium, iron and zinc. 

Figure 1 shows that the protein digestibility of the different flours and blends ranged from 

77.04 - 86.24%. RMF had significantly (p≤0.05) higher protein digestibility than GAF.  

There were significant differences (p≤0.05) observed among the blends with RA1 being the 

highest. 
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Figure 1: Protein digestibility of the different flour samples. RMF- Refined Maize flour, 

GAF- Grain Amaranth flour, RA1- 80:20 (RMF:GAF) RA2- 70:30 (RMF:GAF), RA3- 

60:40 (RMF:GAF) 

The results in Figure 2 indicate the microbial counts during storage. GAF had significant 

(p≤0.05) lower microbial counts (Total plate count (A), E. coli (B) and yeasts and moulds 

(C)) as compared to RMF during the storage interval. Significant differences (p≤0.05) were 

also observed among the blends. All samples followed an increasing trend as the storage 

months progressed. 

The sensory attributes of ‗ugali‘ made from the different blends are shown in Table 4. 

Generally, the different variations of ―ugali‖ samples were either acceptable or neutral with 

significant differences (p≤ 0.05) among the products. However, there was no significant 

difference (p≤0.05) in all the sensory attributes between RA2 and RA3. The colour of the 

‗ugali‘ prepared from RMF was most preferred followed by RA1 and RA2. The mouth feel, 

texture and taste from RMF were most preferred. The results show that the most acceptable 

blend was RA1. 
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Figure 2: Total plate count (A), E. Coli (B), and fungal (yeasts and moulds) count (C) of 

the different flour samples. GAF- Grain Amaranth flour, RMF- Refined Maize flour, 

RA1- 80:20 (RMF:GAF), RA2- 70:30 (RMF:GAF), RA3- 60:40 (RMF:GAF) 

DISCUSSION 

The moisture content of grain amaranth flour (GAF) was lower than refined maize flour 

(RMF) and all the maize-amaranth flour blends (RA1, RA2 and RA3). The moisture content 

of all the flours was within the recommended limit of 15.5% [18]. The low moisture contents 

observed in this study is an indicator of longer shelf life of the products. Moisture content is 

highly dependent on the duration of the drying process thus an index of storage stability of 

the flour. 
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Increase in the proportion of GAF in the blends resulted in increase of protein, lipid, fibre and 

ash content. The protein content of GAF was similar to that reported values [6]. Therefore, 

the use of grain amaranth flour in blending RMF increases the biological value of the blends 

[19]. Increasing the refinement degree of maize flour eliminates much of the germ portion. 

This results in removal of most of the oil which is found mainly in the germ. Ash content is 

an indication of the total mineral matter in the flour. All the samples were within the 

acceptable range of up to 3% ash [18]. Generally, removal of the outer skin of the maize 

during the milling process reduces the ash, protein and fat content [20]. The high 

carbohydrate content (61.19-77.75%) observed in this study indicates that the samples are 

energy dense foods which thus can be incorporated in addressing energy malnutrition.   

From the studies, sample RA3 had the highest amounts of the minerals analysed.  This 

indicates that grain amaranth can successfully be used to improve the micronutrient content 

of refined maize flour. Calcium plays a key role in bone and tooth development, nerve 

transmission and muscular contractions. Iron is a haemoglobin component which transports 

oxygen to body tissues. It is also a component of proteins and enzymes. Iron deficiencies 

especially in infants, has been associated with cognitive impairment and mental development 

[21]. Zinc is an essential component of most enzymes in the body [22]. The increased 

popularity and use of highly milled maize meal as opposed to traditionally ground or lightly 

milled maize results in deficiency of such micronutrients. The mineral constituents lost in 

milling may be replaced in maize meal, as in other cereal flours, by fortification with grain 

amaranth flour as indicated by the results. 

The protein digestibility of RMF was higher than that reported of 84.5% [23]. Higher protein 

digestibility in refined maize flour was probably due to the reduction of the anti-nutrients 

level during milling [24]. Reported values on protein digestibility of grain amaranth range 

between 74-80% [7]. In vitro digestibility of 61 - 76% has previously been reported for raw 
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grain amaranth proteins [25]. The in vitro protein digestibility of grain amaranth in this study 

were higher than reported values for whole raw maize (66.6%) and sorghum (55.8 - 59.1%) 

[26]. 

