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ABSTRACT

Hypertension is a major global health burden, often termed the "silent killer." The increasing
prevalence, especially in low and middle-income countries, necessitates the development of
accessible, non-pharmacological management strategies. Functional foods rich in bioactive
compounds offer a promising approach for blood pressure control. This study seeks to
develop an anti-hypertensive snack bar from Cardaba banana, beetroot, tigernuts, soyabeans,
and Justicia carnea leaves and to evaluate its in vitro antioxidant and vasoprotective potential.
Flours were individually prepared from the raw materials. Four snack bar formulations were
developed: a control (with all-purpose flour) and three variations (Samples A, B, C) with
increasing proportions of Cardaba banana flour. The samples were analyzed for their
Hydrogen Peroxide (H:0:) scavenging activity, Total Antioxidant Capacity (TAC), and
Nitric Oxide (NO) radical scavenging activity. All experimental samples (A, B, and C)
demonstrated significantly higher antioxidant and NO-scavenging activities compared to the
control. Sample A exhibited the most potent bioactivity, showing the strongest H-O. and NO
scavenging abilities, as well as the highest TAC. It also had the lowest ICso value for NO
scavenging (12.5 pg/ml), indicating superior efficacy. The activities were dose-dependent,
with Sample A > Sample B > Sample C >. The formulated snack bars, particularly Sample C,
possess significant antioxidant and nitric oxide-related vasoprotective properties in vitro.
These results suggest that the combination of Cardaba banana, beetroot, tigernut, soyabean,
and Justicia carnea flours can yield a functional food with strong potential to mitigate
oxidative stress and promote cardiovascular health, validating its development as a portable

anti-hypertensive snack.

Xi



CHAPTER ONE

1.0. INTRODUCTION

1.1. Background of the study

An estimated 1.28 billion adults aged 30-79 years worldwide have hypertension, most living
in low and middle income countries. Also, 46% of adults with hypertension are unaware that
they have the disease and this is a major cause of premature death worldwide (WHO, 2023).
Hypertension also called the “silent killer”, occurs when the blood pressure of an individual
is too high (140/90mmHg or higher) and can become fatal if not attended to on time (WHO,
2023). The first (systolic) number indicates the pressure in blood vessels when the heart beats
or contracts while the second (diastolic) number represents the pressure in the vessels when
the heart rests between the beats.

Hypertension has become a major global health concern with deaths expected to increase to
1.57 million by 2034, particularly affecting low and middle-income countries such as those
within the sub-Saharan Africa (Samakosky and Norris, 2024). With the increase in
development of the social economy of various nations, the daily dietary structure of different
households has changed in a significant manner. This, as well as the acceleration in the pace
of life and work activities, has made the age category of hypertensive patients to lean towards
the younger generation (Rison et al, 2022).Functional foods are industrially processed
natural foods which when consumed regularly in effective levels, may have a positive impact
on health combined with other essential nutrients (Granato et al., 2020). The traditional
treatment of hypertension includes the use of angiotensin II receptor inhibitors and beta
receptor blockers but these drugs have some side effects attached to it. It has been reported

that certain functional foods can modify the intestinal flora composition, thereby helping to



manage the symptoms brought about by hypertension (Chen et al., 2023). Functional foods
such as Cardaba banana, soybeans, tigernuts, beetroot and Justicia carnea contain bioactive
ingredients which are helpful in managing high blood pressure in hypertensive patients.
Cardaba banana(Musa balbisiana), contains high amount of potassium which is an essential
mineral that helps in lowering blood pressure and reduce the risk of heart diseases. Beetroot
(Beta vulgaris), which is a Middle Eastern species that has spread around the world
(Mirmiran et al., 2020), contains several active phytochemicals such as flavonoids, betalains
and polyphenols. The cardiovascular health benefits of beetroot have been linked to its high
inorganic nitrate concentration where the body converts nitrate into nitrite and nitric oxide,
thereby acting as a vasodilator (Bahrami et al., 2021).In addition to this, studies have shown
that fermented soy protein which can be gotten from soybeans (Glycine max), effectively
reduces blood pressure by reducing serum ACE (angiotensin converting enzyme) activity and
promoting gut bacteria (Daliri et al, 2020).The leaves of Justicia carnea contains a rich
source of micronutrients and natural antioxidants which assist in eliminating radicals (Udedi
et al.,, 2020) combined with that of tigernuts (Cyperus esculentus) which is an almond-like
sweet tuber, rich in fatty acids, vitamins, energy and can help to moderate the occurrence of
colon cancer, coronary heart diseases, obesity and diabetes (Asare et al., 2020). With these
rich phytochemicals all present in the functional foods mentioned above, the need to seeing

the treatment capability of its combination cannot be overemphasized.

1.2. Aim of the study

The aim of this study was to develop and evaluate the potential of the anti-hypertensive
biscuit formulated from Cardaba banana, beetroot, tigernuts and Justicia carnea.

1.3. Objectives of the study

The specific objectives of this study were to:



1. Evaluate the hydrogen peroxide activity and nitric oxide analyses of the biscuits using

varying proportions of Cardaba banana, beetroot, tigernuts and Justicia carnea.

11.  Determine the total antioxidant capacity (TAC) of the anti-hypertensive biscuit.

1.4. Justification of study

Hypertension is a major public health challenge, especially in low- and middle-income
countries where access to antihypertensive drugs is limited. This highlights the need for safe,
affordable, food-based interventions. The formulated snack bar, made from Cardaba banana
(Musa balbisiana), beetroot (Beta vulgaris), tigernuts (Cyperus esculentus), soybean (Glycine
max), and Justicia carnea, provides potassium, dietary nitrates, healthy lipids, ACE-
inhibitory peptides, and antioxidants that collectively support vascular function and reduce
oxidative stress. The study is further justified by its promotion of indigenous crops, reduced
reliance on imported wheat products, and contribution to functional food development for

cardiovascular health.



