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Abstract 

Composite flours were developed using unprocessed/malted sorghum, blanched soybean and blanched 

banana flours in three different ratios, namely, 60:20:20; 50:30:20 and 40:30:30 respectively. The 

developed flours were analysed for their nutrient composition. The developed composite flours had 

399.37 to 408.87 KCal energy / 100g, 27.99 to 36.03 per cent crude protein with lysine content varying 

from 5.82 to 9.32g/16gN. The percent protein digestibility varied from15.52 to 22.61 per cent and starch 

digestibility varied from 14.31 to 38.56 mg maltose released/g composite flour. Composite flours with 

malted sorghum had significantly (P=0.05) lower bulk density as compared to their counterparts 

containing unprocessed sorghum. Also they had significantly lower moisture, protein and fat content. 

Total lysine, in vitro protein as well as starch digestibility was also significantly (P=0.05) higher in 

composite flours developed with malted sorghum. Malting of sorghum resulted in nutritionally superior 

flours with low bulk density, improved starch and protein digestibility as well as lysine content. The 

developed composite flours can be prepared with readily available and cheap locally sourced raw 

materials. They have the potential to be used as base for complementary foods. The study offers an 

opportunity to increase the utilization of sorghum and reduce the burden on staple rice/wheat crops, thus 

contributing towards food security. 

 

Keywords: composite flours; In-vitro digestibilities; lysine; malting; nutritional composition; sorghum 

 

Introduction 

Despite development on all frontiers, world has not been able to alleviate the problem of child 

malnutrition. Malnutrition is more common during the transitional period of weaning, than in 

the first six months of life. Improper feeding during the period of complementary feeding often 

results morbidity and mortality as well as delayed mental and motor development. Homemade 

gruels often lack nutrient density or they are too bulky for acceptance by child. Hygiene is 

another problem (Trompt et al., 2013) [1]. Commercially available complementary foods are 

normally excellent products and meet the nutritional requirements of the infant. But most of 

them are priced beyond the reach of the majority of the population in lesser-developed 

countries. It is, therefore, imperative to develop weaning foods from locally available foods 

that are equally nutritious but less costly and are within the reach of masses.  

Sorghum (Sorghum bicolor (L) Moench) is an important staple to millions of people 

worldwide. This cereal possesses both nutritional and functional properties that lend itself to 

the development of healthy, nutritious foods. Soybean has great potential in overcoming 

protein calorie malnutrition because it contains 38 to 40 per cent protein and 18 to 20 per cent 

fat (Bhatia and Greer, 2008) [2]. Mature banana pulp is a rich source of micronutrients (Adeniji 

et al., 2006) [3] and is suitable for incorporation into food products requiring solubility, 

sweetness and high energy content. The combination of sorghum-soybean-banana can get a 

nutritious weaning food. 

Considering the need for quality complementary foods, the present work was designed to 

develop sorghum based composite flour that can serve as base for further development of 

complementary foods. 

 

Material and Methods  

Processing of Ingredient  

Method described by Kulkarni et al. (1984) [4] was modified and used for malting of sorghum. 

The grains were steeped in three times water. Total steeping period was 18 hours with 

intermittent aeration period of 2 hours after 7, 6 and 5 hours. 
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After germinating seeds in an incubator at 25-30˚C for 48 

hours, they were kept in hot air oven at 65˚C for 18 hours 

followed by devegetation.  

Soybean seeds were kept in boiling water for 30 minutes, 

drained and dehulled. These were spread on sheets in hot air 

oven maintained at 65 ˚C for 6 – 8 hours and ground in an 

electric grinder (Cyclotec, M/s Tecator, Hoganas, Sweden). 

The obtained flour was sieved through 60 mesh sieve.  

Raw banana was processed using modified method of Mishra 

et al. (2014) [5] It was peeled, sliced to thickness of 2 mm and 

kept in boiling water for 10 minutes. Blanched slices were 

drained and spread on sheets in hot air oven maintained at 

65˚C for 6-8 hours followed by grinding in an electric grinder 

(Cyclotec, M/s Tecator, Hoganas, Sweden). The flour thus 

obtained was sieved through 60 mesh sieve. 

 

Development of Composite Flours 

Following composite flours were formulated using sorghum, 

soybean and banana flour in different proportions: 

 Sorghum flour: Soybean flour: Banana flour (60:20:20; 

w/w) 

 Sorghum flour: Soybean flour: Banana flour (50:30:20; 

w/w) 

 Sorghum flour: Soybean flour: Banana flour (40:30:30; 

w/w) 

 

The three different proportions were coded as CF I, CF II and 

CF III respectively. The composite flours containing 

unprocessed sorghum flour served as control. 

 

Physico Chemical Properties of Developed Composite 

Flours 

Bulk density was determined by putting known weight of 

sample in a 100 ml cylinder and tapping gently on table till a 

constant volume observed (AACC, 2000) [6]. Bulk density was 

calculated as follows: 

 

Bulk density (g/ml) = Weight of the sample/ Volume of 

sample in cylinder 

 

Water absorption capacity was determined by Sathe et al. 

