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Abstract

Traditional complementary foods in Africa are cereal-based, low in nutrient-density; hence, causing severe-acute-
malnutrition. This study was aimed to formulate and evaluate nutritional quality of complementary foods (CF) using
locally available food materials. Yellow maize (raw, germinated & fermented), defatted groundnut (DGF) and ginger
flour (GGF) were blended to obtain RDG (76.7% raw yellow maize, 20.8% DGF and 2.5% GGF), GDG (74.4% germinated
yellow maize, 23.1% DGF, 2.5% GGF), and FDG (72.6% fermented yellow maize, 24.9% DGF, 2.5% GGF). Food samples
were evaluated for nutritional qualities and sensory attributes using standard methods. Protein (g/100g), energy value
(kCal/100g), total amino acids and essential amino acids (g/100g protein) of formulated CF ranged from 19.38 to
28.58,373.49t0 394.53,87.33 t0 91.89 and 36.17 to 37.63, respectively, and were comparable to control (17.07,401.22,
9447 & 35.35). Minerals were present in appreciable amount in the foods, while phytate/mineral (Ca, Fe, Zn) and
oxalate/calcium molar ratios were lower than critical levels. Bulk density (1.4 - 1.6g/mL), least gelation (4 - 6%), water
absorption capacity (10.5 - 15.8%) and swelling capacity (0.5 - 1.2%) were significantly (p <0.05) lower in formulated
CF than in control, except for bulk density. Biological value (78.44%) of FDG was significantly (P < 0.05) higher than
GDG (78.4%) and RDG (75.87%), respectively, but lower than control (93.48%). Pack cell volume (22.50%), haemoglo-
bin concentration (7.5g/dL), red blood cell (3 x 10 mm~3), albumin (3.72 g/dL), total blood protein (5.62 g/dL) and
globulin (1.9g/dL) of rats fed on FDG were significantly (p < 0.05) higher than other diets, but comparable to that of
control. Kidney (urea, 10.16 mg/dL; creatinine, 4.8 mg/dL) and liver function index (AST/ALT ratio, 0.38) of rats fed on
FDG were lower than in those rats fed on RDG, GDG and control. For sensorial attributes, RDG was ranked best next
by FDG in appearance, aroma, texture, taste and overall acceptability, but were significantly (p <0.05) rated lower than
control. Finally, the study established that FDG (72.6% fermented yellow maize, 24.9% defatted groundnut and 2.5%
ginger) was the best in nutritional quality and growth performance in rats; hence, this CF may be suitable to mitigate
expensive commercial infant formula in alleviating severe-acute-malnutrition in children.
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Introduction infant (Taha et al. 2020). In developing countries, the

Adequate nutrition is essential for healthy growth and
brain development of children, particularly within
the first 5years of life for them to attain full potential
(Motuma et al. 2016). Ironically, in developing countries
including Nigeria, many under privileged nursing moth-
ers or caregivers as result of poverty and lack of nutri-
tion knowledge to utilize locally available food materials
to formulate infant foods (Samuel et al. 2021) are unable
to provide adequate nutrient to their children. Hence,
there is high prevalence of moderate and severe-acute-
malnutrition with consequences of high morbidity, mor-
tality and hospital admission among the young children
(Michaelsen et al. 2009).

Recently, epidemiological studies have implicated tra-
ditional complementary foods in the developing coun-
tries as one of the main causes of growth faltering and
poor brain development among children (Adesanmi
et al. 2020; Mengistu et al. 2016). Traditional comple-
mentary foods are cereal-based, and characterized with
low protein, energy density and bulky (Shiriki et al. 2015),
and often fail to meet the nutritional need of infant due
to poor nutritive values (Mengistu et al. 2016). Comple-
mentary food is usually introduced to infants between
the ages of 6 months to 2 years when breast milk alone
is no longer adequate to meet nutritional needs of the

cost of fortified, nutritious and proprietary comple-
mentary foods is always unaffordable to less privileged
families. Therefore, such families often depend on un-
supplemented cereal-based complementary foods made
from maize, sorghum and millet, which are deficient in
vital nutrients (Nnam 2000). However, it is evident that
adequate complementation of traditional complementary
food from cereals with locally available legumes may be
more nutritious than most of the commercial formulas
(Noah 2017; Okoye & Ene 2018).

Maize (Zea mays), a cereal crop, is grown widely in
Nigeria and other part of the world. Chemically, the
grains are rich in carbohydrate, essential micronu-
trients (minerals & vitamins), dietary fibre and good
source of energy (Linda 2013). However, studies have
also established that cereals are deficient in some
essential amino acid like lysine and tryptophan, which
are required for infants (Nuss & Tanumihardjo 2011). It
is well established that children at high risk of stunting
may have limitations of essential amino acids in their
diet such as tryptophan and lysine (Nuss & Tanumi-
hardjo 2011). Evidence has shown that lysine and tryp-
tophan deficiencies in cereals can be complemented
with legumes that are rich in lysine and tryptophan to
compensate for the deficiency of these essential amino
acids in cereal (Onwurafor et al. 2020). In Nigeria,
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maize is extensively consumed in form breakfast meals
or used as complementary foods for infants. The unsup-
plemented maize-based complementary foods have
been implicated as the main causes of protein-energy
malnutrition among the children in developing coun-
tries (Tufa et al. 2016).

Groundnut (Arachis hypogaea L.) also known as
peanut is a legume, and widely cultivated in Nigeria.
Nutritionally, groundnut kernel contains appreciable
amount of essential oil, protein, essential amino acids,
fatty acids and micronutrients (Adlak et al. 2021; Asi-
buo et al. 2008). Groundnut kernel is usually consumed
as snacks or used in food preparation to increase pro-
tein content, and flavour enhancer (Asibuo et al. 2008;
Rossi-Marquez et al. 2021).

Ginger is a monocotyledonous herbaceous plant,
widely used as a spice in food. Ginger contains bioactive
phytochemicals like gingerols, especially the 6-gingerol
(Singh et al. 2008) with anti-inflammatory and antioxi-
dant properties (Mashhadi et al. 2013). Studies have uti-
lized ginger powder to enhance sensorial attributes of the
food productions like biscuits, breads, etc. (Akinwande
et al. 2008; Balestra et al. 2011), and it prolongs the shelf
life of food products (Oluwamodupe et al. 2012). Gin-
ger exhibits some peculiar health benefits like alleviating
nausea or vomiting (Basirat et al. 2009) and antioxidative
properties (Stoilova et al. 2007).

Materials and methods

Sources of materials

Yellow maize (Zea mays), Groundnut (Arachis hypo-
gea L.) and ginger (Zinger officinale Roscoe) were pur-
chased from Erekesan Market, Akure, Ondo State,
Nigeria. The male and female weanling Wistar rats were
obtained from Central Animal House, University of
Ibadan, Ibadan, Nigeria.

Flour sample preparations

Raw yellow maize kernels flour processing

Raw yellow maize kernels were processed into flour
using modified method of Mankambou et al. (2021).
The kernels were sorted to remove unwanted materi-
als like stones, pebbles and other foreign seeds, washed
with double distilled water and drained. The kernels
were oven dried at 60°C for 20h using a hot-air oven
(Plus1l Sanyo Gallenkamp PLC, Loughborough,
Leicestershire, UK), milled with a laboratory blender
(Model KM 901D; Kenwood Electronic, Hertfordshire,
UK) and passed through a 60 mm mesh sieve (British
Standard) to obtain raw yellow maize flour. The flour
was packed in a plastic container, sealed and stored at
temperature ~ 4 °C until analysis.
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Germinated yellow maize flour processing

Raw yellow maize kernels were processed into ger-
minated flour using modified method of Mankam-
bou et al. (2021). The kernels were sorted to remove
unwanted materials like stones, pebbles and other for-
eign seeds, soaked in distilled water for 6 h and drained.
The kernels were spread on moisten muslin bag and
cover with another muslin bag, watered and left to
germinate in a dark cupboard at room temperature
(30£1°C) for 3 - 4days. After germination, the kernels
re-washed, oven dried at 60°C for 20h using a hot-air
oven (Plusll Sanyo Gallenkamp PLC, Loughborough,
Leicestershire, UK), milled with a laboratory blender
(Model KM 901D; Kenwood Electronic, Hertfordshire,
UK) and passed through a 60 mm mesh sieve (British
Standard) to obtain germinated yellow maize flour.
The flour was packed in a plastic container, sealed and
stored at temperature ~ 4-°C until analysis.

