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Abstract: Finger millet (Eleusine coracana (L.) Gaertn.) is a drought resistant crop with potentially tremendous but under-explored 
source of nutraceutical properties as compared to other regularly consumed cereals in the era of drawback of nutritional security, 
these characteristics must be harnessed to develop finger millet as a novel functional food. Under-nutrition caused by inadequate 
diets, and other factors that influence nutritional status, is the underlying factor in 45% child deaths. In Kenya only 25% of young 
children are fed adequately diverse diets. The main objective of this study was to prepare baby food formulas using finger millets 
with pigeon peas as protein source and to analyze their nutritional profiles. Two finger millets varieties (i) Snapping Green Early, low 
altitude and medium altitude varieties and (ii) U-15) were studied to determine effects of environment on nutrient profiles. This study 
showed that Snapping Green Early had better nutrient profiles (12.13% protein and is high in Ca, Mg, Fe, Zn and P) than U-15 
(11.69% protein and lower nutrients (Ca, Mg, Fe, Zn and P)), and hence was selected for use in the malting process as best variety. 
As expected, the pigeon peas had the highest protein value (21%). The samples malted for 72 h resulted in reduction of tannin 
concentration from 0.091% to 0.03% and the amount of nutrients (Ca, Mg, Fe and Zn) doubled and in fact the protein profile 
increased by 8.31%. The appropriate ratio for the formulation of the baby food was 70:30. The composting resulted in 18.5% 
increase in protein.  
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1. Introduction 

Finger millet (Eleusine coracana L.) is a plant that 

serves as cereal and is grown mostly in areas of Africa 

where the climatic conditions are adverse (Fig. 1). 

This crop can be planted in areas where the soils lack 

nutrients and water. Given these high-stress 

conditions, the plant has the capacity to survive in less 

favorable conditions [1]. It does not require any 

storage standards and its nutritional value increases 

with increased extreme climatic conditions [2]. Finger 

millet is rich in minerals, nutrients like Ca, Fe, P, K 
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and Zn. It is cultivated in diverse places where food 

shortages are alarming in rural areas [3]. Ca deficiency in 

rural populations has led to an alternative interest in 

grains such as finger millet because of its high Ca 

content and ability to prevent Ca deficiency [4]. In 

Kenya, finger millet is a local crop and is grown in 

rural areas in Kenya and many African countries 

including Uganda, Tanzania and Ethiopia. It is used in 

several villages in Kenya to prepare four types of 

food: ugali (hard papilla), uji (thin papilla), togwa 

(saccharified drink) and pombe (alcoholic drink) [5]. 

First, they are milled and then go through commonly 

used processing techniques including malting, 

fermentation and thermal processing [4]. Fermentation  
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(a)                        (b)                         (c)                        (d) 

Fig. 1  Snapping Green Early genotype plant (a), Snapping Green Early seeds (b), U-15 genotype seeds (c) and pigeon pea 
protein seeds (d).  
 

helps to improve nutritional values by eliminating the 

anti-nutrients, helping in turn to preserve the product 

and the nutritional accessibility of the cereal. 

Fermenting cereals together with pulses result in a 

balance between the macro- and micro-nutrients of the 

cereals that go through the fermentation process [6]. 

Cereals are important sources of protein for human 

nutrition but have low quality due to limitations in the 

amounts of essential amino acids, notably lysine. 

Although finger millet is a cereal it does not have the 

necessary amount of protein compared to other cereals. 

Undernutrition and food insecurity increase, has 

accelerated risks of severe diseases [7]. In Kenya for 

example, between 2007 and 2008, because of the 

shortage of food and malnutrition, there was an increase 

in the infant mortality rate [8]. Food security and/or the 

nutritional status of children decreased in most rural 

populations which caused chronic malnutrition as 

shown by nutritional survey among infants aged 6-59 

months in two villages in Kibera, where the Kenya 

Medical Research Institute/Centers for Disease Control 

and Prevention conducted population-based 

surveillance for the syndromes of infectious diseases 

[8]. In a sample of 1,310 children from household 

demographics, food availability and infant feeding 

practices resulted in 47.0% delay in growth for infants 

and 11.8% low weight, 23.4% of chronic growth 

retardation and severe weight loss in 0.6% of infants 

[8]. Families with infants between 36 months and 47 

months of age had 58.0% of development problems [8]. 

This was because the nutritional value was below the 

required rate. Another study conducted in Chroma 

revealed that only 40% of 388 children between 24 

months and 59 months had a good diet with the 

necessary nutrients for a safe development and 60% 

had poor nutrition and food insecurity [9].  

