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Abstract— Adequate nutrition during infancy and childhood is vital to proper growth of a child to a healthy adult. At certain age (6-24 months) 

during infancy, children are fed with complementary food in order to meet up with their high nutrient requirements. Although protein rich 

complementary foods produced from animal milk are good complementary foods for infant, low nutrient gruels are commonly used as 

complementary foods in developing countries due to high cost of milk in most developing countries. Infant malnutrition could therefore results from 

regular consumption of low nutrient gruels. Infant malnutrition can be prevented in developing countries by developing nutritious and cheap 

complementary foods from nutrient dense locally available crops. In this study, complementary food was produced from locally available cheap 

crops using local processing methods. The complementary food was formulated from different blends (80:10:10, 60:20:20, 50:20:30, 50:30:20) of 

malted millet, plantain and soybean. The proximate, mineral, anti-nutrient and sensory properties of the formulated products were determined. The 

results of proximate analysis of the complementary food blends flour showed increment in protein (9.82-17.09%), ash (1.11-1.46%), fat (6.26-

11.05%), fibre (2.72-3.81%) and  carbohydrate content (58.99-72.52%) of the complementary food as the ratio of the plantain and soybeans 

increases in the blends. Similarly; the mineral content of the complementary foods also increases (sodium: 2.80 - 3.18 mg/100g, potassium: 

0.4mg/100g – 0.44mg/100g; magnesium: 0.21 – 0.24 mg/100g; iron: 2.22 – 2.51 mg/100g and calcium: 20.11 – 25.10 mg/100g) while the anti-

nutrient values decreases (Phytate; 0.20-0.11%, saponin; 3.13-1.41%). Sensory evaluation results showed that the complementary food containing 

50% malted millet, 20% plantain and 30% soybean had the most preferred attributes in terms of colour, flavour, mouth feel, appearance and overall 

acceptability. The developed complementary food formulation could help to alleviate energy-protein malnutrition among infants in developing 

countries by providing them with adequate nutrients needed for optimum well-being.  

 

Index Terms— anti-nutrients, complementary food, malted millet-plantain-soybean, malnutrition, sensory attributes.  

——————————      —————————— 

1 INTRODUCTION       

  Infancy period (0-2 years) is a critical 

period of children growth, during which they 

experience optimal growth, health and behavioural 

development [1]. Breast milk is the most balanced 

food for infants during their first 6 months [2].  

However, the high nutrient requirements of infants 

after 6 months make breast milk inadequate for 

them during these periods. Feeding infants with 

foods that are low in protein and micronutrients 

can lead to stunt growth. After 2 years of the child’s 

life, it is difficult to reverse stunting that has 

occurred earlier in their life [3].  Complementary 

foods are therefore introduced to infant from 6 

months to 24 months. In developing countries, 

complementary foods are usually produced 
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traditionally from locally available crops such as 

cereals, starchy fruits, root and tubers [4], [5]. 

Infants are mostly fed with gruels that contain low 

nutrients thus, protein deficiency in the diets is 

common and it is usually associated with 

deficiencies in calories and micronutrients leading 

to endemic protein-energy malnutrition with its 

attendant health consequences.  

  In Nigeria, the traditional complementary 

foods (gruel) are mainly porridges produced from 

either maize or sorghum or millet which are 

deficient in energy and other nutrients [6], [7]. In 

some cases, the gruel may be too watery with low 

energy density or too bulky, causing reduction in 

infant consumption rate. Improper feeding during 

the period of complementary feeding results in 

infant morbidity and mortality as well as delayed 

mental and motor development [8]. In order to 

prevent infant malnutrition and its associated 

health problems in developing countries, 

complementary food should be produced from 

locally available nutrient dense crops. Thus the aim 

of this study is to produce nutritionally adequate 

and cheap complementary food from plantain and 

malted millet supplemented with soybean.  

  Plantain (Musa paradisiaca) is an important 

starchy staple and commercial crop in the West and 

Central Africa. About 50% of the world’s plantain 

crop is produced in the West and Central Africa. 

