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ABSTRACT 

There are brown and red colored bird resistant and whitish colored bird sensitive sorghum varieties in 

Ethiopia. Thus, the bird resistant sorghum varieties commonly provide higher yield in areas where there 

is higher population of birds. However, there is a hypothesis that colored grains are rich in anti-nutrient 

tannins. The main objective of the present investigation was therefore to improve the sensory 

acceptability and reduce ant-nutritional composition of the bird resistant grains which maintaining the 

bird resistant characteristics. Accordingly, the seeds were decorticated by hardening the endosperm 

using hydrothermal processing method and to evaluate changes during decortications. Standard methods 

were used to analyze proximate composition, anti-nutritional contents (Tannins, Phytate, Alkaloid and 

Polyphenols), minerals and functional properties of four sorghum varieties namely; Seredo and Abba 

melko and Teshale and Wogere. The findings showed that the yield of decorticated head grain, broken 

and seed coat were 75.7-77.9%, 0.9-4.32% and 19.8-21.2% respectively. The decorticated grains of the 

respective varieties had significantly lower level of protein, fat, fiber, ash, minerals (Zn, Fe, Mg and Cu) 

and bulk density and significantly higher carbohydrate (P<0.05), water absorption capacity and water 

solubility index as compared to the undecorticated grains. Decortication has also reduced the level of 

phytate from 78-82%, Tannins 62-92%, Total Alkaloids 9-86% and Total polyphenols 59-100% of the 

grains respectively. Even if decortications reduces titrable acidity, fermentation increase the titrable 

acidity by 33.3% and  also fermentation was found to cause a gradual reduction in a pH with time which 

had significant role in flavor/taste and  critical importance with regard to the shelf-life and safety of food. 

Through fermentation at 0hrs to 48hrs on average the pH was drop from 6.61 to 5.53. However, Tannin 

content of the sorghum would have no significant effect on fermentation processes. High popping 

capacity of the selected sorghum varieties was obtained for unprocessed grains as compared to processed 

and tempered grains. Sensory acceptability showed like slightly to moderately for all unleavened breads 

prepared from processed and unprocessed grain flours.  In conclusion decortications has significantly 

reduced anti-nutritional factors and slightly lowered macronutrients and minerals except carbohydrate. 

Therefore, it is suggested to maximize growing of the bird resistant varieties by farmers and apply 

appropriate food technologies that increase the bioavailability of their nutrients.  

Key words: Sorghum, Grain processing, chemical composition, Functional properties  
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1. Introduction  

Sorghum [Sorghum bicolor (L.) Moench] is a viable food grain for many of the World’s most food 

insecure people who live in marginal areas with poor and erratic rains and often poor soils AATF 

(African Agriculture Technology Foundation, 2011). Sorghum is known by its scientific name of 

Sorghum bicolor (L.) Moench. It is an annual cereal crop of African origin (de Alencar Figueiredo et al., 

2008). Numerous varieties, including hybrid ones, have been developed by companies and institutions to 

serve different end-uses (Kriegshauser et al., 2006 and Salinas et al., 2006). Grain varieties of sorghum 

may be characterized depending on their starch content, structure, and functional properties for cooking 

(Sang et al., 2008). Some cultivars of Sorghum bicolor (L.) Moench are referred to as “sweet sorghums” 

due to the high sucrose content in their stalks (Ali et al., 2008).  

Sorghum grain consists of three distinct anatomical parts: the outer layer, or pericarp; the storage tissue 

endosperm; and the germ or embryo. The relative proportions of these parts within the grain depend on 

the cultivar and environmental conditions. The outermost layer of the pericarp, the epicarp, is usually 

covered with a thin layer of wax, and two or three cell layers of pigmented cells. Below the epicarp lies 

the mesocarp, which in sorghum, unlike other cereals, contains starch granules. Most of the starch and 

protein (including enzymes) is stored in the endosperm of sorghum grain, whereas the germ contains most 

of the oil and minerals, to support initial growth of the embryonic plant (Serna-Saldivar and Rooney, 

1995 and Waniska and Rooney, 2000). Grain size, type of pericarp and seed-coat vary among sorghum 

varieties and affect their nutritional content. Larger grain varieties are associated with higher starch 

content, while smaller grains often have a proportionally larger germ, and a higher content of oil. Smaller 

grains typically have a higher seed coat to seed content ratio, and thus have a higher proportion of 

structural carbohydrate (fiber). 

Sorghum is a major food and nutritional security crop to more than 100 million people in Eastern horn of 

Africa, owing to its resilience to drought and other production constrains (Gudu et al., 2013). According 

to the U.S. National Sorghum Producers Association (2006), approximately 50% of the world production 

of sorghum grain is used as human food, while FAO estimates that 95% of its total food use occurs in 

Africa and Asia (FAO, 1995). Sorghum grain is a staple diet in Africa, the Middle East, Asia and Central 

America where its processed grain may be consumed in many forms including porridge, steam-cooked 

product, tortillas, baked goods, or as a beverage. Sorghum represents a large portion of the total calorie 

intake in many African countries (FAO, 1995). Sorghum grain is mostly used for local markets and most 

of the sorghum produced in Ethiopia is consumed at household levels. It is the second most important 
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crop for injera quality next to teff. The grain is also used for the preparation of other traditional foods and 

beverages like tella and areke. It is also consumed boiled and roasted. Other countries experience showed 

that it can also be used as raw material for industry and can be processed into malted foods, beverages and 

beer (Palmer, 1992). It is a staple food crop on which the lives of millions of poor Ethiopians depend. It 

has remarkable uses for the Ethiopian farmer and no part of this plant is ignored (Adugna Asfaw, 2007). 

Besides being a major source of staple food for humans, it serves as an important source of feed and 

fodder for animals.  

It is the fifth most important cereal crop in the world (FAO, 2005 and FAO, 1998). Globally, the 

production of sorghum expanded from 40 million tonnes during early 1960s to 66 million tonnes in early 

1980s. By early 1990s, it had fallen to about 58 million tonnes. Total world production of sorghum in the 

year 2002 was estimated at about 54 million tonnes (FAO, 2004) and total annual production of about 70 

million metric tonnes of grains from 50 million hectares of land. In 2003, about 46 million ha of sorghum 

was harvested globally, of which 26 million was in Africa. Annual production of sorghum is estimated at 

about 60 million tonnes, with Africa contributing 21 million tonnes (FAO, 2004).  

 Sorghum is cultivated in wide geographic areas in the Americas, Africa, Asia and the Pacific and a major 

cereal crop in arid and semi-arid areas of the world. It is the third important cereal (after rice and wheat) 

in India. It is the third most important crop after teff and maize in terms of area and the second in total 

production next to maize in Ethiopia (CSA, 2012) and was grown on 1,253,620 ha. The Ethiopian 

national average yield amounts to 14.81 kg/ha (CSA, 2006). Currently, sorghum is produced by 5 million 

holders and its production is estimated to be 4 million metric tons from nearly 2 million hectares of land, 

giving the potential average grain yield of around 2 tons per hectare. It covers 16% of the total area 

allocated to grains (cereals, pulses and oil crops) and 20% of the area covered by cereals (CSA, 2012). In 

Ethiopia, sorghum provides more than one third of the cereal diet and is almost entirely grown by 

subsistence farmers to meet needs for food, income, feed, brewing and construction purposes (McGuire, 

2007).  

The low productivity of sorghum in developing countries can be attributed to many factors affecting 

directly and indirectly sorghum production. Among the variety of vertebrate pests, small passerine birds-

present the greatest threat to increased cereal production in most of the Sahelian countries. The 

agricultural floodplains in the semi-arid Sahel are within the range of red-billed quelea (Quelea quelea), 

considered as perhaps the most numerous and most serious avian crop pest in the world (Magor, 1974). 

Queleas congregate in wet-season nesting colonies and dry-season roosts in numbers of several hundred 

thousand to several million birds.  Although it has been postulated that they prefer wild grass seeds (Ward 
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1965).  Enormous flocks often descend on maturing cereal grains.  Because of their sheer numbers, 

queleas are particularly destructive pests to the small grains of sorghum and millet. Other ploceid species, 

including village weavers (Ploceus cucullatus), black headed weavers (P.melanocepholus), chestnut 

weavers (P. rubigenosus), sparrows (Passer spp.), and bishops (Euplectes spp.) also can cause 

considerable local damage wherever they are abundant.  Bird damage to cereal production began 

receiving international attention in the mid-1950s and early 1960s when African nations requested 

assistance from the United Nations. In the early 1970s, a United Nations Food and Agriculture 

Organization project was established in about one dozen Sahelian countries to conduct research into the 

biology, ecology, and control of quelea and other pest birds. Other countries received bilateral assistance 

from organizations to evaluate bird pest problems and strengthen existing plant protection departments. 

Presently, United Nations-funded regional and national projects and government bird control units exist 

in both East and West Africa; emergency funds also are regularly allocated for control operations in 

several other countries. 

Although the adverse impact of bird pests on cereals is generally recognized, very little objective 

information on the actual magnitude of losses was available in any of the affected countries until very 

recently; these systematic assessments have clarified the seriousness of the bird pest to agriculture (Anon. 

1981). Bird damage to cereals is now estimated to annually exceed U.S. $3 million in Ethiopia (Jaeger 

and Erickson 1980).   

1.2. Statement of the problem 

There is a great potential for increasing sorghum and millet production (Cummings 1976). Yields can be 

protected if bird depredations are reduced or cultivating the sorghum variety which is birds resistant is the 

best solution to increase the annual yield of sorghum. Phenolic compounds (tannins) are accumulated in 

pericarp of the sorghum grain but are absent in germ and endosperm (Rice-Evans et al., 1997).  These 

compounds can affect color, flavor and products prepared from it like cause bitterness, low palatability, 

low digestibility and diminished the nutritional quality of the grain (Peterson et al., 2002 and Rice-Evans 

et al., 1997). However, the presence of tannins make the grain “Bird resistant”, protect the grain against 

insects (conferring a bitter, hit taste) and decrease the susceptibility of the grain to molding (Peterson et 

al., 1997), Therefore higher grain production is expected from cultivation of sorghum variety with higher 

tannin content as compared with varieties of low level of tannin due to lesser infestation by birds. 

However, higher tannin content in the grain will compromise bioavailability of nutrients during 

consumption for food. The hypothesis is that cultivation of bird resistant sorghum variety and 

decortication of seeds is the best, to increase the production and improve bioavailability of nutrients.  
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The sorghum possesses unique morphological features such as soft and fragile endosperm with a tough 

seed coat rigidly attached to it. Thus, decortications or removal of seed coat from the endosperm is 

difficult. Recently, the possibility of decortications of millet by hardening its endosperm following 

hydrothermal processing has been established (Malleshi 2006). This decortication technology is not 

applied for sorghum and the comparison of chemical and functional properties of the selected varieties 

were also not studied.  Therefore the present study was conducted to remove the seed coat and to compare 

the proximate and other compositions as well functional properties.  

1.3. Objective of the studies  

1.3.1. General objectives of the studies 

The general objective of the study was to see Effect of processing on Nutritional and Anti nutritional 

Compositions, and Functional Properties of Selected Sorghum Varieties Grown in Ethiopia 

 Specific objectives  

 To compare the nutritional and anti-nutritional compositions of selected sorghum varieties,  
 To develop processing method for decortication of grains of sorghum varieties,  
 To analyse functional properties of decorticated and undicorticated grains of sorghum varieties, 
 To evaluate the sensory acceptability of processed and unprocessed selected sorghum varieties. 

1.4. Significance of the study 

Result of the research would significantly contribute in promoting the production and consumption of the 

grain and thereby help in ensuring food nutritional security of the poor socio-economic groups of the rural 

communities, increased income from high production, improved nutritional status of individuals and 

communities as well in economical point of view. 

Increasing the yields can help meet the high demand for sorghum in brewing industry to replace barley 

and for use in making other products. As a result, the crop could be a good source of income to the 

subsistence farmers for majority who rely on farming as an occupation.  Farmers prefer sorghum varieties 

that are high yielding, good in quality of both grain and fodder, and resistance to bird damage. 

Educationally, findings of the study can serve as reference materials for researchers, students, teachers 

and academicians in the same field of area and for future research themes to give gap to be carried out. 

Would provide clue how to process and use sorghum cultivars (particularly high tannin content variety) in 

food production and preparation process. 
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2. LITERATURE REVIEW  

This literature review covers an overview of sorghum production, the anti nutritional factors in sorghum, 

methods to reduce anti nutritional factors including decortications and factors reduce the production of 

sorghum specifically bird damage 

2.1. Overview of sorghum production in the world 

Sorghum (Sorghum bicolor (L.) Moench) is an important drought resistant staple food for most food 

insecure people who live in marginal areas with poor and erratic rains and often poor soils (Miller et al., 

2000)   and is ranked the fifth most important cereal crop worldwide in terms of consumption after wheat, 

rice, maize and oats (Agrama and Tuinstra, 2003, House, 1995 and Bryden et al., 2009). However, in 

West Africa sorghum is the 2nd most important cereal grain after millet and just before corn. Africa 

produces about 21 million tonnes of sorghum per annum (ICRISAT, 1994 and FAO, 2003).  Sorghum is 

also an important crop in East Africa where overall there is good rainfall. In fact sorghum is not only 

drought-resistant, it can also withstand periods of water-logging (Taylor, 2003). Sorghum is the third 

most important crop after teff and maize in terms of area and the second in total production next to maize 

in Ethiopia and was grown on 1,253,620 ha. (Central Statistical Agency for Ethiopia (CSA), 2012).  The 

Ethiopian national average yield amounts to 14.81 kg/ha (CSA, 2006). Sorghum provides more than one 

third of the cereal diet in Ethiopia and is almost entirely grown by subsistence farmers to meet needs for 

food, income, feed, brewing and construction purposes (McGuire, 2007). Compared to maize, sorghum is 

reported to have higher levels of crude protein (10-13%), fiber, ash and phosphorous and almost twice as 

much calcium (Gualtieri and Rapaccini, 1990). 

2.2. Factors that reduce sorghum production 

The low productivity of sorghum in developing countries can be attributed to many factors affecting 

directly and indirectly sorghum production, including a lack of quality seeds, birds, insect pests and 

diseases, incomplete understanding of farming systems, poor soil fertility and financial limitations of 

farmers in purchasing agricultural inputs (Atokple, 1993 ;  Kudadjie et al., 2007). In eastern and southern 

Africa, it is primarily a crop of resource-poor, small-scale farmers and is typically produced under 

adverse conditions. The major challenges in these areas are low moisture, low input use and poor seed for 

planting (Jaetzold et al., 2006).  

Among the variety of vertebrate pests, small passerine birds-present the greatest threat to increased cereal 

production in most of the Sahelian countries like Ethiopia. The damage is caused by several species of 

birds, most notable the Red billed Dioch (Quelea quelea) and the Village and Black-headed Weavers 

(Ploceus cuculiatus and Ploceus capitalis) . The Buffalo Weaver (Bubalornis albirostris) and the Glossy 
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Starling (Lamprotornis chalybaeus) also are at times serious crop depredators.  The agricultural 

floodplains in the semi-arid Sahel are within the range of red-billed quelea (Quelea quelea), considered as 

perhaps the most numerous and most serious avian crop pest in the world (Magor, 1974). Queleas 

congregate in wet-season nesting colonies and dry-season roosts in numbers of several hundred thousand 

to several million birds. Although it has been postulated that they prefer wild grass seeds (Ward, 1965).  

Enormous flocks often descend on maturing cereal grains.  Because of their sheer numbers, queleas are 

particularly destructive pests to the small grains of sorghum and millet. Other ploceid species, including 

village weavers (P. cucullatus), black headed weavers (P. melanocepholus), chestnut weavers (P. 

rubigenosus), sparrows (Passer spp.), and bishops (Euplectes spp.) also can cause considerable local 

damage wherever they are abundant.  Bird damage to cereal production began receiving international 

attention in the mid-1950s and early 1960s when African nations requested assistance from the United 

Nations. In the early 1970s, a United Nations Food and Agriculture Organization project was established 

in about one dozen Sahelian countries to conduct research into the biology, ecology, and control of quelea 

and other pest birds. Other countries received bilateral assistance from organizations to evaluate bird pest 

problems and strengthen existing plant protection departments. Presently, United Nations-funded regional 

and national projects and government bird control units exist in both East and West Africa; emergency 

funds also are regularly allocated for control operations in several other countries. 

Although the adverse impact of bird pests on cereals is generally recognized, very little objective 

information on the actual magnitude of losses was available in any of the affected countries until very 

recently; these systematic assessments have clarified the seriousness of the bird pest to agriculture (Anon. 

