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Abstract

This study evaluated the nutritional and sensory properties of a fonio-mung bean products developed
by enriching white fonio (Digitaria exilis) with mungbean (Vigna radiata) flours. Seven blends were
formulated by varying ratios of fonio and mungbean flours. The products were assessed for
proximate composition, selected mineral and vitamin contents, as well as sensory attributes, following
standard methods. Data were analyzed using descriptive statistics and one-way ANOVA at p < 0.05.
Significant difference in energy, proximate, mineral and vitamin contents were observed in the fonio-
mung bean blends. Blend FM1 had the highest energy content while A2 exhibited the highest
proximate composition. Also, highest mineral and vitamin contents were recorded in blend A2 and
FM1/FM4 respectively. However, blend A2 recorded the highest levels of antinutrients (phytate and
tannin). Sensory evaluation results indicated that FM2 was the most preferred blend, whereas FM1
had the lowest acceptability. The incorporation of mung bean flour into fonio flour significantly
enhanced its nutritional profile and sensory appeal. These findings highlight the potential of fonio-
mung bean food products as a nutritious alternative to conventional breakfast cereals, with
promising benefits for improving dietary protein and micronutrient intake. Further research is
recommended to assess the shelf life of the product.

Keywords: Fonio-mung bean; Sensory evaluation; Food product; Nutrient evaluation

Introduction

White fonio (Digitaria exilis) is rapidly gaining
international recognition for its excellent nutritional
features particularly its rich methionine and
cysteine content (Yilmaz, 2023). Fonio only lacks
adequate protein to meet daily dietary needs, as
a result necessitating the formation of enriched

breakfast cereals. To promote nutritional adequacy,
mung beans (Vigna radiata) which are abundant in
protein and essential vitamins and minerals, are
integrated. This complementary combination
enhances fonio’s unique amino acid profile and
mung bean's robust protein and micronutrient
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contribution, resulting in a nutritionally adequate
breakfast cereal (Diatta et al., 2024). Mung beans
are well-known for easy digestibility and diverse
health-promoting properties, match fonio's energy-
providing ability and low glycemic index, making it
suitable for blood sugar control. The resulting
fonio-mung bean breakfast cereal is designed to
overcome the nutritional deficiencies of
conventional cereals, which are often characterized
by high carbohydrate content and low protein and
vitamin levels. By merging these two nutrient-dense
plants-based ingredients, the cereal offers
a convenient, wholesome, and immediate breakfast
resolution, supporting dietary diversification and
addressing widespread nutritional gaps. The
resulting blend will support the growing global
trend towards plant-based diets, which are
increasingly championed for their positive impact
on overall health and well-being. Furthermore, the
incorporation of mung beans enhances the cereal's
fiber content, promoting digestive health and satiety
(Dimopoulou et al.,, 2024). This enriched cereal
provides an essential source of plant-based protein,
crucial for muscle maintenance and repair,
especially beneficial for individuals with active
lifestyles (Singh et al., 2025). The cereal’s balanced
nutrient profile supports sustained energy release,
preventing energy collapse and promoting
protracted vitality throughout the day. Additionally,
the fonio-mung bean breakfast cereal formulation
aims to empower individuals to make healthier
dietary choices, contributing to improved public
health outcomes. This study is set to evaluate the
nutritional value of white fonio (Digitaria exilis)
enriched with mung beans (Vigna radiata)
breakfast cereal.

White fonio (Digitaria exilis) is rapidly
gaining international recognition for its excellent
nutritional features particularly its rich methionine
and cysteine content (Yilmaz, 2023). Fonio only
lacks adequate protein to meet daily dietary needs,
as a result necessitating the formation of enriched
breakfast cereals. To promote nutritional adequacy,
mung beans (Vigna radiata) which are abundant in
protein and essential vitamins and minerals, are
integrated. This complementary combination
enhances fonio's unique amino acid profile and
mung bean's robust protein and micronutrient
contribution, resulting in a nutritionally adequate
breakfast cereal (Diatta e al., 2024). Mung beans
are well-known for easy digestibility and diverse
health-promoting properties, match fonio's energy-
providing ability and low glycemic index, making it
-suitable for blood sugar control. The resulting
fonio-mung bean breakfast cereal is designed to
overcome the nutritional deficiencies of
conventional cereals, which are often characterized

by high carbohydrate content and low protein and
vitamin levels. By merging these two nutrient-dense
plants-based ingredients, the cereal offers
a convenient, wholesome, and immediate breakfast
resolution, supporting dietary diversification and
addressing widespread nutritional gaps. The
resulting blend will support the growing global
trend towards plant-based diets, which are
increasingly championed for their positive impact
on overall health and well-being. Furthermore, the
incorporation of mung beans enhances the cereal’s
fiber content, promoting digestive health and satiety
(Dimopoulou et al, 2024). This enriched cereal
provides an essential source of plant-based protein,
crucial for muscle maintenance and repair,
especially beneficial for individuals with active
lifestyles (Singh et al., 2025). The cereal's balanced
nutrient profile supports sustained energy release,
preventing energy collapse and promoting
protracted vitality throughout the day. Additionally,
the fonio-mung bean breakfast cereal formulation
aims to empower individuals to make healthier
dietary choices, contributing to improved public
health outcomes. This study is set to evaluate the
nutritional value of white fonio (Digitaria exilis)
enriched with mung beans (Vigna radiata)
breakfast cereal.