Plantain is high in carbohydrate and some vital 

minerals, but low in protein and fat [9]. An average 

plantain has about 220 calories and is a good source 

of potassium and dietary fibre [10].They are used as 

an inexpensive source of calories in Nigeria and 

other African countries [11] . Plantain can be 

processed in many ways such as cooking, boiling, 

steaming, frying, roasting, or can be dried and 

milled into flour. In Nigeria, plantain is often grated 

and cooked into porridge [12].  

Millet is a tropical crop that produces good 

yields of grains under unfavourable conditions 

compared to other crops. It is a good source of 

some very important nutrients such as copper, 

manganese, phosphorous, and magnesium [13]. 

Millets are also rich sources of phytochemicals and 

other micronutrients [14], [15]. 

  Soyabean (Glycine max) is an excellent 

source of protein (35-40%). It is also rich in calcium, 

iron, phosphorus and vitamins. It is the only source 

that contains all the essential amino acids [16]. 

Apart from being an excellent source of cheap 

proteins, it also contains all essential fatty acids, 

magnesium, lecithin, riboflavin, thiamine, fiber and 

folic acid [17].. Soybeans contain about 3% lecithins 

which are helpful for the brain development 

especially, of infants. Soybeans have in addition to 

lecithins essential minerals [18]. Hence soybean is 

the richest in food value of all plant foods 

consumed in the world [19]. It is a legume of major 

dietary and economic importance in Nigeria.  

            2  Materials and Methods 

 Moderately ripe plantain, millet and soybeans 
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were purchased from local market in Ogbomoso, Oyo 

state, South West, Nigeria. All the reagents used in the 

analysis were of analytical grade. Complementary foods 

production and chemical analysis of the samples were 

carried out in Food Processing and Food Chemistry 

Laboratory, Department of Food Science and Engineering, 

Ladoke Akintola University of Technology, Ogbomoso, 

Oyo State, Nigeria. 

Production of malted millet flour  

Millet grains were sorted to remove extraneous 

materials. It was washed and steeped in water for 18 hours 

and drained. The drained grains were spread on a jute 

bag, kept in a dark cupboard at ambient temperature 

(30oC) and watered at intervals for 48 hours to germinate. 

The malted millet grains were dried in a cabinet dryer at 

60oC for 48 hours, after which it was rubbed between 

palms to remove the sprouts, dry cleaned (air blowing) 

and milled into flour. The malted millet flour was sieved 

using a sieve of 250µm aperture size (Fig. 1) to obtain fine 

flour. The flour was packaged in a low density 

polyethylene bag and stored at room temperature until 

used.  

Production of plantain flour 

The method of [20] with slight modifications was 

adopted for the production of plantain flour. The plantains 

were weighed and cleaned using clean water. Thereafter, 

they were peeled manually, sliced into chips with 

consistent thickness (5mm) and blanched in hot water 

(70oC) for 10 minutes. The blanched chips were drained 

and dried in a cabinet dryer at 100oC for 7 hours. The 

dried chips were milled into fine flour, sieved using a 

sieve of 250µm aperture size and then stored in a low 

density polyethylene bag at room temperature until 

further used.  

Production of soybean flour 

Soybean flour was produced according to the 

method described by [20]. The soybeans were sorted to 

remove pebbles, stones and other extraneous materials. It 

was wet cleaned and steeped for 10 hours. The steeped 

soybeans were drained and precooked for 15 minutes at 

100oC after which it was dehulled (by rubbing in between 

the palms) and the hulls were removed by rinsing with 

clean water. The dehulled soybeans were dried in the 

cabinet drier at 100oC for 5 hours and dry milled into fine 

flour. The soybean flour was sieved using a sieve of 

250µm aperture size to obtain smooth flour (Fig. 2). The 

soybean flour was packaged in a low density polyethylene 

bag until used. 

   Formulation of the complementary food 

Various percentages of malted millet, plantain and 

soybean flour were mixed to obtain different blends of 

complementary foods (Table 1). 

