ljarotimi et al.

Bulletin of the National Research Centre (2022) 46:39 B u l l etin Of th e N ationa l
https://doi.org/10.1186/s42269-022-00725-z Research Centre

RESEARCH Open Access

- .. : ®
Nutritional, antioxidant and organoleptic G

properties of therapeutic-complementary-food
formulated from locally available food materials
for severe acute malnutrition management

Oluwole Steve ljarotimi, Monisola Rachael Fatiregun and Timilehin David Oluwajuyitan”

Abstract

Background: The prevalence of severe acute malnutrition among children (<5 years) due to low energy-protein
density of local complementary foods and poor feeding practices is a great concern in developing countries, Nige-
ria inclusive. Hence, the aimed of this study was to formulate and evaluate the chemical composition, functional,
antioxidant and organoleptic properties of low-cost complementary foods from locally accessible food material using
household technologies. Using UNCEF guidelines, three complementary foods were formulated and their nutritional
characteristics were compared with local complementary food (100% sorghum) and ready-to-using therapeutic food.

Results: Protein (g/100 g) and energy values (kcal./100 g) of formulated complementary foods varied from 16.16

to 16.93 and 418.08 to 474.13, respectively, and were significantly (p <0.05) higher than OG (7.72; 378.71) (a 100%
sorghum flour), but lower than P0 (539.8) (a read-to-eat therapeutic food). Mineral elements (mg/100 g) in the food
samples were K (4175-6350.5), Ca (341.5-949), Fe (23.5-50.5) Zn (28-38.5), P (3855.6-4501), and Na (343.5-950.5), and
were significantly lower than in PO, but higher in K, Fe and Zn than for OG. Sodium/Potassium and Calcium/Phospho-
rous molar ratios of the complementary foods ranged from 0.16 to 0.92 and 0.07 to 0.16 and were lower than PO (0.64,
0.19) and OG (1.71, 0.2), respectively. Total essential amino acids (g/100 g protein) of the food samples varied from
23.53 t0 25.94, and were comparable to OG (28.40) and PO (32.74). Predicted biological value and essential amino acid
index of P2 sample (53.53%, 59.85%) had the highest values, while P1 (46.0%, 52.94%) had the lowest, and these val-
ues were comparatively lower than PO (67.53%, 72.69%), OG (55.91%, 62.03%), and recommended value (> 70%). Func-
tional properties varied from 0.61 t0 0.83, 124.2 to 176.2,102.2 to 257.19,0 to 1 and 164.7 to 373.3 for bulk density, oil
absorption capacity, water absorption capacity, least gelation and swelling capacity, respectively. Antioxidant activity
of formulated complementary foods ranged from 2.07 to 3.24%, 8.61 to 9.87 mg/g, 21.6 to 40.95% and 62.42 to 87.0%
for DPPH, FRAP, Fe-chelation and OH-free radicals, respectively, and were significantly (p <0.05) higher than in OG and
PO. Sample P1 was significantly (p < 0.05) rated highest in appearance, aroma, taste, texture and overall acceptability
above P2 and P3.

Conclusion: The formulated complementary foods had enough nutrient and energy values to meet the require-
ments for infants as recommended for complementary foods and for amelioration of severe acute malnutrition

in children. Nutritional and sensory evaluation revealed that addition of full fat milk to the P1 sample significantly
improved its nutrient composition and organoleptic quality and contributed to its high acceptance compared to
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other formulations. Therefore, this complementary food is potentially suitable for use as complementary food and diet
to manage severe acute malnutrition in Nigeria and other developing countries. However, there is a need for biologi-

cal evaluation.

Keywords: Affordable local food materials, Homemade complementary foods, Acceptability, Protein-energy

malnutrition

Background
Traditional complementary foods usually produced from
cereals in the developing countries are characterized with
low protein, energy density and micronutrient (Shiriki
et al. 2015; Adepoju and Ayenitaju 2021). Hence, poor
quality and inadequate complementary foods have been
implicated as the main causes of growth and cognitive
development retardation, increase in the risk of mor-
bidity and mortality in children (Black et al. 2008; Rogol
et al. 2021; Yamashiro 2021). Evidences have established
that complementary feeding period is the time when
malnutrition starts in many infants contributing signifi-
cantly to the high prevalence of malnutrition in children
worldwide (Daelmans and Saadeh 2003; Maciel et al.
2021). Adequate nutrition, i.e., qualitative complemen-
tary food, has been listed as one of the preventive meas-
ures that would reduce growth faltering, morbidity and
mortality in children under the age of five years (Cam-
pos et al. 2010; Barcus et al. 2021). Adoption of appro-
priate quality and quantity of complementary foods are
essential components of optimal nutrition for infants and
young children (Lutter and Rivera 2003; Holdoway 2021).
Complementary foods are foods (solids or liquids)
required after 6 months when breastmilk alone is no
longer sufficient to provide necessary nutrient require-
ments for the growing infant (Mildon et al. 2021). At
about six months of age, the supply of energy and some
nutrients from breast milk is no longer adequate to meet
an infant’s needs (Koletzko et al. 2008; Ijarotimi and Kes-
hinro 2013; Mildon et al. 2021). Consequently, comple-
mentary foods, preferably with a relatively high energy
and nutrient density, must be provided. In many devel-
oping countries, cereals or starchy roots and tubers are
used for the production of complementary foods (Gibson
et al. 1998a, b; Irenso et al. 2021). They are usually pre-
pared as thin gruels, and characterized with low essen-
tial nutrients (protein and micronutrients) and energy
density (Gibson et al. 1998a, b; Shiriki et al. 2015). These
inadequacies further exacerbated nutritional integrity of
infants, particularly when receive in low quantity per day
couple with the limited numbers of frequency with which
they are fed and responsiveness of the mother or car-
egiver to the needs of the child during feeding (Pelto et al.
2003; Martin et al. 2021). In recent decades, scientific
report has emphasized the use of local complementary

foods formulated in the home rather than centrally pro-
duced fortified foods particularly for those mothers with
limited access to commercial complementary foods
(Masanja et al. 2021; Mekuria et al. 2021; Rai 2021).

Sorghum (Sorghum bicolor) is a good source of pro-
teins, calories and minerals for millions of people in
developing countries (Adejuwon et al. 2021). Duodu et al.
(2003) reported that sorghum is inexpensive and nutri-
tionally comparable or even superior to other major cere-
als. Sorghum is ranked third in the world among cereals
for human consumption, after rice and wheat (Elemo
etal. 2011; Mohammed et al. 2011; Gajmal et al. 2021). In
Nigeria, sorghum is used for the production of fermented
local complementary food or breakfast meal known as
Ogi. However, sorghum is low in essential nutrients like
protein and minerals (Tripathi et al. 2021).

Soybean (Glycine max) belongs to the family legumi-
nosae and sub-family papillionnideae. Soybean is a very
cheap source of plant protein for both animals and man,
and is leading source of edible oils and fats (Alabi and
Oluwatosin 2001; Oluwajuyitan et al. 2021). Soybean
seeds contain high quantity of protein and its amino acid
composition is approximate to composition of animal
proteins, therefore is often used as replacement compo-
nent of meat protein (Banaszkiewicz 2011). The biologi-
cal utilization of soy protein is lower than that of animal
protein due to limitations in some essential amino acids
and the presence of phytochemicals with antinutritional
effects such as protease inhibitors (Wang et al. 2014; Car-
ral et al. 2021). These compounds inhibit the proteolytic
enzymes and, consequently, reduce protein digestion
leading to a decrease in weight gain and growth of ani-
mals (Miura et al. 2005). However, these compounds are
thermolabile and can be inactivated by heat treatment
(Dong et al. 2021).