Cleaning and sorting of mung bean

r
‘Washing for 20 minutes

4
Soaking for 16 hours with water change halfway 8
hourly at room temperature

Dehulling manually

Drying at 60°C using uniscope electric oven for 6
hours

Milling with cutting mill (Km-1500)

l

Packaging into polyethylene bag

Stering at 6°C until use

Figure 1. Production of mung bean flour
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Materials and Methods

Sample collection

Mung beans and white fonio seeds (Figure 3
and Figure 4) were purchased from TRS Organics
in Ajah, and BaglaAgro in Maryland in Lagos State,
Nigeria.

Production of white fonio and mung bean
flours

The production of white fonio and mung bean
flours were shown below in Figure 1 and Figure 2.

Cleaning and sorting of white fonio grain

‘Washing for 20 minutes

Draining

4

Drying for § hours (60°C)

Milling using Km-1500

Packaging into polyethylene bags

Storing 60°C until use

Figure 2. Production of white fonio flour (Agu
et al., 2015)

Figure 3.

Image of White Fonio Grain

Figure 4.

Image of White Fonio Grain

Formulation of Fonio - Mung Bean Composite
Flour

To create the composite flour, whole meal
fonio and mung bean flours were blended in
different ratios. Each blend was thoroughly mixed
to ensure uniformity and seven (7) blend samples

were produced as shown in Table 1 below:

Table 1. Formulation of Fonio- Mung Bean
Composite Flour
Samples Fonio Flour Mung Bean Flour (g)
(4]
Al 100 0
A2 0 100
FMI1 50 50
FM2 60 40
FM3 70 30
FM4 80 20
FM5 90 10

Production of the Whole Meal FonioMung Bean
Gruel/ Breakfast Product

After fonio and mungbeans were milled into
fine flours, seven breakfast fonio-mung bean
products were prepared using the sample blends
above. For added flavour and nutritional benefits,
finely grinded dates (1g), salt (1g) and some water
were incorporated into each of the fonio-mung bean
composite flour table above. The dates not only add
natural sweetness but also provide additional fiber
and essential nutrients. The mixed ingredients were
then transferred to a baking sheet, ensuring an even
layer for uniform baking. The mixture was baked at
a temperature of 60°C for lhour. This developed
a toasted flavor and a crunchy texture in the cereal
and, the mixture was allowed to cool. The cooled
product was then broken into smaller pieces or
flakes for desired final texture of the breakfast
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cereal. These pieces were further dried in the oven
at a low (40°C) temperature to remove any residual
moisture, ensuring a longer shelf life. Finally, the
dried cereal pieces were packaged in airtight
containers to preserve freshness and prevent
contamination. It was further taken to Precision
Food and Feed Laboratory located in Ibadan for
laboratory analysis.

Energy and Nutrient Analysis

The energy contents of the blends were
determined using Atwater general factors (Protein:
4 kcal/g, Fat: 9 kcal/g and Carbohydrate: 4 kcal/g)
(AOAC, 2005). Moisture, fat, crude protein, crude
fibre and ash contents of the breakfast cereals were
determined in triplicates according to the approved
procedures of the Association of Official Analytical
Chemists (AOAC, 2005). The iron, magnesium,
calcium and zinc contents were determined using
the atomic absorption spectrophotometer (Buck
200, Buck Scientific, USA), while sodium and
potassium were determined using flame Jenway
Digital Flame Photometer (PFP7, Bibby Scientific
Limited, United Kingdom) (Olutayo et al., 2018).
Folic acid (vit B9) concentration was determined by
preparing standard and working solutions in an
alkaline medium, analyzing the sample with added
reagents NQS (1, 2 - naphthoquine-4-sulfonate) and
buffer solution), and measuring the absorbance at
436nm. The determination of ascorbic acid involves
reagent preparation, sample extraction with
metaphosphoric acid-acetic acid solution, oxidation
using bromine water, reaction with 2, 4-
dinitrophenyl hydrazine, and spectrophotometric
measurement at 521 nm to calculate concentration
using a standard calibration curve (AOAC, 2005).
Vitamin E content was determined by preparing
extraction and colorimetric reagents, extracting the
sample with ethanol and hexane, measuring
absorbance at 520 nm, and using a calibration curve
to calculate the concentration. Vitamin A was
determined by saponifying the sample with ethanol
and potassium hydroxide, extracting with
petroleum ether, measuring absorbance at 325 nm,
and calculating concentration using a calibration
curve. Phytic acid is determined by extracting with
hydrochloric acid, titrating with iron (IIT) chloride
using ammonium thiocyanate as an indicator, and
calculating content based on titrant volume and
dilution factor. The Folin-Ciocalteu method
determines phenolic content by homogenizing the
sample, extracting phenolic compounds, reacting
with Folin-Ciocalteu reagent and sodium carbonate,
and measuring absorbance at 725 nm to calculate
concentration using a calibration curve (AOAC,
2005; Adepoju & Etukumoh, 2014).

