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ABSTRACT: The effect of groundnut cake flour supplementation on the amino acid, mineral, and vitamin A contents of 

pearl millet-based complementary food was investigated in this study. Groundnut cake and pearl millet flours were 

made from different oil extraction methods (hot water and hexane). The groundnut cake flours were sieved and mixed 

with the pearl millet flour in the following proportions: 90:10, 80:20, 70:30, 60:40, and 50:50. The contents of amino 

acids, minerals, and vitamin A were determined. The obtained data were statistically analyzed using analysis of 

variance, and where differences were found, the means were separated using the Duncan Multiple Range Test. The 

amount of essential amino acid (histidine) responsible for infant growth was higher in pearl millet-based 
complementary foods supplemented with groundnut cake flour extracted with hexane oil than in hot water oil 

extraction. As the level of substitution increased, formulations containing groundnut cake from oil extracted with hot 

water showed a high level of vitamin A and an increase in Ca, Magnesium, Zinc, Potassium and Iron.. The nutritional 

value of pearl millet was increased by the addition of groundnut flour. 
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INTRODUCTION 
 
In recent years, there has been steady progress in the 
quest to replace expensive complementary food 
produced with sophisticated technology with those 
produced with low-cost technology and readily available 
cheap raw materials. To avoid ambiguity, the term 
complementary food can be defined as either solid or 
liquid substances containing nutrients other than breast 
milk that is given to young children/infants aged 6 to 24 
months during the complementary feeding period (PAHO, 
2003). 

As a result, complementary food has become 
necessary because an infant's growth in the first two 
years is extremely rapid, and breastfeeding alone cannot  

 
 
 
 

meet the child's nutritional needs. According to Agostoni 
et al. (2008) and Kamchan et al. (2004), the ability of 
breast milk to meet the requirements for macronutrients 
and micronutrients becomes limited as infants' ages 
increase. 

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 the 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), hence many families depend on inadequately 
processed and low quality traditional complementary foods  
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for baby feeding. That is why protein-energy malnutrition 
is a major infant problem in developing countries (PAHO, 
2003). 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 et al., 2009; Mbata et al., 2009; Muhimbula 
et al., 2011; Fikiru et al., 2017). In developing countries 
millet and groundnut cake flour if properly formulated 
complement breast milk as complementary foods, 
because a well-formulated and high nutrient 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 the industrial level; hexane could be used for the 
same purpose. These two methods have a different 
impact on the quality of groundnut cake flour. There was 
a need to also evaluate the industrial method of using 
hexane oil. Extraction on the outcome of complementary 
foods, as well as the 80:20 and 90:10 ratios used in the 
other formulations. This is especially necessary for bulk 
or mass production. Ali et al. (2020) reported the effect of 
groundnut cake flours supplementation on proximate 
composition, functional and sensory properties of pearl 
millet flour-based complementary food but its effects on 
amino acid, mineral, and vitamin A content contents yet 
to be reported. The importance of amino acids, minerals, 
and vitamin A contents cannot be over-emphasized.  
Therefore, the objectives of the study 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 determine the amino acid profile, minerals and 
vitamin A contents 
 
MATERIALS AND METHODS 
 
The materials used in the formulation of the 
complementary food were pearl millet and groundnut 
cake both obtained from the Lake Chad Research 
Institute, Maiduguri. The formulations and analysis were 
conducted at the University of Science and Technology 
Wudil, Kano State.  
 
Preparation of samples 
 
The pearl millet (SOSAT C-88) and groundnut (Arachis 
hypogoea) “yardakar”  were  processed  into  pearl  millet 
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flour and groundnut cake flour. Due to the possibility of 
industrial production of the groundnut cake flour, the 
solvent extracted groundnut cake flour was obtained. 
Pearl millet (SOSAT C-88) and groundnut (Arachis 
hypogoea) “yardakar” used in the formulation of the 
complementary food blends were processed. The pearl 
millet was soaked in tap water for about ten minutes to 
remove the green colour. The groundnut was made into 
groundnut cake (locally referred to as Kuli-kuli) before 
being ground into groundnut cake flour 
 
 
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). 
 
 
Complementary food formulations  
 
The processed 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). 
 
 
Amino acid determination 
 
The amino acid profile of the complementary food was 
determined as described by Benitez (1989). Each sample 
was dried to constant weight, defatted, hydrolyzed, 
evaporated in a rotary evaporator, and loaded into an 
automated Applied Biosystems PTH Amino Acid 
Analyzer. The steps are described as following. 
 