Groundnut (Arachis hypogaea L.) also known as peanut
or earthnut is an important legume, and widely cultivated
in Nigeria. Groundnut is a native to a region in eastern
South America (Malati 2021), and is now grown world-
wide in the tropical and temperate zones primarily as
an oil seed crop (Awopetu 2021). Nutritionally, ground-
nut kernel contain oil (44—-56%), protein (22-30%), and
appreciable amount of essential amino acids, fatty acids
and micronutrients (Asibuo et al. 2008; Atasie et al. 2009;
Yu et al. 2021). In many parts of developing countries,
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groundnut kernel is used in food preparation in order to
improve the protein, taste and flavour (Asibuo et al. 2008;
Gbadebo and Ahmed 2021). The vast food preparations
incorporating groundnut to improve the protein level has
helped in no small way in reducing malnutrition in the
developing countries (Asibuo et al. 2008; Dean 2021).

Orange-fleshed sweet potato (OFSP) is a root crop
largely grown in tropical countries. It is rich in f3-caro-
tene, polyphenols, ascorbic acid, carbohydrates, die-
tary fibre and essential minerals (Van Hal 2000; Azeem
et al. 2020). Previous study showed various application
of OFSP flour in the development of food products like
bread and infant formula (Chikpabh, et al. 2020; Adejuwon
et al. 2021).

Moringa oleifera is an indigenous edible plant found
abundantly in the dry tropics, and grows all the year
round (Gonzalez-Burgos et al. 2021). The leaves, pods
and flowers of this plant, which are used as vegetable
in many parts of the world have great nutritional value
(Shiriki et al. 2015; Gonzdlez-Burgos et al. 2021). The
leaves contain highly digestible proteins and also rich in
micronutrients like iron, calcium, vitamin C, and carot-
enoids (Shiriki et al. 2015; Mounika et al. 2021). The
leaves have therapeutic value (Mounika et al. 2021; Bai-
ley-Shaw et al. 2021), because, it is used for the treatment
of protein and micronutrient deficiencies among chil-
dren in some countries in Africa (Muflihatin et al. 2021).
Moringa oleifera leaf powder has been added to a local
maize-based complementary food in Nigeria, resulting
in significant improvement in protein, iron status, serum
ferritin, and serum retinol of infants aged 6—12 months
(Nnam 2009; Shiriki et al. 2015; Boateng et al. 2018).

The local sorghum-based infant food is low in essen-
tial nutrients like protein and micronutrients, which has
been implicated as the main cause of high prevalence of
protein-energy malnutrition among the weaning-aged
children (6—24 months) in Africa. In view of this, there
is a need to formulate therapeutical-complementary food
using locally available food materials like sorghum, soy-
bean, orange-fleshed sweet potato, groundnut, and mor-
inga leaf as an alternate to non-availability of ready-to
eat therapeutical food produced by the UNICEF for the
management of severe acute malnutrition (SAM).

Methods

Sources of materials

Orange fleshed sweet potato (I[pomea batatas L.) were
obtained from Agricultural Institute, Eruwa, Oyo state,
Nigeria. Moringa leaves (Moringa oleifera) and soybean
cake (Glycine max) were obtained from a local farm and
Rom mill factory, Ibadan, Oyo state, Nigeria, respec-
tively. Sorghum (Sorghum bicolor), groundnut kernels
and other ingredients (mineral mix, full fat milk, sugar
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and Soy bean oil) were purchased from Erekesan Market,
Akure, Ondo State, Nigeria.

Sample preparation

Production of sorghum flour

The sorghum flour was prepared as described by Ijarotimi
et al. (2011) with slight modification. Sorghum grains
were sorted to remove foreign materials, washed with
distilled water and soaked in distilled water at room tem-
perature for three days. Thereafter, the grains were thor-
oughly washed, drained, wet milled, sieved with muslin
cloth, decanted, and the slurry was oven dried with a hot-
air oven (Plus11 Sanyo Gallenkamp PLC, Loughborough,
Leicestershire, UK) at 60 °C for 20 h., The oven dried sor-
ghum flour was re-milled (Laboratory blender (Model
KM 901D; Kenwood Electronic, Hertfordshire, UK) and
sieved with a 200 mm wire mesh sieve (British Standard).
The flour was packed in a plastic container, sealed and
stored at room temperature (~ 27 °C) until used.

Production of groundnut flour

The groundnut kernels (1 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), and sieved
using a 60 mm mesh sieve (British standard) to obtain
raw groundnut kernel flour sample (RGN). The flour
samples were separately packed in a plastic zip lock bag
and stored at room temperature (~ 27 °C) until used.

Production of moringa leaf powder

Moringa oleifera leaf powder was prepared using a modi-
fication of the method described by Gernah and Sengev
(2011). The freshly harvested moringa leaves (500 g) were
washed with distilled water, oven dried in a hot-air oven
(Plus11 Sanyo Gallenkamp PLC, Loughborough, Leices-
tershire, UK) at 40 °C for 6 h, and milled in a laboratory
blender (Model KM 901D; Kenwood Electronic, Hert-
fordshire, UK), and sieved using a 60 mm mesh sieve
(British standard). The moringa powder was packed in
a plastic zip lock bag and stored at room temperature
(~27 °C) until used.

Production of orange fleshed sweet potato (OFSP) flour

Orange fleshed sweet potato (OFSP) flour was produced
according to the method of Adejuwon et al. (2021), with
slight modification. OFSP tubers were washed, peeled
manually with knives, sliced into uniform sizes of 3 mm
thickness using an electrical slicing machine (Ritter E16,
Ritter GmbH, Germany). The slices were soaked in 5 g/L
sodium metabisulphite solution for 5 min to prevent
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browning, pretreated slices were oven dried in a hot-air
oven (Plusll Sanyo Gallenkamp PLC, Loughborough,
Leicestershire, UK) at 60 °C for 12 h, milled in a labora-
tory blender (Model KM 901D; Kenwood Electronic,
Hertfordshire, UK), and sieved using a 60 mm mesh sieve
(British standard). The OFSP flour was packed in a plas-
tic zip lock bag and stored at room temperature (~ 27 °C)
until used.

Production of defatted soybean (soycake) flour

The soy-cake flour was cleaned, oven dried at 60 °C for
4 h in a hot-air oven (Plusll Sanyo Gallenkamp PLC,
Loughborough, Leicestershire, UK), milled (Labora-
tory Blender (Model KM 901D; Kenwood Electronic,
Hertfordshire, UK) and sieved through a 200 mm mesh
sieve (British Standard). The defatted soybean flour was
packed was in a plastic zip lock bag and stored at room
temperature (~27 °C) until used.

Formulation of therapeutic foods

The food samples were formulated using the guidelines
of UNICEF (2016), and the following food combinations
were produced: PO (a control sample, full fat milk 30%,
peanut 25%, soybean oil 15%, sugar 28%, mineral mix
2%), P1(Orange-fleshed sweet potato 26.5%, sorghum
26.5%, full fat milk 30%, soybean oil 5%, sugar 10%, mor-
inga leaves 2%) P2 (Soycake 15%, Orange fleshed sweet
potato 26.5%, sorghum 26.5%, full fat milk 15%, soybean
oil 5%, sugar 10%, moringa leaves 2%) P3 (Soycake 30%,
Orange fleshed sweet potato 26.5%, sorghum 26.5%, soy-
bean oil 5%, sugar 10%, moringa leaves 2%) and OG (a
local complementary food, 100% sorghum). The resultant
mixture was mixed using a Umthric mixer for 15 min per
formulation. The slurry form of PO and blended flour of
P1, P2 and P3 were tightly packed in plastic containers,
respectively and stored at room temperature (~27 °C)
until used (Table 1).