Sensory Evaluation of the Whole Meal Fonio-
Mung Bean Breakfast Productls

The sensory evaluation of the seven (7)
breakfast cereals produced was assessed by fifty-
member panelists. The panelists were selected
randomly from the Department of Food Science and
Technology, College of Food and Agricultural
Sciences, Bells University of Technology, Ota,
Ogun State. Panelists had to commit to participation
throughout the evaluation period. The products
were evaluated for colour, texture, flavour, aroma
and overall acceptability according to the procedure
of Ayo et al.,, (2014). A nine-point Hedonic scale
from 9 (like extremely) to 1 (dislike extremely) was
used. The scores were statistically analyzed using
analysis of variance. The products, appropriately
coded and of the same quantity (10 ml) and
temperature (29 + 3°C) were placed in clean plastic
plates. The panelists rinsed their mouths with
bottled water after tasting each sample. Test
samples were served randomly to panelists in
different cubicles to ensure deserved privacy under
bright light.

Ethical Consideration

Ethical approval is not required by the national
law but an exemption from ethics committee
approval was obtained with no formal
documentation but the appropriate protocols for
protecting the rights and privacy of all participants
were utilized during the execution of the research.
There was no coercion to participate, full disclosure
of study requirements and risks, written consent of
the participants was sought after, no release of
participant data without their knowledge and they
were permitted to withdraw from the study at any

time.

Results and Discussion

Results

Table 2 presents the energy and proximate
content of the breakfast cereals. There was
a significant difference in the energy and proximate
contents of the breakfast cereals at p<0.05. Energy
content varied from 404.23 kcal/100g in FMI1 to
304.51 kcal/100g in A2. The moisture content
ranged from 4.42% in FMI1 to 11.51% in FM3.
Protein content ranged from 11.08% in A2 to
27.46% in F5. The fat content varied from 1.7% in
A11t09.20% in FMS5. The fiber content ranged from
0.09% in A1 and A2 to 0.50% in FM5. Ash content
ranged from 0.86% in Al to 3.27% in A2. The
Nitrogen Free Extract (NFE) values represented the
carbohydrate content of the food product which
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ranged from 58.78% in A2 to 75.76% in Al. In
overall, the breakfast cereal (A2 and FM5) had the
highest proximate content, followed by Al and
FM3, and others.

Table 3 presents a detailed analysis of micro-
nutrients (minerals) in various food samples. These
samples include pure and blended flakes of Fonio
and Mungbean in different ratios. There was
a significant difference in mineral contents (g/100g)
at p<0.05. Calcium content ranged from 23.72g in
Al to 60.87g in A2. The magnesium content ranged
from 66.01g in FMS5 to 138.42g in A2. Iron content
ranged from 3.20g in FM3 to 5.45g in A2. Zinc
content ranged from 1.54g in FM5 to 2.60g in A2.

Sodium content ranged from 70.95g in Al to
196.24g in FM2. Potassium content ranged from
102.09¢g in Al to 692.07g in A2. Sample A2 had
significantly higher mineral content followed by
FM2 and others.

Table 4 indicates significant difference in
vitamin content at p<0.05. Vitamin By ranged from
0.0305 in FM4/FM2/FMI to 0.0470 in Al.Vitamin
C ranged from 1.3005 in Al to 15.14 in FM4.
Vitamin E ranged from 0.0855 in Al to 0.7395 in
FMS5. Vitamin A ranged from 0.0113 in Al to
0.0245 in FM2. FMI, FM2 and FM4 were
significantly higher in vitamin content, followed by
FMS and others.