Pigeon pea is a legume that acts as a protein option 

for poor communities because its seeds are rich in 

protein. This plant can grow in about 50 countries and 

can be prepared into various meals and served as 

substitute to cowpeas in tropics and sub-tropics. It also 

provides fuel wood and fodder in both Africa and Asia 

[10]. As a protein source, it can be used in 

combination with different cereals [11]. Although it is 

drought tolerant, it has high nutritional value with 

proteins, vitamins, minerals. It has been considered as 

one of the best solutions to protein-calorie 

malnutrition in the developing world. Pigeon pea is 

abundant in protein, making it an ideal supplement to 

traditional cereal, banana or tuber-based diets of most 

Africans who are generally protein-deficient [12]. The 

chemical composition of the pigeon pea seed shows 

that it can have 20%-22% protein. One hundred grams 

(100 g) net of pigeon pea has 336 mg Ca, 1.4 g of fat, 

61.4 g of carbohydrates, 100 mg of Ca, 400 mg of P, 

5.2 mg of Fe and vitamin A. Considering that the 

cultivation of this legume is economical and easy, it is 

a good option for protein supply in Kenya, Africa. 

Pigeon pea seed can be used whole, sliced or in flour 

as a supplement in baby food [10]. It also acts as good 

vegetable food source during dry season in arid areas 

[13]. The aim of this study was therefore to determine 
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the nutritional profile of two finger millet varieties in 

the dry land areas of Kenya and improve their nutrient 

profiles using pigeon pea as protein source and 

formulate baby food that contributes to improved 

nutrition of rural children in Kenya. 

2. Materials and Methods  

This study was conducted at Egerton University 

located in Nakuru, County Rift Valley in Kenya. 

Analysis was performed at the molecular laboratory 

and soils laboratory, Department of Crops, Horticulture 

and Soil Sciences, food and science laboratory in 

Department of Dairy and Food Sciences and in the 

Faculty of Agriculture. The finger millet was grown in 

two sites: Bomet County, the medium altitude 

agro-ecological zone and Koibatek, Baringo County, 

the lower altitude agro-ecological zone. Bomet has a 

warm climate with an altitude of 2,044 m and is about 

181.7 km away from the Egerton University while 

Barongo (Koibatek) is drier with an altitude of 1,823 

m. It is about 60 km from Egerton University. 

2.1 Plant Materials 

Two varieties of finger millet were obtained from 

Egerton University Agro-Science Park Seed Unit 

(Snapping Green Early) and Kenya Agricultural and 

Livestock Research Organization (KALRO) (U-15). 

Pigeon pea was obtained from the same seed unit. 

Snapping Green Early is a medium to late maturity 

crop and is more adapted to medium altitude areas 

while U-15 is an early maturing and more adapted to 

low altitude areas. Snapping Green Early, for 

example, has characteristics that make it easy to 

collect, and is also the product of various genetic 

crosses over time which is specific to its red grain. 

U-15 has a fairly favorable growth time, so a genetic 

crossing with Snapping Green Early can be 

significantly favorable for farmers and in turn increase 

genetic variability. 

2.2 Determination of Condensed Tannin Content 

The condensed tannin content of the finger millet 

and compositing flours was determined by the use of 

the vanillin-HCl method [14]. Four hundred 

milligrams (400 mg) of flour was extracted with 20 

mL of 100% methanol for 1 h at room temperature. 

Samples were centrifuged for 10 min at 1,200 rpm 

using a temperature-controlled centrifuge set at 25 °C. 

Three replicate supernatants were obtained. The 

extracts and the vanillin reagent (4% HCl in methanol 

and 0.5% w/v vanillin in methanol) were maintained at 

30 °C in a thermostat-controlled water bath before 

being mixed with the reactants. Sample extracts (1 

mL) were mixed with 5 mL of vanillin reagent in test 

tubes and then maintained at 30 °C in the water bath 

for 20 min. Sample blanks in which the vanillin 

reagent was replaced by 4% HCl in methanol were 

included. Absorbance at 500 nm was measured where 

“catechin” was used as a standard. 

2.3 Determination of Protein Content 

Protein of the finger millet and compositing flours 

was determined by micro-Kjeldahl procedure [15] 

using a conversion factor of 6.25. The crude protein 

(CP) content was determined by digesting the samples 

at high temperature with concentrated sulphuric acid, 

sodium sulphate and metal catalyst followed by 

neutralization using a suitable alkali to free ammonia 

gas which was trapped by hydrochloric acid with an 

indicator for color change. The excess hydrochloric 

acid was back titrated against sodium hydroxide. 