Table 1 Formulation of therapeutic complementary foods
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Ethical approval

The study protocol was approved by the Ethical Commit-
tee School of Agriculture and Agricultural Technology,
Federal University of Technology, Akure, Nigeria (FUTA/
SAAT/2020/019).

Chemical analysis of therapeutic food

Determination of proximate composition of therapeutic food
The moisture, ash, crude fiber, crude fat and crude pro-
tein contents of sorghum-based breakfast meal samples
were determined using AOAC (2012) methods. The
carbohydrate content was determined by difference as
follows:

Carbohydrate(%) =100 — (%Moisture + %Fat + %Ash
+%Crude fibre 4+ %Crude protein).

The gross energy values (Kcal/100 g) of the samples
were calculated by using formula described by Iombor
et al. (2009).

Determination of mineral composition of therapeutic food
The mineral composition (i.e. Ca, Mg, Fe, Cu a+566nd
Zn) of the sorghum-based meals was determined using
Atomic Absorption Spectrophotomete+r (AAS Model
SP9). The Na and K content was determined using flame
emission photometer (Sherwood Flame Photometer 410,
Sherwood Scientific Ltd. Cambridge, UK) with NaCl
and KCl as the standards (AOAC 2012). The phosphorus
was determined using the Vanodo-molybdate method
(Jastrzebska 2009). The Na/K and Ca/P molar ratios
and phytate/mineral molar ratios, that is, Phytate/Zn,
Ca/Phytate and [Ca][Phytate]/[Zn] were calculated as
described by Ferguson et al. (1988).

Determination of amino acid profile of therapeutic food
Amino acid content was determined using Pico-Tag
method as previously described by Bidlingmeyer et al.

Ingredients Local food Product 0 Product 1 Product 2 Product 3
(0G) (PO) (P1) (P2) (P3)
Full fat milk - 30 30 15 -
Soycake - - - 15 30
Peanut - 25 - - -
Soy oil - 15 5 5 5
Sugar - 28 10 10 10
Mineral mix - 2 - - -
Moringa leaves flour - - 2 2 2
OFP - - 26.5 26.5 26.5
Sorghum 100 - 26.5 26.5 26.5
Total 100 100 100 100 100
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(1984). The cysteine and methionine (sulphur-containing
amino acids) were determined after perfomic acid oxida-
tion as described by Gehrke et al. (1985) and tryptophan
was determined after alkaline hydrolysis as described
by Landry et al. (1992). Briefly, sample was hydrolysed,
evaporated in a rotary evaporator and loaded into Tech-
nicon Sequential Multi-Sample Amino Acid Analyser
(TSM-1) (Technicon Instruments Corporation, New
York, USA). 10 pL of each hydrolysate was dispensed into
the cartridge of the analyser. The analyser was separated
and analysed free acidic, neutral and basic amines, which
was last for 76 h. Norleucine was employed as the inter-
nal standard. Ten microliter (10 uL) of the standard solu-
tion mixture of the amino acid was also loaded into the
analyser. Values of both the standard and samples was
recorded and printed out as chromatogram peaks by the
chart recorder.

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 will
accurately be measured. Approximate area of each peak
was then obtained by multiplying the height with the
width of the half height.

Determination of fatty acids profile of therapeutic food

The composite flour samples were extracted with
chloroform:methanol (2:1v/v) and solid non-liquid mate-
rial was removed by filtration. The total extracted lipid
material was recovered after solvent removal in a stream
of nitrogen. The samples were re-dissolved in anhydrous
chloroform/methanol (19:1 v/v), and clarified by cen-
trifugation at 10,000 xg for 10 min. Tranmethylation was
performed using 14% (w/v) boron triflouride (BF;) in
methanol (Solomon and Owolawashe 2007). Fifty nano-
grams of heptadecanoic acid (internal standard) and
1 mL aliquot of each sample were transferred to a 15 mL
Teflon-lined screw-cap tube. After removal of solvent by
nitrogen gassing, the samples were mixed with 0.5 ml of
BEF; reagent (14% w/v), placed in warm bath at 100 °C
for 30 min and cooled. After the addition of saline solu-
tion, 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 chromatography. Fatty acids were
separated and quantified using a Hewlett-Packard gas
chromatograph (5890 Series II) equipped with a flame-
ionization detector. Two microliter aliquot of the hexane
phase were injected in split-mode onto a fused silica cap-
illary column (Omegawax: 30 m x 0.32 mm 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 carrier gas was helium and the
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flow rate was approximately 50 cm/s. Electronic pressure
control in the constant flow mode was used. The inter-
nal standard (heptadecanoic acid, C17:0) and calibration
standards (NuCheck, Elysian, MN) were used for quan-
titation of fatty acids in the lipid extracts. The fatty acids
reported represent the average of three determinations.

Determination of antinutrient/phytochemical composition
of therapeutic food

Phytic acid was determined using the modified method
of Jjarotimi et al. (2019). Tannin contents were deter-
mined using the modified vanillin-HCl methods (Jaffe
2003). Oxalate was determined by AOAC (2012) method.
Meanwhile, trypsin inhibition activity was assayed
according to the method of Kakade et al. (1974). The
concentration of total phenolic content was determined
using the Folin-Ciocalteu method described by Magal-
hies et al. (2010), with some modifications. The total fla-
vonoid content of food samples was determined by the
aluminium chloride colorimetric method (Chang et al.
2002). Total saponin content determination was sub-
jected to gas chromatography-mass spectrometer (GC-
MS) analysis (Thenmozhi and Rajan 2015).

Evaluation of functional properties of therapeutic food

The water absorption and oil absorption capacities (WAC
and OAC) were determined as described by Onwuka
and Onwuka (2005). The bulk density was determined
as described by Trabelsi and Nelson (2006). The swell-
ing index of the samples was determined as described by
Alawode et al. (2017). The least gelation concentration of
the food samples was determined as described by Sathe
et al. (1982).

Determination of antioxidant activities of therapeutic food

Preparation of therapeutic food aqueous extracts: The
food sample flour (500 g) was defatted and extracted
exhaustively via maceration for 48 h. with 2.5 L of dis-
tilled water. After maceration, the mixture was filtered
(Muslin cloth and Whatman No.1 filter paper, Qualitative
Circles 150 mm Cat No. 1001 150); and the filtrate was
concentrated (Rotary evaporator; Model 349/2, Corning
Limited) at 35 °C for 24 h. and thereafter, the filtrate was
freeze-dried and the dried extract was stored (~27 °C)
until required for use. The antioxidant activities of the
therapeutic food samples were evaluated includes the fer-
ric reducing antioxidant power (FRAP) assay which was
performed as described by Benzie and Strain (1996) with
some modifications. The chelating activity of the extract
on Fe?™ was measured according to the method of Nehir
and Karakaya (2004), with some modifications. The scav-
enging activity of therapeutic foods against 2, 2’-azino-
bis-3-ethylbenzthiazoline-6-sulphonic acid (ABTS) was
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determined according to the method described by Re
et al. (1999) with slight modifications. Hydroxyl (OH)
Free Radicals scavenging activity was determined accord-
ing to the method reported by Klein et al. (1981).

