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ABSTRACT— In this study, effect of groundnut cake flours supplementation on proximate composition, 

functional and sensory properties of pearl millet flour based complementary food was evaluated. Ground nut 

cake obtained from different oil extraction methods (hot water and hexane) and pearl millet were processed 

into flours. The ground cake flours were sieved and mixed with the millet flour in the ratio of 90:10, 80:20, 

70:30, 60:40 and 50:50, respectively The proximate composition, functional properties (swelling power, bulk 

density, wettability, dispersability) and acceptability were determined. Data obtained were statistically 

analyzed using analysis of variance and where differences exited, means were separated using Duncan 

Multiple Range Test. Result indicated that, moisture content of the complementary food decreased  from 

12.16 to 6.21%) with increase in protein (9.37 to 19.14%), fat (3.18 to 9.02%), crude fibre (2.19 to 2.70%), 

ash (1.00 to 2.35%) and carbohydrate (62.85 to 74.28%) contents, while the Water absorption capacity ranged 

from 3.15 to 4.75%, wettability from 68.00 to 126.5 %, bulk density  from 0.08 to 0.77 g/ml and 

dispersability from 47.5 to 60.00% and decreased with increase in rate of substitution. The complementary 

foods from formulations of MGhx 60:40 (60% Pearl millet flour and 40% ground nut cake flour from hexane 

oil extracted) and MGhx50:50 (50% Pearl millet flour and 50% ground nut cake flour of hexane oil extracted) 

were the best formulations in terms of consumer acceptability. It contains relatively low amount of moisture 

and high amount of protein and crude fiber compared with those supplemented with groundnut cake flour of 

hot water oil extracted.  The addition of groundnut cake flour to pearl millet enhanced the nutritional value of 

the complementary food. 

 

KEYWORDS: Complementary food, hot water extraction, hexane extraction, functional properties, sensory 

properties, proximate composition 

 

1. INTRODUCTION 

Complementary foods are nutrient containing foods or liquids other than breast milk given to young children 

during the period of complementary feeding (6-24 months) (WHO, 2001). The growth of an infant in the first 

two years is very rapid and breast feeding alone will not meet the child nutritional requirements. The ability of 

the breast milk to meet the requirements for macronutrient and micronutrient becomes limited with the 

increasing age of infants (Agostoni et al., 2008; Kamchan et al, 2004) However, the capacity of a 

complementary diet to meet the protein-energy requirement of infants depends on its nutritional quality 

(Kamchan et al., 2004). It is well known that high cost of fortified complementary foods in many parts of 

developing countries is beyond the reach of most families (Amankwah et.al. 2009; Muhimbula et al. 2011), 
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hence many families depend on inadequately processed and low quality traditional complementary foods for 

baby feeding. That is why protein-energy malnutrition is a major infant problem in the developing countries 

(WHO, 2001). Therefore, poor quality complementary food is a major cause for the high incidence of child 

malnutrition, morbidity, and mortality in many developing countries (Krebs and Westcott 2002). To reduce 

these problems, low cost indigenous and unexploited legumes which can be processed and when properly 

complemented with commonly available carbohydrate sources will provide relatively affordable 

complementary foods that will help to alleviate protein-energy malnutrition and improve infants nutrition 

(Amankwah etal., 2009; Mbataet al., 2009; Muhimbula et al., 2011).In developing countries millet and 

groundnut cake flour if properly formulated complement breast milk as complementary foods, because a well 

formulated and high nutrient and microbiologically safe food is necessary if complementary foods or foods 

other than breast milk are to be given to infants. During the processing of groundnut cake flour, hot water was 

used for the extraction of oil before grinding to obtained flour, while at industrial level, hexane was used for 

the same purpose. These two methods have different impact on the quality of groundnut cake flour. There was 

a need to also evaluate the industrial method of using hexane extraction on the outcome of the complementary 

foods as well as 80:20 and 90:10 used in the other formulations. This is especially necessary for bulk or mass 

production. Therefore, the objectives were to produce flour from groundnut cake produced through hot water 

and hexane extraction, and formulate different blend with millet as complementary foods using pearl millet 

and groundnut cake flour (from Hot water and hexane fat extraction) in the ratios of 90:10, 80:20, 70:30, 

60:40, and 50:50. and to determine the proximate composition, functional properties and sensory qualities of 

the complementary foods.  

 

2. MATERIALS AND METHOD 

 

2.1 Source of Materials 

Pearl millet cultivars and groundnut were obtained from the Lake Chad Research Institute, Maiduguri. 

Chemicals and reagents used were of analytical grade and purchased from recognized distributors were not 

available in the laboratory of Department of Food Science and Technology, Faculty of Agriculture and 

Agricultural Technology, Kano University of Science and Technology, Wudil, Kano, Nigeria where most of 

the analyses took place.  

 

2.2 Preparations of pearl millet cultivars flours 

The pearl millet (SOSAT C-88) was processed into pearl millet flour. The millet was soaked in tap water for 

about ten minutes to remove the green colour. 

 

2.3 Preparation of groundnut cake flour 

Groundnut paste which was later converted to groundnut cake flour (kulli-kulli). Due to the possibility of 

industrial production of the groundnut cake flour, the solvent extracted groundnut cake flour. The groundnut 

was made into groundnut cake (locally referred to as Kuli-kuli) before being ground into groundnut cake flour 

as indicated in figure 2. In case of the solvent extracted groundnut flour, there was no need to grind or mill the 

groundnut paste after hexane was added. This is because the meal left was almost dry and had to be put in the 

oven for the flour to be obtained (fig 3). 