The CP was calculated as follows: 

% Nitrogen = mL standard acid × N of acid – mL 

blank × N base – mL standard base × N base × 1.4007 

weight of sample in gram 

CP = 6.25 × % nitrogen                       (1) 

where 6.25 is the conversion factor. 

2.4 Preparation of Finger Millet Flour 

The malting of the finger millet was carried out 

with modification as described by Mbithi-Mwikya et 

al. [16]. Finger millet grains (1 kg) were washed three 

times and steeped in 2 L water for 24 h. Water was 
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changed after every 6 h during steeping. The grains 

were then washed after steeping and germinated in 

ventilated cupboards for 2 d at an ambient temperature 

of 28 °C. Water was sprinkled on the germinating 

seeds regularly and then occasionally mixed. The 

malted finger millet grains were removed and dried in 

an oven at 48 ± 2 °C for 24 h. The grains were milled 

using a Brabender Quadrumat Experimental Mill 

(Duisburg, Germany) fitted with a 500 μm opening 

screen to give whole grain flour and stored at 9-10 °C 

until further analysis. 

2.5 Determination of Moisture Content 

The moisture content of the finger millet samples 

was determined using oven-drying to a constant 

weight at 103 °C. Five grams (5 g) of the sample was 

exposed to a single stage air for 3 h. The moisture 

content was calculated as the loss in weight expressed 

as a percent of the original weight of the sample [15]. 

% Moisture weight = weight of water in sample – 

weight of wet sample × 100                    (2) 

2.6 Determination of Ash Content 

The ash content of the finger millet and 

compositing flours was determined by oven-drying at 

550 °C for 8 h, followed by decomposition in a muffle 

furnace. Two grams (2 g) of sample was introduced 

into a crucible and put into an oven for removal of 

moisture at 105 °C for 24 h. This was followed by 

ashing in a muffle furnace at 550-620 °C for 6 h [15]. 

The ash content was determined as follows: 

% Ash (dry basis) = weight after ashing – (tare weight 

of crucible original sample weight) × dry matter 

coefficient × 100                            (3) 

where, dry matter coefficient = % solids × 100. 

3. Results and Discussion 

Based on Fig. 2, pigeon pea flour had a high 

amount of Ca, 10.23 ppm, Mg, 4.96 ppm, K, 11.69 

ppm, P, 3.87 ppm, Fe, 5.02 ppm, Mn, 0.34 ppm and 

Zn, 3.49 ppm. These values make pigeon pea flour a 

good candidate for baby food formulation. The high 

nutritional level may be related to the low amount of 

anti-nutritional components also known as tannins, 

phytates, phenols and enzyme inhibitors [17]. 

Conversely pigeon pea has high protein content (Fig. 

3) which can be composited with a cereal to formulate 

a complementary food that can curb protein energy 

malnutrition. For the low altitude (Fig. 4), Snapping 

Green Early indicated a favorable value of 

anti-nutritional content (tannin) 0.07% compared to 

the U-15 sample with 0.139%. Snapping Green Early 

results showed a protein content of 12.13% and U-15 

of 11.69%. Snapping Green Early had a nuitritinal 

moisture content of 10.07% while U-15 of 9.39%. The 

ash content percentage for Snapping Green Early was 

3.41% and for U-15, it was 3.32% (Fig. 4). The 

mineral profile (Ca, P, Fe, Zn, Mn and Mg) of 

Snappping Green Early was superior as compared to 

U-15 (Fig. 5). This underscores the effect of 

environment on nutrient composition of finger millet 

variety. The anti-nutrient content for both samples was 

not high, showing Snapping Green Early with the 

lowest percentage value of 0.091% and U-15 with 

0.12%. The protein percentage was significantly lower 

than the low altitude samples for Snapping Green 

Early, 5.13% and U-15, 1.17%. For medium attitude 

(Fig. 6), the nutritional moisture content was 6.48% 

for Snapping Green Early and 9.06% for U-15; the ash 

content for Snapping Green Early was 2.87% and 

2.4% for U-15 (Fig. 6). Snapping Green Early 

therefore proves to have a better nutritional profile 

than U-15, having a higher value in Ca (25.04 ppm), 

Mg (8.25 ppm) and K (9.23 ppm). U-15 was 

highlighted in the P value with 4.31 ppm and Fe with 

14.46 ppm. The nutritional value of Mg and Zn was 

low for both and P especially for Snapping Green 

Early with 0.95 ppm in nutritional value. The high 

nutritional level must be related to the low amount of 

anti-nutritional components also known as tannins, 

phytates, phenols and enzyme inhibitors [17] (Fig. 7). 