Fermented yellow maize flour processing

The yellow maize flour was prepared as described
by Ijarotimi et al. (2012) with slight modification.
The grains were sorted to remove foreign materials,
washed with distilled water and soaked in distilled
water at room temperature for 3 days. Thereafter, the
grains were thoroughly washed, drained, wet milled,
sieved with muslin cloth, decanted, and the slurry was
oven dried with a hot-air oven (Plus1l Sanyo Gallen-
kamp PLC, Loughborough, Leicestershire, UK) at 60°C
for 20h., The oven dried sorghum flour was re-milled
(Laboratory blender (Model KM 901D; Kenwood Elec-
tronic, Hertfordshire, UK) and sieved with a 60 mm
wire mesh sieve (British Standard). The flour was
packed in a plastic container, sealed and stored at tem-
perature ~ 4 °C until used.

Defatted groundnut flour processing

The groundnut kernels (1.0 kg) were manually sorted to
remove foreign substances; and the kernels were thor-
oughly washed with distilled water, drained, oven dried
in hot-air oven (plus11 Sanyo Gallen Kamp plc) at 60°C
for 20 h. After oven dried, the kernels were milled using
Philip laboratory blender (model HR2811). The ground-
nut flour (500 g) was defatted using n-hexane as solvent
in a Soxhlet apparatus for 12h. The defatted flour was
oven dried using a hot-air oven (Plusll Sanyo Gal-
lenkamp PLC, Loughborough, Leicestershire, UK) at
40°C for 2h to allow the solvent to escape. The defatted
flour was sieved with a 60 mm wire mesh sieve (British
Standard), and stored at room temperature (~27°C) in
a plastic zip lock bag and stored at temperature ~4°C
until used.
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Ginger flour processing

Ginger rhizomes were processed into flour using modi-
fied method of Adakole et al. (2020). The rhizomes
were sorted to remove unwanted materials like stones,
pebbles and other foreign seeds, washed with distilled
water and drained. The rhizomes were manually sliced
into small pieces, oven dried at 60°C for 20h using a
hot-air oven (Plusll Sanyo Gallenkamp PLC, Lough-
borough, Leicestershire, UK), milled with a laboratory
blender (Model KM 901D; Kenwood Electronic, Hert-
fordshire, UK) and passed through a 60 mm mesh sieve
(British Standard) to obtain ginger flour. The flour was
packed in a plastic container, sealed and stored at tem-
perature ~ 4°C until analysis.

Formulation of complementary foods

The flour of yellow maize (raw, germinate & fer-
mented), defatted groundnut and ginger were blended
to obtain the following formulated samples, i.e., RDG
(76.7% raw yellow maize, 20.8% defatted groundnut and
2.5% ginger), GDG (74.4% germinated yellow maize,
23.1% defatted groundnut and 2.5% ginger), and FDG
(72.6% fermented yellow maize, 24.9% defatted ground-
nut and 2.5% ginger). The proportion of each flour sam-
ples in the formulations was determined using material
balance equations (Smith 2003) to give 18-25g pro-
tein/100 g food as recommended by the protein advi-
sory group (PAG, 1971) for infant diets, as described
by Solomon (2005). The blends were mixed thoroughly
using a Phillips blender (model HR-1702). The basal
diet was prepared from cornstarch (80g/100g), corn
oil (10g/100g), salt (4g/100g), sugar (1g/100g), vita-
min premix (1g/100g) and non-nutritive fibre (rice-
bran) (4g/100g). The food samples were packaged in
dark-coloured polyethylene bags and stored in air-
tight containers at room temperature prior to analysis.
Nutribom (NBM, a maize-based complementary food)
was used as a control sample.

Chemical analyses of formulated complementary foods
Proximate composition determination

The proximate composition (i.e., ash, crude fiber, crude
fat & crude protein) of formulated complementary foods
was determined using methods Association of Official
Analytical Chemists (AOAC 2012) methods, while carbo-
hydrate content was calculated by difference as follows:
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factors (4 x proteins, 9 x fats and 4 x carbohydrates)
(Atwater conversion Factor 2019).

Mineral composition determination

The mineral elements (i.e. Ca, Mg, Fe, Cu and Zn) in
the formulated complementary foods were determined
using Atomic Absorption Spectrophotometer (AAS
Model SP9). Sodium and potassium were determined
using flame emission photometer (Sherwood Flame
Photometer 410, Sherwood Scientific Ltd. Cambridge,
UK) with NaCl and KCI as the standards (AOAC 2012).
Phosphorus was determined using Vanodo-molybdate
method (AOAC 2012). The mineral molar ratios (Na/K
& Ca/P) and phytate/mineral molar ratios (Phytate/Zn,
Ca/Phytate and [Ca][Phytate]/[Zn]) were calculated as
described by Ferguson et al. (1988).

Amino acid profile determination

The amino acid profile (except tryptophan) of formu-
lated complementary foods was determined using Pico-
Tag methods as described by Bidlingmeyer et al. (1984).
Cysteine and methionine (sulphur-containing amino
acids) were determined after perfomic acid oxidation
as described by Gehrke et al. (1985), while tryptophan
was determined after alkaline hydrolysis as described by
AOAC (2010). Briefly, the hydrolysed sample (10puL) and
Norleucine (a standard) (10puL) were dispensed into the
cartridge of the analyser, and then loaded into Technicon
Sequential Multi-Sample Amino Acid Analyser (TSM-1)
(Technicon Instruments Corporation, New York, USA).
The values of both samples and standard were recorded
and printed out as chromatogram peaks by the chart
recorder, respectively.

Calculation from the peaks The net height of each
peak produced on the chromatogram (each representing
amino acid) was measured. The half-height of each peak
was located and the width of the peak at half-height was
accurately measured. Approximate area of each peak was
then obtained by multiplying the height with the width of
the half height.

Fatty acids determination
The lipid in complementary food samples was extracted
with chloroform:methanol (2:1v/v) and solid non-liquid

Carbohydrate (%) = 100—(%Moisture + %Fat + %Ash + %Crude fibre + %Crude protein).

Energy value determination
The calorific value (kCal/ 100g) of the complementary
food samples were calculated using Atwate’s conversion

material was removed by filtration. The extracted lipid
was recovered after solvent removal in a stream of nitro-
gen, re-dissolved in anhydrous chloroform/methanol
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(19:1v/v), and clarified by centrifugation at 10,000 -x g
for 10min. The tranmethylation was performed using
14% (w/v) boron triflouride (BF;) in methanol (Solomon
& Owolawashe 2007). Fifty nanograms of heptadecanoic
acid (internal standard) and 1 mL aliquot of each sample
were transferred to a 15mL Teflon-lined screw-cap tube.
After removal of solvent by nitrogen gassing, the samples
were mixed with 0.5ml of BF, reagent (14% w/v), placed
in warm bath at 100°C for 30min and cooled. After the
addition of saline solution, the transmethylated fatty
acids were extracted into hexane. A calibration mixture
of fatty acid standards was processed in parallel. Aliquots
of the hexane phase were analyzed by gas chromatog-
raphy. Fatty acids were separated and quantified using
a Hewlett-Packard gas chromatograph (5890 Series II)
equipped with a flame-ionization detector. Two micro-
liter aliquot of the hexane phase were injected in split-
mode onto a fused silica capillary column (Omegawax:
30m x 0.32mm ID, Supleco, Bellefonte, PA). The injector
temperature was set at 200°C, detector at 230°C, oven
at 120°C initially, then 120-205°C for 18 min. The car-
rier gas was helium and the flow rate was approximately
50cm/sec. Electronic pressure control in the constant
flow mode was used. The internal standard (heptadeca-
noic acid, C17:0) and calibration standards (NuCheck,
Elysian, MN) were used for quantitation of fatty acids in
the lipid extracts. The fatty acids reported represent the
average of three determinations.