 

 

Table 1: Formulation of the complementary food 
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      Figure 1: Flow chart for the production 

of malted millet flour  

 

Chemical Analysis 

Proximate analysis was carried out on the 

complementary food produced from malted 

millet, plantain and soybean blends. The 

complementary food samples were analyzed for 

moisture, ash, crude fibre, protein (N*6.25) and 

crude fat [21]. Carbohydrate was determined by 

difference. The minerals; calcium (ca), iron (Fe), 

and magnesium (Mg) were determined by atomic 

absorption spectrophotometer while sodium (Na) 

and potassium (K) were determined using flame 

photometer [21].   

 

Anti-nutrient determination 

The saponin content of the composite flour was 

determined according to the method described by Ceyhun 

and Artik [22] while the phytate content was determined 

by the method described by Latta and Eskin [23]. 

Preparation of gruel from the formulated 

complementary food  

The complementary food sample (50g) was reconstituted 

with clean water (100ml). The reconstituted 

complementary formula was poured in boiling (100oC) 

water (150ml) in a pot and stirred for 2 to 5 mins to obtain 

a smooth gruel. Sugar (2g) was added for taste. 

 

Sensory Analysis 

  Sensory evaluation of the developed 

complementary foods was carried out by a team of twenty 

(20) panelists among students of Ladoke Akintola 

University of Technology, Oyo State. The panellists were 
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to determine consumer acceptability of the 

complementary food samples. They were requested to 

score the samples according to their degree of likeness 

using 9 point hedonic scale, where 9 is like extremely and 

1 is dislike extremely. The sensory qualities evaluated 

include; colour, taste, flavour, texture, sweetness, 

smoothness, mouth feel, appearance and overall 

acceptability. 

 

 

Statistical analysis 

All data obtained in this study were analysed using 

SPSS (Statistical Package for Social Sciences) Version 16. 

Duncan’s new multiple range tests was used to compare 

and separate means. Significance was accepted at p<0.05 

 

 

 

 

 

 

 

 

 

 

 
                        Figure 2: Flowchart for the 

production of soybean flour 

 

RESULTS AND DISCUSSION 

Table 2 shows the proximate composition of the 

complementary food samples. The result showed that 
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sample D recorded the highest value for moisture content 

(7.97%) while sample A recorded the least moisture 

content (6.57%). Significant differences were observed in 

samples A, B and D whereas samples C and E showed no 

significant difference at p<0.05. The moisture content was 

observed to increase with increasing substitution level of 

plantain flour in the samples. The high moisture content 

of the complementary samples could be due to the 

significant quantity of moisture in plantain. Plantain in its 

early ripening stage has been reported to contain 

relatively high moisture (10.55%) content after processing 

into flour [1]. Similar increased in moisture content with 

increasing substitution of plantain flour in weaning food 

produced from sorghum, soybean and plantain was 

reported by Onoja et al. [1].   

The protein content of the complementary food 

samples increased with increasing substitution level of 

soybean flour in the blends. The significant quantity of 

high-quality digestible proteins in soybean [24], [25] could 

be responsible for the increase in the protein content of the 

complementary food blends, particularly sample C with 

the highest protein content (17.09%), had the highest 

percentage substitution with soybeans (30% substitution). 

There were no significant differences between samples A 

and E whereas significant differences were observed in 

samples B, C and D at p<0.05. The protein content (17.09%) 

of the complementary food blend produced from malted 

millet - plantain - soybean (50: 20: 30) blends (sample C) is 

higher than the protein content (16.64%) of 

complementary food formulation made from soybean – 

millet – guinea corn – maize - groundnut – crayfish 

(15:20:20:20:10:15) blends but lower than the protein 

content (18.15%) of complementary food formulation 

made from soybean - millet – guinea corn - maize-

groundnut (20:20:20:20:20) [5].  The variation in the protein 

content of the complementary food produced in this study 

and the one produced by Akinola et al. [5] could be 

because of differences in the crops and their combination 

ratios. However, the crude protein value (17.09%) of one of 

the developed complementary food sample (sample C) 

was close to the protein value (20%) recommended by 

FAO for weaning foods [26]. This indicates that 

complementary food formulation from malted millet - 

plantain - soybean (50: 20: 30) will provide infants with the 

required protein content for proper growth and 

development.  