Table 2. Formulation of Fonio- Mung Bean Composite Flour

Moisture Crude Crude Fat Crude Total Ash Energy
Samples  (oh) _ Prowein(%) (%) Fibre(%) (%) MEOD  (keatong)
Al 10.30+£0.028¢  11.70£0.0217  1.70+0.028%¢  0.09+0.007°  0.86+0.014¢ 75.76 £ 0.530° 365.1440.02¢
A2 7.90+0.198°  27.46+0.035"  2.51+0.042°  0.09+0.014"  3.27+0.021° 58.78 +0.226° 304.51+0.14°
FM1 4.42+0.007¢  17.48+0.035° 6.15+£0.021°  0.15+0.014°  2.08+0.042° 69.74 +0.007¢ 404.23+0.22°
FM2 11.17+0.028>  15.89+0.170°  5.60+0.028¢  0.20+0.014¢  1.49 +0.028¢ 65.65+0.156% 376.56+0.15¢
FM3 11.51£0.028*  14.91+0.021¢  5.61+0.035¢  0.31+0.035°  1.62+0.035¢ 66.06 = 0.014¢ 374.37+1.02¢
FM4 6.62+0.035"  13.28+0.028° 3.11+0.007°  0.40+0.021b  1.55+0.007¢ 75.06 £ 0.042° 381.3540.11°¢
FM5 10.94+0.071¢  11.08+0.120¢  9.20+0.028"  0.50£0.021*  1.21 +£0.021°¢ 67.09 £0.120¢ 395.48+0.23°

Alfonio flour, A2 mungbean flour, ™! 50% fonio+50% mungbean, ™260% fonio + 40% mungbean, ™3 70% fonio + 30%
mungbean, ™ 80% fonio + 20 % mungbean, "™° 90% fonio + 10% mungbean. Values with the same superscripts are not significantly

different by column and vice versa at p<0.05.

Table 3. Mineral Content of the Fonio-Mung Bean Breakfast Products

Iron

Samples Calcium Magnesium /100g Zinc Sodium Potassium
Al 23.72+0.151e 78.51 +£0.029° 3.68 +0.097¢ 1.87 £0.022¢ 70.95 +0.115¢8 102.09 + 0.454¢
A2 60.87 +0.238" 138.42 +0.208° 5.45+0.078" 2.60 +0.031* 172.86 +0.313¢ 692.07 +0.081*

FM1 47.72 £ 0.436" 99.43 £ 0.286" 3.95+0.025¢ 2.24 £0.002° 187.00 £ 0.374° 373.05£0.351°
FM2 37.20 £ 0.041°¢ 80.30 +0.070¢ 3.20+0.014° 1.84 £ 0.000° 196.24 + 0.460° 237.92 +7.220°
FM3 36.40 £ 0.058¢ 74.70 £ 0.033f 3.06 £ 0.004¢ 1.71 £0.018° 131.92 £0.195¢ 297.76 £ 0.351°¢
FM4 47.00 + 0.00° 81.07 £0.253¢ 4.40 £ 0.008° 1.93 £ 0.054¢ 125.05 £ 0.267° 289.94 £ 0.296¢
FM5 37.80 £ 0.026¢ 66.01 £0.032¢ 3.42 £0.042¢ 1.54 £ 0.006¢ 168.80 £0.117¢ 130.09 £ 0.037°

Alfonio flour, > mungbean flour, ™' 50% fonio+50% mungbean, ™260% fonio + 40% mungbean, ™ 70% fonio + 30%
mungbean, ™4 80% fonio + 20 % mungbean, "™ 90% fonio + 10% mungbean. Values with the same superscripts are not significantly

different by column and vice versa at p<0.05.

Table 4. Mineral Content of the Fonio-Mung Bean Breakfast Products

Samples Vitamin By (%) Vitamin C (%) Vitamin E (%) Vitamin A (%)
Al 0.0305 £ 0.00212¢ 1.3005 £ 0.02051# 0.0855 £ 0.00071# 0.0113 +£0.00014°
A2 0.0385 +0.00212° 8.3985 + 0.00495f 0.1710 £ 0.00283f 0.0139 +0.00035¢

FM1 0.0455 £ 0.00212° 12.0575 £ 0.06435¢ 0.3115 +0.00495°¢ 0.0245 + 0.00085°
FM2 0.0455 £ 0.00071° 14.2930 £ 0.01273° 0.3565 +0.00212¢ 0.0251 + 0.00028°
FM3 0.0350 + 0.00283% 14.1005 =+ 0.00495¢ 0.5195 £ 0.00354¢ 0.0229 + 0.00035°
FM4 0.0470 £ 0.00141° 15.1400 =+ 0.00566° 0.5515 +0.00212° 0.0212 £ 0.00035¢
FM5 0.0340 + 0.00283% 13.6545 £ 0.00778¢ 0.7395 £+ 0.00354* 0.0204 £ 0.00064¢

Alfonio flour, > mungbean flour, ™' 50% fonio+50% mungbean, ™260% fonio + 40% mungbean, ™ 70% fonio + 30%
mungbean, ™ 80% fonio + 20 % mungbean, "™ 90% fonio + 10% mungbean. Values with the same superscripts are not significantly

different by column and vice versa at p<0.05.
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Table 5. Antinutrient Content of the Fonio-Mung Bean Breakfast Productss