Determination of antinutrient/phytochemical composition
Phytic acid determination

The phytic acid in the formulated sample was deter-
mined as described by Darambazar (2018). This method
depends on an iron to phosphorus ratio of 4: 6. Five
grams of the experimental sample was extracted with
3% trichloro acetic acid. The phytate was precipitated
as ferric phytate and converted to ferric hydroxide and
soluble sodium phytate by adding sodium hydroxide.
The precipitate was dissolved in hot 3.2M HNO and the
colour was read immediately at 480nm?®. The standard
solution was prepared from Fe [NO3]3 and the iron con-
tent was extrapolated from a Fe (NO;); standard curve.
The phytate concentration was calculated from the iron
results assuming a 4: 6 iron:phosphorus molecular ratio.
The phytic acid was estimated by multiplying the amount
of phytate-phosphorus by the factor 3.55 based on the
empirical formula C;P;O,,H .

Tannin content determination

Tannin content was determined by the modified vanillin-
HCI methods (Jaffe 2003). The sample (5 g) was extracted
with 50mL 99.9% methanol for 20min at room tem-
perature with constant agitation. After centrifugation
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for 10min at 653 x g, 5mL of vanillin-HCI [2% vanilli
and 1% HCI] reagent was added to 1 mL aliquots and the
colour developed after 20min at room temperature was
read at 500nm. Correction for interference light natural
pigments in the sample was achieved by subjecting the
extract to the conditions of the reaction, but without van-
illin reagent. A standard curve was prepared using cate-
chin [Sigma Chemical, St. Louis, MO] after correcting for
blank and tannin concentration was expressed in g/100g.
Tannin content was calculated as: Tannin (g/100g) = con-
centration of standard x Absorbance of sample.

Oxalate content determination

Oxalate was determined by AOAC (2005) method. 1g of
the sample was weighed into 100 ml conical flask. 75ml
of 3M H,SO, was added and the solution was carefully
stirred intermittently with a magnetic stirrer for about
1h and then filtered using whatman No.1 filter paper.
The sample filtrate [extract] (25mL) was collected and
titrated against hot [80 - 90°C] 0.1N KMnO4 solution
to the point when a faint pink colour appeared that per-
sisted for at least 30s. The concentration of oxalate in
each sample was obtained from the calculation: 1 ml 0.1
permanganate =0.006303 g oxalate.

Trypsin inhibition activity (TIA) determination

The trypsin inhibition activity was assayed in terms of
the extent to which an extract of the sample inhibited the
action of bovine trypsin [EC 3.4.21.4] on the substrate
benzoyl-DL-arginine-p-nitrianilide [BAPNA] hydrochlo-
ric (Spelbrink et al. 2011). The sample (1 g) was extracted
with 50mL of 10mM NaOH, and continuously shaking
using a mechanical shaker [GallenKamp orbital shaker
Surrey, UK] at pH 9.4 (1M NaOH) and ambient tempera-
ture for 3h. After extraction, the suspension was shaken
and diluted with distilled water such that 1cm?® of the
extract produced trypsin inhibition of 40 - 60% at 37°C.
The respective dilutions were noted. Consequently, TIA
was calculated in terms of mg pure trypsin [Sigma type
11, lot 20H0868]

TIA = 2.632DA mg pure trypsin inhibited g — 1 sample
S

Where D is the dilution factor, A is the change in
absorbance at 410mm due to trypsin inhibition per cm?
diluted sample extract and S is the weight of the sample.

Determination of molar ratio of Phytate:mineral and
oxalate:mineral The mole of oxalate, phytate, zinc,
calcium and iron was calculated by dividing the weight
of oxalate, phytate and minerals (zinc, calcium and
iron) with its molecular weight (88.019g/mol for oxa-
late, 660g/mol for phytate, 65g/mol for zinc, 40 g/mol
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for calcium and 56 g/mol for iron) (Mahfuz et al. 2016;
Norhaizan & Nor Faizadatul Ain 2009). The molar ratio
was obtained by dividing the mole of oxalate and phytate
with the mole of zinc, calcium and iron. Phytate: miner-
als and Oxalate: minerals ratios were used to estimate
the bioavailability of minerals. The recommended limits
of phytate:iron, phytate:calcium and phytate:zinc in mil-
limolar were > 1000, >200,000 and > 15,000, respectively
(Mahfuz et al. 2016).

Determination of functional properties of formulated
complementary foods

Water absorption capacity (WAC)

Water absorption capacity was determined according to
the modified method of Wani et al. (2015). The sample
(2g) was weighed into a conical graduated centrifuge
tube. Using a whirl mixer (Sri Murugan Foundry Equip-
ment) samples were mixed thoroughly with 10mL dis-
tilled water for 30seconds. The sample was allowed to
stand for 30 minutes at room temperature (23 - 25°C)
and then centrifuged at 3000 x g for 20min (5810R,
Eppendorf, Hamburg, Germany). The volume of free
water (the supernatant) was read directly from the gradu-
ated centrifuge tube. The water absorption capacity was
expressed as grams of water absorbed (or retained) per
gram of sample.

Bulk density

Bulk density was measured in grams per millilitre as
weight of flour per unit volume according to the method
of Wani et al. (2013). A 50g flour sample was put into a
100 mL measuring cylinder and tapped continuously on
the bench top from a height of 5cm until a constant vol-
ume was obtained. The bulk density (g/mL) was calcu-
lated using the equation below.

weight of sample

Bulk density = 100

volume of sample after tapping

Swelling capacity (%)

This was determined with the method described by Ala-
wode et al. (2017) with modification for small samples.
One gram (1.0g) of the flour sample was mixed with
10mL distilled water in a centrifuge tube and heated at
80°C for 30min. This was continuously shaken during
the heating period. After the heating, the suspension was
centrifuged at 10,000 x g for 15 min. The supernatant was
decanted and the weight of the paste taken. The swelling
power was calculated as follows:
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weight of sample paste

Swelling index = x 100

weight of dry flour

Gelation capacity

The least gelation concentration was determined using
the modified method of Sathe et al. (1982). The flour dis-
persions of 2, 4, 6, 8, 10, 12, 14, 16, 18 and 20% (w/v) were
prepared in 5mL distilled water in test tubes, which were
heated at 90°C for 1hour in water bath (Gallenkamp). The
heated dispersions were cooled rapidly under running tap
water and then at 4°C for 2h. The least gelation concen-
tration was determined as that concentration when the
sample from the inverted tube did not slip or fall.

Nutritional quality evaluation
Preparation of Iso-nitrogenous diets for the experimental
Wistar rats
The Iso-nitrogenous of the formulated complementary
foods and control samples (Nutribom) were calculated
with reference to 10% of protein content. The iso-nitrog-
enous diets were obtained by diluting protein content (%)
in the formulated complementary foods to 10% protein
level with basal diet (Olapade & Aworh 2012).

Equations

Original protein content of test food samples 10
xX=—uxY
100 100

Iso — Nitrogenous (IN) =

Where:

X=weight of sample required for the new feed mixture.

Y=proposed total weight of the basal diet to be added
to the feed (e.g., 100%).

