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of a novel breakfast food produced from
the blend of fonio (Digitaria iburua Stapf)
and pigeon pea (Cajanus cajan (L.)
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Abstract

Background: The production of novel foods from underutilized nutritious tropical crops is increasing; however, the
toxicological studies are sparse. In this study, the safety of the breakfast food produced from the blend of fonio and
pigeon pea was examined by evaluating the biochemical and toxicological parameters of the breakfast food using
Wistar albino rats. Twenty male Wistar albino rats subdivided into 4 groups of 5 were separately fed with four food
samples (100% fonio, 80:20 fonio:pigeon pea, standard rat feed (control) and a commercial brand of corn flake) for
28 days after which the animals were sacrificed and blood samples collected for analyses. Body weight, blood
glucose, biochemical, and hematological parameters were examined during the experimental period.

Results: The feeding of rats with the four diets did not cause mortality and adverse toxicity during the
experimental period. Steady body weight gain was observed in fonio-pigeon pea fed rats, and slight changes were
obtained in percentage blood glucose. There was no significant difference in the levels of white blood cells,
lymphocytes, mean corpuscular volume, platelet, high-density lipoprotein, catalase, SOD, and malondialdehyde of
the group fed with fonio-pigeon pea diet as compared with the control group. Furthermore, significant (p < 0.05)
lower levels of density lipoprotein, triacylglyceride, and cholesterol were observed in the fonio-pigeon pea-fed rats
than the control group. The liver function marker of fonio-pigeon pea-fed-rat and the control showed no significant
difference.

Conclusion: The study showed no severe toxicity in the test animals, although a mild loss of liver parenchyma and
variation in size and shape of nuclei were observed in the group fed with the fonio-pigeon pea diet.
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Background
Food product development is gaining increasing atten-
tion in most developing countries to meet the demand
for improved nutritional status among the low-income
earners and the vulnerable, which make up the teeming

population. Also, the demand for dietary diversity to en-
sure food and nutrition security has propelled the devel-
opment of novel food products from locally available
food materials. The majority of these novel products are
from underutilized cereals and legumes. These crops
have been neglected or underutilized due to certain con-
ditions such as hard to cook nature, high level of anti-
nutritional factor/toxic constituents, small grain size,
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susceptibility to insect infestation, and difficulties in
postharvest handling (Jideani and Jideani 2011).
Cereals and legumes are among the most important

crops used in the development of new products such as
expanded snacks, weaning foods, complementary foods,
and breakfast cereals. Several scientific works had evalu-
ated the chemical, functional, proximate, and mineral
profiles of some foods developed from less-exploited
cereal and legumes (Ayo et al. 2007; Ayo et al. 2010).
McWatters et al. (2003) evaluated physical and sensory
characteristics of cookies prepared from wheat, fonio,
and cowpea flours. Cookie was also developed from a
blend of pigeon pea and cocoyam by Okpala and Chi-
nyelu (2011). The authors reported that 80:20 formula-
tion had the highest scores for all parameters evaluated
when compared with control. Adebayo-Oyetoro et al.
(2019) examined the quality attributes of weaning food
from sorghum co-fermented with pigeon pea where a
sample with 80:20 level of substitution gave the best
overall acceptability. Some researchers (Adeyanju et al.
2018; Akinwande et al. 2014; Boncompagni et al. 2019;
Okpala and Okoli 2011) have also developed different
food products and efforts were geared towards the as-
sessment of the nutritional, anti-nutritional, and sensory
attributes; however, there is limited information on the
toxicological factors of these developed products. These
authors suggested the introduction of 20% legume flour
in cereal-based product to have an acceptable protein-
rich food. Toxic effect is simply defined as a mild or
chronic condition in the function, behavior, and struc-
ture of experimental animals when exposed to chemical
substances (Ware 2001). (Olatoye and Arueya 2018)
opined that before the products are launched into the
market, toxicological studies through animal study
should be carried out to ascertain the level of risk of
such product. This is necessary since the genetic and
biological characteristic of rats are in close resemblance
to human and many symptoms of human conditions can
be replicated in rats.
The rise in cases of hepatic porphyria, hemorrhages in

various organs, and bad functioning of certain organs of
individuals, especially in developed countries has in-
creased the need to carry out toxicological studies of
food products developed from under-exploited crops.
Although, some investigations have established the
diseases-preventive and healthful compounds in some of
cereal and legume grains, due to their high fiber content
and gluten-free attribute (Kahlon 2009), it is also crucial
to ascertain the safety of these foods using some clinical
indicators due to their toxic and anti-nutritional
components.
To combat malnutrition and ensure the availability of