 Ash content is an indication of the amount of 

minerals in a food sample. The ash content of the 

complementary food samples increased with increase in 

the proportion of soybean flour in the sample blends. 

While there was slight differences in the ash contents of 

samples B, C and D, significant differences were observed 

in samples A and E at p<0.05. Higher ash content (1.46%) 

recorded in the sample with the highest soybean ratio 

(30%) could be due to high ash content in soybean 

compared to millet (1.11%) and plantain. soybean seeds 

have been reported to contain an appreciable quantity of  

minerals [27], [28], [29].  

The fat content of the complementary food ranged 

8.75 to 11.05%, with sample C having the highest fat 

content (11.05%) while sample A had the least fat content 

(8.75%). Significant differences were observed in all the 
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samples at p<0.05. High fat content was recorded for 

sample C probably because of the high proportion of 

soybean in the blend. Soybean is an oil seed, which has 

been reported to be a leading source of edible oils and fats 

[30], [31]. It is also a rich source of essential fatty acids [25]. 

The fat content of the complementary food samples 

produced in this study is close to the fat content (8.99%) of 

nutrend (a commercially-available complementary food in 

Africa) [32]. The higher fat content could imply good 

energy levels of the blend containing 30% soybean flour.  

The crude fibre content of the complementary food 

samples ranged from 3.22 to 3.81%. These values are close 

to the fibre contents (2.0 - 2.5%) of complementary food 

produced from roasted millet and Mucuna cochinchinesis 

blends [33] but higher than the fibre contents (0.04-2.27%) 

of complementary food produced from sorghum, plantain 

and soybean blends [1]. The high fibre content of the three 

food crops that constitute the complementary food in this 

study could be responsible for the slightly high crude fibre 

content of the complementary food. [25] reported that 

soybean is rich in dietary fibre. Millet was reported to 

contain about 2.8% crude fibre (Ali et al., (2003), while 

plantain contains 2.3%. However, the fibre content of the 

developed complementary food is within the range (0.36 - 

2.5 %.) reported for infant cereals [34]. 

The carbohydrate content (59 to 70%) in the 

complementary food samples was relatively high. The 

high carbohydrate content in the complementary food 

blends could be because of the high carbohydrate content 

of millet and plantain [35], [10]. It was observed that the 

carbohydrate contents of the complementary food 

decreased with increasing proportion of soy flour in the 

complementary food blends. However, the carbohydrate 

content of the complementary food developed in this 

study is within the range (30.10 to 87.20%) reported for 

complementary food from sorghum, plantain and soybean 

blends [1]. Nelson-Quartey et al. [37] also reported 

carbohydrate content of 63.5% for infant food produced 

from breadfruit and breadnut. This value is close to the 

value of carbohydrate reported in this study. The 

relatively high carbohydrate content of the formulated 

complementary food indicates that the food will provide 

infants with the required calorie.  

  

Table2: Proximate Composition of 

Complementary Food 

 
Values are mean of triplicate determinations. Means with the same 
superscripts  
within the same column are not significantly different (P > 0.05). 
 A - 80% malted millet, 10% plantain and 10% soybean;  
B - 60% malted millet, 20% plantain and 20% soybean; 
 C - 50% malted millet, 20% plantain and 30% soybean;  
D - 50% malted millet, 30% plantain and 20% soybean E-100% un-
malted millet. 
 

 

Mineral composition of the developed 

complementary food 

Table 3 shows the data obtained for the mineral 

composition of the complementary food which comprises 

the sodium, potassium, magnesium, iron and calcium 
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content of the samples. Complementary food formulation 

from millet - plantain - soybean (80: 10: 10) blends (sample 

A) recorded the highest value for sodium content (3.18 

mg/100g) while the formulation from millet - plantain – 

soybean (50:20:30) blends (sample C) had the least sodium 

value (2.80 mg/100g). Generally, the sodium content of the 

malted samples was higher than that of the un-malted 

sample (sample E). However, samples B (60:20:20), C 

(50:20:30) and D (50:30:20) containing 20, 30 and 20% 

soybean flour substitutions showed slight decrease in 

sodium content compared to sample A. This may be due 

to the increased proportion of soybean in the blends. 