Samples Phytate (%) Tannin (%)
Al 2.39+£0.369d 26.56 +0.060¢
A2 2.68 +£0.052* 123.80 + 0.385°

FM1 2.30+0.013¢ 115.49 +0.192°
FM2 2.60 +0.004° 78.87 +0.052°
FM3 2.41+0.019¢ 96.17 £ 0.010°
FM4 2.38+0.011¢ 79.39 £ 0.029¢
FM5 2.36+0.014¢ 57.11 +£0.296f

Alfonio flour, *? mungbean flour, ™' 50% fonio+50% mungbean, ™260% fonio + 40% mungbean, ™3 70% fonio + 30%
mungbean, ™ 80% fonio + 20 % mungbean, ™ 90% fonio + 10% mungbean. Values with the same superscripts are not significantly

different by column and vice versa at p<0.05.

Table 6. Sensory Evaluation of the Fonio-Mung Bean Breakfast Products

Samples Aroma Flavour Texture Colour Overall
Al 5.19¢ 6.35° 5.95f 6.85¢ 4.9¢
A2 5.18 5.99 5.87 6.78 5.0
FM1 6.48° 5.7¢ 8.05° 7.2° 7.75°
FM2 7.00° 7.9 7.15¢ 8.00° 8.75
FM3 5.71¢ 6.25¢ 7.004 6.05° 6.55¢
FM4 6.57° 5.75° 6.75° 6.554 6.45°
FM5 5.90¢ 5.954 7.70° 6.55¢ 6.75°

Afonio flour, ** mungbean flour, ™' 50% fonio+50% mungbean, ™260% fonio + 40% mungbean, ™3 70% fonio + 30%
mungbean, ™* 80% fonio + 20 % mungbean, "™ 90% fonio + 10% mungbean. Values with the same superscripts are not significantly

different by column and vice versa at p<0.05.

Table 5 shows the phytate and tannin content
of the breakfast cereals. There was a significant
difference in the antinutrient contents at p< 0.05.
Phytate content ranged from 2.30 % in FMI to
2.62% in A2. Tannin ranged from 26.56 % in Al to
23.80 % in A2. Sample A2 had significantly higher
antinutrient content.

Table 6 shows the sensory evaluation ratings.
The Aroma rating ranged from 5.19 in F1 to 7.0 in
FM2. The Flavor rating ranged from 5.70 in FM1 to
7.90 in FM2. The texture rating ranged from 7.0 in
FM3 to 8.05 in FM1. Colour ratings ranged from
6.05 in FM3 to 8.00 in FM2. FM2 recorded the
highest overall acceptability with a score of 8.75,
indicating it is the most preferred blend among the
sensory panel. F1 had the lowest overall
acceptability score of 4.90, suggesting it is the least
preferred.

Discussion

The energy contents of the breakfast cereal products
fell within the range of the most commercial ready-
to -eat breakfast cereal. This finding is in agreement
with the report of Tacer-Caba et al, (2015) and
Rehal et al, (2022). In addition to this, These
products can furnish the daily energy requirement
of an adult which is supported by the work of van
den Boom et al., (2006) who reported that breakfast
cereal product consumption provide an adequate

energy for Spanish children, adolescents and young
adults. Also, the shelf life and stability of a food
product is heavily influenced by its moisture
content. Sample FMI1, which exhibited lower
moisture levels, demonstrated a prolonged shelf life
due to reduced microbial activity. In contrast, FM3
had elevated moisture content, indicating a need for
additional preservation methods to maintain
stability. These findings align with observations
by Awulachew, (2021), which explored the
relationship between moisture, microbial growth,
and shelf stability.

Mungbean flour (A2) contained a high level of
protein, highlighting its potential as a protein-rich
ingredient. Fonio-based products, which are
naturally lower in protein, benefit from the addition
of mungbean, resulting in a product with an
improved protein profile (Diatta et al, 2024;
Sibanda et al.,2024). Blend A1, characterized by the
highest Nitrogen Free Extract (NFE) value
(75.76%), is a substantial source of carbohydrates,
suitable for providing quick energy, especially
when energy-dense foods are needed. A2, with
a lower NFE (58.78%), provides a more balanced
nutrient composition, offering benefits beyond
carbohydrates. The increased fat content in FMS5
contributes to higher energy density, improved
texture, and enhanced creaminess, making it
suitable for products like complementary flours and
processed snacks (Palzer, 2009; Bourouis et al.,
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2023). Blend A1 may be preferred for low-fat diets
due to its low fat content and ability to improve
metabolic health and reduce cardiovascular risks
(Fleming, 2002; Nordmann et al., 2006; Thom &
Lean, 2017).