The relatively low protein digestibility of the GAF as compared to RMF in this study may be 

attributed to the influence of anti-nutrients such as phytates, tannins, enzyme inhibitors, 

lectins and dietary fibre. These anti nutrients interact with protein to form complexes that 

decrease protein solubility [24]. Increase of GAF in the blend resulted to reduced protein 

digestibility. The decrease could be attributed to the high content of anti-nutrients in grain 

amaranth flour. Low protein digestibility in the diet affects the bioavailability of the amino 

acids and also the protein quality of the food. However, the higher protein content of GAF 

will compensate for the reduced digestibility in the blends. 

Generally, flour is considered a microbiologically safe product due to its low water content 

[27]. The results in Figure 2 indicate the rate of microbial growth during storage interval. 

GAF had significantly (p≤0.05) lower microbial counts as compared to RMF. This may be 

due to the fact that the grains were toasted for 5 minutes at 100ºC before milling therefore 

reduction in the microbial load. Studies have shown few cases on food borne disease 

outbreaks caused by flours [28]. High microbial counts found in refined maize flour may be 

attributed to microbes already present in the cereal before milling, and/or the milling method. 

Build-up of residues at the storage and handling points may be a source of contamination 

[28]. Increase in microbial load of the blends during storage could be attributed to the blends 

having a better nutrient base than refined maize meal. Therefore, the blends offered better 

growth conditions for microbes. 

The level of contamination of fungi (yeasts and moulds) is highly important as it affects the 

quality and safety of the flour. The maximum legal limit for fungi in flour is log10 5 cfu/g 
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[18]. Yeasts and moulds from the results were within the recommended limits. Yeast and 

moulds in the blends increased with increased storage time. This could be as a result of 

favourable conditions of the microbes to grow. Fungi levels beyond the maximum limit lead 

to deterioration of foods and causes food borne diseases. Moulds may produce enzymes 

which begin to degrade the lipids consequently affecting the quality parameters of the maize 

meal during storage. Bothast et al. [29] found that both bacteria and mould counts in maize 

meal increased during the storage period before finally decreasing. 

E. coli and total plate count (TPC) indicate the hygienic properties and gives information on 

shelf life of the food. Higher counts beyond the maximum limit indicate poor sanitation in the 

processing methods as well as mishandling of the raw products. E. coli was detected in all the 

samples at very low levels and the results were within the WFP maximum limits of log101 

cfu/ml. The maximum legal limit for total plate count is log10 5 cfu/ml [18]. The results 

obtained were therefore consistent with WFP recommendations [18] up to 3 months. 

However, the shelf life of the blends can be improved by applying Good Agricultural 

Practices (GAP). 

Incorporation of grain amaranth flour to refined maize flour significantly (p≤0.05) reduced 

the attributes of appearance, colour, mouth feel, texture, taste and overall acceptability. 

However, there was no significant difference (p≤0.05) in all the sensory attributes between 

RA2 and RA3.The colour of the ‗ugali‘ prepared from RMF was most preferred followed by 

RA1 and RA2. The preference for RMF could be due to its lightest colour. Increase of grain 

amaranth flour resulted in darker colouration. The mouth feel, texture and taste from RMF 

were most preferred. Addition of Grain amaranth flour resulted in the product obtaining a 

‗grainy‘ texture. The results show that the acceptable blend was RA1. Further increase of the 

grain amaranth flour in the blends resulted in progressive decline in acceptability. This can be 

explained by familiarity of solely maize flour.  
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CONCLUSION 

According to the study, grain amaranth flour is highly nutritious particularly with respect to 

proteins, fat and minerals as compared to refined maize flour. Blending refined maize flour 

with grain amaranth flour significantly increases the nutritional quality of the refined maize 

flour. The sample with the highest nutritional profile was the blend with 40% grain amaranth 

flour while the most acceptable blend was the 20% grain amaranth addition. The approach of 

food to food fortification can provide a sustainable alternative to current chemical 

fortification approaches if indigenous food crops of high nutrient content are incorporated in 

common staple diets. Grain amaranth can successfully be used in mitigating nutrition 

insecurity and reducing malnutrition levels in Kenya if used in blended maize recipes. 
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TABLES 