Experimental design

Weaning-aged male (14) and female (11) Wistar rats
were purchased from Central Animal House, Depart-
ment of Biochemistry, Federal University of Tech-
nology, Akure, Nigeria. On arrival, the rats were
acclimatized for 7 days and fed with commercial feed
and water ad libitum. The rats were divided into five
groups, and each of the groups contained five rats. The
rats were individually housed in metabolic cages, and
fed on weighed experimental diets and water ad libitum
for 28 days. The anthropometric measurements, i.e.,
length (cm) and weight (g) of the rats were measured at
3 days interval during the experimental periods (Ode-
bode et al. 2017). The following anthropometrical indi-
ces were used to determine the growth pattern of the
rats, i.e., length-for-age (stunting) and weight-for-age
(underweight). The faeces and urine were of the rats
were collected and pooled for each group, and analysed
for nitrogen using AOAC (2005) method.
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After 28days, each of the rats was anaesthetized
with chloroform inside a dessicator and sacrificed,
blood was collected via cardiac puncture and poured
into bijour bottle containing a speck of dried ethyl-
ene diamine tetrachloroacetic acid (EDTA) powder
as anti-coagulant, and analysed for various haema-
tological parameters. The organ of the rats, that is,
liver, kidney and heart were excised, freed of fat, blot-
ted with clean tissue paper and then weighed. Faeces
and urine voided within the last 14 days of the experi-
mental periods were collected, and faeces were oven
dried at 60°C, while urine was preserved in 10 mL of
10% H,SO, to eliminate microbial activities and pre-
vent nitrogen losses by evaporation of ammonia and
then stored in a deep freezer (— 4 °C) prior to nitrogen
determination. The weight gained, feacal and urinary
nitrogen were used to evaluate protein qualities of the
formulated foods using the following mathematical
equations as described by AOAC (2012) and Agbede
and Aletor (2003).

Ni — (Nf — Nef) — (Nu — New)

Biological value (%) : BV = x 100
Ni— (Nf — Nu)

. . _ Weight gained
Food efficiency : FER = — 2=

Nitrogen retention (NR) := Nj — (Nf — Ngf) — (Ny — New)

. . . Weight gained
Protein efficiency ratio : PER = ——<—-$27C
Proten intake

True protein digestibility (%) : TPD = “—Y 0 ; 109

Where: Ni (Nitrogen intake), Nf (fecal nitrogen), Nef
(endogenous fecal nitrogen), Nu (Urinary nitrogen),
Neu (endogenous urinary nitrogen)

Blood collection and hematological indices determinations

At the end of 28days of experimental period, Wistar rats
were fasted overnight with access to water ad libitum and
sacrificed under chloroform anaesthesia. The blood sam-
ples were collected through cardiac puncture with syringe
and poured into heparinised and non-heparinised tubes.
The non-heparinised tubes were allowed to clot and were
centrifuged at 3000 xg for 25 min to obtain the sera, and the
blood samples were stored in a deep freezer prior to hae-
matological and biochemical analyses at the Medical Labo-
ratory Unit of University Health Centre, Federal University
of Technology, Akure (Biadgo et al. 2016). The haemato-
logical indices, that is, pack cell volume (PCV), red blood
cells (RBC), pack cell volume (PCV), haemoglobin concen-
tration (Hbc), white blood cells (WBC), neutrophil (NEU)
and lymphocytes (LYM) were determined using methods
described by Dacie and Lewis (1984) and slight modifica-
tion by Adeyemo (2005). Mean corpuscular haemoglo-
bin (MCH), mean corpuscular haemoglobin concentrated
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(MCHC) and means corpuscular volume (MCV) were cal-
culated (Adeyemo 2005; Dacie & Lewis 1984).

Sensory attributes evaluation

The sensory attributes of formulated diets and control
sample were evaluated as reported by Olapade and Aworh
(2012). Both experimental and control food samples were
prepared into porridges by mixing 50g of the samples
with 150mL of boiled water (100°C for 15min) to make
slurry. The reconstituted slurry were coded and served
warm to twenty (20) semi-trained panelists recruited
from the Nursing mothers/caregivers attending Postna-
tal Clinic section of the Comprehensive Health Centre,
Akure, Ondo State, Nigeria. To each of the panelists, clean
water was provided to rinse their month in-between test-
ing of the food samples to avoid residual effect. The Pan-
elists were asked to assess and score each of the samples
based on the appearance, aroma, taste, consistency and
overall acceptability using 9-point Hedonic scale from
dislike extremely (1) to like extremely (9), respectively.

Statistical analysis

The results were presented as mean + standard devia-
tions (SD) and the test for statistical difference was per-
formed using one-way analysis of variance (ANOVA).
The statistical package used to determine significant
differences was Statistical Package for Social Sciences
(SPSS, Version 20). Significant means were separated
using Duncan’s New Multiple Range Test (DNMRT).
Differences were considered significant at p <0.05.

Results and discussion

Energy, proximate and mineral composition of formulated
complementary foods

The energy value (kCal.), proximate (g/100g) and min-
eral composition (mg/kg) of formulated complementary
foods from maize, defatted groundnut and ginger flour
blends are presented in Table 1. The moisture content
of FDG (4.13) was significantly (p<0.05) higher than in
RDG (3.96) and GDG (3.80), respectively. The moisture
content of complementary foods in this present study is
comparatively lower than in maize-based complemen-
tary foods supplemented with black bean and crayfish
flours reported by Okoye and Ene (2018), and that of
recommended value (< 10%) reported by NIS (2004). The
variation between moisture content of the present study
complementary foods and that of similar studies may be
due to differences in raw materials and processing tech-
niques. It is well established from the previous studies
that low moisture content of flour products may inhibit
growth and biochemical activities of microorganisms;
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Table 1 Energy values (kCal.), proximate (g/100g) and mineral composition (mg/kg) of formulated complementary foods from maize,

defatted groundnut and ginger flour blends

Samples RDG GDG FDG NBM
Moisture 3.96 +0.04° 3.80 £ 0.06° 413 40,05 318+ 0.10¢
Fiber 23540.18° 3.724007° 1.7140.10° 0.59 4 0.10¢
Ash 2.83 4 0.05° 28740132 198 +0.11° 0.75 +0.13¢
Fat 3.14 £ 007° 2.85 4 0.08¢ 413 +0.09° 3.86 & 0.06°
Protein 19.38 4 0.08° 2858 £ 0.14° 2491 4 0.23° 17.07 + 0.08¢
CHO 67.35 £ 0.29° 57.88 & 0.90¢ 6443 £ 0.18° 74.87 £ 0.10
Energy 375.18 4 2.52° 37149 +3.119 39453 42917 40122 £3.04°
Na 273 4£002° 3124004 265 £ 0.08° 297 £ 006°

K 6.04 4 009 6.2640.11° 7.07 £ 0.06° 597 4£011¢
Ca 1.28 4 0.02¢ 166 & 0.01 143 £ 0.03° 151 4 0.03°
Mg 0824 001° 127 +£008° 101 4 005° 103 +0.02°
Cu 0.03 £ 0.01° 0.02 + 0.00° 0.02 +0.01° 0.03 £ 0.01°
Fe 0.02 + 0.00° 0.03 £001° 0.02 £001° 0.01 £ 0.00°
Mn 0.01 + 0.00° 0.01 + 0.00° 0.01 + 0.00° 0.01 + 0.00°

p 0.08 +0.01° 0.10 4 0.02° 0.06 4 0.1¢ 0.104001°
zn 0.154001° 0.16 4 0.02° 01040014 0.10 +0.02°
Na/K 0.77 £ 001° 0.85 4 0.03° 0.64 4 0.02° 0.85 £ 0.01°
Ca/P 12364 0.11° 12.83 £0.09° 1842 £0.21° 1167 £031¢

