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Abstract
In Nigeria, factors such as high cost of living, regional insecurity, inflation, poor feeding
practices, and high poverty rates have exacerbated the prevalence of Severe Acute
Malnutrition (SAM). This study aimed to formulate and evaluate the in-vivo nutritional,
biochemical, microbial, and sensory qualities of locally produced therapeutic foods for the
management of SAM. The food formulations were coded as PMF - 100% Pearl Millet Flour,
PBM1 - 60% Pearl Millet + 20% Bambara Groundnut + 5% Moringa Leaves + 5% Vegetable Oil
+ 10% Sucrose, PBM2 - 50% Pearl Millet + 30% Bambara Groundnut + 5% Moringa Leaves +
5% Vegetable Oil + 10% Sucrose, PBM3 - 40% Pearl Millet + 40% Bambara Groundnut + 5%
Moringa Leaves + 5% Vegetable Oil + 10% Sucrose, CTL - Control (UNICEF standard RUTF
product). Nutritional assessments were conducted using rat bioassays, haematological
analysis, microbial quality testing, and sensory evaluation for acceptability. Data were
subjected to one-way Analysis of Variance (ANOVA) at a significance level of p< 0.05.
Results indicated that rats fed the formulated pearl millet-based RUTFs demonstrated
improved growth performance. The Biological Value (BV) of the samples ranged from
70.36% in PBM1 to 78.50% in PBM3. Net Protein Utilization (NPU) ranged from 58.97% in
PBM1 to 70.86% in PBM3, while the Protein Efficiency Ratio (PER) ranged from 2.01 (PBM1)
to 2.42 (PBM3). Sensory evaluation revealed that PBM samples exhibited significantly
better appearance, texture, taste, and aroma than PMF (100% Pearl Millet), with statistical
significance (p < 0.05). The study concludes that pearl millet-based ready-to-use
therapeutic foods (RUTFs) formulated with indigenous ingredients demonstrate promising
nutritional, biochemical, and sensory qualities and may serve as effective functional foods
in the management of children with Severe Acute Malnutrition.
Keywords: Severe Acute Malnutrition, Therapeutic Food, Indigenous Foods, Ready-to-Use
Therapeutic Food, Nutritional Assessment

INTRODUCTION

A child suffering from Severe Acute Malnutrition
(SAM) has approximately nine times the risk of
mortality compared to a well-nourished child,
making it one of the most life-threatening

increases susceptibility to infections and long-
term chronic diseases (Victoria et al., 2016;
Talabi et al., 2022).

According to the Multiple Indicator Cluster

conditions among under-five children (UNICEF,
2023). SAMis most prevalent in low- and middle-
income countries, particularly in Asia and sub-
Saharan Africa, where children are especially
vulnerable (Otiti & Allen, 2021).

In Nigeria, the situation is further complicated
by multiple factors, including the high cost of
living, regional insecurity, rising inflation, poor
infant feeding practices, and widespread
poverty. The nutritional status of a child during
early life has a profound influence on their
physical, cognitive, and emotional development.
Poor nutrition during infancy and childhood not
only impairs growth and development but also
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Survey (MICS, 2018), inappropriate feeding
practices during infancy and early childhood are
major contributors to undernutrition and
increased child morbidity and mortality.
Furthermore, SAM remains one of the leading
causes of death among children under five
globally (WHO, 2018).

UNICEF (2012) and FAO/WHO/UNU (2007)
emphasized that recovery from SAM requires
about 10-15 kg of Ready-to-Use Therapeutic
Food (RUTF)—a nutrient-dense formulation
designed for the treatment of uncomplicated
cases of SAM. Traditional RUTFs typically consist
of milk powder, peanut paste, vegetable oil,
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sugar, and a vitamin-mineral mix, and are
available in solid or semi-solid forms (UNICEF,
2013). However, in many developing countries,
traditional complementary foods are
predominantly grain-based and often deficient
in protein, micronutrients, and energy (Adepoju
& Ayenitaju, 2021).

Protein plays a vital role in child development.
Deficiencies in protein intake can result in
stunted growth, cognitive delays, and weakened
immune responses (Saavedra & Prentice, 2023).
To improve the accessibility and affordability of
RUTFs, the WHO and UNICEF (2011) have
recommended using locally available and
culturally acceptable ingredients to reduce costs
and enhance acceptance.

Pearl millet (Pennisetum glaucum) is a climate-
resilient cereal widely consumed across Africa.
It is a rich source of energy, protein, and
essential micronutrients such as calcium, iron,
and zinc. Millets are also rich in essential amino
acids, such as tryptophan and threonine, and
have been shown to offer superior protein
quality and digestibility (Kiprotich et al., 2015;
Elyas et al., 2002). Laminu et al. (2011)
reported that pearl millet-based weaning foods,
especially when fermented or combined with
legumes like cowpea, exhibit improved
nutritional quality.

Bambara groundnut (Vigna subterranea), an
indigenous and underutilized legume, contains
approximately 32-44% protein and is gaining
recognition for its potential in formulating
complementary and therapeutic foods (Khan et
al., 2021; Alabi et al., 2023). Due to its amino
acid profile and sustainability attributes, it has
been incorporated into various food products,
including biscuits and porridges (Ramatsetse et
al., 2023; Talabi et al., 2019; Muhammad, 2021).

Moringa oleifera is another nutrient-dense
plant, widely acknowledged for its high content
of protein, vitamins, beta-carotene, amino
acids, and antioxidants (Sreeja et al., 2021). Its
inclusion in therapeutic foods can improve the
nutrient density and bioavailability of
micronutrients.

In Nigeria, an estimated 2,300 children under
the age of five die every day, positioning the
country as one of the highest contributors to
global under-five mortality (Kalu & Etim, 2018).
Undernutrition is implicated in approximately
45% of these deaths, including both direct and
indirect consequences of SAM (WHO, 2024). The
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risk is especially severe among children who are
both stunted and wasted.

Given these challenges, this study aimed to
formulate and evaluate the in-vivo nutritional,
biochemical, hematological, microbial, and
organoleptic  properties of ready-to-use
therapeutic food (RUTF) blends developed from
pearl millet, Bambara groundnut, and Moringa
oleifera for managing SAM among children aged
6-59 months.