CHAPTER TWO

2.0. LITERATURE REVIEW

2.1. Functional foods with bioactive properties

With the occurrence of a decrease in the quality of life coupled with the prevalence of
diseases, diet is expected to play a key role in sustaining human health. Various nutritional
and medical practitioners are working to formulate and provide foods that are associated
with therapeutic benefits, popularly known as functional foods, which help in improving the
general wellbeing of individuals, thereby minimizing the risk of diseases (Lobine et al., 2021).
Functional foods exhibit a wide range of physiological benefits, also assisting in reducing the

risk of health hazards to the consumers.

Bioactive compounds often called functional ingredients, are biomolecules found within the
edible and non-edible parts of food substances that also possess unique physiological
contributions (Mondal et al., 2021). These bioactive compounds form the key components in
the development of functional foods which offer health benefits which go beyond the basic
nutrition. Compounds such as polyphenols, carotenoids, flavonoids, fatty acids, etc, all
contribute to the regulation of metabolic activities, immune system support and the reduced

risk of having diseases such as hypertension (Martirosyan, 2025).

2.1.1. Cardaba banana and its pharmacological benefits

Cardaba banana (Musa balbisiana) belongs to the species of banana that is cultivated in
Africa especially South-Western Nigeria and it is usually susceptible to post-harvest spoilage
due to its high moisture content (Olawoye and Gbadamosi, 2020). Cardaba banana (Musa

balbisiana) is an underutilized food crop that is seen throughout the year in Southern Nigeria.



It contains starch which serves as the primary source of glucose for the body, mainly
functioning as a cooking banana due to its medicinal properties (Ayo-Omogie et al., 2022)
and has found its use in the tropics (Olawoye et al., 2020a; Olawoye et al., 2020b).It has been
accepted that Cardaba banana, also known as cooking banana, has alot of techno-functional
and nutritional properties in many food formulations (Ayo-Omogie et al., 2021; China et al.,
2022 ; Reginio et al., 2020). The overall potential of Cardaba banana has not fully been
discovered and this food crop is still thought to be underutilized in South and Western
countries of Africa of which Nigeria is included. Studies have shown that Cardaba banana
has some inbuilt nutritional qualities that rival that of traditional plantains. Essential
micronutrients were seen in unripe Cardaba banana flour when it was substituted in the place
of wheat in the formulation of cookies (Ayo-Omogie, 2023). Cardaba banana has shown to
contain a low glycemic index with high presence of fiber making it suitable to lower the risk
of obesity, colon cancer, high blood pressure and heart attack ( Ayo-Omogie et al.,2021).
Cardaba banana contains rich phytochemical components and also produces polyphenols,
flavonoids, tannins, saponins, found in different parts of its flesh (Swargiary et al., 2021).
The flavonoids contained in Cardaba banana are rich antioxidants which assist in fighting

against oxidative stress, cardiovascular diseases and reducing inflammation.
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Figure 2.1: Uses and Biological activities of Musa balbisiana.

2.1.2. Beetroot, its nutritional components and bioactive composition

Beetroot (Beta vulgaris) is a food crop that grows throughout the year and majorly thrives
under lower temperatures, which helps to enhance its deep red colour (Carreon-Hidalgo ef al,,
2022). Beetroot's vibrant colour and numerous nutritional benefits has made it to be termed a
'superfood'(Sentkowska and Pyrzynska, 2023). It contains B vitamins which assist in
increasing the flow of blood to the brain, thereby reducing the occurrence of dementia and

memory loss. Beetroot has also been found to possess natural minerals sodium, iron,



potassium, calcium, zinc, phosphorus, magnesium, which supports the health of tissues and
bones (Olumese and Oboh, 2020). The peels obtained from beetroots have the following
chemical composition: Moisture (86.3%), Protein(1.02%), Ash(1.48%), Crude fiber(2.6%),
total sugars (8.4%) and total lipids (0.2%) (Shuaibu and Aremu, 2021). These beetroot peels
exhibit a wide range of actions which are antibacterial, anti-inflammatory, anti-cancer, anti-

diabetic and anti-hypertensive in nature (Shakir and Simone, 2024).

Beetroots are rich in bioactive compounds such as betalains, flavonoids(quercetin),
terpenoids,saponins, phenolic acids (gallic), alkaloids, steroids, tannins and sugars (Knez et
al., 2022). The betalains, including betacyanins and betaxanthins found in beetroot are higher
in the peels than in the flesh. These pigments are known for their anti-inflammatory and anti-
oxidant properties which they possess (Thiruvengadam et al, 2024).High concentration of
nitrates have also been found in this root vegetable, which contributes to respiratory and
cardiovascular health, making it beneficial in supporting systems (Baiao et al., 2020). The
by-products gotten from beetroot are also abundant in bioactive chemicals such as
kaempferols, quercetins, caffeic acid, chlorogenic acid and carotenoids, which aassists in
scavenging reactive oxygen species (ROS), thereby inhibiting spoilage of food and promote

stomach coupled with liver health.
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Figure 2.2: Main bioactive phytochemicals in Beetroot juice.

2.1.3. The role of beetroot in nitric oxide production.

Nitric oxide (NO) is a low molecular weight compound that is found in gaseous form, having
a short half-life and being able to diffuse through the lipid bi-layer of cells. It is highly
reactive due to the fact that it has an unpaired electron in its valence shell which makes it
possible to oxidize to nitrate (NO3") and nitrite (NO7") (Karwowska and Kononiuk, 2020).
Due to the incidence of aging and cardiovascular diseases, the search for healthy diets has
increased significantly, making the regular intake of vegetables to be more appealing (Thakur
et al., 2020) and this has made beetroot to gather much attention due to the presence of
nitrates (Bangar et al., 2022). The nitrates in beetroot can be reduced to nitric oxide in the

body, which acts as an effective vasodilator, helping to lower blood pressure and improve



endothelial function. The production of nitric oxide from ingested inorganic nitrates, relies on
its conversion to nitrite influenced by the presence of facultative bacteria (Morou-Bermudez
et al., 2022). Experimental studies have demonstrated that regular intake of beetroot juice can
drastically help to reduce systolic blood pressure, improve the flow of blood and oxygen

supply to the muscles (Benjamin et al., 2023).