1981). Bird damage to cereals is now estimated to annually exceed U.S. $3 million in Ethiopia (Jaeger 

and Erickson 1980),  There is a great potential for increasing sorghum and millet production (Cummings 

1976), and yields can be protected if bird depredations arc reduced. 

2.3. Anatomy of sorghum grain 

The sorghum kernel is composed of three main parts the outer covering (pericarp) originated from the 

endosperm, the storage tissue (endosperm) and the embryo (germ) (Rooney and Miller, 1982). Pericarp 

consists of three histological tissues; epicarp, mesocarp and endocarp (Earp and Rooney, 1982). The 

epicarp is generally covered with a thin layer of wax and is further divided into epidermis and 

hypodermis. The epicarp consists of two or three cell layers thick and consists of rectangular cells that 

often contain pigmented material (Blakely et al,. 1979). The pigments are concentrated in the pericarp and 

/or in the glume (modified leaves partially enclosing the grain and may extend to the endosperm).These 

pigments color the sorghum food products. However, recently, attention has been drown to the possibility 

that such polyphenolic compounds may have a beneficial function as an anti-oxidant (Armad et al,. 1998). 
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Also the epidermis is composed of thick, elongated, rectangular cells which have a coating of cutin on the 

outer surface (FAO, 1995). The pericarp usually contains about three or four layers of mesocarp filled 

with small starch granules (Blakely et al,. 1979).  

The seed coat or testa is derived from the ovule integurnents. The thickness of the testa ranges from 8 prn 

to 40 pm and varies within individual caryopses (Blakely et al., 1979). The largest component of the 

cereal kernel is the endosperm, which is the major storage tissue. It is composed of the aleurone layer, 

peripheral, corneous and floury areas (Earp and Rooney, 1982). The aleurone is the outer cover and 

consists of a single layer of rectangular cells adjacent to the testa or tube cells. The cells possess a thick 

cell wall, large amounts of proteins (protein bodies, enzymes), minerals, phytin bodies, oil and 

spherosomes. The peripheral area is composed of several layers of dense cells containing protein and 

smaller starch granules than the corneous area. Both the peripheral and corneous areas appear translucent 

or vitreous and they affect processing and nutrient digestibility. Waxy sorghums contain larger starch 

granules and less protein in the peripheral endosperm than regular sorghums (sullins and Rooney 1974 

and 1975). The corneous and floury endosperm cells are composed of starch granules, protein matrix and 

protein bodies. Their cell walls are rich in cellulose, B-glucans, and hemicellulose. Starch granules and 

protein bodies are embedded in the continuous protein matrix in the peripheral and corneous areas 

(seckinger and Wolf 1973;  Hoseney et al., 1974). The protein bodies are largely circular, 0.4-2.0 pm in 

diameter (Taylor et al., l984). 

The germ embryonic axis and the scutellum are the two major parts of the germ. The scutellum is the 

storage tissue rich in lipids, protein, enzymes and minerals. In pearl millet the ratio of germ to endosperm 

is larger than in sorghum and other millet kernels. The oil in the sorghum germ is rich in polyunsaturated 

fatty acids and is similar to corn oil (Rooney, I978). 

 The endosperm makes up 84.2%, the germ 9.4% and the pericarp 6.5% of the grain depending on the 

kernel size (Dahlberg et al., 2004). The sorghum kernel is called a caryopsis because the ovary wall dries 

and adheres strongly to the mature ovule.  

 The endosperm consists of the aleurone layer, peripheral, horny (corneous) and floury portions (Rooney 

and Miller, 1982).  
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Fig.1. Structure of sorghum grain (source: Rooney and Miller 1982) 

2.4. Sorghum grain and its proximate composition  

Grain size, type of pericarp and seed-coat vary among sorghum varieties and affect their nutritional 

content. Larger grain varieties are associated with higher starch content, while smaller grains often have a 

proportionally larger germ, and a higher content of oil. Smaller grains typically have a higher seed coat to 

seed content ratio, and thus have a higher proportion of structural carbohydrate (fiber). Sorghum seeds are 

small and must be cracked or ground to make the nutrients available. The nutrient composition of 

sorghum grain is presented in Tables 2 to 3. 
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Table.1. Proximate composition of S. bicolor grain (dry matter basis). 

measurement USDA, 

2009 

Ensminger 

1990 

NRC  

1994 

Kriegshauser 

2006 

Preston 

2010 

Ragaee 

2006 

FAO-

AFRIS 

1993 

Moisture % 9.2 10 10-12.5  11  9.3-12.3 

Crude 

protein % 

12.4 12.8 10.1-12.6 12.1-14.1 11 12.1 10.8-15-

15.6 

Crude fat % 3.6 2.9 3-3.3 3.1-3.8 3.1 3.32 0.8-4.3 

Ash % 1.7 1.9 1.9-2 1.5-1.6 2 1.87 1.5-3.3 

Crude fiber 

g/100g 

6.9 2.8 2.6-3 2.1-2.7 3  1.7-2.1 

 

Table.2. Mineral concentrations in S. bicolor grain (dry matter basis) 

Minerals Units Preston 

2010 

Ragaee, 

2006 

USDA,  

2009 

Ensminger 

1990 

NRC     

1994 

Ca % 0.04 0.03 0.03 0.06 0.03-0.07 

Mg %  0.19  0.16 0.14-0.17 

Fe Mg/kg  10.6 48.8 70 48.7-89 

Zn Mg/kg 18   47.1 16.9-25 

 

Sorghum is similar in chemical composition to corn (Zea mays) (Léder, 2004), where starch is the main 

reserve polysaccharide and the principal source of carbohydrate (Dicko et al., 2006). Furthermore, 

sorghum is gluten free, which makes it good choice for celiac patients (Taylor et al., 2006). It has a good 

proportion of macro and micro-nutrients, however there are also chelating compounds that can hamper 

mineral absorption (Hama et al., 2011). Sorghum contains substantial levels of a wide range of phenolic 

compounds (Awika and Rooney, 2004). 

2.4.1. Protein 

Protein content in sorghum is variable and ranges from 7-15% (FAO, 1995 and Beta et al., 1995), with 

approximately 80, 16, and 3% of the protein in the endosperm, germ, and pericarp respectively (Gualtieri 

and Rapaccini, 1990; Rooney and Serna-Saldivar, 2000). This variation is due to the genotype, and water 

availability, temperature, soil fertility and environmental conditions during grain development (Dendy, 
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1995). Processes such as fermentation and germination increases protein digestibility (Taylor and Taylor, 

2002), whereas cooking decreases it (Axtell et al., 1981). 

2.4.2. Crude fat  

In most cereals the lipid fraction is concentrated in the germ. oats and maize are unique amongst the 

cereals that is they rnay contain a relatively high lipid content more than 10 percent for oats and as high as 

17 percent for some maize cultivars compared to about 2-3 percent for wheat and most other cereals 

(Morrison, 1978). The crude fat content of sorghum is 3 percent, which is higher than that of wheat and 

rice but lower than that of maize. The germ and aleurone layers are the main contributors to the lipid 

fraction. The germ itself provides about 80 percent of the total fat (Rooney and Serna-Saldivar, 1991).The 

krnel fat is mostly located in the fern, in sorghum mutants with a large embryo fraction the fat content is 

higher 5.8 -6.6 percent than normal (Jambunathan, l980). 

2.4.3. Crude fiber 

Dietary fiber content is one of the most interesting nutritive parameters. It is the portion of food from the 

cellular walls of plants which is digested very poorly by human (Holland et al.,1991) Dietary fibers is 

used to describe a variety of indigestible plant polysaccharides including cellulose, hemicelluloses, pectin, 

oligosaccharides, gums and various lignified compounds. According to the modified definition of Trowell 

(1976), dietary fiber is defined as the sum of the lignin and polysaccharides that are not hydrolyzed- by 

the endogenous enzymes of the human digestive tract. The major insoluble fiber component of sorghum is 

cellulose, its content vary from 1.19 to 5.23 percent in sorghum varieties. In any seed material there are 

two sources of dietary fiber, namely the hull or the pericarp and the cell wall structural components. The 

plant cell walls contain many non-carbohydrates components in addition to lignin, such as protein, lipids 

and inorganic materials and they modify the properties of the polysaccharides. Several approaches have 

been suggested for the measurement of total dietary fiber in foods, each of these methods have certain 

limitations which may contribute to the observed variations in dietary fiber content reported for various 

foodstuffs. (Kamath and Belavady, 1980) 

2.4.4. Micronutrient 

Sorghum is a good source of vitamins, notably the B vitamins (thiamin, riboflavin, pyridoxine), which are 

localized in the aleurone layer and germ, and the lipid-soluble vitamins A, D, E and K (Dicko et al., 

2006). It has been found that processes such as decortications decreases the amount of thiamine, 

riboflavin and niacin by about 50% in the flour (Léder, 2004). Besides, sorghum is a good source of more 

than 20 minerals of which iron and zinc are the most important in terms of public health significance 
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(Dicko et al., 2006). However, sorghum has considerable amounts of absorption inhibitors such as 

polyphenols and phytates. 

2.5. Anti nutritional factors 

2.5.1. Phytate (phytic acid) 

Like all grain species, sorghum contains phytic acid which binds minerals and reduces their availability to 

the consumer. Its phytic acid levels are similar to those reported for wheat, barley and maize, but lower 

than that of soybeans and other oilseeds. Since sorghum grain is usually low in mineral content (with 

phytin and mineral contents equivalent to maize), and the presence of phytic acid likely rendering its low 

mineral content unavailable, supplementation with other mineral sources is necessary where sorghum is a 

major component of the diet. As with tannin content, phytic acid content (and mineral content) may be 

reduced by abrasive decortication of the grain to remove the pericarp and aleurone layers (Waniska and 

Rooney, 2000). 

In most cereals, phytate is concentrated in the bran (aleurone layer), which accounts to 90% of the phytin 

and the other 10% in the embryo (Gibson et al., 2010). On the contrary, in maize most of the phytin is 

found in the germ and only a small fraction is found in the aleurone (Gibson et al., 2010; Lopez et al., 

2002). It is also shown that grains of different varieties have different localization of phytate. Excessive 

amounts of phytic acid forms insoluble complexes with Cu2+, Zn2+, Fe3+ and Ca2+ at physiological pH 

and consequently, reduces the bioavailability of these minerals (Lehrfeld, 1989). 

 

Fig 2. Molecular stracture of phytate 

2.5.2. Tannin 

Early literature identified tannic acid as an anti-nutritional factor in sorghum grain. However, more recent 

research indicates that tannic acid is not a sorghum component (Dykes and Rooney, 2006). Some, but not 

all, sorghum varieties have pigmented testa containing condensed tannins, polyphenolic compounds that 

possibly give the seed a bitter taste and have been known to reduce intake, digestibility (particularly of 
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protein), growth, and feed efficiency of livestock (Gilani et al. 2005 and Waniska and Rooney, 2000). 

Sorghums are classified based on their tannin content: type I, no detectable tannin; type II, tannins in 

pigmented testa; type III, tannins in pigmented testa and pericarp (Waniska and Rooney, 2000). 

Digestibility and utilization of absorbed nutrients may be reduced 3-15% by tannins (Waniska and 

Rooney, 2000). Tannins act as a plant defense against consumption by birds, and also provide some 

resistance to mold. In livestock production, tannins reduce the availability of key nutrients such as 

protein, energy, vitamins and minerals. Tannins are associated with the outer layers of the pericarp and 

testa of the sorghum kernel. White sorghum varieties without a pigmented testa are free of tannins. Red, 

brown, or black varieties may contain significant amounts of tannins, but only if they have a pigmented 

testa. 

 Tannins are a group of phenolic non-nitrogenous organic constituents, which are chemically classified 

into two broad categories namely hydrolysable and condensed tannins (McLeod, 1974). Condensed 

tannins on hydrolysis yield flavans, while the former yield gallic acid. Elkin et al. (1978) reported that 

tannins cause alternations of the organic matrix of bone and attributed 48 per cent leg abnormalities due 

to tannins in sorghum based diets. On the contrary, Mitaru et al. (1985) found no correlation between 

incidence of such disorders and tannin content.  

2.5.3. Phenolic compouds in sorghum grains 

Cheeke (1998) classified phenolic compounds as simple phenol, phenolic acids, hydrolysable tannins, 

condensed tannins, lignin, and lignans. All of them consist of one or more aromatic (benzene) and one 

hydroxyl group which enable formation of cross linkages with proteins such as kafirins, cellulose, and 

phytate. Among cereals, a unique characteristic of sorghum is having some cultivars that produce large 

amounts of condensed tannins. Total phenols in sorghums range from 2 to 103 g/kg, while they are 

negligible in corn and wheat and 14 g/kg in barley (Bravo, 1998). 

Using the vanillin-HCl method for condensed tannin determination, the presence of a testa, and the testa 

color allowed Price et al. (1978) and Cheng et al. (2009) to provide sorghum breeders and users a 

practical and useful approach to determination of tannin content . The authors stated that white sorghum 

without testa or with purple testa and yellow or red sorghum without testa have very low percentage of 

tannins (0.0 to 0.2% tannin); whereas white, yellow or red sorghums with brown testa have medium to 

high tannin content (1.2 to 12.8%). It is thought that tannins provide protection for plants against fungi, 

bacteria, birds, and herbivores (Perez-Maldonado, 2008). 
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2.6. Processing methods to reduce/eliminate anti nutrients in sorghum 

Early sorghum processing methods consisted essentially of chemical and mechanical detoxification as 

well as amino acid and mineral supplementation. However, during the last two decades processing 

sorghum grain by grinding, crumbling, pelleting, expanding, extruding, and steam flaking has become 

popular. 

2.6.1. Processing to enhance its nutritional value 

Alkali treatments to improve nutritional value of tannin sorghum include use of sodium or potassium 

hydroxide, sodium bicarbonate, and wood ash (Amstrong et al., 1974; Chavan et al., 1979). Price and 

Butler (1978) used ammonia concentrate (350g NH3/kg) at room temperature for 7 days to reduce tannin 

concentration in high-tannin sorghum, while Mitaru et al. (1984) suggested ensiling high-tannin sorghum 

at 70% dry matter and at 25 ºC for 2 days. Kyarissima et al. (2004) reported a 62% tannin reduction with 

the wood ash method, however sprouting after wood ash treatment improved tannin reduction to 85%. 

2.6.2. Decortications 

Dehulling and decortications are a mechanical methods used to remove the outré layer of grains 

(Michaelsen et al., 2008). Finger millet not decorticated by known processes of hitherto because of its 

small size. The process for preparing the decorticated finger millet are steeping in water for 2-16 h, 

steaming at atmospheric pressure for 2-20min, drying to 8-16% moisture content, decortications in 

abrasive cereal mill, and aspiration of the seed coat and grinding the millet (Malleshi et al., 2003). 

Shobana and Malleshi (2007) reported that bulk density and soluble fiber of the decorticated millet was 

slightly higher than native millet, probably due to removal of the seed coat, and also due to the reduced 

porosity in the kernel. The increased in the soluble fiber content of the product has a special nutritional 

significance because of its physiological advantages in terms of hypoglycemic and hypocholestrolemic 

characteristics. The reduction in polyphenols and phytate phosphorus contents on decortications of millet 

was 74.7% and 39.8% respectively and this may provide nutritional advantages with respect to increased 

bio-availability of minerals and protein. McDonough et al. (2000) reported that testa layer of the millet is 

highly pigmented and contributes for the bulk of polyphenols and tannin content of the millet, and hence, 

significantly reduction in the polyphenol contents occurs on decorticating the millet. Similarly, phytate 

phosphorus is located largely in the scutellum and to a smaller extent in the aleurone cells and in view 

that, reduction in phytate phosphorus occurs on decortications of millet (Shobana et al., 2007). Reduction 

in some of these constituents has nutritional advantages since, these are considered as anti-nutritional 

factors and their reduction improves the bioavailability of minerals (Udayasekhara and Deosthale, 1988).  
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Decortications of sorghum and composting with teff are also effective ways of improving the injera-

making quality of tannin-containing and free red sorghum (Senayit et al., 2005).  It also improves the 

color, remove tannins and other quality attributes of injera through reduction in the level of non starch 

components of the grain. Decortications of cereals also have limitation such as protein, fat, calcium and 

phosphorus contents of the decorticated millet were lower by 22%, 40%, 43% and 48% respectively than 

the native millet. The reduction in some of the nutrients could be mainly due to separation of the seed 

coat, as it has been reported that, the seed coat contains about 28% of protein, 49% calcium and 14% 

phosphorus (Shobana and Malleshi, 2007). 

