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Breast milk often becomes insufficient to meet the nutritional needs of infants 

from 6 months onwards, and thus there is a need to introduce complementary 

diets. This study aimed at formulating complementary diets by combining 

fermented provitamin A biofortified maize flour with germinated lentil flour in 

ratios of 100%, 90:10%, 80:20% and 70:30%. They were evaluated for 

proximate composition, functional properties, mineral composition, carotenoid 

content, anti-nutrient content, amino acid profile and organoleptic properties. The 

protein contents ranged from 10.65 to 28.17%, 100%; germinated lentil flour 

(O6R) had the highest value, while the energy values of the diets ranged from 

395.62 to 404.13 Kcal/100 g. The foaming capacity, foaming stability, water 

absorption capacity and bulk density increased, while the oil absorption capacity 

and dispersibility decreased as the lentils increased. The swelling capacity ranged 

from 39.92 to 69.42 %. The viscosity increased as the temperature dropped. The 

potassium and calcium contents increased with increased in the addition of 

lentils. Sodium and iron contents were high in the sample AM4 (fermented 100% 

provitamin A biofortified maize). The carotenoid content ranged from 0.80 to 

1.27 mg/100 g. The anti-nutritional contents (phytate and oxalate) were reduced, 

while the trypsin inhibitor increased. The most abundant essential amino acid was 

leucine, while glutamic acid was the most abundant non-essential amino acid. It 

was observed that as lentil seed increased, the amino acids increased too. The 

values obtained for essential amino acid met up with the recommended standards, 

except for tryptophan, methionine, threonine and cystine. The sample TU1 (70% 

fermented provitamin A biofortifed maize and 30% germinated lentils seed) was 

the most acceptable by the panelists compared to the commercial baby formula 

(control). Therefore, this complementary diet may serve as means to combat 

protein-energy malnutrition in infants. A further research should be carried out 

on in-vivo study of this complementary diet. 
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Introduction 

 

The most popular complementary food fed to infants in 

Nigeria is a fermented cereal gruel called ‘Pap’, ‘Akamu’ 

or ‘Ogi’, which is generally perceived by mothers as easy 

to digest (Onofiok and Nnanyelugo, 1998; Ibeanu and 

Okeke, 2001). Vitamin A deficiency (VAD) continues to 

impose a major health issue in the developing world. 

Vitamin A deficiency affects more than 127 million 
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preschool children (West, 2002; Humphrey et al., 1992). 

Improving the vitamin A status of young children in 

developing countries reduces child death rates by  

20–50% (Beaton et al., 1993). Also, Pillay et al. (2011) 

suggested that provitamin A- biofortified maize has the 

potential to succeed as a new strategy in dealing with the 

problem of vitamin A deficiency, especially in preschool 

children. With an attempt to combat VAD, maize  

(Zea mays L.) is one of the six staple crops that have been 
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targeted for biofortification with provitamin A carotenoids 

by the HarvestPlus Challenge Programme (Tanumihardjo, 

2008). Provitamin A biofortified maize is an essential 

source of various major phytochemicals such as 

carotenoids, phenolic compounds, and phytosterols (Jiang 

and Wang, 2005; Kopsell et al., 2009; Lopez-Martinez et 

al., 2009). Lentil seeds (Lens culinaris) are pulse that 

contain high levels of protein (20%–30%), minerals (2%–

5%), vitamins (folates), and prebiotic carbohydrates 

(Bhatty, 1988; Thavarajah et al., 2009; Thavarajah et al., 

2015). Protein energy malnutrition, which is widespread 

in both rural and urban communities in developing 

countries like Nigeria, generally occurs during the crucial 

transitional phase when children are weaned from liquid 

to semi solid foods (Okorie and Ekwe, 2017). During this 

period of growth, children need nutritionally balanced, 

calorie-dense complementary foods in addition to breast 

milk. However, vegetable proteins complementing each 

other, a combination of legumes and cereal proteins will 

have a nutritional value as an animal protein (Latham, 

1997). Many researches had been done using cereals and 

legumes for complementary diets. However, there is little 

information about the combination of provitamin A 

biofortified maize seeds and lentil seeds for a 

complementary food. Therefore, this research is aimed at 

producing a complementary diet from fermented 

provitamin A biofortified maize and germinated lentils. 

 

Materials and methods  
 

The provitamin A biofortified maize hybrid seeds were 

obtained from the International Institute of Tropical 

Agriculture (IITA) at Ibadan, Oyo State and the brown 

lentil seeds were purchased in Lagos State. The 

commercial baby formula (Nestle-Cerelac-Maize-

Soyabean Infant Cereal, 200 g) served as control was 

purchased from NAO Supermarket in Akure, Ondo 

State, and all used chemical reagents were of an 

analytical grade. 