2.1.4. Tigernuts, its local names and proximate composition

Tigernut (Cyperus esculentus) is an almond-like tuber crop that possesses an irregular
appearance , usually taking the size of a peanut (Maksim et al., 2021; Adenowo and Kazeem,
2020). Tigernuts can be eaten raw or soaked in water for few hours before it is eaten
depending on an individual’s preference. It contains a lot of beneficial qualities that makes it
incorporated into many food formulations. For instance, it aids in the circulation of blood and
also helps in regulating various physiological processes (Oteng and Kersten, 2020). In
countries such as Spain and that of North Africa, tigernut is usually part of their regular diets
(Hassan et al., 2021). For Spain, a local beverage product called “horchata de chufa” is
produced from tigernuts while in Egypt, tigernuts are roasted to serve as “sweet meat” (Yang
et al., 2022). In northern Nigeria, it is used as a nutritious and healthy beverage popularly
known as “Kunnu aya” (Ogbuagu and Airaodion, 2020). Tigernut contains some antioxidant
properties due to its flavonoid content and this is useful in ‘mopping up’ free radicals in the
human body thereby promoting overall health of an individual (Samuel et al., 2023). The oil
extracted from tigernuts has been found to contain minerals such as calcium, potassium,
magnesium, including vitamins such as vitamin C and E, which are also strong antioxidants.

Other experiments have indicated the presence of unsaturated fatty acids which assists in

boosting cardiovascular health, as the lipid profiling is similar to that of olive oil, which is

considered the most suitable fat for human consumption (Ahaotu et al., 2020;Touria et al.,



2022). Tigernut flour has been seen as a perfect food formulation product, even introduced in

making biscuits with improved nutritional and health benefit (Djomdi ef al., 2020).

Table 2.1: Proximate composition of Tigernuts

Nutrient Amount (per 100g) References

Carbohydrates 47 Bamigboye et al., 2020
Protein 5.08 Funmilayo and Smart, 2020
Ash 2.23 Pelegrin et al., 2022

Crude fiber 14.80 Funmilayo and Smart, 2020
Reducing sugar 27.62 Bazine and Arslanoglu, 2020
Starch content 15.47 Bamigboye et al., 2020
Sucrose 13.55 Bamigboye et al., 2020

10
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Figure 2.3: The main nutrition composition and nutrient-based applications of tiger nut.

2.1.5. Tigernuts and its impact on Cardiovascular health .

The nutritional profile of tigernuts actually depends on a variety of factors such as soil
composition, method of cultivation and storage conditions utilized (Dey et al., 2020).
Tigernuts contain a high carbohydrate content and the protein content is not comparable to

that of rice (Edo et al., 2023). It is also a rich source of saturated and unsaturated fatty acids.

11



The oleic acid found in tigernuts plays a vital role in preventing heart attack by reducing
blood pressure (Novor and Donkor, 2024) and the consumption of tigernuts can positively
help to regulate the number of inflammatory cells that take part in the progression of
atherosclerosis (Onyibe ef al., 2021). The high fiber content present in tigernuts is responsible
for regulating blood sugar, thereby reducing glucose levels (Selma-Royo et al, 2022).
Tigernut has been shown to possess several health benefits which spans across the
cardiovascular system, bringing about metabolic improvements. Its composition made of
macronutrients, mono and polyunsaturated fatty acids, makes it a great deal in managing
hypertension (Yu et al., 2022).Several studies indicate that the polyphenolic compounds
present in tigernuts have proved effective in decreasing the incidence of oxidative stress,

which can result to a variety of health issues including cardiovascular diseases and cancer.

2.1.6. Justicia carnea, traditional uses and its common names

Medicinal plants have been greatly utilized in the production of novel drug components, as
they serve as rich sources of secondary metabolites. The various parts of a medicinal plant
possesses potential bioactive substances which can be found in the stem, bark, leaves, flowers,
fruits and roots (Madhayan et al., 2022). Around 80% of the world’s population still rely on

medicinal plant for their basic medical needs (Anarado et al., 2021).

Justicia carnea is a medicinal plant whose botanical name was gotten from a Scottish man
named “James Justice”. There are several hundreds of species of Justicia carnea which have
been introduced into the traditional setting for the management of several health
complications (Anarado et al., 2021). For decades, it has been utilized effectively as a blood
tonic, in replenishing amounts of blood which could have being lost through menstruation,
surgery process or sustained injuries (Okocha et al., 2023). In Nigeria, it is commonly used as

a blood booster and has several names in different local dialects. In the Igbo culture, it is

12



known as “ogwu obara”, for Yoruba, it is called “ewe eje” while it has several English names
such as pink Jacobinia, flamingo flower, pine-bur begonia, hospital far away plant, etc

(Asakizi et al., 2020).

(Jabar et al., 2025)

Fig 2.4: Brazilian Plume (Justicia carnea) leaf
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2.1.7. Phytochemical properties and health benefits of Justicia carnea

Justicia carnea possesses some essential micronutrients such as folic acid, zinc, copper, iron,
(Asogwa et al, 2020) and active phytochemicals such as tannins, alkaloids, flavonoids,
terpenoids, which carry out anti-cancer, anti-oxidant, anti-inflammatory and also pain-
relieving activities (Ukpabi-ugo et al., 2023). Its leaf extracts have been explored and found
to treat various health complications such as fever, liver diseases, diabetes, gastrointestinal

disorders and anaemia (Anarado et al., 2021).

2.1.8. Soya beans and its effect on blood pressure

ACE which stands for Angiotensin Converting Enzyme, is a crucial enzyme that catalyzes the
conversion of angiotensin I to a potent angiotensin II that brings about the vasoconstriction of
blood vessels, potentially causing hypertension. Hypertension itself, is a primary risk factor
for stroke, end-stage renal failure (Mujtaba ef al., 2021) and the inhibition of ACE
(angiotensin converting enzyme), serves as the fundamental goal of managing hypertension
disease in individuals (Singh, 2025). Soyabeans is rich in proteins, lipids and contain
isoflavones, which are functional components. These isoflavones contain antioxidant
properties that prevent and also manage various diseases such as hyperlipidemia, diabetes,
obesity, high blood pressure and inflammation (Kim, 2021). It can be consumed in several
ways such as in the form of soy mik, soy cheese and soy yoghurt (Kim et al., 2021). Genistin,
a prominent isoflavone, has shown cardioprotective effects and can also reduce the risk of

bone diseases (Islam et al., 2020).
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2.2. Overview and Biochemistry of Hypertension.