2.7. Fermentation  

2.7.1. Definition of fermented food 

Campbell-Platt (1987) has defined fermented foods as those foods which have been subjected to the 

action of micro-organisms or enzymes so that desirable biochemical changes cause significant 

modification to the food. However, to the microbiologist, the term”fermentation” describes a form of 

energy-yielding microbial metabolism in which an organic substrate, usually a carbohydrate, is 

incompletely oxidized, and an organic carbohydrate acts as the electron acceptor (Adams, 1990). This 

definition means that processes involving ethanol production by yeasts or organic acids by lactic acid 

bacteria are considered as fermentations. Whichever definition used, foods submitted to the influence of 

lactic acid producing microorganisms is considered a fermented food. 

2.7.2. Benefits of fermenting food  

The benefits of food fermentation as compiled by Adams, is shown in the following table  

According to Adams (1990) fermenting food have benefits for stability, safety, nutritive value and 

acceptability. Foods like injera from tef, and kisra from sorghum are commonly made after fermenting 

dough for two or three days with or without starter.  

2.7.3. Nutritional value of fermented foods 

Generally, a significant increase in the soluble fraction of a food is observed during fermentation. The 

quantity as well as quality of the food proteins as expressed by biological value, and often the content of 

water soluble vitamins is generally increased, while the anti-nutritional factors show a decline during 

fermentation (Paredes-López & Harry, 1988). Fermentation results in a lower proportion of dry matter in 

the food and the concentrations of vitamins, minerals and protein appear to increase when measured on a 

dry weight basis (Adams, 1990). Combination of cooking and fermentation improved the nutrient quality 
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of all tested sorghum seeds and reduced the content of anti-nutritional factors to a safe level in 

comparison with other methods of processing (Obizoba & Atii, 1991).  

2.8. Popping 

Popping of cereals has been practiced since hundreds of years. Popping is a process in which kernels are 

heated until internal moisture expands and pops out through the outer shell of the kernel (Arkhipov et al., 

2005). Popping is a simple processing technique of cereals to prepare ready to eat products. Popped grain 

is crunchy, porous and a precooked product. Popping invariably improves taste and flavour (Malleshi, 

1996).  Superheated vapour is produced inside the grains by instantaneous heating, which cooks the grain 

and expands the endosperm while escaping with great force through the micropores of the grain structure. 

Most of the water in the kernel is superheated at the moment of popping and provides driving force for 

expanding the kernel once pericarp ruptures. Hoseney et al. (1983) proposed that during the popping of 

popcorn the pericarp acts as a pressure vessel and popping occurs at about 177°C, which is equivalent to a 

pressure of 135psi inside the kernel. The electron scanning microscope image implied that in a translucent 

endosperm, the superheated water appears to vaporize in to the hilum, expanding the starch granules to a 

thin film. In the opaque endosperm large voids are produced and the starch granules remain birefringent. 

The voids around the starch provide an alternative site in to which the superheated water vaporizes. Thus, 

the starch granules are not expanded and retain their birefringence. During popping the material 

practically gets sterilized and most of the seed microflora are destroyed (Hadimani, 1994). Popping also 

improves the digestibility of starch as it involves gelatinization of starch and degradation of dietary fibres 

(Holm et al., 1985; Nyman et al., 1987). 

Malleshi and Desikachar (1981) observed that to obtain fully expanded millets, the grain moisture content 

should be 19% and popping temperature of about 250ºC. It is difficult to debran popped grains hence 

popped grains have slightly higher fibre content. Popping of millets produces a porous product of low 

bulk density and pleasing texture with a distinct appealing flavour (Lewis et al., 1992). Popped grains 

especially of finger millet posses a pleasant aroma and acceptable taste. Popped grains besides useful as a 

convenient food, could be used as a component of nutritious foods in the nutrition intervention 

programmes (Malleshi, 1997). Popping increases the in vitro nitrogen and starch digestion. Protein 

digestibility is influenced by heating, which renders the protein more susceptible to hydrolysis because of 

structural changes (Lewis et al., 1992). Increase in starch digestibility has been attributed to high degree 

of starch gelatinization and release of starch granules from protein matrix, rendering them more 

susceptible to enzymatic digestion (Murlikrishna et al., 1986). 
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3. MATERIALS AND METHODS 

Grains of sorghum varieies (variety Teshale, Abba Melko, Seredo and Wogere), procured fromMelkasa 

Agricultural Research Institute was used for the studies. The grains were cleaned to remove impurities 

The deglumed material was sifted through a screen of 2mm sieve to separate the small sized and shriveled 

grains and the well filled bold grains which remained as the over tails of the screen was used for the 

studies. The cleaned kernels were ground using normal grinder, then packed in polyethylene bags and 

stored at room temperature (25°C) until further analyses takes place. All selected grain of sorghum 

varieties were processed to remove the seed coat by decortications using hydrothermally processed.  

3.1. Preparation of Hydrothermally Processed Sorghum 

Seed of bird resistant sorghum varieties, (Seredo and Abba Melko) were steeped at ambient conditions for 

10 h in water, to facilitate the grains to attain their equilibrium moisture content as described by (Shobana 

and Malleshi, 2007; Usha and Malleshi, 2011) with slight modification. The steeped grains were washed 

to remove dirt, and the excess water was drained off. The adhering surface water of the steeped sorghum 

grain was blotted with the aid of a blotting paper, spread in 2mm sieve (Tyler series) and steamed in an 

autoclave at atmospheric pressure (temperature 108°C) for 30 min. The steamed sorghum was dried in 

oven maintained at 40±2°C until the moisture content of the sorghum dropped to 14±1%, and used for 

further studies. 

3.1.1. Influence of Moisture Content of Hydrothermally Processed Sorghum on Decortications 

Characteristics 

To determine the influence of grain moisture content on decortication characteristics, hydrothermally 

processed sorghum in a batch size of 200g each, equilibrated to 23% moisture level, and was decorticated 

in a carborundum disc mill with horizontal alignment. From the experiments, it was observed that instead 

of single pass, repeated milling is beneficial in terms of the yield of decorticated grains. Accordingly, the 

equilibrated samples were passed through the gap of the adjusted horizontal plate disc mill (just below the 

average diameter of hydrothermally processed grains). The sorghum grain after the first pass was sifted 

through a sieve size of 1mm followed by a sieve of 850µm or 0.85mm and all the three fractions were 

collected separately. The “+1mm” sieve size fraction was termed as head grains; “−1+0.85mm” sieve size 

fraction as broken and “−0.85mm” sieve size fraction as seed coat or husk. The partially decorticated 

head grains were again decorticated in the same setup, and the decorticated head grains, broken and seed 

coat were separated. The broken and the seed coat matter from both the passes were pooled. The grains 

that were almost free from seed coat (>90%) were considered as decorticated grains. All three milling 
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fractions were equilibrated to 12% moisture content, weighed and the yield of head grains and other 

fractions were calculated using the following relation: 

Yield	of	head	grains	(%) =
weight	of	head	grains

Weight	of	head	grains	 + 	broken	 + husk
× 100 

																										Yield	of	broken	(%) =
��� !"	#$	%&#'�(

��� !"	#$	!�)*	 &)�(+	,%&#'�(	,	!-+'
× 100    

  

Yield	of	seed	coat	(%) =
Weight	of	seed	coat

Weight	of	head	grain	 + 	broken	 + 	seed	coat
× 100 

     

  3.1.2. Influence of Incipient Moist-Conditioning on Decortication 

The experiments on influence of moisture content on the yield of head grains indicated that the sorghum 

at the 14±1% moisture level was more suitable for decortications and accordingly, hydrothermally 

processed sorghum grain equilibrated to 14±1% moisture level in 200g batches, was sprayed with 15% 

additional water, tempered for 15 min and decorticated as described above. The head grains from the first 

stage of milling were heated for 10 min at 40°C in oven to dry the removed seed coat that adhering on 

head grain and again milled in the same set up. The milling fractions (head grains, broken and seed coat) 

were equilibrated and weighed to determine the milling yield. Based on these experiments, a 

decortications protocol was developed (Fig. 3). 

3.1.3. Influence of Steaming Conditions on Decortication 

To study the influence of steaming conditions, namely, steaming time and steam pressure, on the 

decortications characteristics of sorghum grain, an experiment was designed using response surface 

methodology. The experiment was designed to find out the most suitable conditions of steaming, that 

produces the sorghum with desirable level of hardness, which on decortications yields maximum 

percentage of decorticated head grains. The responses studied were mainly hardness and milling yield.  
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                                              Cleaning 

                                                 Steeping 

                                   (To equilibrium moisture) 

                                                 Cleaning 

                                                Steaming 

                                 (Atmospheric/high pressure) 

                                                   Drying 

                                               (Mechanical)  

 

 

 

                                                 Tempering  
                                      (10% of additional water, 10-15min) 

  

                                                      Decortications  
                                               (Corborandum disc mill) 

 

                                                       Head grains 

                                                         Tempering   
                                             (5% additional water, 10-15min) 

  

                                                  Decorticated sorghum 

 

Fig.3. Flow chart for the preparation of hydrothermally treated and decorticated sorghum 

Decortication is a relatively recent process developed for finger millet (Malleshi, 2006). The debranning 

or decortications methods followed for most of the cereals were not effective. In the case of sorghum 

owing to the intactness of the seed coat with highly fragile endosperm. Hence to decorticate, sorghum was 

Sorghum varieties 

Hydrothermally processed sorghum 

Seed coat  Brokens  
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hydrothermally processed (hydration, steaming, and drying) to harden the soft endosperm to enable it to 

withstand the mechanical impact during decortications (Fig. 4) 

 

Fig.4. Decortications process using carborandom disc mill. 
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3.2. Proximate Composition Analysis 

Proximate composition of selected sorghum varieties flour  including moisture content, crude fat, crude 

fiber, crude protein and total ash were determined using (AOAC, 2000) respectively and the above 

analysis except moisture were repeated for bird resistant sorghum variety  after processing. Total 

carbohydrate contents of unprocessed and processed sorghum varieties were calculated from the 

equations described by Samati and Rajagopal as sited by Aynadis et al. (2010). Gross energy is 

determined by calculation from crude fat, total carbohydrate and protein contents using the Atwater’s 

conversion factors; 16.7kJ/g (4kcal/g) for protein, 37.4kJ/g (9kcal/g) for fat and 16.7 kJ/g (4kcal/g) for 

carbohydrates and expressed in calories (Guyot et al., 2007).      

               (1kJ/100g = 4.18kcal/100g) 

           Total Carbohydrate (%) = 100-(% moisture+ %protein+%fat+%ash). 

Content of sorghum grains Cu and Zn, Mg and Fe were determined using Atomic Absorption 
Spectrometric methods (Dickman and Bray, 1940). 

3.2.1 Moisture  

Empty dishes and their lids (made of porcelain) were dried using drying oven  method for 1h at 105oC, 

transferred to the desiccators cooled for 30 min, and weighed (M1). The prepared samples were mixed 

thoroughly and about 5.00g of fresh samples would be transferred to the dried dish and weighed dishes 

(M2). The dishes and their contents would be placed in the drying oven and dried at 1050C for 3hrs. Then 

the dishes and their contents would be cooled in desiccator to room temperature and reweighed (M3). This 

process was repeated until constant weight was obtained. A duplicate of each sample was determined. 

The amount of water present in a sample was considered to be equal to the loss of weight after drying the 

sample to constant weight at a temperature near the boiling point of water. The moisture content was 

calculated using the following formula (AOAC, 2000). 

Moisture	content	(g/100g) =
12314

14315
× 100   , where 

M1 = Mass of the dish 

M2 =Mass of the dish and the sample before drying M3 = Mass of the dish and the sample after drying 

3.2.2 Crude fat  

Fat was determined by exhaustively extracting the sample in petroleum ether (boiling point, 40 to 60OC) 

in soxhlet extractor (Method No.4.5.01) (AOAC 2000). A 2.00g (M) of the sample was weighed into an 

extraction thimble and covered with absorbent cotton.  Then 50 ml solvent (petroleum ether) (Sigma-
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Aldrich, USA) was added to a pre-weighed cup (M1). Both the thimble and the cup were attached to the 

extraction unit (Barnstead electro-thermal, UK).  The extraction process continue for 4 hrs and then this 

flask with its content was removed from the soxhelet and placed into drying oven at 92OC for 30min, and 

placed into desiccators for 30 min. Finally the mass of each flask together with its fat contents was 

measured as (M2). Then the total content of the fat was calculated using the following formula. 

																										Fat	(g/100g) =
72375

7
× 100    , where 

M2 = mass of flask and lipid extracted 

M1= mass of dried flask 

M = weight of samples on dry basis 

3.2.3 Crude fiber  

Crude fiber was determined using fibertec after digesting a known weight of sample in refluxing 1.25 % 

sulfuric acid and 1.25 % sodium hydroxide (AOAC, 2000). About one gram of sample was weighed into 

a pre-dried crucible which contained one gram of celite sand for the purpose of simplifying filtration 

(W1). Then the crucible with its content was placed in the fibertic and the sample was digested with 1.25 

% of sulfuric acid for 30 min and followed by digestion with 1.25% of sodium hydroxide for 30 min.  

Then after, the crucibles were taken-off and dried in oven at 130 OC for 2hrs. Then cooled in descicator 

and weighed as (W2). Finally the crucibles were placed in muffle-furnace and the sample was ashed at 

525 OC for 3hrs. Cooled to room temperature in descicator and weighed as (W3). The crude fiber content 

was calculated by using the following formula. 

                                      Crude	9iber	(g/100g) =
12314

15
× 100    , where 

W1 = weight of sample 

W2 = weight of crucible and residue 

W3 = weight of ash and ash 

3.2.4 Crude protein  

Protein (N×6.25) is determined by Kjeldahl method.  In this method, proteins and other organic food 

components in a sample are digested with sulfuric acid in the presence of catalysts. Then, the total organic 

nitrogen is converted to ammonium sulfate. The digest is neutralized with alkali and distilled into a boric 

acid solution. The borate anions formed are titrated with standardized HCl, and are converted to nitrogen 

in the sample. The result of the analysis represents the crude protein content of the food (AOAC, 2000). 
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Sample preparation for digestion: 0.5 g of sample was weighed in a tector tube and placed in the tecator 

rack. Then 6 ml of sulfuric acid mixture was added by using pipette and mixed with the sample 

immediately. Then 3.5 ml of 30% hydrogen peroxide was added step by step till the reaction stops. As 

soon as the reaction has ceased, the tube was hand-shaken for a few minutes and is put back into the rack. 

Then, 3 g of catalyst (K2SO4 with a mixture of selenium 100 to 0.5 ratio) was added and the mixture was 

allowed to stand for 5-15 min before digestion. 

Digestion: The tube in the rack was lowered into the digester in the fume hood at 370OC. The digestion 

was continued until clear solution appeared (3-4 hrs) in the fume hood. After digestion was completed, 

the content in the flask was diluted by water and concentrated sodium hydroxide (40%) was added to 

neutralize the acid and to make the solution slightly alkaline.   

                       NH4SO4 + 2NaOH →2NH3 + 2H2O2 + Na2SO4 

The ammonia was then distilled into a receiving flask that consisted solution of excess boric acid (4%). 

The solution was titrated with standard acid (0.1HCL) until the green color changes to pink. The total 

nitrogen content was latter calculated using the following formula  

             NH3 + H3BO3 → NH4
+ + H2BO3

- 

      The total protein was calculated using the following formula:-      

    Total nitrogen (%) = [(V-Vb) × N × 14)]/ W 

              Crude protein (%) = total nitrogen (%) × 6.25 

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

               Vb= the volume of sulfuric acid consumed to neutralize the blank 

               N × 14 = normality of the acid × Eq. wt of nitrogen 

               6.25 = conversion factor from total nitrogen to crude protein 

                 W = weight of sample on dry basis 

3.2.5 Total ash  

Total ash was determined by incineration of known weights of the samples in a muffle furnace at 550oC 

until a white ash was obtained. Organic matter was burned off and the inorganic material remaining was 

cooled and weighed. Heating was carried out in stages, first to derive the water, then to char the product 
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thoroughly and finally to ash at 550oC in a muffle furnace. The ashing dishes (made of porcelain) would 

be placed into a oven drier for 30 min at 120oC. The dishes would be removed and cooled in desiccators 

(with granular silica gel) for about 30 min at room temperature; each dish was weighed to the nearest g. 

About 2.5g of flour sample was added into each dish. The dishes would be 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 would be placed inside the muffle furnace at 550oC for 5 h, and removed 

from the muffle and then placed in desiccators for 30 min to cool. The ash was clean and which in 

appearance. When cooled to room temperature, each dish + ash was reweighed. Weight of total ash is 

calculated by difference and expressed as percentage of the fresh sample. 

                                        Ash	(g/100g) =
74375

72375
× 100 , where 

               M1 = mass of the dried ash 

               M2 = mass of the and sample 

               M3 = mass of the dish and the ash 

3.2.6 Total carbohydrate  

The total and available carbohydrate content was determined by difference. Addition of the percentages 

of crude protein, crude fat and ash was subtracted from 100. 