METHODOLOGY
Study Design

This experimental study employed a completely
randomized design to formulate and evaluate
locally produced Ready-to-Use Therapeutic
Foods (RUTFs) using pearl millet, Bambara
groundnut, and Moringa oleifera leaf powder.
The study focused on assessing the in-vivo
nutritional, biochemical, hematological,
microbial, and organoleptic properties of the
formulated RUTFs for the dietary management
of Severe Acute Malnutrition (SAM) in children
aged 6-59 months, using a rat model as a
biological assay system.

Raw Material Procurement and Preparation

Pearl millet, Bambara groundnut, and Moringa
oleifera leaves were purchased from local
markets in Nigeria. All ingredients were
cleaned, dried, and milled into fine flour using a
hammer mill. Moringa leaves were shade-dried
to preserve nutrient integrity before milling.
The milled ingredients were formulated into five
RUTF blends as follows:

e PMF: 100% Pearl millet flour (control 1)

o PBM1: 60% Pearl millet + 20% Bambara
groundnut + 5% Moringa leaf + 5%
Vegetable oil + 10% Sucrose

o PBM2: 50% Pearl millet + 30% Bambara
groundnut + 5% Moringa leaf + 5%
Vegetable oil + 10% Sucrose

o PBM3: 40% Pearl millet + 40% Bambara
groundnut + 5% Moringa leaf + 5%
Vegetable oil + 10% Sucrose

o C(TL: Standard
(commercial control)

UNICEF RUTF

Each formulation was mixed manually until
homogenous and packaged in airtight
containers.
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Animal Feeding Trial

Thirty (30) male Wistar albino rats, aged 3-4
weeks, with initial weights between 35-45
grams, were randomly divided into six groups of
five rats each. The animals were housed in well-
ventilated cages under controlled laboratory
conditions (a 12-hour light/dark cycle and a
temperature of 25 + 2°C) and acclimated for 7
days prior to the feeding trial.

Each group was fed one of the six diets (PMF,
PBM1, PBM2, PBM3, CTL, and standard
laboratory chow). The feeding trial lasted for 28
days, during which feed intake and body weight
were recorded weekly.

Ethical approval

The Ethical Committee at the College of
Medicine and Health Sciences, Afe Babalola
University Ado Ekiti, Nigeria, approved the
animal experiment (permission number:
ABUAD/21/05/2024/434), which was conducted
in accordance with the established guidelines
governing the use of animals.

Determination of Hematological Parameters
using blood of fed Rats

Hematological and Biochemical Analysis

At the end of the feeding trial, blood samples
were collected via cardiac puncture under
anesthesia. Hematological  parameters
(hemoglobin concentration, packed cell volume,
white blood cell count, and red blood cell count)
were analyzed using an automated hematology
analyzer. Serum biochemical parameters,
including total protein, albumin, and lipid
profile (HDL, LDL, and total cholesterol), were
determined using standard diagnostic Kkits
(Randox Laboratories, UK) and following the
protocols outlined in Mohammed et al. (2022).

Biological Evaluation

The Protein Efficiency Ratio (PER), Net Protein
Utilization (NPU), and Biological Value (BV)
were determined using standard methods
described by the Association of Official
Analytical Chemists (AOAC, 2021). Growth
performance indices, including weight gain and
feed conversion ratio, were calculated to assess
the biological quality of the RUTF formulations.

Microbial Evaluation

The microbiological safety of the RUTF samples
was assessed by determining the Total Viable
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Count (TVC), Total Coliform Count, and the
presence of Salmonella and Escherichia coli
using standard plate count methods in
accordance with 1SO 4833-1:2013 and APHA
(2020) guidelines. Samples were incubated on
selective media, and microbial loads were
expressed as colony-forming units (CFU) per

gram (g).

Sensory Evaluation

Organoleptic properties (appearance, aroma,
taste, texture, and overall acceptability) were
evaluated by a panel of 20 semi-trained adult
volunteers using a 9-point Hedonic scale (1 =
dislike extremely, 9 = like extremely). Panelists
were instructed to rinse their mouths with water
between samples. Ethical clearance for sensory
evaluation was obtained from the institutional
review board, and informed consent was
secured.

Statistical Analysis

All data were analysed using SPSS version 26.0
(IBM Corp., 2022). Results were expressed as
means + standard deviation (SD). One-way
Analysis of Variance (ANOVA) was used to test
for significant differences among treatment
groups, with significance accepted at p< 0.05.
Post-hoc comparisons were made using Duncan’s
Multiple Range Test.

RESULTS AND DISCUSSION

Anthropometric Measurement and Nutritional
Classification of Albino Wister Rat Fed with
Pearl Millet Ready-to-use-therapeutic Food
and Control Samples

The growth pattern of Albino Wistar rats fed on
the formulated pearl millet ready-to-use-
therapeutic food and control sample is
presented in Figures 3.1A, 3.1B and 3.1C.

The nutritional status of the experimental rats
showed that the rats fed on formulated pearl
millet ready-to-use-therapeutic food samples
had better growth performance, and were
comparable to those rats fed on CTL, but
significantly higher in growth performance when
compared with those rats fed on PMF (100% pearl
millet). However, the rats fed on PBM3 had the
highest growth performance among those fed
experimental food samples, as indicated by
weight-for-age (WFA), length-for-age (LFA), and
weight-for-length (WFL) ratios.
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Figure 3.1A: Weight-For-Age (underweight) of
Rats Fed ready-to-use- therapeutic food
Key: PMF: (100% Pearl millet flour); PBM1: (60%

Pearl millet + 20% Bambara groundnut + 5%
Moringa leave + 5% Vegetable oil + 10% Sucrose);
PMB2: (50% Pearl millet + 30% Bambara
groundnut + 5% Moringa leave + 5% Vegetable oil
+ 10% Sucrose); PMB3: (40% Pearl millet + 40%
Bambara groundnut + 5% Moringa leave + 5%
Vegetable oil + 10% Sucrose); CTL: Control
(UNICEF product).
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Figure 3.1B: Length-For-Age (stunting) of Rats
Fed ready-to-use- therapeutic food
Key: PMF: (100% Pearl millet flour); PBM1: (60%

Pearl millet + 20% Bambara groundnut + 5%
Moringa leave + 5% Vegetable oil + 10% Sucrose);
PMB2: (50% Pearl millet + 30% Bambara
groundnut + 5% Moringa leave + 5% Vegetable oil
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+ 10% Sucrose); PMB3: (40% Pearl millet + 40%
Bambara groundnut + 5% Moringa leave + 5%
Vegetable oil + 10% Sucrose); CTL: Control
(UNICEF product).
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Figure 3.1C: Weight-For-Length (wasting) of
Rats Fed on ready-to-use- therapeutic food
Key: PMF: (100% Pearl millet flour); PBM1: (60%
Pearl millet + 20% Bambara groundnut + 5%
Moringa leave + 5% Vegetable oil + 10% Sucrose);
PMB2: (50% Pearl millet + 30% Bambara
groundnut + 5% Moringa leave + 5% Vegetable oil
+ 10% Sucrose); PMB3: (40% Pearl millet + 40%
Bambara groundnut + 5% Moringa leave + 5%
Vegetable oil + 10% Sucrose); CTL: Control
(UNICEF product).