Several studies revealed that higher fat levels
increase smoothness and reduce hardness,
contributing to a desirable mouth feel (Stubbs et al.,
2000; Bell & Rolls, 2001; Forde & Bolhuis, 2022).
Additionally, reduction in fat content of food makes
food firmer and less cohesive, positioning them for
specific dietary products. Dietary fiber, both soluble
and insoluble, is vital for digestive health and
satiety, influencing gut motility, microbiota, and
blood glucose levels (Kumar et al., 2020). FM5’s
high fiber content offers benefits such as improved
bowel regularity and appetite control (Akhlaghi,
2024) while Al and A2, with lower fiber content,
may require supplementation. Research by Guan
et al. (2021) supports the role of fiber in digestive
health and metabolic regulation. Ash content,
indicating total mineral content, is high in A2
(mungbean flour), signifying a rich source of
minerals essential for various physiological
functions (Nwajagu et al, 2021). Mungbeans
contain iron, zinc, magnesium, and potassium,
which are crucial for health (Gunathilake et al.,
2016). Ampah (2020) highlighted the importance of
legumes as mineral sources and the impact of
processing on bioavailability. A2, despite its
mineral richness, has the lowest NFE, making it
a less effective energy source.

The micronutrient analysis depicted a clear
trend, with mungbean breakfast cereals A2 having
the highest levels of most of the analyzed minerals
(calcium, magnesium, iron, zinc, potassium, and
phosphorus). This highlights mungbean flour as an
excellent source of essential minerals and a valuable
addition to a healthy diet. On the other hand, fonio
breakfast cereals Al consistently exhibited the
lowest levels of several minerals (calcium, sodium,
potassium, and phosphorus. While the fonio blend
was well-suited for low-sodium diets, it may need
to be supplemented or paired with other foods to
ensure sufficient intake of essential minerals.
Additionally, the results revealed that FM2 has the
highest sodium content, a factor to consider in
dietary planning, especially for individuals
managing high blood pressure or following sodium-
restricted diets. These findings are in line with prior
studies by Jukanti et al. (2016) and Diatta et al.
(2024).

Vitamin content varied significantly across
samples, influenced by ingredients and processing.
Folate, vitamin C, vitamin E, and vitamin A levels
were examined (Awuchi, 2020; Garg et al., 2021).
FM4 contained a high level of vitamin C, FMS5 was

rich in high vitamin E, and FM2 had high level of
vitamin A. Formulations like FM1, FM2, and FM4
showed optimized vitamin profiles, which are
important for addressing nutritional deficiencies
(Ramashia, 2018; Chepkoech, 2024).

Fonio Flake (F1) contained the highest phytate
levels, potentially reducing mineral absorption,
while FM1 had the lowest phytate content
(Onyenweaku et al., 2021). A2 had the highest
tannin content, affecting protein and mineral
absorption, whereas F1 had the lowest. Tannin
levels varied in blends, decreasing with increasing
Fonio content (Deraz & Khalil, 2008; Pokharel,
2022; Balaso, 2024). Sensory evaluation favored
FM2 for aroma, flavor, color, and overall
acceptability, while F1 was the least preferred. FM1
had good texture but poor flavor. FM3's texture
scores were inconsistent. Balanced blends like FM2
performed best. Lawless and Heymann (2010)
noted the complexity of sensory testing due to
human variability.

Conclusions

This study provides evidence that mung bean-
enriched fonio cereals represent a nutritionally
superior and sensorially acceptable food product.
Given the observed enhancements in protein and
micronutrient content, these breakfast products
offer a promising dietary intervention. To ensure
long-term viability, shelf life studies are essential to
establish optimal storage conditions and inform
product development as recommendation.

Acknowledgement

We appreciate the cooperation of members of staff
of the Department of Food Science and
Technology, Bells University of Technology, Ota,
Ogun, State. There was no funding for this study
from any organization. It was a self sponsored
research.

References

Adepoju, O. T., & Etukumoh, A. U. (2014). Nutrient
composition and suitability of four commonly used local
complementary foods in Akwa Ibom State, Nigeria.
African Journal of food, Agriculture, Nutrition and
development, 14(7), 9544-9560.
https://doi.org/10.18697/ajfand.67.13925

Akhlaghi, M. (2024). The role of dietary fibers in regulating
appetite, an overview of mechanisms and weight
consequences. Critical Reviews in Food Science and
Nutrition, 64(10), 3139-3150.
https://doi.org/10.1080/10408398.2022.2130160



030372-8

Sensory and Nutritional Evaluation of Fonio-Mung Bean Food Products

Ampah, J. K. (2020). Assessment of nutritional level, functional
properties and mineral contents of newly developed
genotypes of cowpea [Vigna Unguiculata (L.) Walp.] in
Ghana. Doctoral dissertation, University of Cape Coast.

