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ABSTRACT

Micronutrient deficiencies remain a significant public health concern for children under the
age of five and women of reproductive age in Northern Uganda, as well as other regions across
the globe. The present study aimed to examine the impact of different quantities of sesame
residue ash filtrate on the mineral composition and sensory acceptability of Vigna unguiculata
(cowpea) and Cucurbita pepo (pumpkin) leaves, prepared using traditional methods. The ash
filtrate was derived from residual sesame plant material. The concentrations of minerals in both
the ash filtrate and cooked vegetables were analyzed utilizing an atomic absorption
spectrophotometer. Thirty grams each of cowpea and pumpkin leaves were subjected to
cooking with varying amounts of sesame ash filtrate. The experiment was conducted with four
different treatments, including 0 mL (control), 15 mL, 30 mL, and 45 mL of sesame ash filtrate.
Standard procedures were employed to investigate sensory assessments among 97 participants
and mineral analyses of traditionally prepared vegetables with varying ash filtrate application.
The findings reveal that the application of ash filtrate at a rate of 15 mL resulted in the highest
overall acceptability scores of 4.69 and 4.18 for cooked cowpea and pumpkin leaves,
respectively. The addition of 15 mL of sesame ash filtrate resulted in significant improvements
in the concentrations of zinc (18.25-59.50 mg/Kg, p value= 0.01, <= 0.05), iron (24.6-128.95
mg/Kg, p value=0.01, <= 0.05), magnesium (129.75-305.15 mg/Kg, p value=0.01, <= 0.05),
calcium (299.5-353.85 mg/Kg, p value= 0.03, «= 0.05), potassium (172.75-303.25 mg/Kg, p
value= 0.005, «=0.05), and sodium (190.0 -301.0 mg/Kg, p value=0.002, <= 0.05) in cooked
cowpea and pumpkin leaves. In order to optimize the utilization of ash filtrate, it is
recommended that households add approximately 15 mL of the filtrate to 30 g of vegetables
(equivalent to one market bundle).

Keywords: Plant residues Ash filtrate; micronutrient deficiency traditionally prepared

vegetables.
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CHAPTER ONE: INTRODUCTION

1. 1 Background

Micronutrient deficiencies (MNDs) are an omnipresent public health challenge (Galani et al.,
2020). Globally, over one billion people suffer from one or more chronic micronutrient
deficiency-related illnesses (Ahmed et al., 2013). Reports indicate that about 90% of those at-
risk live in Africa and Asia (Galani et al., 2020). The most affected groups are women of
reproductive age and children under 5 years (Galani et al., 2020). A multitude of micronutrient
deficiencies have been identified, including but not limited to calcium, iron, zinc, iodine,
selenium, and various vitamin deficiencies (Theodore, 2010). The dire consequences of these
deficiencies have been well documented. As stated by Udho and Nankumbi (2019), zinc
deficiency can lead to impaired immunological functioning, growth retardation, and loss of
appetite. Cognitive impairment has been linked to vitamin B-12 deficiencies (Omona, 2021)
and iron deficiency (Balikowa, 2011) but its effect on children is not clear (Kikafunda et al.,
2009). Diseases such as night blindness, ricket and anemia have been widely studied and
associated with Vitamin A (Bhandari & Banjara, 2015), vitamin D (Janner et al., 2010) and

iron (Pavord e t al., 2012) deficiencies, respectively.

In the region of sub-Saharan Africa, specifically in Nigeria, Ethiopia, Kenya, Somalia, and
Uganda, there is a high incidence of deficiencies in iron, iodine, zinc, and vitamin A among
children under the age of 5. The prevalence rates for these deficiencies are 70%, 42%, 25%,
and 48%, respectively, as reported by Ecker and Weinberger in 2010 and Harika et al. in 2017.
The prevalence of Musculoskeletal and Neurological Disorders (MNDs) among the population
of Uganda is reported to be 69%, according to Fungo's study in 2009. Children younger than

15 years (46%) and women of reproductive age (23%) are the most affected (Balikowa, 2011).