Preparation of fermented provitamin A biofortified 

maize flour 

 

The fermented provitamin A biofortified maize flour was 

produced according to the method of Adeniyi et al., 

(2014). The provitamin A maize seeds were cleaned, 

sorted, soaked in tap water in the ratio of 1:3 (w/v) for  

8 h, fermented at room temperature (25 °C) for 48 h and 

decanted. They were washed, wet-milled with an 

attrition mill, sieved and allowed to settle to remove the 

water. The thick sediment was dried in the oven at  

60 °C for 24 h, cooled, packaged in an airtight polyethene 

bag and plastic container and stored for further use. 

 

Preparation of germinated lentil seeds 

 

The germinated lentil seeds were prepared according to 

the method of Ndagire et al. (2015) with a little 

modification. The lentil seeds were cleaned, sorted, 

steeped in portable water for about 10 hr at an ambient 

temperature. After decanting the steeping water, they 

were germinated for 48 hours, after which they were 

thoroughly washed and air dried to terminate sprouting. 

They were dried in the oven at 60 °C for 24 h and then 

winnowed to remove the hull and sprouts. Thereafter, 

they were milled to fine flour and sieved and then 

packaged into polyethylene nylon and put inside a plastic 

container for further use. The formulation of the 

complementary blends is shown in Table 1.W2F 

represented unfermented provitamin A biofortified 

maize flour, and NR8 was the commercial infant formula 

(control). 

 

Proximate composition 

 

Proximate composition of the formulated blends was 

determined (crude protein, fat, ash, crude fibre and 

moisture content) according to the methods of AOAC 

(2005). Carbohydrate was calculated by difference and 

the energy value by Atwater’s conversion factors.

 
 

Table 1. Formulation of blends for a complementary diet from fermented provitamin A maize flour and germinated lentil flour 

 
Samples Fermented provitamin A 

biofortified maize flour 

% 

Germinated lentils seed 

flour % 

Unfermented provitamin A biofortified 

maize flour % 

Commercial infant 

formula % 

AM4 100 - - - 

L9G 90 10 - - 

TU1 80 20 - - 

7QZ 70 30 - - 

W2F - - 100 - 

NR8 - - - 100 
AM4 – 100% fermented provitamin A biofortified maize flour; L9G – 90% fermented provitamin A biofortified maize flour: 10% germinated lentil flour; 

TU1 – 80% fermented provitamin A biofortified maize flour: 20% germinated lentil flour; 7QZ – 70% fermented provitamin A biofortified maize flour: 30% 

germinated lentil flour; W2F-100% unfermented provitamin A biofortified maize flour; NR8- 100% commercial infant formula. 
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Functional properties 

 

Bulk density was determined by Nwanekezi et al. 

(2001), swelling capacity was determined according to 

the method of Crosbie (1991), water absorption 

capacity and oil absorption capacity were done by the 

method of Elkhalifa et al. (2005), foaming capacity 

and stability was determined by the method of 

Naranyana and Narasinga-Rao (1982), dispersibility 

was done using the method of Kulkarni et al. (1991). 

Viscosity was determined by Ikegwu et al. (2009). 

 

Mineral composition 

 

The method described by AOAC (2005) was used for 

the mineral analysis. The samples were ashed at  

550 °C. The ash was boiled with a 10 ml of 20% 

hydrochloric acid in a beaker and then filtered into a 

100 ml standard flask. This was made up to the mark 

with deionized water for the minerals to be determined 

from the resulting solution. Sodium (Na) and 

Potassium (K) were determined using standard flame 

emission photometer. Calcium (Ca) and Iron (Fe) were 

determined using the Atomic Absorption 

Spectrophotometer (AAS Model SP9). 

 

Carotenoid content 

 

Carotenoid content was determined according to the 

method described by Palmer et al. (2016). 

 

Antinutrient content 

 

Phytate was determined according to the method of 

Nkama and Gbenyi (2001), tannin was determined 

using the method of Makkar and Goodchild (1996), 

trypsin inhibitor and oxalate were determined by the 

method of Day and Underwood (1986). 

 

Amino acid profile 

 

The Amino Acid profile of blends was determined 

using methods described by Benitez (1989). The 

sample was dried to constant weight, defatted, 

hydrolyzed, evaporated in a rotary evaporator and 

loaded into the Applied Biosystems Model 120A PTH 

Amino Acid Analyzer. Tryptophan was determined by 

the method of AOAC (1998). 