low-cost nutritious food, novel breakfast food was devel-
oped from blends of fonio and pigeon pea. Fonio is an

energy-giving crop that can contribute to the daily en-
ergy requirements. It offers about 3.6 calories per gram
of fonio grain, which is similar to the value obtained in
other cereals (Jideani and Jideani 2011). The cereal is
easy to digest and does not sharply increase blood sugar
level (Holesh and Martins 2019). This ancient grain has
been traditionally used in regular food due to its nutri-
tional and health benefits; however, its full potential as
ingredients in processed food is not fully harnessed.
Jideani (1999) reported that fonio and iburu have po-

tentials to be used as nutraceuticals due to their antioxi-
dant, phenolic, and cholesterol-lowering properties. Its
medicinal potential in the treatment of diabetic patient
has been documented in some parts of West Africa and
it is also important to ascertain the anti-diabetic poten-
tial of this cereal when used in combination with le-
gumes. The healthful, cholesterol-lowering potential of
the crop has also been predicted (Kasarda 2001; Kahlon
2009). Although fonio is a good source of essential
amino acids (National Research Council 1996) lacking in
most cereals, the protein content is not sufficient
enough to meet the daily requirement, and this has led
to the development of breakfast food supplemented with
pigeon pea.
Pigeon pea (Cajanus cajan) is a locally grown less-

exploited grain legume of sub-Sahara Africa. It is culti-
vated in tropical countries, which have a temperature
range from 20 to 40 °C (Eltayeb et al. 2010). The grain is
a relatively low-cost vegetable protein, fiber, vitamins,
and mineral sources (Fasoyiro et al. 2010). Pigeon pea
varieties have protein contents in the range of 18.5 and
26.3% (Rampersad et al. 2003; Eltayeb et al. 2010; Okpala
and Chinyelu 2011). The protein content is similar to
what is obtainable in cowpea and groundnut majorly
used in complementing food product from maize
(Mbaeyi-Nwaoha and Obetta 2016; Ewuola et al. 2015;
Rufina et al. 2016).
Pigeon pea adapts well to the agronomic conditions in

Nigeria; however, the hard-to-cook phenomenon and
the high level of anti-nutrients have limited the crop’s
utilization (El-Tabey Shebat 1992). Both the cereal and
legume contain anti-nutritional factors whose toxico-
logical effects are rarely studied in newly developed food
products. This research, therefore, evaluated toxico-
logical parameters of a novel food developed from a
blend of fonio and pigeon pea.

Methods
Samples procurement
Fonio (Digitaria iburua), variety iburu, was procured
from smallholder farmers in Jos, Plateau State, Nigeria.
Pigeon pea (Cajanas cajan), variety otili pupa, was ob-
tained from an open market in Saki, Oyo State, Nigeria.
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Production of breakfast food from fonio and pigeon pea
flour blends
Breakfast food samples were prepared from two formu-
lations, which ratio is 80:20 fonio to pigeon pea flour,
and 100% fonio flour. The formulation, 80:20 fonio to
pigeon pea, was used based on the fact that 20% of leg-
ume had been recommended by previous researchers as
safe and acceptable by consumers when incorporating
legume in a cereal-based product (Akinwande et al.
2014; Babarinde et al. 2020). Flour was thoroughly ho-
mogenized in Kenwood mixer followed by the addition
of 500 ml of water to form a thick paste. The paste was
fed into a cold extruder (UNOLD Pasta Maker) for
proper mixing to obtain a flake-like product. The ex-
truded sample was baked in an oven at 280 °C for 5 min
and a golden brown flake-like sample was obtained. A
commercial brand breakfast cereal (corn flakes) was pro-
cured and served as control 1. Standard rat feed pellet
(100 g maize, 25 palm kernel cake, 15 g full fat, 38 g
wheat offal, bone meal 10 g, 25 g groundnut cake, 1.5 g
limestone, 1.25 g fish meal, premix B, and 0.5 g salt) was
used as standard control/reference.