All over the world, hypertension has continued to be the most frequent cardiovascular
disease , also becoming one of the leading causes of death (Kuneinen et al., 2024). According
to global statistics, the ratio of hypertension in men is 1:4 while in women is 1:5 but this
disease can be managed through healthy eating habits and the employment of advanced
technological tools(Shah and Yadav, 2022). In the United States, it has been observed that the
highest mortality rate comes from the African-American population (Abrahamowicz et al.,
2023) and most women are usually diagnosed with stage 2 hypertension which comes as a
result of menopause(Ko and Kim, 2020). Hypertension can be diagnosed when a patient’s
systolic blood pressure is higher than 140mmHg with the diastolic blood pressure higher than
90mmHg (Unger et al., 2020). Some factors which can predispose an individual to
hypertension include smoking, intake of alcohol, age, diabetic condition, etc (Swain and
Banerjee, 2021). Smoking in particular, has been seen as a prevalent case in young
individuals having hypertension (Perry, 2023). When factors such as this are properly
addressed, it can go a long way in alleviating the deleterious impact of hypertension on
human health and productivity otherwise, it can impose both direct and indirect costs on
individuals and the society at large. Direct costs related to hypertension could come in the
form of medical and hospital bills while the indirect costs could include disability or even
premature death particularly in China, where cardiovascular diseases and mortality have

posed significant health concerns (Rehman et al., 2022).

The development and management of hypertension is greatly influenced by the Renin-

angiotensin-aldosterone system (RAAS). This Renin-angiotensin-aldosterone system(RAAS),
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consists of a network of hormones that interconnects the renal, adrenal and cardiovascular
systems to maintaining electrolyte balance and blood pressure (Ghafar, 2020).Its components
include renin, angiotensinogen, angiotensin I, angiotensin converting enzyme(ACE),
angiotensin II and aldosterone synthase, which all have a link to hypertension (Wibowo et al.,
2021). The kidneys release renin which initiates the conversion of angiotensinogen to
angiotensin I. Angiotensin converting enzyme (ACE) then converts angiotensin I into
angiotensin II which is a vasoactive peptide that causes the constriction of blood vessels,
leading to blood pressure elevation. Angiotensin II also causes the secretion of aldosterone
from the adrenal cortex, which further leads to the retention of sodium and water in the
kidneys, which in turn, increases blood pressure. All these occur in an enzymatic chain of

events coupled with receptor interactions.

2.2.1. Bariatric surgery (surgical interventions for hypertension).

In the past few years, bariatric surgery has become popular due to the increasing incidence of
obesity and nearly two-thirds of patients who undergo this process, experience massive
improvement in blood pressure control (Altieri et al, 2021;Tajeu et al, 2022). Bariatric
surgery procedures which include sleeve gastrectomy(SG) and Roux-en-y gastric bypass
(RYGB), have demonstrated great success in reducing the risk of mortality but is mostly
underutilized due to lack of education amongst the patients and clinicians on its safety and
efficacy(English et al., 2020). Before bariatric surgery is carried out, it is very important that
the patient’s psychological and nutritional health status is properly checked before
proceeding with the surgery (Glazer and Biertho, 2020). This surgical process can sometimes

be accompanied by gall stone formation and rapid weight loss (Alsallamin ef al., 2023).
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2.2.2. Current anti-hypertensive treatments

The treatment of hypertension through pharmacological means has become a cornerstone in
the management of the disease. Varieties of drugs have been developed and established with
proven efficiency in managing hypertension and they work by the blockade of the renin-
angiotensin-aldosterone system. Drugs recommended for the treatment of hypertension
include diuretics, ACE inhibitors, beta adrenergic receptor blockers, calcium channel
blockers,etc(Unger et al., 2020). The current anti-hypertensive treatments are discussed

below:

e RAAS blockers
Two groups of renin-angiotensin-aldosterone system blockers exists, which are the
angiotensin converting enzyme inhibitors (ACEI) and the angiotensin II receptor
blocker(ARB). The angiotensin converting enzyme inhibitor (ACEI) group
incorporates a wide range of agents such as captopril, lisinopril, ramipril, which
decrease the production of angiotensin II and aldosterone, and then further increases
the level of bradykinin, a vasodilator. Drugs in the angiotensin II receptor blocker
(ARB) group include losartan, olmesartan, valsartan, which all promote vasodilation
and reduce the production of catecholamines.

e Beta adrenergic receptor blockers
They work by decreasing the rate of cardiac output and are particularly effective in
patients with rapid heartbeat and contractility. Normally, these drugs are usually
given in line with diuretics (Mancia et al., 2022). They also help to reduce
cardiovascular risks but are not really effective in reducing the risk of stroke
occurrence.

e Calcium channel blockers(CCB)
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These set of drugs work by blocking calcium entry into excitable cells and reducing
vascular resistance, thereby producing a relaxation effect. The two main classes of
this drug include the dihydropyridines(amlodipine) and non-dihydropyridines such as
verapamil.

e Diuretics
They inhibit the sodium\chloride pump and also facilitate the excretion of sodium. It
was observed that patients who received diuretics such as thiazides experienced a

lower occurrence of cardiovascular disorders (Ishani et al., 2022).