Carbohydrate (g/100g) = [100-(protein + fat +ash in grams)]. 

3.2.7. Gross energy 

The gross energy of each sample was estimated (in kcal/g) by multiplying the percentages of crude 

protein, crude fat and carbohydrate with recommended factors. 

Total energy (in kcal/100g) = (9*crude fat + 4*crude protein + 4* carbohydrate) 

3.3 Ant-nutritional factors analysis 

3.3.1 Phytic acid 

The phytate content in the sample was determined according to the method described by Adeniyi et al. 

(2009).  One gram of dried sample was extracted with 10ml 0.2NHCl for 1hr at ambient temperature and 

centrifuged (3000 rpm) for 30 min. The clear supernatant was used for the phytate estimation. Two 

milliliter of wade reagent (0.03% solution of Fecl3.6H2O containing 0.3% sulfosalicylic acid in distilled 

water) was added to three of the sample solution and the mixture was centrifuged. The absorbance at 500 
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nm was measured using spectrophotometer. The phytate concentration was calculated from the difference 

between the absorbance of the blank (3ml of 0.2N HCl and 2ml of wade reagent) and that of the assayed 

sample. The level of phytate in the sample was calculated using phytic acid standard curve and the results 

were expressed as phytic acids in mg/100g dry weight.  

To prepare the phytic acid standard curve, serial dilution of 4-45mg/ml phytic acid in 0.2NHCl were 

prepared. Three milliliter of the standards was pipette into 15ml centrifuge tubes with 3ml of 0.2NHCl as 

blank. To each tube one ml of the wade reagent was added and the solution was mixed on a vortex mixer 

for 5 second. The mixture was centrifuged for 10min and the supernatant read at 500nm by using water as 

a blank. 

Phytic	acid	in	μg/g =
[(Ab − As) − Intercept] 	× 	10

Slope	 × 	w	 × 	3
 

                                                                                

Where: As= Sample absorbance Ab= Blank absorbance W= Weight of sample 

3.3.2 Tannin 

The amount of tannin was determined by the vanillin assay of Burns (1971) as modified by Maxson and 

Rooney (1972). The method was based on 1% HCl in methanol extraction of total tannin and 

determination using vanillin reagent. The extraction was done by weighing one gram of sample in a screw 

cap test tube and adding 10ml 1% HCl in methanol to the tube containing sample. After this the tube was 

put on mechanical shaker for 24 hrs at room temperature and centrifuged at 3000× g for 20 min. Then, 

one ml of the supernatant was taken and mixed with five ml of vanillin-HCl reagent in another test tube. 

The mixture was put at rest for 20 min in order for the reactions to complete. Then, the absorbance of the 

sample and blank (1 ml of supernatant with 1% HCl in methanol) were read at 500 nm using a UV-Vis 

spectrophotometer. 

Standard solutions were prepared: About 40 mg D-Catechin was weighed and dissolved in 100 ml of 1% 

HCl in methanol (stock solution). A serious of (0, 200, 400, 600, 800 and 1000µl) of stock solution was 

taken in a test tube. The volume of each tube was adjusted to one ml with 1% HCl in methanol and five 

milliliter of vanillin-HCl reagent was added in each tube. The reaction was completed in 20 min and the 

absorbance was later read at 500 nm. The calibration curve (absorbance Vs concentration) is plotted using 

excel and the slope and intercept were calculated after adjusting for the blank zero (Embaby, 2010). 

Calculation:                               Tannin	in	mg/g =
[(G+	3	G%+)	3	H("�&I�J"]	×	5K	

		LM#J�	×	*	×	N
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Where: 

As= Sample absorbance   Ab= Blank absorbance d = Density of solution (0.791 g/ml) W = Weight of 

sample in g 

3.3.3 Total alkaloid 

The alkaloid content was determined gravimetrically by the method of Haborne, (1973) as cited in 

(Adeniy, et al., 2009). Five gram of each sample was weighed using analytical balance. Then the sample 

was dispersed into 50ml of 10% acetic acid solution in ethanol. The mixture was well shaken and then 

allowed to stand for about 4hrs before it was filtered. The filtrate was then evaporated to one quarter of its 

original volume on a hot plate. Concentrated ammonium hydroxide was added drop wise in order to 

precipitate the alkaloids.  A pre-weighed filter paper was used to filter the precipitate and the precipitate 

was washed with 1% ammonium hydroxide solution followed by drying in an oven maintaining at 60OC 

for 30min. Then it was transferred in to desiccators to cool and then reweighed until a constant weight 

was obtained. The weight of the alkaloid was determined by weight difference of the filter paper and 

expressed as a percentage of the sample weight analyzed using the following formula. The experiment 

was repeated three times for each sample type and the reading recorded as the average of the triplicates. 

                          Alkaloid(%) =
�23�5	

��� !"	#$	+)OJM�
× 100                                

Were W1 = weight of empty filter paper 

 W2 = weight of filter paper + alkaloid precipitate 

3.3.4 Total polyphenols content 

The total content of polyphenols of samples was estimated using the method described by Martin et al. 

(1999). Stock solution of Gallic acid (20, 40, 60, 80, 100, 120, 140, 160 µg/ml) were prepared in 

methanol for preparation of standard solutions. Five gram of sample flour was mixed with 50ml of 

methanol in the 100ml of conical flask and placed on mechanical shaker for 4hrs at 37OC in order to get 

methanol extract. The extracted methanol was filtered and the residues of samples were extracted again 

using the same set up by adding 50ml of methanol. Then the filtrate was evaporated on rotary vapor 

shaker to get the residue of polyphenols content and afterward the residues were dissolved using 

50mg/1ml calculated extraction  volume. After sample preparation 160 µl  that was make up by 840µl 

water of approximately diluted  sample and a standard solution of gallic acid were added to 15 ml of test 

tube containing 7ml of distilled water and the control or the blank reagent were prepared using distilled 

water. 1ml of Folin-ciocalteu phenol reagent was added to the mixture and then well shaken for 2sec. 
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After 5min, 1ml of a 7% sodium carbonate solution was added to the mixture. After putting the solution 

in the dark place for 90min as the reaction was completed, and then the absorbance was measured at 

725nm. The total polyphenol content of the samples were calculated using the following equation. 

TPC =
(sample	OD	– 	intercept	value)	x	sample	extraction	volume	x	100

Slope	x	mass	in	gram	of	test	sample	x	10,000	x	wt	in	dry	matter
 

        Where OD = Sample absorbance 

3.4 Mineral analysis 

Minerals analyzed in this study were Zinc, Iron, Magnesium and Copper. The mineral content of the 

samples were determined by the method described by (Dickman and Bray, 1940). For estimation of 

minerals the ash was dissolved by 7ml of 6NHCl at low temperature on hot-plate for about 2hrs. 15ml of 

3 NHCl was added and the crucibles were heated on the hot plate until the solution just boiled. Then, 

10ml of 3HCl were added and heated on a hot plate until the solution boils. The digest was cooled and 

filtered through a filter paper (42mm, Whatmann) in to a 50ml volumetric flask. Then ml 3MHCl was 

added to dishes and heated to dissolve the residue in the dishes and then transferred to the volumetric 

flask.  Then the filter paper was washed thoroughly and the washing was collected in the flask   made to 

the mark. Then after the mineral concentration was determined by AAS. For calcium determination 5 ml 

of 10% lanthanum chloride solution was added to the flask. Then diluted to 50ml mark with distilled 

water. The blank was prepared by taking the same amount of reagents through the steps all of the above 

without the sample. The instrument was set and optimized based on the instruction given in the manual. 

The calibration solutions and the reagent blank solutions were measured first. Then the samples were run 

following the calibration values. The calibration curve was prepared for the required metal by plotting the 

absorption values against the metal concentration in ppm. The mineral content of each sample was 

calculated using given formula (carvalho, 2009).  

                        Metal	Content	(mg/100g) =
	()3%)	V	W

5K	V	N
 , where 

                                                  
W = weight in gm of the sample 

a = concentration in ppm of sample solution 

v = volume in ml of the extract 

b = concentration in ppm of blank solution 
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3.5 Functional Properties of the Sample flour 

3.5.1 Water and Oil absorption Capacity 

Water absorption capacity (WAC) was determined with the method reported by Sosulski (1962) as cited 

by Ayinadis et al. (2010). Fifteen milliliters of distilled water was added to a sample of 2.5g flour (W1) in 

a weighed centrifuge tube (w2) and stirred six times for 1 min at 10 min intervals. The mixtures were 

centrifuged at 3000 rpm for 25 min and the clear supernatant was decanted and discarded. Pellets were 

dried at 50OC for 25 min. The adhering drops of water were removed using plotting paper and then 

reweighed (w3). The amount of water retained in the sample was recorded as weight gain and was taken 

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

flour. 

                       Water	Absorption	Capacity	(g/100g) =
	N43(N5,	N2)

4
× 100                                                               

The oil absorption capacity (OAC) of the samples was determined using Adeleke and Odedeji (2010) 

method as cited by Edema (2005). Ten milliliter (V1) of refined corn oil with density of 0.92 g/ml was 

added to one gram of flour in a 15 ml centrifuge tube. The content of the centrifuge tube was stirred for 2 

min and then centrifuged at 3000 rmp for 20 min. The amount of oil separated as supernatant was 

decanted and measured using 15 ml cylinder (V2). The difference in volume was taken as the oil absorbed 

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

                         Oil/Fat Absorption Capacity (ml/g) = (V1 – V2) X 100 

3.5.2 Bulk density and Water solubility index of flour 

Bulky density was determined based on the methods used by Narayana and Narasinga-Rao (1984) as 

cited by Edema (2005). A mass of 10 g of the sample was put in to a 15 ml measuring cylinder. The 

cylinder was tapped on a laboratory bench continuously until a constant volume was obtained. Then the 

volume of sample was recorded. The bulk density was calculated as the mean of the duplicate 

determination of the weight determined by the weight of the ground flour (g) divided by its volume (cm3). 

Water solubility index were determined following the method described by Anderson (2001). Each 

sample (1.2g) was suspended in 10 ml of distilled water and stirred for 30 min. Subsequently, the 

dispersions were centrifuged at 4000 rpm for 30 min. The supernatants were poured into pre weighed 

Petri dish and the residue was weighed after oven drying overnight at 70°C.  WSI were calculated using 

following equations:  

WSI = weight of dissolved solids in supernatant x100/weight of dry solids. 
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3.5.3 Titrable acidity 

Titrable acidity of the sample was determined using the method of (Mbata et al. (2009). Five gram of 

sample flour was weighed and mixed with 15 ml of distilled water in beaker for 15 minutes to hydrolyzed 

all acids in the sample. The water used for dilution was titrated to be used as a blank before the titration of 

the sample. Three drops of 1% alcoholic phenolphthalein indicator was added in to water extract of the 

sample (dispersion). The dispersion was titrated with standards base (0.1N NaOH) to phenolphthalein end 

point. The volume of NaOH solution required to change the clear white dispersion to fain violet colored 

turbid solution was recorded. Finally, the amount of the acid in a sample was calculated by using the 

following relation: 

%	Titrable	acidity =
N × V × Eq.wt × 100

W × 1000
 

Where 

N = Normality of titrant (mEq/ml) 

V = Volume of titrant (ml) consumed to the endpoint of titration 

Eq.wt. = Equivalent weight of predominant acid (mg/mEq) 

W = weight of fresh sample (g) 

1000 = Factor relating mg to grams (mg/g) 

3.5.4 Fermentation 

Natural fermentation was carried out by mixing each sample with distilled water (1:2 w/v). Five gram of 

selected sorghum variety flour was mixed with 10 mL distilled water in a 100 ml beaker and were 

incubated in an incubator (Orbital shaking incubator, REMI/ 396LAG) at 37OC and samples were 

withdrawn at periods of 0,  24, 48 and 72 h.  After the incubation period, each sample was mixed with a 

glass rod.  Then the PH and titrable acidity of the fermented selected sorghum variety were measured. 

The pH of the samples was determined according to the method of (AOAC, 1998). 

3.5.5 Popping quality 

Seeds were cleaned and subjected to different moisture content starting from the natural moisture content 

of 11.8% to 20% by spraying predetermined quantity of additional water. After thoroughly mixing, the 

seeds were kept in a closed container. The moisture was allowed to equilibrate for 14hrs at room 

temperature with occasional mixing. The equilibrated seeds were popped on hot clay pot at about 260OC 

for 30 seconds. The bulk density was calculated as weight of sample per unit volume (g/ml). the apparent 
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bulk volume of the raw and popped seeds were measured with a 20ml-graduate cylinder and was 

expressed as the expansion ratio (the volume of popped seeds/the volume of equal weight of raw seeds). 

The popped seed yield was calculated from the difference in weight of popped and un-popped grain 

[weight of popped – weight of un-popped] X 100/total weight. 

                          Popping	yield	(%) =
"#")M	N�� !"	#$	J#JJ�*	 &)�(	

]#")M	N�� !"	#$	J#JJ�*	 &)�(	,	-(J#JJ�*	 &)�(
× 100	                                  

 Expansion volume 

 Expansion volume is defined as the popped volume divided by its original grain weight. 

Expansion	volume	(ml/g) = 	
total	popped	volume	(ml)

Original	grain	weight	(g)
 

3.6 Sensory evaluation 

Sensory characteristics of processed and unprocessed unleavened bread (kita) a samples/product of the 

four sorghum varieties were evaluated by randomly selected untrained 18 consumer panelists who are 

familiar to the product for their sensory attributes (appearance, texture, odor, taste and overall 

acceptance). The panelists were well instructed about the aim of the test. The porridge were prepared and 

served in coded plastic sensory evaluation plates. Each panelist was presented with a glass of water after 

each testing session to rinse their mouths so as to prevent carryover effect. The assessment was conducted 

in a well lit room designed for sensory evaluation. 

The Sensory quality characteristics of kita (appearance, color, taste, texture and overall acceptability) 

were evaluated by 9 hedonic scale were 1 represented ″dislike extremely″, 2 “dislike very much”, 3 

“dislike moderately”, 4”dislike slightly”, 5 ″neither like nor dislike″, 6”like slightly”, 7”like moderately”, 

8”like very much” and 9 represented″ like extremely″ 

3.7 Statistical analysis 

The nutritional composition, anti nutritional factors and functional properties results of four sorghum 

varieties grains were statistically analyzed. The data was analyzed using SPSS version 20.  The mean and 

standard deviations of the duplicate and triplicate analyses of the samples were calculated. One way 

analysis of variance (ANOVA) was performed to determine significant differences among the means of 

proximate composition, minerals and anti-nutritional factors of varieties and treatments; while the means 

were separated using the Duncan’s test judged significantly different at 95% confidence level (p<0.05). 
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4. RESULTS AND DISCUSSION 

4.1. Decortications and yield of each selected sorghum 

The selected sorghum varieties grain has their own morphological characteristics, for instance in terms of 

color Seredo have brown color where as Abba melko have red which both of this seeds are bird resistant. 

Wogere and Teshale are the sorghum varieties where their grains are highly consumed by birds and they 

have a white color. 

Table.3.   The yield of decorticated grains of selected sorghum varieties. 

No Sample type Head grain (%) Broken (%) Husk/Seed coat          

(%) 

   1  Seredo 76.7 3 20.3 

   2 Abba Melko 75.8 4.3 19.9 

   3 Wogere 77.8 1.2 21.0 

   4 Teshale 77.9 0.9 21.2 

 

The present study showed that the highest (76-78%) yield of head grain was obtained in all selected 

sorghum varieties than the broken and seed coat of the milling fractions. Using hydrothermally processing 

decortications, minimum broken yield was respectively as recorded 2.96, 4.32, 1.22 and 0.9% for seredo, 

abba melko, wegere and teshale, (Table 3). Relatively minimum lose was recorded in teshale and wegere 

grain of sorghum varieties compared to Seredo and Abba melko grains. This developed technology might 

solve the problem of using PRL (Prairie Research Laboratory) dehuller as stated by Taylor et al., (1993) 

Drawbacks of the PRL dehuller for industrial milling are that the batch size is rather small and milling 

losses can be very high, up to 30%.  The study further showed that removal of seed coat by decortication 

using hydrothermal processing was was 92.5, 90.4, 93.3 and 95.5% of seredo, abba melko, wegere and 

teshale, respectively. The grains that were almost free from seed coat (>90%) were considered as 

decorticated grains (Shobana and Malleshi 2007; Usha and Malleshi 2011). The hardness of the grain was 

due to hydrothermal process. The influence of steaming conditions, namely, steaming time and steam 

pressure, have effect on the decortications characteristics of sorghum. 

 Hydrothermal process was designed to find out the most suitable conditions of steaming, that produces 

the grains with desirable level of hardness, which on decortication yields maximum percentage of 

decorticated head grains (Usha et al., 2013).   