Nutritionally, this study suggests that the
formulated food samples, particularly PBM3,
may be suitable as a functional food, particularly
for supporting infant growth and development,
as well as preventing malnutrition among young
children and adults. Studies have reported an
increase in protein-energy malnutrition (PEM)
from many parts of developing countries due to
the low nutritional quality of traditional foods
(Hurrell, 2003; Adepoju and Etukumoh, 2014).
Hence, a low-cost food that is high in protein and
energy-dense, such as PBM3, is a desirable
substitute for expensive imported foods and low-
quality local foods (ljarotimi and Keshinro,
2012).

Protein Quality and Relative Organ Weight of
Experimental Rats Fed with Pearl Millet Ready-
to-use-therapeutic Food and Control Samples

Table 1: Nutritional Quality and Relative Organ Weight of Rat Fed with ready-to-use-

therapeutic food

Parameters

PMF

PBM1 PBM2 PBM3 CTL

Weight gained (g)
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Parameters PMF PBM1 PBM2 PBM3 CTL
Food intake (g) 495.70%  482.51¢ 483.55°  460.40° 461.539
Feed Efficiency Ratio 0.01¢ 0.08¢ 0.09¢ 0.142 0.10°
Nitrogen Retention (%) 0.94¢ 15.684 16.28¢ 17.30*  16.53°
Biological Value (%) 56.71¢ 70.36¢ 71.38° 78.502  70.54¢
Net Protein Utilization (%) 39.99¢ 58.97¢ 68.73¢ 70.862  69.86°
Protein Efficiency Ratio 1.97¢ 2.01¢ 2.06¢ 2.422 2.35P
Relative organs weight (%)

Kidney 0.56¢ 0.774 1.43¢ 1.862 1.61°
Liver 2.17¢ 2.614 3.38° 3.54° 3.16¢
Heart 0.35¢ 0.49¢ 0.72¢ 0.78° 0.75°

Mean values with the same superscript are not significantly different at p>0.05.

Key: PMF: (100% Pearl millet flour); PBM1: (60% Pearl millet + 20% Bambara groundnut + 5% Moringa
leave + 5% Vegetable oil + 10% Sucrose); PMB2: (50% Pearl millet + 30% Bambara groundnut + 5%
Moringa leave + 5% Vegetable oil + 10% Sucrose); PMB3: (40% Pearl millet + 40% Bambara groundnut
+ 5% Moringa leave + 5% Vegetable oil + 10% Sucrose); CTL: Control (UNICEF product).

The weight gain in rats fed on formulated pearl
millet ready-to-use-therapeutic food was
highest in those fed PBM3, but it was
comparatively lower than that of CTL (47.75 g).
The relative organ weight of the experimental
rats, that is, kidney, liver and heart, fed on
formulated pearl millet ready-to-use-
therapeutic food was highest on PBM3. These
observations further demonstrated that the
formulated pearl millet ready-to-use
therapeutic food samples were of higher protein
quality and may be suitable as a functional food
to support growth and body maintenance.

This finding aligns with other studies that
reported on the nutritional qualities of foods
formulated from combinations of two or more
plant-based food materials (ljarotimi and
Keshinro, 2012).

The biological values (BV) of the prepared pearl
millet ready-to-use therapeutic food samples
exhibited variability, with PBM3 demonstrating
the highest biological value, followed by PBM1.

The net protein utilization (NPU) values ranged
from 58.97% in PBM1 to 70.86% in PBM3.
Furthermore, the protein efficiency ratio (PER)
was noted to be between 2.01 for PBM1 and 2.42
for PBM3. A comparative analysis indicates that
the biological value (BV), net protein utilization
(NPU), and protein efficiency ratio (PER) of the
formulated pearl millet ready-to-use
therapeutic food surpassed those of 100% pearl
millet (PMF), which had a BV of 56.71%, NPU of
39.99%, and PER of 1.97. In contrast, these
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values were comparable to those of the UNICEF
product (CTL), which recorded BV of 70.54%,
NPU of 69.86%, and PER of 2.35. Biological value
(BV) serves as an indicator of the proportion of
absorbed protein from food that is incorporated
into the body's proteins, as well as the efficiency
with which digested protein is utilized for
cellular protein synthesis. Notably, the BV and
PER of the formulated pearl millet ready-to-use
therapeutic food samples exceeded the
FAO/WHO (2007) recommended thresholds of
70% and 2.0, respectively, for an ideal food.

This finding suggests that the protein content in
the formulated pearl millet ready-to-use
therapeutic food is likely sufficient to meet the
protein requirements necessary for growth and
development in both infants and adults (NPU),
and protein efficiency ratio (PER) among the
formulated Pearl millet ready-to-use-
therapeutic food samples were higher than 100%
pearl millet (PMF) (BV= 56.71%; NPU = 39.99%
and PER = 1.97). However, these values were
similar to those of the UNICEF product, (CTL) (BV
= 70.54%; NPU = 69.86%; PER = 2.35). Biological
value (BV) serves as an indicator of the fraction
of protein absorbed from dietary sources that
are subsequently utilized in the synthesis of body
proteins. It also reflects the efficiency with
which digested protein can be employed in
cellular protein synthesis.