Evaluation of sensory attributes of therapeutic food

The sensory evaluation of the therapeutic foods samples
was conducted in a sensory laboratory with adequate
lighting and no odour. Thirty (30) semi-trained panelists
who were familiar with the control sample (OG, 100%
sorghum) were selected for the study. The therapeutic
foods were constituted by stirring the flour samples in
boiling water (1:4, w/v) at 100 °C for 5 min. The recon-
stituted therapeutic foods samples and the control food
sample were coded and presented to the panelists. The
panelists were assigned individually to laboratory booths
and the constituted therapeutic foods and control were
served at 40 °C. Water was provided for mouth rinsing
in between successive evaluations. The therapeutic foods
sample attributes (colour, aroma, taste, texture, over-
all acceptability) were rated on a Hedonic scale of 1-9,
where 1=dislike extremely and 9=like extremely (Ola-
pade and Umeonuorah 2014).

Statistical analysis

Data were subjected to analysis of variance using
SPSS (IBM version. 20.0, SPSS Inc., Quarry Bay, Hong
Kong). The results were presented as means (£SD).
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Comparisons between means were done using Analysis
of Variance (ANOVA) and Duncan’s Multiple Range Test
(DMRT). Values of p<0.05 were considered as statisti-
cally significant.

Results

Proximate composition of therapeutic food

The macronutrient and mineral composition of devel-
oped complementary foods are presented in Table 2. The
crude protein, fat, carbohydrate and energy values of the
food products varied from 16.16 to 16.93 g/100 g, 13.12
to 23.13 g/100 g, 49.56 to 58.81 g/100 g and 418.08 to
474.13 kcal. /100 g, respectively. The values were signifi-
cantly (p<0.05) higher than OG (100% sorghum flour, a
local complementary food), but significantly lower than
Read-to-eat therapeutic food (P0). However, the study
showed that crude protein, fat, and energy values in P1
were significantly (p<0.05) higher than in P2 and P3,
respectively. This view could be ascribed to inclusion of
full-fat milk in P1, which was substituted with soycake
flour in P2 and P3.

Mineral composition of therapeutic food

The mineral elements (mg/100 g) in developed comple-
mentary foods were K (4175-6350.5), Ca (341.5-949),
Fe (23.5-50.5) Zn (28-38.5), P (3855.6—4501), and Na
(343.5-950.5), and these values were significantly lower
than in PO, but higher for K, Fe and Zn than in OG. The

Table 2 Proximate composition (%), mineral (mg/100 g) and energy value (kcal/100 g) of therapeutic complementary foods

Sample 0G P, P, P, Py *RDA
Moisture 7.26+£0.03 4904001¢ 536+0.02° 569+0.05° 6.26 £ 0.04° -
Crude fat 4834001° 34644004 23.134001° 20.0+0.02° 13.12+0.01¢ -
Crude fibre 2,090,024 1444001¢ 2674001° 2.724002° 2.8240.02 -
Ash 2.00+£0.15° 2.00+0.26° 230+0.15° 275+0.02° 27840017 -
Crude protein 7.72+0.02¢ 1747 +0.03° 1693+0.01° 16.33+0.02° 16.16+0.00 14
Carbohydrate 76.0940.32° 39.5440.15¢ 49564 0.22¢ 524140.11° 58.8440.32° -
Energy 378714323° 539.844.11° 47413+321° 454.96 + 2.45° 418.08+3.314 765
Potassium 1161.5+1.50° 3072542509 41754050 5150.040.30° 6350.50 £0.50° 3000
Calcium 1164.5 +1.50° 11295 +4.50° 949.041.00° 494.041.00° 34154150° 400
Iron 0.90+£0.02° 53.004 1.00° 50.5040.50° 27.0040.03¢ 23.50+0.50¢ 45
Zinc 20.0040.03° 11454050° 38.50+1.50° 30.00+ 1.00° 28004 0.05¢ 16
Phosphorous 44473 +£1.34° 4581.0+1.10° 4501 £1.15° 44431 £1.05° 385564 1.70° 460
Sodium 1164.5+1.50° 1149.5+0.05° 950.50 4 0.05¢ 495.00+0.40° 343540.50° 1000
Na/K ratio 17140012 0644001° 0.3940.02¢ 0.16+001¢ 0.92+0.02° <10
Ca/P ratio 0200017 0.1940.02? 0.1640.02° 0.094001° 0.07 £0.02° >1.0

Values are mean of three determinations & standard deviation (n = 3). Values with the different superscript within the same row are significantly different from each

other (p <0.05)

*RDA (mg/day) (PAHO 2020)

Keys: PO = Full fat milk 30%, peanut 25%, soybean oil 15%, sugar 28%, mineral mix 2%, P1 = Orange-fleshed sweet potato 26.5%, sorghum 26.5%, full fat milk 30%,
soybean oil 5%, sugar 10%, moringa leaves 2%), P2 = Soycake 15%, Orange fleshed sweet potato 26.5%, sorghum 26.5%, full fat milk 15%, soybean oil 5%, sugar 10%,
moringa leaves 2%, P3 = Soycake 30%, Orange fleshed sweet potato 26.5%, sorghum 26.5%, soybean oil 5% sugar 10%, moringa leaves 2%) and OG (100% sorghum)
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observed variation in mineral elements of these prod-
ucts could be attributed to blending food materials and
concentration.

Amino acid profile of therapeutic food
The amino acid profile of the developed complemen-
tary foods is presented in Table 3. The non-essential
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amino acids, the total values for developed complemen-
tary foods varied from 50.14 to 54.57 g/100 g protein,
while OG and PO were 55.58 and 53.41 g/100 g protein,
respectively. Glutamic acid had the highest concen-
tration of the non-essential amino acids with values
range from 12.75 to 13.64 g/100 g protein in P1 and P3,

Table 3 Amino acid profile (g/100 g protein) of therapeutic complementary foods

Samples oG PO P1 P2 P3 *RV
Non-essential amino acids (NEAAs)

Glycine 467° 5712 3.69° 418d 433¢ -
Alanine 6.547 2.86° 5.46¢ 552° 6.38° -
Serine 7.14° 412¢ 5774 5.99° 6.32° -
Proline 486° 3.03¢ 4119 427° 4.49° -
Aspartic 9.307 8.64° 8119 8.20° 8.65° -
Cysteine 0.46° 1972 037¢ 0409 044° -
Glutamic 13.96° 11.85¢ 12759 13.40° 13.64° -
Threonine 446 442° 3.54¢ 3.60° 340° -
Tyrosine 2.96° 3.907 2.37¢ 2.36¢ 2.79¢ -
Arginine 43P 6912 3.974 412° 413¢ -
TINEAAS 58.58° 5341° 50.14¢ 52.04¢ 5457° -
Essential amino acids (EAAs)

Phenylalanine 4.44° 5.97° 3.25¢ 3.33¢ 351¢ 6.90
Histidine 1.89° 2,82 1.84¢ 1.84¢ 1.86° 1.00
Methionine 2172 2.51¢ 1.88¢ 2,019 2.16° 2.70
Threonine 446 442° 3.54¢ 3.60° 340° 3.70
Valine 423° 3.59° 322° 3529 3.82° 3.80
Tryptophan 1.04° 2252 0934 0.944 1.00° 125
Isoleucine 351° 3.59° 3.17¢ 3319 344¢ 3.10
Leucine 6.64° 7.56° 567¢ 593¢ 6.31¢ 7.30
Lysine 448° 4.45P 3574 3.84° 3.84¢ 6.40
TEAAS 28.40P 32747 2353¢ 24,724 25.94°