The samples with the best nutritional value and 



Analysis of Nutrient Profile of Finger Millet (Eleusine coracana (L.) Gaertn.) for Baby Food  
Formulation Using Pigeon Pea (Cajanus cajan (L.) Millsp.) as Protein Source 

 

312

protein levels were selected for the malting process. 

Being Snapping Green Early selected for the 24-hour, 

48-hour and 72-hour process, the 48-hour sample of 

malting was the best since the protein value was well 

marked with 21.88%. The tannin content, moisture 

content and ash content were low in all samples, 

however, the best was 48 h. Malting process has been 

reported to improve the nutritional quality of seeds by 

increasing the contents and availability of essential 

nutrients and lowering the levels of anti-nutrients. It 

has been shown that a well-designed 

malting/germination process can significantly reduce 

these anti-nutrients and enhance the nutrient 

availability [16] (Fig. 8). The nutritional profile of the 

Snapping Green Early samples in the malting process 

for 24, 48 and 72 h obtained considerable values in all 

the samples. However, the sample of 72 h was 

selected since in Ca it obtained 23.51 ppm, Mg 6.17 

ppm, K 5.15 ppm, P 1.85 ppm, Fe 14.53 ppm, Mn 

2.34 ppm and Zn 3.45 ppm, with remarkably higher 

and acceptable results unlike the samples of 24 h and 

48 h. The nutritional value of the samples increases as 

the anti-nutrients are removed during the hours that it 

is exposed to the malting. According to Ref. [18], the 

malting helps to hydrolyze the soluble to insubstantial 

protein and acts on the tannin protein complex. 

Tannins are capable of forming a non-digestible 

protein-tannin complex, through hydrophobic 

interactions and hydrogen bonding that likely resulted 

in reduced digestibility of finger millet protein. The 

low molecular weight monomers that are formed after 

the decomposition of condensed tannins cannot exert 

stearic effects on proteins and, in the process, would 

result in increased digestibility of proteins [18] (Fig. 

9). The nutritional profiles with the different ratios of 

the Snapping Green Early compost with the high 

protein source pigeon pea were highly favorable. The 

selected ratio was 70:30 due to the high protein 

percentage of 38.94%. The sample provided the 

expected nutritional and protein value. This is highly 

related to the low percentage of tannin 0.14% 

compared to the sample 100:00 and 80:20 with 0.21%. 

The nutritional value of Ca, Mg, K, P, Fe, Mn and Zn 

improved since through the malting/germination 

process the anti-nutritional factors were decreased 

(Fig. 10). 
 

 
Fig. 2  The minerals profile of pigeon pea.  
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Fig. 3  % Protein content, % moisture content and % ash content of pigeon pea. 
 

 
Fig. 4  Protein profile of two varieties of finger millet in low environmental altitude.  
 

 
Fig. 5  Nutrient profile of two varieties of finger millet in low altitude environment. 

% Protein Content % Moisture Content % Ash Content 

% Tannin Content % Protein Content % Moisture Content % Ash Content 
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Fig. 6  Protein, moisture and ash contents of the two varieties of finger millet in medium altitude.  
 

 
Fig. 7  Nutrient profile of the two varieties of finger millet in medium altitude environment.  
 

 
Fig. 8  Protein, moisture and ash content of Snapping Green Early genotype of finger millet. 

% Tannin Content % Protein Content % Moisture Content % Ash Content 

% Tannin Content % Protein Content % Moisture Content % Ash Content 
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Fig. 9  Nutrient profile of malting samples of Snapping Green Early genotype of finger millet. 
 

 
Fig. 10  Nutrient profile with different ratios of Snapping Green Early genotype composting with pigeon pea 
 

4. Conclusions 

The combination of finger millet and pigeon pea 

through malting and composting can improve the 

nutritional quality of finger millet. Based on the 

results, Snapping Green Early genotype can be used in 

combination with pigeon pea for the formulation of 

baby food to help prevent malnutrition in Kenya, 

Africa.  

5. Recommendations 

In future this research maybe expanded to include 

bio-technology approaches such as genetic 

engineering to genetically modify and improve finger 

millet. The focus of this new project will be on the 

search for genes that produce anti-nutrients (tannin) in 

finger millets plants. By suppressing these genes, 

crops with greater nutritional value will be obtained. 

100:00          80:20            70:30 
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Diseases are also a big problem for finger millet crops; 

focusing on genes that can provide resistance to these 

diseases can improve the production of the crop. 
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