Effect of Pearl Millet Ready-to-use-therapeutic
Food and Control Samples on Hematological
Parameters in Diabetic Albino Wistar Rat
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Table 2: Effects of pearl millet ready-to-use- therapeutic food and control samples on

Hematological Parameters in Wister Rat

Parameters PMF PBM1 PBM2 PBM3 CTL *NR
PVC% 31.00°£0.21 37.069+0.28 40.09°+0.15 44.99°:0.94 42.00°+0.65 37.6-50.6
Hb (g/dl) 10.02¢£0.02  11.809+0.30 12.50°¢0.09 14.982:0.31 14.40°:0.11 11.5-16.1
WBC (x10°mm=3)  5.919:0.31 6.60°¢0.28  7.08°:0.15 11.552:0.62 9.30°+0.81 6.6-12.6
RBC (x10°mm3)  5.91°:0.30  6.549:0.71  7.99°:0.05 8.04°:0.03  7.81°:0.24 6.76-9.75
MCHC (g/dL) 27.69°:0.50 30.489:0.11 32.80°:0.30 34.002:t0.08 33.06°+0.07 28.2-34.1
MCH (pg) 10.95£0.05 14.649:0.08 17.84°¢0.13 19.76°+0.13 20.00°:0.03 16.0-23.1
MCV (fl) 41.73°£0.07 49.389:0.91 52.53°:0.13 68.722:0.08 59.06°+0.10 50.0-77.8
Neutrophils (%)  8.33°t0.03  13.609:0.50 28.10°¢0.90 35.112:0.15 33.10°:0.15 5.3-38.1
Lymphocytes 53.10°:0.50  62.409:0.45 75.60°:0.35 86.90°+0.07 74.30°:0.35 56.7-93.1
(%)

Monocytes (%) 0.00°+0.00 0.00°t0.00  1.00°+0.03  2.00°:0.00  0.00°+0.00 0.00-7.7
Eosinophils (%)  0.18°¢0.03 1.70°:0.02  1.992:0.05 2.00°:0.02  2.00°:0.04 0.0-3.4
Basophils (%) 0.00°+0.00  0.00°+0.00  0.00°+0.00  0.00°+0.00  0.00°+0.00 0.0-0.4

Mean = SD. Values with the same superscript are not significantly different at p>0.05.

Key: PMF: (100% Pearl millet flour); PBM1: (60% Pearl millet + 20% Bambara groundnut + 5% Moringa
leave + 5% Vegetable oil + 10% Sucrose); PMB2: (50% Pearl millet + 30% Bambara groundnut + 5%
Moringa leave + 5% Vegetable oil + 10% Sucrose); PMB3: (40% Pearl millet + 40% Bambara groundnut
+ 5% Moringa leave + 5% Vegetable oil + 10% Sucrose); CTL: Control (UNICEF product).*Normal Range.

Packed cell volume (PCV) of the experimental
rat fed on formulated pearl millet ready-to-use-
therapeutic food ranged from 37.06% in PBM1 to
44.99% in PBM3, while that of control sample
(PMF) and CTL was 31.00% and 42.00%
respectively. The  hemoglobin (Hb)
concentration ranged from 11.80 g/dL in PBM1
to 14.98 g/dL in PBM3. The hematological
characteristics of Albino Wistar rats that were
administered a formulated pearl millet ready-to-
use therapeutic food, alongside a control
sample, are detailed in Table 2. The rats fed on
CTL (14.40 g/dL) but had hematological values
higher than 10.02 g/dL (PMF). For white blood
cells, the values ranged between 6.60x 10°mm-
3and 11.55 x 10°mm3in PBM1 and PBM3,
respectively. More so, they exhibited
comparable similarities to those rats fed on CTL
(9.30 x 10°’mm?3) but higher than 5.91 x 103mm-
3%in PMF. The red blood cells concentrations
ranged between 6.54 x 10°mm= and 8.04 x
10°*mm-3 for PBM1 and PBM3, respectively. These
values shared seminaries to CTL (7.81 x 103mm-
3) and higher than 5.91 x 10°mm73in PMF.
Lymphocytes ranged from 62.40 to 86.90% for
rats in the PBM1 and PBM3 groups, respectively,
and were comparable to CTL (74.30%) but higher
than the 53.10% obtained in PMF.

The elevated levels of packed cell volume (PCV),
hemoglobin (Hb), red blood cells (RBC), and
lymphocytes noted in rats administered a
formulated pearl millet ready-to-use
therapeutic food further underscore the
nutritional benefits of these food samples.
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Research has established that diets deficient in
protein typically lead to diminished hemoglobin
synthesis and compromised immune function.
Conversely, the low PCV and Hb levels observed
in rats consuming a diet exclusively based on
pearl millet suggest inadequate protein quality
and reduced blood production (ljarotimi and
Keshinro, 2012).

Effect of Pearl Millet Ready-to-use-therapeutic
Food and Control Samples on Bchemical
Parameters of Diabetic Albino Wistar Rat

The creatinine levels in rats consuming the
formulated pearl millet ready-to-use
therapeutic food varied from 27.12 mg/dl in the
PBM1 group to 14.00 mg/dl in the PBM3 group,
while the control samples exhibited values of
36.03 mg/dl (PMF) and 17.22 mg/dl (CTL). Urea
concentrations in rats fed the experimental
pearl millet formulation ranged from 8.93 mg/dL
in the PBM1 group to 18.31 mg/dL in the PBM3
group, showing comparability to the control
group (15.22 mg/dL) but remaining lower than
the 6.30 mg/dL threshold.

Research indicated that serum creatinine levels
are influenced by its production, glomerular
filtration, and tubular secretion, which can
serve as indicators of renal function. It is a
byproduct of dietary protein metabolism and is
excreted in urine by the kidneys (Akbar et al.,
2013). Urea nitrogen, a typical nitrogenous
waste product present in the bloodstream,
results from the degradation of dietary proteins.
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In healthy individuals, the kidneys effectively
eliminate urea nitrogen from the blood;
however, elevated blood urea levels are
indicative of renal impairment, with increased
creatinine and urea levels reflecting diminished
kidney function (Haider et al., 2020). In a
comparative analysis, the creatinine levels in
rats consuming the formulated pearl millet
ready-to-use therapeutic food remained within
the normal range, as reported by lIseki et al.
(1997).

Therefore, it is suggested that these food
samples did not adversely affect the kidney's
glomerular  filtration rate or  overall
functionality.