RDG Raw maize, defatted groundnut and ginger in ratio 76.7:20.8:2.5
GDG Germinated maize, defatted groundnut and ginger in ratio 74.4:23.1:2.5
FDG Fermented maize, defatted groundnut and ginger in ratio 72.6:24.9:2.5

NBM Nutribom (a commercial maize-based complementary food)

Means (+SEM) with different alphabetical superscripts in the same row are significantly different at P < 0.05

and thereby, prolonging shelf life and nutritional quality
of the formulated food products (Adesanmi et al. 2020;
Okoye & Ene 2018). Hence, low moisture content
obtained in this present study may prolong shelf life of
the formulated food products. The protein content in
GDG (28.58g/100g) was significantly (p<0.05) higher
than in FDG (24.91) and RDG (19.38), respectively. The
protein content in GDG was appreciably high compared
to other food samples, and this observation could be
attributed to the germinated maize. This finding agrees
with similar studies, which reported that germination
usually increased protein and other essential nutrients of
germinated seed based foods (Adesanmi et al. 2020).
Energy value of FDG (394.53 kCal/100g) was the
highest followed by RDG (375.18 kCal/100g) and GDG
(371.49 kCal/100g), respectively, and were comparable
to the control sample (401.22 kCal/100g). Quality pro-
tein and high energy-density complementary foods are
desirable for infants after six-month when breast milk
is no longer adequate to provide necessary nutrients for
normal growth in infants. Interestingly, the present for-
mulated complementary foods are high in protein and
energy values, hence, these formulations are suitable to
provide above 100% of protein and 50% of daily energy

requirements for infant per 100g of the food samples. It
is well known that nutrient-dense complementary foods
formulated from variety of food materials are desirable
for weaning children with a small stomach that can only
accommodate small amounts of food at a time (Rajesh-
wari et al. 2010).

For the mineral compositions (mg/kg), Potassium
(6.04 - 7.07) had the highest concentration followed by
sodium (2.73 - 3.12), while manganese (0.01) had the
lowest concentration. The essential minerals such as Zinc
(0.1 - 0.15), iron (0.02 - 0.03) and calcium (1.28 - 1.66)
were appreciably present in the formulated complemen-
tary foods. Interestingly, previous studies reported that
iron and zinc are required for blood formation and brain
development, respectively, while calcium is required for
teeth and bone formation (Al-Mamun & Ghani 2017;
Makori et al. 2017). The sodium/potassium (Na/K)
and calcium/phosphorous (Ca/P) molar ratios varied
from 0.64 to 0.85 and 12.36 to 18.42, respectively. These
molar ratios agree with the recommended values of <1.0
and > 0.5, respectively, and in addition, further indicate
nutritional quality and suitability of formulated comple-
mentary foods to the infants. Studies have established
that Ca/P molar ratio above >0.5 may facilitate bone and
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Table 2 Amino acid profiles (g/100g protein) of formulated complementary foods from maize, defatted groundnut and ginger flour

blends

Samples RDG GDG FDG NBM Children*
Glycine 442 4004° 448+4002° 4374001¢ 5.2340.09° -
Alanine 435+4002° 41740134 468+001° 7474022° -
Serine 50040.01° 51140.04° 545+0.02° 4624003 -
Proline 4444011¢ 5044002° 4434011° 6.3040.07° -
Aspartate 7.724021° 7.6040.22¢ 8.7540.05° 93440312 -
Cystine 1244001° 1.0540.03¢ 1244001° 3.114001° -
Glutamate 12724£101¢ 124440614 1367+£0.72° 1693+£202° -
Tyrosine 568+0.12° 5.15+0.06° 5224021° 2.5040.01¢ -
Arginine 64640312 6.0140.03° 6454 0.04° 3624001° -
SNEAAs 52.03 51.05 54.26 59.12 -
Phenylalanine 7.0440.11° 6.6640.07° 7.024033? 44540.03° 6.9
Histidine 23340.10° 2264001° 23540017 2174002 1
Methionine 1324£004° 1404001° 1474001° 17540012 27
Valine 4104001° 3.9640.03¢ 41040.03° 6.0840.09% 38
Tryptophan 1314001° 1.164£001¢ 1334001° 32840.11° 125
Threonine 463+002° 5884001° 51740.13° 42140,08¢ 37
Isoleucine 3.944001° 3.874002° 45940047 25740019 31
Leucine 6.8640.05° 66440.11° 70140412 6.4140.06" 73
Lysine 46240112 4454001° 4614001 44340.02° 64
SEAAs + His 36.17 36.28 37.63 35.35 33.9
TAA 88.242.04 87334£211¢ 91.8940.99° 9447 +£301° -
BCAAs 14904041° 1447 £0.66° 1574101 15060412 -
SSAA 2.5640.02° 2454 0.04¢ 2.7140.03° 4.86+0.052 2.20
SATAA 140340212 1297 4£1.02° 13574£027° 10.23+0.33¢ 2.80
Arginine/Lysine 1.40 1.35 1.39 0.82 >1
TEAA/TNEAA 0.70 0.71 0.69 0.60 -

RDG Raw maize, defatted groundnut and ginger in ratio 76.7:20.8:2.5

GDG Germinated maize, defatted groundnut and ginger in ratio 74.4:23.1:2.5
FDG Fermented maize, defatted groundnut and ginger in ratio 72.6:24.9:2.5
NBM Nutribom (a commercial maize-based complementary food)

ab.c.d Means (-£SEM) with different alphabetical superscripts in the same row are significantly different at P < 0.05

*RDA (United States Department of Agriculture 2018), TAA Total amino acids, NEAAS Non-essential amino acids, EAAs Essential amino acids; BCAAs (Leu, Isoleu, Valine),

ArAA (Phe +Tyr +Trypt), SAA (Meth + Cys)

teeth formation, while Na/K molar ratio of less than one
(<1.0) may not cause any damage to the immature heart
of the children (Ciosek et al. 2021; [jarotimi et al. 2022).

Amino acids profile of formulated complementary foods

The amino acid profiles of complementary foods are pre-
sented in Table 2. The result indicated that glutamic acid
had the highest concentration of all the amino acids that
were determined, and these values varied from 12.44 to
13.67g/100g protein, and were comparatively lower than
in control sample. This finding is in line with the previous
studies that glutamic acid is usually present in abundant in
plant-based foods (Kumar et al. 2017). Nutritionally, studies
have established that adequate intakes of essential amino

acids are required in infants to prevent stunted growth
and cognitive retardation; and that children with stunted
growth had lower serum concentrations of all nine essen-
tial amino acids (tryptophan, isoleucine, leucine, valine,
methionine, threonine, histidine, phenylalanine, and lysine)
compared with non-stunted children (Semba et al. 2016).
The essential amino acids (35.35 - 37.63g/100g protein)
found in these complementary foods were comparatively
higher than in the control sample (35.35g/100g protein),
and that of recommended values (33.9g/day) (United
States Department of Agriculture 2018). This finding indi-
cates that these complementary foods may be adequate in
providing essential amino acids that are required for nor-
mal growth and cognitive development in young children.
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Table 3 Phytochemical composition (mg/g) and oxalate/phytate and minerals (Ca, Zn & Fe) milimolar ratios of formulated
complementary foods from maize, defatted groundnut and ginger flour blends

RDG GDG FDG NBM Ref.