2.2.3. Formulation of a snack bar with diet as a management strategy

Various bioactive compounds have been identified as potential therapeutic substances for the
prevention and management of cardiovascular disorders (Ud Din et al., 2023).Much focus
has been placed on functional foods and supplements due to high presence of plant-based
bioactive components (Mocanu et al., 2022). The prevalence of chronic diseases such as
hypertension currently, is majorly caused by poor eating lifestyle and this has increased the
need and demand for foods enriched with health beneficial components such as polyphenols,
probiotics, vitamins , minerals, etc (Simon et al., 2021;Ahmad and Gani, 2021). The
formulation of a snack bar with the purpose of managing a disease like hypertension should
be carried out in strict adherence to hygienic practices as this will help to preserve the value
of the product. Most snack bar options sold in the market are usually loaded with additives
and saturated fat which are not beneficial to cardiovascular health (Klerks et al., 2022).1t is
therefore necessary to preserve the bioactive compounds contained in functional foods by
processing the functional products minimally in order to ensure it is friendly with the gut

system (Plamada and Vodnar, 2022). Good and adequate lifestyle chamges remain one of the
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antidote for the prevention and treatment of hypertension (Cheema et al., 2022). Diet plays a
very important role in the proper functioning of the body system. Dietary Approaches to Stop
Hypertension (DASH), low sodium and Mediterranean diet, have been popularly accepted
due to their numerous benefits in assisting to reduce blood pressure (Filippou et al., 2020).
The DASH (Dietary Approaches to Stop Hypertension) diet is rich in macronutrients and
micronutrients, emphasizing on the consumption of vegetables, fruits and meals that contain
low saturated fat and cholesterol (Unger et al., 2020).1t was observed that when this diet was
incorporated, it brought about a significant reduction in blood pressure (Filippou et al.,
2020).For the case of vegetarian diet, it contains a high proportion of plant-based protein and
glutamic acid which also possesses blood pressure lowering effects (Dasinger et al,
2020).Moreover, evidence suggests that a diet composed of high concentration of fiber,
potassium and antioxidants, all contribute to lowering blood pressure readings (Soeters,

2020).

2.3. Hydrogen Peroxide activity in Oxidative stress and Cell damage

Much focus has been placed on the study of oxidative stress due the role it plays in the
development of chronic diseases such as diabetes, kidney failure and hypertension (Taslimi et
al., 2020).Oxidative stress can be indicated through an uneven level of reactive oxygen
species (ROS) as compared to the antioxidant defenses, which then initiates the damage of
DNA, bringing about a disruption in the functions of the cell (Rahman et al., 2025).Humans
are continuously exposed to reactive oxygen species which can occur endogenously or
exogenously. The end-products of metabolic processes and respiration can all contribute to
the formation of radicals, leading to stress in the body systems (Turkan ef al., 2020). Once the
level of reactive oxygen species exceeds the defense makeup of the antioxidants present in

the body, it can lead to damage of body tissues, quickening of cell death and occurrence of
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many diseases (Apak et al., 2022). Amongst the reactive oxygen species 18 hydrogen peroxide

(H202), a compound that is involved in many reactions and processes in humans. Hydrogen
peroxide acts as a messenger and works with nitric oxide (NO) radical to activate specific
oxidations which lead to damage of cells and tissues (Andres et al, 2022). It has an
unpleasant odour and can decompose into oxygen and water, releasing a huge amount of heat.
At very low concentrations, hydrogen peroxide can be reactive while at high concentrations,
it can destroy energy-transforming cell systems and this singular act can lead to the
inactivation of glyceraldehyde-3-phosphate dehydrogenase which further causes

complications related to diabetes (Hyslop and Chaney, 2022).

2.4. Health benefits of Antioxidants.

Antioxidants are compounds with low molecular weights which assist in the elimination of
reactive oxygen species (Al-Mamary and Moussa, 2021). The reactive oxygen species
include radicals such as hydroxyl radical, superoxide anion radical and non- radical
molecules such as hydrogen peroxide and they all demonstrate different forms of reactivity
and properties within biological systems (Kozlov et al., 2024). It has been validated that
antioxidants remove the missing electrons which characterizes radicals, as this helps to
decrease or slow down damage to cells found within the body (Al-Mamary and Moussa,
2021). It is therefore imperative that balance must be maintained between the production of
reactive oxygen species and the antioxidant defense mechanisms in order to prevent the
occurrence of oxidative stress which can further progress to chronic diseases. Antioxidants
can be of two forms-enzymatic and non-enzymatic. Essential enzymatic antioxidants include
catalase, glutathione peroxidase, glutathione reductase and superoxide dismutase while the
non-enzymatic antioxidants include glutathione, vitamins C and E (Chapa-Dubocq et al,

2023). Antioxidants such as polyphenols and flavonoids found in vegetables, fruits and other
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plants are said to have the ability of reducing cardiovascular risk. They help to shield the
blood vessels from radical attack and improve good cholesterol level (Rodriguez-Graciani et
al., 2022). Once these antioxidants neutralize harmful free radicals, they help to prevent
chronic diseases such as liver and heart failure (Zhang et al., 2023). Antioxidants such as
lutein, zeaxanthin and vitamin C, have been shown to be beneficial to the eyes, as they help
to preserve visual function (Kushwah ef al., 2023). Antioxidants also play a role of reducing
inflammation in the body and enhancing exercise, which promotes the overall health of the

body (Higgins et al., 2020).

2.5. The role of Nitric Oxide in Cardiovascular health

The regulation of blood pressure and maintenance of vascular health forms an important
component of cardiovascular function with nitric oxide (NO) carrying out a vital role. Nitric
oxide is a signaling molecule involved in endothelial function (Abolfazli ef al., 2024). Nitric
oxide assists in enhancing the integrity of vascular networks and preventing inflammation
which leads to cell damage (Dri ef al., 2023). Due to its action on vascular smooth muscle,
Nitric oxide functions as a powerful blood pressure regulator and can be utilized by clinicians
in managing hypertensive patients. It is a small gaseous molecule which has been found to
influence various key processes that occur in the nervous and cardiovascular system and can
be synthesized through the oxidation of L-arginine catalyzed by the enzyme nitric oxide

synthase. This molecule is very reactive, aiding in vasorelaxation (Cyr et al., 2020)
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CHAPTER THREE