The albumin concentrations in the developed
pearl millet ready-to-use therapeutic food
varied from 3.79 g/dL in PBM1 to 4.40 g/dL in
PBM3. In contrast, the albumin level for the
control sample was recorded at 4.41 g/dL (CTL)
and 3.15 g/dL in PMF. Notably, the albumin
level in rats consuming the control sample (CTL)
was significantly elevated (p<0.05) compared to

E-ISSN: 2814 — 1822; P-ISSN: 2616 — 0668

those who fed the formulated pearl millet ready-
to-use therapeutic food and PMF samples.
Regarding globulin levels, the findings indicated
a range from 3.30 g/dL in PBM1 to 3.61 g/dL in
PBM3, while the control sample (CTL) exhibited
values of 2.51 g/dL and 2.11 g/dL in PMF. A
significant difference (p<0.05) was observed
between the globulin levels of the control
sample and those of the experimental food
samples.

This study revealed that the total blood protein
and serum albumin concentrations in rats fed the
developed pearl millet ready-to-use therapeutic
food were comparatively below the normal
ranges for serum protein (5.6 to 7.6 g/dL) and
albumin (3.8 to 4.8 g/dL). This phenomenon
may be linked to the plant-based nature of the
protein source utilized. It is a well-documented
fact that the bioavailability of proteins from
plant sources is often lower than that of animal
proteins, and the levels of plasma proteins,
particularly albumin, are dependent on both the
intake quantity and the quality of the protein
consumed.

Table 3: Effects of ready-to-use- therapeutic food on Biochemical Parameters in Wistar Rat

Parameters PMF PBM1 PBM2 PBM3 CTL *NR
Creatinine (mg/dl) 36.032:0.04 27.12°:0.05 20.85°:0.13 14.00°:0.31 17.229:0.08 0.2-0.8
Urea (mg/dl) 6.30°£0.03  8.939:0.05 10.45°¢0.14 18.313:0.09 15.22°+0.11 7 -20
Total protein(g/dL) 5.26°:0.04 7.09°:0.03  7.54°:0.02 8.012:0.03  6.929:0.22 5.6-7.6
Albumin (g/dL) 3.159:0.07 3.79°¢0.10  4.01°:0.06 4.40°:0.02 4.41°:0.06 3.8-4.8
Globulin (g/dL) 2.11°£0.02 3.30°¢0.03  3.53°+0.09 3.61°:0.10  2.519:0.03

AST (p/L)
ALT (/L)
ALP (p/L)

AST/ALT ratio 1.862+0.00 0.88°+0.01

30.21°:0.12 46.119:0.14 50.12°0.61
16.22°+0.82 52.419:0.16 57.87°+0.41
89.009¢1.30 95.11°:1.05 106.66°+0.94 116.832+1.46 105.77°+1.65 56.8-128
0.86°+0.01

57.15°+0.82 60.112+0.41 45.7-80.8
69.15°+0.82 78.172:0.34 17.5-30.2
0.779:0.01

0.83¢+0.00 <1.0

Mean = SD. Values with the same superscript are not significantly different at p>0.05.

Key: PMF: (100% Pearl millet flour); PBM1: (60% Pearl millet + 20% Bambara groundnut + 5% Moringa
leave + 5% Vegetable oil + 10% Sucrose); PMB2: (50% Pearl millet + 30% Bambara groundnut + 5%
Moringa leave + 5% Vegetable oil + 10% Sucrose); PMB3: (40% Pearl millet + 40% Bambara groundnut
+ 5% Moringa leave + 5% Vegetable oil + 10% Sucrose); CTL: Control (UNICEF product). *Normal Range.

Alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and alkaline
phosphatase (ALP) serve as critical enzymatic
markers for assessing liver functionality. In the
context of the formulated pearl millet ready-to-
use therapeutic food, AST levels were observed
to range from 46.11 p/L in PBM1 to 57.15 p/L in
PBM3, with these values being significantly
elevated (p<0.05) compared to both the 100%
pearl millet (PMF) at 30.21 p/L and the control
sample (CTL) at 60.11 p/L. Notably, the AST
levels in the experimental food samples
remained within the normal range of 45.70-
80.80 p/L. For ALT, values varied from 52.41
p/L in PBM1 to 69.15 p/L in PBM3, while the CTL

UMYU Journal of Microbiology Research

recorded 78.17 p/L and PMF showed a lower
value of 16.22 p/L. Statistically, the ALT levels
in rats consuming 100% pearl millet (PMF) were
significantly lower than those in the formulated
pearl millet ready-to-use therapeutic food and
the UNICEF sample (CTL). The ALP values for the
formulated pearl millet ready-to-use
therapeutic food ranged from 95.11 p/L in PBM1
to 116.83 p/L in PBM3, contrasting with PMF and
CTL values of 89.00 p/L and 105.77 p/L,
respectively. Statistically, the ALP value for the
PMF sample was significantly lower than that of
the other samples. The AST/ALT ratios for the
experimental, formulated pearl millet ready-to-
use therapeutic food ranged from 0.88 in PBM1
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to 0.83 in PBM3, exceeding the CTL ratio of 0.77
but remaining within the normal range of less
than 1.0. These findings suggest that the
formulated pearl millet ready-to-use
therapeutic food is safe for consumption and
does not pose a risk of liver toxicity. Previous
scientific studies have indicated that elevated

levels of AST or ALT in the bloodstream are
indicative of liver dysfunction and damage (Al-
Mamary et al., 2002Aliyu et al., 2022).

4. Microbial, and Aflatoxin Status of Pearl
Millet Ready-to-use-therapeutic Food and
Control Samples

Table4: Microbial and aflatoxin status of ready-to-use- therapeutic food

Samples PMF PBM1 PBM2 PBM3 CTL *SON
Total Viable count (cfu/g) 1.9x10* 1.5x10* 1.4x10* 1.3x10* 1.0x10* >x10°
Mould/yeast (cfu/g) 2.5x10* 2.0x10" 1.2x10* 1.3x10*> 1.0x10> >x10°
Coliform (cfu/g) Nil Nil Nil Nil Nil 0
Escherichia coli (cfu/g) Nil Nil Nil Nil Nil 0
AFB, 3.90 2.85 2.30 2.00 1.00 <5

Key: PMF: (100% Pearl millet flour); PBM1: (60% Pearl millet + 20% Bambara groundnut + 5% Moringa
leave + 5% Vegetable oil + 10% Sucrose); PMB2: (50% Pearl millet + 30% Bambara groundnut + 5%
Moringa leave + 5% Vegetable oil + 10% Sucrose); PMB3: (40% Pearl millet + 40% Bambara groundnut
+ 5% Moringa leave + 5% Vegetable oil + 10% Sucrose); CTL: Control (UNICEF product); *SON: Standard

organization of Nigeria recommendation.