 
De-fatting of sample 
 
The sample was defatted using a chloroform/methanol 
mixture of ratio 2:1. About 4g of the sample was put in an 
extraction thimble and extracted for 15 hours in the 
soxhlet extraction apparatus (AOAC, 2006).   
 
 
Hydrolysis of the sample 
 
A known weight of the defatted sample was weighed into 
a glass ampoule.  7ml of 6M HCL, was added and 
oxygen was expelled by passing nitrogen into the 
ampoule (this is to avoid possible oxidation of some 
amino acids during hydrolysis e.g methionine and 
cystine).   

The glass ampoule was then sealed with Bunsen 
burner flame and put in an oven preset at 105°C± 5°C for 
22 hours.  The ampoule was allowed to cool before 
breaking it open at the tip and the content was filtered to 
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Table 1: Complementary food formulations of pearl millet-ground nut cake flour blends. 
 

Formulations Millet Solvent Extracted Hot Water Extracted 
M 100 - - 
MGhw 90 - 10 
MGhx 90 10 - 
MGhw 80 - 20 
MGhx 80 20 - 
MGhw 70 - 30 
MGhx 70 30 - 
MGhw 60 - 40 
MGhx 60 40 - 
MGhw 50 - 50 
MGhx 50 50 - 
 
MGhw ; Groundnut Hot Water Extraction,  MGhx ; Groundnut Hexane Extraction, M; Millet. 

 
 
remove organic compounds that are insoluble in water. 
The filtrate was then evaporated to dryness using a rotary 
evaporator.  The residue was dissolved with 5 ml to 
acetate buffer (pH 2.0) and stored in plastic specimen 
bottles, which were kept in the freezer. 
 
 
Chromatographic analysis of the sample 
 
The chromatograph features the (type of column, 
temperature, flow-rate, internal standard), etc. for amino 
acid determination; 60µL of each Hydrolysate was 
dispensed into the cartridge of the analyzer. The analyzer 
is designed to separate and analyze free acidic, neutral, 
and basic amino acids of the Hydrolysate. An integrator is 
attached to the Analyzer to calculate the peak area 
proportional to the concentration of each of the amino 
acids.   
 
 
Mineral analysis 
 
The mineral content of complementary food produced 
from the several formulations was determined according 
to the method described by AOAC (2000).  Five grams 
each of the complementary formulations were weighed 
into a crucible dish and placed in a muffle furnace and 
ashed for 2 hours at a temperature of 500°C. To the 
ashed sample 10cm

3
 of 6M Nitric acid (HNO3) was added 

and agitated until a uniform solution is obtained. It was 
filtered into a 50cm

3 
sample bottle. To the filtrate, distilled 

water was added until it was filled up to the 50cm
3 

level.  
A blank sample was prepared involving 10cm

3
 6M Nitric 

acid. Solutions were analyzed with Atomic Absorption 
Spectrophotometer (AAS). A blank and the standard 
were first aspirated and the absorbance reading was 
recorded. Average absorbance reading of both standard 
and samples were corrected using blank reading, and a 
similar procedure was repeated for different lamps and 
samples. A calibration curve was plotted for the standard 

of each metal with the absorbance versus concentration. 
By interpolation, the concentration of metals in part per 
million (ppm) was determined in the calibration graphs. 
 
 
Vitamin a determination 
 
Vitamin A was determined as described by AOAC (1990). 
Conical flasks containing 100 ml of 95% ethanol mixed 
with 10 g complementary food formulations were placed 
in a thermostatic water bath at a temperature of 70 to 
80°C for 30 minutes with periodic shaking. The yellow 
extract was decanted and allowed to cool and volume 
was recorded as the initial volume. Ethanol extract with 
30 ml of petroleum ether was shaken in a separator 
funnel. The funnel was swirled to obtain a homogeneous 
mixture and then allowed to stand until a separate layer 
was obtained. The bottom layer was run off into a beaker 
and the top layer was collected in a conical flask. The 
bottom layer was returned into the funnel and re-
extracted with 20ml of petroleum ether. The step above 
was repeated using 10 ml petroleum ether and the 3 
extracts were combined and the volume measured with a 
measuring cylinder. The absorbance of the extract was 
measured using UV Spectrophotometer at a wavelength 
of 420nm. The UV Spectrophotometer was calibrated 
using a cuvette containing petroleum ether (blank). The 
reading was taken only when the figure became stable. 
The process was repeated 4-6 times for each sample and 
average values were recorded. β- carotene concentration 
was calculated through Bears- Lambert Law as follows:  
 
A = ECL ………………………………………. 1 
 
Where A = Absorbance, E of β- Carotene = 1.25 x 10

4
 

g/L/cm (i.e. extinction co-efficient), C = Average 
concentration of the pigment, L = Path length. 
The β-Carotene obtained was converted to vitamin A 
(retinol) as follows: 
6µg/l of β-Carotene = 1µg/l of retinol ……………. 2 
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Table 2: Essential amino acids of pearl millet-groundnut cake  flour complementary food. 
  