Shoban and maleshi (2007) indicated that decortication of cereal has its own limitation. The protein, fat, 

calcium and phosphorus contents of the decorticated millet were lower by 22%, 40%, 43% and 48% 
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respectively than the native millet. The reduction in some of the nutrients could be mainly due to 

separation of the seed coat, as it has been reported that, the seed coat contains about 28% of protein, 49% 

calcium and 14% phosphorus (Shobana and Malleshi, 2007). 

    

     

    

Fig.5. Grains of selected sorghum varieties before and after decortications. 

4.2.1. Moisture  

Effect of processing on the chemical composition of selected sorghum varieties (that eaten and resistant 

by birds) was presented in Table 4. The mean moisture content of (SU, AMU, TU and WU) was 11.5, 

10.7, 12, and 11.6 g/100g respectively.  There was a significant difference (P < 0.05) between un 

decorticated sorghum and accordingly the highest moisture content was recorded in Teshale which was 

12g/100g and the least in Abba melko(10.7g/100g).   

Previous study findings show variation of grains of varieties by Ensminger (1990), NRC (1994), Preston 

(2010) and FAO-AFRIS (1993) were 10.0, 10.0-12.5, 11.0 and 9.3-12.3 g/100g and in contrast with 

USDA 2009 findings which were 9.2g/100g.  The present study also agreed with the findings of Yousif 
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and Magboul (1972) reported a range of 5.7– 10.7%.  For moisture content of different varieties of 

sorghum and results reported by Marfo et al. (1990) give a range of 6.0 – 14.0%.   

In contrast the present study were higher than most previously publishable data like  Shadad (1989) 

analyzed the moisture content of twenty varieties and gave a range of  6.5 – 8.0%,  Ahmed (1988) 

moisture content of three varieties were  6.6, 6.2 and 6.9% while Khattab et al. (1972) gave a range of 6.4 

–9.6%.   Ahmed (1993) found that moisture of four sorghum varieties ranged between 7.09 – 9.16%.  

According to Mohamed (2000), moisture content of three sorghum varieties ranged from 6.0 – 6.7%.  In 

addition to that Abd elnour (2001) found that the moisture content of Fetarita and Dabar were 9.60 and 

8.75 % respectively. 

The mean moisture content of SD, AMD, TD and WD was 11.8, 11.5, 11.8 and 11.7g/100g, There was no 

significant difference (P>0.05) of moisture content between decorticated sorghum. Decortications using 

hydrothermal process was showed increase in moisture content of SD and AMD which were bird resistant 

varieties by 2.6 and 7.5%, respectively ; this might be the hardening of the grain due to the influence of 

steaming process which was not facilitate the removal of moisture in oven drying at a temperature of 

105oc for 3hrs. These results show close agreement with Mubark (2005) which reported that soaking, 

autoclaving and boiling of mung bean increases the moisture content. 
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4.2 Proximate composition  

The chemical and nutritional composition of both decorticated and undecorticated selected sorghum varieties is shown in Table 4. 

Table.4: Proximate composition (g/100g) of both undecorticated and decorticated grain of selected sorghum varieties. 

  

 

Proximate composition                                                                                         Sample  

 SU                  SD                    AMU                   AMD                  TU                TD                    WU                 WD 

Moisture (%)          11.5 + 0.14b     11.8 + 0.07cd      10.7 + 0.14a      11.5 + 0.14b      12 + 0.00e         11.8 + 0.00cd       11.6 + 0.02bcd      11.7 + 0.07bc 

Ash (%)     4 + 0.00b 1.5 + 0.7a    3.5 + 0.7b 2 + 0.00a 3.5 + 0.71b        3.5 + 0.7b 4.5 + 0.7b 4 + 0.00b 

Protein (%)   11.7 + 0.7abc     12.2 + 1.4abc        10.6 + 0.3a        14.6 + 0.7a         11.3 + 0.14ab     14.4 + 0.4ab         13 + 0.14cd           12.4 + 0.6bc 

Fat (%) 3.35 + 0.21d       2 + 0.00bc         3.58 + 0.21e      2.45 + 0.07c        5 + 0.00f           3.25 + 0.35d        1.75 + 0.35ab     1.5 + 0.00a  

Cr. fiber (g/100g)     9.60 + 0.14abc   9.20 + 0.28ab     11.40 + 0.71e     8.95 + 0.35a       10.25 + 0.35cd    9.75 + 0.07abcd    10.60 + 0.57de    9.97 + 0.20bcd 

T.Carbohy.(g/100g) 80.95 + 2.27a   85.3 + 1.59b       82.32 + 2.59ab    85.25 + 1.21b    80.2 + 1.03a      82.25 + 1.19ab      80.75 + 0.93a      82.1 + 1.94ab   

Gr. energy (Kcal)    400.8 + 7.3ab     404 + 11.4b       403.9 + 11.1b     405.5 + 6.6bc     411 + 2.8c        402.3 + 7.6b          390.8 + 8a      391.5 + 5.6a 

Means in the same raw with different letters are significantly different (P >0.05). Data are mean +standard deviation of duplicates 

. 

Sample type 

SU = before decorticated Seredo, SD = after decorticated Seredo,   TD= after decorticated Teshale, TU= before decorticated Teshale                                                          

AMU= before decorticated Abba melko, AMD= after decorticated Abba melko, W U= before decorticated Wogere, WD= after decorticated 
Wogere 
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4.2.2. Total ash content 

The mean ash content of decorticated and undecorticated selected sorghum varieties were shown in Table 

4. The mean total ash content of SU, AMU, TU and WU were 4, 3.5, 3.5 and 4.5 g/100g, respectively. 

There was no significant difference (p>0.05) of ash content between undecorticated selected sorghum 

varieties.  The present study observed data higher than the earlier reported work. Ash content of three 

sorghum varieties determined by Bello (1990) was 1.4, 1.4 and 2.1 %.  Khattab et al. (1972) reported a 

range of 1.3 – 2.5% for ash content of eight sorghum cultivars. According to Eggum et al. (1983) ash 

content was 1.18% for tetron 1.68% for dabar and 2.07% for fetarita.  Ash content of twenty sorghum 

varities ranged from 0.6 to 2.8% as reported by Shadad (1989). Result reported by Torres-cepda et al. 

(1996) gave a range of 1.17– 1.91% for sorghum ash content.  Marfo et al. (1990) showed that ash 

content of sorghum was 1.9%. In addition Ahmed (1993) analyzed four sorghum varities and gave a range 

of 1.46 – 1.94%.  Similarly the ash content was analyzed for Abu-ragaba and Abu-kunjara sorghum 

varieties by Abdoul et al. (2013) and obtained 1.74 and 3.03 which were less than the result obtained in 

present study.  

The mean total ash content of (SD, AMD, TD and WD) was 1.5, 2, 3.5 and 4g/100g.  There was a slight 

significant difference (p<0.05) in total ash content between sorghum varieties that eaten (TD and WD) 

and resistant by birds (SD and AMD). Decortications using hydrothermal processing significantly 

(p<0.05) reduced the total ash content as compered to undecorticated/unprocessed selected sorghum 

varieties. This decrease in ash content might be attributing to diffusion of certain minerals into the 

steaming water while it was autoclaved (Mubark, 2005; Alajaji and El-Adawy, 2006). Ash is the mineral 

material in flour. According to AACC (The American Association of Cereal Chemist), (2015) the ash 

content of wheat varies from about 1.50 to about 2.00%. The pure endosperm contains about 0.35% ash. 

Considering that the wheat kernel contains about 80% endosperm, it becomes clear that the non-

endosperm parts of the kernel (pericarp, aleurone, and germ) are very high in ash when compared to the 

endosperm. Thus, the ash content is a sensitive measure of the amount of non-endosperm material that is 

in the flour. The present study in agreement with AACC (The American Association of cereal chemist) 

(2015).  In this study the goal of decortication was to separate the endosperm from the non-endosperm 

parts of the sorghum kernel by hardening the fragile endosperm using hydrithermal process. when the 

non-endosperm parts of the grain was removed we lose ash contents and there is why the ash contents 

decrease in the present study. There was a small lose of ash content in teshale sorghum varieties before 

and after processing. The observations in present study were in agreement with those findings of Akaerue 

and Onwuka (2010) which reported that boiling results in reduction in ash content on mung bean. In 

similar manner, earlier studies reported that there was a reduction of mineral contents on legumes due to 
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boiling and autoclaving treatments (Mubark 2005; Alajaji and El-Adawy 2006).  Hardening the 

endosperm of the sorghum grain using hydrothermal processing significantely decreased the total ash 

content but when compared to each variety the lowest reduction in ash content was observed in TD and 

WD  

4.2.3. Crude protein 

The mean total protein content of SU, AMU, TU and WU were found to be 11.7, 10.6, 11.3 and13g/100g, 

respectively. This observed result was in agreement with the protein in sorghum which ranged from 7-

15% (FAO, 1995; Beta et al., 1995).  There was no significant difference (p<0.05) of total protein content 

between the un processed selected sorghum varieties. So varieties had no significant (p<0.05) effect on 

total protein mean values for both bird resistant sorghum and that eaten by birds. Travis et al. (2006) 

reported Protein content of sorghum is more variable than that of maize and can range from 7.07 to 11.85 

per cent which was in agreement with this study.  Similarly agreed with FAO, 1995 and Beta et al.,1995 

findings and also the present observed data were in agreement with USDA, 2009, Ensminger 1990, 

Preston 2010, Ragaee 2006 and Kriegshauser 2006 which was 12.4, 12.8, 11, 12.1 and 12.1-14.1g/100g 

respectively.   The mean total protein content of (SD, AMD, TD and WD) was 12.2 14.6, 14.4 and 12.4 

g/100g respectively. There was a significant difference (p<0.05) in total protein content between 

decorticated using hydrothermal processes of selected sorghum varieties.  The mean value between AMD 

and TD was not significantly different, similarly between SD and WD.  However, there was increasing 

trend in the total protein content during decortications using hydrothermal process as compared to 

unprocess all varieties except WD.  Such increasing trend of the mean crude protein content might be 

endosperm increament of the taken sample during analysis. This suggestion is in agreement with the 

protein content in sorghum ranges 11-15% with approximately 80, 16 and 3% of the protein in the 

endosperm, germ and pericarp respectively (Gualtieri & Rapaccini, 1990; Rooney & Serna-saldivar, 

2000).  Observations in the present study were in contrast with the findings of (Axtell et al., 1981) 

cooking decrease the protein content and according to (Shobana and Malleshi, 2007),   Decortications of 

cereals also have limitation such as protein content of the decorticated millet was lower by 22%, than the 

native millet. According to these authors the reduction in some of the nutrients could be mainly due to 

separation of the seed coat, as it has been reported that, the seed coat contains about 28% of protein. 

The present study showed that variety had no a significant (p>0.05) effect on mean protein content 

whereas processing had significant (p<0.05) effect on crude protein contents of selected sorghum 

varieties. 
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4.2.4. Crude fat 

The mean of crude fat of SU, AMU, TU and WU were 3.35, 3.58,5 and 1.75 g/100g, respectively.  There 

was a significant difference (P<0.05) in crude fat content between unprocessed selected sorghum 

varieties. The present study in agreement with the findings of Ensminger (1990), NRC (1994), Preston 

(2010),  FAO-AFRIS (1993) and Ragaee (2006) were 2.9, 3-3.3, 3.1, 0.8-4.3 and 3.32 g/100g 

respectively.  Similarly agreed with Yousif and Magboul (1972) studied fifteen sorghum 18 cultivars 

grown in sudan and found that the fat content ranged between 3.0 – 4.1%.  Tores-cepda et al. (1996) 

determined fat content of ten sorghum cultivars and gave a range of 2.76–3.75%. Eggum et al. (1983) 

found that fat content of tetron, dabar and fetarita was 5.1, 4.0 and 4.1 % respectively. Fat content content 

obtained by Hulse et al. (1980) ranged from (2.4 to 6.5%). Result reported by Osagie (1987) showed that 

lipid content of two sorghum varieties was 3.68 and 5.28 %. Wu and Wall (1980) also reported that fat 

content of sorghum was 3.5%, while Marfo et al. (1990) stated that fat content of sorghum was 5.06%. 

According to Shadad (1989) fat content of twenty varieties of dura growing in different parts sudan 

ranged from 1.5 to 4.6%. Ahmed (1993) analyzed four sorghum varieties and found that fat content 

ranged from 2.85 – 4.12 %. 

 The observed mean value of SD, AMD, TD and WD were 2, 2.45, 3.25 and 1.5 g/100g.  There was no 

significant difference (P>0.05) among bird resistant selected sorghum varieties in there crude fat content 

and significantly different (P<0.05) with TD and WD after processing. However there was the reduction 

trend of crude fat content of SD, AMD, TD and WD by 40.3%, 31.6%, 35% and 14.3% respectively after 

decortications using hydrothermally processed as compared to undecorticated selected sorghum varieties. 

The present study was in agreement with those reported by Shobana and Malleshi, (2007), decortications 

of cereals have limitation such as fat content of the decorticated millet was lower by 40% than the native 

millet. This reduction of crude fat during treatments might be attributed to their diffusion in to the 

steaming water in the autoclave. This finding was in agreement with the result of Osman (2007) who 

suggested that the reduction could be attributed to high lipolytic enzyme activity which breaks down the 

triglyceride to simple fatty acids sterol esters and polar lipids. The lipids of sorghum influence the flavor 

and storage characteristics of the grain and the fractions. 

 4.2.5. Crude fiber 

Sorghum contains dietary fiber and this plays an important role in its hypocholesterolemic properties. The 

SU, AMU, TU and WU samples in the current study had crude fiber content of 9.6, 11.4, 10.25 and 10.6 

g/100g respectively. There was a significant difference (p<0.05) between the samples considering their 

fiber content in current study.   
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The crude fiber content of unprocessed selected sorghum varieties in this study was not comparable with 

the result reported by USDA (2009) and Ensminger (1990) 3.6 and 2.9 g/100g for sorghum respectively. 

This was less than the value obtained in this study.  NRC (1994) similarly has reported the fiber content 

of sorghum bicolor flour to be 3-3.3 g/100g, which was less than from the results in the present study.  In 

another study, the reported crude fiber content was 2.1-2.7g/100g (Kriegshawer 2006), 3g/100g (Preston 

2010) and 1.7-2.1g/100g FAO (1993).  This result is lower than the results of the current study.  

The treatments applied in the present study had no effect on the crude fiber contents of the unprocessed 

samples with slight decreasing effect.  Treatments SU, AMU, TU and WU had a little bit reduce the fiber 

content by 4.2, 21.5, 4.9 and 5.9% respectively. This findings was agreed with work of Falmata et al. 

(2013) the crude fiber content after dehulling for five sorghum varieties, were decrease by 16.7% for 

mere, 23.8% for chakalari red, 32% for Yafimoro, 30.5% for Tumbuna and 30.1% for chakalari white. 

This reduction might be due to effective removal of husks or seed coats from the hard endosperm parts of 

the grain which contain certain amounts of undigestible carbohydrate what we call crude fiber. 

However,  this decreasing trend of fiber content after decortications using hydrothermal processing dis 

agreed with the findings of Shobana and Malleshi (2007) reported that bulk density and soluble fiber of 

the decorticated millet was slightly higher than native millet, probably due to removal of the seed coat, 

and also due to the reduced porosity in the kernel and the increased in the soluble fiber content of the 

product has a special nutritional significance because of its physiological advantages in terms of 

hypoglycemic and hypocholestrolemic characteristics. 

4.2.6. Total carbohydrate and energy 

The total carbohydrates content of SU, AMU, TU and WU used in this study were 80.95, 82.32, 80.2 and 

80.75g/100g respectively as shown in table 4 above. There was no significant difference (p>0.05) 

between the samples or between varieties in terms of their total carbohydrate content. Total carbohydrate 

contents for raw varieties ranged from 80.2 to 82.32g/100g. Abba melko having the highest carbohydrate 

content.  

Falmata et al. (2013) has reported total carbohydrate content of five sorghum varieties, namely Mere, 

Chakalari red, Yafimoro, Tumbuna and Chakalari white to be 69.32, 66.7, 68.86, 63.8 and 66.7g/100g 

respectively which was slightly comparable with the findings of the current study. Similarly Abdoul et al. 

(2013) report 66.76% the mean content of total carbohydrate in cereal grains. The results of total 

carbohydrate contents in the current study for each variety where slightly higher than the value reported 

previously for sorghum bicolor grain. 
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Processing increased the carbohydrate contents of all the different varieties, however, the increase was not 

statistically significant (P>0.05). The treatment in SU, AMU, TU and WU increase total carbohydrate 

content by 5.1, 3.6, 2.6 and 1.8% respectively. This current finding agreed with the findings of Jimenez-

Martinez, et al., (2003) as reported by Paulos (2009) has reported an increment trend in carbohydrate 

contents after boiling for 15 minutes in the case of red gram, black gram and green gram. In the same 

study it has been reported that boiling for 60 minute reduced total carbohydrate content in beans by 20-

45%. 