3.0. MATERIALS AND METHODS

3.1. MATERIALS

Beetroot

Cardaba banana

Soyabeans

Justicia carnea leaves
Tigernuts

Date paste (natural sweetener)
Honey

Cooking butter

Cinnamon

Vegetable oil

Skimmed milk

Eggs

3.1.1. APPARATUS AND EQUIPMENTS

Foil paper

Black tarpaulin cover
Cooking cutter
Rolling pin

Baking paper

Kitchen scale
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e Ziploc bag

e Packaging nylon

e Measuring cup

e Air tight glass jars

e Dehydrator

e Oven (Century Electric Oven, COV-8320-C)

e Weighing balance

e Refrigerator (National spread, NSBP-150K)

e Blender (Kenwood blender, UK Standard, KC-241B)

e Rubber bowls

e Sieve
e Filter
e Scissors
e Buckets

e Hand gloves

3.1.2. Chemicals and Reagents
e Sodium metabisulfite (Na2S20s)
e Sodium nitroprusside
e Phosphate buffer
e Qriess’ reagent
e Reagent solution (0.6M sulphuric acid, 28mM sodium phosphate and 4mM
ammonium molybdate).

e Methanol
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e Phosphomolybdate reagent solution
e Hydrogen peroxide
e Ascorbic acid

e BHT (Butylated Hydroxyl Toluene)

3.2. METHODS

3.2.1. Preparation of Beetroot flour

The beetroot which was used in this undergraduate project research study was
locally obtained from Hausa market, situated along Forestry road in Benin
City, Edo State. The amount of beetroot purchased was 6kg and it was
thoroughly washed under running water in order to remove any form of
contamination. The beetroot sample was further peeled using a sterile sharp
knife and cut into thin slices before being rinsed again to ensure it was free
from impurities. The sliced beetroot was weighed on a weighing balance and
the measurement given was about 2.04kg. Due to interruption in light supply,
the sliced beetroot samples were placed on foil papers and allowed to air-dry.
The air-drying process lasted for about 2days and it was carefully done with
proper ventilation. Electricity supply was restored and the samples were
transferred to a dehydrator to ensure that the samples were free from every
moisture. The dehydrator temperature was fixed at 50°C for about 11 to 12
hours. The essence of the drying process is to remove every moisture content,
to make it suitable for blending into a flour. After a confirmation that the

samples were completely dried, a blender was used to convert the beetroot
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samples into a fine beetroot flour and were further stored in an air tight

container.

Figure 3.1: Flowchart for the preparation of Beetroot flour

Fresh Beetroot sample

l

Washed under running water

l

Cut into thin slices

l

Dehydrated in an oven at 50°C
for about 11 to 12 hours

l

Ground with a blender

l

Formation of beetroot flour

l

Beetroot flour filtered through a sieve

|

Stored into airtight containers
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3.2.2. Preparation of Cardaba banana flour

The unripe Cardaba bananas were locally obtained from Efehi market situated around New
Benin axis in Benin City after they were previously ordered from an Akure village located in
Ondo state, Nigeria. The unripe Cardaba bananas were peeled and cut into thin slices using a
sterile knife. The thin slices of the unripe Cardaba banana were soaked in 10litres of water
and Sgrams of sodium metabisulfite (Na2S20s) was added for about 30minutes. This reagent
acts as an anti-browning and anti-microbial agent. Essentially, it helps to prevent the
influence of enzymes and other external factors which induce an unappealing brown colour
on the banana. It also prevents the growth of microorganisms such as bacteria, fungi, thereby
assisting in extending the shelf-life of the banana product. The soaked banana was then
transferred into a filter to drain the excess water and afterwards placed in an oven, regulated
at a temperature of 60° C for proper drying to remove every moisture. The dehydrated thin
slices of Cardaba banana was blended into a fine flour and stored in an airtight container

under regulated conditions.
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Figure 3.2.: Flowchart for the preparation of Cardaba banana flour

Bunches of unripe Cardaba banana

l

Manual peeling and slicing of the Cooking banana

l

Immersed in Sodium metabisulphite solution for 30 minutes

l

Oven drving at 60°C

l

Blending

l

Formation of flour and storage in airtight containers

3.2.3. Preparation of Soyabean flour
Three rubbers of Soyabeans was locally purchased at “rice line” around the
New Benin axis in Benin City, Edo State. Firstly, the soyabeans was hand-
picked to remove dirt before it was soaked in a bowl of water for about
24hours. The outer seed coats of the soya beans (husks) was removed and
afterwards boiled, with the boiling process lasting for about 30 minutes for

each Kilogram before finally being transferred to the oven at a temperature of
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80°C. The different set of soyabeans were dried to the point where they
demonstrated constant weights of 0.5kg on each tray before they were finally

blended into a flour and stored in an airtight container.

Figure 3.3.: Flowchart for the preparation of Soyabeans

Raw Soyabean seeds

l

Sorting to remove contaminants

l

Soaking

l

Dehulling

l

Boiling (at 100°C for 30 mins)

l

Draining using a filter

l

Oven drying at 80°C for 24hrs

29



3.2.4. Preparation of Justicia carnea flour
The Justicia carnea plant was sourced from an ornamental garden situated at
Supply and Transport barracks opposite Uselu market in Benin City, Edo State.
The leaves of Justicia carnea (blood leaf) was hand picked and rinsed in water.
It was then air-dried for up to two weeks and this was to ensure that it was
ground in a blender to produce a smooth flour with no presence of moisture.
Afterwards, it was stored in an air-tight glass jar.

Figure 3.4: Flowchart for the preparation of Justicia carnea flour

Fresh Justicia carnea leaves

|

Rinsed in clean water

l

Air-drying (for 2weeks)

l

Blending

l

Formation of Justicia carnea flour

l

Storage in an airtight jar
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3.2.5. Preparation of Tigernut flour
Two rubbers of tiger nut were locally purchased at lagos street, located within
Benin City also. We ensured that dirts in the form of stones were separated
from the tigernuts before it was rinsed in a bowl of water. Afterwards, it was
placed in an oven set at 80°C and the drying process lasted for 10hours. After
the dehydration process, it was blended into a fine flour and stored in an air-
tight container.
Figure 3.5: Flowchart for the preparation of Tigernut flour
Raw

tigernut
seeds

Formatlon Sorting and
i washin
flour g
Blending QVen
and sievin drying at
e 800C
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3.3. Functional anti-hypertensive snack bar preparation( baking Process)
The formulation of the functional snack bar was done using the flours of Cardaba banana,
beetroot, Justicia carnea, soya beans and tigernuts. Several ingredients were also combined in

varying proportions altogether in four samples namely: Control sample, sample A, sample B

and sample C.