The mean total viable count of pearl millet
ready-to-use-therapeutic food ranged between
1.5 x 10% cfu/g in PBM1 to 1.30 x 10* cfu/g in
PBM3, while the controls varied from 1.90 x 102
cfu/g in PMF and 1.0 x 10% cfu/g CT. Compared
to the values obtained in the pearl millet ready-
to-use therapeutic food and CTL, those in PMF
are significantly lower. However, all
experimental samples are within the
recommended values (<10 x 10 °) by Standard
Organization of Nigerian for quality for food
check. For the mean mould/yeast count of pearl
millet ready-to-use-therapeutic food ranged
between 2.0 x 102 cfu/g in PBM1 to 1.3 X
10%cfu/g in PBM3, while the controls varied from
2.5 x 102 cfu/g in PMF and 1.0 x 10% cfu/g CTL.
Compared to the values obtained in the pearl
millet ready-to-use therapeutic food and CTL,
those in PMF are significantly lower. However,
all experimental samples are within the

recommended values (<10 x 10 °) by Standard
Organization of Nigerian for food safety.
However, neither coliform bacteria nor
Escherichia coli were detected in any of the
prepared pearl millet ready-to-use therapeutic
foods or in the control samples. The aflatoxin
content of the formulated pearl millet ready-to-
use therapeutic samples and the controls ranged
from 3.90 in PMF to 1.0in CTL. All experimental
samples are within the recommended values
(<10 x 10 %) by Standard Organization of Nigerian
for food safety. Hence, the formulated pearl
millet ready-to-use therapeutic samples and the
controls may pose no adverse effects on
consumption.

5. Sensory Attributes of Pearl Millet
Ready-to-use-therapeutic Food and Control
Samples

Table 5. Sensory attributes of ready-to-use- therapeutic food

Sample PMF PBM1 PBM2 PBM3 CTL

Appearance 5.43%+1.21 6.90%+1.02 6.98+1.26 7.50°+1.54 8.052+1.00
Texture 6.38°+1.27  6.85°+1.53  6.809+1.47  6.89°+1.68  8.00%+0.77
Taste 5.999+1.57 7.12°+1.59 6.76°+1.66 6.79°+1.88 7.592+1.50
Aroma 6.569+1.58 6.599+1.90 6.99%+1.55 6.65¢1.29 8.22°+0.99
Overall acceptability 6.70°+1.56  7.78°¢0.85  6.899+1.22  7.99°+1.74  8.93%+1.65

Mean = SD. Values with the same superscript are not significantly different at p>0.05.

Key: PMF: (100% Pearl millet flour); PBM1: (60% Pearl millet + 20% Bambara groundnut + 5% Moringa
leave + 5% Vegetable oil + 10% Sucrose); PMB2: (50% Pearl millet + 30% Bambara groundnut + 5%
Moringa leave + 5% Vegetable oil + 10% Sucrose); PMB3: (40% Pearl millet + 40% Bambara groundnut
+ 5% Moringa leave + 5% Vegetable oil + 10% Sucrose); CTL: Control (UNICEF product).

The formulated pearl millet product exhibited
significantly higher ratings (p<0.05) in terms of
appearance, texture, taste, and aroma

compared to PMF (100% pearl millet), although
it received lower scores when juxtapose with the
control sample (CTL). In terms of overall
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acceptability, the CTL was rated insignificantly
(p < 0.05) higher than the other experimental
food samples, yet it was significantly lower than
the CNT (a UNICEF standard). The observed
differences between the formulated pearl millet
ready-to-use therapeutic food and CNT may be
attributed to variations in food composition,
processing methods, and the panelists’
familiarity with the control sample.

CONCLUSION

This study successfully formulated and
evaluated the nutritional, hematological,
microbial, and sensory properties of locally
produced Ready-to-Use Therapeutic Foods
(RUTFs) using readily available ingredients,
including pearl millet, Bambara groundnut, and
Moringa oleifera leaf powder. The findings
demonstrated that the formulated RUTFs—
particularly PBM3 (40% Pearl millet, 40%
Bambara groundnut, 5% Moringa leaf, 5%
vegetable oil, and 10% sucrose)—exhibited
superior nutritional performance compared to
both the 100% pearl millet formulation (PMF) and
other experimental blends. Hematological
indices, including packed cell volume (PCV), red
blood cell count, and hemoglobin concentration,
showed significant improvement in rats fed the
formulated RUTFs, especially PBM3. Growth
performance in these groups also surpassed that
of animals fed PMF, indicating improved protein
quality and utilization. Notably, the
performance of PBM3 was comparable to that of
the commercial UNICEF RUTF (CTL), suggesting
its potential as an effective alternative for
managing severe acute malnutrition. In terms of
organoleptic properties (appearance, texture,
taste, aroma, and overall acceptability), the
formulated RUTFs received higher ratings than
PMF but slightly lower than CTL. This may
reflect the panelists’ greater familiarity with the
commercial product. Importantly, microbial
analysis confirmed the safety of the formulated
products, with no detectable Escherichia coli or
coliform bacteria, and total viable counts within
acceptable limits.

ACKNOWLEDGMENT

The authors would like to thank the Department
of Human Nutrition and Dietetics, Afe Babalola
University, Ado Ekiti, Nigeria.

CONFLICT OF INTEREST

The authors declared no conflict of interest.

UMYU Journal of Microbiology Research

E-ISSN: 2814 — 1822; P-ISSN: 2616 — 0668

AUTHORS’ CONTRIBUTIONS

Junaidu MS, Talabi JY, Alebiosu I, and Ajayi K
designed research; Junaidu MS conducted
research; Junaidu MS analyzed data; and
Junaidu MS, Talabi JY, Alebiosu I, and Ajayi K
wrote the paper. Junaidu MS had primary
responsibility for the final content. All authors
read and approved the final manuscript.

