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ABSTRACT 

Weaning foods prepared commercially are not available and if available, unaffordable for the 

poor in developing countries. Weaning foods prepared traditionally from locally available raw 

materials such as cereal and/or legume flours have a high viscosity when reconstituted, which 

limits the total food intake by the infants. Weaning foods from plant sources are also high in 

antinutrients content which decreases nutrients bioavailability. The main objective of this study 

was to investigate the possibilities of improving the energy and nutrients density of sorghum-

based weaning foods using germination. 

Two varieties of sorghum (Sorghum bicolor) (L.)  Moench) seeds (varieties 76T1#23 and Meko) 

were collected for this study. Sorghum seeds were cleaned, soaked for 22 hours at room 

temperature (22±20C) and germinated for 36 and 48 hours at the soaking temperature. The 

germinated seeds were dried at 550C for 24 hours and milled into flour. The ungerminated 

sorghum seeds were also dried at 550C for 2 hours and milled. Using ungerminated and 

geminated sorghum flour and blend of the two in ratios of 85:15, 75:25, 50:50 and 75:25, eleven 

weaning foods were formulated for each of the two sorghum varieties.  

Germination of sorghum seeds increased significantly (P<0.05) the contents (%) of crude protein 

from 12.25 to 12.65 and from 10.44 to 10.87; of total phosphorus (mg/100g)from 208.42 to 

223.26 and from 183.04 to 193.56; non-phytate phosphorous from 95.95 to 169.69 and from 

52.02 to 136.14; iron from 8.21 to 11.99 and 7.19 to 10.98; zinc from 1.86 to 2.01 and from 1.78 

to 1.89; calcium from 17.09 to 25.93 and from 20.99 to 29.62 for varieties 76T1#23 and Meko, 

respectively.  In contrast, germination of sorghum grain decreased phytic acid levels (mg/100g) 

from 399.12 to 190.11 and from 464.94 to 203.76 and (molar ratios) of phytate to iron from 4.12 
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to 1.35 and from 5.49 to 1.58; phytate to zinc from 21.18 to 9.31 and from 25.72 to 10.64; and 

viscosity values (cP) at 13% dry matter concentration from 8689.74 to 2386.78 and from 8794.78 

to 2415.19; at 5% dry matter concentration from 2893.78 to 1142.11 and from 2987.43 to 1149.2, 

respectively. The sensory panelists preferred the gruel that contained 15% of germinated sorghum 

flour for all the sensory attributes investigated; while gruels prepared from 100% germinated 

sorghum flour was least preferred.  

Hence, germination appeared to be a promising food processing method to improve the nutrients 

and energy density and to decrease phytate levels and viscosity values of weaning food gruels 

significantly and to increased food intake in infants.  

 

 

 

 

 

 

 

 

 



1. INTRODUCTION 

1.1 Background  

Good nutrition is essential for adequate growth and cognitive development of children and to 

resist and fight against infection [1-4]. Breast milk is a sole and sufficient source of nutrition 

during the first six months of infant life. Breast milk contains all the nutrients and immunological 

factors infants require to maintain optimal health and growth. Towards the middle of the first 

year, breast milk is insufficient to support the growing infant. Nutritious complementary foods 

are, therefore, need to be introduced from six to twenty four months of age [4-6].  More than 10 

million children die each year from malnutrition and infectious diseases and the majority of 

children who die are from poor countries. Adequate nutrition and health care during the first 

several years of infant life is fundamental to prevent malnutrition and child death [4, 6, 7].  

Child malnutrition is, indicated by linear growth failure, stunting and wasting, one of the most 

serious health problems in developing world. In the developing world, 32% of children under-5 

years old suffer from being underweight and 39% from stunting. Child malnutrition is highly 

prevalence in South Asia and sub-Saharan Africa where 53% and 41%, respectively, are stunted. 

Wasting affects about 3, 7, and 10% of preschool age children in Latin America, Africa, and 

Asia, respectively [8-10]. Factors that contribute to malnutrition include unsatisfactory food 

intake, severe and repeated infections, or a combination of the two.  Inadequate and late 

supplementary feeding of infants is an important factor for the high incidence of child 

malnutrition, morbidity and mortality, especially in many developing countries [1-3, 6, 11].   
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Malnutrition affects physical growth, morbidity and mortality, cognitive development, 

reproduction, and physical work capacity and contributes greatly to the disability-adjusted life 

years (DALY) worldwide. Severe malnutrition in school-aged children exhibits compromised 

reasoning and perceptual-spatial functioning, poorer school grades, reduced attentiveness and 

unresponsive play behavior. It shows deficits in intellectual and behavioral functioning, as 

compared to their adequately nourished peers [12, 13]. 

The most serious nutritional deficiency in infants and young children is protein-energy 

malnutrition (PEM). Prevalence of PEM in infants after six months of age is high in Africa. At 

this stage, infants require higher energy and proteins in their diet to meet increasing demand for 

metabolism. PEM contributes to more than 50% of the deaths of children under-five years of age 

in developing countries [14-17]. Childhood malnutrition in developing countries is most 

prevalent between 6 and 18 months of age. Inadequate energy intake of infants in developing 

countries is may be due to limited household food availability, inadequate frequency of feedings, 

poor psychosocial interaction between the care-giver and the child, depressed appetite of the 

child due to illness and some dietary factors, such as inadequate energy and nutrient density or 

undesirable sensory properties of the diet (complementary food) [18,19]. 

Similar to other developing countries, infant malnutrition due to nutritionally inadequate diets is 

one of the major concerns in Ethiopia.  Children in rural Ethiopia are especially very prone to 

deficiencies of macro- and micro-nutrients, as they eat from the family dish and often cannot 

meet their specific nutrient needs.  In rural Ethiopia, the diets of the population are predominantly 

plant-based and low in animal products. Daily consumption of such diets for longer periods may 

increase the relative risk of nutrient deficiencies and malnutrition [20-22].   
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1.2 Statement of the problem  

Commercially made weaning foods are not available and if available, most of them are priced 

beyond the reach of the majority of the population in less-developed countries. These foods are 

mostly manufactured using high technology and are sold in sophisticated packaging [23]. Such 

weaning foods may not be feasible in developing countries like Ethiopia due to limited income 

and inaccessibility. A survey on 334 mother-child pairs in Tigray, Ethiopia, reported that no child 

received the cereal-based complementary food produced commercially [24].   

Therefore, there is a need for low-cost weaning foods which can be prepared easily at home and 

community kitchens from locally available raw materials such as sorghum using simple 

technology like germination; that is within the reach of the general public in developing countries 

and does not require sophisticated equipment; and which can be served quickly and conveniently.  
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1.3 Objectives of the Study 

1.3.1 General Objectives 

 The main objective of this study is to investigate the possibilities of improving of the energy and 

nutrients density of sorghum-based weaning foods using germination.  

1.3.2 Specific Objectives  

Specific objective of this study are: 

• To evaluate the biochemical changes that takes place during germination of sorghum 

seeds: change in viscosity, antinutritional factors, proximate composition, mineral content 

and energy density; 

• To evaluate sensory properties and  overall acceptability of weaning foods prepared from 

sorghum flour; 

• To determine the proportion of germinated and ungerminated sorghum flour for weaning 

foods preparation that optimizes the energy density and nutrients content, antinutritional 

factors, viscosity and acceptability. 
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2. LITRATURE REVIEW 

2.1 Weaning and Weaning Period 

Weaning is a gradual withdrawal of breast milk and introduction of other foods including suitably 

prepared ‘adult’ foods and the milk of other animals. It is the process of introducing semisolid or 

solid foods to the breast- or formula-fed child to meet the extra nutritional needs for rapid growth 

and development. Weaning is influenced by socioeconomic status, cultural and religious beliefs 

and practices [6, 25-27]. The weaning period is seen universally as a crucial period in the 

development of infant. Inadequate child care at the infancy stage influences later adult health. 

When infants transfer from nutritious and uncontaminated breast milk to the regular family diet, 

they become vulnerable to malnutrition and infection/disease [26, 28, 29]. 

The age of the initiation of weaning varies substantially among societies. Social, physiologic and 

anthropologic factors are important in determining the age to wean. The weaning pattern in 

developed countries is largely an earlier one (before 6 months). In Europe and North America, for 

example, more than 90% of children receive complementary foods by the age of 4 months. 

Weaning in developing countries is later than that of developed countries; although exclusively 

breast-fed one-year-old children are not rare [6, 26]. The World Health Organization (WHO) 

recommends that infants should be exclusively breastfed for the first 6 months of life to achieve 

optimal growth, development, and health. Thereafter, to meet their evolving nutritional 

requirements, infants should receive nutritious and safe complementary/weaning foods while 

breastfeeding continues for up to 2 years of age and beyond [6, 7, 15, 27, 30, 31]. 
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When weaning is started too late (after 7 months), the infant’s energy requirements will not be 

met. This results in deceleration of infant growth and increased risk of malnutrition and 

micronutrients deficiencies.  An older infant is less likely to be willing to try new flavors and 

other food.  On the other hand, when weaning is started too early (under 3 months), it reduces the 

duration of breastfeeding and interferes with absorption of important nutrients from breast milk. 

It also increases the risk of contamination and allergic reactions. The baby may suckle less 

resulting in a decrease of breast milk supply. No special benefits have been detected in infants 

whose complementary feeding began at 4-5 months compared to those who started at 6 months 

[6, 25, 27, 32, 33].  

Breastfeeding is nearly universal in Ethiopia, ranges from 93% in Addis Ababa to 99% in Harari. 

The complementary foods are not introduced in a timely fashion for many children. At 6-8 

months of age, 14% of children continue to be exclusively breastfed, 9% receive plain water in 

addition to breast milk, 6% consume other water-based liquids, 20% consume other milk, and 

50% consume complementary foods. The proportion of exclusively breastfed children by age 9-

11 months is only 5% [29]. 

In Ethiopia, the introduction of other liquids such as water, juice, and formula takes place earlier 

than the recommended age of about 6 months. Even among the youngest breastfeeding children 

(<2 months), 10% consume other liquids, and 12% drink milk other than breast milk. 

Consumption of liquids other than milk increases gradually with age; and by age 24-35 months 

more than 50% receive liquid supplements other than milk. Consumption of milk, other than 

breast milk and infant formula, peaks at 6-8 months (48%) and then declines thereafter [29]. 
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2.2 Weaning Food 

According to the WHO definition, Complementary (weaning) foods are any food other than 

breast milk given to a breastfeeding child. A weaning food is normally a semi-solid food that is 

used in addition to breast milk and not only to replace it. Weaning foods are mostly prepared in 

the form of thin porridges or gruels [15, 26, 27, 34].  Development of complementary foods is 

guided by: 1) high nutritional value to supplement breastfeeding, 2) acceptability, 3) low price, 

and 4) use of local food items. During formulation of any weaning foods made from locally-

available raw materials, the techniques of food processing, storage and distribution; socio-

economic status; cultural and religious factors; sensory properties; and food quality and safety 

issues should be taken in to account [11,25]. 

In developing countries, commonly-used weaning foods are prepared from flours of starchy 

staples, cereals and legumes, such as rice, millet, sorghum, or maize (rarely wheat). Cereals and 

legumes are the most common first weaning foods. Gruels/thin porridges prepared from cereals 

and legumes play an important role as a weaning food but their nutrient density is often low, 

especially deficient in essential nutrients. Cereals have low content of proteins and fat while 

legumes are low in fat. The presence of high concentration of crude fiber and absorption 

inhibitors (antinutritional factors like phytic acid and condensed tannin) is major factors reducing 

their nutritional benefits [16, 26, 35, 36]. 

During cooking/reconstitution process of staple-based weaning foods, the starch granules swell 

and bind a large volume of water, resulting in gruels of high viscosity. Gruels of suitable feeding 

consistency contains a great amount of water and large in volume relative to its contents of solid 

matter. If solids in gruels are increased to improve the nutrient and energy density, the gruel will 
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be too thick and viscous for a small child to eat easily. This high volume or high viscosity 

characteristics of weaning foods referred to as dietary bulk, is responsible for the occurrence of 

malnutrition in areas where cereals and starchy staples are the major foods [23, 37].  

2.3 Cereal sorghum 

Cereals are the most important source of food for the world population. Cereal products comprise 

more than 80%, 50%, and between 20-25% of the average diet in India and Africa, central and 

Western Europe, and USA, respectively.  In addition, cereals are the main source of nutrients for 

weaning children in developing countries [38, 39].   

Sorghum (Sorghum bicolor) (L.) Moench) is a critically important crop in sub-Saharan Africa on 

account of its drought tolerance. It can endure hot and dry conditions and also withstand heavy 

rainfall accompanied by some water logging. Sorghum can consistently produce a crop under 

climatic conditions where other cereals fail. The cereal sorghum is indigenous to the semi-arid 

tropics of Africa [25, 40].   

Sorghum is the fifth most important cereal crop in the world next to wheat, rice, maize, and 

barley in terms of production. The annual production of sorghum is over 60 million tons on about 

45 million hectares, of which USA and Africa produce 20 and 40%, respectively. Sorghum is the 

staple food in several developing countries. More than 35% of sorghum produced in Africa is 

used directly for human consumption and the rest is used primarily for animal feed, alcohol 

production and industrial products [41-43]. 
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Figure 1.  Sorghum bicolor (L.) Moench 

It is believed that sorghum is originated in Africa, more precisely in Ethiopia, between 5000 and 

7000 years ago.  It is estimated that more than 300 million people from developing countries 

essentially rely on sorghum as source of energy. The main foods prepared with sorghum are: thin 

porridge (in Africa and Asia), stiff porridge (in West Africa), injera and bread (in Ethiopia), 

nasha and kisra (in Sudan), traditional beers (in Africa), baked products (in USA, Japan, and 

Africa), etc. In Africa, the majority of cereal-based foods is consumed in the form of porridge and 

naturally fermented products. Cereal-based thin porridge is prepared for fasting, sick or 

convalescent people, nursing mothers, and weaned infants [42, 44]. 

The national and regional research institutions in Ethiopia have released about 33 varieties of 

sorghum for commercial production. Of these, only 19 varieties are recommended. The varieties 

are broadly divided as highland varieties such as Alemaya 70, ETS2752, Chiro,  ETS1176; mid-

altitude varieties such as IS9302, Birmash, Baji; and lowland varieties such as Gambella 1107, 

76T1#23, Seredo, Meko, Teshale, Gubiye, Abshir [45].  
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The principal constituents of sorghum grains are carbohydrates, proteins and lipids. It also 

contains small quantity of fiber, vitamins and minerals. Lysine is one of the limiting amino acids 

in sorghum. The amylolytic enzymes generated during germination transform starch into 

fermentable sugars (maltose and dextrin) [42, 49].  

The protein content in whole sorghum grain is in the range of 7 to 15%. Starch is the main 

component of sorghum grain, followed by proteins, non-starch polysaccharides (NSP) and fat. 