Animal care and handling
Male Wistar strain albino rats with weight ranging be-
tween 90 and 100 g, and age range of 6–7 weeks were
obtained from the breeding section of Department of
Biochemistry, Ladoke Akintola University of Technol-
ogy, Ogbomoso. There were four experimental units of
five rats per unit which made 20 albino rats that were
housed in metabolic cages in a climate-controlled envir-
onment with free access to food and water ad libitium
and adequate facilities to collect faeces and urine. The
animals were acclimatized and fed with commercialized
standard rat pellet with free access to food and potable
water for 1 week, after which 20 albino rats were ran-
domly assigned into four groups with each group con-
taining 5 rats of equal or similar weight ranging from
113.06 to 124.62 g; group 1 was fed with standard chow
and served as control; group 2, 3, and 4 were fed with
flakes prepared from 100% fonio, 80% fonio, and 20%
pigeon pea and commercial brand corn flakes, respect-
ively. Weight changes of the animals fed with the break-
fast food, and their wellbeing were constantly monitored
during the experiment using the guidelines for national
and institutional protection of experimental animals
(National Academies Press 2011).

Food, water intake, and body weight of the rat
The intake of food and water was monitored daily and
the data pooled together on weekly basis. The experi-
mental animals were given known weight and volume of
feed and water daily, which was supplied around 8 am
daily. Food consumption of the experimental animals

and water consumption of all rats were measured by
subtracting the leftover weights from the initial weights.
The left over feed and water were quantified after 24 h
the following morning and the feed and water intake
were determined by difference.
The animals were allowed access to food and water ad

libitum. The food and water intake were apportioned to
each group of 5 animals; in the experiment, food and
water intakes were allowed to be taken voluntarily by
the experimental animals based on their needs; so the
animals were not gavaged with water throughout the ex-
periment. Weight changes were determined by the dif-
ference between the final weight and initial weight (Eq.
1). The body weight of the rats was monitored weekly
and measured in grams using a weighing balance.

%body weight change ¼ Final weight − Initial weight
Initial weight

X 100 ð1Þ

Blood glucose determination
Weekly blood glucose of rats was monitored throughout
the experiment and on the last day of the experiment.
Prior to the last day of the experiment, animals were
fasted overnight and a sample of blood was obtained
from the rat. The blood glucose was determined on an
Acu-check glucometer with the acu-check glucose test
strip. Glucose concentration in the blood sample was
expressed in mg/dl (ADA 2013).

Determination of hematological parameters
Blood collection
Consequently, upon 28 days of the experiment, the rats
were fasted overnight after which chloroform was added
inside a desiccator to anesthesize the animals. They were
then sacrificed. For hematological analysis, blood was
drained into Bijour bottles pre-filled with little dried
tetra-acetic ethylenediamine acid powder as described by
Oluwajuyitan (2019).

Serum biochemistry
The blood sample was collected from the rats by cardiac
puncture after overnight fasting at the end of 28 days of
the experiment. The blood sample was placed in non-
EDTA test tubes. The serum obtained was centrifuged
at 4000 rpm for 10 min and utilized to determine the
total cholesterol, total triglyceride, high-density lipopro-
tein (HDL), and low-density lipoprotein (LDL). Total
cholesterol was determined by enzymatic analysis (Seide
et al. 1983) using the Randox Commercial kit.

Procedure for hematological parameters
To determine the hematological parameters, a hematology
Analyzer (Model SYSMEX KX 21 N) was used. The blood
sample was collected in bottles containing 50 μl
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anticoagulant (EDTA) and diluted with Cell Park in a
counting chamber. The instrument measured all the
hematological parameters required automatically. The
hematological parameters determined were white blood
cell (WBC), red blood cell (RBC), hemoglobin (HGB),
parked cell volume (PCV), lymphocytes (LYM), mean cor-
puscular volume (MCV), and platelet (PLT).

Histological examination
Histological examination was carried out by the method
described by Palipoch and Punsawad (2013). The liver
was initially placed in a 10% solution of neutral buffered
formalin for 24 h and later washed with 70% ethanol. It
was then placed in small beakers stirred in a magnetic
stirrer and dehydrated in ascending grade of alcohol
(70–100%). After it was embedded in paraffin, the paraf-
fin blocks were sectioned using an ultra-microtome,
placed on glass slides, and dried overnight. Slides were
later stained with hematoxylin and eosin dyes and then
examined under a light microscope.

Statistical analysis
Data obtained in this study were expressed as mean ±
SE and were analyzed by one-way analysis of variance
(ANOVA) while the significant differences between
means were identified by Duncan multiple range test at
p < 0.05 using Statistical Package for Social Science
(SPSS 21.0)

Results
Food and water intake of rats fed with breakfast feed
The result in Table 1 showed the food and water intake
of rat fed with breakfast meals. The results of animals
fed with 100% fonio, 80:20 fonio-pigeon pea, and corn
flakes showed a steady increase in food intake from week
1 to 4 with accompanying increase in water intake, but
no consistent pattern was observed for animals fed on
the standard feed. The feeding of rats with the four diets
did not cause mortality and adverse toxicity during the
experimental period.