 

2.4 Experimental Design 

 A 5×2 factorial design was adopted to give a total of 10 experimental runs plus one control made of 100% 

Pearl millet (M)  
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2.5 Formulating the Complementary Food 

The processed pearl millet flour is mixed with either traditionally processed or solvent extracted. The 

groundnut cake flour in the ratio of 90:10, 80:20, 70:30, 60:40 and 50:50 (Table 1) 

 

Table 1: Complementary food formulations of flour blends from pearl millet and ground nut cake of hot 

water and hexane oil extractions 

 Formulations Millet  Solvent Extracted Hot Water Extracted 

 M 

MGhw 

MGhx 

MGhw 

MGhx 

MGhw 

MGhx 

MGhw 

MGhx 

MGhw 

MGhx 

100 

90 

90 

80 

80 

70 

70 

60 

60 

50 

50 

- 

- 

10 

- 

20 

- 

30 

- 

40 

- 

50 

- 

10 

- 

20 

- 

30 

- 

40 

- 

50 

- 

MGhw; Groundnut Hot Water Extraction, MGhx; Groundnut Hexane Extraction, M; Pearl millet 

 

2.6 Proximate Analysis of the Complementary Food Blends 

Proximate analysis of the formulated complementary foods in-terms of moisture, crude fat, crude protein, ash, 

crude fibre and carbohydrate were determined using the AOAC (1984)  

 

2.7 Moisture content 

Moisture was determined by direct oven method (AOAC, 1984). About 5g each of the ground sample was 

weighed with weighing balance and put into petri dishes of known weights. It was then oven dried at 105°c 

for 3hrs; the dried samples were cooled in a desiccator for an hour and weighed. The moisture content was 

calculated as follows; 

% moisture content (wb)=(W3-W2)100/W1   ……………… 1                                                    

 

Where W1 = weight of sample, W2 = weight of petri-dish plus dried sample and W3 = weight of petri-dish 

plus sample before oven drying. 

 

2.8 Crude Fat Determination (Soxhlet Method)  
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Crude fat was determined by gravimetric estimate of fat from a dry powdered solid after a continuous 

extraction with light organic solvent e.g. petroleum ether. This was done by the soxhlet extraction method 

(AOAC, 1984). Two grams (2g) of the ground sample was weighed and transferred into a fat extraction 

thimble and stuffs with cotton wool to prevent particles from escaping during extraction. The soxhlet 

apparatus was properly assembled and extraction was allowed to continue for 3 hr at boiling temperature of 

petroleum either, after which the petroleum ether was removed from the unit or dried in an oven at 100°c for 

1 hour. It was cooled in desicator for about 30minutes and weighed. The percentage fat was calculated as 

follows; 

% Crude fat=(W3-W2)100/W1   ……………… 2                                                    

 

Where w1 = weight of sample, w2 = weight of empty flask and w3 = weight of flask plus fat 

 

2.9 Crude protein determination 

About one gram (1g) of the ground samples was weighed and introduced into the digestion tube. One kjeldal 

digestion table was added to the sample, followed by twenty milliliters (20ml) of concentrated sulphuric acid. 

The digestion tube was mounted on a digestion block where they were heated at a temperature of 350°c for 

about 5hours until a clear digest is obtained. The digested sample were allowed to cool and made up to 100ml 

with distilled water and poured into collection bottles. Five milliliter (5ml) of the digested sample was 

pipetted into the distillated unit. 20ml of 40% sodium hydroxide solution was added and the system washed 

down with distilled water meanwhile 5ml of 4% boric acid was pipetted into a conical flask and three to four 

drops of borocresol green and methyl red mixed indicator was added. This solution was placed at the 

receiving end of the distillation units. Steam was generated from the boiling water contained in a flask heated 

with the aid of kerosene stove. This distillate was collected as much as 50 to 75 ml. All the nitrogen in the 

sample, presumably held as ammonia in the boric acid indicator solution was titrated with 0.01N HCL to give 

a light pink color end point. Percentage crude protein was calculated by multiplying the percentage of 

nitrogen with 6.25 a nitrogen to protein conversation factor. 

 

% crude protein =
𝑨×𝑪

𝑩×𝑫
 𝑿 

𝟏𝟎𝟎

𝟏𝟎𝟎𝟎
 𝑿 

𝟏

𝑬
×

𝟔.𝟐𝟓

𝟏
   ……………………… 3 

where A = volume of acid, B = volume of the sample (digest) taken for distillation, C = volume of sample 

made after digestion, D = weight of the sample used for digestion and E = acid value 

 

2.10 Ash content determination 

Ash Content was determined by weighing two grams (2g) of ground sample transferred into a muffle furnace 

preheated to 5500C in a crucible of known weight and was allowed to incinerate for 5 hrs known as ash. The 

percentage ash was calculated as follows: 

 

% ash = 
𝑾𝟑−𝑾𝟐 

𝑾𝟏 
 𝑿 𝟏𝟎𝟎  ……………………4 

where w1 = weight of sample, w2 = weight of empty crucible, w3 = weight of crucible plus ash 

 