MNDs results from low dietary intake of Vitamins and minerals (Bhandari & Banjara, 2015).
Like vitamins, adequate intake of minerals is compromised by perennial consumption of
largely plant-based foods such as starchy foods, legumes and vegetables. This is because such
plant-based foods are regarded as poor-quality sources of micronutrients as compared to animal
sources (Mekuria et al., 2021). Furthermore, consistent intake of animal-derived micronutrients
has been linked to improved economic status, as per Shivakumar et al. (2019). However, this
may not be a viable option for impoverished nations and households. Hence, it is imperative
for developing nations such as Uganda, which are severely impacted by micronutrient
deficiencies as per Ukeyima et al. (2019), to undertake persistent measures to combat such
deficiencies. This will help prevent the adverse implications on public health and overall

development.

Numerous strategies including fortification and micronutrient supplementation have been used
to boost micronutrient intake (Lutter et al., 2021). The strategy that is most employed is the
supplementation of micronutrients, as indicated by Adoko et al. (2021). However, it is only
curative but not preventative, and hence it is only used to avert severe cases of malnutrition
(Barffour et al., 2019; Brown et al., 2007). Furthermore, the efficacy of supplementation use
among the general population is impeded by restricted access application rate from exorbitant
costs, insufficient supply, and challenges in storage and transportation, as noted by Barffour et
al. (2019), Horton, Begin, and Greig (2008), and Nair et al. (2016). Therefore, it is imperative
to establish and implement preventive measures aimed at alleviating micronutrient deficiency

at the household level.

Therefore, the current study intends to contribute to the challenges of micronutrient
deficiencies from the perspective of ash filtrate. Ash filtrate is obtained from burnt crop
residues. According to Bergeson et al. (2016), the plant residues commonly utilized for filtrate
production include beans (Phaseolus vulgaris L.), banana peels, sunflower, and Sesame stem.
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The process of obtaining ash filtrate in the Acholi sub-region involves adding water to ash
obtained from burnt crop residues. The filtrate that has been collected is utilized for culinary
purposes (Tara, 2014). According to Ngoualem et al. (2020), the addition of filtrate to
vegetables and hard-to-cook foods, such as dried legumes, is known to reduce cooking time
and enhance flavor. According to Mallemo et al. (2010), a prior investigation revealed that ash
filtrate comprises a range of macronutrients and micronutrients, such as iron, iodine,
magnesium, calcium, potassium, phosphorus, and zinc. The degree to which ash filtrate, a
commonly utilized substance in food preparation, augments its micronutrient composition is
not adequately understood. The present study aims to conduct an empirical investigation into
the impact of ash filtrate utilization on the micronutrient composition and sensory acceptability

of conventionally prepared vegetables.

1.2 Statement of the Problem

Micronutrient deficiencies (MNDSs) continue to be prevalent in low-income countries, such as
Uganda. The aforementioned deficiencies are prevalent among children under the age of five
and women of reproductive age, as reported by Bégin et al. (2001), Gupta et al. (2020), and
Ohanenye et al. (2021). According to the 2016 Uganda Demographic and Health Survey report
(UBQOS 2017), in the Acholi sub-region, 71% of children under the age of 5 and 47% of women
between the ages of 15-49 were found to be anaemic. The primary cause of micronutrient
deficiencies (MNDs) is the limited consumption of foods that are rich in these nutrients, as
noted by Gupta et al. (2020). This is often due to poor dietary quality, as highlighted by Nair
etal. (2016). In Uganda, commonly consumed foods such as cereals, roots, and legumes (Gitau
et al., 2019) may not provide sufficient micronutrients as needed by the body. Regrettably,
fortified foods are financially burdensome for most households within the communities.

The utilization of ash filtrate in culinary applications is not a novel concept, however, its impact
on the micronutrient composition of the prepared food remains inadequately comprehended.