Trypsin 14.91+0.48" 22.45+0.112 15.76+0.17° 11.33£0.58° 0.25mg/100g
Saponin 69.18+6.36° 79.09+7.452 67.00+7.91° 50.64%0.63¢ -
Tannin 2.40+0.215 3.74+0.07° 2.81£0.17° 1.71£0.30¢ 3.0mg/100g
Oxalate 3.65+0.05° 1.67 £0.05¢ 2.79+0.09¢ 3.33+0.04° -
Phytate 9.48+0.41¢ 31.31£0.82° 15.66 = 0.82° 25.96+0.41° 5-6mg/100g
Phytate & Oxalate/Minerals Millimolar Ratios

Phytate/Calcium 1.73 0.61 0.12 1.34

Phytate/Zinc 23.96 10.27 27.48 32.80

Phytate/iron 154.85 70.85 11.84 141.27

Phytat*Ca/Zn 0.08 0.00 0.98 0.12

Oxalate/Ca 74.06 188.61 109.51 171.92

RDG Raw maize, defatted groundnut and ginger in ratio 76.7:20.8:2.5

GDG Germinated maize, defatted groundnut and ginger in ratio 74.4:23.1:2.5
FDG Fermented maize, defatted groundnut and ginger in ratio 72.6:24.9:2.5
NBM Nutribom (a commercial maize-based complementary food)

2.b.¢d Means (+SEM) with different alphabetical superscripts in the same row are significantly different at P < 0.05

Besides, non-essential amino acids (arginine, glutamine,
glycine, proline, and tyrosine) were adequately present in
the formulated complementary foods with concentration
ranged from 6.01 to 6.46, 12.44 to 13.67, 4.37 to 4.48, 4.44
to 5.04, and 5.15 to 5.68g/100g protein, respectively. It is
worth to note that some of these amino acids are condition-
ally essential in infant, because they cannot be produced in
sufficient amount endogenously (Abumrad & Barbul 2004;
Flynn et al. 2002; Sidney 2006). Nutritional studies have
shown that adequate amount of amino acids in infant diets
is required for normal growth and maintenance of good
health, and that excessive intake may have negative effect
on immature kidneys and liver. It is well established that
increased kidney size in formula-fed infants is an adaptive
response to high renal solute load, because of higher pro-
tein intake compared with non-formula-fed infants (Kim &
Frank 2014). Hence, the protein in the present study formu-
lations is found to be moderate, and thereby may not affect
the kidney.

Phytochemical composition of formulated complementary
foods

Phytochemical composition (mg/100 g), oxalate/calcium
and phytate/minerals (Ca, Zn & Fe) milimolar ratios
of formulated complementary foods are presented in
Table 3. From the results, trypsin, saponin, and tan-
nin varied from 14.91 to 22.45, 67.0 to 79.09 and 2.4
to 3.74, respectively, while oxalate and phytate ranged
from 1.67 to 3.65 and 9.48 to 31.31, respectively. How-
ever, the antinutrients in the formulated complemen-
tary foods were comparable to that of control sample,

but lower than what reported by Gemede (2020) for
complementary food formulated from the flour blends
of maize, pea, and anchote. It is worthy to note that the
concentration of tannin and trypsin in the present study
complementary foods was comparatively lower than the
critical levels; hence, this may enhances digestibility and
bioavailability of vital nutrients like protein and min-
erals. Scientific study has established that tannin and
trypsin have the ability to interfere with the digestion of
nutrients (protein or minerals) either by hindering the
enzyme activities or by chelating with food components
like proteins or minerals to form indigestible complex
compounds (Alagbaoso et al. 2015).

Bioactive phytochemicals like saponin is also present in
tolerable levels in these formulated complementary diets.
Evidence has shown that saponin exhibits antioxidant
properties; besides, it has ability to prevent certain dis-
eases in human (Lesinski et al. 2015; Zhang et al. 2015).
For instance, studies have advocated for low intakes of
bioactive phytochemicals like saponin and polyphenols to
prevent and manage overweight/obesity and other asso-
ciated diseases (Singh et al. 2015; Zhang et al. 2014). The
prevalence of childhood overweight/obesity and associ-
ated diseases is increasing in many parts of developing
countries, including Nigeria, due to poor complemen-
tary food formulations and feeding practices (Adebimpe
2019). Obesity is one of the major risk factors, which
predispose children to the development of non-commu-
nicable diseases such as heart disease, diabetes, cancer,
etc., and as a result, leading to increase in morbidity and
premature death (Danquah et al. 2020; Ezzati et al. 2004).
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Table 4 Functional properties of complementary foods from maize, defatted groundnut and ginger flour blends

Parameters RDG GDG FDG NBM

Bulk Density (g/mL) 154001° 16+001° 14+003° 1.1 4002
Least Gelation (%) 404001° 6.0+ 001° 4.0 & 0.06° 199 4£0.1°
Water Absorption Capacity (%) 156403 10.5 + 0.06° 15.8 + 0.007° 582 +04°
Swelling Capacity (%) 1.09 £ 001¢ 0.5 & 0.007¢ 124001° 33+001°

RDG Raw maize, defatted groundnut and ginger in ratio 76.7:20.8:2.5
GDG Germinated maize, defatted groundnut and ginger in ratio 74.4:23.1:2.5
FDG Fermented maize, defatted groundnut and ginger in ratio 72.6:24.9:2.5

NBM Nutribom (a commercial maize-based complementary food)

2.b.¢.d Means (+-SEM) with different alphabetical superscripts in the same row are significantly different at P < 0.05

Prevention and treatment of this childhood obesity via
qualitative complementary foods is extremely important,
hence, this present study formulations with low saponin
concentration would be of health benefits in preventing
obesity and associated diseases in children.

The phytate, oxalate and minerals (Phytate/Ca,
Phytate/Fe, Phytate/Zn and Oxalate/Ca) milimolar
ratios are the indices of bioavailability of minerals like
Ca, Fe and Zn. In the present study, the calculated
phytate/oxalate and minerals molar ratios are lower
than critical values (Ma et al. 2007). This indicates that
interaction between phytate/oxalate and minerals like
Ca, Fe and Zn would be minimized; hence, these essen-
tial minerals may be readily available for utilization in
children. Evidences have shown that Ca, Fe and Zn are
particularly essential for the formation of bone, blood
and brain development in children, and that their defi-
ciencies in diets may lead to anaemia, rickets and poor
cognitive development (Awuchi et al. 2020).

Functional properties of formulated complementary foods
The functional properties of complementary foods
from maize, defatted groundnut and ginger flour blends
are shown in Table 4. Bulk density, least gelation and
water absorption capacity of the formulated comple-
mentary foods varied from 1.4 to 1.6 g/mL, 4.0 to 6.0%
and 10.5 to 15.8%, respectively, while swelling capac-
ity ranged from 0.5 to 1.2%. The functional properties
of formulated complementary foods were significantly
(»<0.05) lower than commercial food (NBM), except
for bulk density. It is worth to note that these val-
ues agree with the finding of Zakari et al. (2018), who
reported low functional properties for complementary
foods formulated from millet, soybean and African
locust bean fruit pulp flour blends. It is well established
that low BD is desirable for infant diets, because high
bulk density complementary food limits the caloric
and nutrient intake per meal of infant, and that young
children are sometimes unable to consume enough to

Table 5 Protein quality of formulated complementary foods from maize, defatted groundnut and ginger flour blends in Wistar rats

Parameters RDG GDG FDG NBM

Weight gained (g) 46.03 + 0.82¢ 68.75 £ 2.01° 77.25+131° 92.25 4 3.03°
Food intake (g) 581454 5.11¢ 552.76 & 4.03¢ 596.74 + 4.22° 684.76 4+ 3197
Feed Efficiency Ratio 0.08 4 0.01¢ 0.12 4 003¢ 0.13£001° 0.144001°
Nitrogen Retention 14514+ 071° 1026 % 1.02¢ 1891 £ 0.72° 1444 £021¢
True Digestibility (%) 7829 4 3.11¢ 80.87 + 2.08° 8444 + 325" 9525 +2.11°
Net Protein Utilization (%) 77.06 & 5.04¢ 83.63 + 4.04° 8041+ 2.78° 95.25 4 3.04%
Biological value (%) 7587 4 3.43¢ 7840 4 1.98° 7844 +333° 9348 +222°
Protein Efficiency Ratio 2.86 4 0.06° 290 4 0.02° 30340212 3.05+0.16
Liver 1124 001° 0.90 £ 0.01¢ 137 +£003° 135 4 0.02°
Kidney 0244 001° 0214 001¢ 0.28 4 0.02° 0.25 4+ 0.04°
Heart 061 4 0.03° 0.56 & 0.02¢ 065+ 001° 069 #+ 0.01°