2.11 Crude fibre 

Two grammes of each sample was defatted. The defatted samples were boiled individually in a 500 ml flask 

containing 200 ml 1.25% H2SO4 solution under rflux for 30 minutes. After 30 minutes elapsed, the samples 

were washed with several portions of hot boiling water with a twofold muslin cloth to trap the residual 
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particles. The residual particles were transferred to the flasks and 200 ml of 1.25% NaOH solution was added 

into each flask. The samples were boiled for 30 minutes and washed with hot water. They wrere transferred 

into a weighed and died in oven at 105℃ for 3 hours. The dried samples were then transferred into a 

dessicator and cooled for 20 minutes before weighing. After weighing the crucible dishes containing the 

samples were transferred into a muffle furnace set at 550℃for 2 hours until ashed. After ashing, the samples 

were cooled in a desiccator and weighed. The crude fibre content for each sample was calculated as follows: 

 

% 𝑪𝒓𝒖𝒅𝒆 𝒇𝒊𝒃𝒓𝒆 = (𝑾𝟐 − 𝑾𝟑)𝟏𝟎𝟎/𝑾𝟏   ……………… 5 

Where W2 = Weight of crucible + sample after washing and drying in the oven, W3 = Weight of crucible + 

Sample as ash and W1 = Weight of the original sample                                                   

 

2.12 Total carbohydrate 

Total carbohydrate was obtained by difference. The sum total of moisture, ash protein and tab in percentage 

substrate from one hundred gives the carbohydrate content of the sample. 

 

% 𝑪𝒂𝒓𝒃𝒐𝒉𝒚𝒅𝒓𝒂𝒕𝒆 = 𝟏𝟎𝟎 − 𝑷𝒆𝒓𝒄𝒆𝒏𝒕𝒂𝒈𝒆(𝑴𝒐𝒊𝒔𝒕𝒖𝒓𝒆 + 𝑪𝒓𝒖𝒅𝒆 𝑭𝒂𝒕 + 𝑪𝒓𝒖𝒅𝒆 𝑷𝒓𝒐𝒕𝒆𝒊𝒏 + 𝑨𝒔𝒉 + 𝑪𝒓𝒖𝒅𝒆 𝑭𝒊𝒃𝒆)   

…………………………………… 6 

Energy 

Energy was evaluated using an Atwater formula as follows; 

 

𝑬 = 𝑷 𝒙 𝟒 + 𝒄 𝒙 𝟒 + 𝑭 𝒙 𝟗 (
𝑲𝒄𝒂𝒍

𝟏𝟎𝟎
𝒈)   ……………… ……….  7 

 

Where, E energy value, P protein content, C carbohydrate content and F fat content.  

 

2.13 Functional Properties Determination 

2.13.1 Bulk density determination 

The method described by Onwuka (2005) was adopted. Ten (10ml) capacity graduated measuring cylinder 

was pre-weighted. The cylinder was filled gently with the sample. The cylinder was tapped gently several 

times on the laboratory bench until no further reduction of the sample level after filling to the 10ml mark. It 

was weighed, calculated as follows; 

 

𝐁𝐮𝐥𝐤 𝐃𝐞𝐧𝐬𝐢𝐭𝐲 (𝐠/𝐦𝐥) =
𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒔𝒂𝒎𝒑𝒍𝒆 (𝒈)

𝒗𝒐𝒍𝒖𝒎𝒆 𝒐𝒇 𝒔𝒂𝒎𝒑𝒍𝒆𝒔
…………………………. 8 

2.14 Determination of swelling power  

This was determined by the method described by Leach et al. (1959) with modification for small samples. 

One gram (1g) of the samples was mixed with 10ml distilled water in a centrifuge tube and heated at 80OCfor 

30mins with continuous shaking the tube during the heating period. After heating the suspension will be 

centrifuge at 1000 ×g for 15munites.  The supernatant was decanted and the weight of the paste will be taken. 

The swelling power was calculated 

 

𝐒𝐰𝐞𝐥𝐥𝐢𝐧𝐠 𝐩𝐨𝐰𝐞𝐫 =
𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒑𝒂𝒔𝒕𝒆 (𝒈)

𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒅𝒓𝒚 𝒇𝒍𝒐𝒖𝒓 (𝒈)
……………………….. 9 
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2.15 Determination of wettability of sample 

The method described by Onwuka (2005) was adopted.One gram (1g) of the  sample was added into a 25ml 

graduated cylinder, with a diameter of 1cm. invertedand clamp at a height of 10cm from the surface  of a 

600ml beaker containing 500ml of distilled water. Then removed and the time required for the sample to 

become completely wet was recorded as its wet ability. 

 

2.16 Measurement of dispersability     

The method described by Balami et al, (2004) was adopted.  Fifty milliliter (50 ml) of distilled   water was 

added to 3g of the sample and the mixture stirred for a minute at room temperature. The mixtures were 

filtered through dried cheese cloth of known weight then rinse in a beaker with 50 ml of distilled water and 

pour through the cheese cloth. The   sieve   and residue was dried in a hot air oven at 1000C for 10minutes. 

The dispersability was expressed as the percentage of the solids dissolved. 

 

2.17 Determination of Water Absorption Capacity 

Water absorption capacity was determined using the method described by Onwuka (2005). One gram (1g) of 

the sample was weighed in a graduated centrifuge tube. It was mixed thoroughly with 10 ml distilled water 

using a continous whirl mixer for 30seconds. The sample was allowed to stand for 30minutes at room 

temperature and then centrifuge at 5000 ×g for 30minutes. The volume of free water (supernatant) was read 

directly from the graduated centrifuged tube. 