The average energetic value of whole sorghum grain flour is 356 kcal/100g. Sorghum contains 

resistant starch, which impairs its digestibility, notably for infants. This resistance, however, is 

desired in other applications to fight human obesity and to feed diabetic people [42]. 

Sorghum and its products are used as functional foods due to their high content of non-digestible 

carbohydrates/starch and dietary fibers, which promote several beneficial effects such as laxation, 

lowering blood cholesterol levels, preventing some types of cancer, diabetes, heart disease and 

obesity [47]. 

2.4 Germination 

Methods to increase energy and nutrient density without increasing viscosity includes adding oil,  

a non-gelatinous carbohydrate like sugar, or using food processing techniques such as 

germination, fermentation, and liquefaction. Addition of too much oil or sugar is not 

recommended because of cost, and energy alone might be increased without considering protein 

and micronutrient density of the final mixed complementary food [11, 48].  
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Most weaning food technologies such as drum drying, extrusion cooking and the like are either 

too complicated or too expensive for low-income families in developing countries. Germination 

is practical, cost-effective, and sustainable process for production of weaning foods with 

minimum paste viscosity, and high energy and nutrient density. Weaning foods with a higher 

energy density at an acceptable apparent viscosity could be prepared from germinated seeds of 

cereals [15, 39, 37, 49, 50].  

Germination is a food processing method by which the quality of a cereal can be improved for 

both digestibility and physiological function. During germination, enzymatic activity and 

bioactive compounds increased within the seed.  Germination is induced by rehydration of the 

seed, which increases both respiration and metabolic activity that allow the mobilization of 

primary and secondary metabolites. The process of germination comprises three unit operations, 

viz. steeping, germination and drying [42, 51, 52]. The activity of �-Amylase increased during 

germination of sorghum. The �-Amylase hydrolyzes starch to dextrin and maltose, which reduces 

the viscosity of thick cereal porridges and enhances their energy and nutrient densities [53-55]. 

Germination improves the nutritional and functional qualities of sorghum by changing chemical 

compositions and eliminating antinutritional factors. It increases endogenous phytase activity 

which leads to phytate degradation.  The protein (lysine) and the quality and digestibility of 

sorghum protein can be increased by germination. Germination can reduce dietary bulk and paste 

viscosity of the gruel. Germination decreases the levels of condensed tannins content present in 

cereals which results in the formation of polyphenol complexes with protein and the gradual 

degradation of oligosaccharides. Such reductions in polyphenols may facilitate mineral and 

protein absorption [15, 21, 26, 52-57]. 
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Germination induces the synthesis of hydrolytic enzymes such as starch degrading enzymes (�-

amylases) and proteases. Germination enhances breakdown of protease resistant prolamines; 

increases the availability of minerals (iron, zinc, etc.) and essential amino acids (principally 

lysine (Lys), tyrosine (Tyr) and methionine (Met)). Germination of sorghum is important for the 

preparation of weaning foods of low paste viscosity and high energy density. Germination has the 

potential to increase the energy density of weaning foods. The energy content of porridge can be 

increased two to three times without change in viscosity [39, 42, 58]. 

2.5 Antinutritional factors 

Antinutritional compounds (such as protease inhibitors, phytate, tannin and other phenolic 

compounds and saponins etc) are plant constituents which play an important role in biological 

functions of plants. These compounds, in human, reduce the digestibility of nutrients and the 

absorption of minerals [39].  

2.5.1 Phytic acid 

Phytic acid (myo-inositol hexaphosphate) is a constituent of plants such as seeds. Phytates are the 

primary storage form of both phosphate and inositol in plant seeds and grains. Phytic acid is 

formed during maturation of the plant seed. In dormant seeds, it represents 60–90 % of the total 

phosphate. Phytate is, therefore, a common constituent of plant-derived foods [21, 39, 59, 60].  

Depending on the amount of plant-derived foods in the diet and the level of food processing, the 

daily intake of phytate is estimated between 2000–2600mg for vegetarian diets and diets of 

inhabitants of rural areas in developing countries, and about 150–1400 mg for mixed diets [59]. 
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Fiber rich foods, including cereals like sorghum, contain high levels of phytic acid. It is usually 

located in the outer layer of cereals where the fiber is primarily concentrated. In many developing 

countries, diets based on legumes and cereals will contain up to 600mg phytate per day compared 

to 170 mg per day in North American diets. Phytic acid is highest in whole-grain flours and can 

be decreased considerably by removing its hull [36, 39].  

Phytic acid form complex compounds with cations such as zinc, iron, magnesium and calcium at 

physiological pH.  Phytates are complex compound between phytic acid and cations. It is either 

insoluble or difficult to hydrolyze during digestion. Phytic acid inhibits minerals (such as iron, 

zinc) absorption by humans and other monogastric animals in a dose-dependent manner. When 

the molar ratio of phytate: iron and phytate: zinc is above 0.15 and 15, respectively, phytate 

inhibits absorption of minerals [21, 39, 60]. 

The antinutritional effect of phytic acid is primarily related to its strong chelating ability with 

minerals and proteins. It is intern associated with its six reactive phosphate groups. Multivalent 

cations are particularly susceptible and form insoluble, indigestible complexes. Phytates also 

affect enzyme activity with a negative effect for key digestive enzymes including amylase, pepsin 

and trypsin [59, 61]. 

The interaction between phytate and proteins leads to decreased solubility of proteins. This is due 

to the fact that phytic acid-protein complexes are less subjected to proteolytic attack than the 

same protein alone. The reduced solubility of proteins may adversely affect certain functional 

properties of proteins [61]. Phytic acid can be degraded in cereal-based weaning foods by adding 

commercial exogenous phytases or by activating the native phytases by a combination of 

soaking, germination, and fermentation [36]. 
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Figure 2. Structure of phytate 

 

2.5.2 Condensed tannin 

Other inhibitors of the absorption of divalent minerals and proteins are phenolic compounds. 

Phenolics cover a range of compounds including flavonoids, phenolic acid, polyphenols and 

condensed tannins. Phenolics affect the biological availability or activity of metal ions by 

chelating the metal. Phenolic compounds can affect color, flavor and nutritional quality of the 

grain and products prepared from it. Many polyphenolics found in sorghum are colored and are 

responsible for bran pigmentation [62-64]. 

The two types of tannins found in plants are classified as hydrolysable and condensed tannins. 

Condensed tannin is present in the pigmented testa of sorghum grains, such grains are classified 

as bird-resistant. Condensed tannin found in bird resistant grain is believed to precipitate 

mucoprotein in birds' mouths producing a distasteful astringency. Tannins also protect kernels 

against attack by insects and microorganisms. In addition, the rate of preharvest germination is 

significantly lower for most high tannin sorghums [64]. Dehulling or milling is a good method 

for removal of condensed tannins. Condensed tannins in cereals like sorghum can be reduced 

during germination [65].  
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Condensed tannins are nutritionally important since they bind with nutrients such as minerals and 

proteins, and reducing their availability. The level of tannins in high tannin sorghums is enough 

to cause significant antinutritional effects, especially if the diet is inadequate in protein. 

Condensed tannins, also known as proanthocyanidins or procyanidins, are high-molecular weight 

polyphenols. Tannin inhibits the activity of some enzymes and therefore adversely influences 

protein digestibility and cellulose breakdown. The acidic hydrolysis of tannins leads to the 

generation of glucose and Gallic acid. The galloyl configuration binds with minerals through its 

adjacent hydroxyl groups. The derived iron-galloyl complex is insoluble. The condensed tannins 

reduce the digestibility of proteins [62-64].  

2.6 Micronutrients: Essential minerals 

Micronutrients are vitamins and minerals needed (but not synthesized) by the body in small 

amounts for a wide range of functions and processes. Micronutrients are essential for optimal 

human growth and development, and healthy maintenance of the body over a life span [66].  

Micronutrient deficiencies affect more than 2 billion people globally. Although less prevalent in 

higher-income populations, these deficiencies do occur in such groups, especially among 

premature infants, infants, children, and the elderly [67]. 

Micronutrients are needed to maintain strong bodies and mental sharpness, to fight against 

disease, and bear healthy children. Micronutrient deficiencies can cause learning disabilities, 

mental retardation, decreased immunity, low work capacity, blindness, and premature death. 

They affect child survival, women’s health, educational achievement, adult productivity, and 

overall resistance to illness.  They may impair immune function; increase the risk of 

opportunistic infections; and the severity of diseases [67, 68]. 
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2.6.1 Iron  

Dietary iron is a core element in the synthesis of haemoglobin, plays a vital role in the transport 

of oxygen, and myoglobin. It contributes to the formation of iron-containing enzymes that are 

important for energy production, immune defense and thyroid function. Iron has a role in healthy 

physical growth, the immune system, reproductive outcomes, and in cognitive performance [63]. 

Iron is the fourth most abundant and one of the cheapest elements in the Earth’s crust but iron 

deficiency is still the most prevalent nutritional disorder in the world [69]. 

The main causative factors of iron deficiency are poor iron content of the diet, low bioavailability 

of iron in the diet, or both. Food components such as phytate, tannins, and selected dietary fibers, 

which bind iron in the intestinal lumen, can impair iron absorption. Phytate has the greatest effect 

on iron status because many plant foods have high phytate content that can severely impair iron 

absorption [70]. 

The absorption of iron in food depends on: iron status of the body; the presence of iron 

absorption inhibitors and enhancers; types of iron (haem and non-haem); vitamin A status of the 

body and the status of other micronutrients. Weaning foods made from cereals is often low in 

iron content and contains significant quantities of iron absorption inhibitors, phytic acid and 

condensed tannins [71]. 

Age, gender and physiological status determine iron requirements. Rapid growth of infants 

during the first year of life requires an adequate supply of iron for synthesis of blood, muscle, and 

other tissues. Iron requirements are especially high in infants from the age of 6 months, in young 

children, and in pregnant and menstruating women. The increased iron requirement of infants and 

pregnant women is due to rapid growth and new tissue formation. Menstruation and parasitic 
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diseases cause excessive iron loss, and iron utilization is impaired during chronic infection [72, 

73]. 

Iron deficiency is one of the major nutritional problems in the developing world, affecting 

primarily women of childbearing age, infants, and children. Infants of age between 6 and 24 

months are especially vulnerable to the development of iron deficiency. Iron deficiency ranges in 

severity from iron depletion, which causes no physiological impairment, to iron deficiency 

anaemia.  Iron deficiency anemia (IDA) affects about 30% of the global population; 43% of the 

world’s infants and children under the age of 4 years; and 20–38% of schoolchildren in West and 

North Africa. In sub-Saharan Africa, the prevalence of iron deficiency among pregnant women is 

estimated about 44%, and 42% to 53% pre-school African children suffer from anaemia [63, 72, 

74-76].  

Consequences of IDA are:  physical growth retardation, perinatal mortality, compromised mental 

development, lowered physical activity and labor productivity, and increased maternal morbidity. 

It can also affect mental and motor development. IDA impairs thyroid metabolism and reduces 

the efficacy of iodine prophylaxis in areas of endemic goiter [63, 72, 74-76]. 

IDA in infancy is associated with significant loss of cognitive abilities, decreased physical 

activity, and reduced resistance to diseases. Iron deficiency in women of childbearing age 

increases hazards associated with complications of pregnancy, premature birth and low birth 

weight, and leads to newborns with sub-optimal iron reserves and it is responsible for a large 

share of maternal deaths. In school-age children, IDA may affect school performance; in 

adulthood, it can cause fatigue and reduced work capacity [63, 66, 75]. 
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2.6.2 Zinc  

Zinc is the fourth important micronutrient after vitamin A, iron and iodine. Zinc is found in all 

organs, tissues and body fluids, especially the bones and skeletal muscles. Zinc plays vital role in 

cell division, protein synthesis and growth which makes infants, children, adolescents, and 

pregnant women at risk for an inadequate zinc intake. Zinc contributes to reproduction, growth, 

taste, night vision, appetite, and the immune system functioning. Zinc also contributes to stabilize 

the structure of membranes and cellular components [77].  

The total body zinc content has been estimated to be 30 mmol (2 g). Skeletal muscle accounts for 

about 60% and bone mass for approximately 30% of the total body zinc content. Zinc is an 

essential component of a large number (>300) of enzymes involved in the synthesis and 

degradation of carbohydrates, lipids, proteins, and nucleic acids and in the metabolism of other 

micronutrients. Zinc has an essential role in polynucleotide transcription and thus in the process 

of genetic expression [78].  

The main causes of zinc deficiency are inadequate dietary zinc intake, inhibitors of zinc 

absorption, high zinc losses due to diarrhea or both. Zinc deficiency arises to a large extent from 

impaired bioavailability of dietary zinc, largely attributable to the high phytic acid content of 

diets [21,72].  

Zinc deficiency is associated with poor growth, depressed immune function, increased 

susceptibility to and severity of infection, adverse outcomes of pregnancy, and neurobehavioral 

abnormalities. In many developing countries, zinc deficiency is due to the low consumption of 

animal source foods, which are rich in zinc, and a high intake of cereals and legumes, which 

contain substantial amounts of phytate [79].  
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It is also related to delayed sexual and bone maturation, skin lesions, diarrhea, alopecia, impaired 

wound healing, impaired taste, depressed appetite, a high risk of spontaneous abortions, and the 

appearance of behavioral changes. In children, zinc deficiency leads to poor growth, impaired 

immunity, lower weight gain, and increased morbidity from common infectious diseases and 

increased mortality [60, 68, 72, 73, 78, 80, 81]. 

Zinc is found in many foods, with animal products providing the most readily absorbed sources 

of the mineral. The best sources of highly bioavailable zinc include red meat, liver, poultry, fish, 

eggs, crabs, and oysters. Staple foods in developing countries including cereals and legumes are 

the main sources of zinc. The bioavailability of zinc in plant-based foods is reduced by the 

phytate, fiber, calcium, and lignin (a component of vegetable fiber) present in the plant matrix. 

Specific food processing techniques such as soaking, germination, and/or fermentation also help 

to reduce the impact of zinc inhibitors [72, 82, 83].  

It is possible to predict the relative bioavailability of zinc from the molar ratio of phytate to zinc 

in the diet and ratios >15 have been negatively associated with growth in children and suboptimal 

zinc status in adults. High level of calcium in the diet has also been shown to exacerbate the 

inhibitory effect of phytate on zinc absorption in humans by forming insoluble complexes with 

calcium and zinc in the intestine. Such complexes are even less soluble than complexes of 

phytate with zinc or with calcium alone [21]. 
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2.6.3 Calcium 

Calcium is the most abundant mineral element in the body. Calcium (small proportions) regulates 

critical functions including nerve impulses, muscle contractions and the activities of enzymes and 

(more than 99%)  is located in the bones,  plays an important role for structure and strength of 

bones. The body of an adult man contains about 1.2 kg calcium, accounting for about 2% of body 

weight. The element is present in two body parts:  bone and teeth. Sufficient calcium intake is 

essential for obtaining optimal peak bone mass in youth and for minimizing bone loss later in life 

[84, 85].  