(1981)7. Five g flour was mixed with 20 ml distilled water and 

then allowed to stand at 30°C for 30 min then centrifuged at 

10.000 rpm for 30 min. The volume of free liquid was 

measured and the retained volume was expressed as milliliter 

of water absorbed per gram of sample, on a dry basis. 

Nutrient composition of developed composite flours  

The developed composite flours were analyzed for proximate 

composition (AOAC, 2000) [8], in vitro protein digestibility 

(Mertz et al., 1984) [9], in vitro starch digestibility (Singh et 

al., 1989)10 and total lysine (Miyahara and Jikoo, 1967)11. 

Energy content was calculated as follows:  
 

Energy = (Total carbohydrate ×4) + (Fat×9) + (Protein×4). 
 

Statistical analysis 

Data obtained were analyzed using one way analysis of 

variance (ANOVA). Critical difference was calculated with 

significance set at P=0.5 (Sheoran et al., 1989) [12]. 

 

Results and Discussion 

Physico-chemical properties 

Among unprocessed composite flours, the bulk density was 

significantly (P=0.05) higher in CF I (1.38g/ml) while being 

lowest for CF III (1.18g/ml). Use of malted sorghum 

significantly (P=0.05) decreased the bulk density of the three 

developed composite flours as compared to their counterparts 

containing unprocessed sorghum (Table 1). The per cent 

reduction after malting was highest in CF I (31.16) while 

being lowest in CF III (20.34). However no significant 

(P=0.05) differences were observed in bulk density of the 

three developed composite flours containing malted sorghum. 

Water absorption capacity significantly (P=0.05) reduced 

when sorghum was malted. Highest per cent reduction in 

water absorption capacity was observed in CF I (25.83 %). 

Bulk density and water absorption capacity of developed 

composite mixtures are nutritionally as well as commercially 

important properties. Low bulk density of product makes it 

more suitable for making high nutrient dense formulation 

food. More water absorption capacity means product will 

swell by absorbing water. It will act as a sponge in the 

intestinal tract and have laxative action. This helps form a 

soft, bulky mass that passes through the colon more quickly 

and evacuates more smoothly and easily. 

 

Proximate Composition 

Among the unprocessed sorghum based composite flours, CF 

I had the highest (P=0.05) moisture per cent (5.28 %). No 

significant (P=0.05) difference was observed in the moisture 

content of CF II and CF III. Significant (P=0.05) differences 

were observed in the crude protein content of unprocessed 

sorghum based composite flours. It was highest (22.61 %) for 

CF II and lowest (19.58 %) for 

 
Table 1: Physico chemical properties and proximate composition of developed composite flours (%db) 
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CF I. The crude fat content CF II (5.95%) and CF III (6.21%) 

was significantly (P=0.05) higher than that of CF I (3 %). The 

crude fibre content of unprocessed sorghum based composite 

flour I, II and III was 1.88, 2.72 and 3.75 per cent with no 

significant (P=0.05) differences among them (Table 1). The 

ash content of CF III (2.67 %) was significantly higher 

(P=0.05) as compared to CF I (2.41 %) or CF II (2.50 %). 

Use of malted sorghum significantly (P=0.05) decreased the 

moisture, crude protein and crude fat content in all three 

composite flours as compared to their unprocessed sorghum 

based respective counterparts (Table 1). Moisture per cent 

decreased by 15.10 (CF III ) to 17.04 per cent ( CF I); crude 

protein decreased by 18.17 ( CF II) to 20.73 (CF I) per cent 

and crude fat decreased by 12.65 (CF I) to 15.79 (CF II) per 

cent. The per cent increase in crude fibre varied from 7.73 to 

9.61 per cent (CF III and CF I, respectively). However the 

difference between crude fibre content of respective 

unprocessed and malted composite flour were not significant 

(P=0.05). Again the differences observed in ash content of 

respective unprocessed and malted sorghum based composite 

flours were not found to be significant (P=0.05). 

The energy content for respective flours was calculated to be 

399.37, 403.29 and 400.31 kcal (Table 1). 

A decreasing trend of total protein in malted sorghum based 

composite flours may be due to the increase in level of 

protease enzyme. The decrease of fat content could be due to 

total solid loss during soaking prior to germination (Wang et 

al., 1997) [13] or use of fat as an energy source in sprouting 

process (Devi et al., 2015) [14]. It might also be attributed to 

the increased activities of the lipolytic enzymes during 

germination, which hydrolyze fats to fatty acids and glycerol 

(Inyang and Zakari, 2008) [15]. The apparent increase observed 

in fibre may be due to the synthesis of structural 

carbohydrates such as cellulose and hemicelluloses. Leaching 

out of solid matter during pre germination soaking process 

could be the reason for reduction of mineral matter on 

germination (Platel et al., 2010) [16]. Khatun et al., 2013 [17] 

and Victor (2014) [18] also reported development and 

evaluation of weaning foods using processed food blends. 