Agu, H. O., Ayo, J. A., & Jideani, A. I. O. (2015). Evaluation of
the quality of malted acha-soy breakfast cereal flour.
African Journal of Food, Agriculture, Nutrition, &
Development, 15, 10542-10558.
https://doi.org/10.18697/ajfand.72.15275

AOAC International. (2005). Official methods of analysis of
AOAC International. 17, No. 1-2). AOAC international.
https://doi.org/10.1093/9780197610145.003.2753

Awuchi, C. G., Igwe, V. S., Amagwula, I. O., & Echeta, C. K.
(2020). Health benefits of micronutrients (vitamins and
minerals) and their associated deficiency diseases: A
systematic review. International Journal of Food
Sciences, 3(1), 1-32. https://doi.org/10.47604/ijf.1024

Awulachew, M. T. (2021). Understanding to the shelf-life and
product stability of foods. Journal of Food Technology
and Preservation, 5(8): 1-5

Ayo,J. A., Ayo, V. A., Popoola, C., Omosebi, M., & Joseph, M.
(2014). Production and evaluation of malted soybean-
Acha composite flour bread and biscuits. African Journal
of Food Science and Technology, 5(1), 21-28.
https://doi.org/10.9734/afsj/2018/39644

Balaso, M. N. S. (2024). Evaluation of nutritional qualities and
antinutritional contents in mungbean genotypes (Doctoral
dissertation, Mahatma Phule Krishi Vidyapeeth).

Bell, E. A, & Rolls, B. J. (2001). Energy density of foods affects
energy intake across multiple levels of fat content in lean
and obese women. The American Journal of Clinical
Nutrition, 73(6), 1010-1018.
https://doi.org/10.1093/ajcn/73.6.1010

Bourouis, I., Pang, Z., & Liu, X. (2023). Recent advances on uses
of protein and/or polysaccharide as fat replacers: Textural
and tribological perspectives: A review. Journal of
Agriculture and Food  Research, 11, 100519.
https://doi.org/10.1016/j.jafr.2023.100519

Chepkoech, B. (2024). Effect of Storage Conditions and Cooking
on the Stability of Micronutrients and the Potential of FT-
NIR Spectroscopy in Predicting Retinol in Commercial
Fortified Maize Flour in Kenya (Doctoral dissertation,
JKUAT-CoANRE).
https://doi.org/10.12944/crnfsj.10.3.27

Deraz, S. F., & Khalil, A. A. (2008). Strategies to improve
protein quality and reduce antinutritional factors in mung
bean. Food, 2(1), 25-38.

Diatta, A. A., Abaye, O., Battaglia, M. L., Leme, J. F., Seleiman,
M., Babur, E., & Thomason, W. E. (2024). Mungbean
[Vigna radiata (L.) Wilczek] and its potential for crop
diversification and sustainable food production in Sub-
Saharan Africa: a review. Technology in Agronomy, 4(1).
https://doi.org/10.48130/tia-0024-0030

Dimopoulou, M., Vareltzis, P., & Gortzi, O. (2024). A
Systematic Review of the Twelve Most Popular Bean
Varieties, Highlighting Their Potential as Functional
Foods Based on the Health Benefits Derived from Their
Nutritional Profiles, Focused on Non-Communicable
Diseases.  Applied  Sciences,  14(22),  10215.
https://doi.org/10.3390/app142210215

Fleming, R. M. (2002). The effect of high-, moderate-, and low-
fat diets on weight loss and cardiovascular disease risk
factors.  Preventive  Cardiology, 5(3), 110-203.
https://doi.org/10.1111/j.1520-037x.2002.01231.x

Forde, C. G., & Bolhuis, D. (2022). Interrelations between food
form, texture, and matrix influence energy intake and
metabolic responses. Current Nutrition Reports, 11(2),
124-132. https://doi.org/10.1007/s13668-022-00413-4

Garg, M., Sharma, A., Vats, S., Tiwari, V., Kumari, A., Mishra,
V., & Krishania, M. (2021). Vitamins in cereals: a critical
review of content, health effects, processing losses,

bioaccessibility, fortification, and biofortification
strategies for their improvement. Frontiers in Nutrition, 8,
586815. https://doi.org/10.3389/fnut.2021.586815

Guan, Z. W., Yu, E. Z., & Feng, Q. (2021). Soluble dietary fiber,
one of the most important nutrients for the gut microbiota.
Molecules, 26(22), 6802.
https://doi.org/10.3390/molecules26226802

Gunathilake, K. G. T., Herath, T., & Wansapala, J. (2016).
Comparison of physicochemical properties of selected
locally available legumes varieties (Mung bean, Cowpea
and Soybean). Potravinarstvo Slovak Journal of Food
Sciences, 10(1), 73-82. https://doi.org/10.5219/631