 

Sensory evaluation 

 

Sensory evaluation was carried out using 30 untrained 

panelists comprising of women (mothers). Nine points 

hedonic scale was used for appearance, aroma, taste, 

mouth-feel, and overall acceptability, with 9 

indicating “liked extremely” and 1 indicating “disliked 

extremely”. 

 

Statistical Analysis 

 

All data were analyzed using SPSS (Statistical 

Package for Social Sciences) version 16.0. The 

standard error of means and the analysis of variance 

(ANOVA) were carried out. Means were separated  

using the Duncan Multiple Range Test (DMRT) at 5% 

level (p ≤ 0.05) (Duncan, 1955). 

 

Results and discussion 

 

Proximate composition of the complementary diets 

from fermented provitamin A maize and germinated 

lentil seeds 

 

The proximate composition of samples of the flour 

blends and the 100% germinated lentil flour are 

presented in Table 2. The moisture content ranged from 

4.88 to 8.87 %. There was no significant difference  

(p ≤ 0.05) observed in the moisture content of all the 

samples except for the sample O6R that had high value. 

This agrees with Sodipo and Fashakin (2011) that 

reported low moisture content for a complementary diet 

prepared from germinated maize, cowpea and pigeon 

pea. The values obtained met the required standard for 

weaning food (FAO/WHO, 1985). Low moisture content 

in food samples increased the storage period of the food 

products (Alozie et al., 2009). The ash content ranged 

from 0.48 to 5.00 %. All the samples met the 

recommended ash content by WHO/FAO (2004) in the 

complementary diet of less than 5 g/100 g. However, this 

was not in agreement with with the results of the study 

by Fikiru et al. (2016) that reported the range of 1.5 to 2.5 

% for complementary food blended from maize, roasted 

pea and malted barley. The crude fibre content ranged 

from 0.68 to 1.81 %, with the 100% germinated lentil 

flour had the highest. There was a significant difference 

in all the samples and the values obtained were low. It 

may be due to the fermentation and germination of the 

used processes. This was in accordance with the daily 

recommended allowance of less than 5% for crude fibre 

in the complementary diet (FAO/WHO, 1985). 

The protein content ranged from 10.65 to 28.17 %. There 

was a significant difference in all the samples. It was 

observed that as the amount of lentils increased, the 

protein content increased. This is in agreement with other 

findings that processing techniques, such as germination, 

improved the nutritional quality of the food products, 

particularly in terms of protein content (Fasasi et al., 

2004), and in accordance with the report of Sodipo and 

Fashakin (2011) and Fikiru et al. (2016) that observed 

increased protein content. The samples O6R, TU1 and 
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7QZ met up with the recommended standard of ≥15% 

(FAO/WHO, 1991), while the samples AM4 and L9G 

were lowered due to the fact  that no or small quantity of 

legume was added respectively. The values obtained for 

fat content ranged from 5.67 to 11.66 %. There was a 

significant difference in the obtained values  except for 

the sample TU1 and 7QZ that were not significantly 

different. The sample O6R had the highest value, 

probably due to fact that it was of 100% germinated lentil 

flour. This did not agree with the daily recommended 

standard in the range from 10 – 25% (WHO/FAO, 2004). 

The fat content increased in the blend samples as the 

amount of germinated lentil flour increased, probably 

due to the fact that lentil seed was added. The 

carbohydrate content ranged from 40.50 to 77.23 % with 

a significant difference in all the samples. The sample 

AM4 had the highest value because it was pure (100%) 

fermented provitamin A biofortified maize. The obtained 

results agreed with the recommended value of ≥ 

65g/100g (WHO/FAO, 2004). The energy value ranged 

from 395.62 to 404.13 Kcal/100 g. The highest value was 

obtained in the sample 7QZ, perhaps because of the high 

amount of the germinated lentil flour that supplemented 

the fermented provitamin A maize flour. The obtained 

values are in accordance with the recommended energy 

content by WHO/FAO (2004) of 400 – 425 Kcal/100 g 

in complementary foods. 