 

In Vitro Digestibilities 

The in vitro protein and starch digestibility of developed 

sorghum- soybean- banana composite flours are presented in 

Table 2. The protein digestibility of unprocessed sorghum 

based composite flour I, II and III was 28.54, 28.24 and 27.99 

per cent, respectively with significant (P=0.05) differences 

among them. Use of malted sorghum in place of unprocessed 

sorghum significantly (P=0.05) improved the protein 

digestibility as compared to their unprocessed counterparts. 

Per cent increase was 26.24, 26.02 and 23.36 in CF I, CF II 

and CF III, respectively. The protein digestibility of the three 

composite flours containing malted sorghum varied 

significantly (P=0.05) among themselves, being highest for 

CF I (36.03 %) and lowest for CF III (34.53 %)  

The starch digestibility also depicted a significant (P=0.05) 

improvement after unprocessed sorghum flour was replaced 

with malted sorghum flour. It was 20.42, 17.93 and 14.31 mg 

maltose released/g for unprocessed sorghum based composite 

 
Table 2: In- vitro digestibility and total lysine content of developed composite flour (% db) 

 

 CF I (SF:SBF:BF::60:20:20) CF II (SF:SBF:BF::50:30:20) CF III (SF: SBF: BF::40:30:30) CD (P=0.05) 

 Unprocessed Malted Unprocessed Malted Unprocessed Malted  

In- vitro starch digestibility (mg maltose released/g) 

 20.42±0.60 
38.56±0.06 

(+88.83) 
17.93± 0.23 

33.44±0.10 

(+86.50) 
14.31±0.55 

26.61±0.09 

(+85.95) 
1.10 

In- vitro protein digestibility (%) 

 28.54±0.37 
36.03± 0.02 

(+26.24) 
28.24±0.36 

35.59±0.02 

(+26.02) 
27.99±0.19 

34.53±0.27 

(+23.36) 
0.79 

Total Lysine (g/16gN) 

 5.82±0.15 
6.45±0.03 

(+10.82) 
8.07±0.06 

9.32 ±0.27 

(+15.48) 
8.57±0.19 

8.99±0.41 

(+4.90) 
0.70 

Values are mean ± SE of three independent determination 

SF= Sorghum flour, SBF = Soybean flour, BF = banana Flour  

Figures in parenthesis indicate the per cent increase/decrease (+/-) over respective unprocessed sorghum based composite flours 

 

flour I, II and III, respectively. With malted sorghum, it 

increased by 88.83, 86.50 and 85.95 per cent in three 

respective composite flours. The starch digestibility of the 

three composite flours containing malted sorghum varied 

significantly among themselves (P=0.05); it was 38.56, 33.44 

and 26.61 mg maltose released/g for CF I, CF II and CF III, 

respectively.  

The higher protein digestibility in malted sorghum based 

composite flours is probably due to structural changes and the 

enzymatic hydrolysis of proteins into more digestible forms 

such as amino acids and small peptides. Malting has been 

reported to improve the protein and starch digestibility 

(Nkama et al., 2015) [19] which might be due to the hydrolysis 

of the anti-nutrients such as phytates and polyphenols during 

germination.  

Total lysine content of CF I, CF II and CF III with 

unprocessed sorghum was 5.82, 8.07 and 8.57 g/16g N. This 

increased significantly (P=0.05) to 6.45, 9.32 and 8.99 g/16g 

N in three respective composite flours, when unprocessed 

sorghum was replaced with malted sorghum. An increase of 

10.82, 15.48 and 4.90 per cent was observed in three 

respective composite flours. Among the malted sorghum 

based composite flours, the total lysine content of CF II and 

CF III with malted sorghum was significantly (P=0.05) higher 

than that of CF I. 

The simple technology of malting offers a means to improve 

the nutritional quality and digestibility of sorghum protein. 

Our results are in agreement to a number of workers who 

have reported improved protein digestibility as well lysine 

content (Dewar, 2003; Hejazi and Orsat, 2016) [20, 21].  

 

Conclusion 

The developed composite flours are potential complementary 

foods and can help reduce malnutrition in weaned children 

since they are nutritious and can be prepared with readily 

available and cheap locally sourced raw materials. Malting of 

sorghum resulted in nutritionally superior flours with low 

bulk density, improved starch and protein digestibility as well 

as lysine content. In India, wheat and rice are the major 

cereals being used for weaning purpose. The study offers an 
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opportunity to increase the utilization of sorghum and reduce 

the burden on these food crops, thus contributing towards 

food security. The composite flour CF III was successfully 

used for development of complementary food (Kumari et. al., 

2017)22 with high acceptability. The processing methods used 

for development of composite flours are simple and can be 

used at domestic scale.  
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