The raw or SU, AMU, TU and WU varieties have total energy content of 400.8, 403.9, 411 and 390.8 

Kcal, respectively. There was slight significant difference (p<0.05) between Teshale and other selected 

varieties in this study in terms of total energy. Similarly, as processing increases total carbohydrate it also 

increase the total energy in three varieties as observed in the above Table. 

4.2 Anti-nutritional factors 

In present study the preliminary phytochemical analysis revealed the presence of Phenolic compound, 

Alkaloids, Phytic acid and Tannin in selected sorghum varieties. 

4.2.1 Phytic acid 

 The mean value of phytate content of SU, AMU, TU and WU sorghum varieties were 9.42, 10.66, 10.16 

and 8.25 mg/g respectively. There was no significant difference (P>0.05) in the phytic acid content 

among SU AMU and TU of undecorticated selected grain of sorghum varieties.  The results obtained in 

present study were higher than the earlier published data. Doherty et al. (1982) analyzed several sorghum 

varieties and found that phytate ranged from 170 – 380 mg/100g. Marfo et al. (1990) reported that phytate 

content of red sorghum was 886 mg/100g. Osman (2004) analyzed three sorghum varieties and reported 

that phytate content was 301.6, 308.5 and 366.5 mg/100g. Mahgoub and Elhag (1998) determined phytate 

content of four Sudanese sorghum cultivars found that phytate content ranged between 246–300 mg/100g. 

Sorghum phytate of 30 varieties ranged from 172–407 mg/100g as reported by Doherty et al. (1981). 

Monawar (1983) analyzed two sorghum varieties for their phytate content and found that they were 

contains 287 and 258 mg/100g. Results reported by Abd Elrahman (2000) showed that phytic acid 

content ranged between 276 – 369 mg/100g.  Accordingly the smallest content of phytic acid (8.25mg/g) 

is recorded in wegere than other varieties.   After decortications there was no significant difference 

observed in phytic acid content among the selected grains of sorghum varieties. Similarly, Hulse et al. 

(1980) reported that the overall mean for phytate in 30 whole grains was 3.2+0.48mg/g. Wang et al. 

(1959) reported 1.6 to 4.3 mg/g for whole grain varities. The phytic acid content were reduced by SD 

(80.57%), AMD (82%), TD (81.59%) and WD (77.94%) after decortications which was higher than the 
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value repoted before  40 – 50% of pytate can be removed by abrasive dehulling (Doherty et al., 1982). 

The highest levels of phytate-P where found in the bran fraction, with lesser amounts in the whole grain 

and dehulled grain, respectively (Doherty et al., 1982) The reduction of phytate phosphorous content on 

decortications of selected sorghum varieties were higher than the value reported by Shobana and Malleshi 

(2007) on decortications of millet (39.8%) and this may provide nutritional advantages with respect to 

increased bio-availability of minerals and protein. Phytate phosphorus is located largely in the scutellum 

and to a smaller extent in the aleurone cells and in view that, reduction in phytate phosphorus occurs on 

decortications of millet (Shobana et al., 2007). Reduction in some of these constituents has nutritional 

advantages since, these are considered as anti-nutritional factors and their reduction improves the 

bioavailability of minerals (Udayasekhara and Deosthale, 1988).  

Phytate is a mixed salt of phytic acid (myo-inositol hexaphosphate) that occurs in plant feedstuffs. 

Digestibility of plant phosphorus in monogastrics ranges from 23 to 69% with a value of 42% for 

sorghum (Wu et al., 2004). In contrast to tannins, sorghum phytate content has not been reduced through 

breeding research. 

Table.5: Anti-nutritional factors of both undecorticated and decorticated selected sorghum varieties. 

 

                                                                    Parameter 

Sample type           Phytic acid                Tannin                 Alkaloid                          Polyphenol           

                                (mg/g)                     (mg/100g)            (g/100g)                            (MgGAE-1) 

 

      SU                     9.42 + 0.77
bc

               22.57+ 0.95
c 
               0.07+ 0.01

cd
               3.29 + 0.47

c
 

      SD                     1.83 + 04
a
                    8.60 + 0.98

b 
               0.01 + 0.01

a
               1.35 + 0.07

b 

     AMU                 10.66 + 1.89
c
               52.47 + 0.78

d
              0.06 + 0.04

bc
              4.96 + 0.02

d
 

     AMD                 1.89 + 0.65
a
                 7.97 + 1.45

b  
               0.02 + 0.01

ab
              1.84 + 0.06

b 

     TU                     10.16 + 0.27
c
                0.98 + 0.12

a
                0.09 + 0.03

cde
 1.65 + 0.2

b
 

     TD                     1.87 + 0.01
a
                  0.13 + 0.06 

a
                0.07 + 0.04

cd
 not detected 

     WU                   8.25 + 0.8
b
                     4.53 + 0.06

ab
               0.11 + 0.01d

e
 1.71 + 0.7

b
 

    WD                    1.82 + 0.06
a
                   0.35 + 0.13

a 
                0.10 + 0.02

de
 not detected 

 

 

Means in the same column with different letters are significantly different (p< 0.05). Data are the mean + 

standard deviation of duplicate. 
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Sample type 

SU = before decorticated Seredo, SD = after decorticated Seredo,   TD= after decorticated Teshale,     

TU= before decorticated Teshale, AMU= before decorticated Abba melko, AMD= after decorticated 

Abba melko, W U= before decorticated Wogere, WD= after decorticated Wogere 

 4.2.2 Total tannins 

The tannin content of SU, AMU, TU and WU sorghum varieties were 22.57, 52.47, 0.98 and 4.53 mg/g 

respectively.  There was a significant difference (P<0.05) in tannin content among the selected grain of 

sorghum varieties before decortications and there was no significant difference (P>0.05) among 

decorticated samples. The present study in agreement with some of earlier reports and smaller than most 

of previous recorded results, like Elkalifa and Eltinay (1999) reported that tannin content of two sorghum 

cultivars dabar1-1 (low tannin 0.24%) and Cross 35: 18 (high tannin 1.16%). According to Osman (2004) 

the tannin content of three sorghum cultivars was 0.83% for hamra, 0.38% for shehla and 0.068% for 

baida. Elkhalil et al (2001) found that wad ahmed contain 0.96% tannin. Osuntogun et al. (1989) reported 

that the tannin content of fiteen sorghum cultivars was found to vary between 0.25-2.92%.  Hassan and El 

tinay (1995) showed that tannin of two cultivars was 0.65% for safra and 1.36% for cross 35:18. In 

addition Chava et al. (1979) analyzed two sorghum cultivars and found that tannin content was 0.40 and 

0.46% and two high tannin cultivars contain 3.44 and 3.60%.  Choi et al., (1990) analyzed 35 lines of 

sorghum and found that the highest mean grain tannin was 9.03% and the lowest was 0.13%. Shadad 

(1989) reported that tannin content of sorghum ranged from 0.15 – 3.10%. According to Elmaky (1994) 

tannin of five varieties ranged from 0.11 to 1.4%. Babiker and El Tinay (1992) analyzed two sorghum 

varieties for their tannin content and the result was 0.6 and 3.1%.   

Accordingly, the tannin content of bird resistant sorghum varieties, seredo (22.57mg/g) and abba melko 

(52.47mg/g) was higher than the tannin content of highly eaten by birds teshale (0.98mg/g) and wegere 

(4.53mg/g). The highest tannin content among the varieties was recorded in abba melko sorghum varieties 

which were twice the content of seredo. The studies have showed that white sorghum without testa or 

with purple testa and yellow or red sorghum without testa have very low percentage of tannins (0.0 to 

0.2% tannin); whereas white, yellow or red sorghums with brown testa have medium to high tannin 

content (1.2 to 12.8%).  The tannin content of SD, AMD, TD and WD were reduced by 61.9%, 84.8%, 

86.7% and 92.3% respectively during the removal of seed coat/husk. This is because phenolic compounds 

(tannins) are found in pericarp but are absent in germ and endosperm (Rice-Evans et al., 1997). These 

compounds can affect color, flavor, bitterness, low palatability, low digestibility and diminished 

nutritional qualiy of the grain (Peterson et al., 2002 and Rice-Evans et al., 1997). However, the presence 

of tannins make the grain “ Bird resistant ”, protect the grain against insects (conferring a bitter, hit taste) 
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and decrease the susceptibility of the grain to molding and preharvest germination (Peterson et al., 1997).  

Elkin et al. (1978) reported that tannins cause alternations of the organic matrix of bone and attributed 48 

percent leg abnormalities due to tannins in sorghum based diets. Sorghum brans can contain large 

concentrations of phenolic compounds (Guajardo-Flores et al., 2006). This discourages activation and use 

of these high tannin containing grains of sorghum varieties. It is therefore imperative to develop 

processing technology which can significantly reduce the tannin, by so doing it is possible to promote 

cultivation of bird resistant sorghum varieties which inherently contain high level of tannins in their 

grains  while reduce the tannin content through decortications for consuming as food. 

4.2.3. Total alkaloids 

Another important parameter to see the bitterness of the grain that resists the birds may be due to 

alkaloids or another parameter was tested in the present study. Upon this study the mean value of SU, 

AMU, TU and WU were 0.07, 0.06, 0.09 and 0.11g/100g respectively. 

There were no significant difference (p>0.05) between the selected varieties in terms of the content of 

alkaloids.  

The values of total alkaloid content of the sorghum samples in the current study was in agreement with 

result of total alkaloid content reported by Butler et al. (1996) reported value was 0.015g/100g the  

varities of lupin seeds. In another investigation Mostafa and Elkatry (2013) reported the total alkaloid 

concentration of the same species of lupin to be 1.47g/100g and on the other hand Muzquiz et al., (1994) 

reported the value to be 1.91g/100g. When we compare the sorghum grain with the lupin in its alkaloid 

content sorghum in the present study had smaller content in regard of the previous study. From this point 

of view even if the concentration of total alkaloid in the sorghum samples in the current study it 

conterbute to the bitterness of the grain to the birds. 

In the current study the treatment can reduce the level of total alkaloids as presented in the above (Table 

5).  The total content of alkaloid for SU, AMU, TU and WU, were reduced by 85.7, 66.7, 22.2 and 9.1% 

respectively. This reduction trend might be due to the removal of the seed coat from the grain which 

contains certain amount of alkaloid. The other reason for decreasing in total alkaloid contents during 

tempering is due to removal of alkaloids with soaking water. Since alkaloids are water soluble, soaking in 

water can easily remove them from the whole seed. The current study was in agreement with the work of 

Oladele et al., (2009) who reported reduction in alkaloid content of tigernut (Cyprus esculents .L.). 

Accordingly, soaking reduced the alkaloid content by 3-13%   
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The main role of alkaloids is to provide the plant chemical defense against herbivores. Alkaloids make 

seed and grain bitter test and are toxic when ingested by humans and animals. Another theory proclaims 

alkaloids to be useless products of protein metabolisms (Clements et al., 1996). Yet another opinion is 

that alkaloids, accumulated in the underground parts of a plant, participate in metabolic processes, induce 

root growth and on leaching in to the soil, because a barrier to microorganisms (Peneva, 2006). However, 

none of the above theories comprehensively explains the significance of alkaloids to plants, because some 

plants accumulate alkaloids while others do not. 

4.2.4 Total polyphenol 

Another parameter studied in the current study was total polyphenol which is defined as any compound 

containing a benzene ring with one or more hydroxyl groups.  

The mean values of total polyphenol content for SU, AMU, TU and WU in this study were 3.29, 4.96, 

1.65 and 1.71mg of gallic acid equivalent g-1 respectively.  There was significant difference (p<0.05) 

between unprocessed selected sorghum samples in this study in terms of total polyphenol content. 

The present study agreed with the findings of Guajardo-Flores et al. (2006) which reported the total 

polyphenol content in red sorghum was 4.2 mg gallic acid equiv/g as well in a white sorghum 1.8 mg 

GAEg-1. In the same year report by this author the total polyphenol content in high tannin sorghum and 

black sorghum was reported that 14.3 and 4.5 mgGAEg-1 respectively, which was in agreement with the 

present study. In general according to Guajardo-Flores et al. (2006) tannin containing grains (i.e 

sorghum) and pigmented cereal grains had the highest levels of polyphenol and antioxidant activity, 

whereas non-pigmented cereals (i.e white rice, wheat, and waxy barely) had the lowest level.  

Autoclaving followed by steaming during hydrothermal process and decortications which was the 

removal of seed coats from the head grains would decrease the level of total polyphenol content in the 

current study for SU and AMU by, 58.97and 62.9% respectively. This reduction level of total polyphenol 

content might be due to the removal of seed coat where the site of most anti-nutrition compounds like 

condensed tannins, the heat treatment during hydrothermaly processed and might be during tempering in 

the water for 14hrs that the compounds which were soluble in the water like condensed tannins leach 

down from the whole grains. 

According to Hammerstone et al. (1999) and Rhodes and Price (1997) report phenolic compounds have 

anti oxidant properties and can protect against degenerative disease (i.e., heart disease and cancer) in 

which reactive oxygen species ( i.e., superoxide anion, hydroxyl radicals, and peroxy radicals) are 
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involved. In the present study the total polyphenol content of bird resistant sorghum (i.e., seredo and abba 

melko) varieties were higher than the grain of sorghum varieties eaten by birds like teshale and wegere.  

4.3 Mineral contents 

The result of mineral analyses (Zn, Fe, Mg and Cu) of the raw and decorticated selected sorghum 

varieties are presented in the (Table 6) below. 

4.3.1. Zinc 

The zinc content of the four cultivars of SU, AMU, TU and WU were 1.46, 1.54, 1.41 and 2,25 mg/100g 

respectively.   

There was no significant difference between SU, AMU and TU in terms of zinc content.  

Falmata et al. (2013) reported the zinc content of five raw sorghum varieties (Mere, Chalari red, 

Yafimoro, Chakari white and Tumbuna) were 0.2, 0.2, 0.2, 0.2 and 0.2ppm respectively. Zinc content in 

the current study for the selected sorghum varieties is not in agreement with the study. Accordingly, zinc 

content was higher the result reported by Falmata et al., (2013). However, in another investigation Person 

(2010), the content of zinc to be 1.8 mg/100g for sorghum. Conversely, the zinc content of SU, AMU and 

TU varieties in the present study were slightly smaller than the value reported by Person (2010). But WU 

was higher in its zinc content (2.25 mg/100g) than the value reported by this author.  The difference in 

zinc content between the varieties may be due to genetic makeup variation since cultivated in the same 

environmental conditions. In another investigation, Ensminger (1990) explained the mean values zinc 

content for sorghum is 4.71 mg/100g which was higher than the mean value of the present study. NRC 

(National Research Council) also reported that zinc content of sorghum ranges 1.6 to 2.5 mg/100g which 

was in agreement with the present study.  

Treatments used in the current study have shown decreasing effect on the zinc content of the raw samples. 

The processed samples in the above table showed a significant reduction in the level of zinc content 

compared to the raw unprocessed sample. Accordingly, decortications using hydrothermal process for 

SU, AMU, TU and WU reduced the zinc content by 25.3, 62.9, 7.2 and 12 % respectively. Similarly, 

Falmata et al. (2013) reported decrease of zinc content by 50% for mere and 95% for chakalari white 

sorghum variety during dehulling in order to remove the seed coats which was in agreement with the 

present study. The decrease in zinc content may be due to leaching in to soaking water when we soak in 

order to equilibrate the water content before autoclaving. When we compare loss of minerals with 

previous works, the treatment in the current study was effective.  
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Table.6:  Mineral (Zn, Fe, Mg and Cu) composition of both processed and raw varieties. 

 

       Samples                                                       Mineral composition (mg/100g) 

 

                                Zn                                    Fe                                         Mg                                   Cu 

 

    SU                  1.46 + 0.06
c 
                  20.63 + 1.8

b
 14.56 + 0.39

b
 0.49 + 0.13

e
 

    SD                  1.09 + 0.07
b
 15.19 + 1.2

ab
 11.79 + 2.49

ab
 0.37 + 0.02

cd
 

    AMU             1.54 + 0.11c 18.55 + 6.14b 14.59 + 0.30b 0.37 + 0.04cd 

    AMD             0.57 + 0.16
a
 12.9 + 0.64

ab
 14.08 + 0.11

b
 0.08 + 0.1

a
 

    TU                 1.52 + 0.08
c
 14.8 + 2.08

ab
 14.63 + 0.07

b
 0.33 + 0.13

bcd
 

    TD        1.41 + 0.22
c
 7.07 + 8.6

a
 12.80 + 2.38

ab
 0.31 + 0.13

bcd
 

   WU       2.25 + 0.04
e
 14.39 + 3.05

ab
 10.72 + 0.09

a
 0.21 + 0.04

abc
 

   WD       1.98 + 0.06
d
 13.71 + 2.69

ab
 10.69 + 0.09

a
 0.14 + 0.4

ab
 

Means in the same column with different letters are significantly different (p< 0.05). Data are mean + 

standard deviation of duplicates.  