Effect of the breakfast feed on the weight of rats
The weight changes of animals fed with the four diets
with time are presented in Table 2. Steady weight gains

were observed in all groups to varying degrees through-
out the study period. At the end of 4 weeks, the group
fed with commercial corn flakes had the least weight
gain (7.39%) which is significantly lower than others.

Change in blood glucose level of rats fed with the
breakfast food
The results of percentage blood glucose of rats fed with
standard feed and blend of fonio-pigeon pea showed a
steady increase in all tested rats (Table 3). Significant (p
< 0.05) difference was observed in the percentage change
in blood glucose in rats across the groups with the high-
est percentage in the standard control group, followed
by commercial corn flakes, 100% fonio, and 80:20 for-
mulated diet at week 1 and 4, respectively. The lowest
percentage change in blood glucose was observed in the
group fed with fonio and 80:20 fonio-pigeon pea diet.

Effects of the breakfast food on the hematological
parameters in rat
The results of the hematological indices of rats fed with
100% fonio, 80:20 fonio-pigeon pea diet, corn flakes, and
standard rat feed are shown in Table 4. It was observed
that WBC count was highest in the commercial corn
flakes (15.82 × 109/L). Similarly, the commercial corn
flakes had the highest platelet (907. 00 × 103 μL) with no
significant difference in the values recorded for other
groups. Concerning other hematological parameters
(RBC, HGB, PCV, LYM, and MCV), the values obtained
from the rats fed with fonio-pigeon pea diet were not
significantly different (p > 0.05) from the standard con-
trol group (Table 4).

Effect of the breakfast meals on the lipid profiles of rats
Results in Table 5 showed the serum lipid profiles of rats
across the various groups. The values of HDL ranged
from 15.40 to 25.45 mg/dl where group fed with 100%
fonio diet had significantly lower levels of HDL than
other groups. The values of LDL also ranged from 1.77
mg/dl in 80:20 fonio-pigeon pea group to 6.97 mg/dl in
commercial corn flakes group. Rats fed with 80:20 fonio-
pigeon pea and 100% fonio had significantly lower LDL
values than rats fed with commercial cornflakes and
standard feeds (control). With respect to the cholesterol

Table 1 Food and water intake of rats fed with the composite feed and standards

Groups Food intake (g) Water intake (L)

Weeks

1 2 3 4 1 2 3 4

Standard feed 120.32 116.43 131.64 114.32 1.95 1.94 2.01 2.28

100% fonio 140.67 205.54 217.78 508.78 1.96 2.03 2.19 2.41

80:20 fonio-pigeon pea 221.54 234.56 248.04 436.01 1.31 1.36 1.49 1.89

Corn flakes 390.04 304.74 515.73 673.41 1.96 2.08 2.17 2.20
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level, the group fed with 80:20 fonio-pigeon diet had the
least value (176.73 mg/dl), which was significantly lower
than the values obtained in the other groups. The high-
est level of cholesterol was observed in commercial corn
flakes (259.59 mg/dl). The values of TAG varied from
103.24 to 154.97 mg/dl in 80:20 fonio-pigeon diet and
commercial corn flakes, respectively. The group fed with
80:20 fonio-pigeon pea had a significantly lower content
of TAG than the other samples. Rats fed with 80:20
fonio-pigeon pea had significantly lower levels of TAG
when compared with other samples (Table 5).
The level of cholesterol (176.73 mg/dl) was lower in

the group fed with 80:20 fonio-pigeon pea diet (Table 5)
than other groups The values obtained in the group fed
with 80:20 formulation were significantly lower than the
standard control group but similar to the values re-
corded in the rats fed with 100% fonio.

Effect of the breakfast food on the liver function
The serum levels of some liver biomarkers assessed in
this study are shown in Table 5. A higher significant (p
< 0.05) level was observed in the serum alanine amino-
transferase (ALT) of rats fed with standard feed than 80:
20 fonio-pigeon pea diet. A similar trend was observed
in the aspartate aminotransferase (AST) level of rats fed
with 100% fonio and 80:20 fonio-pigeon pea diet.
Gamma-glutamyl transferase (GGT) and total protein
were significantly (p < 0.05) higher in the rats fed with
standard feed (control) and 100% fonio. The increase in
the total protein of animal fed with 100% fonio could be
due to the type of amino acid in the diet. Liver enzymes
are used as indicators in proper liver functioning

because they are compartmentalized, and changes in the
serum level can be used to evaluate disease state.