 

𝑾𝑨𝑪 (%) =
{(𝑨𝒎𝒐𝒖𝒏𝒕 𝒐𝒇 𝒘𝒂𝒕𝒆𝒓 𝒂𝒅𝒅𝒆𝒅−𝑭𝒓𝒆𝒆 𝒘𝒂𝒕𝒆𝒓) 𝒙 𝒅𝒆𝒏𝒔𝒊𝒕𝒚 𝒐𝒇 𝒘𝒂𝒕𝒆𝒓 𝒙 𝟏𝟎𝟎}

𝑾𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒔𝒂𝒎𝒑𝒍𝒆
   ………………  10                                                   

2.18 Determination of viscosity  

Viscosity was determined using Haake Roto Visco RVI equipped with concentric cylinders and viscosity 

measurement made at 300C. The apparent viscosity of the feed was measured over a range of shear rates (s-1) 

and the relative viscosity of the solution at a given shear rate was calculated as shown below. (Attia et 

al.,1979). 

 

Relative viscosity (ŋr) =  
ŋ𝐠

ŋ𝐬
 ………………………………………… 11 

Where ŋg = apparent viscosity of solution, Ŋs = apparent viscosity of solvent  

 

2.19 Sensory Evaluation  

The sensory evaluation was conducted by a team of 15 panelists drawn from the Postnatal unit of the Aminu 

Kano Teaching Hospital. The samples were rated for taste, colour, texture and overall acceptability based on a 

nine-point Hedonic scale with 9 representing like extremely and 1 representing dislike extremely as described 

by Amerie et al., (1965).  

 

2.20 Statistical analysis  

Data generated was subjected to analysis of variance (Ihekoronye and Ngoddy 1985), and means and standard 

deviations were obtained with instant statistical software. 

 

3. RESULTS AND DISCUSSION 

 

3.1 Proximate Composition of the Complementary Foods 
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Table 2 shows the proximate compositions of the complementary foods. Moisture content ranged from 6.21 to 

12.16%, the Protein from 9.37 to 19.14%, fat content from 3.18 to 9.02%, crude fibre ranged from 2.19 to 

2.70%, ash from 1.00 to 2.35%, carbohydrate from 62.85 to 74.28% and the energy value ranged from 363.22 

to 409.14Kcal. This showed that there was a significant difference (p<0.05) within the formulations. Protein 

is an essential component of diet needed for survival of animals and human beings, its basic function in 

nutrition is to supply adequate amount of required amino acids. The RDA for infants between 0-6 months is 

9.1g/day of protein while RDA for older infants 7-12 months is 11g/day of protein (Food and Nutrition 

Board, 2005). The protein content of the formulated complementary blends ranged from 9.37 to 19.14%. This 

is line with the Indian Council of Medical Research (1981) recommendation. That the optimal protein 

requirement for weaning infants be 7.1% of the total mixed diet. All the formulations also seem to be able 

provide optimum protein levels as in RDA for protein of 10 to 12% recommended by WHO (1985). The 

protein content of the complementary foods with 50% legumes substitution of millet had more than 15% 

protein as compared to a commercially available complementary food. A higher amount of fat was attributed 

to sample Ghw 50/50 (Groundnut hot water extraction) of millet flour mixed with groundnut cake flour that 

was extracted with hot water.This is in line with FAO/WHO Food Standard Programme codex Alimentarius 

Commission (2004) suggests that vegetables oils should be included in the food meant for infant and children 

(Mariam, S., (2005). The carbohydrate content (by difference) of the samples principally differs from one 

another. Higher amount of fat content was attributed to MGhw 50/50 (Groundnut hot water extraction), which 

shows that there was a significant difference (p<0.05) between the samples. Formulation 50/50 MGhw and 

MGhx had the best result. The moisture content of foods gives an indication of its freshness and shelf life, and 

high moisture content subjects food items to increased microbial spoilage and short shelf life which can lead 

to its deterioration (Adepoju and Onasanya 2008). 

 

3.2 Functional Properties of the Complementary Foods 

 Functional properties of the blends are shown in Table 3. The swelling power ranged from 4.87 to 7.13%, 

Dispersability 47.50 to 60.00%, Water absorption capacity ranged from 3.15 to 4.75%, Viscosity from 84.63 

to 187.56m2/s, Bulk density from 0.53 to 0.77to 0.08 g/m3, Wettabilty ranged from 126.75 to 68.00%. 

Formulations MGhx and MGhw showed a significant difference (p>0.05) in swelling power. Suresh (2013) 

reported that swelling capacity of flours depend on the variety and particle size of the flour. According to 

WHO (2003), appropriate complementary diet is one which produced a gruel or porridge that is neither too 

thick (when it is too thick, it will be difficult for the infant to digest because of limited gastric capacity). The 

dispersibility of a mix in water indicates its reconstitution. The higher the dispersibility the better and more 

preferred. 