 
Table 2. Proximate composition of the complementary diets from fermented provitamin A biofortified maize and germinated lentils 

Sample Moisture 

(%) 

Ash (%) Crude fibre 

(%) 

Protein (%) Fat (%) Carbohydrate 

(%) 

Energy (Kcal/100 

g) 

AM4 4.88±0.32b 0.48±0.01c 1.09±0.10b 10.65±0.01e 5.67±0.30d 77.23±0.30a 402.55 

L9G 5.75±1.04b 0.63±0.24c 0.88±0.10c 11.57±0.05d 5.90±0.20c 75.27±0.20b 400.46 

TU1 5.90±0.80b 0.96±0.15b 1.01±0.03bc 15.27±0.01c 6.30±0.30b 70.56±0.30d 400.02 

7QZ 5.71±0.68b 0.49±0.01c 0.68±0.10d 15.63±0.01b 6.33±0.02b 71.16±0.83c 404.13 

O6R 8.87±0.03a 5.00±0.20a 1.18±0.04a 28.17±0.16a 11.66±0.05a 44.55±0.33a 395.62 
Values in column with the same superscript are not significantly different (p ≤ 0.05).  Means ± standard deviations of triplicate values. AM4: 100% Fermented 
provitamin A biofortified (FPVAB) maize flour; L9G – 90% fermented provitamin A biofortified maize flour: 10% germinated lentil flour; TU1 – 80% 

fermented provitamin A biofortified maize flour: 20% germinated lentil flour; 7QZ – 70% fermented provitamin A biofortified maize flour: 30% germinated 

lentil flour; O6R: 100% germinated lentil flour. 

 

 

 
 

Fig. 1. Viscosity of complementary diets from provitamin A biofortified maize and germinated lentils. AM4: 100% Fermented 

provitamin A biofortified (FPVAB) maize flour; L9G – 90% fermented provitamin A biofortified maize flour: 10% germinated 

lentil flour; TU1 – 80% fermented provitamin A biofortified maize flour: 20% germinated lentil flour; 7QZ – 70% fermented 

provitamin A biofortified maize flour: 30% germinated lentil flour. 

 

 
Table 3. Functional properties of complementary diet from provitamin A biofortified maize and germinated lentil seeds 

 
Sample Foaming 

capacity (%) 

Foaming 

stability (%) 

Water 

absorption 

capacity (ml/g) 

Oil absorption 

capacity (ml/g) 

Swelling 

capacity (%) 

Bulk density 

(g/ml) 

Dispersability 

(%) 

AM4 8.19±0.10d 1.64±0.10c 1.67±0.05b 2.10±0.01a 59.52±0.02b 0.72±0.02c 29.76±0.02b 

L9G 11.48±0.02c 1.64±0.01c 1.66±0.05b 2.01±0.10ab 39.92±0.02c 0.71±0.01c 19.84±0.02c 

TU1 16.39±0.01b 3.27±0.01b 1.71±0.01b 1.90±0.01bc 49.61±0.02c 0.82±0.02b 19.82±0.02c 

7QZ 19.67±0.01a 6.56±0.01a 1.91±0.01a 1.80±0.10c 69.42±0.02a 0.92±0.02a 19.60±0.01a 
Values in column with the same superscript are not significantly different (p ≤ 0.05).  Means ± standard deviations of triplicate values. AM4: 100% Fermented 

provitamin A biofortified (FPVAB) maize flour; L9G – 90% fermented provitamin A biofortified maize flour: 10% germinated lentil flour; TU1 – 80% 
fermented provitamin A biofortified maize flour: 20% germinated lentil flour; 7QZ – 70% fermented provitamin A biofortified maize flour: 30% germinated 

lentil flour. 
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Functional properties of a complementary diet from 

provitamin A biofortified maize and germinated lentil 

seeds 

 

Table 3 shows the functional properties of a 

complementary diet from provitamin A biofortified maize 

and germinated lentil seed. The foaming capacity ranged 

from 8.19 to 19.67 %. It was observed that as lentil seed 

increased foaming capacity increased. This agreed with 

the report of Fasuan et al. (2017) for complementary food 

from cereal, oil seed and animal polypeptide. Low values 

of foaming capacity indicated soluble proteins and low 

gas/volume ratio. The foaming stability ranged from 1.64 

to 6.56 %. The same trend was observed in foaming 

stability: as germinated lentils increased, foaming stability 

increased too. There was a significant difference except 

for the samples AM4 and L9G, where no significant 

difference was observed probably because little or no 

quantity of germinated lentil seed was added. The water 

absorption capacity ranged from 1.66 to 1.91 ml/g. It was 

revealed that as the lentils increased, the water absorption 

capacity (WAC) increased. Water absorption capacity is 

an index of the maximum amount of water that a food 

product would absorb and retain (Marero et al., 1988). It 

was reported by Afam-Anene and Ahiarakwem (2014) 

that high water absorption capacity is disadvantageous in 

a complementary diet because it may limit the absorption 

of nutrients. The low WAC is desirable in order to make 

the gruel thinner with high caloric density per unit volume. 

The oil absorption capacity ranged from 1.80 to 2.10 ml/g. 