Up to about a third of calcium from food is absorbed, the remainder being excreted in the faeces. 

The proportion of calcium absorbed from food depends on how the calcium is chemically bound 

in the food and the presence of many substances also present in the food, which may either 

enhance or inhibit absorption. The efficiency of calcium absorption decreases as the amount 

ingested increases [85].  

Calcium deficiency appears to occur after birth, since the ratio of calcium to nitrogen decreases. 

When infants are weaned and start to become mobile and their bones thus become weight 

bearing, rapid calcification of the bones takes place. Preterm babies are particularly at risk of not 

being able to absorb enough calcium for optimal bone growth. Mineral deficiencies, such as 

calcium, are a world-wide problem particularly in developing countries [85, 86]. 

Low calcium intake could usually reduce breast milk calcium secretion with effects on the 

growth and bone development of the breast-fed infant. Moreover, breast milk calcium might be 

supported by calcium released from the maternal skeleton, possibly increasing the mother’s 

fracture risk during lactation or later in life. However, it could also be possible that an increase in 
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maternal calcium retention, caused by enhanced absorption and/or decreased excretion, might 

furnish sufficient calcium for breast milk production without the need for changes in dietary 

calcium supply [87]. 

2.7 Macronutrients 

The growth of children may be compromised by low-energy cereal foods. Weaning foods 

introduced to supplement human milk should have sufficient energy and protein to cover an 

infant’s requirements. Satisfying energy needs is critical, because if energy intake is insufficient, 

then protein will be used as an energy source and will not be available for growth and 

maintenance. Proteins, fat, and carbohydrates are important quantitatively in the diet and as 

carriers for the essential micronutrients. Overabundance and under abundance of the 

macronutrients are concerns for people’s health; too many calories lead to obesity and too few 

calories result in undernourishment. Both have serious health implications [15, 88]. 

Protein deficiency is almost always accompanied by inadequate energy intake and the two 

together leads to protein–energy malnutrition, one of the commonest forms of malnutrition 

worldwide. In children, acute protein–energy malnutrition (caused by recent severe food 

deprivation) is characterized by a low weight-for-height index (wasting), while the chronic 

condition (caused by long-term food deprivation) is characterized by a low height-for-age index 

(stunting). Severe protein–energy malnutrition results in the clinical syndromes of marasmus, 

kwashiorkor or marasmic kwashiorkor. All three conditions are compounded by a range of 

nutritional disorders, including micronutrient deficiencies [72]. 
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2.7.1  Total Protein 

Proteins are the major functional and structural components of all the body cells. Proteins are 

enzymes, hormones, membranes and blood transport molecules. The intracellular matrix, 

fingernails and hair are all composed of proteins. Amino acids are the building-blocks of 

proteins. Proteins differ from each other according to the type, number and sequence of amino 

acids that make up the polypeptide backbone. As a result, proteins have different molecular 

structures, nutritional attributes and physicochemical properties. Proteins are major sources of 

energy and containing essential amino-acids (such as lysine, tryptophan, methionine, leucine, 

isoleucine and valine). To maintain cellular integrity and function and to ensure health and 

growth, an adequate supply of dietary protein is vital. Proteins are source of energy during times 

of energy deprivation, although fat and carbohydrate are utilized preferentially by the body [72]. 

Functiona1 properties of proteins such as hydrodynamic properties (viscosity, gelation, etc.), 

emulsifying capacity, foaming and foam performance, and dispersibility in aqueous media are 

dependent on protein hydration and solubility [61]. Protein increases satiety to a greater extent 

than carbohydrate and fat and it may reduce energy intake [89].  

Sorghum protein is low in the essential amino acids such as lysine, and has lower digestibility 

than protein of other cereal grains. Apparent protein digestibility of cooked sorghum is only 46%, 

while values of 81, 73, and 66% are for cooked wheat, maize, and rice, respectively. Sorghum 

protein digestibility is affected by tannins, since it makes complexes with proteins and renders 

them unavailable for enzymatic digestion. During germination, the storage proteins are degraded 

by a variety of proteases which convert the insoluble storage proteins into soluble peptides and 

free amino acids [40, 81, 88]. 
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2.7.2 Energy and carbohydrate   

Energy is required for tissue maintenance and growth, to generate heat (thermogenesis) and for 

physical activity. Weight gain is a sensitive indicator of the adequacy of energy intake in young 

children. The energy requirement is the amount of dietary energy needed to balance the energy 

expended and that deposited in new tissue (growth). Energy expenditure can be subdivided into 

basal metabolism, which represents 50–60% of total energy expenditure (TEE), energy expended 

on physical activity represents 30–40% of TEE, and thermogenesis represents about 5–8% of 

TEE in most healthy children. The factors limiting energy intake of an infant weaned with low-

energy weaning food gruels are the volume that the child can consume at one time and the 

frequency of feeding [15, 72]. 

Dietary energy is consumed in the form of fat, carbohydrate and protein. Per unit of body weight, 

the intake of energy, fat and carbohydrates of the normal infant during the early months of life 

are far greater than the corresponding intakes of normal adults. This is because the maximum rate 

of growth occurs in infancy, when the baby doubles its body weight in the first 6 months and 

triples it by 1 year. When energy intake is less than the energy requirement of the individual, 

physical activity and/or rate of growth will be reduced. If the deficit continues, protein–energy 

malnutrition will develop. Low energy intake may also result in the metabolism of protein for 

energy and consequently protein deficiency [72]. 

Infants and young children have an energy intake per kg body weight some 2–3 times that of 

adults. A key determinant of energy intake is the energy density of complementary foods. Energy 

density is increased by raising the content of fat and sugar, while high amount of water content 

will decrease energy density. Energy intake is increased through complementary food with a high 
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energy density, more frequent meals and an increased intake of breast-milk. Energy intake will be 

reduced if complementary foods are very viscous, which is typically the result of high starch 

content [72]. 

 

Figure 3. Factors affecting the energy density of complementary foods and energy intake by the 

infant and young children. (The direction of influence is indicated as positive (+), negative (-)) 

[72]. 

2.7.3 Crude Fiber  

Crude fiber is the generic name for that component of the diet which is resistant to digestion by 

the endogenous secretions of the upper gastrointestinal tract. It includes polysaccharides other 

than starch and lignin [60]. 

Dietary  fiber has beneficial effects on bowel transit time, affects glucose and lipid metabolism, 

reduces the risk of colorectal cancer, stimulates bacterial metabolic activity, detoxifies the colon 

luminal content, and helps to maintain the equilibrium of the colon ecosystem as well as the 

integrity of the intestinal mucosa by acting as a prebiotic. Dietary fiber fits the definition of a 

functional food in that it can affect one or more targeted function in the body in a positive manner 

[51]. High fiber contents of weaning foods may inhibit mineral absorption and reduce the 

digestibility of proteins in foods [25]. 
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A fiber-enriched diet may constitute a simple therapeutic solution to colonic pathology. It is also 

a means of increasing satiety and decreasing obesity, since fiber may affect the digestibility of 

other nutrients. Indeed, excessive food fiber results in waste of nitrogen, energy, and minerals. 

Effects of increased crude fiber intake are clearly apparent in the quantity of fecal matter 

produced [91]. 

Crude fibers obtained from different sources vary considerably in their chemical composition: 

insoluble/soluble dietary fiber ratio, particle size and physicochemical characteristics which 

results in different physiological effects. The variations in chemical composition of fiber affect 

their ability to bind minerals during intestinal digestion of foods. One of the most important 

properties of dietary fiber is the cation exchange. Therefore, poor mineral utilization from certain 

types of fiber rich foods is probably due to the binding of minerals and electrolytes on fiber 

source [47]. 

Due to their high content of nondigestible carbohydrates/starch and as rich sources of dietary 

fibers that promote several beneficial effects (laxation, lowering blood cholesterol levels, 

preventing some types of cancer, diabetes, heart disease and obesity), sorghum and its products 

are used as functional foods [47]. 

2.7.4 Crude Fat  

Dietary fats provide the infant and young child with energy, essential fatty acids and the fat-

soluble vitamins A, D, E and K. Fats also heighten the palatability of food, thereby promoting 

greater energy intake. Furthermore, several fatty acids, especially the long-chain polyunsaturated 

fatty acids, have specific and essential physiological functions. Fats from animal produce (for 

example, cow’s milk and meat) tend to contain saturated fatty acids, while those from plants and 
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fish tend to contain monounsaturated or polyunsaturated fatty acids. In adults, saturated fats are 

associated with an increase in cardiovascular diseases, but there are no data to suggest that 

saturated fat intake during the first years of life contributes to this problem. In contrast, 

unsaturated fat consumption is associated with a lower prevalence of cardiovascular disease in 

adults [72]. 

Fat accounts for approximately 50% of the energy in breast-milk and is the main source of energy 

for infants less than 6 months old. With the introduction of complementary food, fat is gradually 

overtaken by carbohydrate as the chief energy source, and together they meet the energy needs of 

the growing child. Fat can make a considerable contribution to the energy density of the mixed 

diet and, because it does not normally increase the viscosity of food, it can be used to increase 

energy density without resulting in an overly thick preparation. Fat not only provides energy in 

the diet, but also has an important role for promoting good health in humans [72, 92]. 

Consumption of high-fat diets leads to increased energy intake, weight gain, and obesity in 

humans and animals. Ready availability of high-fat foods is likely to contribute to the high 

prevalence of obesity in Western countries [92-94]. 

2.8 Viscosity of weaning foods 

During infancy, viscosity of a weaning food is the most important determinant of energy density. 

The viscosity of gruels in turn depends in large part on the degree of starch gelatinization [90]. 

An infant needs a gradual transition from fluid to solid foods which allow the infant to develop 

feeding skills. Early in weaning, the infant will reject very viscous foods by spitting them out. 

During weaning inadequate intake of energy and protein occurs due to traditionally prepared 
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weaning foods, which are bulky in nature (have high viscosity but low energy density) and limit 

the infant’s ability to eat enough [15]. 

Low energy density weaning foods, caused by dietary bulkiness, contributes to PEM.  When a 

weaning food (gruel) contains 100g cereal flour/liter of the gruel, then an infant may only 

consume 20 g flour at each feed of 200 ml. Many infants in the developing world may only be 

fed two or three times daily. So, the maximum quantity of flour eaten would be 60 gram/day. 

Assuming that, the average energy content of the flour is 14,640kJ/kg and the protein content is 

approximately 80 g/kg, then an infant eating only gruel would be receiving 878 kJ/day and 4.8 

gm protein/day. At 6 months of age, required daily allowance (RDA) for energy and protein for 

an infant of 7 kg body weight would be 3220 kJ and 13.0 gm. Thus, a diet consisting only of 

traditional cereal gruel would not be adequate for an infant [15]. 

2.9 Sensory properties of weaning foods 

Sensory evaluation is a scientific method used to evoke, measure, analyze and interpret responses 

to products as perceived through the senses of sight, smell, touch, taste, and hearing.  It is an 

irreplaceable tool in food industry while interacting with the key sectors in food production. 

When consumers buy a food product, they can buy nutrition, convenience and image. In sensory 

evaluation, judges are asked to score the products for appearance, color, flavor, taste and overall 

acceptability using a scorecard of Hedonic Rating Scale. This test relies on people’s ability to 

communicate their feelings of like or dislike. Hedonic testing is popular because it may be used 

with untrained people as well as with experienced panel members. A minimum amount of verbal 

ability is necessary for reliable results [95, 96]. 

 



 
 

28 
�

3. MATERIALS AND METHODS 

3.1 Chemicals and reagents 

All chemicals and reagents used in laboratory analyses were of analytical grade or A.C.S 

reagents. 

3.2 Sample collection  

Two varieties of sorghum (Sorghum bicolor (L.) Moench)) grains were collected for this study. 

The first variety of sorghum, variety ‘76T1#23’, was obtained from the Ethiopian Seeds 

Enterprise (ESE), Arsi Basic Seeds Storage and Preparation Center, Asella, Ethiopia. The second 

variety, variety ‘Meko’ was obtained from Agricultural Research Institute of Ethiopia (EARI), 

Melkassa Agricultural Research Center (MARC), Awash Melkassa, Ethiopia. Both varieties 

collected for this study were basic seeds.  The ‘Meko’ and the ‘76T1#23’ varieties had the 

germination capacity of 93% and 91%, respectively.  

The variety ‘76T1#23’ was released in 1979 for the moisture stressed dry lands. It is white 

seeded with semi-compact, semi-oval and erect panicle. It has some red spots. Its height ranges 

from 120 to 140 cm and matures within 90 days. It is susceptible to leaf diseases and smuts. It 

yields 25-45 quintals per hectare.  The other variety, ‘Meko’, was released in 1997/98 cropping 

season. Its original name was M34121. It is a white seeded variety with semi-loose and erect 

panicle. Next to Alemaya 70, this variety is the best for ‘injera’ making and keeping quality.  Its 

height is within 132 to 169 cm. It takes 90-120 days to mature and yields 24-49 quintals per 

hectare. The weight of 100 seeds of the two varieties was 2.7-2.9g and 2.9-3.7g, respectively [45, 

97]. 
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The choice of sorghum seeds for this study was done based on the amount of production and 

consumption in Ethiopia, in particular and throughout the world in general. In addition to this, it 

is chosen for its drought tolerance properties.  Sorghum (Sorghum bicolor) is one of the most 

widely grown cereal crops in Ethiopia. It is a staple food crop on which the lives of millions of 

rural Ethiopians depend [97]. 

3.3 Sorghum flour preparation 

In all the treatments, (sorghum flour preparation, study design, laboratory determination and data 

analysis), the two varieties were processed separately. 

3.3.1 Cleaning, sorting and preparing sorghum seeds 

The sorghum grains collected for this study were cleaned to remove stones, dust and light 

materials, glumes, stalks, and broken, undersized and immature grains. Cleaning was done by 

winnowing and hand sorting.   Each of the cleaned sorghum grain varieties were divided into two 

portions for the study of changes of energy and nutrients density, viscosity, and anti-nutritional 

content of the weaning foods gruels with germination.  

• The first portion (ungerminated): not subjected to any treatment (serves as control) 

•  The second portion (Germinated): soaked for 22 hours and divided into two sub-portions 

and germinated for 36 and 48 hours. 
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3.3.2 Steeping/soaking 

The cleaned sorghum grains of the two varieties were washed three times using deionized water. 

Then, the cleaned and washed sorghum grains were soaked in a volume of water 3 times the 

weight of seeds (3:1) for 22 hours in a container at  22±20C (room temperature) [50].  