Grewal and Jood, [38] reported that saponin (which is 

present in soybean) is known to hinder the availability of 

mineral like sodium.  

The sample with 50% millet, 30% plantain and 20% 

soybean (sample D) had the highest (0.44 mg/100g) 

potassium content while 100% un-malted millet flour had 

the least value (0.36 mg/100g). High value of potassium in 

sample D could be due to the high proportion of plantain 

flour in the blend. According to Mepba et al., [39] and 

UNCST [10], plantain is rich source of potassium, 

containing about 499 mg/100g potassium.    

The magnesium content of the complementary food 

blends (0.22 – 0.24 mg/100g) was slightly higher than that 

of the 100% un-malted millet flour (0.21 mg/100g). Sample 

C (50% malted millet, 20% plantain, 30% soybean) 

recorded the highest value for magnesium content (0.24 

mg/100g) while sample E (100% un-malted millet) 

recorded the least value (0.21 mg/100g). The level of 

magnesium in sample C was slightly higher than that of 

the other blends propably because of the high proportion 

of soybean in the blend. Soybeans have been reported to 

be an excellent source of magnesium [18].  

Sample A (80% malted millet, 10% plantain, 10% 

soybean) recorded the highest value for iron content (2.51 

mg/100g) compare to other samples. High iron level in the 

sample with the highest proportion of malted millet could 

be due to the effect of malting on the millet. Malting has 

been reported to increase in vitro extractability and bio-

accessibility of minerals such as calcium, iron, and zinc 

[40], [30], [41]. There were no significant differences 

between samples B and C while samples A, D and E 

showed significant differences at p<0.05. The iron content 

(2.22 – 2.51mg/100g) of the developed complementary 

food is close to the iron content (2.7 mg/100g) of 

complementary food formulation from maize-bambara 

groundnut blend  [42]. Regular consumption of food that 

is rich in iron has the potential of preventing infant 

anaemia. 

Samples A (80:10:10) recorded the highest values 

for calcium content (25.10 mg/100g) while sample E (100% 

un-malted millet) recorded the least value of (18.01 

mg/100g). The calcium content (20.11 – 25.10 mg/100g) of 

the formulated complementary food developed in this 

study is higher than the calcium content (6.44 – 12.14 

mg/100g) of gruel produced from complementary food 

formulated from sorghum, soybean and plantain [1] but 

lower than the calcium content (42.6 to 53.8 mg/100 g) of 

weaning food produced from maize and cowpea blend 

[43]. Calcium is important for proper bone development. 

Thus, feeding infant with the formulated complementary 
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food will promote infant teeth and bone development. 

 

Table 3: Mineral composition of complementary  

food (mg/100g) 

 
Values are mean of triplicate determinations. Means with the same 
superscripts  
within the same column are not significantly different (P > 0.05). 
 A - 80% malted millet, 10% plantain and 10% soybean;  
B - 60% malted millet, 20% plantain and 20% soybean; 
 C - 50% malted millet, 20% plantain and 30% soybean;  
D - 50% malted millet, 30% plantain and 20% soybean; E-100% un-
malted millet. 

 

Anti-nutrients content of the formulated 

complementary food 

Table 4 shows the data obtained for the anti-

nutrients content (phytate and saponin) of the 

complementary food. Sample E (100% un-malted millet) 

recorded the highest value for phytate content (0.20%) 

while sample C (50:20:30) recorded the least phytate 

content (0.11%). The reduction in the phytate content 

could be due to the effect of malting on the millet when 

compared to the control sample containing 100% un-

malted millet. Reduction in the phytic acid content of 

millet as a result of malting has been reported by Mamiro 

et al. [40], [30], [41], Udensi et al. [33] also reported 

significant reduction in the phytate content of weaning 

food produced from roasted millet and Mucuna 

cochinchinesis. The phytate level (0.11 – 0.17 mg/100g) of 

the formulated complementary food is lower than the 

phytate level (1.84 – 2.67 mg/100g) of gruel produced from 

sorghum, soy bean plantain blends [1]. 