  

Table 2 Effect of ground nut cake flours supplementation on the Proximate Composition of the Pearl millet 

based Complementary Food formulations 

 Formulation Moisture(%) Protein(%) Fats(%) Fibre(%) Ash(%) Carbohydrate       

(%) 

Energy 

(Kcal) 

          M 100 12.16±0.08a 9.37±0.63k 3.18±0.02k 2.19±0.03i 1.00±0.10i 74.28±0.43 a 363.22±0.12 

 MGhw 90:10 11.86±0.10b 11.88±0.00i 3.93±0.04g 2.24±0.00h 1.13±0.00j 71.20±0.14c 367.64±0.11 

 MGhx 90:10 11.47±0.07c 11.41±0.47j 3.36±0.03j 2.54±0.10f 1.39±0.01i 72.37±0.44b 365.36±0.05 

 MGhw 80:20 11.01±0.11d 14.94±0.69g 5.51±0.07d 2.47±0.01d 1.43±0.01h 67.47±0.64h 379.23±0.01 
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Values are mean of three replicates ± Standard Deviation, number in the same column followed by the same 

letter are not significantly different at p>0.05. Key; M = Pearl millet, MGhw = Groundnut hot water 

extraction, MGhx = Groundnut hexane extraction. Higher water absorption capacity is attributed to high 

amount of starch and fiber in the complementary food. Formulation MGhx had the highest water absorption 

capacity with a value of 4.75%. According to Singh (2001), water absorption capacity is the ability of a 

product to associate with water under a condition where water is limited. The significance of a lower water 

absorption capacity in complementary diet is due to an increased in fat content in the food. The binding 

capacity which is desirable to making thick gruels with high caloric density per unit volume. This is in 

agreement with the findings of Elkahalita et al. (2005). The viscous foods have desirable characteristics in 

weaning foods known to facilitate chewing and swallowing (Waterlow and Payne, 1975). In addition, 

weaning foods must have an easy to swallow, since liquid consistency 1000 to 3000 Centipoise (Nout, 1990). 

The food which is of less density required limited space or area which was attributed to the control and 

formulations MGhw and MGhx when compared with all the sample tested for the analysis respectively. 

 

3.3 Sensory Quality of Complementary Food 

The sensory attributes of the complementary formulae produced are shown in Table 4. The aroma ranged 

from 5.30 to 8.85, colour from 5.50 to 7.00, and taste from 5.08 to 7.50, Texture from 5.07 to 6.60 and the 

overall acceptability ranged from 5.80 to 7.00. From the results it showed that there was a significant 

difference (p<0.05) in aroma. In terms of colour no significant different between formulations Mhx 50:50 and 

Mhw 50:50. In terms of taste and texture significant difference (p<0.05) existed within the formulations. The 

mean comparison scores of different attributes like colour, texture, aroma and overall acceptability were 

significant. It was found that based on the overall acceptability that formulations Mhx 60:40, MLEG 60:40 

and Mhw 50:50 were overall accepted followed by Mhx 70:30 and Mhw 50: 50.all samples were accepted. 

This also showed that both the two method of extraction hot water and hexane shows a significant difference 

across the formulations based on the sensory attributes such as colour, aroma, taste, texture and overall 

acceptability. 

  

TABLE 3. Effect of ground nut cake flours supplementation on the Functional Properties of Pearl millet 

based Complementary Food formulations 

 MGhx 80:20 10.87±0.03e 13.69±0.56h 3.45±0.51i 2.55±0.05e 1.55±0.00g 70.45±0.51e 367.61±0.01 

 MGhw 70:30 9.06±0.02f 15.94±0.03e 6.24±0.16c 2.49±0.01g 1.72±0.04e 67.01±0.43i 387.96±0.01 

 MGhx 70:30 8.68±0.03g 15.63±0.00f 3.59±0.02h 2.58±0.04d 

 
1.70±0.00f 70.40±0.01f 376.43±2.12 

 MGhw 60:40 7.67±0.03h 16.87±0.62c 7.65±0.03 b 2.62±0.04c 1.79±0.02d 66.01±0.62j 400.37±0.31 

 MGhx 60:40 7.02±0.02i 16.25±0.00d 4.06±0.10f 2.64±0.04b 1.98±0.00c 70.69±0.13d 384.3±0.02 

 MGhw 50:50 6.89±0.09j 19.14±0.55a 9.02±0.06a 2.70±0.00a 2.12±0.10b 62.85±0.30k 409.14±0.13 

 MGhx 50:50 6.21±0.20k 18.04±0.55b 4.46±0.02e 2.70±0.22a 2.35±0.10 a 68.98±0..23g 388.22±0.22 

          

Formulation Swelling 

power (%) 

Dispersibility 

(%) 
WAC (%) Viscosity 

(m2/s) 

Bulk density 

(g/m3) 

Wettability 

(%) 

  

M 100 7.13±0.00 a 60.00±0.00 a 4.75±0.50a 187.56±0.69 a 0.08±0.00j 68.00±2.00j   

https://www.sdippress.com/categories/AJMPR


ISSN: 2232-8232 

Volume 02, Issue 06, June, 2020 

 
 

 

 

 

199 

 

Values are mean of three replicates ± Standard Deviation, number in the same column followed by the same 

letter are not significantly different at p>0.05. Key; M = Millet, MGhw = Groundnut hot water extraction, 

MGhx = Groundnut hexane extraction.  