SN SAMPLE 
CODE 

Isoleucine 
(mg/gN) 

Leucine 
(mg/gN) 

Phenyneala
nine 

Methionine 
(mg/gN) 

Trytophan 
(mg/gN) 

Lysine 
(mg/gN) 

Valine 
(mg/gN) 

Threnionine 
(mg/gN) 

Histidine 
(mg/gN) 

M. 100 3.00+0.03
j
 5.09+0.03

j
 3.34+0.05

h
 1.62+0.01

h
 1.30+0.00

h
 3.13+0.01

i
 3.05+1.00

j
 2.05+0.03

k
 2.10+0.06

g
 

MGhw 90:10 2.78+0.00
k
 4.94+0.02

k
 3.50+0.01

g
 1.27+0.00

k
 1.15+0.10

J
 3.01+0.00

j
 3.10+0.00

i
 2.07+0.00

j
 1.81+0.10

k
 

MGhx 90:10 3.22+0.10
h
 6.90+0.01

g
 3.51+.010

f
 2.00+0.10

f
 1.20+0.01

i
 3.61+1.00

d
 3.81+0.010

g
 2.46+0.30

h
 2.01+1.00

i
 

MGhw 80:20 3.02+0.01
i
 5.15+1.00

i
 4.03+1.00

e
 1.31+0.05

j
 3.15+1.00

b
 3.13+0.10

i
 3.67+0.00

h
 2.27+0.06

i
 2.00+0.01

j
 

MGhx 80:20 4.57+0.02
a
 9.92+0.02

a
 4.89+0.01

i
 2.49+0.00

a
 4.49+0.03

a
 5.15+0.30

a
 5.29+0.02

a
 3.16+1.00

b
 2.60+1.00

c
 

MGhw 70:30 3.32+1.00
g
 6.81+1.00

h
 4.74+0.00

d
 1.57+1.00

i
 1.53+1.00

g
 3.22+2.00

h
 3.93+0.30

f
 2.98+0.10

d
 2.03+0.20

h
 

MGhx 70:30 4.17+s0.10
c
 8.68+0.06

b
 4.76+0.00

c
 2.26+0.06

c
 1.59+0.10

e
 4.84+0.10

b
 4.96+0.06

b
 3.03+1.00

c
 2.67+0.00

b
 

MGhw 60:40 3.78+0.02
e
 8.07+0.00

d
 5.11+0.01

b
 2.03+0.03

e
 1.02+0.02

n
 3.47+0.00

f
 4.90+0.00

c
 2.84+0.01

e
 2.36+1.00

e
 

MGhx 60:40 3.82+0.03
d
 7.75+0.03

e
 4.03+0.02

e
 2.05+0.05

d
 1.57+0.01

f
 4.01+0.10

c
 4.82+3.00

d
 2.80+0.00

f
 3.00+0.00

a
 

MGhw 50:50 3.50+0.05
f
 7.67+0.10

f
 4.74+0.04

d
 1.85+0.05

g
 1.68+1.00

d
 3.38+0.03

g
 4.76+0.00

e
 2.69+0.10

g
 2.22+0.02

f
 

MGhx 50:50 4.34+0.30
b
 9.23+0.20

b
 5.08+0.02

a
 2.44+1.01

b
 1.99+0.00

c
 3.52+1.00

e
 5.23+0.02

b
 3.87+0.0

a
 2.59+0.05

d
 

 
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 3:  Non-Essential amino acids of pearl millet-groundnut cake flour complementary food. 
  