3.3.3 Germination   

The steeping water was drained off and the soaked sorghum grains were washed twice using 

deionized water to protect the growth of microorganisms during germination. The soaked and 

washed sorghum grains were again divided into two sub-portions. The first sub-portion was 

germinated for 36 hours and the second sub-portion was germinated for 48 hours. The soaked 

seeds were covered with wet clean cloth and placed in a clean bamboo-made basket. The content 

was left in ambient conditions and watered 2-3 times a day to enhance the germination process. 

3.3.4 Drying/kilning 

After germination (for 36 and 48 hours), the sorghum seeds were washed using running 

deionized water. The germinated sorghum seeds were dried in a drying oven (Memmert, 

Germany) at 55°C for 24 hours to about 12% moisture content. The ungerminated (control) 

sorghum grain was also dried in a dry oven at 550C for 2 hours to about 12% moisture content to 

facilitate the milling process [37, 50]. 
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3.3.5 Milling 

The dried sorghum seeds, both germinated and control were milled into flour using electric 

sample mill (Cyclotec, Tecator, Hoganas, Sweden). All sorghum samples were milled to pass 

through a 1.18 mm aperture size laboratory test sieve (Endecotts Ltd., London, England) to 

obtain a fine powder.  The milled samples were then packed in airtight polythene plastic bags. 

The bags were stored at room temperature until laboratory analysis. 

 

 Figure 4. Flow chart for preparation of sorghum flour 
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3.4 Study Design 

Eleven formulations were prepared for each of the two sorghum varieties. Formulations were 

made from germinated sorghum (for 36 and 48 hours), ungerminated (control), and mixture of 

germinated and ungerminated flours at different proportions. The ratios of plain (P) to germinated 

(G) sorghum flour were 85:15, 75:25, 50:50 and 25:75, for the two varieties and germination 

periods (Table 1). 

Table 1. Blending proportions  

Sample  

code 

Blend proportion 

Ratios of ungerminated sorghum flour 

to germinated for 36 hours 

Ratio of ungerminated sorghum flour to 

germinated for 48 hours 

100% plain  100% ungerminated sorghum flour 

(Control) 

 100% ungerminated sorghum flour 

(Control) 

85% plain  

 

 85% ungerminated sorghum flour to 

15% germinated for 36 hours 

 85% ungerminated sorghum flour to 

15% germinated for 48 hours 

75% plain 75% ungerminated sorghum flour to 

25%  germinated for 36 hours 

75% germinated sorghum flour to 25% 

germinated for 48 hours 

50%plain 50% ungerminated sorghum flour to 

50% germinated for 36 hours 

50% ungerminated sorghum flour to 

50%  germinated for 48 hours 

25% plain 25% ungermained sorghum flour to 

75% germinated for 36 hours 

25% ungermained sorghum flour to 

75% germinated for 48 hours 

100% germ   100% sorghum flour germinated for 

36 hours (G36) 

100% sorghum flour germinated for 48 

hours (G48) 
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3.5 Laboratory analysis 

Each laboratory determination was carried out on three separate fresh samples (in triplicate). 

3.5.1 Determination of moisture content 

Empty drying dishes (made of porcelain) were dried using a drying oven (Germany, Memmert) 

for 1 hour at 1000C. The dishes were cooled for 30 minute in a desiccator (with granular silica 

gel) and weighed using a digital analytical balance to the nearest milligram. About 5.000 g of 

well prepared fresh samples (in triplicate) were transferred into dried and weighed drying dishes. 

The dishes and their contents were placed in drying oven and dried for 5 hours at 1000C.  The 

dishes and their contents were cooled in a desiccator to room temperature and weighed. The 

procedure was repeated until a constant weight was recorded [98, 99].  

 

MINITIAL and MDRIED are the mass of the sample before and after drying, respectively. 

3.5.2 Determination of total ash content 

Porcelain dishes were placed in a muffle furnace (Carbolite, Aston Lane, Hope, Sheffield, 

England, UK) for 30 min at 5500C. The dishes were cooled in a desiccator (with granular silica 

gel) for about 30 minutes and weighed to the nearest milligram. About 2.5000 g of fresh sample 

(in triplicate) was placed in dish. Dishes were placed on a hot plate under a fume-hood and the 

temperature was slowly increased until smoking ceases and the samples become thoroughly 

charred.  The dishes with sample were placed inside the muffle furnace at 5500C for 5 hours and 
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cooled in a desiccator for 1 hour. The ash was clean and white in appearance.  When cooled to 

room temperature, each dish with ash was reweighed to the nearest milligram [98, 99].  

 

MASH refers to the mass of the ash, and Mwet refer to the original mass of fresh samples. 

3.5.3 Determination of crude fat content 

Extraction flasks were dried in a drying oven (Memmert, Germany) at 920C for 30 minutes, 

cooled in a desiccator (with granular silica gel) for 30 minutes and then weighed. About 2.500 g 

of fresh samples (in triplicate) were added into extraction thimbles, and then covered with about 

2 cm layer of fat free cotton. The thimbles with sample were placed into a Soxhlet Extraction 

Chamber (Soxtec, Manual extraction unit, Foss Tecator, Hoganas, Sweden). Cooling water was 

switched on, and seventy ml of petroleum ether was added to the extraction flask through the 

condenser. The extraction was conducted for three and half hours at 700C. The extraction flask 

with fat was removed from the Extraction Chamber and placed in the drying oven at 920C for 

about 30 minutes, cooled to room temperature in a desiccator for about 30 minutes and reweighed 

[98, 100].  

 

  

W = weight of fat; W2 = weight of extraction flask after extraction (wt. of flask and fat); W1 = 

weight of extraction flask before extraction (wt. of flask); WD = weight of fresh sample  

W = W2– W1 

Fat g/ 100g fresh sample = [W*100]/WD 
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3.5.4 Crude protein determination 

Digestion: About 0.5000 g of fresh samples (in triplicate) were taken in a Tecator tube and 6ml 

of acid mixture (5 parts of concentrated orthophosphoric acid and 100 parts of concentrated 

sulfuric acid) was added and mixed, and 3.5 ml of 30% hydrogen peroxide was added step by 

step. As soon as the violent reaction had ceased, the tubes were shaken and placed back to the 

rack. Three gram of catalyst mixture (ground 0.5000 g of selenium metal with 100 g of potassium 

sulfate) was added into each tube, and allowed to stand for about 10 minutes before digestion. 

When the temperature of the digester attains 3700C, the tubes were lowered into the digester. The 

digestion was continued until a clear solution was obtained, about 1h. The tubes in the rack were 

cooled in a fume hood; 15ml of deionized water was added, and shaken to avoid precipitation of 

sulfate in the solution. 

Distillation and titration: The digested and diluted sample solution was distilled using boric acid 

and the distillate was titrated using 0.1N sulfuric acid to reddish color using Kjeldehal apparatus 

(Kjeltec 2300Analyzer unit, Foss Tecator AB, Hoganas, Sweden) [101]. 

 

 

  

 

 

mg nitrogen in the sample = V x N x 14 

g nitrogen / 100 g sample  = mg of nitrogen x 100/ mg sample 

Total nitrogen (%)  = [(V-Vb) x N x 1.4)]/ W 

Crude protein (%)  = total nitrogen (%) x 6.25a 



 
 

36 
�

Where: V = volume of sulfuric acid consumed to neutralized the sample; Vb= the volume of acid 

consumed to neutralize the blank; N = normality of the acid; 14=Eq. wt of nitrogen; 6.25= 

conversion factor from total nitrogen to crude protein  

3.5.5 Determination of crude fiber content  

Digestion: About 1.7000 g of fresh sample (in triplicate) was placed into a 600 ml beaker; 200 ml 

of 1.25% H2SO4 was added, and boiled gently for 30 minutes while watch glass was placed over 

the mouth of the beaker. During boiling, the level of the sample solution was kept constant with 

hot distilled water. After exactly 30 minutes heating, 20 ml of 28% KOH was added and boiled 

gently for further 30 minutes, with occasional stirring. 

Filtration: The bottom of a sintered glass crucible was covered with 10mm sand layer and wetted 

with distilled water. The solution was poured into sintered glass crucible and filtered with the aid 

of vacuum pump (High Performance Vacuum Pump, Robin Air way, SPX Corporation, 

Montplier, USA). The wall of the beaker was rinsed with hot distilled water several times; 

washings were transferred to the crucible and filtered. 

Washing: The residue in the crucible was washed with hot distilled water and filtered (repeated 

twice). The residue was washed with 1% H2SO4 and filtered, and then washed with hot distilled 

water and filtered; and again washed with 1% NaOH and filtered.  The residue was washed with 

hot distilled water and filtered; and again washed with 1% H2SO4 and filtered. Finally the residue 

was washed with water- free acetone. 
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Drying and combustion: The crucible with its content was dried in a drying oven for 2 hours at 

1300C and cooled for 30 min in a desiccator (with granular silica gel), and then weighed 

(recorded as W1). The crucible was transferred to muffle furnace and heated for 30 min at 5500C.  

The crucible was cooled in a desiccator and weighed (recorded as W2) [98]. 

 

 

W1 = weight of crucible with ample after drying; W2 = weight of crucible with sample after 

ashing; W3 = fresh sample weight 

3.5.6 Determination of total carbohydrate content 

Total carbohydrate content was estimated by the difference, as percentage (%) on wet basis 

[102].  

 

3.5.7 Determination of gross energy content 

The energy values of the weaning food formulations were determined by computation and 

expressed in calories. It was calculated from fat, carbohydrate and protein contents using the 

Atwater’s conversion factors: 1 g fat=9 kcal, 1 g protein=4 kcal and 1 g carbohydrate=4 kcal 

[102]. 

 

Crude fiber g/100g = [(W1-W2)*100] / W3 

1KJ/100g=4.18 kcal/100 g 1Kcal/100g= (4xcarbohydrate) + (4xprotein) + (9xfat) 

Carbohydrate (%) = 100-(fat% +protein% + ash% + moisture %) 
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3.5.8 Mineral determination 

 Ash was obtained from dry ashing of food samples. The ash was wetted completely with 5 mL 

of 6N HCl, and dried on a low temperature hot plate. Seven ml of 3N HCl was added to the dried 

ash with ash and heated on the hot plate until the solution just boils. The ash solution was cooled 

to room temperature in a hood and filtered into a 50 ml graduated flask using a filter paper 

(Whatman 42, 125mm). Five ml of 3N HCl was added into each crucible dishes and heated until 

the solution just boils, cooled, and filtered into the flask. The crucible dishes were again washed 

three times with deionized water; the washings were filtered into the flask. A 2.5 mL of 10% 

lanthanum chloride solution was added into each graduated flask. Then, the solution was cooled 

and diluted to 50 mL with deionized water. A blank which contains 12ml 3N HCl and deionized 

water in 50 volumetric flask was also prepared. 

Standard solutions:  Four series of working standard metal solutions (Table 2) were prepared by 

appropriate dilution of the metal stock solutions (nitrate of the metal) with deionized water 

containing 2.4 ml 3N HCl in 10 ml volumetric flask. After manipulating the instrument operation 

procedure, calibration graph (concentration versus absorbance) for each element using the 

prepared standard solutions was prepared.  

The sample concentrations were analyzed using Flame Atomic Absorption Spectrophotometer 

(Varian SpectrAA-20 Plus, Varian Australia Pty., Ltd., Australia) by aspirating deionized water. 

Sample blank solution was run with the sample solution. A single mineral hollow cathode lamp 

was used for each element [99]. 
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Table 2. Series of working standards solutions for mineral determination  

No Elements Concentration of standard, µg/ml 

1 Iron 0.00, 2.00, 6.00, 10.00, 12.00 

2 Zinc 0.00, 0.60, 1.00,1.40, 1.80 

3 Calcium 0.00, 1.00, 1.50, 2.50, 3.00 

 

 

 

W= Weight (g) of samples; V=50ml=Volume (V) of extract; a = Concentration (�g/ml) of sample 

solution; b = Concentration (�g/ml) of blank solution   

3.5.9 Sensory evaluation 

Weaning foods made from ungerminated, germinated and mixture of the two at different 

proportions were evaluated by a panel of judges. The weaning food gruels were prepared by 

mixing 15g sorghum flour dissolved in 100 ml tap water and cooked at 920C for 25 minutes.  

The panelists were selected from the staff of Food Science and Nutrition Research Directorate, 

Ethiopian Health and Nutrition Research Institute (EHNRI), Ethiopia. The panel members were 

assigned individually to well illuminated laboratory booth.  

 

 

Metal content (mg/100g)  = [(a-b) x V]/10 W 
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The panelists were instructed about the purpose and objective of this test, so the selection of 

panelists was based on basic requirements of a panelist, such as availability for the entire period 

of evaluation, interest and willing to serve. The health status of the panelists was also considered 

during panelist selection (not suffering from colds and allergic that affect their sensitivity to the 

product). 

The weaning food thin porridge (gruels) was served to the panelists in white and transparent glass 

cups at about 400C. Panelists were asked to rinse their mouth with tap water that was provided to 

them, before the next serving. The containers with the samples were coded in three digits and 

kept far apart to avoid crowding and for independent judgment.  

The panelists were asked to rank the gruel on the basis of appearance (color), flavor, odor, and 

texture (mouth feel) using a nine point hedonic scale, (where 1 = dislike extremely and 9 = like 

extremely). Overall acceptability of the samples was also rated on same scale with 9 = extremely 

acceptable and 1 = extremely unacceptable [103].  

The sensory evaluation was conducted between 3:00 and 4:00 pm, during which panelists are 

neither too satisfied nor too hungry, assuming that they had their lunch. To avoid panellist 

fatigue, the gruels were tested on different days based on period of germination (36 and 48 hours) 

and composition of the gruels. The range method of statistical analysis was applied for the test of 

the significance to find the preferences. 
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Table 3. Sensory evaluation score card using nine point Hedonic scale 

Panelist code/name: _____________ sample code: _____________ date: ____________ 

 

3.5.10 Viscosity determination 

The gruels were prepared in a glass beaker by mixing 13 g and 5 g of flour and 100 ml of water.  

The mixture of water and flour were cooked at 920C for 25 minutes. The gruel was placed in a 

water bath maintained at 40°C (heating temperature) and its viscosity was measured at this 

temperature.  Traditional methods of porridge preparation were used after adapting to laboratory 

Sensory perception 

(score) 

Sensory quality attributes Overall acceptability 

Appearance 

(Color) 

Flavor Odor Mouth feel 

(Texture) 

hedonic scale 

1=dislike extremely     1=Extremely unacceptable 

2=dislike very much      2=very much unacceptable 

3=dislike moderately      3=moderately unacceptable 

4=dislike slightly     4=Slightly unacceptable 

5=neither like 

 nor dislike  

    5=neither acceptable nor  

unacceptable 

6=like slightly     6=Slightly acceptable 

7=like moderately      7=moderately acceptable 

5=like very much      8=highly acceptable 

9=like extremely     9=Extremely acceptable 
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conditions.  The ratio of flour: water and the heat treatment were controlled to avoid the 

contribution of these parameters in viscosity measurement [37].   