Predicted nutritional qualities

TEAA 4 His + Arg/TAA% 44.82° 54432 44.63¢ 44,66 43884

TEAA/TAA% 37.78° 43137 36.74¢ 36.89° 36.44°

TNEAA/TAA% 62.22¢ 56.87¢ 63.26° 63.11° 63.56°

TSAA(Meth +Cys) 263° 448° 2.25¢ 241¢ 2.60°

ArEAA (Phe +Tyr) 7.40° 9.87° 562° 569 6.30°

TEAA/TNEAA 061° 0.76% 0.58° 0.59° 0.57¢

PER (/100 g) 2.19° 263° 181¢ 1.90¢ 1.96°

EAAI (%) 62.03° 72.69° 52.94¢ 59.85° 56.72¢

P-BV (%) 5591° 67.53° 46.00° 5353¢ 50.13¢

Nutritional index (%) 479¢ 12.70° 8.96¢ 9.77° 9.17¢

Arginine/lysine 0.94 155 1110 107 1.08°

BCAAs 14.38° 14742 12.06° 12.76¢ 1357¢

Mean values with the different superscript within the same row are significantly different from each other (p < 0.05)

Keys: PO = Full fat milk 30%, peanut 25%, soybean oil 15%, sugar 28%, mineral mix 2%, P1 = Orange-fleshed sweet potato 26.5%, sorghum 26.5%, full fat milk 30%,
soybean oil 5%, sugar 10%, moringa leaves 2%); P2 = Soycake 15%, Orange fleshed sweet potato 26.5%, sorghum 26.5%, full fat milk 15%, soybean oil 5%, sugar 10%,
moringa leaves 2%; P3 = Soycake 30%, Orange fleshed sweet potato 26.5%, sorghum 26.5%, soybean oil 5%, sugar 10%, moringa leaves 2%) and OG (100% sorghum);
BCAAs =Branch chain amino acids (Valine + Isoleucine + leucine); P-BV = Predicted biological value; EAAI = Essential amino acid index; PER = Protein efficiency ratio;
ArEAA = Aromatic amino acids (Phenylalanine +Tyrosine); TSAA = Sulphur containing amino acids (Methionine + Cysteine); *RV (WHO/FAO 2004)
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respectively, while those of OG and PO were 13.96 and
11.85 g/100 g protein, respectively.

For the essential amino acids, the concentrations in
developed complementary foods were 23.53, 24.72 and
25.94 g/100 g protein for P1, P2 and P3, while that of OG
and PO were 28.40 and 32.74 g/100 g protein, respectively.
The predicted protein efficiency ratios of the developed
complementary foods ranged from 1.81 to 1.96, and were
lower than 2.19 and 2.63 for OG and PO, respectively. For
the predicted biological value and essential amino acid
index, the developed complementary foods, that is, P2
(53.53%, 59.85%) had the highest values, while P1 (46.0%,
52.94%) had the lowest, and these values were com-
paratively lower than PO (67.53%, 72.69%), OG (55.91%,
62.03%), and recommended value (>70%).

Fatty acids profile of therapeutic food

The fatty acid compositions of the complementary foods
are shown in Table 4. Total saturated fatty acid (SFA)
of the developed complementary foods ranged from
19.73% in P1 to 20.61 in P2, and were higher than PO,
but lower compared to OG. For monounsaturated fatty
acids (MUFA) and polyunsaturated fatty acids (PUFA),
the values ranged from 45.53 to 46.86% and 32.91 to
34.66%, respectively. In MUFA and PUFA, oleic acid
(44.21-44.97%) and linolenic acid (23.21-24.57%) were
present in abundant concentration, respectively, and
were comparatively higher than other fatty acids. The P/S
(P =PUFA + MUFA) ratio ranged from 3.95 to 6.23, and
were higher than OG (2.25), but comparable to PO (4.26).

Antinutrient/phytochemical composition of therapeutic
food

The antinutritional composition of developed comple-
mentary foods is presented in Table 5. The flavonoid,
tannin, phenol and trypsin concentration in the formu-
lated complementary food samples varied from 3.75 to
7.50 mg/g, 2.55 to 2.86 mg/g, 29.63 to 38.96 mg/g and
1.58 to 3.02 mg/g, respectively. While saponin, oxa-
late and phytic acid concentration were 10.10-24.16%,
18.47-19.54%, and 30.07-39.65%, respectively. The
Phytate to iron (Phy:Fe) ratios of the formulated comple-
mentary foods varied from 0.051 to 0.143, and the ratios
were comparatively lower than OG (100% sorghum flour)
(2.602) and critical value (>0.15), but within the value
of PO (0.041). The molar ratios of phytate to calcium
(Phy:Ca) varied from 0.001 to 0.007, and the ratios were
lower than critical molar ratio of [Phy]: [Ca] <0.24. The
molar ratios of phytate to zinc of the developed comple-
mentary foods varied from 0.077 to 0.139, and the val-
ues were lower than in OG (0.136) and PO (0.221). The
Oxalate/calcium (Ox:Ca) ratio of the formulated diets
varied from 0.019 to 0.057, and the values were similar to
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Table 4 Fatty acid profile (%) of therapeutic complementary
foods

Samples 0G PO P1 P2 P3

Saturated fatty acids (SFA)

Caprylic acid 0.00° 0.00% 0.00? 0.00° 0.00?
Capric acid 0.00° 0.00° 0.00? 0.00° 0.00%
Lauric acid 0.00° 0.00% 0.00? 0.00° 0.00?
Myristic acid 032° 0.32° 036°  031° 0.76%
Palmitic acid 2589 1310°  1221° 1277 12.55¢
Margaric acid 005°  005°  006°  005° 0122
Stearic acids 3.62¢ 413¢ 6142 6.15% 532°
Behenic acid 0.52¢ 051¢ 0.58° 0.49° 1252
Lignoceric acid 007°  007° 008  007° 018
Arachidic acid 0.27° 0.08¢ 0.03¢ 0.77° 0.00°
TSFA 30742 1898° 19739 2061° 2018
Monounsaturated fatty acids (MUFA)

Palmitoleic acid 1.40° 0.80¢ 0.90¢ 0.77¢ 0.95°
Oleic acid 2425¢  4615° 44219 4440°  44.97°
Erucic acid 0.38° 0.37° 043> 036° 091°
ZMUFA 26039 4732° 45545  4553°  4683°
Polyunsaturated fatty acids (PUFA)

Linoleic acid 3983%  2534°  2321° 24379 2457°
Linolenic acid 3.24° 821 11357 957° 8134
Arachidonic acid 009° 009  010° 008" 0217
TPUFA 4316° 33645 3466° 34024  3291°
MUFA/PUFA 0.60° 1.40° 1310 133P 142
PUFA/SFA 1.40¢ 1.77° 1750 3.95° 1.63¢
(PUFA-+MUFA)/SFA  225° 426  4.06° 6.23° 3.959

Mean values with the different superscript within the same row are significantly
different from each other (p <0.05)

Keys: PO = Full fat milk 30%, peanut 25%, soybean oil 15%, sugar 28%, mineral
mix 2%, P1=0Orange-fleshed sweet potato 26.5%, sorghum 26.5%, full fat milk
30%, soybean oil 5%, sugar 10%, moringa leaves 2%), P2 =Soycake 15%, Orange
fleshed sweet potato 26.5%, sorghum 26.5%, full fat milk 15%, soybean oil 5%,
sugar 10%, moringa leaves 2%, P3 = Soycake 30%, Orange fleshed sweet potato
26.5%, sorghum 26.5%, soybean oil 5%, sugar 10%, moringa leaves 2%) and OG
(100% sorghum)

control samples (i.e., OG=0.004; P0=0.017). The value
of [Ca][Phy]: [Zn] molar ratios of the formulated com-
plementary foods ranged from 1.191 to 1.826, and were
lower than the critical molar ratio of [Ca][Phy]: [Zn], that
is, (0.5).