The saponin level of Sample C (50% malted millet, 

20% plantain, 30% soybean) was slightly higher than that 

of the other samples. This could be because of the high 

soybean proportion in the sample. Saponin is one of the 

anti-nutritional factors present in soybeans.  

Table 4: Anti-nutritional contents of  

complementary food 

 

Values are mean of triplicate determinations. Means with the same 
superscripts  
within the same column are not significantly different (P > 0.05). 
 A - 80% malted millet, 10% plantain and 10% soybean;  
B - 60% malted millet, 20% plantain and 20% soybean; 
 C - 50% malted millet, 20% plantain and 30% soybean;  
D - 50% malted millet, 30% plantain and 20% soybean; E-100% un-
malted millet. 
 

Sensory properties of gruel from the 

complementary food blends 

Table 5 shows the result obtained for the sensory 

evaluation of the gruel produced from complementary 

food formulation. The attributes evaluated includes 

colour, taste, flavour, mouth feel, appearance, sweetness, 

smoothness and overall acceptability. Sample D had the 

highest rating in terms of colour (7.30) while sample A had 

the least rating (4.80). Samples A, B and E showed no 

significant differences and there were no significant 

differences (p<0.05) between samples C and D . For taste, 

sample D had the highest rating (6.85) while sample A had 

the least rating (4.70). There were no significant 
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differences (p<0.05) between samples B and E.  

Sample C had the highest rating for flavour (6.90) 

while sample A had the least rating (4.85). There were no 

significant differences observed between samples A, B and 

E, and samples C and D at p< 0.05. Sample C had the 

highest rating for mouth feel (6.90) while sample A had 

the least rating (4.90). Slight differences were observed 

between samples A and B, and sample E while slight 

differences was also observed between samples C and D at 

p<0.05. For appearance, sample C had the highest rating 

(6.75) while sample A had the least rating (4.95). There 

were no significant differences observed between samples 

A, B and E, and samples C and D at p< 0.05. 

Sample D had the highest rating for sweetness 

(6.60) while sample A had the least rating (4.75). There 

were no significant differences between samples A, B and 

E, and samples C and D at p< 0.05. Sample D had highest 

rating for smoothness (6.75) while sample A had least 

rating (5.30). In terms of overall acceptability, sample C 

had the highest rating (7.20) while sample A had the least 

rating (5.20). There were no significant differences 

between samples A and B.  

 

Conclusion  

Data obtained in this study shows that nutrient 

dense complementary food can be produced from blends 

of cereal, fruit and legume. The complementary food 

formulation containing 50% malted millet, 20% plantain 

and 30% soybean was the best in terms of protein, ash and 

fibre content. It is also rich in minerals. Malting of cereals 

reduced the viscosity and increased solubility of the gruel 

produced from the complementary food formulation. The 

gruel produced from 50% malted millet, 20% plantain and 

30% soybean had the most preferred sensory attributes in 

terms of colour, flavour, mouth feel, appearance and 

overall acceptability. Feeding infants with the 

complementary food developed in this study will be a 

cheap and easy way of preventing infant malnutrition 

problems in developing countries.   

 

 

Table 5: Sensory Evaluation of Complementary  

food 

 
Values are mean of triplicate determinations. Means with the same 
superscripts within the same column are  
not significantly different (P > 0.05).  A - 80% malted millet, 10% 
plantain and 10% soybean; B - 60% malted millet,  
20% plantain and 20% soybean;  C - 50% malted millet, 20% plantain 
and 30% soybean; D - 50% malted millet,  
30% plantain and 20% soybean; E-100% un-malted millet. 
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