The paste viscosity was measured using a Brookfield Viscometer (Model DVII Rheometer V2.0 

RV; Middleboro, Massachusetts, USA). The cooked gruel was poured into the viscometer beaker, 

cooled to 400C and viscosity was measured (in centipoises, cP) using spindle number 52 at a 

shear rate of 6 revolution per minute (RPM). Within 2 minute, the average of the maximum and 

minimum viscosity reading was recorded [53].  

3.5.11 Determination of phytate content 

About 0.1500 g of fresh samples was extracted with 10 ml 2.4% HCl in a mechanical shaker for 

1hour at a room temperature. The extract was centrifuged at 3000 rpm for 30 minute (Dynac II 

centrifuge, Clay Adams, Bacton, Dickinson and c0mpany, USA).  The clear supernatant was used 

for phytate estimation.  One ml of Wade reagent (containing 0.03% solution of FeCl3.6H2O and 

0.3% of sulfosalicilic acid in water) was added to 3 ml of the sample solution (supernatant) and 

the mixture was mixed on a Vortex for 5 seconds. The absorbance of the sample solutions were 

measured at 500 nm using UV-VIS spectrophotometer.  

A series of standard solutions were prepared containing 0, 5, 10, 20 and 40 µg/ml of phytic acid 

(analytical grade sodium phytate) in 2.4% HCl.  Three ml of the standard solution was added into 

15ml of centrifuge tubes. Three ml of water was prepared to serve as standard blank. One ml of 

the Wade reagent was added to each test tube and the solution was mixed on a Vortex mixer for 5 

seconds. The mixture was centrifuged for 10 minutes and the absorbance of the solutions (both 

the sample and standard) was measured at 500 nm by using deionized water as sample blank 

[104]. 
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3.5.12 Condensed tannin determination 

About 2.0000 g of fresh sample was weighed in screw cap test tubes (in triplicate). The samples 

were extracted with 10 ml of 1% HCl in methanol for 24 hours at room temperature with a 

mechanical shaking. After 24 hours shaking, the solution was centrifuged at 1000 rpm for 5 

minutes. One ml of supernatant was taken and mixed with 5 ml of Vanillin-HCl reagent 

(prepared by combining equal volume of 8% concentrated HCl in methanol and 4% Vanillin in 

methanol).  

D-catechin was used as standard for condensed tannin determination.  Forty mg of D-catechin 

was weighed and dissolved in 1000 ml of 1% HCl in methanol, which was used as stock solution. 

Exactly 0, 0.2, 0.4, 0.6, 0.8 and 1 ml of stock solution was taken in test tubes and the volume of 

each test tube was adjusted to 1.0 ml with 1% HCl in methanol. Five ml of Vanillin-HCl reagent 

was added into each test tube.  

After 20 minutes, the absorbance of the solutions and the standard solution were measured at 500 

nm by using deionized water as blank, and the calibration curve was constructed from a series of 

standard solution using SPSS Version 15.  Concentration of tannin was read in mg of D-catechin 

per gm of sample [105]. 

 

 

Tannin in µg/g = [(absorbance-intercept)/(slope*density*weight of sample)]*10 

Phytic acid in µg/g = {[(absorbance-intercept)/(slope*density*weight of sample)]*10}/3 
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3.5.13 Total phosphorous determination 

The sample solutions prepared for mineral determination was used for phosphorous 

determination. One ml of the clear extract (sample solution prepared for mineral determination) 

was diluted into 100 ml with deionized water. Five ml of the sample solution was added into test 

tubes. Exactly 0.5 ml of molybdate and 0.2 mL aminonaphtholsulphonic acid were added into the 

test tubes (sample solution) and mixed thoroughly step by step. The solution was allowed to stand 

for 10 minutes.  

Standard solution:  Six series of working standard phosphorous solutions (0.2, 0.4, 0.6, 0.8 1.0 

and 1.2 µg/ml) were prepared by appropriate dilution of the phosphorous stock solution (1000 µg 

P/ml of KH2PO4) with deionized water using 10 ml volumetric flask. After manipulating the 

instrument operation procedure, the absorbance (A) the sample solution was measured at 660 nm 

against distilled water using UV-VIS spectrophotometer. The standard and sample blank solution 

was run with the sample. Calibration graph (concentration versus absorbance) for each element 

using the prepared standard solutions was prepared [106].  

 

 

Phytate phosphorus was derived by using the following. Non-phytate phosphorus was calculated 

as a difference between the total phosphorus and phytate phosphorus.  Phytate is the phytate 

content (mg/100g) [114]. 

 

Phosphorous content (µg/g) =  

Phytate phosphorus (mg/100g) = (phytate x 28:18)/100 
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.    

3.6 Data management and statistical analysis 

 Each determination was carried out on three separate samples and analyzed in triplicate and 

results were were reported as an averaged value (mean ± standard deviation). Data was analyzed 

by the one-way analysis of variance (ANOVA) model using SPSS Version 15.0.  Differences 

between treatments were determined by the Fisher’s Least Significance Difference (LSD) 

method. Statistical significance was set at p<0.05.  
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4. RESULTS 

4.1  Proximate compositions of sorghum flour 

4.1.1 Proximate composition of variety 76T1#23 

The crude protein and fiber contents of ungerminated sorghum flour were 12.25% and 2.33%, 

while 12.45% and 2.77% were values for sorghum flour germinated for 36 hours and values 

12.65% and 2.81% were recorded for sorghum flour germinated for 48 hours, respectively. The 

crude protein and fiber contents of sorghum flour were increased during germination. For variety 

76T1#23, sorghum flour germinated for 48 hours contained significantly (P<0.05) higher protein 

and fiber contents compared to ungerminated sorghum flour (Table 4).  

The crude fat, moisture and total  ash contents of sorghum flour germinated for 36 hours were 

found to be 3.26%, 7.01% and 1.25%;  and 3.21, 6.98% and 1.24% were values for sorghum 

flour germinated for 48 hours, while values 3.34, 8.06% and 1.37% were recorded for 

ungerminated sorghum flour, respectively. Ungerminated sorghum flour contained higher crude 

fat, moisture and total ash contents compared to germinated sorghum flour. The total 

carbohydrate (as %) and gross energy (as kcal/100 g) contents of sorghum flour were increased 

during germination from 74.98% and 369.64 kcal/100 g for ungerminated sorghum flour to 

76.04% and 372.29 kcal/100 g for sorghum flour germinated for 36 hours and  75.91% and 

371.85 kcal/100 g for sorghum flour germinated for 48 hours, respectively. The moisture contents 

of sorghum flour observed in this study were all below 10% (Table 4). 
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Table 4. Effect of germination on proximate composition of sorghum flour, variety 76T1#23 

Values within the same column with different superscript letters are significantly different from 

each other (p<0.05), *CHO=carbohydrate 

The blending of germinated sorghum flour with ungerminated flour was found to increase crude 

protein and fiber level. The crude protein and fiber contents of ungerminated sorghum flour were 

found to be 12.25% and 2.33%, while values 12.46% and 2.71% were recorded for sorghum flour 

contained 50% of germinated sorghum flour and 12.50% and 2.77% were values for sorghum 

flour contained 75% of germinated sorghum flour. During blending, the crude protein and fiber 

contents of sorghum flour were increased when germinated sorghum flour was blended with 

ungerminated sorghum flour. In contrast, crude fat, moisture and total ash contents of sorghum 

flour were decreased when germinated sorghum flour was blended with ungerminated flour. The 

crude fat, moisture and total ash  contents of ungerminated sorghum flour were 3.34%, 8.05% 

and 1.37%, while 3.29%, 7.83% and 1.33% were values for sorghum flour contained 15% of 

germinated sorghum flour and values 3.24%, 7.33% and 1.26% were recorded for sorghum flour 

contained 75% of germinated sorghum flour, respectively (Table 5). 

 

 

Sample  

code 

Protein  

(%) 

Fat  

(%) 

Fiber  

(%) 

Moisture  

(%) 

Ash 

 (%) 

CHO* 

(%) 

Energy  

(kcal/100g) 

Control 12.25 ± 0.1a 3.34 ± 0.2a 2.33 ± 0.2a 8.06 ± 0.4a 1.37 ± 0.1a 74.98a 369.64a 

G36 12.45 ± 0.3b 3.26 ± 0.2b 2.77 ± 0.1 b  7.01 ± 0.5b 1.25 ± 0.2b 76.04b  372.19b 

G48 12.65 ± 0.2c 3.21 ± 0.1c 2.81 ± 0.1c 6.98 ± 0.7b 1.24 ± 0.3b 75.91b 371.85b 
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Table 5. Effect of blending on proximate compositions of sorghum flour (variety 76T1#23) 

Sample  

code 

Protein  

(%) 

Fat  

(%) 

Fiber  

(%) 

Moisture  

(%) 

Ash  

(%) 

CHO* 

(%) 

Energy 

(kcal/100g) 

100% plain 12.25±0.1a 3.34±0.0 2.33±0.1a 8.05±0.4a 1.37±0.1a 74.98 369.64  

85% plain 12.32±0.7a 3.29±0.4 2.52±0.4b 7.83±0.2b 1.33±0.3b 75.23 369.81 

75% plain 12.35±0.9ab 3.27±0.4 2.60±0.8c 7.60±0.9c 1.31±0.1b 75.44 370.44 

50% plain 12.46±0.1ba 3.26±0.3 2.71±0.2d 7.38±0.9d 1.27±0.0c 75.76 371.2 

25% plain 12.50±0.8b 3.24±0.3 2.77±0.6de 7.33±0.5d 1.26±0.1c 75.76  371.15 

100% germ 12.55±0.1b 3.24±0.5 2.79±0.3ed 6.99±0.3e 1.24±0.1c 75.91  371.85 

Values within the same column with different superscript letters are significantly different from 

each other (p<0.05); *CHO=carbohydrate 

 

4.1.2 Proximate composition of variety Meko 

For variety Meko, crude protein and fiber contents of ungerminated sorghum flour were found to 

be 10.44% and 3.34%, while values 10.60% and 3.51% were recorded for sorghum flour 

germinated for 36 hours and 10.81% and 3.67% were values for sorghum flour germinated for 48 

hours, respectively. The protein and fiber levels of sorghum flour were also improved during 

blending. The difference between crude protein and fiber content of ungerminated and 

germinated sorghum flour were significant (p<0.05) (Tables 6 and 7). 
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Table 6. Effect of germination on proximate compositions of sorghum flour (variety Meko) 

Sample 

code   

Protein  

(%) 

Fat 

 (%) 

Fiber 

 (%) 

Moisture 

(%) 

Ash  

(%) 

CHO* 

(%) 

Energy 

(Kcal/100g) 

Control 10.44 ± 0.4a 3.67 ± 0.2a 3.34 ± 0.3a 8.35 ± 0.2a 1.55 ± 0.1a 76.00a  365.84a 

G36 10.62 ± 0.5b 3.37 ± 0.1b 3.51 ± 0.4b 7.67 ± 0.1b 1.43 ± 0.1b 76.94b  366.40b 

G48 10.87 ± 0.1c 3.38 ± 0.4c 3.67 ± 0.1c 7.53 ± 0.3c 1.42 ± 0.3b 76.80b  366.42b 

Values within the same column with different superscript letters are significantly different from 

each other (p<0.05), *CHO=carbohydrate 

 

Germination (for 36 and 48 hours) was found to decrease significantly (P<0.05) crude fat, 

moisture and total ash contents of sorghum flour from 3.67%, 8.35% and 1.55% for 

ungerminated sorghum flour to 3.37%, 7.67% and 1.45% for sorghum flour germinated for 36 

hours, and 3.38%, 7.53% and 1.44% were values recorded for sorghum flour germinated for 48 

hours, respectively. Similarly, germination of variety Meko was found to increase the total 

carbohydrate and gross energy contents from 76% and 365.84 kcal/100 g for ungerminated 

sorghum flour to 76.94% and 366.40 kcal/100 g for sorghum flour germinated for 36 hours, and 

76.8% and 366.42 kcal/100 g for sorghum flour germinated for 48 hours, respectively (Table 6).  
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When germinated sorghum flour was blended with ungerminated sorghum flour, the content of 

crude protein and fiber increased. The crude protein and fiber content of sorghum flour sample 

contained 15% of germinated sorghum flour were 10.48% and 3.45%, while the values 10.69% 

and 3.56% were recorded for sorghum flour sample contained 75% of geminated sorghum flour. 

In contrast, blending of germinated sorghum flour with ungerminated sorghum flour decreased 

crude fat, total ash and moisture content of sorghum flour sample (Table 7).  

Table 7. Effect of blending on proximate compositions of sorghum flour (variety Meko) 

Sample 

code 

Protein  

(%) 

Fat  

(%) 

Fiber  

(%) 

Moisture 

(%) 

Ash 

 (%) 

CHO*  

(%) 

Energy 

(Kcal/100 g) 

100%plain 10.44±0.0a 3.67±0.0 3.32±0.3 8.35±0.1 1.55±0.01a 74.98  369.64 

85% plain 10.48±0.1a 3.57±0.7 3.45±0.2 8.06±0.5 1.52±0.01b 75.23 369.81 

75% plain 10.63±0.5b 3.50±0.9 3.48±0.3 7.87±0.4 1.50±0.01c 75.44 370.44  

50% plain 10.67±0.3b 3.46±0.5 3.55±0.1 7.67±0.2 1.47±0.02d 75.76 371.2  

25% plain 10.69±0.5b 3.40±0.2 3.56±0.1 7.63±0.9 1.46±0.02d 75.76 371.15  

100% germ 10.73±0.7b 3.37±0.1 3.59±0.1 7.60±0.8 1.42±0.01e 75.91 371.85  

Values within the same column with different superscript letters are significantly different from 

each other (p<0.05), *CHO=carbohydrate 
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4.2 Essential minerals content of sorghum flour 

4.2.1 Iron, zinc and calcium composition of sorghum flour 

I. Iron, zinc and calcium contents of sorghum flour prepared form variety 76T1#23 

Levels of iron, zinc and calcium (mg/100 g) for ungerminated sorghum flour were found to be 

8.21, 1.86 and 17.09. Germination was found to increase significantly (p<0.05) levels of iron, 

zinc and calcium to 10.55, 1.97 and 25.85 for sorghum flour germinated for 36 hours; and 11.99, 

2.01 and 25.93 for sorghum flour germinated for 48 hours, respectively.  Within variety 

76T1#23, sorghum flour germinated for 48 hours contained highest mineral content compared to 

ungerminated. The increase in zinc and calcium contents of sorghum flour samples germinated 

for 36 and 48 hours were insignificant (Table 8). 