REFERENCES

Adepoju, O. T., & Etukumoh, A. U. (2014).
Nutrient composition and suitability of
four commonly used local
complementary foods in Akwa I|bom
State, Nigeria. African Journal of Food,

Agriculture, Nutrition and
Development, 14(7), 9544-9560.
[Crossref]

Adepoju, O. T., & Ayenitaju, A. O. (2021).
Assessment of acceptability and nutrient
content of palm weevil (Rhyncophorus
phoenicis) larvae enriched
complementary foods. International
Journal of Tropical Insect Science,
41(3), 2263-2276. [Crossref]

Akbar, F. M., Zafar, M., Hamid, A., Ahmed, M.,
Khalig, A., Khan, M. R., & Rehman, Z. U.
(2013). Interactive effect of cobalt and
nitrogen on growth, nodulation, yield,
and protein content of field grown pea.
Horticulture, Environment, and
Biotechnology, 54, 465-474. [Crossref]

Akinyede, A. I., Oluwajuyitan, T. D., & Dada, J.
B. (2020). Influence of substitution on
amino-acid profile, physicochemical and
sensory attributes of breakfast cereal
from millet, soy cake, rice bran and
carrot pomace blends. MOJ Food
Processing and Technology, 8(1), 19-27.
[Crossref]

Alabi, O. O., Annor, G. A., & Amonsou, E. O.
(2023). Effect of cold plasma-activated
water on the physicochemical and
functional properties of Bambara
groundnut globulin. Food Structure, 36,
100321. [Crossref]

Alabi, T. R., Kolawole, F. L., & Ogunbanwo, S.
T. (2023). Nutritional and functional
potentials of Bambara groundnut in

complementary food production.
Journal of Food Biochemistry, 47(2),
e13652.

Aliyu, N., Mbap, S. T., & Boyi, B. (2022). Effects
of breed, sex, age, and season on the
blood biochemical parameters of sheep
in Bauchi State, Nigeria. Nigerian

www.ujmr.umyu.edu.ng


https://doi.org/10.18697/ajfand.67.13925
https://doi.org/10.1007/s42690-021-00487-7
https://doi.org/10.1007/s13580-013-0001-6
https://doi.org/10.15406/mojfpt.2020.08.00237
https://doi.org/10.1016/j.foostr.2023.100321

UJMR, Conference Special Issue Vol. 10 No. 3.
June, 2025, pp. 35 - 45

Journal of Animal Science and
Technology (NJAST), 5(1), 1-9.

Al-Mamary, A. M., Al-Habori, M., & Al-Meeri, A.
(2002). Antioxidant activities and total
phenolic of different types of honey.
Nutrition Research, 22(9), 1041-1047.
[Crossref]

Anwar, F., Latif, S., & Gilani, A. H. (2007).
Moringa oleifera: A food plant with
multiple bio-chemical and medicinal
uses - A review. Phytotherapy Research,
21, 17-25. [Crossref]

AOAC International. (2021). Official methods of

analysis of AOAC International (21st

ed.). Gaithersburg, MD, USA.

(2020). Standard methods for the

examination of dairy products and food

microbiology (17th ed.). American

Public Health Association.

Bain, B. J., Bates, ., & Laffan, M. A. (2016).
Dacie and Lewis practical hematology
(12th ed.). Elsevier.

Campos, R. G., De Arruda, M., Hespanhol, J. E.,
Camargo, C., Briton, R. M., & Cossio-
Bolanos, M. A. (2015). Referential values
for the physical growth of school
children and adolescents in Campinas,
Brazil. Annals of Human Biology, 42(1),
62-69. [Crossref]

Elyas, S. H., El Tinay, A. H., Yousif, N. E., &

Elsheikh, E. A. (2002). Effect of

fermentation on nutritive value and in

vitro protein digestibility of pearl millet.

Food Chemistry, 78(1), 75-79. [Crossref]

Nutrition. (2024). Nutrition and
metabolism, 11. [Crossref]

FAO/WHO/UNU. (2007). Protein and amino acid
requirements in human nutrition. WHO
Press. who.int

Fawcett, J., & Scott, J. (1960). A rapid and
precise method for the determination of
urea. Journal of Clinical Pathology,
13(2), 156-159. [Crossref]

Haider, A., Shah, N. A., & Shahid, M. (2020).
Analysis of quality of life of dialysis
patients (male and female) with kidney
disease. Pakistan Journal of Gender
Studies, 20(1), 1-20. [Crossref]

Holdoway, A. (2021). Addressing nutrition in the
road map of recovery for those with long
COVID-19. British Journal of Community
Nursing, 26(5), 218-222. [Crossref]

Hurrell, R. F. (2003). Influence of vegetable
protein sources on trace element and

APHA.

Frontier

mineral bioavailability. Journal of
Nutrition, 133(9), 2973S-2977S.
[Crossref]

UMYU Journal of Microbiology Research

E-ISSN: 2814 — 1822; P-ISSN: 2616 — 0668

ljarotimi, O. S. (2013). Determinants of
childhood malnutrition and
consequences in developing countries.
Current Nutrition Reports, 2(3), 129-
133. [Crossref]

ljarotimi, O. S., & Keshinro, O. 0. (2012).
Formulation and nutritional quality of
infant  formula produced from
germinated popcorn, Bambara
groundnut and African locust bean flour.
Journal of Microbiology, Biotechnology
and Food Science, 1(6), 1374-1404.
[Crossref]

ljarotimi, O. S., & Olopade, A. J. (2009).
Determination of amino acid content
and protein quality of complementary
food produced from locally available
food materials in Ondo State, Nigeria.
Malaysian Journal of Nutrition, 15(1),
93-101.

IBM Corp. (2022). IBM SPSS Statistics for
Windows (Version 26.0). Armonk, NY.

Iseki, K., lkemiya, Y., & Fukiyama, K. (1997).
Risk factors of end-stage renal disease
and serum creatinine in a community-
based mass screening. Kidney
International, 51(4), 850-854. [Crossref]

ISO 4833-1:2013. (2013). Microbiology of the
food chain - Horizontal method for the
enumeration of microorganisms.
International Organization for
Standardization.

Kalu, R. E., & Etim, K. D. (2018). Factors
influencing under-five mortality in
Nigeria.  International Journal of
Humanities and  Social Science
Invention, 7(10), 10-16.