The obtained values reduced as the lentils increased in the 

samples. Oil absorption capacity is important as oil acts as 

a flavour retainer and gives soft texture to food by 

improving the mouth-feel (Aremu et al., 2006; Ubbor and 

Akobundu, 2009). The swelling capacity ranged from 

39.92 to 69.42 %. It was revealed that as the lentil flour 

increased, the swelling capacity increased too. The lower 

swelling capacity is an advantage in complementary foods 

because it increases the nutrient density of the food that 

will enable the infants to consume more to meet up with 

the nutritional requirement (Afam-Anene and 

Ahiarakwem, 2014). 

The bulk density ranged from 0.71 to 0.92 g/ml, with a 

significant difference, except for the samples AM4 and 

L9G, which are not significantly different and have the 

lowest bulk densities. It was observed that all the samples 

had high bulk density and the addition of the germinated 

lentil flour increased the bulk density. This was in 

accordance with the report of Tufa et al. (2016) for 

complementary foods from fermented cereals and 

soybean which had high bulk density. However, low 

bulk density food is desired where packaging is a serious 

problem (Desikarchar, 1980). Nnam (2000) reported that 

low bulk density has nutritional and economic 

significance as more of the products can be eaten 

resulting in high energy and nutritional density. The 

dispersibility ranged from 19.60 to 29.76 %. There was 

no significant difference in the values obtained for the 

samples L9G and NR8, while sample AM4 was 

significantly different from the sample 7QZ. The 

dispersibility index was low for all the diets; a similar 

case was reported in ogi supplemented with 30% soy 

tempe flour (Egounlety and Syarief, 1992). Also, this did 

not agree with the report of Sodipo and Fashakin (2011) 

that obtained a range of 41 – 73 %. The viscosities of the 

complementary diet from provitamin A biofortified 

maize and germinated lentils are shown in Fig. 1. It was 

observed that sample AM4 had the highest values for 90 

– 30 °C, while the TU1 had lowest value except for 50 

and 60 °C. It was revealed that as addition of germinated 

lentil increased, viscosity decreased. A low viscosity is 

nutritionally beneficial to the feeding of infants. 

According to Ikujenlola and Fashakin (2005), starch 

saccarification or dextrinification caused by the activities 

of amylase that developed during germination process 

gives reduction in the paste viscosity of the 

complementary diet prepared from germinated flour. 

Findings had showed that germination reduced viscosity 

of a complementary diet (Marero et al., 1988; Sajilata et 

al., 2002; Sodipo and Fashakin, 2011). 

 

Mineral composition of the complementary diets from 

fermented provitamin A biofortified maize and 

germinated lentil seeds 

 

The mineral composition of the complementary diets from 

fermented provitamin A biofortified maize and 

germinated lentils is presented in Table 4. Mineral 

elements present in food are generally utilized to reduce 

the occurrence of micronutrient malnutrition. Children 

develop birth defects and inability to learn properly, 

among other long-term disabilities when minerals are in 

an inadequate supply (Wierdsma et al., 2013). The sodium 

contents ranged from 13.50 to 24.40 mg/100g. It was 

observed that sodium reduced significantly as the added 

germinated lentils increased. This was shown in the values 

obtained reduced from 23.90 to 21.80. Also, it was 

revealed that fermentation increased the sodium content in 

W2F (unfermented provitamin A biofortified maize 

flour), which is 21.60 mg/100g compared to that of the 

100% fermented provitamin A biofortified maize (24.40 

mg/100 g). The values obtained were lowered than the 

recommended daily allowances (29.6 mg/100 g) for 

infants. The potassium content ranged from  

177.5 mg/100 g to 1650.2 mg/100 g. There was a 

significant increase in potassium as the level of the 

germinated lentil flour increased. This is in accordance 

with the report of Desikachar (1980) that certain minerals 

are known to increase during germination. It was also 

increased in the fermented provitamin A biofortified 
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maize compared to the unfermented. The values obtained 

do not agree with the recommended values for infant 

formula (500 mg/100 g) (FAO/WHO, 1991). Potassium is 

required for proper functioning of cells, tissue and organs 

in the body. It is also crucial to heart functioning and plays 

a key role in skeletal and smooth muscle contraction 

making it important for a normal digestive and muscular 

function (Whitney et al., 1990). 

The calcium content ranged from 208.38 to 368.63 

mg/100 g. The results obtained were lowered than the 

recommended value of 516 mg/100 g (WHO/FAO, 2004). 