 
 
Table 8. Effect of germination on minerals content of sorghum flour (variety 76T1#23) 

Sample code Iron (mg/100 g) Zinc (mg/100 g) Calcium (mg/100 g) 

Control 8.21 ± 0.09a 1.86 ± 0.01a 17.09 ± 0.03a 

G36 10.55 ± 0.01b 1.97 ± 0.01b 25.85 ± 0.04b 

G48 11.99 ± 0.01c 2.01 ± 0.05b 25.93 ± 0.05b 

Values within the same column with different superscript letters are significantly different from 

each other (p< 0.05)  
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Blending of germinated sorghum flour with ungerminated flour was found to increase contents of 

iron, zinc and calcium. The iron, zinc and calcium contents of the blend contained 15% of 

germinated sorghum flour were 8.60, 1.88, and 18.49, while values 10.74, 1.96 and 22.93 were 

recorded for the blend contained 75% of germinated sorghum flour (Table 9). 

 

Table 9. Effect of blending on minerals content of sorghum flour (variety 76T1#23) 

Sample code Iron (mg/100 g) Zinc (mg/100 g) Calcium (mg/100 g) 

100% plain 8.21±0.09a 1.86±0.01a 17.09±0.03a 

85% plain 8.60±0.69b 1.88±0.01a 18.49±0.20b 

75% plain 9.20±0.58c 1.92±0.01a 19.35±0.76c 

50% plain 10.19±0.39d 1.94±0.01a 21.71±1.31d 

25% plain  10.74±0.38e 1.96±0.01a 22.93±0.92e 

100% germ 11.27±0.83f 1.99±0.02a 25.89±0.06f 

Values within the same column with different superscript letters are significantly different from 

each other (p< 0.05)  

 

II. Iron, zinc and calcium contents of sorghum flour prepared from variety Meko  

For variety Meko, iron, zinc and calcium contents (in mg/100 g) of ungerminated sorghum flour 

were found to be 7.19, 1.78 and 20.99, while 10.6, 1.86 and 27.68 were values for sorghum flour 

germinated for 36 hours; and values 10.98, 1.89 and 29.62 were recorded for sorghum flour 

germinated for 48 hours, respectively. The sorghum flour germinated for 48 hours contained 

significantly higher iron, zinc and calcium content compared to ungerminated flour (Tables 10).   
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Table 10. Effect of germination on minerals content of sorghum flour (variety Meko) 

Sample code Iron (mg/100 g) Zinc (mg/100 g) Calcium (mg/100 g) 

Control 7.19 ± 0.9a 1.78 ± 0.1a 20.99 ± 0.3a 

G36 10.60 ± 0.0b 1.86 ± 0.3b 27.68 ± 0.8b 

G48 10.98 ± 0.1c 1.89 ± 0.1b 29.62 ± 0.7c 

Values within the same column with different superscript letters are significantly different from 

each other (p< 0.05) 

 

Blending of 15%, 25%, 50% and 75% of germinated sorghum flour with ungerminated flour was 

found to increase iron, zinc and calcium contents. The iron, zinc and calcium contents of 

sorghum flour samples that contained 15% of germinated sorghum flour were 8.12, 1.79 and 

22.03, while 9.60, 1.84 and 26.01 were values recorded for sorghum flour samples that contained 

75% of germinated sorghum (Table 11). 
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Table 11. Effect of blending on minerals content of sorghum flour (variety Meko) 

Sample code Iron (mg/100 g) Zinc (mg/100 g) Calcium (mg/100 g) 

100% plain 7.19±0.01a 1.78±0.01a 20.99±0.03a 

85% plain 8.12±0.11b 1.79±0.01a 22.03±0.38a 

75% plain 8.43±0.02b 1.82±0.01a 24.15±0.37b 

50% plain 9.60±0.36c 1.84±0.01a 26.01±0.74c 

25% plain  10.53±0.08d 1.87±0.03a 27.93±0.89d 

100% germ 10.79±0.22d 1.87±0.02a 28.65±1.12d 

Values within the same column with different superscript letters are significantly different from 

each other (p< 0.05) 

 

4.2.2 Total phosphorous, phytate phosphorous and non-phytate phosphorous contents of 

sorghum flour 

I. Total phosphorous, phytate phosphorous and non-phytate phosphorous contents of 

sorghum flour prepared from variety 76T1#23  

Ungerminated sorghum flour contained 208.42 mg/100 g of total phosphorous (TP), while values 

221.49 mg/100 g and 223.26 mg/100 g were recorded for sorghum flour that germinated for 36 

and 48 hours, respectively. During germination, contents of non-phytate phosphorous (NPP) 

increased significantly (p<0.05) from 46.04% of TP for ungerminated sorghum flour to 67.47% 

of TP for sorghum flour germinated for 36 hours and 76% of TP for sorghum flour germinated 

for 48 hours. As the content of non-phytate phosphorus increased, the phytate phosphorous (PP) 

content (mg/100 g) was significantly (P<0.05) decreased. The phytate phosphorous level of 
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ungerminated sorghum flour was found to be 112.47 mg/100 g, while values 72.04 mg/100 g and 

53.57 mg/100 g were recorded for sorghum flour germinated for 36 and 48 hours, respectively. 

Ungerminated sorghum flour sample contained highest phytate phosphorous compared to 

sorghum flour germinated for 48 hours (Table 12). 

Table 12. Effect of germination on total phosphorous, phytate phosphorous and non-phytate 

phosphorous contents of sorghum flour (variety 76T1#23) 

Sample 

code 

 

Total  phosphorous 

(mg/100 g) 

Phytate phosphorous* Non-phytate phosphorous** 

Total 

(mg/100 g) 

% of total  

phosphorous 

Total 

 (mg/100 g) 

% of total  

phosphorous 

Control  208.42a 112.47a 53.96 95.95a 46.04 

G36 221.49b 72.04b 32.53 149.45b 67.47 

G48 223.26b 53.57c 24.00 169.69c 76.00 

Values within the same column with different superscript letters are significantly different from 

each other (p< 0.05).  *Phytate phosphorous content was calculated by assuming that phytate 

contains 28.18% phosphorus; **non-phytate phosphorous was the difference between total 

phosphorous and phytate phosphorous. 

 

The total and non-phytate phosphorous content of the blend that contained 15% of germinated 

sorghum flour were 213.03 mg/100g and 106.57 mg/100 g, while 219.29 mg/100 g and 145.88 

mg/100 g were values recorded for the blend that contained 75% of germinated sorghum flour, 

respectively. Blending of germinated sorghum flour with ungerminated flour improved total and 

non-phytate phosphorous content. The content of phytate phosphorous was reduced when 

germinated sorghum flour blended to ungerminated sorghum flour (Table 13). 
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Table 13. Effect of blending on total phosphorous, phytate phosphorous and non-phytate 

phosphorous contents of sorghum flour (variety 76T1#23) 

Sample code 

 

Total  

phosphorous 

(mg/100 g) 

Phytate phosphorous* Non-phytate phosphorous** 

Total 

(mg/100 g) 

% of total  

phosphorous 

Total 

 (mg/100 g) 

% of total  

phosphorous 

100% plain 208.42±0.1a 112.47±0.2a 53.96 95.95±0.6a 46.04 

85% plain 213.03±4.1a 106.46±1.5b 49.97 106.57±5.5b 50.03 

75% plain 213.52±4.7ab 101.84±3.6b 47.97 111.68±4.3b 52.30 

50% plain 218.13±0.7ba 85.84±5.7c 39.35 132.29±5.1c 60.65 

25% plain 219.29±0.3b 73.42±2.3d 33.48 145.88±2.8d 66.52 

100% germ 222.38±1.0b 62.81±4.7e 28.24 159.57±3.7e 71.76 

Values within the same column with different superscript letters are significantly different from 

the control (p< 0.05). *Phytate phosphorous content was calculated by assuming that phytate 

contains 28.18% phosphorus; **non-phytate phosphorous was the difference between total 

phosphorous and phytate phosphorous. 
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II. Total phosphorous, phytate phosphorous and non-phytate phosphorous contents of 

sorghum flour prepared from variety Meko  

Germination increased the total phosphorous content of sorghum flour from 183.04 mg/100 g for 

ungerminated sorghum flour to 192.25 mg/100 g and 193.56 mg/100g for sorghum flour 

germinated for 36 and 48 hours, respectively. Contents of non-phytate phosphorous was found to 

be 28.42% of TP for ungerminated sorghum flour, while 57.03% of TP and 70.34% of TP were 

values for sorghum flour germinated for 36 and 48 hours, respectively. Ungerminated sorghum 

flour contained 71.58% of TP as phytate phosphorus and during germination, significantly 

(p<0.05) decreased to 42.97% of TP and for 29.66% of TP for sorghum flour germinated for 36 

and 48 hours, respectively (Table 14).  

Table 14. Effect of germination on total Phosphorous, phytate phosphorous and non-phytate 

phosphorous contents of sorghum flour (variety Meko)  

Sample 

Total phosphorous 

(mg/100 g) 

Phytate phosphorous* Non-phytate phosphorous** 

Total 

(mg/100 g) 

% of total  

phosphorous 

Total 

 (mg/100 g) 

% of total  

phosphorous 

Control 183.04a 131.02a 71.58 52.02a 28.42 

G36 192.25b 82.62b 42.97 109.63b 57.03 

G48 193.56b 57.42c 29.66 136.14c 70.34 

*Phytate phosphorous content was calculated by assuming that phytate contains 28.18% 

phosphorus; **non-phytate phosphorous was the difference between total phosphorous and 

phytate phosphorous. 
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Blending of germinated sorghum flour with ungerminated flour improved the total and non-

phytate phosphorous content of sorghum flour. In contrast, blending of ungerminated sorghum 

flour with germinated flour was found to decrease the phytate phosphorous content (Table 15). 

Table 15. Effect of blending on total Phosphorous, phytate phosphorous and non-phytate 

phosphorous contents of sorghum flour prepared from variety Meko  

Sample 

 code 

 

Total 

phosphorous 

(mg/100 g) 

Phytate phosphorous* Non-phytate phosphorous** 

Total 

(mg/100 g) 

% of total  

phosphorous 

Total 

 (mg/100 g) 

% of total  

phosphorous 

100% plain 183.04±0.4a 131.02±0.6a 71.58 52.02±0.4a 28.42 

85% plain 183.80±0.8a 121.82±3.3b 66.28 61.98±3.2b 33.72 

75% plain 184.51±1.1ab 116.05±4.5c 62.90 68.46±2.4c 37.10 

50% plain 186.62±0.5ba 97.22±2.4d 52.10 89.40±4.2d 47.90 

25% plain 188.34±0.6b 82.72±1.6e 43.92 105.62±1.9e 56.08 

100% germ 192.91±1.2c 70.02±2.7f 36.30 122.89±3.1f 62.70 

*Phytate phosphorous content was calculated by assuming that phytate contains 28.18% 

phosphorus; **non-phytate phosphorous was the difference between total phosphorous and 

phytate phosphorous. 
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4.3 Antinutritional factors 

4.3.1 Phytate 

• For variety 76T1#23 

Phytate level (mg/100 g) of ungerminated sorghum flour was found to be 399.12, while values 

255.66 and 190.11 were recorded for sorghum flour samples germinated for 36 and 48 hours, 

respectively. Blending of germinated sorghum flour with ungerminated flour decreased phytate 

level from 377.78 mg/100 g for sorghum flour sample contained 15% of germinated sorghum flour 

to 260.53 mg/100 g for sorghum flur sample contained 75% of germinated sorghum flour. Within 

variety 76T1#23, ungerminated sorghum flour contained highest phytate value compared to 

sorghum flour germinated for 48 hours. Germination (for 36 and 48 hours) reduced phytate level 

by 35.94% and 52.37% (Tables 16 and 17).  

Table 16. Effect of germination on phytate, phytate:iron, phytate:zinc, calcium:phytate, 

[calcium][phytate]:zinc contents of sorghum flour (variety 76T1#23) 

Values within the same column with different superscript letters are significantly different from 

each other (at p < 0.05). 

Sample 

code 

Phytate  

(mg/100 g) 

Phytate: iron* 

(molar ratio) 

Phytate: zinc�  

(molar ratio) 

Calcium: phytate�  

 (molar ratio) 
 

(mol/Kg)�  

Control 399.12± 3.73a 4.12 ± 0.04a 21.18 ± 0.2a 0.71 ± 0.01a 0.09 

G36 255.66 ± 2.13b 2.06 ± 0.02b 12.76 ± 0.11b 1.67 ± 0.01b 0.08 

G48 190.11 ± 1.22c 1.35 ± 0.01c 9.31 ± 0.06c 2.25 ± 0.01c 0.06 
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*= (mg of Phytate/MW (molecular weight) of Phytate: mg of iron/MW of iron 

�= (mg of Phytate/MW (molecular weight) of Phytate: mg of Zinc/MW of Zinc 

 �= (mg of Calcium/MW of Calcium: mg of phytate/MW of phytate). 

� = (mol/kg Calcium) x (mol/kg Phytate)/(mol/kg Zinc) 

 

Table 17. Effect of blending on phytate, phytate:iron, phytate:zinc, calcium:phytate, 

[calcium][phytate]:zinc contents of sorghum flour (variety 76T1#23) 

 

 

 

 

 

 

 

Values within the same column with different superscript letters are significantly different from 

each other (at p < 0.05). 

*= (mg of Phytate/MW (molecular weight) of Phytate: mg of iron/MW of iron 

�= (mg of Phytate/MW (molecular weight) of Phytate: mg of Zinc/MW of Zinc 

 �= (mg of Calcium/MW of Calcium: mg of phytate/MW of phytate). 

� = (mol/kg Calcium) x (mol/kg Phytate)/(mol/kg Zinc) 

 

Sample code Phytate  

(mg/100 g) 

Phytate: iron* 

(molar ratio) 

Phytate: zinc�  

(molar ratio) 

Calcium: phytate�  

 (molar ratio) 
(mol/Kg) �   

100%  plain 399.12±1.95a 21.18±0.10a 4.12±0.01a 0.71 0.09 

85% plain 377.78±1.38b 19.81±0.07b 3.75±0.45b 0.81 0.09 

75% plain 361.38±1.41c 18.58±0.89b 3.35±0.12c 0.89 0.09 

50% plain 304.62±0.98d 15.48±0.34c 2.54±0.34d 1.18 0.08 

25% plain 260.53±0.69e 13.11±0.23d 2.07±0.13e 1.47 0.08 

100% germ 222.88±1,21f 11.03±0.54e 1.70±0.18e 1.96 0.07 
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• For variety Meko 

For variety Meko, phytate content (mg/100 g) of ungerminated sorghum flour was found to be 

464.94 while 293.18 and 203.76 were values for sorghum flour germinated for 36 and 48 hours, 

respectively.  Blending of germinated sorghum flour with ungerminated flour decreased the 

phytate level.  Germination (for 36 and 48 hours) reduced phytate level by 36.94% and 56.18% 

(Tables 18 and 19). 