SN SAMPLE CODE GLUTAMIC ACID ASPARTIC  ACID ARGININE(mg/gN) SERINE(mg/gN) PROLINE(mg/gN) TYROSINE(mg/gN) CYSTINE(mg/gN) GLYCINE(mg/gN) ALANINE(mg/gN) 

M. 100 14.19+0.00
i
 5.71+0.00

j
 4.79+1.11

j
 3.25+1.00

i
 3.05+1.00

k
 2.74+0.00

j
 1.40+0.10

i
 3.11+1.00

j
 3.06+1.00

k
 

MGhw 90:10 15.92+0.00
e
 8.30+1.00

g
 5.30+0.00

h
 3.04+0.00

k
 4.15+1.00

h
 2.73+1.00

k
 1.10+1.00

k
 2.73+0.10

k
 3.75+0.05

j
 

MGhx 90:10 15.40+1.00
f
 6.66+0.06

i
 5.31+0.01

g
 4.03+0.18

h
 3.60+0.05

j
 3.48+0.01

d
 1.81+0.10

f
 3.92+0.00

f
 4.16+0.60

h
 

MGhw 80:20 14.59+0.10
g
 9.02+0.02

b
 6.67+0.07

d
 3.24+0.03

j
 3.62+0.20

i
 3.15+0.01

h
 1.21+0.30

j
 3.57+3.00

h
 4.06+0.03

i
 

MGhx 80:20 18.46+1.00
c
 8,89+0.13

d
 4.96+0.60

I
 5.84+0.01

a
 5.67+1.00

b
 4.49+0.01

a
 2.15+0.05

b
 3.58+0.01

g
 6.08+0.10

c
 

MGhw 70:30 11.82+0.02
j
 9.44+0.40

b
 7.88+0.10

c
 5.58+0.05

b
 4.55+0.07

g
 3.06+0.20

i
 1.55+0.01

h
 3.43+0.03

i
 8.33+0.00

b
 

MGhx 70:30 20.23+0.30
a
 8,58+0.05

e
 4.93+0.03

i
 5.20+0.01

c
 5.19+0.01

c
 3.93+0.03

b
 1.96+0.06

c
 5.41+0.04

a
 5.90+0.01

d
 

MGhw 60:40 19.27+0.02
b
 10.76+0.06

a
 9.59+1.00

a
 4.76+0.00

e
 5.15+1.00

d
 3.36+0.03

g
 1.84+0.40

e
 4.91+0.20

b
 5.60+0.11

f
 

MGhx 60:40 16.17+0.07
d
 8.07+0.70

h
 6.53+0.03

e
 4.86+0.03

d
 4.90+0.05

f
 3.72+0.03

c
 1.88+0.06

d
 4.62+0.02

d
 5.61+0.10

e
 

MGhw 50:50 11.78+0.06
k
 9.31+0.03

c
 9.02+0.00

b
 4.50+3.00

g
 4.93+0.02

e
 3.39+0.03

f
 1.68+0.00

g
 4.79+1.00

c
 5.00+.00

g
 

MGhx 50:50 14.21+0.12
h
 8.43+0.30

f
 5.78+0.00

f
 4.67+0.60

f
 6.83+0.03

a
 3.40+0.02

e
 4.21+0.10

a
 4.27+1.11

e
 11.46+1.01

a
 

 
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. 

 
Retinol was converted into International Units (IU) 
using equation (3) 
0.3 micrograms (µg) retinol = 1 IU                  (3) 
 
Statistical analysis  
 
Data generated were subjected to analysis of 
variance (Ihekoronye and Ngoddy, 1985), and  

 
 
means and standard deviations were obtained 
with instant statistical software. 
 
RESULTS AND DISCUSSION 
 
Essential and non-essential amino acids in the 
processed foods 

 
 
 (Tables 2 and 3), and isoleucine is one of them, 
with  a of ranged from to 4.34 to 2.78mg/gN, 
leucine from 9.92 to 4.94 mg/gN, phenylalanine 
from 5.11 to 3.34mg/gN, threonine from 3.87to 
2.05mg/gN, lysine from 5.15to 3.01mg/gN, 
methionine from 2.49 to 1.27mg/gN, valine from 
5.23 to3.05mg/gN, Histidine 3.00 to 1.81mg/gN  
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Table 4: Mineral (mg/100g) and Vitamin A (IU) contents of pearl millet-groundnut cake flour 
complementary food 
 