3



The production and application of filtrate in cooking vegetables has predominantly relied on
experiential knowledge rather than empirical research. Three insights have been generated
from the data, the first being that the source of the filtrate differs among households. The
quantity of water added exhibits significant variation, thereby impacting the mineral
concentrations of the filtrate. Finally, the quantity of filtrate added may vary depending on the
type and quantity of vegetables being prepared. In addition to the aforementioned insights,
prior research conducted by Mallemo et al. (2010) revealed that ash filtrate comprises a range
of macronutrients and micronutrients such as iron, iodine, magnesium, calcium, potassium,
phosphorus, and zinc. The efficacy of incorporating ash filtrate in food preparation to enhance
its nutrient content remains uncertain. The degree of improvement and the impact of varying
levels of application on sensory perception remain unclear. The objective of this study is to
examine the impact of ash filtrate on the micronutrient composition and sensory acceptability

of traditionally prepared vegetables, with a focus on the source of the filtrate.

1.3 The Purpose of the Study

The purpose of this study was to evaluate the use of ash filtrate as traditionally practiced in
Acholi sub-region and assess its contribution to dietary mineral concentration of traditionally
prepared vegetables. This study is intended to contribute towards efforts in addressing

micronutrient deficiency in the Acholi sub-region.

1.4 Objectives of the Study

1.4.1 General objective of the study

To investigate the effect of ash filtrate as an alternative source of micronutrients in commonly

consumed traditionally prepared vegetables.



1.4.2 Specific objectives of the study

i.  To determine micronutrient contents and pH of selected sources of ash filtrate used in
Acholi sub-region.

ii. To assess the effect of using ash filtrate on micronutrient contents of selected
traditionally prepared vegetables.

iii.  To evaluate the sensory acceptability of selected traditionally prepared vegetables.

1.5 Hypothesis

Ho:1. There is no significant difference in micronutrient contents of selected sources of ash
filtrate used in Acholi sub-region.
Ho: 2. Ash filtrate has no significant effect on consumers sensory acceptability of selected
traditionally prepared vegetables.
Ho: 3. There is no significant difference in the extent of change in micronutrient contents of

selected vegetable prepared traditionally using ash filtrate.

1.6 The Significance of the Study

Micronutrient deficiency represents a prevalent form of malnutrition within the Acholi sub-
region. According to Gupta et al. (2020), the demographic groups most significantly impacted
are children under the age of five and women of reproductive age. To address the issue of
micronutrient deficiencies, there has been an increased focus on utilizing fortified food
supplements. Fortified food supplements are often unaffordable for many households within
the local communities. Utilizing local remedies, such as compounding foods with nutritious
local food sources, can provide a cost-effective and easily accessible alternative for households
within the community. The present study utilized ash filtrate derived from crop residues

produced locally to examine its impact on mineral contents and sensory acceptability of certain



traditionally prepared vegetables. The data produced by this study proved valuable in

addressing micronutrient deficiency within the sub-region.

This study will generate empirical scientific data on the utilization of ash filtrate in food
preparation and establish the impact of ash filtrate on micronutrient intake. This study is
significant as it provides valuable information on the micronutrient composition of
conventionally prepared vegetables using ash filtrate. This data can be instrumental in
addressing micronutrient deficiencies and associated health concerns in various communities.
In addition, the study will furnish empirical data that can be utilized by governmental and non-
governmental organizations (NGOs) in the process of policy formulation. Furthermore, this
study will prove to be valuable in conducting literature reviews and will establish a

fundamental basis for forthcoming research in associated fields.



1.7 Conceptual Framework

The conceptual framework guiding this study is portrayed in Figure 1. The framework shows
that the micronutrient level of ash filtrate and ash filtrate application rate may affect the
micronutrient levels of traditionally prepared foods and sensory attributes of the traditionally

prepared foods.