Functional properties of therapeutic food

The functional property of formulated complementary
foods and controls is shown in Table 6. The results vary
from 0.61 to 0.83 g/ml, 124.2 to 176.2 mg/g, and 102.2 to
257.19 mg/g for bulk density, oil absorption capacity and
water absorption capacity, respectively. For the least gela-
tion and swelling capacity, the values ranged were 0-1%
and 164.70-373.30%, respectively. There was significant
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Table 5 Anti-nutritional composition and phytate/mineral molar ratios (mol/kg) of therapeutic complementary foods

Sample oG PO P1 P2 P3

Flavonoid (mg/g) 8224087° 4374054 3.754093¢ 7.504093° 6.72°40.71
Tannin (Mg/q) 0.1340.02¢ 2474055° 2.5540.01° 2.7840.80° 2.8640.01°
Phenol (mg/q) 23194 107¢ 45804065 29634150 38.96+£0.59° 2663+ 1.80¢
Trypsin conc. (mg/g) 06640019 3.084002° 3.024002° 3.044003° 158+001¢
Saponin (%) 304640.12° 26640.02¢ 10.1040.02¢ 18.8540.05° 2416+003°
Oxalate (%) 45040.02° 1899+£0.10° 18474007 19394003 19544£002°
Phytic (%) 27.60 4 2.06° 25.68+7.26° 30,094 2.05° 3007 41.23° 39.6541.65%
Phytate/Ca 0.001° 0.001° 0.002° 0.004° 0.0072
Phytate/Zn 0.136° 02212 0077¢ 0.099¢ 0.139°
Phytate/iron 2.602° 0.041¢ 0.0514 0.094¢ 0.143°
Phytate*Ca/Zn 3.957° 6.237° 1.826° 12194 11918
Oxalate/Ca 0.004¢ 0.017¢ 0.019° 0.039° 0.057°

Values are mean of three determinations + standard deviation (n = 3). Values with the different superscript within the same row are significantly different from each
other (p <0.05)

Keys: PO = Full fat milk 30%, peanut 25%, soybean oil 15%, sugar 28%, mineral mix 2%, P1 = Orange-fleshed sweet potato 26.5%, sorghum 26.5%, full fat milk 30%,
soybean oil 5%, sugar 10%, moringa leaves 2%); P2 = Soycake 15%, Orange fleshed sweet potato 26.5%, sorghum 26.5%, full fat milk 15%, soybean oil 5%, sugar 10%,
moringa leaves 2%; P3 = Soycake 30%, Orange fleshed sweet potato 26.5%, sorghum 26.5%, soybean oil 5%, sugar 10%, moringa leaves 2%) and OG (100% sorghum)

[Phy/Ca= >0.24; Phytate/Fe = >0.15; Phytate/Zn = > 15; Oxalate/Ca= > 1; Phy*Ca/Zn = >200]

*phytate: calcium > 0.24 (Morris and Ellis 1985), phytate: iron > 1 (Hallberg et al. 1989), phytate: zinc> 15 (Turnlund et al. 1984; Sandberg 1991), phytate: calcium/
zinc>200 (Davies et al. 1985; Bindra, et al. 1986; Gibson 2006)

Table 6 Functional properties of therapeutic complementary foods

Sample oG PO P1 P2 P3

Bulk density (g/ml) 0.680.02° 0.83+0.03° 06140019 0.63+0.01¢ 0.66+0.01¢
OAC (mg/q) 174.70+1.45° 124.20+£0.80° 175.1040.90° 176.7041.45° 176.204+1.02°
WAC (mg/g) 203.30+ 1.00¢ 102.2042.06° 160.004:0.10° 201.30+£081° 257.194141°
Least gelation (%) 1.00£0.00% 1.00£0.00° 1.00£0.00° 1.00£0.00° 1.00 £ 0.00°
Swelling (%) 420.0041.50° 164.7040.90¢ 276.80£0.95¢ 291904155 373.30+0.90°

Values are mean of three determinations + standard deviation (n=3). Values with the different superscript within the same row are significantly different from each
other (p <0.05)

Keys: PO =Full fat milk 30%, peanut 25%, soybean oil 15%, sugar 28%, mineral mix 2%, P1 = Orange-fleshed sweet potato 26.5%, sorghum 26.5%, full fat milk 30%,
soybean oil 5%, sugar 10%, moringa leaves 2%); P2 = Soycake 15%, Orange fleshed sweet potato 26.5%, sorghum 26.5%, full fat milk 15%, soybean oil 5%, sugar 10%,
moringa leaves 2%; P3 = Soycake 30%, Orange fleshed sweet potato 26.5%, sorghum 26.5%, soybean oil 5%, sugar 10%, moringa leaves 2%) and OG (100% sorghum)

OAC oil absorption capacity, WAC water absorption capacity

(p<0.05) different between the developed complemen-
tary foods and control samples.

Antioxidant activities of therapeutic food

The antioxidant activity of formulated complementary
foods is presented in Table 7. The antioxidant activity
of formulated complementary foods ranged from 2.07
to 3.24%, 8.61 to 9.87 mg/g, 21.6 to 40.95% and 62.42
to 87.0% for DPPH, FRAP, Fe-chelation and OH-free
radicals, respectively, and were significantly (p <0.05)
higher than in OG and PO. Comparatively, the antioxi-
dant activity of P2 against DPPH, FRAP, iron chelation
and hydroxyl-free radicals had the highest activities

than in P1 and P3, respectively. This observation could
be ascribed to the synergistic property of food compo-
nents in P2 (i.e., milk:soycake flour 1:1).