Effect of the breakfast food on the antioxidant status of
rats
The antioxidant parameters of rats across the various
groups showed a significant (p < 0.05) lower level of
catalase activity of rats fed with commercial corn flakes
than other groups (Table 6) No significant difference
was observed in superoxide dismutase (SOD) activity
across the groups. As shown in Table 6, a significant (p
< 0.05) higher value of malondialdehyde (MDA) was ob-
served in rats fed with 100% fonio while 80:20 fonio-
pigeon pea diet-fed group had the least MDA.

Effect of the breakfast food on the liver histology of rats
The liver photomicrograph (Fig. 1) showed the portal
triad (PT) composed of the hepatic vein (HV) and artery
(HA) as well as the bile duct (BD). The well-distributed
hepatocytes (H) across the general cytoarchitecture are
demonstrated across the study groups. Results from the
micrographs showed a plate of hepatic cells from 100%
fonio and 80:20 fonio-pigeon pea diet groups are charac-
terized by a mild loss of liver parenchyma and some
mild derangement in the cellular profiles. Also, images
from this treatment showed a plate of hepatic cells, some
mild loss of liver parenchyma, disorganization, and dila-
tion of the central vein. There were also variations in the
sizes and shapes of the nuclei. Standard and commercial
corn flakes groups showed no altered panoramic mor-
phological presentation accompanied by well outlined
cellular profile. Hepatocytes sheets were radially

Table 2 Percentage change in body weight of rats fed with breakfast food

Groups Percentage change in weight (%)

Week 1 Week 2 Week 3 Week 4

Standard feed 5.52 ± 1.29b 8.93 ± 1.29a 10.76 ± 1.37a 17.70 ± 1.46a

100% fonio 10.49 ± 0.03a 11.03 ± 0.02a 12.97 ± 0.02a 12.17 ± 0.04b

80:20 fonio-pigeon pea 10.76 ± 0.00c 10.32 ± 1.11a 12.80 ± 0.00a 17.71 ± 0.01a

Corn flakes 6.36 ± 0.00c 7.32 ± 0.00b 6.07 ± 0.94b 7.39 ± 0.00c

Values were expressed as mean ± SEM and considered significant at p < 0.05. Values with different superscript letters (a, b, c) along the same column are
significantly different

Table 3 Percentage change in glucose of rats fed with breakfast food

Groups Percentage glucose (%)

Week 1 Week 2 Week 3 Week 4

Standard feed 17.91 ± 0.04a 26.03 ± 0.01b 44.99 ± 0.06a 54.11 ± 1.34a

100:0 fonio 8.36 ± 0.01c 7.69 ± 0.02c 6.03 ± 0.47d 17.54 ± 0.01c

80:20 fonio-pigeon pea 3.12 ± 0.01d 7.53 ± 0.28c 12.68 ± 0.01c 17.55 ± 0.03c

Corn flakes 15.61 ± 0.01b 39.91 ± 0.07a 40.53 ± 0.00b 25.92 ± 0.02b

Values were expressed as mean ± SEM and considered significant at p < 0.05. Values with different superscript letters (a, b, c) along the same column are
significantly different
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arranged and the nuclei well demarcated. The interven-
ing sinusoids, normal central vein, and hepatic artery
features were in line with normal histology.

Discussion
The animals fed well on both the standard feed and the
developed breakfast food. The increased intake of 100%
fonio, 80:20 fonio-pigeon pea, and corn flakes could be
due to familiarity with the feed over time and the palat-
ability of the food. Factors affecting lower intake of
water include dry matter content or the physical form of
the diets. Therefore, lower intake of water by the experi-
mental animal fed with 80:20 fonio-pigeon pea could be
due to the physical form of the formulated diet, which
was harder than corn flakes and standard feed.
The higher weight gain (17.71%) recorded for 80:20

formulation on day 20 could be attributed to the
addition of pigeon pea in the diet, which supplied more
protein than corn flakes sample and 100% fonio sample.
Ayo et al. (2010) reported pigeon pea had protein con-
tents ranging from 23 to 26% protein. The nutritional
composition of the experimental diet has been reported
in our recent study (Babarinde et al. 2020) which indi-
cated blend of fonio and pigeon pea is rich in energy
(363.09 kcal), protein (24.85%), fat (1.20), ash (1.03%),
and crude fiber (1.18). This could have also contributed
to the weight gain of the group fed with fonio-pigeon
pea diet. Foods and nutrients are very essential for the
proper functioning and growth of the body.