Application rate of ash filtrate

Sensory Micronutrient
characteristics of levels of
traditionally tradition
cooked vegetables prepared food
Tastes ~ vegetable
Srmell e Jron&K
Color e Calcium & Na
Texture * Zinc&pH
e magnesium

| |

Mineral content & pH of ash filtrate sources

Key
[ Dependent variables. C———= Interaction of interest
1 Independent variables. =———— Interaction not interested in

Figure 1.1: Conceptual framework for mineral level and sensory attributes of traditionally
cooked vegetables



1.8 Scope of the Study

The present study was conducted to investigate the impact of ash filtrate (kado-atwona)
application rate on the micronutrient composition and sensory attributes of traditionally
prepared vegetables in the Acholi sub-region. The study was conducted in the sub-region,
specifically in Gulu city and Omoro districts, due to the high prevalence of micronutrient
deficiencies in recent years, as reported by UBOS in 2018. Laboratory analysis was performed
at the Gulu University laboratories. The research was carried out between June and October of

2022.



CHAPTER TWO: LITERATURE

2.1 The Relationship between Ash Contents and Mineral Content

According to Chaney (2012), ash is defined as the inorganic residue that remains after the
removal of water and organic matter through heating and is used as a measure of the total
mineral content in a food. According to Grzyb et al. (2020), the composition of cereal crop
residue ash is primarily comprised of SiO2 (51%) and K20 (17%), with moderate levels of CaO
and CIl20 (6% each), and trace amounts of other elements (< 3%). According to Tara et al.
(2016), the composition of sugarcane residue ash in 12 distinct reports indicates a comparable
SiO> content (54%) to that of ashes from cereal crop residues. According to Zhai et al. (2021),
the ashes of sugarcane residues displayed elevated levels of Al,O3 (11%) and o3 (8%), while
lower levels of KoO (8%) and CaO were noted. The analysis of soybean residue ash
composition revealed a lower percentage of SiO2 (21%) compared to cereals and sugarcane,
which are classified as grasses. However, the ash composition contained higher levels of K;O
(21%), CaO (17%), MgO (6%), and P20s (5%), with trace amounts (<3%) of other elements
(Hedayati, 2022; Pyar & Peh, 2018). According to recent research, an analysis of the ashes
indicates that the primary components of rice husk and rice straw ash are silicon
(64.5%—74.8%), tungsten (8.70%), potassium (6.98%—13%), phosphorus (4.95%), and
calcium (4.33%) (Hakeem et al., 2022). The constituents found in coffee husk and cocoa pod
husk are primarily potassium (72.1%—77.5%), calcium (6.82%—-9.76%), and magnesium
(3.02%—5.5%) as reported by Azizah et al. (2022) and Wanjekeche et al. (2003). It can be
inferred that the mineral content varies depending on the source residue. Therefore, the initial
phase of the present investigation involved comprehending the mineral constitution of the ash

filtrate derived from prevalent plant remnants.



2.2 Methods of Measuring Ash Content in Foods

There are three primary analytical procedures employed to determine the ash contents of foods,
namely dry ashing, wet ashing, and low-temperature plasma dry ashing. The selection of a
specific analytical method is contingent upon the purpose of the analysis, the nature of the food
sample, and the equipment at hand. According to Tara et al. (2016), the ash content in fresh
food is typically below 5%. However, certain processed foods, such as dried beef, may contain

ash levels as high as 12%.

2.2.1 Dry ashing procedure

Dry ashing procedures uses a high temperature muffle furnace capable of maintaining
temperatures of greater than 500 ‘C (El-Hosry et al., 2023). Typically, a specimen is subjected
to a temperature of 500-600°C for a duration of 24 hours. Volatile substances, including water,
undergo vaporization. Organic substances are burned in the presence of oxygen to CO2, H.0O
and NO2. According to Galani et al. (2020), most minerals undergo conversion into oxides,
carbonates, sulfates, phosphates, chlorides, or silicates. Although most minerals have low
volatility at these high temperatures, some are volatile and may be partially lost, e.g., iron, lead
and mercury (Karpukhina et al., 2021). If an analysis is being carried out to determine the
concentration of one of these substances, then it is advisable to use an alternative ashing method

that uses lower temperatures (Matusiewicz, 2017).