There was a significant difference in the reduction of the 

calcium content of the samples of the fermented and 

germinated blends compared to the unfermented 

provitamin A biofortified maize. Calcium is required by 

the growing children for strong bones and teeth, 

development of muscles and nerves, blood clotting and for 

the immune defense (Whitney et al., 1990). The iron 

contents ranged from 4.6 to 23.10 mg/100 g. It was only 

the unfermented provitamin A biofortified maize that met 

up with the standard, while the other samples did not meet 

up with recommended value of 16 mg/100 g. Iron is an 

essential micronutrient for the synthesis of haemoglobin 

(an oxygen carrier in the red blood cells), myoglobin (used 

for muscle contraction) and enzymes/coenzymes (used in 

various metabolic path-ways) (Whitney et al., 1990). 

The low level of mineral composition of these 

complementary diets may be due to the fact that they are 

plant-based, which is also reported by Ikujenlola (2016). 

 

Carotenoid content of a complementary diet from 

provitamin A biofortified maize and germinated lentil 

seeds 

 

The results obtained for carotenoid are shown in Fig. 2. 

The values of the carotenoid content ranged from 0.80 to 

1.27 mg/100 g. There was a significant difference in all 

the samples. W2F (control) had the highest value which 

may be because it was not fermented, while TU1 had the 

highest value. It was observed that fermentation reduced 

the amount of the carotenoid content, as the lentil flour 

increased carotenoid reduced. This agreed with the report 

of Li et al. (2007) that observed loss of provitamin A 

carotenoid in high β carotene maize. 

 
Table 4. Mineral composition of complementary diets from fermented provitamin A biofortified maize and germinated lentils 

 
Sample  Sodium (mg/100 g) Potassium (mg/100 g) Calcium (mg/100 g) Iron (mg/100 g) 

AM4 24.40±0.00 214.10±0.01 230.88±0.00 7.70±0.00 

L9G 23.90±0.00 878.10±0.01 208.38±0.58 6.90±0.00 

TU1 22.50±0.00 913.10±0.01 248.80±0.00 6.60±0.00 

7QZ 21.80±0.00 1050.20±0.01 279.38±0.00 6.50±0.00 

W2F 21.60±0.00 177.50±0.00 383.63±0.00 23.10±0.00 

WHO/FAO recommended value 29.60 500.00 516.00 16.00 
Values in column with the same superscript are not significantly different (p ≤ 0.05). Means ± standard deviations of triplicate values. AM4: 100% Fermented 
provitamin A biofortified maize flour; L9G – 90% fermented provitamin A biofortified maize flour: 10% germinated lentil flour; TU1 – 80% fermented 

provitamin A biofortified maize flour: 20% germinated lentil flour; 7QZ – 70% fermented provitamin A biofortified maize flour: 30% germinated lentil flour; 

W2F: unfermented provitamin A biofortified maize flour. 

 

 
 
Fig. 2. Carotenoid content of complementary diets from provitamin A biofortified maize and germinated lentils. AM4: 100% 

Fermented provitamin A biofortified (FPVAB) maize flour; L9G – 90% fermented provitamin A biofortified maize flour: 10% 

germinated lentil flour; TU1 – 80% fermented provitamin A biofortified maize flour: 20% germinated lentil flour; 7QZ – 70% 

fermented provitamin A biofortified maize flour: 30% germinated lentil flour; W2F – Unfermented provitamin A biofortified 

maize flour. 
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Anti-nutritional factor of the complementary diet from 

provitamin A biofortified maize and germinated lentil seeds 

 

The anti-nutritional factor of the complementary diet from 

provitamin A biofortified maize and germinated lentils are 

presented in Table 5. The phytate content ranged from 

0.09 to 0.21 mg/100 g. The phytate content was high in 

control (unfermented provitamin A biofortified maize), 

but was reduced in other samples. It was observed that as 

lentil increased, the phytate content reduced. This may be 

due to the presence of phytate in the provitamin A 

biofortified maize. Trypsin inhibitor values ranged from 

0.43 to 0.66 mg/100 g. There was a significant difference 

in all the samples. As the addition of lentil seed reduced, 

the trypsin inhibitor increased. The oxalate contents 

ranged from 0.04 to 0.10 mg/100 g. It was observed that 

the anti-nutritional content, particularly the oxalate and 

phytate of the samples containing fermented and 

germinated seeds was significantly lowered than that of 

the unfermented provitamin A biofortified maize, which 

served as control. This was in accordance with Ijarotimi 

and Keshinro (2012) that reported the decrease in the anti-

nutrient composition of African locust beans that were 

fermented and germinated as compared to the raw sample. 

 

Amino acid profile of a complementary diet from 

provitamin A biofortified maize and germinated lentil 

seeds 

 

The amino acid profile of the complementary diet from 

provitamin A biofortified maize and germinated lentils id 

presented in Table 6 with thecorresponding FAO/WHO 

(1991) recommended daily allowance (RDAs). It was 

observed that as the germinated lentil increased, the 

essential and non-essential amino acids values increased. 