Fonio is a cereal that is consumed by some diabetic
patients because of its ability to lower blood sugar
(Jideani and Jideani 2011). The lowest percentage blood
glucose recorded in rats fed with fonio-pigeon pea diet
could be due to high-crude fiber in the blends of fonio
and pigeon pea (Babarinde et al. 2020). Increase in blood
glucose level higher than 160 mg/dl is commonly used
as an indication of diabetes mellitus in experimental
studies (Stanley and Venugopal 2001). Alleviation of
malnutrition with associated health problems such as
diabetes, obesity, neurodegenerative, and cardiovascular
diseases have been observed when cereals and legumes
were used as nutraceuticals in human nutrition (Erukai-
nure et al. 2013). The lower blood glucose observed in
the current study showed the diet might have a low to
moderate glycemic index. According to the American
Diabetic Association (2004), the glycemic response to
food is influenced by factors such as fiber content, pro-
cessing, individual tolerances, and other foods included
in the meal. Studies have shown that legumes are rich in
fiber and could play significant roles in lowering blood
sugar (Kaczmarczyk et al. 2012). Therefore, supplemen-
tation with pigeon pea as observed in this study might
contribute to a reduction in blood glucose.
WBC of the group fed with the developed diet (80:20

fonio to pigeon pea) was significantly (p < 0.05) lower
than the rats fed with standard and cornflakes diets.
Amudha and Vanitha (2019) reported that blood param-
eters are used in evaluating the response of the body to
damage or stress. The estimation of the complete blood

Table 4 Hematological parameters of rats fed with breakfast food

Groups Hematological parameters

WBC (109/L) RBC (1012/L) HGB (g/dl) PCV (%) LYM (103/μL) MCV (10−15/L) PLT (103/μL)

Standard feed 11.08 ± 0.70a 7.10 ± 0.10b 9.96 ± 0.17b 38.44 ± 1.53b 80.52 ± 1.77a 54.08 ± 1.42a 510.25 ± 23.19a

Fonio 8.45 ± 0.94a 7.12 ± 0.27b 9.84 ± 0.59a,b 37.44 ± 1.02ab 73.36 ± 3.10a 52.66 ± 0.92a 536.00 ± 36.43a

80:20 F-P 9.72 ± 0.51a 6.28 ± 0.28a 8.74 ± 0.38a 34.14 ± 1.23a 81.80 ± 3.50a 54.64 ± 2.35a 546.25 ± 71.83a

Corn flakes 15.82 ± 2.56b 7.39 ± 0.14b 10.46 ± 0.22b 39.34 ± 1.52b 74.04 ± 4.86a 53.28 ± 1.96a 907.00 ± 82.33b

Values were expressed as mean ± SEM and considered significant at p < 0.05. Values with different superscript letters along the same column are
significantly different
WBC white blood cell, RBC red blood cell, HGB hemoglobin, PCV parked cell volume, LYM lymphocytes, MCV mean corpuscular volume, PLT platelet
F-P fonio pigeon pea

Table 5 Serum lipid profile of rats fed with breakfast food

Groups Lipid profile Liver marker

HDL (mg/dl) LDL (mg/dl) TAG (mg/dl) Cholesterol
(mg/dl)

ALT (U/L) AST (U/L) GGT(U/L) Total protein
(g/dl)

Standard feed 15.70 ± 0.77b 4.21 ± 0.49b 134.09 ± 13.3b 229.21 ± 11b 76.99 ± 7.99b 129.35 ± 44.82a 24.16 ± 5.46a 8.05 ± 0.47b

100% fonio 15.40 ± 0.22b 1.21. ± 0.15c 127.06 ± 8.28c 186.96 ± 11.81c 34.63 ± 9.77a 287.78 ± 37.92b 17.26 ± 1.99a 8.90 ± 0.24b

80:20 FPP 18.86 ± 1.68b 1.77 ± 0 0.70c 103.24 ± 8.05d 176.73 ± 13.31c 67.57 ± 5.89b 431.31 ± 53.36c 36.24 ± 8.63ab 7.69 ± 0.11b

Corn flakes 25.45 ± 4.41a 6.97 ± 0.00a 154.97 ± 4.02a 259.59 ± 5.02a 36.38 ± 3.14a 114.46 ± 14.90a 61.17 ± 10.65b 6.66 ± 0.12a