Kalu, R. E., & Etim, K. D. (2018). Factors
associated with malnutrition among
under-five children in developing
countries: A review. Global Journal of
Pure and Applied Sciences, 24, 69-74.
[Crossref]

Kaur, R., Gupta, D., & Singh, H. (2024).
Expedient measurement of total protein
in human serum and plasma via the
biuret method using fiber optic probe.
Analytical and Bioanalytical Chemistry,
416(5), 1123-1134. [Crossref]

Khan, M. M. H., Rafil, M. Y., Ramlee, S. I., Jusoh,
M., & Al Mamun, M. (2021). Bambara
groundnut (Vigna subterranean L. Verdc)
A crop for the new millennium, its
genetic diversity and improvement to
mitigate future food and nutritional
challenges. Sustainability, 13(10), 5530.
[Crossref]

www.ujmr.umyu.edu.ng


https://doi.org/10.1016/S0271-5317(02)00406-2
https://doi.org/10.1002/ptr.2023
https://doi.org/10.3109/03014460.2014.927920
https://doi.org/10.1016/S0308-8146(01)00386-7
https://doi.org/10.3389/fnut.2024.1446879
http://whqlibdoc.who.int/trs/WHO_TRS_935_eng.pdf
https://doi.org/10.1136/jcp.13.2.156
https://doi.org/10.46568/pjgs.v20i1.171
https://doi.org/10.12968/bjcn.2021.26.5.218
https://doi.org/10.1093/jn/133.9.2973S
https://doi.org/10.1007/s13668-013-0051-5
https://doi.org/10.4162/nrp.2012.6.5.381
https://doi.org/10.1038/ki.1997.119
https://doi.org/10.4314/gjpas.v24i1.8
https://doi.org/10.1007/s00216-024-04882-7
https://doi.org/10.3390/su13105530

UJMR, Conference Special Issue Vol. 10 No. 3.
June, 2025, pp. 35 - 45

Khan, R., Onyango, C., & Ogwok, P. (2021).
Nutritional potential of Bambara
groundnut. African Journal of Food
Science, 15(1), 12-20.

Kiprotich, F., Kimurto, P., Ombui, P., Towett,
B., Jeptanui, L., Henry, O., & Lagat, N.
(2015).  Multivariate  analysis  of
nutritional diversity of selected macro
and micronutrients in pearl millet
(Pennisetum glaucum) varieties. African
Journal of Food Science, 9(3), 103-112.
[Crossref]

Kiprotich, M., Kinyuru, J. N., & Njeru, R. W.
(2015). Development and evaluation of
nutrient-dense complementary food
based on pearl millet and legumes. Food
Science & Nutrition, 3(6), 486-493.

Korzepa, M., Marshall, R. N., Rogers, L. M., et
al. (2025). Postprandial plasma amino
acid and appetite responses to a low
protein breakfast supplemented with
whey or pea protein in middle-to-older
age adults. European Journal of
Nutrition, 64, Article 86. [Crossref]

Laminu, H. H., Modu, S., & Numan, A. I. (2011).
Production, in vitro protein digestibility,
phytate content and acceptability of
weaning foods prepared from pearl
millet (Pennisetum typhoideum) and
cowpea (Vigna unguiculata).
International Journal of Nutrition and
Metabolism, 3(9), 109-113. [Crossref]

Laminu, H. G., Abubakar, A., & Ibrahim, M. K.
(2011). Effect of processing on
nutritional quality of cowpea and millet
complementary food. Nigerian Journal
of Nutritional Sciences, 32(2), 49-54.

Maciel, L., Gomis-Pomares, A., Day, C., & Basto-
Pereira, M. (2023). Cross-cultural
adaptability of parenting interventions

designed for childhood behavior
problems: A meta-analysis. Clinical
Psychology  Review, 102, 102274.

[Crossref]

MICs. (2018). Nigeria Multiple Indicator Cluster
Survey 2016-17, Survey Findings Report.
National Bureau of Statistics, Abuja,

Nigeria.
Mohammed, I. A., Adeoti, A. O., & Ibrahim, M.
T. (2022). Nutritional quality of

formulated complementary foods using
local ingredients. Nigerian Journal of
Nutritional Sciences, 43(1), 12-20.

Muhammad, A. (2021). Utilization of Bambara
groundnut in functional food product
development. Nigerian Food Journal,
39(1), 13-20.

UMYU Journal of Microbiology Research

E-ISSN: 2814 — 1822; P-ISSN: 2616 — 0668

Ootiti, C., & Allen, C. (2021). Addressing
malnutrition in Nigeria: Challenges and
opportunities. Public Health Nutrition,
24(3), 612-620.

Ramatsetse, B., Fadiran, A. O., & Mashatola, A.
M. (2023). Prospects of Bambara
groundnut in sustainable food systems.
Sustainability, 15(5), 3247.

Saavedra, J. M., & Prentice, A. M. (2023).
Protein quality and child development:
Implications for food-based strategies.
Lancet Global Health, 11(1), e56-e65.

Sreeja, V. G., Ramesh, M., & Sundaram, S.
(2021).  Nutritional and medicinal
applications of Moringa oleifera. Asian
Journal of Pharmaceutical and Clinical
Research, 14(3), 1-6.

Talabi, A. 0., Omemu, A. M., & Bankole, M. O.
(2019). Quality assessment of cookies
made from blends of Bambara groundnut
and wheat flours. Journal of Food
Research, 8(4), 92-100.

Talabi, A. O., Ayoola, O. M., & Faborode, T. M.
(2022). Impact of early childhood
nutrition on long-term health. Journal
of Nutrition and Health Sciences, 9(2),
115-121.

UNICEF. (2012). Management of severe acute
malnutrition in children: A manual for
health workers.

UNICEF. (2013). Improving child nutrition: The
achievable imperative for global
progress.

UNICEF. (2023). Child malnutrition in Nigeria:
Situation report.

Victoria, C. G., Adair, L., Fall, C., Hallal, P. C.,
Martorell, R., & Richter, L. (2016).
Maternal and child undernutrition:
Consequences for adult health and
human capital. Lancet, 382(9890), 452-
471.

WHO. (2011). Updates on the management of

severe acute malnutrition in infants and

children.

(2018). Levels and trends

malnutrition.

WHO. (2023). Complementary feeding: Guiding
principles for feeding non-breastfed
children 6-24 months of age. who.int

WHO. (2024). Malnutrition: Key facts. who.int

WHO. in child

www.ujmr.umyu.edu.ng


https://doi.org/10.5897/AJFS2014.1236
https://doi.org/10.1007/s00394-025-03605-0
https://doi.org/10.4314/bajopas.v3i1.58755
https://doi.org/10.1016/j.cpr.2023.102274
https://www.who.int/publications/i/item/9789240076904
https://www.who.int/