RDG Raw maize, defatted groundnut and ginger in ratio 76.7:20.8:2.5
GDG Germinated maize, defatted groundnut and ginger in ratio 74.4:23.1:2.5
FDG Fermented maize, defatted groundnut and ginger in ratio 72.6:24.9:2.5

NBM Nutribom (a commercial maize-based complementary food)

2b.¢d Means (+SEM) with different alphabetical superscripts in the same row are significantly different at P < 0.05
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Fig. 1 Weight-for-age (WFA, underweight) and Length-for-age (LFA, stunting) of Wistar rats fed on complementary diets. RDG- Raw maize, defatted
groundnut and ginger in ratio 76.7:20.8:2.5. GDG- Germinated maize, defatted groundnut and ginger in ratio 74.4:23.1:2.5. FDG- Fermented maize,
defatted groundnut and ginger in ratio 72.6:24.9:2.5. NBM- Nutribom (a commercial maize-based complementary food)

meet their energy and nutrient requirements (Zakari
et al. 2018). Besides, low bulk-density enhances energy-
nutrient density of a complementary food and eco-
nomical food packaging (Zakari et al. 2018). Among the
formulated complementary foods, GDG (germinated
maize and defatted groundnut blend) had the highest
value for least gelation compared with other samples.
This implies that GDG requires higher concentration to
form gel, with reduced viscosity, plasticity and elastic-
ity properties; hence, this diet would be less bulky, and
highly desirable for infant with less gastric capacity to
metabolize thick or viscous foods. The water absorp-
tion capacity (WAC) of the formulated complementary
foods was generally low for all the samples. This is also
desirable in that the microbial activities of the food
products would be reduced, and thereby prolonging
the shelf life of the formulated complementary foods.
Besides, it is evident from the previous study that low
water absorption capacity is desirable for making thin-
ner gruels with high caloric density per unit volume
(James et al. 2018). From this study, it was observed

that GDG had the lowest WAC compared to other
food samples, and this finding agrees with the report of
Akinsola et al. (2018).

Nutritional quality of formulated complementary foods

Protein quality of formulated complementary foods
from maize, defatted groundnut and ginger flour blends
in Wistar rats is presented in Table 5. The Wistar rats
consumed more of FDG (596.74g/28d) followed by
RDG (581.45g/28d) and GDG (552.76 g/28d), respec-
tively, and were significantly (p<0.05) lower than in
NBM (a control) (684.76g/28days). The variation
between the amount consumed in the experimental
food samples and that of control could be attributed to
the flavour and taste, which is more pronounced in the
control sample, hence, this mighty have been responsi-
ble for its higher intake. For the biological values (BV),
true digestibility, net protein utilization and protein effi-
ciency ratio, NBM had the highest values compared to
experimental complementary food samples. However,
among the formulated food samples, FDG (78.44%)
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Table 6 Haematological and biochemical indices of Wistar rats Fed on formulated complementary foods from maize, defatted

groundnut and ginger flour blends in Wistar rats

*

Parameters RDG GDG FDG NBM NR

Haematological
PVC (%) 200040.12¢ 21,004 0.09° 22.5040.30° 22.00+0.367 37.6-50.6
Hb (g/dl) 6.7040.04° 7.0040.03° 7.5040.05° 7.9040.75° 11.5-16.1
WBC (x 10°mm™3) 6.40=0.03° 49040049 870+£0.14° 820043 6.6-12.6
RBC (x 10°mm™) 22040014 2.3540.02° 3.0040.07° 2454001° 6.76-9.75
MCHC (g/dl) 3350+£031% 333040.31° 34.20 40407 33.104037° 28.2-34.1
MCH (pg) 30404 0.24° 29.8040.26¢ 384040.59° 34304021° 16.0-23.1
MCV () 90.14042° 89.30+0.61¢ 98.5040.38 89.90+0.59 50-77.8
Neutrophils (%) 30.000.20° 29.0040.32¢ 40404054 32.00£0.71° 53-38.1
Lymphocytes 62.00+051¢ 59.00+047¢ 68.60+£0.19 67.00+£1.322 56.7-93.1
Monocytes (%) Nil 1.00+£001¢ 320+003° 3.004£0.20% 0.00-7.7
Eosinophils (%) Nil Nil 1.0040.00 Nil 0.0-34
Basophils (%) Nil Nil Nil Nil -

Biochemical
Albumin (g/dL) 30740.12° 3.5240.10° 3.724077% 41240812 34-58
Total protein (g/dL) 34040.82° 3574051° 562+£082% 6.04=0.89° 56-76
Globulin (g/dL) 0334001° 0.0540.044 19040212 1.924005° -
Urea (mg/dl) 147545710 11.5642.04° 10.16 4 1.40° 7.774077¢ 7.0 -20.
Creatinine (mg/dl) 6.154£021° 56340.79° 4804095 2.07+0.10 20-80
AST (U/L) 2086+0.57° 20434041° 19.30£043¢ 22.5240.10° 457-8038
ALP (U/L) 41414032° 51.064043° 61334+032° 59.714£057% 56.8-128
ALT (U/L) 40.714£007° 504440.13 504640.21 50.73 4043 175-302
AST/ALT 0.51 041 038 044 <1.00

RDG Raw maize, defatted groundnut and ginger in ratio 76.7:20.8:2.5

GDG Germinated maize, defatted groundnut and ginger in ratio 74.4:23.1:2.5
FDG Fermented maize, defatted groundnut and ginger in ratio 72.6:24.9:2.5
NBM Nutribom (a commercial maize-based complementary food)

*NR Normal range (Diana 2007; Giannini et al. 1999)

ab.c.d Means (+£SEM) with different alphabetical superscripts in the same row are significantly different at P < 0.05

had the highest BV followed by GDG (78.4%) and RDG
(75.87%), respectively. This finding may be attributed
to fermentation process, which mighty have improved
nutritional quality and bioavailability of essential nutri-
ents of the food products. It is worth to note that the
BV of the present study is comparatively higher than
the report of Adesanmi et al. (2020) for complemen-
tary food formulated from defatted almond seed, yellow
maize and quality-protein-maize flours (9.83 - 36.73%),
and also, above 70% recommended value for ideal food
products with biologically quality protein (ljarotimi &
Keshinro 2013). For the growth performance of the rats
(Fig. 1), the finding established that FDG (fermented
maize, defatted groundnut & ginger flour) exhibited
highest growth performance in rats, while RDG had
the least potential. This observation was in line with the
result of biological value of FDG that showed highest
value when compared with other formulated comple-
mentary foods.