Sensory attributes of therapeutic food

The sensory qualities of formulated complementary
foods are presented in Table 8. The P1 sample was sig-
nificantly (p<0.05) rated highest in terms of appear-
ance, aroma, taste, texture and overall acceptability
followed by P2 and P3, respectively. However, the pan-
elists rated the formulated complementary foods lower
than OG and PO in all the sensory attributes.
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Table 7 Antioxidant activities of therapeutic complementary foods

SAMPLE oG PO P1 P2 P3

DPPH (%) 19940019 2.1140.05° 2.0740.03° 3.2440.55° 3.224005°
FRAP (mg/g) 4.2440.02¢ 6.3940.04¢ 8.6140.06° 9.8740.02° 9.53+£0.02°
Fe’* chelation (%) 6.91+3.14¢ 8.54+0.024 21.60+0.03¢ 40.95+0.02° 3944 +0.03°
OH (%) 8474+1.13¢° 38.80+0.63¢ 62.4240.84° 87.004+1.13° 70.33+£0.84°
ABTS (Mmol/qg) 0.0140.00° 0.01+0.00° 0.01+0.00° 0.02+£0.00* 0.01£0.00°

Values are mean of three determinations + standard deviation (n = 3). Values with the different superscript within the same row are significantly different from each

other (p <0.05)

Keys: PO =Full fat milk 30%, peanut 25%, soybean oil 15%, sugar 28%, mineral mix 2%, P1 = Orange-fleshed sweet potato 26.5%, sorghum 26.5%, full fat milk 30%,
soybean oil 5%, sugar 10%, moringa leaves 2%); P2 = Soycake 15%, Orange fleshed sweet potato 26.5%, sorghum 26.5%, full fat milk 15%, soybean oil 5%, sugar 10%,
moringa leaves 2%; P3 = Soycake 30%, Orange fleshed sweet potato 26.5%, sorghum 26.5%, soybean oil 5%, sugar 10%, moringa leaves 2%) and OG (100% sorghum)

Table 8 Sensory attributes of therapeutic complementary foods

Sample Appearance Aroma Taste Texture General acceptance
0G 8.15+1.03° 7454139 7.60+1.60° 8.10+091° 800+ 1.07°
PO 74041.14¢ 8.15+£1.13° 8.5540.88° 7.10+£161¢ 805+ 1.09°
P1 6.3041.38° 6.1041.4¢ 6404 1.50° 6.6541.26 6.8040.89°
P2 6614193 5554157 5354149 6.30+ 134" 6.05+1.09°
P3 5754144 4804136 43541082 6.004141° 55041352

Values are mean of thirty panelists & standard deviation (n = 30). Values with the different superscript within the same row are significantly different from each other

(p<0.05)

Keys: PO = Full fat milk 30%, peanut 25%, soybean oil 15%, sugar 28%, mineral mix 2%, P1 = Orange-fleshed sweet potato 26.5%, sorghum 26.5%, full fat milk 30%,
soybean oil 5%, sugar 10%, moringa leaves 2%); P2 = Soycake 15%, Orange fleshed sweet potato 26.5%, sorghum 26.5%, full fat milk 15%, soybean oil 5%, sugar 10%,
moringa leaves 2%; P3 = Soycake 30%, Orange fleshed sweet potato 26.5%, sorghum 26.5%, soybean oil 5%, sugar 10%, moringa leaves 2%) and OG (100% sorghum)

Discussion

The formulated food products were appreciably high
in protein content and were capable of providing over
100% of daily protein requirement of the infant compare
to traditional complementary food (i.e., 100% sorghum-
based, OG). This could be ascribed to the inclusion of
soycake, milk and moringa leaves powder, which studies
have reported to be high in protein (Shiriki et al. 2015;
Mounika et al. 2021; Oluwajuyitan et al. 2021). The
energy values of the food products were comparatively
higher than traditional complementary food (100% sor-
ghum), but lower than that of control (PO, a UNICEF
product). However, the formulated food products could
provide above 50% of daily energy requirement of the
infants. This finding agreed with previous reports that
plant-based complementary foods is usually low in
energy density (Shiriki et al. 2015; Adepoju and Ayenitaju
2021). Nutritionally, the higher protein and energy val-
ues of the present study food products could be advanta-
geous over local complementary food from sorghum (o0gi)
in supporting growth and development in children. The
traditional complementary foods in the developing coun-
tries are known to be of low nutritive value and are char-
acterized by low protein, low energy density and high
bulk, because they are usually unfortified cereal-based
(Shiriki et al. 2015). The protein content of cereals such

as sorghum, which is often used, is of poor quality, being
low in lysine and tryptophan amino acids, which are
indispensable for the growth of the young child (Shiriki
et al. 2015). Hence, this local complementary food has
been implicated as one of the major causes of severe
acute malnutrition in children (Shiriki et al. 2015).

The essential mineral elements like Ca, Zn and Fe in the
developed food products were higher than their daily-
recommended values for children (i.e., Ca=105 mg/
day, Zn=1.6 mg/day and Fe=4.5 mg/day) (Oria et al.
2019). This implies that the formulated complementary
foods were able to provide above 100% of recommended
daily requirements for Ca, Fe and Zn, and this could be
as a result of moringa powder that was used to fortify
the food products. It is well established that moriga leaf
is high in micronutrients like Ca, Fe, etc. (Shiriki et al.
2015; Mounika et al. 2021). The Na/K and Ca/P molar
ratios of the developed food products ranged from 0.16
to 0.92 and 0.07 to 0.16 and were lower than PO and OG,
respectively. The lower value of Na/K ratios in the formu-
lated complementary food samples was lower than rec-
ommended value of<1.0; and this is beneficial, because
it would not pose unnecessary stress on the immature
heart of the infant, and thereby causing heart damage.
However, the complementary food products were lower
in Ca/P ratio than recommended value of>1; and this
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indicates that the present food products may not suffi-
ciently provide calcium requirement for the formation of
teeth and bone of the children, hence, there may be needs
for calcium supplement. Recently, studies have reported
on deficiency of vital minerals like Ca, Fe, etc. in tradi-
tional complementary foods, which have resulted into
increase in micronutrient deficiency among children in
many parts of developing countries (Ferguson et al. 2015;
Abeshu et al. 2016). To address the menace, studies have
advocated for adequate nutrition during the first to sec-
ond year of life to ensure optimal physical and mental
development of infants and young children (Abeshu et al.
2016).

The amino acid profile of the formulated food products
showed that glutamic acid had the highest concentration,
and this agreed with earlier reports that in plant-based
foods glutamic acid is usually present in abundant com-
pare to other amino acids (Aremu et al. 2006; Ijarotimi
and Oluwalana 2013). The total essential amino acids of
the products were significantly lower than control prod-
uct (P0), and this could be attributed to the fact that the
control sample was supplemented with full-fat milk, an
animal product. Tryptophan and arginine that are par-
ticularly required for infants, and were abundantly pre-
sent in the formulated complementary foods. These
amino acids are required in infant for normal growth
and development (Kim et al. 2007; Valentine et al. 2017).
The biological value and essential amino acids index of
the formulated complementary food were comparatively
lower than that of control (P0). This is expected in the
sense that PO was enriched with full-fat milk, an animal
food product. Besides, the disparity could be ascribed to
the nature of food composition and amount of essential
amino acids. It is well established that cereal-based and
other plant-based complementary foods are low in pro-
tein, essential amino acids and biological values (Nout
and Rombouts 1992; Ijarotimi and Keshinro 2012).
Hence, they have failed to provide sufficient nutrients
for the growth and development of infant and young
children. Interestingly, this observation agreed with the
report of Jjarotimi et al. (2018), who formulated diets
from the combination of quality-protein-maize, soybean
and moringa (seed and leaf) flour.

For the essential fatty acid composition, oleic and
linolenic fatty acids were present in most abundant in
the formulated food products. These fatty acids are par-
ticularly essential for the growth and development of
children. The PUFA/SFA ratios of the food samples was
higher than one (> 1). This indicates that the fatty acids in
the food samples is higher in polyunsaturated fatty acids,
which is highly beneficial to the children in that it would
prevent formation of arteriosclerosis, and damaging to
the heart. It is well established that intake of fatty acids
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(especially PUFA) enhances infant brain growth and
development, immune system, and lower the risk of heart
disease (Lee 2013).