Formulation % Ca Mg Zn Na K Fe Vitamin A 

M 100 0.002
h
 0.004

a
 0.008

b
 0.009

f
 0.37

e
 0.015

e
 1.12

d
 

MGhw 90:10 0.007
e
 0.002

c
 0.005

c
 0.021

d
 0.36

f
 0.011

g
 2.07

c
 

MGhx 90:10 0.007
e
 0.002

c
 0.004

d
 0.006

e
 0.26

g
 0.006

h 
1.12

d
 

MGhw 80:20 0.013
c
 0.002

c
 0.001

e
 0.31

b
 0.44

d
 0.014

d
 3.18

b
 

MGhx 80:20 0.012
d
 0.002

c
 0.008

b
 0.11

 c
 0.37

e
 0.14

b
 2.07

c
 

MGhw 70:30 0.014
b
 0.003

b
 0.007

 b
 0.35

b
 0.49

a
 0.016

c
 4.18

a
 

MGhx 70:30 0.004
g
 0.004

 a
 0.004

d
 0.12

c
 0.47

c
 0.014

d
 3.18

b
 

MGhw 60:40 0.018
a
 0.002

c
 0.001

e
 0.45

a
 0.48

b
 0.200

a
 4.18

a
 

MGhx 60:40 0.006
f
 0.003

b
 0.009

 a
 0.12

 c
 0.44

d
 0.013

f
 3.18s

b
 

MGhw 50:50 0.005
c
 0.002

 a
 0.007

 b
 0.52

 a
 0.52

 a
 0.021

b
 5.32

a
 

MGhx 50:50 0.014
b
 0.003

 a
 0.003

 c
 0.11

 c
 0.54

 a
 0.014

c
 4.18

b
 

 
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. 

 
and tryptophan from 4.49 to 1.02mg/gN. This showed 
that there is a significant difference (p<0.05) existed in 
the range of essential amino acids when compared with 
the control. This was observed that lysine (EAA) 
increased as the rate of substitution increased. Histidine 
was found to increase as the rate of substitution 
increases. In general cereal, proteins are lower in lysine, 
tryptophan, and threonine. Because of this deficiency 
lysine has become the limiting amino acid in cereals 
(Bicar et al., 2008). The result of the complementary food 
contains all the essential amino acids. Samples of MGhx 
(Hexane extraction), was observed with a significant 
increase in the amount of all the essential amino acid 
content when compared with the Hot water extraction. 
This indicates that the proportion of certain amino acids 
in millet protein may depend upon the total nitrogen 
content of the millet. Lysine, in particular, has been found 
in greater concentration in millet of low protein content 
than in high protein content. The non-essential amino 
acid are shown in (Table 3), which shows that glutamic 
acid ranged from 20.23to 11.82 mg/gN, aspartic acid 
from 10.76to 5.71mg/gN, arginine from 9.02 to 4.79 
mg/gN, serine form 5.84 to 3.04 mg/gN, proline from 5.67 
to 3.05 mg/gN, tyrosine from 4.49to 2.73 mg/gN,  cystine 
4.21 to 1.10 mg/gN, glycine from 5.41 to 2.73 mg/gN and 
alanine 11.46 to 3.06 mg/gN. This result shows that there 
was a significant difference p<0.05 in all the non-
essential amino acids. The results showed that histidine 
and arginine contribute to the dietary requirement of the 
infant.  
 
Mineral and vitamin A (mg) composition of the 
formulations 
  
The mineral contents of the complementary formulae are 
shown in (Table 4). Calcium ranged from 0.018 to 0.004 
Mg, Magnesium from 0.004 to 0.002 Mg, Zinc from 0.01 
to 0.004 Mg, Sodium from 0.52 to 0.11 Mg, potassium 

from 0.54 to 0.26 Mg, iron from 0.206 to 0.006 Mg and 
vitamin A ranged from 5.32 to 1.12IU all per 100gramme. 
The range of calcium, magnesium, and iron in sample 
MGhw and MGhx 80:20 shows a significantly different 
(p>0.05) within the column. The result shown in (Table 4) 
indicates that the level of calcium, magnesium, zinc, 
potassium, iron, and vitamin A are higher in content when 
the groundnut is extracted with hot water than hexane. 
Zinc, potassium, and iron increased as the rate of 
substitution increases within the column. The deficiencies 
are also known to have a negative effect on general 
growth and development, reproduction, maturity, and 
immunity responses. In children, calcium deficiency is 
primarily clinically related to the development of cricket 
(Institute of Medicine, 1999). 
 
 
Conclusion 
 
According to the findings of the study, complementary 
food formulations extracted with 60:40 and 50:50 
hexanes were the most acceptable. When compared to 
the locally extracted, it has lower moisture content and a 
higher protein and crude fiber content. 
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