Jukanti, A. K., Gowda, C. L., Rai, K. N., Manga, V. K., & Bhatt,
R. K. (2016). Crops that feed the world 11. Pearl Millet
(Pennisetumglaucum L.): an important source of food
security, nutrition and health in the arid and semi-arid
tropics. Food Security, 8, 307-329.
https://doi.org/10.1007/s12571-016-0557-y

Kumar, J., Rani, K., & Datt, C. (2020). Molecular link between
dietary fibre, gut microbiota and health. Molecular
Biology Reports, 47(8), 6229-6237.
https://doi.org/10.1007/s11033-020-05611-3

Nordmann, A. J., Nordmann, A., Briel, M., Keller, U., Yancy,
W. S., Brehm, B. J., & Bucher, H. C. (2006). Effects of
low-carbohydrate vs low-fat diets on weight loss and
cardiovascular risk factors: a meta-analysis of randomized
controlled trials. JAMA Internal Medicine, 166(3), 285-
293. https://doi.org/10.1001/archinte.166.3.285

Nwajagu, I. U., Garba, A., Nzelibe, H. C., Chukwuekezie, N. E.,
Abah, C. R., Umar, A. T., Anarado, C. S., Kahu, J. C.,
Olagunju, A., Oladejo, A. A., and Bashiru, I. (2021).
Effect of processing on the nutrient, anti-nutrient and
functional properties of Mucunaflagellipes (Ox-eyed
bean) seed flour; An underutilized legume in Nigeria.
American Journal of Food and Nutrition, 9(1), 49-59.
https://doi.org/10.12691/ajfn-9-1-7

Olutayo, K., Adepoju, O. & Shoremi, P. (2018). Assessment of
Compliance Level ToNutrient Requirements of Codex
Alimentarius Standard by Manufacturers of Infant
Formula In Nigeria. Nigerian Journal of Nutritional
Sciences, 39(2), 32-38.

Onyenweaku, E. O., Ebai, P. A., Okonkwo, C. O., WA, F.,
& Onyenweaku, E. O. (2021). Comparative evaluation of
the nutrient and anti-nutrient. Afiican Journal of Food,
Agriculture, Nutrition and Development; 21(1), 17254-
17271. https://doi.org/10.18697/ajfand.96.19725

Palzer, S. (2009). Food structures for nutrition, health and
wellness. Trends in Food Science & Technology, 20(5),
194-200. https://doi.org/10.1016/j.tifs.2009.02.005

Rehal, J., Sharma, S., & Nagi, H. P. S. (2022). Breakfast Cereals-
An Overview. Jagmander Book Agency, New Delhi, 127-
147.

Ramashia, S. E. (2018). Physical, functional and nutritional
properties of flours from finger millet (Eleusinecoracana)
varieties fortified with vitamin Bz and zinc oxide (Doctoral
dissertation).

Sibanda, F., Jideani, V. A., and Obilana, A. O. (2024).
Nutritional, biochemical, and functional properties of
pearl millet and Moringa oleifera leaf powder composite
meal powders. Foods, 13(5), 743.
https://doi.org/10.3390/foods 13050743

Singh, A. K., Elango, D., Raigne, J., Van der Laan, L., Rairdin,
A., Soregaon, C., & Singh, A. (2025). Plant-based protein
crops and their improvement: Current status and future
perspectives. Crop  Science, 65(1),  e21389.
https://doi.org/10.1002/csc2.21389

Stubbs, J., Ferres, S., and Horgan, G. (2000). Energy density of
foods: Effects on energy intake. Critical Reviews in Food
Science and Nutrition, 40(6), 481-515.
https://doi.org/10.1080/10408690091189248



Suranaree J. Sci. Technol. Vol. 33 No. 1; January - February 2026

030372-9

Tacer-Caba, Z., Nilufer-Erdil, D., & Ai, Y. (2015). Chemical

composition of cereals and their products. In Handbook of

food chemistry (pp. 1-23). Springer, Berlin, Heidelberg.
https://doi.org/10.1007/978-3-642-41609-5_33-1

Thom, G., & Lean, M. (2017). Is there an optimal diet for weight
management and metabolic health?. Gastroenterology,
152(7), 1739-1751.
https://doi.org/10.1053/j.gastr0.2017.01.056

van den Boom, A., Serra-Majem, L., Ribas, L., Ngo, J., Pérez-
Rodrigo, C., Aranceta, J., & Fletcher, R. (2006). The
contribution of ready-to-eat cereals to daily nutrient
intake and breakfast quality in a Mediterranean setting.
Journal of the American College of Nutrition, 25(2), 135-
143. https://doi.org/10.1080/07315724.2006.10719524

Yilmaz, M. S. (2023). Fonio (Digitaria Spp.) and Its Potential
for Use in Foods. Some Novel Applications in The Food
Industry, 105-124.