 
Table 18.  Effect of germination on phytate, phytate:iron, phytate:zinc, calcium:phytate, 

([calcium][phytate]:zinc contents of sorghum flour (variety Meko) 

Values within the same column with different superscript letters are significantly different from 

each other (at p < 0.05)  

*= (mg of Phytate/MW (molecular weight) of Phytate: mg of iron/MW of iron 

�= (mg of Phytate/MW (molecular weight) of Phytate: mg of Zinc/MW of Zinc 

 �= (mg of Calcium/MW of Calcium: mg of phytate/MW of phytate). 

� = (mol/kg Calcium) x (mol/kg Phytate)/(mol/kg Zinc) 

 

Sample  

code  

Phytate  

(mg/100 g) 

Phytate: iron* 

(molar ratio) 

Phytate: zinc�  

(molar ratio) 

Calcium: phytate�  

(molar ratio) 
(mol/Kg) �  

Control 464.94 ± 10.77a 5.49 ± 0.13a 25.72 ± 0.59a 0.75 ± 0.02a 0.14 

G36 293.18 ± 6.32b 2.35 ± 0.05b 15.54 ± 0.33b 1.56 ± 0.04b 0.11 

G48 203.76 ± 3.86c 1.58 ± 0.04c 10.64 ± 0.21c 2.40 ± 0.04c 0.08 
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Table 19.  Effect of blending on phytate, phytate:iron, phytate:zinc, calcium:phytate, 

([calcium][phytate]:zinc contents of sorghum flour (variety Meko) 

Values within the same column with different superscript letters are significantly different from 

each other (at p < 0.05)  

*= (mg of Phytate/MW (molecular weight) of Phytate: mg of iron/MW of iron 

�= (mg of Phytate/MW (molecular weight) of Phytate: mg of Zinc/MW of Zinc 

 �= (mg of Calcium/MW of Calcium: mg of phytate/MW of phytate). 

� = (mol/kg Calcium) x (mol/kg Phytate)/(mol/kg Zinc) 

4.3.2 Tannin content of sorghum flour 

The tannin content of sorghum flour investigated was below detection limit during laboratory 

determination (as mg of tannin per 100 g of sorghum flour analyzed). This is true for varieties 

76T1#23 and Meko. 

Sample   

code 

Phytate  

(mg/100 g) 

Phytate: iron* 

(molar ratio) 

Phytate: zinc� 

(molar ratio) 

Calcium: phytate� 

(molar ratio) 
(mol/Kg)� 

100% plain 464.94±5.82a 25.72±0.31a 5.49±0.06a 0.75 0.14 

85% plain 432.26±4.12b 23.75±0.22b 4.52±0.04b 0.84 0.13 

75% plain 411.82±3.25c 22.28±0.35b 4.14±0.45b 0.97 0.14 

50% plain 344.99±4.21d 18.45±0.37c 3.06±0.12c 1.25 0.12 

25% plain 293.55±3.12e 15.46±0.96d 2.37±0.09d 1.60 0.11 

100% germ 248.47±2.34f 13.09±0.81e 1.96±0.05d 1.98 0.10 



 
 

63 
�

4.3.3  Bioavailability of iron, zinc and calcium of sorghum flour (Molar ratios of 

phytate:iron and phytate:zinc and calcium:phytate) 

I. Phytate:iron and phytate:zinc molar ratios of sorghum flour  

For variety 76T1#23, ungerminated sorghum flour contained phytate:iron and phytate:zinc molar 

ratios of 4.12 and 21.18, while molar ratios 2.06 and 12.76 were recorded for sorghum flour 

germinated for 36 hours and 1.35 and 9.31 were ratios for sorghum flour germinated for 48 

hours, respectively. The phytate:iron and phytate:zinc molar ratios of ungerminated sorghum 

flour of variety Meko were 5.49 and 25.72, while ratios 2.35 and 15.54 were for sorghum flour 

germinated for 36 hours and 1.58 and 10.64 were ratios recorded for sorghum flour germinated 

for 48 hours, respectively. This result indicated that germination decreased the phytate:iron and 

phytate:zinc molar ratios of sorghum flour (Tables 16 and 18 ). Blending of germinated sorghum 

flour with ungerminated flour decreased the phytate:iron and phytate:zinc molar ratios ) (Tables 

17 and 19).  

II. Calcium: phytate molar ratio of sorghum flour  

For variety 76T1#23, the calcium:phytate molar ratio of ungerminated sorghum flour was found 

to be 0.71, while 1.67 and 2.25 were molar ratios recorded for sorghum flour germinated for 36 

and 48 hours, respectively. For variety Meko, the calcium:phytate molar ratios of ungerminated 

sorghum flour was 0.75 and increased significantly (p<0.05) to 1.56 for sorghum flour 

germinated for 36 hours and 2.40 for sorghum flour germinated for 48 hours, respectively (Tables 

16 and 18). Blending of germinated sorghum flour with ungerminated sorghum flour increased 

the calcium:phytate molar ratios (Tables 17 and 19).  
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4.4 Viscosity of sorghum based weaning food gruels 

The viscosities of gruels (thin porridges) prepared from sorghum flour determined at 400C at 13% 

and 5% dry matter concentration were presented in Tables from 20 to 23.   

4.4.1 Viscosity of gruels at 13% and 5% dry matter concentration prepared from variety 

76T1#23 

At 13% and 5% dry matter concentrations, viscosity (in centipoises, cP) was highest for gruels 

prepared from ungerminated sorghum flour (8687.74 and 2893.78), while gruels prepared from 

germinated sorghum flour gave lowest viscosity (3540.63 and 1672.45 for germinated for 36 

hours germination period) and (2386.78 and 1142.11 for gruels prepared from sorghum flour 

germinated for 48 hours), respectively. There were significant (p<0.05) difference in viscosity 

values of gruels prepared from ungerminated and germinated sorghum flour. Gruels prepared 

from sorghum flour germinated for 48 hours had the lowest viscosity compared to viscosity of 

gruels prepared from ungerminated sorghum flour (Table 20). 

Table 20. Effect of germination on viscosity values of gruels prepared from variety 76T1#23 

Sample code  Viscosity (cP) at 13% DM* Viscosity (cP) at 5% DM* 

Control 8689.74 ± 1.22a 2893.78 ± 1.34a 

G36 3540.63 ± 2.04b 1672.45 ± 3.34b 

G48 2386.78 ± 0.02c 1142.11 ± 3.57c 

Values within the same column with different superscript letters are significantly different from 

each other (p < 0.05). *DM=dry matter concentration 
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Table 21. Effect of blending on viscosity values of gruels prepared from variety 76T1#23 

Sample code  Viscosity (cP) at 13% DM* Viscosity (cP) at 5% DM* 

100% plain 8689.74a 2893.78a 

85% plain 4138.85b 1700.47b 

75% plain 3633.57c 1577.71b 

50% plain 3313.09c 1499.12b 

25% plain 3172.83c 1463.29b 

100% germ 2963.76c 1407.28b 

Values within the same column with different superscript letters are significantly different from 

each other (p < 0.05). *DM=dry matter concentration 

At 5% dry matter concentration, the viscosity values of gruels prepared from sorghum flour 

ranged from 1142.11 cP to 2893.78 cP, while at 13% dry matter concentration  viscosity of gruels 

prepared from sorghum flour ranged from 2386.78 cP to 8689.74 cP. At 13% dry matter 

concentration, viscosities of gruels from sorghum flour germinated for 48 hours was found to be 

2386.78 cP, whereas  the viscosities of gruels prepared from sorghum flour germinated for 36 

hours was 3540.63 cP (Tables 20 and 21).  
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4.4.2 Viscosity of gruels at 13 and 5% dry matter concentration from variety Meko 

The viscosity of gruels from ungerminated sorghum flour (8792.78 and 2987.43 cP) was 

significantly (p<0.05) higher than that of viscosity of gruels prepared from sorghum flour 

germinated for 36 hours (3582.62 and 1756.44) and sorghum flour germinated for 48 hours 

(2415.19 and 1149.2), at 13% and 5% dry matter concentration, respectively.  Within the variety, 

the gruels prepared from sorghum flour germinated for 48 hours gave the lowest viscosity 

compared to the viscosity values of gruels prepared from ungerminated sorghum flour. At 5% dry 

matter concentration, viscosity of gruels were less than 3000 cP. At 13% dry matter 

concentration, viscosity of gruels prepared from ungerminated sorghum flour and sorghum flour 

germinated for 36 hours were greater than 3000 cP, in contrast viscosity of gruels prepared from 

sorghum flour germinated for 48 hours werer less than 3000 cP (Table 22). During blending, 

viscsoty of gruels were decrerased in direct proportional to the amount of germianted sorghum 

flour added to ungermianted sorghum flour (Table 23). 

Table 22. Effect of germination on viscosity values of gruels prepared from variety Meko 

Sample code  Viscosity (cP) at 13% DM* Viscosity (cP) at 5% DM* 

Control 8792.78 ± 2.35a 2987.43 ± 5.25a 

G36 3582.62 ± 4.25b 1756.44 ± 0.86b 

G48 2415.19 ± 1.99c 1149.2 ± 4.31c 

Values within the same column with different superscript letters are significantly different from 

each other (at p < 0.05). *DM=dry matter concentration 
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Table 23. Effect of blending on viscosity values of weaning foods prepared from sorghum flour, 

for variety Meko 

Sample code  Viscosity (cP) at 13% DM* Viscosity (cP) at 5% DM* 

100% plain 8792.98a 2987.43a 

85% plain 4076.48b 1732.25b 

75% plain 3581.07c 1600.29b 

50% plain 3230.73c 1514.21b 

25% plain 3088.80c 1477.36b 

100% germ 2998.97c 1452.82b 
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4.5 Sensory evaluation 

The color of the thin porridge made from ungerminated sorghum flour was most preferred (liked 

moderately) by the panelists, while the thin porridge prepared from sorghum flour germinated for 

36 and 48 hours were least preferred for color (disliked slightly and moderately, respectively). 

For flavor, highest scores were obtained for gruels prepared from ungerminated sorghum flour 

(liked moderately). Panelists disliked moderately the flavor of gruels prepared from sorghum 

flour germinated for 48 hours. The odor of gruel prepared from ungerminated sorghum flour was 

most preferred (liked moderately). Gruels prepared from sorghum flour germinated for 36 and 48 

hours were least preferred for the odor (neither liked nor disliked and disliked slightly, 

respectively).   

Table 24. Effect of germination on mean scores of sensory evaluation and overall acceptability of 

sorghum based weaning food gruels 

Sample code Color Flavor Odor Texture Acceptability 

Control 6.92a 6.73a 6.34a 7.02a 6.76 a 

G36 3.59b 5.20b 4.77b 3.44b 4.73b 

G48 3.27b 3.41c 3.78c 2.94c 3.53c 

Values within the same column with different superscript letters are significantly different from 

each other (at p< 0.05)  
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Texture for the ungerminated sorghum porridge was most preferred (liked moderately). The 

texture of gruels prepared from sorghum flour germinated for 36 and 48 hours were least 

preferred (both disliked moderately). Overall acceptability of gruels prepared from ungerminated 

sorghum flour was most accepted. For acceptability, gruels prepared from sorghum flour 

germinated for 36 and 48 hours were least acceptable (moderately unacceptable and neither 

accepted and unaccepted, respectively).  

 

Table 25. Effect of blending on mean scores of sensory evaluation and overall acceptability of 

sorghum based weaning food gruels 

Sample code Color Taste Odor Texture Acceptability 

100% plain 6.92a 6.73a 6.34a 7.02a 6.64a 

85% plain 6.81a 6.80a 6.93a 6.53b 6.83a 

75% plain 6.69a 6.19b 6.56a 6.14b 6.65a 

50% plain 5.64b 5.99c 6.05a 5.78c 6.25b 

25% plain 5.35c 5.12d 5.99b 4.58d 5.96c 

100% germ 3.43c 4.30e 4.27c 3.19e 4.37d 

Values within the same column with different superscript letters are significantly different from 

each other (at p< 0.05)  
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5. DISCUSSION 

The crude protein content of sorghum flour samples in the present study ranged from 10.44% to 

12.25%, which are comparable with values reported by Dicko et al. (20060 [42] and Leder (2004) 

[107]. The crude protein contents of germinated (for 36 and 48 hours) sorghum flours were 

significantly (p<0.05) higher than that of ungerminated sorghum flour (Tables 4 and 6) consistent 

with previous research findings [51, 57, 108].  

Germination increased protein content of sorghum flour as shown in Tables 5 and 6. Similar 

observations were made during the germination of low-tannin sorghum grain [52]. The observed 

increase in protein content of sorghum flour resulting from germination might be due to dry 

matter loss during germination as evidenced by decreased in ash content (Tables 4 and 6). It is 

might also be attributed to a net synthesis of enzymatic protein by germinating seeds [51, 57, 

108].  

The crude fat contents of ungerminated sorghum flour obtained in the present study (3.34% and 

3.67%, values for ungerminated sorghum flour) was comparable with results of previously done  

research finding [42] that stated fat content of sorghum range from 1.5% to 6%. The crude fat 

content of sorghum was reported to be 3.25% [109] and 3.2% [107]. These results are similar 

with results of the present study. In the present study, germination significantly (p<0.05) 

decreased crude fat content of sorghum flours (Table 4 and 6), in agreement with results of 

Almeida-Dominguez, et al. (1993) [50]. Kikafunda, et al. (2006) similarly observed that 

germination reduced crude fat content from 3.4% and 2.41% to 2.8% and 1.52%, respectively, in 

germinated maize [110].  
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The observed decrease in fat content of sorghum flour during germination might be attributed to 

the increased activities of the lipolytic enzymes during germination, which hydrolyze fats to fatty 

acids and glycerol. The simpler products could be used for synthesis of carbohydrate and protein 

as evidenced by the increase in protein and carbohydrate content during germination (Tables 4 

and 6) or as a source of energy for developing embryo [57, 108, 110].  

The total carbohydrate content of ungerminated sorghum flour obtained in this study was in 

agreement with results of Dicko et al. (2006) [42]. Values for total ash contents of the study flour 

samples reported are comparable to the values in the food composition table [109]. In the current 

investigation, germination decreased the moisture and total ash contents of sorghum flours 

significantly (p<0.05) (Tables 4 and 6), consistent with values reported for pearl millet and 

germinated maize [50, 110]. The level of ash in food is an important nutritional indicator for 

mineral density and also a quality parameter for contamination [111]. These minerals may 

include calcium, potassium, phosphorus, iron, sodium, zinc, and magnesium and others at 

varying amounts. The observed decrease in ash content of sorghum flour samples during 

germination might be due to leaching of minerals during steeping and washing [48, 110]. 

The moisture contents of sorghum flour obtained in this study were below 10% (Tables 4 and 6). 