Table 3.1: Different formulations for Control, Sample A, Sample B and Sample C

Ingredients Control Sample A Sample B Sample C
All —purpose flour 60g

Cardaba banana flour 60g 77g 90g
Beetroot flour 37¢g 37¢g 25¢g 27¢g
Tiger nut flour 52g 52g 52g 40g
Soyabeans flour 27g 27g 27¢g 24¢
Vegetable oil 15¢g 15¢g 10g 10g

Justicia carnea flour 2g 2g 2¢g 2¢g

Date paste Sg Sg S5¢g S5¢g

Baking powder 2g 2g 2g 2¢g
Total 200g 200g 200g 200g
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3.4.1. Nitric oxide scavenging assay

The nitric oxide radical scavenging capacity was carried out on the different functional food
materials. Iml of 10 mM sodium nitroprusside was mixed with 1ml of extract prepared in a
phosphate buffer. The mixture was incubated at 25°C for 150 minutes. To Iml of the
incubated solution, 1ml of Griess’ reagent was added. An absorbance was calculated and read
at 546nm (Makhija ef al, 2011). The percentage nitric oxide scavenging capacity was

calculated as shown below:

Nitric oxide scavenging activity(%) =Acontrol —Aextract__ X 100

Acontrol

3.4.2. Total Antioxidant Capacity (TAC)

The total antioxidant capacity (TAC) of the extracts was evaluated using the
phosphomolybdenum method based on the procedure described by Prieto ef al.(1999). The
assay is based on the reduction of Mo(+6) to Mo(+5) by the extracts and subsequent
formation of green phosphate Mo(+5) complex at an acidic pH. Briefly, 0.3mL of graded
concentrations of the extracts was mixed with 3mL of reagent solution (0.6M sulphuric acid,
28mM sodium phosphate and 4mM ammonium molybdate). The absorbance of the reaction
mixture was measured at 695nm using a spectrophotometer against a blank after cooling to
room temperature. Methanol (0.3mL) in the place of the extract was used as the blank. The

TAC was expressed as milligram equivalents of ascorbic acid and calculated as shown below:

TAC (mg AAE/g extract)= C x V
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Where  C= Concentration of ascorbic acid in mg/mL, extrapolated from the standard

calibration curve

V= Volume of extract in ml

m= weight of crude plant extract in grams

3.4.3. Hydrogen Peroxide Scavenging Activity

The scavenging activity of hydrogen peroxide (H20:) by the sample extracts was
determined by the method Lcin (2005). The Ultra Violet light absorption of hydrogen
peroxide can be easily measured at 230nm. On scavenging of hydrogen peroxide by the
sample extracts, the absorption decreases at this wavelength, which property can be utilized

to quantify their H>O» scavenging activity.

The extract was dissolved in methanol to prepare various concentrations and to the assay,
reaction mixture containing sample (100ul), 1.5 ml of phosphate buffer (0.05M, pH 7.4) and
0.6ml of H202 are added. The percentage were calculated from the absorbance of the control

(Ac) and the sample (As) by the equation:

Inhibition (%) = (1-As) / Ac x 100
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3.5. Statistical Analysis

All the data regarding hydrogen peroxide activity, nitric oxide analyses and total antioxidant
capacity (TAC) were analyzed statistically using SPSS (Version 25.0). The results are
expressed as the mean + standard deviation (SD). Differences among sample means were
assessed using one-way Analysis of Variance (ANOVA). Significant differences were
identified using the Duncan’s Multiple Range Test (DMRT) at a 5% probability level

(p<0.05).
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CHAPTER 4

4.0. RESULTS

Hydrogen Peroxide Scavenging Activity

-
—, L- Ascorbic Acid
-

2
=
- SAMPLE A
i
£ 90 SAMPLE B
E -
2 SAMPLE C
2]
D e
Q a_¥— _ A
= —
&

?0 IIIIIIIII|IIIIIIIII|IIIIIIIII|

0 0 100 150

Concentration (ug/mL)

Figure 4.1: Hydrogen peroxide scavenging activity
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Figure 4.2: Total antioxidant capacity (TAC)
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Nitric Oxide Radical (NO) Scavenging assay
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Figure 4.3: Nitric Oxide Radical Scavenging activity
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Table 4.1: Nitric Oxide (NO) Scavenging Activity (IC50) of Sample Formulations

Sample IC50 Value Activity
Formulation (mg/ml) Classification
Control <0.001 Standard
(L-Ascorbic acid)

Sample A 0.0006 Potent
Sample B 0.031 Very Strong
Sample C 0.288 Moderate
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CHAPTER 5

5.0. DISCUSSION AND CONCLUSION

5.1. Discussion

The rising global incidence of hypertension has intensified the search for functional foods as
complementary or preventive strategies. This study successfully developed a novel snack bar
incorporating flours from Cardaba banana, beetroot, tigernut, soyabean, and Justicia
carnea leaves, and evaluated its potential through key in vitro assays related to oxidative
stress and vascular function. The results unequivocally demonstrate that the incorporation of
the selected functional flours significantly enhanced the bioactivity of the snack bars
compared to the control formulated with conventional all-purpose flour. The observed dose-
dependent increase in activity across Samples A, B, and C, which corresponded with an
increasing proportion of Cardaba banana flour, highlights the synergistic contribution of the
composite ingredients. The superior H>O: scavenging activity of the experimental samples,
especially Sample A, indicates a potential ability to neutralize this reactive oxygen species
(ROS). H20:, while a weak oxidant itself, can be converted into a highly damaging hydroxyl
radical in the presence of metal ions via the Fenton reaction. This radical is implicated in
lipid peroxidation, protein denaturation, and DNA damage, all of which contribute to
endothelial dysfunction and the pathogenesis of hypertension (Rahman et al., 2025). The high
scavenging activity can be attributed to the rich phytochemical profile of the
ingredients. Justicia carnea is known for its flavonoids and tannins, beetroot is rich in
betalains, and tigernuts contain phenolic compounds. These compounds can donate electrons
to stabilize and neutralize H-O-, thereby reducing oxidative stress and potentially protecting
vascular tissues. The phosphomolybdenum assay revealed that Sample A had the highest