Sample type 

SU = before decorticated Seredo,    SD = after decorticated Seredo,    TD= after decorticated Teshale, 

TU= before decorticated Teshale,    AMU= before decorticated Abba melko, AMD= after decorticated 

Abba melko, W U= before decorticated Wogere, WD= after decorticated Wogere                                                

4.3.2. Iron 

The mean value of Iron content of SU, AMU, TU and WU were 20.63, 18.55, 14.8 and 14.38 mg/100g 

respectively.  

 There was no significant difference (p> 0.05) between selected sorghum varieties in terms of their Iron 

contents. 

Falmata et al. (2013) reported the Iron content of five raw sorghum varieties (Mere, Chalari red, 

Yafimoro, Chakari white and Tumbuna) was 0.19, 0.18, 0.19, 0.19 and 0.55ppm respectively. The Iron 

content in the current study for the selected sorghum varieties is not in agreement with the stated value. 

Accordingly, the Iron content was higher than the result reported by Falmata et al., (2013) even if this 

author put the concentration in ppm. However in another investigation, Ragaee (2006) reported the 

content of iron to be 1.06mg/100g for sorghum. Conversely, the iron content of the unprocessed samples 
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in the present study was higher than the value reported by Ragaee (2006). The present study was in 

agreement with the findings of Ensminger (1990) which of the Iron content of sorghum was 7.8mg/100g. 

Similarly, another finding NRC reported the mean value of Iron content for the sorghum range 4.87-

8.9mg/100g which was lower than the observed data in the present study. 

The Iron content of SD, AMD, TD and WD were 15.19, 12.9, 7.07 and 13.71 mg/100g respectively. 

There was no significant difference (p >0.05) between processed samples in their Iron contents.  

Decortications have no significant effect on Iron content. However, iron content was reduced from the 

samples during treatment. The treatments of SU, AMU, TU and WU have reduced the iron content by 

26.4, 30.5, 52.2 and 4.7% respectively. Falmata et al. (2013) in another study report that the Iron content 

reduced by 78.9% during dehulling or decortications. The considerable loss of minerals might be due to 

leaching out during tempering process and might be due to the removal of pericarp which contains the 

minerals as stated by other authors (Wieser and Koehler, 2008) who reported that the major portion of the 

minerals (>90%) is located in the outer layers of the grains, namely in the bran, the aleurone layer, and 

the germ. However, even if decortications reduced the mineral levels the present study disagree with the 

extent of minerals found in the bran or seed coat. Because in the present study decortications or removal 

of seed coat using hydrothermal process was effective and the loss was not higher as discussed earlier.  

4.3.3. Magnesium 

The magnesium content of SU, AMU, TU and WU were 14.56, 14.59, 14.63 and 10.72 mg/100g 

respectively.  In terms of their magnesium content there was difference (p<0.05) between WU and other 

samples. The result obtained in this study was in agreement with most findings in sorghum magnesium 

content. Ragaee (2006) reported that 0.019 mg/100g was recorded in sorghum. The result stated by this 

author was less than the data recorded in the present study in terms of magnesium content. Similarly, 

Ensminger (1990) reported 0.016 mg/100g mean value of magnesium in the sorghum, still which was less 

than the mean value of magnesium content recorded in the present study.  In another investigation NRC 

(1994) the magnesium content ranges 0.014-0.017 mg/100g which is in contrast with the present study 

observed result.  The current study which conducted by Falmata et al. (2013) on five sorghum varieties to 

see the effect of dehulling on minerals were published for mere, chakalari red, yafomoro, chakalari white 

and tumbuna and  the content of magnesium  were 1.6, 1.9, 1.7, 1.7 and  1.9 ppm respectively. This is 

also not agreed with the present study.  

From the result obtained in Table 6 treatment had no significant effect on SU and TU sorghum varieties. 

However the processing had affected the magnesium content for AMU and WU samples. From this point 

of view dehulling/decortications using hydrothermal processing reduced the level of magnesium content.  
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The reduction was in agreement with the findings of Falmata et al. ,(2013), where the magnesium content 

decreased during dehulling for mere, chakalari red, yafimoro chakalari white, and tumbuna by 6.3, 5.3, 

82.4, 11.8 and 5.3 % respectively. In the present study the magnesium content decreased during 

processing for SU, AMU, TU and WU were by 19, 3.5, 12.5 and 0.3% respectively. The reduction of the 

magnesium content during processing might be due to the removal of pericarps, which contain certain 

amount of mineral contents and may be due to the leaching out while tempering the sample for moisture 

equilibrium.  

4.3.4. Copper 

The mean content of copper for SU, AMU, TU and WU were 0.49, 0.37, 0.33 and 0.21 mg/100g 

respectively. There was a significant difference (p<0.05) between SU and other samples in terms of 

copper content. This result agreed with the findings of NRC (1994) which reported the mean value of 

copper content where from 0.47 to 1.15 mg/100g.  The copper content reported by Ensminger (1990) was 

1.08 mg/100g in sorghum which was disagree and slightly higher than the present study. Similarly, in 

another investigation, Ragaee (2006) reported 0.02 mg/100g of cupper content in sorghum which was 

lower than the current study.  

However, sorghum contains copper in whole grain and the process had slight effect in reducing copper 

level. During processing, the copper was reduced by 24.5, 78.4, 6.1 and 33.3 % for SU, AMU, TU and 

WU, respectively. The reduction of minerals like copper might be due to the removal of husk or seed coat 

which contains these minerals to certain extent. The other factor might be due to the leaching out of 

minerals while tempering. As showed in Table 6 the present sorghum varieties can found less copper.    

4.4. Functional Properties   

The most important functional properties of selected sorghum varieties where shown in Table 7. 

4.4.1. Water Absorption Capacity 

Water absorption capacities of SU, AMU, TU and WU were 17.4, 14.5, 13.7 and 14.1 g/100g respectively 

which was higher the result (raw sorghum, 1.40 g/g) reported by Singh and Singh (1991). There was no 

significant difference (P>0.05) between each varieties in terms of water absorption capacity.  Water 

absorption capacity after debraning the seed coat using decortications processes was 61.7, 47.9, 27.8 and 

29.7 g/g respectively and there was a significant difference (P> 0.05) between high tannin and low tannin 

sorghum varieties. The water absorption capacity of high tannin sorghum varieties (SD, 61.7 and AMD, 

47.9 g/g) was higher than lower tannin sorghum varieties (TD, 27.8 and WD, 29.7g/g).  
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Decortications using hydrothermal process showed increasing effect on the water absorption capacity of 

flours. The treatment of high tannin content sorghum (SD, and AMD) increased the water absorption 

capacity by 71.8 and 69.7% respectively, which was higher than the lower tannin sorghum, TD increased 

by 50.7 % and WD by 52.5%.   

The higher water absorption of flours from processed grains might have been due to their protein content 

which was higher than that in the corresponding unprocessed grain flours. The decorticated sorghum 

varieties using hydrothermal process have higher water absorption capacity than undecorticated sorghum 

and thus there was a significant difference (P>0.05) between processed and unprocessed sorghum in 

terms of water absorption capacity. The increase in water absorption capacity after processing could be 

the reason discussed earlier. 
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Table.7: Functional properties (Mean + SD) of decorticated and undecorticated grains of selected sorghum varieties. 

 

 

          Parameter                                                                                                         Sample 

                                          SU                   SD                     AMU                     AMD                        TU               TD                 WU                    WD                                        

  Bulky density (g/ml)            1.09 + 0.04
cd

     1.01 + 0.01
a
   1.06 + 0.03

bcd
   1.03 + 0.01

ab
    1.07 + 0.02

bcd
    1.01 + 0.01

a
    1.09 + 0.008

d
     1.04 + 007

abc
 

  Water absorption (g/g)       17.4 + 3.3
a
         61.7 + 3.7

d
     14.5 + 3.5

a
       47.9 + 9.7

c
         13.7 + 0.9

a
        27.8 + 0.7

b
        14.1 + 2.3

a
           29.7 + 4.7

b
 

 Water solubility index (mg/g) 2.1 + 0.6
a
           2.5 + 1.1

ab
      2.5 + 00

ab
         3.8 + 0.6

abcd
        2.9 + 0.6

abc
        5.4 + 0.6

d
        4.2 + 1.2

bcd
           4.6 + 0.6

cd
  

 Oil absorption (g/g)               100 + 28.3
a
        105 + 7.1

a
       110 + 14.1

a
      110 + 14.1

a
         105 + 7.1

a
          105 + 7.1

a
       130 + 14.1

a  
         105 + 7.1

a
 

        

Means in the same raw with different letters are significantly different (P> 0.05). 

Sample type 

SU = before decorticated Seredo, SD = after decorticated Seredo,   TD= after decorticated Teshale, TU= before decorticated Teshale                                                          

AMU= before decorticated Abba melko, AMD= after decorticated Abba melko, W U= before decorticated Wogere, WD= after decorticated 

Wogere. 

There are economic benefits in adding water to a product which priced according to its weight and positive impact on the shelf life; hence food 

manufacturers prefer to incorporate food ingredients with high water absorption capacities in their formula.
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4.4.2. Bulk density 

There was no significant difference (P>0.05) between undecorticated selected sorghum varieties in their 

bulk density. The bulk density of SU, AMU, TU and WU were 1.09, 1.06, 1.07 and 1.09 g/ml, 

respectively and there was a significant difference when compared with the decorticated sorghum SD, 

AMD, TD and WD, which was 1.01, 1.03, 1.01 and 1.04 g/ml, respectively. 

Bulk density of flour is related to the textural characterstics and eases of rehydration. Bulk density is an 

indication of the porosity of the product which influences package design and determine the type of 

packaging material required for the product. Bulk density has been found to be a function of flour 

wetability (Solsuki, 1962).  It also important in infant feeding where less bulk density is desirable (Iwe 

and Onalope, 2001).  According to Padmasshree et al., (1987) higher bulk density is desirable for greater 

ease of dispersibility of flours. In contrast, however, low bulk density would be an advantage in the 

formulation of complementary foods. Processing had slight significant effect on bulk density,that 

hardening the soft endosperm of grain decreases bulk density. 

4.4.3 Oil Absorption Capacity 

The oil absorption capacity of selected grain of sorghum varieties of SU, AMU, TU and WU was 100, 

110, 105 and 130 g/g, respectively. There was no significant difference (p>0.05) between each 

unprocessed selected sorghum varieties. Similarly, there was no significant difference between each of 

decorticated sorghum variety (SD, AMD, TD and WD) which have 105, 110, 105 and 105 g/g 

respectively. The present study result was lower the result reported by Singh and Singh (1991), which 

was 163 g/g for raw sorghum.   When the recorded result compared the effect of decorticated using 

hydrothermal processed used, there was a no significant effect on the oil absorption capacity. 

4.4.4 Water Solubility Index 

Water solubility index is another functional property studied provides evidence of the magnitude of the 

interaction between starch chains within both the amorphous and crystalline domains. The water 

solubility index of SU, AMU, TU and WU were 2.1, 2.5, 2.9 and 4.3 respectively. There was no 

significant difference (p>0.05) between the varieties. However processing had significant effect on water 

solubility index.  Increasing trend was observed in all varieties due hardening of soft endosperm while 

hydrothermaly processed.    

 



50 

 

4.5 Titrable acidity and pH 

4.5.1 Titrable acidity and pH 

The fermented titrable acidity of the selected sorghum varieties decreased while it was fermented at 24 

and 48. The mean value of titrable acidity of SU, AMU, TU and WU were 0.44, 0.33, 0.4 and 0.28% 

respectively.    

There was no significant difference between SU and TU, but there was a significant difference with WU 

and AMU.  In the present study the observed titrable acid of SD, AMD, TD and WD were presented in 

Table 8.  There was no significant difference among each variety except WU. Decortications using 

hydrothermal processing would decrease the titrable acidity of SD, AMD, TD and WD by 45.5, 6.1, 92.5 

and 89.3% in each selected varieties at 24 days, but at 48hrs slight increment of titrable acidity than at 

24hrs  was observed.  This increment might be because of the drop in pH there was a rise in TA of cereal 

flours throughout the fermentation process.  The TA increased from 1.06 to 2.8, 1.4 to 3.06 and 0.96 to 

2.5 g lactic acid/100 g for sorghum, pearl millet and maize respectively. This finding was in agreement 

with the work conducted by Yousif and El-Tinay, (2001) and Fadlallah et al., (2012). According to El 

Hidai, (1978) natural sorghum fermentation is mainly lactic acid by Lactobacillus spp. Yeast and acetic 

acid fermentations occur to a lesser extent during the latter stages of fermentation. This could explain the 

apparent increase in lactic acid towards the end of fermentation accompanied by lack of changes in pH. 

The mean value of pH for unfermented sorghum SU, AMU, TU and WU was 6.79, 6.78, 6.72 and 6.95 

respectively.  There was no significant difference (p>0.05) between varieties in terms of pH at 0 days. 

The mean value of pH for decorticated sorghum varieties using hydrothermal processing was shown 

slight fall in pH content at 0 hrs. Fermentation was found to cause a gradual reduction in a pH with time 

as shown in the Table 8. The change in pH from zero to 24 and from zero to 48 h resulted in a pH drop.  

The present study was in agreement with Taylor and Dewar (2000) findings; a characteristic of many 

African sorghum foods and beverages is that as part of their production they undergo lactic acid 

fermentation by lactic acid bacteria, generally of the genus Lactobacilli. These so-called “fermented 

foods” are appetizingly sour in taste.  The fermentation is also of critical importance with regard to the 

shelf-life and safety of food in Africa. The production of lactic acid lowers the pH of the food, which 

slows down or prevents its spoilage by other microorganisms and renders the food safe from the growth 

of pathogens (WHO, 1996).  
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Table.8:  Titrable acidity and pH of selected sorghum varieties at different durations. 

                                                                                                                                Parameter  

Sample                                                     Titrable acidity (%)                                                                                           pH 

                                                       Time                                                                                                          Time  

                                0hrs                                24hrs                          48hrs                                     0hrs                         24hrs                              48hrs                      

    SU                     0.44 + 0.007
d
               0.06 + 0.007

b
               0.08 + 0.004

bc
                 6.79 + 0.05

cd
        5.43 + 0.03

a
               5.39 + 0.02

b
        

   SD                      0.24 + 0.049
b
               0.04 + 0.004

a
               0.04 + 0.007

a
           6.06 + 0.21

a
         5.73 + 0.1

b
                5.5 + 0.99

b
           

   AMU                  0.33 + 0.007c               0.04 + 0.003
a
               0.08 + 0.007

bc
         6.78 + 0.16

cd
         6.34 + 0.23

c
              5.57 + 0.09

b
         

   AMD                  0.31 + 0.028c                0.04 + 0.007
a
               0.03 + 0.006

a
         6.49 + 0.01

b
         5.92 + 0.06

b
              5.52 + 0.05

b
        

   TU                      0.4 + 0.01
d
                    0.08 + 0.007

c
               0.09 + 0.002

d
         6.72 + 0.03

bcd
         5.67 + 0.05

ab
            4.86 + 0.08

a
        

   TD                      0.03 + 0.007
a
                0.03 + 0.009

a
               0.05 + 0.007

a
           6.57 + 0.08

bc
          5.87 + 0.04

b
             5.5 + 0.08

b
          

   WU                    0.28 + 0.05b
c
                 0.07 + 0.004

c
              0.07 + 0.007

b
         6.95 + 0.08

d
          5.71 + 0.13

b
             4.8 + 0.14

a
           

   WD                    0.03 + 0.003
a
                 0.08 + 0.007

c
              0.08 + 0.004

bc
                  6.73 + 0.007

bcd
           6.23 + 0.99

c
              5.5 + 0.2

b
             

Means in the same raw with different letters are significant different (P> 0.05). 