The antinutrients in developed complementary foods
were lower than critical values, and were compara-
ble to the values obtained for control samples (OG and
PO) and that of complementary foods formulated by
Gemede (2020). The phytate:iron molar ratio>0.15 is
indicative of poor iron bioavailability (Abizari et al
2012). This indicates that the iron content in the present
study complementary foods would be readily available;
therefore would enhance blood formation and thereby
preventing anaemia in children. The phytate/calcium
molar ratio>0.24 indicates good calcium bioavailability
(Woldegiorgis et al. 2015). This finding shows that the
absorption and bioavailability of calcium in the formu-
lated complementary foods in the present study is quite
high. Hence, the food samples would enhance bone and
teeth formation in children, and thereby preventing bone
deformation like rickets. Foods with a molar ratio of
Phy:Zn <10 showed adequate availability of zinc, while
Phy:Zn molar ratios > 15 is an indication of poor zinc bio-
availability (Morris and Ellis 1985). Interestingly, these
values in the formulated diets were lower than the criti-
cal molar ratios of Phy:Zn, which indicates high bioavail-
ability of zinc. The bioavailability of dietary zinc might
be reduced by phytate (Bhandari and Kawabata 2004).
Hence, the Phy:Zn molar ratio is considered a better
indicator of zinc bioavailability than total dietary phytate
levels alone (Woldegiorgis et al. 2015).

From this study, finding shows that the Ox:Ca molar
ratios of the complementary foods were lower than the
reported critical value (1.0), which implies that oxa-
late cannot have any adverse effects on bioavailability of
dietary calcium in these food samples. Oxalic acid and
its salts can have deleterious effects on human nutrition
and health, particularly by decreasing calcium absorp-
tion and aiding the formation of kidney stones (Bhandari
and Kawabata 2004). The [Ca][Phy]:[Zn] molar ratio of
the diets was lower than recommended critical values
(>200). This indicates high bioavailability of zinc in all
the formulated diets. Zinc plays major role in the diet
of children, because it is required for the brain devel-
opment and immune system. The potent effect of cal-
cium on zinc absorption in the presence of high phytate
intakes has led to the suggestion that the [Phy][Ca]/[Zn]
millimolar ratio may be a better index of zinc bioavail-
ability than the [Phy]/[Zn] molar ratio alone (Frontela
et al. 2009). High calcium levels in foods can promote
interaction between phytate-zinc, and thereby decrease
zinc bioavailability, particularly when the [Ca][Phy]:[Zn]
millimolar ratio exceeds 0.5 mol/kg (Adetuyi and Komo-
lafe 2011). This finding is contrary to the belief that iron,
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calcium and zinc deficiency are common phenomenon in
traditional complementary foods in developing countries
particularly Africa (Ferguson et al. 2015), which normally
requires external solutions, such as fortification to ensure
adequate intakes.

Functional properties of the complementary foods are
very important, particularly for the growing children
(Omueti et al. 2009). The physical parameter of foods in
terms of consistency of energy density (energy per unit
volume) and frequency of feeding are the important fac-
tors in determining the extent to which children will meet
their energy and nutrient requirements (Omueti et al.
2009). The bulk density of the formulated complementary
foods was comparatively lower than that of sorghum-
based (OG) and control samples (P0), and it is increased
as the percentage of soycake inclusion increases. The low
BD of formulated complementary foods indicates that
gruel or porridge made from this diet will have a lower
dietary bulk. This is desirable in complementary foods
because loose bulk density enhances adequate energy-
nutrient intake per feed and easy digestibility of comple-
mentary foods in children with small volume of stomach
and immature digestive system (Osundahunsi and Aworh
2002; Jjarotimi and keshinro 2013). Apart from dietary
bulk of the gruel or porridge made from these comple-
mentary diets, the low bulk density is also important in
the packaging requirement and material handling of the
complementary foods (Perez 1997). The loose pack den-
sity (LPD) is related to the bulk density, the higher the
LPD the higher the bulk density. This is because the LPD
indicates the free space between the foods when packed.
A large free space is undesirable in packaging of foods
because it constitute a large oxygen reservoir. Water
absorption capacity (WAC) and oil absorption capacity
(OAC) of formulated diets were comparatively higher
than control (P0). This may be attributed to the high pro-
tein content of the food samples, which is hydrophilic in
nature and will make the diet to absorb and bind more
water; and low fat content, which is hydrophobic in
nature, and thereby restrict water absorption by form-
ing amylose-lipid complex with the polysaccharide in
the diet thus decreasing the amount of water absorbed
(Otegbayo 2002). Besides, water absorption capacity
(WAC) is an index of the maximum amount of water that
a food product would absorb and retain (Adesanmi et al.
2020); and with low WAC the microbial activities of the
food products would be reduced. Hence, the shelf-life of
such food products would be extended.

The formulated complementary foods exhibited higher
antioxidant activities against DPPH, FRAP, Fe-chelation
and hydroxyl free radicals than traditional complemen-
tary food and control samples. This may be attributed
to the food compositions, that is, soycake, sorghum and
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orange sweet flesh potato, which are plant-based, and
with antioxidant properties. Interestingly, this observa-
tion agreed with Itagi and Singh (2012), who reported
on the antioxidant activities of multigrain composite
flour blends. In recent decades, natural antioxidants have
attracted considerable interest among nutritionists, food
manufacturers and consumers, due to their presumed
safety and potential therapeutic value (Sreeramulu et al
2009). Studies have established that several human dis-
eases are caused by oxidative stress that results from
imbalance between the formation and neutralization of
pro-oxidants (Hazra et al. 2008). Oxidative stress initi-
ated by free radicals, such as superoxide anions, hydro-
gen peroxide, hydroxyl, nitric oxide and peroxynitrite,
have been implicated to play vital roles in damaging vari-
ous cellular macromolecules leading to dysfunction of
many organs (Polterat 1997). However, consumption of
foods rich in antioxidant may prevent malfunctioning of
cells and occurrence of chronic diseases.

Overall acceptability of the formulated complementary
foods were significantly (p <0.05) rated lower when com-
pared to 100% sorghum-based complementary food and
control samples by the panelists. This could be attributed
to the familiarity of the panelists and food composition
of OG (100% sorghum flour) and PO (a ready-eat-ther-
apeutic food produced by UNICEF). The PO was most
preferred in taste compared to formulated complemen-
tary foods, and this could be because of sugar which was
added during formulation. Besides, it could have been
due to inclusion of sweet potatoes flour into the formu-
lated complementary foods, which mighty have imparted
slight bitter taste due to the presence of ipomeamarone,
which characterized with bitter taste due to heat applica-
tion (Damian et al. 2018).

Conclusions

The formulated complementary foods in the present
study were based on locally available low-cost food mate-
rials in Nigeria. The formulated complementary foods
had enough nutrient compositions and energy values
to meet the requirements for infants as recommended
for complementary foods and for amelioration of severe
acute malnutrition in children. Therefore, the formulated
complementary foods are potentially suitable for use as
complementary foods in Nigeria and other developing
countries. Nutritional and sensory evaluation revealed
that addition of full fat milk to P1 sample significantly
improved its nutrient composition and organoleptic
quality and contributed to its high acceptance com-
pared to other formulations. The fact that these recipes
are inexpensive, locally available and nutritious makes
them potentially effective in solving some of the nutri-
tion problems facing infants and children in Nigeria.
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However, biological studies are required to explore the
possibility of improving locally formulated complemen-
tary foods for the management of protein-energy malnu-
trition (PEM).
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