The most abundant essential amino acid was leucine, 

while glutamic acid was the most abundant non-essential 

amino acid. It was reported that high leucine might be a 

factor contributing to the development of pellagra as 

observed in maize (Aremu et al., 2006; FAO, 1995). 

Therefore, leucine/isoleucine was considered to be more 

essential. The obtained values were low within the range 

of 2.31 – 2.61. The values obtained for the essential amino 

acids (histidine, leucine, isoleucine, phenylalanine, valine 

and threonine) met up with the acceptable standard of the 

recommended daily allowance, except for methionine, 

tryptophan and lysine. However, the control (100% 

fermented provitamin A biofortified maize) had low 

values when compared to the acceptable standard. It was 

revealed from predicted nutritional qualities that the 

percentage of the total essential amino acid (TEAA) to 

total non-essential amino acid (TNEAA) ranged from 0.71 

to 0.81. The percentage ratio of TEAA to total amino acid 

(TAA) in the samples ranged from 41.60 to 44.78, while 

that of TNEAA to TAA ranged from 55.21 to 58.40. All 

the samples had high values for proteins in diets of infants, 

26% for children and 11% for adults as reported by 

FAO/WHO (1991). The quantity and quality of protein is 

an important consideration in child nutrition as they are 

both required for optimal growth and development. 

Protein quality is a function of the amino acids present. 

Amino acid profile is essential for determining the 

nutritive value of a diet. A protein food strength or 

weakness is based on the quality and quantity of its 

essential amino acid profile for healthy growth effects 

(Solomon and Owolawashe, 2006). 

 

Sensory evaluation of the complementary diet from 

provitamin A biofortified maize and germinated lentil seeds 

 

The sensory evaluation of complementary diets from 

provitamin A biofortified maize and germinated lentil 

seeds and commercial weaning food (control) is 

presented in Table 7. The appearance, aroma, taste, 

mouthfeel and overall acceptability values obtained 

ranged from 6.60 to 7.20, 6.50 to 7.50, 6.60 to 7.43, 6.40 

to 6.97 and 6.50 to 7.70 respectively. There was no 

significant difference in the values obtained for 

appearance and mouthfeel. But it was observed that 

sample NR8 (control) was the most preferred for aroma, 

taste and overall acceptability, while sample 7QZ was the 

least preferred, maybe because it contained more of 

lentils. It was reported by Muhimbula et al. (2011) that in 

addition to energy density, sensory qualities of a 

complementary food formulation were of highest 

importance regarding food preferences for infants and 

young children. 

 

Table 5. Anti-nutritional factor of the complementary diet from provitamin A biofortified maize and germinated lentils 
 

Sample Phytate (mg/100 g) Trypsin Inhibitor (mg/100 g) Oxalate (mg/100 g) 

AM4 0.11 ± 0.02d 0.43 ± 0.02d 0.07 ± 0.02d 

L9G 0.15 ± 0.02b 0.66 ± 0.02a 0.04 ± 0.02a 

TU1 0.12 ± 0.02c 0.55 ± 0.02b 0.05 ± 0.02c 

7QZ 0.09 ± 0.02e 0.47 ± 0.02c 0.06 ± 0.02b 

W2F 0.21 ± 0.02a 0.46 ± 0.02cd 0.10 ± 0.02e 
Values in column with the same superscript are not significantly different (p ≤ 0.05).  Means ± standard deviations of triplicate values. AM4: 100% Fermented 

provitamin A biofortified (FPVAB) maize flour; L9G – 90% fermented provitamin A biofortified maize flour: 10% germinated lentil flour; TU1 – 80% 
fermented provitamin A biofortified maize flour: 20% germinated lentil flour; 7QZ – 70% fermented provitamin A biofortified maize flour: 30% germinated 

lentil flour; W2F – Unfermented provitamin A biofortified maize flour. 