Such low moisture content of flours prevents microbial activity and extends the shelf life of the 

flours [110]. The fat contents of sorghum flour decreased during germination help to extend the 

shelf-life the flour since food products with low values of fat have better shelf-life than similar 

products with high fat content [57, 108]. In contrast, food products containing high fat are 

susceptible to both hydrolytic and oxidative or enzymatic rancidity responsible for both the 

general acceptability and storage stability of the product [112].   
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With regard to proximate composition, germination significantly (P<0.05) increased crude 

protein and fiber, total carbohydrate, and gross energy contents of sorghum flour whereas total 

ash, crude fat, and moisture content decreased significantly. Besides improving the energy and 

nutrients density of food products from cereals, germination plays a vital role in increasing the 

shelf-life and storage stability of food products. As can be observed from the present study, 

germinating sorghum grain for 48 hours gave higher proximate compositions compared to 

germinating for 36 hours and ungerminated sorghum flour. Although there were some 

differences, with regard to the two varieties, similar pattern of biochemical change were observed 

during germination, variety impact on biochemical change during germination was minimal.  

The contents of calcium and zinc in ungerminated sorghum flour obtained in this study were 

comparable with values reported by Dicko et al. (2006) [42]. In contrast, the values of iron 

obtained in the present investigation were higher than values (5.7 mg/100g) reported by Dicko et 

al. (2006) [42]. In the current study, germination of sorghum grain for 36 and 48 hours increased 

iron, zinc and calcium contents of sorghum flour significantly (P<0.05) (Tables 8 and 10). These 

results were consistent with results reported by Ikujenlola et al. (2005), the levels of certain 

minerals increased considerably in the case of germinated flours [37]. Similarly, Inyang and 

Zakari (2008) observed twofold increases in iron level of sprouted hungry rice (acha) in 

agreement with the present investigation [57].  

Phosphorous contents of sorghum flours in the present study increased during germination (for 

36 and 48 hours), in agreement with results of Inyang and Zakari (2008) [57]. During 

germination, the total phosphorous (TP) and non-phytate phosphorous (NPP) contents of the 

sorghum flour increased significantly while phytate phosphorus (PP) content changed inversely 
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proportional to the non-phytate phosphorous similar to results obtained by Duhan et al. (2002) 

[114].  

The observed increase in minerals contents (iron, zinc, calcium and phosphorous) of sorghum 

flour during germination might be due to losses of water-soluble constituents during steeping and 

washing [113]. Germination correlated with dry matter losses from roots and shoots might 

responsible for minerals increment during germination [48].  

Germination resulted in a considerable loss of phytic acid. As the period of germination was 

prolonged, a significant and successive reduction in phytate was witnessed; after 48 hours 

germination a loss of up to 45% was observed [114]. These results are consistent with results 

obtained in the present investigation. Inyang and Zakari (2008) [116] also reported that 

germination has been found to decrease the levels of antinutrients present in cereals and 

maximizes the levels of some of the utilizable nutrients, which is comparable with results of the 

present study. In the current study, germination (for 36 and 48 hours) decreased phytate level of 

sorghum flour by 35.94% and 56.18%, respectively, consistent with results of Gibson et al. 

(2006) [48], reported that the reductions in phytate content ranging from 50% to 64% during 

germination of rice, millet and mung bean. The phytate content was reduced during germination 

due to an increase in the phytase activity, which degrade phytic acid in plant based food [37, 42, 

57, 59,114, 122], in agreement with results of the present study. 

Results obtained in the present study indicated that sorghum varieties investigated contain no 

condensed tannins since the seeds are without pigmented testa and red/brown pericarps. 

According to Rooney et al. (1982) report, sorghum varieties are divided into three types based on 

their genetics and chemical analyses. Of those, Type I sorghums (b1b1B2_, B1_b2b2, b1b1b2b2) do 
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not have a pigmented testa, and contain low levels of phenols and no tannins [118]. The varieties 

of sorghum investigated in this study are related to Type I sorghums with very low tannin or 

tannin-free contents, which are predominant types grown in the world [119]. In contrast, the red 

sorghum grain is classified as a high polyphenol sorghum variety containing a moderate amount 

of condensed polyphenols [120]. 

Phytate:zinc molar ratio is used to estimate the likely absorption of zinc from a diet. Diets with a 

phytate:zinc molar ratio greater than 15 have relatively low zinc bioavailability, those with 

phytate:zinc molar ratios between 5 and 15 have medium zinc bioavailability and those with a 

phytate:zinc molar ratio less than 5 have relatively good zinc bioavailability [21, 121, 122]. 

Low values (phytate:zinc molar ratio <15) were found in sorghum flour germinated for 36 and 48 

hours, whereas high values (>15) were found in ungerminated sorghum flour samples or flour 

samples containing low proportions of germinated sorghum flour during blending.  In the present 

study, only sorghum flour sample of variety 76T1#23 germinated for 48 hours gave phytate:zinc 

molar ratios of less than 10.  

Ungerminated sorghum flour and sorghum flour samples blended with less than or equal to 50% 

of germinated sorghum flour had phytate:Zinc molar ratios greater than 15, indicative of low 

availability of zinc. Sorghum flour germinated for 36 and 48 hours or ungerminated sorghum 

flour blended with 75% of germinated sorghum flour  gave phytate:Zinc molar ratios of <15, 

indicative of favorable zinc bioavailability. 

The high calcium content of food may jeopardize bioavailability of iron and zinc. High calcium 

levels in foods can promote the phytate-induced decrease in zinc bioavailability when the 

[calcium]x[phytate]:[zinc] millimolar ratio exceeds 0.5 [21]. However, values observed in the 
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sorghum flour samples indicate the possible contribution of calcium in the weaning foods in 

exacerbating the low bioavailability of zinc and iron due to phytate is probably minimal.  

The critical calcium:phytate molar ratio is 6:1. The calcium:phytate molar ratio of >6 is 

indicative of favorable for calcium absorption [21]. All the sorghum flour samples analyzed in 

this study exhibited calcium:phytate molar ratios less than 6, which indicate that calcium is 

available for absorption from such diets. The results obtained in this investigation indicate the 

positive impact of calcium on mineral (iron and zinc) absorption was observed and calcium was 

available for absorption.  

Phytate:iron molar ratios >0.15 is indicator of low iron bioavailability [21]. All sorghum flour 

samples analyzed (both germinated and ungerminated) contain phytate:iron molar ratios of >0.15. 

However, germination of sorghum grain resulted in a 3–4-fold reduction in the phytate:iron molar 

ratios. During germination, the phytate:iron and phytate:zinc molar ratios were reduced while 

calcium:phytate molar ratio increased significantly, since mineral contents were increased and 

phytate content was reduced significantly (p<0.05). 

Of the many chemical changes that occur during germination, the conversion of starch by 

amylase enzymes into dextrin and maltose is the one that has the greatest effect on viscosity 

[123]. In the present study, viscosities of gruels prepared at 5% dry matter concentration (w/v) 

ranged from 2987.43 cP to 1142.11 cP. These values were within the range 1000-3000 cP, 

suggested to be suitable for infants and young children [53]. However, at this concentration the 

energy and nutrients density of gruels is very low. 

At 13% dry matter concentration, viscosity values of gruels from ungerminated sorghum flour 

were 8687.74 cP and 8792.78 cP. These values were beyond the limit that is suggested to be 
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suitable for infant feeding (3000 cP) [53]. These gruels need to be diluted with water to make 

them suitable (for their viscosity) for infant feeding. The viscosities of gruels from sorghum flour 

germinated for 36 hours at 13% dry matter concentration were 3540.63 cP and 3582.62 cP, while 

gruels prepared from sorghum flour germinated for 48 hours gave viscosity values of 2386.78 cP 

and 2415.19 cP. The results indicated that weaning food gruels from sorghum flours germinated 

for 48 hours could be prepared at higher solids concentration, 13% (w/v), without exceeding the 

upper viscosity limit (3000 cP).  

 The data obtained in this study was in agreement with results of previously done investigation 

[112] that stated germination is a valuable process in reducing the viscosity of infants’  gruel and 

increases the total solid of such gruel and thereby increases the nutrients density of foods. 

According to Dicko et al. (2006) report, germinating of sorghum grain is important for the 

preparation of weaning foods with low paste viscosity and high energy density, similar result was 

obtained in the present study [42]. Similarly, Walker (1990) also observed that there is no doubt 

that a 48 hours germination period greatly reduces the apparent viscosity of gruels from cereals 

such as sorghum [15] in agreement with the results obtained in the present study. 

During blending, the reduction in viscosity of the gruels was in direct proportional to the amount 

of germinated sorghum flour blended and the length of germination period (Tables 20-23). The 

results obtained in this study was in line with results of Almeida-Dominguez et al. (1993), who 

reported that the addition of 5% germinated (for  four days) sorghum flour reduced the viscosity 

of weaning food pastes by more than 90% [50]. Griffith et al. (1998)  and Brandtzaeg et al. 

(1981) also reported that all the weaning food porridges containing malted sorghum flour as an 

ingredient gives the lowest mean final viscosity [124, 125] which are consistent with  results 

observed in the present investigation. This indicated that blending germinated sorghum flour with 
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ungerminated flour produces a remarkable reduction in viscosity. Using this method, thick or 

viscous porridges can be liquefied and the energy density can be increased while an acceptably 

low viscosity is maintained. With low viscosity, infant can easily consume as much as possible of 

the food and more solid can be added to the mixture; this will no doubt increase the nutrient 

density of the gruels which is highly beneficial to the infants. 

The observed reduction of viscosity of weaning food gruels during germination might be due to 

the result of starch degradation caused by the action of the �-amylases that have 

developed/activated during the germination process [37, 55, 108, 124,126, 128]. The enzyme, �-

amylases, breaks down the starch molecules of the sorghum grain to dextrin eventually to 

maltose and glucose. These sugars always have low viscosity.  Thus, starch degradation reduces 

the viscosity of thick cereal porridges without dilution with water while simultaneously 

enhancing their energy and nutrient densities.  

With germinated sorghum flours, the amount of flour in the gruels can be increased considerably 

before the viscosity becomes unacceptably high. Using ungerminated sorghum flour, the amount 

of dry matter for weaning food gruel preparation was 5g in 100 ml of water to have viscosity of 

less than 3000 cP. Total solid content in the weaning food gruel can be increased to 13g per 100 

ml of water by using germinated sorghum flour (Tables 20-23). This indicated that germinated 

sorghum flour can increase the energy and nutrients density by about 3-fold compared to 

ungerminated sorghum flour. The results obtained in the present study was comparable with 

results reported by Ashworth and Draper (1992) [126] and Lineback and Ponpipom (1977) [127]. 

The gross energy content of weaning food gruels from sorghum flour germinated for 48 hours 

was found to be 3.72 and 3.66 kcal/g for variety 76T1#23 and Meko, respectively. Similar energy 
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content was obtained for ungerminated sorghum flour. This indicated that there was no difference 

in energy density of ungerminated and the blend before cooking.  During cooking, the addition of 

5g of ungerminated sorghum flour to 100 ml of boiling water gave gruels with viscosity values of 

less than 3000 cP. At a consumption capacity of infants, 260 ml per feeding [14], a child would 

be able to get 48.1 and 47.58 kcal per meal from the ungerminated sorghum flour porridge for 

variety 76T1#23 and Meko, respectively. If the gruels were served four times a day, the child 

would get 192.4 and 190.32 kcal/day from these porridges.  

Using sorghum flour germinated for 48 hours, a similar consistency was obtained by adding 13g 

of sorghum flour to 100ml of boiling water. These gruels would give 125.06 and 123.71 kcal 

energy per meal for variety 76T1#23 and Meko, respectively, compared to 48.1 and 47.58 kcal 

per meal from the ungerminated sorghum flour gruels. Serving the porridge four times a day 

would therefore give 500.24 and 494.83 kcal/day, for variety 76T1#23 and Meko, respectively. 

Vision plays a major role in sensory analysis and the appearance of food can have a major effect 

on its acceptability [110].  The data in Table 24 and 25 showed that the color of the weaning food 

gruels was disliked when the amount of germinated sorghum flour increased in the weaning 

foods gruels. The color of the weaning food prepared from 100% ungerminated (untreated) 

sorghum flour was the most preferred than others. Gruels from ungerminated sorghum flour were 

white while others were dark brown. The results obtained in this investigation was consistent 

with findings obtained by Kikafunda et al. (2006), who reported that the most preferred porridge 

was the most white in color, while the least preferred was the creamiest in color [110]. The gruels 

prepared from germinated sorghum flour was less white probably due to formation of brown 

pigments (melanoidins) through a maillard reaction when the starch reacted with proteins 

probably during oven drying following germination. The presence of sugars from starch 
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hydrolysis might also lead to color changes in the presence of proteins upon exposure to high 

temperature as reported by Kikafunda et al. [110]. 

Gruels prepared from germinated sorghum flour were slightly dark brown, had a bitter taste and a 

strong malt flavor compared to gruels prepared from ungerminated sorghum flour. Increased 

levels of germinated sorghum four would however exacerbate the above-mentioned negative 

characteristics [124]. Gruels containing 85% of ungerminated sorghum flour were most preferred, 

which was in agreement with results of Opoku et al. [108], that stated ‘ogi’  made from malted 

millet up to 10% malt level is recommended for children of the weaning age and adults alike due 

to its high quality and acceptability. The germinated sorghum porridge was least preferred, 

probably due to the strong malt flavor.  

The value of sensory evaluation in this study ranged from neither liked nor disliked to liked 

moderately, this might be due to the fact that all products were evaluated without flavoring agents 

including sugar. Considering the nutritional benefits associated with the use of germinated 

cereals in the weaning food gruels, there is a need to investigate the contribution of local flavor 

agents to improve the acceptably of the home-made weaning foods. Although germination 

showed significant benefits in reducing the viscosity and the level of phytate and increasing 

nutrients in the gruels, it adversely affected the color, taste, odor, texture and overall acceptability 

of the diets.   
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6. CONCLUSION AND RECOMMENDATION 

The use of germinated sorghum flour in the formulation of weaning foods provide gruels of low 

viscosity and antinutrient content and high energy and nutrients density, therefore, increased food 

intake and bioavailability of nutrients. Utilization of simple utensils makes germination process 

suitable for low-income families living in rural areas in developing countries. Hence, germination 

is a promising food processing method for weaning food preparation, especially in developing 

countries. Increased nutrients density and dry matter intake can also be obtained by blending 

germinated sorghum flour with ungerminated flour. Germination, therefore, serves as a simple 

method of enhancing the energy and nutrients density.  

Traditional food processing techniques used in Africa are deeply rooted in tradition and 

experience. For significant changes to be made in African food systems, researchers could not 

neglect existing traditional food technologies. The products of these technologies are vital to 

national survival and provide subsistence to majority of the people.  Indigenous techniques used 

for processing cannot be overlooked since they are partly responsible for the unique taste and 

attributes of each product.  

It is recommended that animal feeding trials be carried out to evaluate the effects of germination 

on the nutritional qualities of weaning foods. Blending of sorghum-based weaning foods with 

legumes and/or vegetables to improve the protein and vitamin contents and energy and nutrients 

density of weaning food should be investigated. 
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