 

Table 4. Effect of ground nut cake flours supplementation on the sensory quality of Pearl millet based 

Complementary Food formulations 

Formulations Aroma Color Taste Texture Acceptability Acceptability 

Rate (%) 

M 100 5.56±1.02d 5.50±1.00g 5.50±1.00d 5.30±1.60f 5.50±1.00 g 61.1 

MGhw 90:10 5.45±1.61e 6.90±1.03b 5.30±1.42e 5.45±0.90e 6.00±1.00e 66.6 

MGhx 90:10 6.15±1.61b 5.56±1,61g 5.15±1.12f 5.30±1.23f 6.10±1.01es 67.0 

MGhw 80:20 5.80±1.32c 5.65±1.24f 5.55±1.54d 5.35+1.62f 6.30+1.12d 70.0 

MGhx 80:20 5.60±1.50d 5.90±1.52e 5.09±1.42g 5.40+1.23e 5.80+1.32 f 64.4 

MGhw 70:30 5.30±1.20g 5.50±1.24g 5.08±1.57g 5.07±1.49g 6.30±1.12d 70.0 

MGhx 70:30 5.30±0.94g 6.15±1.70d 5.09±0.95g 6.00±1.50c 6.50±1.24c 72.2 

MGhw 60:40 8.85±1.31a 6.20±1.46c 6.35±1.57b 6.60±1.68 a 6.95±1.08b 77.2 

MGhx 60:40 5.35±1.57f 6.20±1.46c 7.50±1.32 a 6.20±1.42b 6.95±0.88b 77.2 

MGhw 50:50 5.35±1.10f 7.00±1.05a 6.00±0.94c 5.80±0.80d 7.00±1.07a 77.7 

MGhx 50:50 6.00±1.79 b 7.00±1.43a 7.50±1.39 a 6.30±1.61ab 6.45±1.24 b 71.6 

 

Values are mean of three replicates ± Standard Deviation, number in the same column followed by the same 

letter are not significantly different at p>0.05. Key; M = Millet, MGhw = Groundnut hot water extraction, 

MGhx = Groundnut hexane extraction. 

 

4. CONCLUSION 

Complementary food formulation of 60:40 and 50:50 hexane extracted were the best formulations in terms of 

acceptability. It contains relatively low amount of moisture and high amount of protein and crude fiber when 

compared with the local extracted. Lower bacterial count and no detection of E. coli in the complementary 

MGhw 90:10 6.41±0.01c 58.00±0.00 c 4.45±0.50b 169.12±0.91c 0.77±0.00a 76.50±0.50i   

MGhx 90:10 6.54±0.01b 59.00±0.00 b 4.30±0.10c 171.23±0.71b 0.76±0.00b 81.50±0.50h   

MGhw 80:20 6.02±0.07e 57.70±0.50d 4.00±0.00d 153.61±0.62e 0.75±0.00c 89.00±1.00g   

MGhx 80:20 6.16±0.12d 58.00±0.00 c 3.85±0.50e 157.91±0.80d 0.74±0.00d 89.50±0.50g   

MGhw 70:30 5.84±0.12f 55.50±0.50 f 3.80±0.00f 130.89±1.78g 0.73±0.00e 95.50±0.50f   

MGhx 70:30 6.05±0.01e 56.00±0.00 e 3.65±0.05g 139.20±1.04f 0.72±0.00f 102.00±1.00e   

MGhw 60:40 5.31±0.06i 52.50±0.50 h 3.55±0.05h 109.59±1.07i 0.71±0.00g 106.00±1.00d   

MGhx 60:40 5.70±0.01g 53.00±0.00 g 3.40±0.00i 116.67±1.77h 0.71±0.00g 112.00±1.00c   

MGhw 50:50 4.87±0.04j 47.50±0.50 j 3.30±0.00j 84.63±1.64k 0.69±0.00h 120.00±1.00b   

MGhx 50:50 5.60±0.00h 50.00±0.00 i 3.15±0.50k 95.65±2.17j 0.68±0.00i 126.50±1.50a   
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food render the food safe for consumption. Wholesome product of good quality was produced based on the 

acceptability of the complementary food. Lower level of aflatoxin shows that the complementary food is good 

for the infant children. 

 

5. REFERENCES 

[1] A O a C (1984). Official Method of Analysis. Association of Analytical Chemists Washington D.C.14 

Edition 

 

[2] Adelekan, D A (2003). Childhood Nutrition and Malnutrition in Nigeria. Journal of Nutrition, 19. (2): 

pp179-181 

 

[3] Ali, H, and Chibuzo, E, C, (1991). Processing and Evaluation of Traditional Nigerian Weaning Food. Bsc. 

Project, Department of Food Science and Technology, University of Maiduguri. pp 65 

 

[4] Agostoni,C, Marangoni, F, Stival, G, Gatelli, I, Pinto, F, and Rise,P, (2008). Whole Bloob Fatty Acid 

Composition differs in term vs. Mildly Preterm Infants; Small versus matched Appropriate for Gestational 

Age. Journal of Pediatric Gastroenterology and nutrition. Res. 64: pp298-302 

 

[5] Agu, V. C (1976). Feeding and Weaning Practices in Enugu, Urban and Rural. Bachelor of Science 

Thesis. University of Nigeria, Nsukka. In: Onifiok, N. and Nnanyelugo, D. O. (1992). Nsukka, Nigeria. 

Occational Paper. Nsukka: Department of Home Science and Nutrition, University of Nigeria. p34 

 

[6] Ahmed, S, Gupta, D,and Srivastava, A..K, (2013). Studies on Development, Quality Evaluation and 

Storage Stability of Weaning Food Prepared from Multipurpose Flour, Papaya Powder, and Milk Powder. 

Journal of Food Process. Technol 4: pp201:10 

 

[7] Amankwah, E. A., Barimah, j. Acheampong, Addai L.O. and Nnaji, C.O. (2009).  Effect of Fermentation 

and Malting on the Viscosity of Maize Soyabean weaning blends, Pak. Journal of nutrition 8: pp1671-1675 

 

[8] American Academy of Pediatrics A.A.P. (1997). Breast Feeding and the use of Human Milk. Pediatrics, 

100: pp 1035-1039 

 

[9] Bicar, E. H., Woodman-clikeman, W., Sangtong, V., Peterson, J. M., Yang, S. S., Lee, M. and Scott, M. P. 