Table 6. Amino acid profiles of the complementary diet from provitamin A biofortified maize and germinated lentils 
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Samples 7QZ TU1 L9G AM4 RDA 

Essential Amino Acids  

Leucine 8.23 7.76 6.83 5.31 6.60 

Lysine 4.56 4.03 3.87 3.13 5.80 

Isoleucine 3.34 3.01 2.95 2.03 2.80 

Phenylalanine 4.43 4.08 3.81 3.01 2.80 

Trytophan 0.79 0.68 0.63 0.42 1.40 

Valine 3.80 3.51 2.98 2.45 3.50 

Methionine 1.23 1.01 0.8 0.64 2.20 

Histidine 2.81 2.56 2.17 1.72 1.90 

Threonine 3.33 

 

3.38 

 

2.77 

 

3.00 3.40 

TEAA 32.62 30.02 26.81 21.71  

Non-Essential Amino Acids  

Proline 4.47 3.25 2.84 2.44 – 

Arginine 5.16 4.64 3.96 3.01 2.00 

Tyrosine 3.44 3.1 2.58 2.24 2.80 

Alanine 4.32 3.56 3.11 3.18 – 

Glutamic acid 13.32 10.6 9.31 7.27 – 

Glycine 3.28 3.04 2.66 2.71 – 

Cystine 1.09 0.91 0.73 0.48 2.00 

Serine 3.4 2.86 2.54 1.89 – 

Aspartic acid 7.32 7.38 5.33 5.02 – 

TNEAA 45.8 39.34 33.06 28.24  

TAA 78.42 69.36 59.87 49.95  

TEAA / TNEAA 0.71 0.76 0.81 0.77  

TEAA / TAA (%) 41.60 43.28 44.78 43.46  

TNEAA / TAA (%) 58.40 56.71 55.21 56.53  

Leucine / Isoleucine 2.46 2.58 2.31 2.61  

TSAA (Methionine + Cystine) 2.32 1.92 1.53 1.12  

ArESAA (Phenylalanine + Tyrosine) 7.87 7.18 6.39 5.25  
AM4: 100% Fermented Provitamin A biofortified (FPVAB) maize flour; L9G: 90%FPVAB 

maize:10%germinated lentils; TU1: 80%FPVAB maize:20%germinated lentils; 7QZ: 

70%FPVAB maize:30% germinated lentils; TEAA: Total Essential Amino Acids in the samples. 
TNEAA: Total Non-essential Amino Acids; TAA: Total Amino Acids. RDA: Recommended 

Daily Allowance (FAO/WHO, 1991) 

 
Table 7. Sensory evaluation of complementary diets from provitamin A biofortified maize and germinated lentils 

 
Sample Appearance Aroma Taste Mouth-feel Overall acceptability 

AM4 7.17 ± 1.58a 6.83 ± 1.23ab 7.13 ± 1.17ab 6.50 ± 1.36a 7.23 ± 1.10ab 

L9G 7.13 ± 1.57a 6.77 ± 1.46ab 7.30 ± 1.02ab 6.67 ± 1.63a 7.13 ± 1.61ab 

TU1 7.20 ± 1.21a 6.80 ± 1.35ab 7.20 ± 1.19ab 6.57 ± 1.92a 7.37 ± 1.22ab 

7QZ 6.60 ± 1.40a 6.50 ± 1.59b 6.60 ± 2.03b 6.40 ± 1.79a 6.50 ± 1.98b 

NR8 (Control) 7.13 ± 1.83a 7.50 ± 1.55a 7.43 ± 1.50a 6.97 ± 1.75a 7.70 ± 1.76a 
Values in column with the same superscript are not significantly different (p ≤ 0.05). Means ± standard deviations of triplicate values. 

AM4: 100% Fermented provitamin A biofortified (FPVAB) maize flour. L9G – 90% fermented provitamin A biofortified maize flour: 10% germinated lentil 

flour; TU1 – 80% fermented provitamin A biofortified maize flour: 20% germinated lentil flour; 7QZ – 70% fermented provitamin A biofortified maize 
flour: 30% germinated lentil flour; NR8:  Commercial infant formula (control). 

 

Conclusion 
 

This study concluded that complementary diets of 

fermented provitamin A biofortified maize and 

germinated lentil had high protein and carbohydrate 

contents, as well as high energy values that met up with 

the recommended standards. The foaming capacity, 

foaming stability, water and oil absorption capacity, 

dispersibility and viscosity of the formulated 

complementary diet were low, while swelling capacity 

and bulk density increased with an increase in the amount 

of lentil seeds. It was observed that all the samples had low 

mineral contents of sodium, calcium and iron, high 

potassium when compared to WHO/FAO recommended 

value, therefore, fortification will be needed.  The 

carotenoid contents, phytate and oxalate of the 

complementary diets were reduced, while samples TU1 

and 7QZ had high trypsin inhibitors. Also, it was revealed 

that majority of the samples met up with the recommended 

standards for essential and non-essential amino acids 
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except for tryptophan, methionine, threonine and cystine. 

The sample TU1 (80:20%) was most accepted, apart from 

the control (commercial maize-soya weaning food – 

Nestle-Cerelac). Therefore, this may serve as a mean to 

prevent and ameliorate protein-energy malnutrition in 

infants. 
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