Values were expressed as mean ± SEM and considered significant at p < 0.05. Values with different superscript letters along the same column are significantly different
HDL high-density lipoprotein, LDL low-density lipoprotein, TAG triacylglyceride, ALT alanine aminotransferase, AST aspartate aminotransferase, GGT Gamma-
glutamyl transferase
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count gives extensive information on the hematological
status in disease condition (Lathia and Joshi 2004). For
instance, the white blood cell is involved in the body’s
immune system and fights against infection (Mojisola
et al. 2013). While the presence of white blood cells
(WBC) may indicate a level of immunity, relatively high
WBC counts may have implications for disease condi-
tions (Aletor and Egberongbe 1992; Oluwole et al. 2015).
It, therefore, implies that the developed food did not
pose any threat pathologically.
A significant (p < 0.05) higher difference was observed

in the packed cell volume (PCV), haemoglobin (HGB)
concentration, and red blood cell (RBC) count of the
group fed with standard control diet than the fonio-
pigeon pea. The lowest value observed in hematology
parameters, especially PCV, hemoglobin and the red
blood cell count could be due to the presence of anti-

nutrients in the pigeon pea diet. Okafor et al. (2018) re-
ported maize-pigeon (60:40) pea contained phytate
(446.84 mg/100 g), an anti-nutrient with the ability to
chelate minerals. Phytate can form insoluble complexes
with iron (Fe), thereby limiting its bioavailability in the
human body. The reduced level of PCV, hemoglobin,
and red blood cell could be attributed to the presence of
phytate in the fonio-pigeon pea. Low bioavailability of
iron can lead to anemic condition (Vikas and Sinha
2018). When processing underutilized legumes for use
as food or food ingredients, it is important to ensure the
anti-nutrients are reduced to a safe level.
In this study, rats fed with fonio-pigeon pea diet had

significantly higher HDL level when compared with the
standard control. Previous studies have related increased
HDL with decreased cardiovascular risk (Chien et al.
2007). The protective function of HDL against vascular-

Table 6 Antioxidant parameters of rats fed with breakfast food

Groups Antioxidant parameters

Catalase (u/ml/min) SOD (u/ml) MDA (μM)

Standard feed 32.06 ± 2.03b 1.89 ± 0.42ab 2.98 ± 0.77a

100 % fonio 34.51 ± 0.13b 2.48 ± 0.43b 6.00 ± 1.12b

80:20 fonio-pigeon pea 32.60 ± 1.25b 1.93 ± 0.02ab 2.21 ± 0.71a

Corn flakes 16.96 ± 0.30a 1.14 ± 0.26a 4.45 ± 0.35ab

Values were expressed as mean ± SEM and considered significant at p < 0.05. Values with different superscript letters along the same column are
significantly different

Fig. 1 Photomicrographs of liver sections stained with hematoxylin and eosin. A1 Rats fed with standard feed. B1 Rats fed 100% fonio. C2 Rats
fed with 80:20 fonio-pigeon pea. D2 Rats fed with corn flakes
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related disease comes from its involvement in the re-
verse transport of cholesterol (Navab et al. 2005). This
lipoprotein transport cholesterol from the peripheral tis-
sues to the liver, where it is converted to bile acid. In
other words, it is involved in cholesterol excretion. The
relatively low values of LDL observed in groups fed with
100% fonio and 80:20 fonio-pigeon pea diets stressed the
importance of utilization of less exploited crops in food
product development. Previous studies recognized
amino acids, especially the sulphur-containing amino
acids to be the most effective in modulating lipid metab-
olism. These amino acids have potentials in increasing
HDL and decreasing LDL (Bieżanowska-Kopeć and
Leszczyńska 2017). In this study, some vital amino acids
which include methionine and cysteine might have con-
tributed to the lowering effects of LDL in the fonio-
pigeon group. Babarinde et al. (2020) reported the pres-
ence of sulphur-containing-amino acids in different ra-
tios of fonio and pigeon pea blend. Low-density
lipoprotein is the lipoprotein that carries cholesterol to
the body tissues (Bieżanowska-Kopeć and Leszczyńska
2017). In oxidative stress, LDL could induce a parade of
inflammatory processes with consequent formation of
plagues in the arterial wall, which may eventually result
in arteriosclerosis (Liu et al. 2008; Adegbola et al. 2017).
The value of TAG in rats fed with 80:20 formulations