Table 1: Formulation of maize and amaranth blends 

 RMF RA1 RA2 RA3 GAF 

Refined Maize Flour 100 80 70 60 0 

Grain Amaranth Flour 0 20 30 40 100 

Total Weight (g) 100 100 100 100 100 

RMF- Refined Maize flour, GAF- Grain Amaranth flour, RA1- 80:20 (RMF: GAF) 

RA2-70:30 (RMF: GAF), RA3- 60:40 (RMF: GAF) 
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TABLE 2: Proximate composition of the raw materials and the blends 

 

Means within the same column with different alphabetic superscripts were significantly 

different at (p≤0.05), values are presented as means ± standard error, n=3 

CHO – Carbohydrates, LSD – Least Significant Difference  

Samples Moisture Crude 

fat 

Crude 

Protein 

Crude 

Ash 

Crude 

Fibre 

CHO 

RMF 12.73
d
±0.0

9 

1.92
a
± 0.27 6.29

a
± 0.17 0.55

a
± 0.05 0.76

a
± 0.10 77.75

c
 ±0.26 

GAF 8.34
a
±0.02 7.61

d
± 0.21 15.82

e
 

±0.22 

2.54
d
 ±0.02 4.50

d
± 0.13 61.19

a 
±0.57 

RA1 12.57
d
± 

0.02 

3.75
b
± 0.19 6.62

b
 ±0.22 0.83

b
± 0.01 1.78

b
 ±0.19 77.44

d
 

±0.51 

RA2 12.15
c
± 

0.03 

4.11
bc

± 

0.08 

7.92
c
± 0.24 1.04

c
 ±0.01 2.15

b 
±0.26 72.63

c
± 0.24 

RA3 11.11
b
± 

0.11 

4.63
c
± 0.13 8.80

d
 ±0.12 1.10

c
± 0.03 2.99

c
 ±0.18 71.38

b
± 

0.22 

LSD 

5% 

0.377 0.585 0.141 0.121 0.7077 1.179 

Grand 

Mean 

11.38 4.41 9.09 1.21 2.433 71.48 
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TABLE 3: Mineral composition of raw materials and the blends 

Means within the same column with different superscripts were significantly different at 

(P≤0.05), values are presented as means ± standard error, n=3, LSD – Least Significance 

Difference  

Samples Calcium Iron Zinc 

RMF 2.46
a
±0.15 0.72

a
± 0.08 0.67

a
± 0.02 

GAF 290.13
e
±1.30 9.58

e
± 0.14 4.38

e
 ±0.03 

RA1 57.1
b
± 0.53 2.21

b
± 0.21 1.41

b
 ±0.10 

RA2 88.8
c
± 1.22 3.06

c
± 0.25 1.77

c
± 0.07 

RA3 114.8
d
± 1.13 4.05

d
± 0.10 2.15

d
 ±0.09 

LSD 5% 0.377 0.585 0.141 

Grand Mean 11.38 4.41 9.09 
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Table 4: Sensory evaluation scores for ‘ugali’ from the blends 

Samples Appearance Colour Mouth 

feel 

Texture Taste Overall 

Acceptability 

RMF 8.17
c
±0.14 8.00

c
±0.16 7.63

c
±0.18 7.57

c
±0.23 7.80

c
±0.19 8.00

c
±0.17 

RA1 6.37
b
±0.26 5.93

b
±0.3

5 

6.37
b
±0.3

5 

6.20
b
±0.3

1 

6.27
b
±0.3

6 

6.27
b
±0.29 

RA2 5.03
a
±0.36 4.97

a
±0.35 4.50

a
±0.39 4.73

a
±0.39 4.53

a
±0.40 4.93

a
±0.38 

RA3 4.40
a
±0.33 4.93

a
±0.30 4.30

a
±0.44 4.33

a
±0.41 4.20

a
±0.43 4.43

a
±0.33 

LSD 

5% 

0.771 0.825 0.945 0.962 0.959 0.804 

Grand 

Mean 

6.08 5.98 5.69 5.79 5.75 6.00 

Means within the same column with different alphabetic superscripts were significantly 

different at (p≤0.05), values are presented as means ± standard error, n=30, LSD – Least 

Significant Difference  
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