Total Antioxidant Capacity. This assay provides a cumulative measure of the reducing
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capacity of all antioxidants present in the sample, including phenolics, ascorbic acid, and
tocopherols. The high TAC value for Sample A suggests a high concentration of electron-
donating compounds. Cardaba banana is a significant source of polyphenols and flavonoids
(Swargiary et al., 2021), while soyabeans contribute isoflavones like genistin (Kim, 2021).
The combination of these ingredients creates a complex mixture of antioxidants that can act
through various mechanisms to combat oxidative stress, a key driver of hypertension by
promoting vasoconstriction and inflammation. Furthermore, this in vitro activity
complements the known mechanism of beetroot, which is rich in dietary nitrate. Upon
consumption, nitrate is converted to nitrite and then to NO in the body, promoting
vasodilation and lowering blood pressure (Bahrami et al., 2021). Thus, the formulated snack
bar may offer a dual benefit: scavenging harmful free radicals in vitro while providing a
dietary precursor for beneficial NO production in vivo. The superior performance of Sample
A suggests that the 90g formulation of Cardaba banana flour provided an optimal matrix that
enhanced the bioavailability or synergistic interaction of the bioactive compounds from all

the ingredients.
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5.2 Conclusion

This study successfully developed a functional snack bar from Cardaba banana, beetroot,
tigernuts, soya bean, and Justicia carnea leaves. The in vitro analyses confirmed that the
formulated snacks, particularly Sample A, possess significant antioxidant properties, as
evidenced by their strong hydrogen peroxide scavenging activity, high total antioxidant
capacity, and potent nitric oxide radical inhibition. These properties are crucial for mitigating
oxidative stress, a key factor in the development and progression of hypertension. The
findings provide a strong scientific basis for the potential of this portable snack as a dietary

strategy for managing blood pressure.
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APPENDIX

The raw percentage inhibition values of Hydrogen Peroxide activity, Total antioxidant

capacity and Nitric oxide analyses are expressed below:

H202 Abs H202
Abs2 Abs3 Aver AO 2% % Inhib
0.498 0498 04963 1.626 100 69.4752
0.501 0.499 04993 1.626 100 69.2907
0.521 0.555 0.5292 1.626 100 67.4539
0.562 0.572 0.564 1.626 100 65.3137
0.586 0.591 0.5827 1.626 100 64.1656
0.546 0.552 0.5447 1.626 100 66.5027
0.582 0.564 0.57 1.626 100 64.9446
0.582 0.577 0.5817 1.626 100 64.2271
0.594 0.59 0.59 1.626 100 63.7146
0.56 0.563 0.5757 1.626 100 64.5961
0.485 0.508 04903 1.626 100 69.8442
0.543 0.539 0.537 1.626 100 66.9742
0.549 0.546 0.5467 1.626 100 66.3797
0.561 0.561 0.561 1.626 100 65.4982
0.579 0.586 0.585 1.626 100 64.0221
0.068 0.061 0.063 1.626 100 96.1255
0.058 0.049 0.0537 1.626 100 96.6995
0.073 0.078 0.0757 1.626 100 95.3465
0.065 0.072 00683 1.626 100 95.7975
0.051 0.045 0.0477 1.626 100 97.0685
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TAC Aver
Abs1 Abs2 Abs3 Abs

0.712 0.722 0.784 0.7393
1.07 1.09 0.1061 0.7554
1.168 1.119 1.194 1.1603
1.1 1.135> 1137 1.1249
1.158 1.197 1172 1.1757
0.632 0.81 0.732 0.7247
1.082 1.026 1.047 1.0517
1.244 1.227 1.292 1.2543
1.302 1.307 1.307 1.3053
1.36 1.38 1.37 1.37
0.313 0.338 0.301 0.3173
0.4 0471 0404 0.425
0.739 0.638 0.428 0.6017
0.714 0.856 0.716 0.762
1.03 0.997 1.04 1.0223
1.518 1.495 1.484 1.49%9
1.512 1.466 1.45 1.476
1.507 1.355 1.389 1417
1.514 1.475 1.402 1.4637
1.48 1.522 1.554 1.5187

55

TAC (mg

3.7107
5.2233
43.428
40
44.874
2.327
33.176
52.296
57.107
63.208
-36.1
-25.94
-9.277
5.8491
30.409
75.377
73.208
67.642
72.044
T77.233



NITRIC OXIDE Aver
Abs 3 Abs

Abs1 Abs2

0.224 0.23

0.24 0.256
0.256 0.256
0.274 0.27
0.262 0.278
0.228 0.224
0.254 0.254
0.253 0.256
0.262 0.262
0.263 0.268
0.237 0.236

0.26 0.264
0.271 0.275
0.279 0277
0.263 0.272
0.139 0.135

0.12 0.126
0.121 0.118
0.133 0.129
0.109 0.106

0.229
0.257
0.266
0.262
0.271
0.234
0.241
0.258

0.27
0.264
0.226
0.262
0.271
0.276
0.275
0.142
0.126
0.108
0.111
0.106

0.2277
0.251
0.2593
0.2687
0.2703
0.2287
0.2497
0.2557
0.2647
0.265
0.233
0.262
0.2723
0.2773
0.27
0.1387
0.124
0.1157
0.1243
0.107

AD

56

1.654
1.654
1.654
1.654
1.654
1.654
1.654
1.654
1.654
1.654
1.654
1.654
1.654
1.654
1.654
1.654
1.654
1.654
1.654
1.654

%

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Nitric
% Inhib
86.2354
84.8247
84.3208
83.7565
83.6558
86.1749
84.9053
84.5425
83.9984
83.9782
85.9129
84.1596
83.5349
83.2326
83.6759
91.6163
92.503
93.0069
92.4829
93.5308
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