Sample type 

SU = before decorticated Seredo, SD = after decorticated Seredo, TD= after decorticated Teshale, TU= before decorticated Teshale                                                          

AMU= before decorticated Abba melko, AMD= after decorticated Abba melko, W U= before decorticated Wogere, WD= after decorticated 

Wogere. 
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Similar results were also found by Elyas et al., (2002) on two cultivars of pearl millet after 36 h of 

fermentation. These results also agree with those obtained by Giese, (1994) who reported that, as a result 

of fermentation, acidity increased and pH falls and this enhanced the keeping quality of millet foods, by 

inhibiting microbial growth and also contributing to the flavor of processed millet. Usha et al., (1996) 

reported a drop in pH from 6.4 in unfermented finger millet to 5.2 in 24 h and to 4.3 in 48 h of 

fermentation. This result is in agreement with Murdock and Fields, (1984) and Nanson and Fields, (1984) 

who reported that lactic acid fermentation causes a rapid drop in pH of various food grains. Khetarpaul 

and Chauhan, (1991) reported that pH of the fermented dough is lowered due to the production of organic 

acids by the microflora; hetero fermentors were reported to convert glucose to equimolar mixture of lactic 

acid, ethanol and carbon dioxide. 

From the present study we conclude that the content of tannin do not have any effect on fermentation 

activities.   

4.6 Popping quality  

Popping capacity is another parameter studied in the current study. The observed percentage capacity of 

popping in the present study without tempering for SU, AMU, TU and WU were 92.7, 84.2, 48.7 and 

86.1% respectively. The highest and the lowest popping capacity were recorded in SU and TU 

respectively. However, treatment used in the present study was reduced the popping capacity to 22.5, 

43.6, 9.8, and 35.3% respectively. It is obvious that hydrothermal processing of grain harden the 

endosperm of the sorghum. This reducing level might be because of the hardening of the endosperm that 

the water inside the grain endosperm incapable to come out and popped while we treated on hot clay for 

four minute. There for decortications using hydrothermal processing reduces popping quality of sorghum 

grains. This is a detrimental effect in an attempt to improve digestibility of nutrients and reduce viscosity 

of gruels. Hence it is not advisable to simply use such product in the preparation of complementary foods, 

use of enzymes, malting and fermentation may alleviate the problem. By doing so it would be possible to 

use the decorticated grains to formulate complementary food of higher nutrient density.   

Popping capacity without tempering was also effective when we compared to popping capacity after 

tempering overnight as observed in the Table 9.  The expansion percentage and expansion ratio was 

higher without treatment when we compared with the treated grains (i.e., hardening the endosperm using 

hydrothermal process and tempering before popping). 

Reeve and Walker (1969) indicated that the optimum conditions for maximum popping varied for each 

kind of cereal because of variations in moisture contents and other compositional factors. In the present 

study, popping of sorghum was performed at 11.5 per cent moisture level and hot clay temperature for 4 
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minutes which was in contrast with the findings of Reeve and Walker (1969) who reported popping of 

sorghum was performed at 16 percent moisture level and 250oc temperature for 2 minutes.  Malleshi and 

Desikachar (1981) observed that to obtain fully expanded millets, the grain moisture content should be 

19% and popping temperature of about 250ºC which was contrary with the present study also. 

According to Hoseney et al. (1983), moisture is required to generate superheated steam as a driving force 

for expansion. Apart from moisture, popping temperature and integrity of grains are also the critical 

factors controlling the popping quality. A range of varieties differences were observed in the percentage 

of expansion and popping in sorghum. Among the cultivars, Seredo, Abba melko and Wegere were found 

to be good for popping.  Popping is a process in which kernels are heated until internal moisture expands 

and pops out through the outer shell of the kernel (Arkhipov et al., 2005). 

Table.9: Popping quality of processed and unprocessed selected sorghum varieties at different moisture 
levels. 

 

Sample   volume        weight        % water    Final          % popped       popped           % Expansion            
  Type     of grain         of grain       sprayed   moisture        seeds             seed                volume                            
                  (ml)             (g)               (v/w)      content                              weight       
                                                                                                                    (g)                

  SU              20                  15.53             15              16.1               22.5              2.94                 0.65              

  SD              20                   15.2               15             16                   7.4                0.61                  0.12              

  AMU         20                   15.2                15            15.8                43.6                5                      1.8                

  AMD         20                   14.49             15             16.6                 8.2                1.07                  0.2                

  TU             20                   15.82             15              16.3                9.8                1.34                  0.51              

  TD             20                   16.71              15             17.1                4.5                 0.58                 0.43              

  WU           20                   16.42             15              16.6                35.3              7.32                  2.99              

  WD           20                   16.6                15             16.7                1.8                 0.52                  0.21              

  SU             20                   15.5               0.0            11.5                 92.7              12.45                4.02               

  SD             20                   15.7               0.0            11.8                  2.5                0.34                  0.11              

  AMU        20                   15.5                0.0           10.7                  84.2               10.52               3.93              

  AMD        20                    14.9               0.0           11.5                  4.1                 0.45                  0.07              

  TU            20                    16.1               0.0           12                      48.7               7.08                  3.07              

  TD            20                    16.4               0.0           11.8                  1.9                  0.28                  0.12              

  WU          20                    16.5               0.0           11.6                   86.1              11.74                  4.2                

  WD          20                    16.3               0.0           11.7                   21.5               1.83                   0.26               

Popping is a simple processing technique of cereals to prepare ready to eat products. Popped grain is 

crunchy, porous and a precooked product. 
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Popping also improves the digestibility of starch as it involves gelatinization of starch and degradation of 

dietary fibers (Holm et al., 1985; Nyman et al., 1987). Popping of millets produces a porous product of 

low bulk density and pleasing texture with a distinct appealing flavor (Lewis et al., 1992). Popped grains 

especially of finger millet posses a pleasant aroma and acceptable taste (Malleshi, 1996).   Popped grains 

besides useful as a convenient food, could be used as a component of nutritious foods in the nutrition 

intervention programmes (Malleshi, 1997). Popping increases the in vitro nitrogen and starch digestion. 

Protein digestibility is influenced by heating, which renders the protein more susceptible to hydrolysis 

because of structural changes (Lewis et al., 1992). Increase in starch digestibility has been attributed to 

high degree of starch gelatinization and release of starch granules from protein matrix, rendering them 

more susceptible to enzymatic digestion (Murlikrishna et al., 1986) 
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Fig.6. Effect of Popping on selected grain of sorghum varieties. 

Samples 

AMB0 = unprocessed and un steeped Abba melko grain, SB0 = unprocessed and un steeped Seredo, 

TB0 = unprocessed and un steeped Teshale, WB0 = unprocessed and un steeped Wogere, AMBS = 

unprocessed and steeped Abba melko, SBS =unprocessed and steeped Seredo, TBS = unprocessed and 

steeped Teshale, WBS = unprocessed and steeped Wogere, AMA0 = processed Abba melko and un 

steeped, TA0 = processed and un steeped Teshale, WA0 = processed and steeped Wogere, SA0 = 

processed and un steeped Seredo, AMAS = processed and steeped Abba melko, WAS = processed and 

steeped Wogere, SAS = processed and steeped Seredo , TAS = processed and steeped Teshale 
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Superheated vapor is produced inside the grains by instantaneous heating, which cooks the grain and 

expands the endosperm while escaping with great force through the micropores of the grain structure. 

Most of the water in the kernel is superheated at the moment of popping and provides driving force for 

expanding the kernel once pericarp ruptures. Hoseney et al. (1983) proposed that during the popping of 

popcorn the pericarp acts as a pressure vessel and popping occurs at about 177°C, which is equivalent to 

a pressure of 135psi inside the kernel. 

4.7 Sensory evaluation 

 Table.10: Sensory evaluation of processed and unprocessed selected sorghum varieties. 

   

  Sample types                                                          Parameter  

   Color                                Taste                  Texture                    Aroma     Overall acceptability  

       SU                   5.7 + 2.5a               5.8 + 2.1a               5.5 + 2.4a               6.1 +2.1a           5.9 + 1.9a
                 

       SD 5.2 + 2.3ab 5.8 + 1.9a                6.1 + 1.8a                  6.4 + 2.2a           5.8 + 1.9a 

      AMU 6.1 + 1.9
ab

 6.1 + 1.9
a
                 6.2 + 1.7

a
                6.9 + 1.8

a
             6.4 + 1.8

a
 

      AMD 5.7 + 1.9
ab

 5.8 + 1.9
a
                 6 + 1.9

a
                    6.9 + 1.8

a
            5.8 + 2.1

a
 

      TU 7.2 + 1.7
b
 6.3 + 1.7

a
                 6.7 + 1.6

a
                7.2 + 1.3

a
             7 + 1.6

a
 

      TD 6.7 + 1.8
ab

 5.7 + 1.5
a
                 6.2 + 1.7

a
                 6.4 + 1.8

a
             6.3 + 1.4

a
 

      WU 6.7 + 1.8
ab

 5.8 + 1.7
a
                 5.7 + 2.2

a
                 6.8 + 1.5

a
             6.3 + 1.4

a
 

      WD 6.3 + 2.3
ab

 5.6 + 1.9
a
                 5.7 + 1.8

a
                 6 + 1.3

a
                5.9 + 1.7

a
 

 Means in the same raw with different letters are significantly different (p<0.05). 

Sensory evaluation was done for the unleaved bread (kita) from eight different products from selected un 

decorticated and decorticated sorghum varieties using hydrothermal process. Sensory analysis was done 

to identify if there was a significant difference between undecorticated and decorticated sorghum 

varieties. Sensory analysis attributes for which analyses done were color, taste, texture, and aroma and 

over all acceptance of the products.  

The results of sensory analyses of undecorticated products (SU, AMU, TU and WU) for color were 5.7, 

6.1, 7.2 and 6.7 respectively. When compared color attributes among unprocessed selected sorghum 

varieties a significant difference (p<0.05) was observed only between SU and TU which was 5.7 and 7.2 

respectively. This implies that undecorticated Seredo sorghum variety was neither like nor disliked, 

whereas undecorticated Teshale variety was liked moderately by untrained panelist’s in terms of their 

color. However the was no significant difference between the remaining AMU, TU and WU varieties in 
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terms of their color. The color of AMU(chocolate color) was different when we compared with TU and 

WU which has white color but there was no significant difference between the values, because some 

panelists like moderately the chocolate color and the others white color of the product. So the mean 

value of statistical analysis of this product was nearly the same. In this study color determines the 

product quality and acceptance by consumer.  

The sensory evaluation results of the decorticated (SD, AMD, TD and WD) were 5.2, 5.7, 6.7 and 6.3 

respectively.  There was no significant difference (p>0.05) among the samples and with other, except TU 

in terms of their color.  

Taste is a very important and unforgateble parameter in sensory study of food product. In this study the 

obtained sensory evaluation results of SU, AMU, TU and WU for their taste attributes were 5.8, 6.1, 6.3 

and 5.8 respectively. There was no significant difference (p>0.05) between undecorticated sorghum 

varieties. The observed result of SD, AMD, TD and WD was 5.8, 5.8, 5.7 and 5.6 respectively. Similarly 

there was no significant difference (p>0.05) between the values and when compared with undecorticated 

selected grain of sorghum varieties in terms of taste attributes. 

Texture/consistency is another important sensory attribute investigated in the present study. The result of 

sensory analyses of products SU, AMU, TU and WU, for texture attributes were shown in the Table 10. 

As the results of sensory analyses for texture indicated, there was  no significant different(p>0.05) 

between unprocessed and processed SD, AMD, TD and WD which had no significant difference among 

the values in terms of their texture attributes.  

The result of sensory analyses of each product for aroma/smell was shown in the Table 10.  There was 

no significant difference (p>0.05) between decorticated and undecorticated selected sorghum varieties in 

terms of their aroma attributes.  

Overall acceptance is another sensory attribute tested in the present study which determines the market 

value of a given product. The sensory analyses results of products of SU, SD, AMU, AMD, TU, TD, 

WU and WD in the current study for overall acceptance were 5.9, 5.8, 6.4, 5.8,7, 6.3, 6.3 and 5.9 

respectively. There was no significant difference (p>0.05) between undecorticated and decorticated 

selected sorghum varieties in terms of overall acceptance attributes. Iles and Elsen (1972) found a high 

correlation between textural preferences and sensory crispness, indicating that the acceptability of a 

food's texture increased with increasing crispness. Sensory evaluation and consumer study of flakes 

prepared from grain sorghum flour indicated that they were palatable and acceptable to many people (Lu 

and Walker, 1988). 
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5. Conclusion and Recommendation  

5.1 Conclusion 

The present study showed that it is possible to effectively decorticate grains of the four sorghum 

varieties using hydrothermal process (hydration, steaming and drying). Hardening of the soft endosperm 

using hydrothermal processing has enabled to the grains to withstand the mechanical impact during 

decortications using corborandum disc mill there by allowing the seed coat to be decorticated with 

relative ease. 

It was also found out that decortications of sorghum grains significantly reduces the ant-nutritional 

factors viz. tannins, phytic acid, alkaloids and total polyphenols. Reduction in the level of tannin and 

phytic acid, which are located in the seed coat of the grain is expected to significantly improve 

bioavailability of nutrition of the sorghum varieties. However, it was revealed that decortications slightly 

reduce the level of protein, fat and crude fiber as well as ash and minerals, and increment of 

carbohydrate. 

It was observed that the bird resistant sorghum varieties (Seredo and Abba melko) have  high content of 

tannin and lower level of total alkaloids compared to sorghum varieties that are preferred by birds 

(Teshale and Wegere). The higher tannin content of the grains may have caused bitter taste which in turn 

has made the grain not preferable for consumption by birds. This is an important characteristic to prevent 

bird infestation. Furthermore although cereals are not expected to be good source of minerals, the 

selected sorghum varieties contain good amount of Iron and Magnesium. 

The study further indicated that decortication has different effect on functional properties. It increases 

the water absorption capacity shows an increase in water holding capacity of the starch. On the contrary, 

decortications reduce the bulk density of the grains which is an indication of the relative volume of 

packaging material required. Similarly, it reduces oil absorption capacity which has minimum effect to 

act as flavor retainer and increasing consumer’s taste of food prepared from sorghum 

Although there were increment trends in titrable acidity after 24 and 48 hours of fermentation the highest 

titrable acidity was found from unfermented flour.  It was also concluded that fermentation of all 

selected grain of sorghum varieties cause gradual reduction in pH with time and  high content of tannin 

would not influence fermentation rate. 

The findings further showed that tempering and hardening of the soft endosperm using hydrothermal 

processing reduce the popping quality of the grain. There was no significant difference in sensory 
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acceptability of the unleavened bread prepared from decorticated and undecorticated grains of the 

sorghum varieties. Generally, the study indicated the need to cultivate the bird resistant sorghum 

varieties in preference to the bird sensitive varieties for optimum production, and decorticate the grains 

to improve bioavailability of nutrients.  

5.2 Recommendation. 

 It is recommended to maximize cultivation of the bird resistant sorghum varieties to increase 

grain production. However, farther evaluation on other parameters such as tolerance to marginal 

agro-climatic conditions of the varieties needs to be carried out before promotion, 

 There is a need for prior decortication of the bird resistant grains of sorghum varieties to 

improve  bioavailability of nutrients before further processing for consumption,  

 Sorghum decortications using hydrothermal processing should be optimized in order to reduce 

loss of nutrients from the whole grain during processing, and 

 Steam cooker and Carborandum Disk Mill need to be replaced by improved instruments that can 

be used at a village level.  

 To decrease the viscosity of processed product malting and fermentation was recommended. 
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Appendex  

Sensory Evaluation Form 

 

Panelist Code ------------------                        Sample Code ---------------                                   Date ------------- 

Directions: Check one rating for each of the following: Color/Appearance, Taste/Flavor, 

Texture/Consistency, Aroma/Smell and Overall acceptability. 

 

Rating scale 

 

Color/ 

Appearance 

Taste/ 

Flavor 

Texture/ 

Consistency 

Aroma/ 

Smell 

Overall 

acceptability 

 

 

  9.    like extremely 

     

 

   8.     like very much 

     

 

   7.    like moderately 

 

 

    

 

   6.   like slightly 

 

 

    

 

  5.   neither like dislike 

 

 

    

 

   4.   dislike slightly 

 

 

    

  

3.  dislike moderately 

 

 

    

 

2. dislike very much 

 

 

    

 

1.dislike extremely 

 

 

    

 

Thank you 
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Fig.7. Calibration curve of phytic acid. 

 

Fig.8. Calibration curve of gallic acid 
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Fig.9. Calibration curve of D-Catechin. 

 

 

Fig.10. Calibration curve of Zinc 

 

y = 0.155x - 0.001

R² = 0.999

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0 0.2 0.4 0.6 0.8 1 1.2

A
b

so
rb

an
ce

D-Catechin concentration (µg/ml)

R² = 0.999

Abs= 0.06162con + 0

0

0.02

0.04

0.06

0.08

0.1

0.12

0 1 2 3 4 5 6

A
b

so
rb

a
nc

e

Zinc Concentration (µg/ml)



81 

 

 

Fig.11. Calibration curve of Iron 

 

 

Fig.12. Calibration curve of Copper 
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Fig.13. Calibration curve of Mg. 
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