Haematological and biochemical indices of rats fed

on formulated complementary foods

The haematological indices of Wistar rats fed on for-
mulated complementary foods from the maize, defatted
groundnut and ginger flour blends in Wistar rats are pre-
sented in Table 6. The rats fed on FDG exhibited highest
pack cell volume (PCV) (22.5%), haemoglobin concentra-
tion (Hb) (7.5g/dL), red blood cell concentrations (RBC)
(3.0x10°mm™~3), MCHC (34.2g/dL), MCH (38.4pg),
MCV (981L), neutrophils (40.4%), lymphocytes (68.6), and
monocytes (3.2%). While rats fed on RDG had the least val-
ues in PCV (20%), Hb (6.7 g/dL) and RBC (2.2 x 10>mm™3),
and GDG was lower in MCHC (33.3g/dL), MCH 29.8pg),
MCV (89.3fL), neutrophils (29%) and lymphocytes (59%),
respectively. The haematological variation between rats
fed on FDG and other experimental foods (RDG & GDG)
could be attributed to fermentation process, which might
have increased the bioavailability of essential nutrients such
as protein and iron that are required for blood formations.
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Table 7 Sensory attributes of formulated complementary foods from maize, defatted groundnut and ginger flour blends

Parameters Appearance Aroma Texture Taste Acceptability
RDG 7.7 +0.74° 667 £1.24° 603 +1.03° 640 +1.52° 6.80 £ 1.24°
GDG 597 + 1.42¢ 5.53 + 1.59¢ 507 + 1.74° 407 £ 1.96° 480+ 1619
FDG 637 +£099°¢ 5.57 4 1.25¢ 593 + 1.46¢ 560 %+ 1.63° 583 4 1.34
NBM 793 +1.012 7.93 +0.90° 7234+£152° 7.67 +£1.42° 787 £1.13°

RDG Raw maize, defatted groundnut and ginger in ratio 76.7:20.8:2.5
GDG Germinated maize, defatted groundnut and ginger in ratio 74.4:23.1:2.5
FDG Fermented maize, defatted groundnut and ginger in ratio 72.6:24.9:2.5

NBM Nutribom (a commercial maize-based complementary food)

2.b.¢.d Means (+-SEM) with different alphabetical superscripts in the same row are significantly different at P < 0.05

Interestingly, the haemoglobin concentration (7.5g/dL) and
red blood cell concentration (3.0 x 10> mm™3) of fermented
complementary food (FDG) in this study are compara-
ble to the reference values for infants (6 -12 months) (11.3
- 14.1g/dL; 3.74 - 4.62 x 10°mm ™3, respectively) (Nathan
& Oski 1987; Nicholson & Pesce 2011). This finding is in
line with the report of Adesanmi et al. (2020), who reported
that fermentation process improved the blood formation of
rats fed on complementary foods from fermented yellow
maize and quality-protein-maize flour enriched with defat-
ted almond seed. Hence, the present formulations, particu-
larly FDG, have the potential to promote blood formation,
and thereby prevent anaemia in children.

The biochemical property of formulated complemen-
tary foods in Wistar rats indicated that albumin (3.72 g/
dL), total protein (5.62g/dL) and globulin (1.9g/dL)
concentration of rats fed on FDG were significantly
(p<0.05) higher than in rats fed on GDG (3.52, 3.57 &
0.05) and RDG (3.07, 3.4 & 0.33), respectively. Compar-
atively, the albumin, total protein and globulin concen-
tration in rats fed on FDG were insignificantly (p >0.05)
lower than in rats fed on control sample (NBM), but
were within the range of recommended values (3.4 - 5.8
and 5.6 - 7.6g/dL, respectively) (Diana 2007; Giannini
et al. 1999). The effect of formulated diets on kidney
function indicate that in rats fed on FDG had low blood
urea (10.16 mg/dL) and creatinine (4.8 mg/dL) concen-
tration, and were significantly lower than in rats fed on
GDG (11.56 & 5.63 mg/dL) and RDG (14.75 & 6.15 mg/
dL), respectively. However, these concentrations (urea
and creatinine) were significantly (P<0.05) lower than
in control (NBM) (7.77 & 2.07 mg/dL), but within the
recommended values (7 - 20 & 2 - 8mg/dL, respec-
tively) (Diana 2007; Giannini et al. 1999). Similarly, for
the liver function, the blood concentration of aspar-
tate aminotransferase (AST), alanine aminotransferase
(ALT), and alkaline phosphatase (ALP) ranged from
19.30 to 20.86U/L, 41.41 to 61.33U/L and 40.71 to
50.46 U/L, respectively. While AST/ALT ratios ranged
from 0.38 in FDG to 051 in RDG, and were lower than

Table 8 Selection criteria for determining optimal formulated
food sample

Parameters RDG GDG FDG
Protein content 1 3 2
Energy value 2 1 3
Total essential amino acids 1 2 3
Iron 2 3 2
Zinc 2 3 1
Ca/P 1 2 3
Na/K 2 1 3
Biological value 1 2 3
Overall Acceptability 3 1 2
Growth performance 1 2 3
Total 16 20 22
% 533 66.7 83.3

RDG Raw maize, defatted groundnut and ginger in ratio 76.7:20.8:2.5
GDG Germinated maize, defatted groundnut and ginger in ratio 74.4:23.1:2.5
FDG Fermented maize, defatted groundnut and ginger in ratio 72.6:24.9:2.5

recommended value (< 1.0) (Diana 2007; Giannini et al.
1999). The low concentration of urea, creatinine and
cytosol enzymes (AST, ALT & ALP) in rats fed on these
experimental diets indicates that the diets are non-
toxic, and safe as complementary food. Scientific stud-
ies have established that renal and liver dysfunction
can be evaluated through the elevation of blood urea
or serum creatinine (Oh & Hustead 2011), and serum
enzymes (AST, ALT & ALP) (Ekpenyong et al. 2012;
Jaroslaw et al. 2009). Liver and kidney are complex
organs, and once the hepatic or renal cell membrane
is damaged, the cytosol enzymes (AST, ALT & ALP),
blood urea and creatinine concentration are increased
(Nicholson & Wilson 1991).

Sensory attributes of formulated complementary foods

The sensory attributes of formulated complementary
foods from maize, defatted groundnut and ginger flour
blends are shown in Table 7. The appearance, aroma,
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texture and taste of complementary foods ranged from
5.97 to 7.17, 5.53 to 6.67, 4.93 to 6.03 and 4.07 to 6.40,
respectively, while overall acceptability varied from 4.80
to 6.80; and were significantly (p <0.05) rated lower than
in control samples (NBM). The variation between formu-
lated complementary foods rating and that of control sam-
ple could be attributed to the familiarity of the panellists
to the control sample or variation in food compositions.
However, among the formulated complementary foods,
RDG was the most preferred followed by FDG and GDG,
respectively, and this could also be ascribed to differences
in processing techniques, i.e., fermentation and germina-
tion, which might have influenced sensorial attributes of
the food samples. This finding is in contrary to the report
of Syeunda et al. (2019) and Fikiru et al. (2017), who
reported that malting influenced sensory attributes of
malted complementary food positively. However, it is well
established that germination and fermentation are usually
used to enhance the nutritional quality and organoleptic
properties of food products (Ebisa et al. 2021).

Selection criteria for determining optimal formulated food
sample

The best formulated complementary food was deter-
mined using a ranking system with reference to some
nutritional criteria, that is, protein content, energy
value, total essential amino acids, selected minerals (Fe
& Zn), mineral molar ratios (Ca/P & Na/K), biological
values, overall acceptability and growth performance
as described by Oluwajuyitan et al. (2020) with slight
modification. Based on the relative importance and
interrelationship of these criteria, ranking was reported
on an equal score basis. The scoring scale of these cri-
teria was to produce identical conclusive results. The
experimental food samples were ranked from 1 (worst)
to 3 (best) to objectively determine the choice of the
blends. The blend scored with the highest percentage
was considered to possess the best nutritional quali-
ties (Table 8). Using these criteria, FDG sample had the
highest percentage score (83.3%) compared to GDG
(66.6%) and RDG (53.3%).

Conclusion

The study established that FDG (Fermented maize,
Defatted groundnut and Ginger) was ranked best over
GDG (Germinated maize, Defatted groundnut and
Ginger) and RDG (Raw maize, Defatted groundnut and
Ginger) in terms of nutritional composition, ability to
support growth in rats and overall acceptability. Hence,
FDG food sample may be suitable to mitigate expensive
commercial infant complementary foods in alleviating
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anaemia and protein-energy malnutrition in children.
However, clinical trial is required to substantiate nutri-
tional potential and acceptability of this formulated
complementary food particularly in children.
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