(2008). Trangenic Maize Endosperm Containing a Milk Protein Has Improved Amino Acid Balance, 

Transgenic Research. 17: pp59–71 

 

[10] Cherian, A. (1981). Attitudes and Practices of Infant Feeding in Zaria. Ecology. Food Nutrition, 11: 

pp75-80 

 

[11] Chibuzo, E.C, Sangur, D. Attinkson, A. and Oguntona T. (1991) Infant Feeding Practice and Nutrition in 

Maiduguri, Borno State of NigeriaJournal of Nutrition and Science. 12(1) 

 

[12] Chibuzo, E.C, and Ali, H. (1994-1995). Sensory and Physio-chemical Evaluation of Millet-Groundnut 

Blend, as a Weaning Food. Annals of Borno, 11/12: pp181-19  

 

https://www.sdippress.com/categories/AJMPR


ISSN: 2232-8232 

Volume 02, Issue 06, June, 2020 

 
 

 

 

 

201 

[13] Collins, C. H. and Lyne, P. M, (1970). Microbiological Methods Laboratory Technique, University Park 

Press, Baltimorep23 

 

[14] Codex Standard for Processed Cereal- Based Foods for Infants and Children. Codex Standard 74-1981 

(Commanded 1985, 1987,1989,1991) Codex Alimentarius vol.4, 1994 

 

[15] Cowan, S.T, and Steel, K, Y. (1961). Diagonostic Table for the Common Medical Bacteria. Journal of 

Hygiene, 59: pp357-365. 

 

[16] Dewey, K. G, and Brown, K.H. (2003). Update on Technical Issues Concerning Complementary Feeding 

Food NutriBullet, pp24:5-9 

 

[17] Elkalita, E. Goodman, H. and Beck, C. (2005) a Comprehensive Evaluation of Water Uptake on 

Atmospherically Relevant Mineral Surfaces. 

 

[18] Faletto, M. B, Kose P. L, Battula N. Townsend G. K, Maccubin, A. E, Gelboin, H.V. and Gurtoo, H. L, 

(1999). Cytochrome P3-450 cDNA Encodes Aflatoxin B1-4-hydroxylase. Journal of Biological 

Chemistry.263(25): pp12187-12189. 

 

[19] Fischer W, C.L; Ezzati, M.; BLACK, R.E. (2009). Global and Regional Child Mortality and Burden of 

Disease attributable to Zinc Deficiency. Eur. J. Clin. Nutr. 63; pp591-597. 

 

[20] FAO/WHO/UNICEF (1971). Protein-rich Mixtures for Complementary Foods. Protein Advisory Group 

of the United Nations PAG guidelines no. 8 New York. 

  

[21] Food and Nutrition Board (2005). Institute of Medicine, Dietary Reference. Intakes for Energy, 

Carbohydrates, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids (Macronutrients). National 

Academic Press, Washington D.C.  

 

[22] Gilman, J. C, (1957). A Manual of Soil Fungi, 2nd edition. The Iowa State University Press, Ames. P23 

 

[23] Guthrie, A.A (1983). Introductory Nutrition, 7th ed. Times Mirror/Mosby College Publishing, St Louis, 

Mo p37 

 

[24] HarriganWF, ME (1976). Laborotory Methods in Food and Diary Microbiology. Academic press, 

london. P80 

 

[25] Iroegbu, CU, Ene –Obong, HN, Uwaegbuta, AC, Amazigo, UV (2001). Bacteriological Quality of 

Weaning Foods and Drinking Water Given to Children of Market Women in Nigeria; Implications for 

Control of Diarrhea. J.Health Popul Nutr 18: PP 157-162  

 

[26] Jelliffe, D.B, and Jelliffe E.F.P (1978). The Olume and Composition of Human Milk in Poorly Nourished 

Communities, a review. Am. J. Clin. Nutri:  vol 31 no 3. PP 497-515  

 

[27] Kamchan, A, Puwastien,P, Sirichakwal,P,P, and Kongkachuichai,R, (2004). Invitro Calcium 



Ali, et.al, 2020 AJMPR 

 

 
 

 

 

 

202 

Bioavailability of Vege Tables, Legumes and Seeds J. Food comp. anal. 17:311-320 

 

[28] Kaur M, Singh N (2006). Relationships between Selected Properties of Seeds, Flours, and Starches from 

Different Chickpea Cultivars. Int. J. Food Prop. 9:597-608. 

 

[29] Kazimi, H.R (1979) Infant feeding Practices of the Igbo. Ecology Food Nutrition. 8: 111-116 

 

[30] Kikafunda, J. K, Walter, A. F and Tumwine J. K (2003). Weaning Foods and Practices in Central 

Uganda: A Cross - Sectional Study. African Journal of Food, Agricultural Nutritional and Developments, 

3(2). (ISSN PP 1684-5378) 

 

[31] King, J, and Ashworth, A (1987). Changes in Infant Feeding Practices in Nigeria.: A Historical Review. 

Occasional Paper no. 9, London Center for Human Nutrition, London School of Hygine and Tropical 

Medicine. P12 

 

[32] Kinsella, J, E. (1976). Functional Properties of Protein in Food- A Survey. Crit. Rev. Food Sci. Nutr. 

5:219. 