was significantly (p < 0.05) lower than the standard con-
trol feed. The rise in the level of triglyceride is mainly
associated with increase free fatty acid mobilization from
peripheral deports as well as increased lipolysis (lipid
breakdown) (Murray et al. 2000; Garg et al. 2010).
TAG’s role, especially in health matters, depends on the
associated carbon chain. The saturated ones are usually
of concern in diabetic conditions where lipid replaces
glucose as the main source of energy due to the defect
in glucose metabolism (Nelson and Cox 2000). The de-
veloped diet did not raise the blood cholesterol of the
rats. Adegbola et al. (2017) gave an extensive review of
the contribution of cholesterol to the etiology of cardio-
vascular diseases. Cholesterol could disrupt vascular
structure and function, consequently causing plagues,
occlusion, lesions, and reduction in curing ischemia/re-
perfusion injury. The higher, therefore, the cholesterol
levels, the higher the risk of cardiovascular issues.
Lower levels of cholesterol observed in fonio, and 80:20

fonio-pigeon pea-fed rats agreed with the report of Kahlon
(2009) who reported the cholesterol-lowering potential of
fonio grain. The liver is the main site of serum protein
synthesis and changes in their level is commonly used as
an indicator of liver function and malnutrition (Mizuno
et al. 1996; Oluwole et al. 2015). No changes were ob-
served in the serum total protein level of the rats in this
research. Hence, the developed breakfast food can be said
to be non-toxic to hepatocytes. Amudha and Vanitha

(2019) reported that a decrease in serum protein and albu-
min ethanolic extract of E. acoroides is non-toxic to
hepatocytes.
Oluwole et al. (2015) had reported how increased levels

of ALT, AST, and ALP have been linked with hepatic tis-
sue dysfunction and damage. The results here suggested
that feeding of animals with the composite feed does not
induce severe liver damage. High level of AST observed in
80:20 fonio-pigeon pea diet could be due to the presence
of some anti-nutritional factors in the formulation, and
this further explains the importance of a toxicological
study in newly developed food products. Changes in ALT,
AST, and ALP enzyme levels could be linked to damage
in cells (Kashaw and Nema 2011).
In oxidative stress, the antioxidant parameters become

overwhelmed because of increased free-radical produc-
tion and decrease in antioxidant enzyme levels, which
consequently result in the oxidation of important bio-
molecules (Puddu et al. 2009). Oxidative stress was
linked with the development of degenerative diseases
(Lobo et al. 2010). Determination of changes in the
major biomarkers of oxidative stress and their accumula-
tions can be used in the assessment of antioxidant status
in vivo (Saliu and Bawa-Allah 2012).
SOD aids the dismutation of highly reactive superox-

ides to produce oxygen and hydrogen peroxide while
catalase protects the cells by preventing H2O2 from fur-
ther breaking down to a more reactive OH radical
(Matés et al. 1999). The result obtained shows that
breakfast food can maintain the normal antioxidant sta-
tus since levels obtained are not significantly different
from the control. During oxidative stress, the chain of
lipid peroxidation reactions can be initiated with result-
ing damage to the membrane and associated cell death.
MDA is a byproduct of lipid peroxidation, and its level
in serum can be used to determine the extent of oxida-
tive damage to the membrane (Oluwole et al. 2015). In
this study, however, the MDA level in the group fed with
fonio-pigeon pea diet was not significantly (p > 0.05) dif-
ferent from the standard control. Higher MDA observed
in the group fed with 100% fonio could be attributed to
the presence of anti-nutritional factors such as tannin
and phytate (Jideani 1999). Wang et al. (2019) reported a
significant increase in the MDA level when the effects of
tannic acid on porcine enterocytes were investigated.
Slight changes were observed in the liver histology

which is indicative of liver toxicity or injury. Yahaya
et al. (2019) reported that some plant substances can
damage the liver since the organ is the primary target of
toxins because all substances ingested are processed in
the liver. Changes observed in the liver tissues of the rats
fed with fonio-pigeon pea as shown in Fig. 1 might be
due to the presence of some toxic/anti-nutritional com-
ponents in the developed diet. Emire et al. (2013)
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reported deaths after consumption of certain types of le-
gumes are increasing despite cooking. The authors also
reported the increasing rate of renal and liver diseases.
It, therefore, becomes necessary to ensure adequate pro-
cessing of foods before consumption.

Conclusion
This study showed that the production of breakfast food
from the blend of 80:20 fonio-pigeon pea had no signifi-
cant toxicity on the serum markers. Increase in weight
of rat fed with 100% fonio and 80:20 fonio to pigeon pea
indicated the diet can promote growth. Development of
breakfast food from the blend of 80:20 fonio-pigeon pea
did not cause mortality and severe toxic conditions in
the test animals. However, the consumption of the food
resulted in mild histological effects which raise concerns
for safety especially in long-term exposure. Therefore,
the evaluation of toxicological parameters of newly de-
veloped food products with improved nutritional com-
position before consumption is recommended.
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