 

[33] Krebs, N. F. and Westcott, J. (2002) Zinc and Breastfed Infants; if and when there is a Risk of 

Deficiency? Adv. Exp. Med. Boil. 503: 69-75 

 

[34] LLLI, (2002). Properties of a Complementary Food Based on Amaranth Grain (Amaranthus Cruentus) 

Grown in Kenya. J. Agric. Food Tech, 1 (9) pp 153-178. 

 

[35] Laszity, R (1991). Microorganisms Important in Food.Food Quality and Standard Vol 111. Department 

of Biochemistry and Food Technology. Budapest University of Technology and Economics Budapest, 

Hungary. 

 

[36] Liu I, Johnson LH, Cousens S, Perin J, Scott S, Lawan EJ, Rudan I, Campbell H, Cibulskis, Li M, 

Mathers C and Black ER (2010). Global, Regional and National Causes of Child Mortality.The Lancet Vol. 

375(9730): pp1939-2050. 

 

[37] Mattil KF (1971). The Functional Requirement of Protein in Foods. J. Am. Oil Chem. Soc. 48: 

pp477.Vigna Subterranean L.) Afri. J.  Food Sci. 3: pp107- 112. 

 

[38] Millard, F.J.C (1976). The infant food industry Lancet 2: pp1018 – 1020. 

 

[39] Morley, D; Bricknell, H; Woodland, M (1968). Factors Influencing the Growth and Nutritional 

Status of Infants and Young Children in a Nigerian Village. Trns R SCO Trop med Hyg 62 (2): pp164-169 

 

[40] Muhimbula, H S, Abdulsudi, Issa- Zakaria and Kinabo, J (2011). Formulation and Sensory Evaluation of 

Complementary Foods from local cheap and readily available cereals and legumes in Iringa, Tanzania. 

African Journal of Food Science, 5(1): pp 26-31. 

 

[41] Muhimbula, H.S. Issa- Zacharia A, and Kinabo, J. 2011. Formulation and Sensory Evaluation of 

Complementary Foods from Local, Cheap and Ready Available Cereals and Legumes in Iringa, Tanzania, afri. J. food 

https://www.sdippress.com/categories/AJMPR


ISSN: 2232-8232 

Volume 02, Issue 06, June, 2020 

 
 

 

 

 

203 

sci. 51: pp26-31 NAFDAC, 2010. Guidelines on aflatoxin in peanut.  

 

[42] Naismith, D. J. (1973). Kwashiorkor in Western Nigeria: a study of traditional weaning foods with particular 

reference to energy and linoleic acid.British Journal of Nutrition, 80:567-576. 

 

[43] Onuma O. B and Nwosu, V. (1997). Research Proposal: Development of Appropraite Technology for New and 

Improved Weaning Foods and Aflatoxin detoxification in peanuts. Alabama A.M University, Department of Food 

science. 

 

[44] Osuhor, P.C (1980). Weaning Practices among the Hausas. Journal of human Nutrition, 34: pp373-380 

 

[45] Onwuka, G I (2005) Food Analysis and Instrumentation Theory and Practice. Science and Education. An open 

Access and Academic publisher. Naphathali prints, Nigeria 95-96 

 

[46] Roberts, D and Green, M. (2003). Practical Food Microbiology. third edition. Black well publishing ltd. 

 

[47] Ruowei, L. Z., Ali M., Lawrence, Barker., and Laurence G, S. (2003). The Prevalence of Breast Feeding in the 

United States.  Pediatrics Journal vol 111: pp1198-1201 

 

[48] Siddiq, M., Nasir. M. Rav,i R. Dolan, K, D, and Butt, M,S. (2009). Effect of Defatted Maize Germ Addition on the 

Functional and Textural Properties of Wheat Flour. Int. J. Food Prop. pp12:860-870. 

 

[49] Suresh, C. S. (2013), Assessment of Functional Properties of different Flours, African Journal of Agricultural 

research. Vol. 8(38) pp4849-4852 

 

[50] Tarladgis, B.G., Pearson, A. M and Duncan, L.R (1964). Chemistry of 2 Thiobarbuturic Acid for Determination of 

Oxidative Rancidity in Foods.J Science Food Agric. 15: pp602-607. UNICEF (1998). The State of the World’s Children. 

Food, Health and Care; UNICEF updated edition, New York.  

 

[51] Wagacha J.M (2008). Mycotoxins Problem in Africa: Current Status, Implications to Food Safety, Health and 

Possible Management Strategies. Vol 124, Issue1; pp1-12. 

 

[52] W.H.O (2001) a. Global Strategy for Infant and Young Child Feeding. Geneva: World Health. Organisation: pp1-5. 

 

[53] W.H.O, (2001) b Complementary Feeding Report of the Global Consultation, and Summary of Guiding Principles 

for Complementary Feeding of the Breastfed Child. Convened Jointly by the Department of Child and Adolescent Heath 

and Development, who Library Cataloguing in Publication Data.Geneva.p. 34 

 

[54] W.H.O, (2002). Nutrient Adequacy of Exclusive Breastfeeding for the Term Infant During the First Six Months of 

Life. Advocates for Exclusive Breastfeeding. 

 

[55] Wu, F (2012). Mycotoxins.Global Impacts of Aflatoxin in Maize. Animal Health, and Economic Impacts in the 

Present and future. In: World Nutrition Forum: The future of Animal Nutrition, EM. Binder, Ed.  Nottingham 

University Press, Nottingham, England. pp134 

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 