One of the benefits of utilizing this method is its safety, minimal reagent requirement, and
ability to analyze multiple samples concurrently. Nevertheless, the process of utilizing muffle
furnaces is time-intensive, typically taking between 12-24 hours. Additionally, the operation
of muffle furnaces can be quite expensive due to high electrical costs. Furthermore, there is a
risk of losing volatile minerals such as Cu, Fe, Pb, Hg, Ni, and Zn at high temperatures, as

noted in studies by El-Hosry et al. (2023) and Matusiewicz (2017).



In recent times, there has been a development of analytical instruments that utilize microwave
heating to dry ash samples, as reported by Harris and Marshall in 2017. These devices have the
capability to be programmed to extract a significant amount of moisture initially, utilizing a
low heat, and subsequently transform the sample to ash, utilizing a high heat. Microwave
instruments significantly decrease the duration needed to conduct an ash analysis, typically
completing the analysis in under an hour. A significant drawback is the inability to conduct a

simultaneous analysis of multiple samples, unlike a muffle furnace (Muse Mitchell, 1995).

2.2.2 Wet ashing

The technique of wet ashing is predominantly employed in the process of sample preparation
for the subsequent analysis of minerals. According to Ebert et al. (2021) and Faridah &
Holinesti (2021), the process involves the breakdown and removal of the organic matrix
surrounding the minerals, resulting in their presence in an aqueous solution. Typically, a
dehydrated food specimen is quantified and placed into a flask that contains potent acids and
oxidizing agents such as nitric, perchloric, and/or sulfuric acids. Subsequently, the mixture is
subjected to heat treatment (Faridah & Holinesti, 2021). The process of heating is sustained
until the entirety of the organic matter has undergone digestion, resulting in the sole presence
of mineral oxides in the solution, as per the findings of Mammi et al. (2022). The selection of
the appropriate temperature and duration of the reaction is contingent upon the specific nature
of the acids and oxidizing agents employed. As per the findings of Mindarti et al. (2020), the
process of digestion usually lasts for a duration ranging from 10 minutes to a few hours, while
being carried out at temperatures of approximately 350°C. The solution obtained can
subsequently undergo mineral-specific analysis, as stated by Dutta and Sharma (2020). A
minimal amount of volatile minerals is lost due to the utilization of lower temperatures, which
is comparatively faster than dry ashing. When working with perchloric acid, a labor-intensive

process, it is necessary to utilize a specialized fume cupboard due to the hazardous nature of
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the substance. Additionally, it is important to note that this process has a low sample
throughput, as stated by Hedayati (2022). The ashes were obtained using the dry ashing method
in the present study. The primary objective of the study was to determine the mineral content
of the ashes derived from various plant residues, rather than establishing their ash content.
Upon critical examination of the literature, it is evident that most ash preparations for mineral
analysis are conducted within a laboratory setting, where conditions can be regulated. The ash
was prepared within the community, replicating the typical household practice where

environmental conditions are unregulated, as per the present investigation.

2.3. Measurement of Mineral Concentration

In the food industry, it is often essential to possess knowledge regarding the concentration and
type of specific minerals present in food products. According to Harris and Marshall (2017),
minerals can be identified based on their low volatility, capacity to react with specific chemical
reagents resulting in measurable changes, and distinctive electromagnetic spectra. According
to Mekuria et al. (2021), atomic absorption or emission spectroscopy is a highly effective
technique for determining the identity and concentration of minerals present in food.
Instruments utilizing this principle can quantify the complete range of minerals present in food
items, with the ability to detect concentrations as low as a few parts per million (Majesty et al.,

2019).

2.3.1 Atomic Absorption Spectroscopy (AAS)

Atomic Absorption Spectroscopy (AAS) is considered as one of the pioneering techniques for
elemental analysis that has been commercially developed (Tyler, 2001). The initial discovery
of the phenomenon occurred in 1802, as documented by William Hyde Wollaston, an esteemed
English scientist, who made observations and provided a description of the dark lines present

in the sun's spectrum (Aletan & Kwazo, 2020). Atomic Absorption Spectroscopy (AAS) is a
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technique utilized for the determination of mineral concentrations in various types of samples.
The process entails the absorption of a specific wavelength of light by free atoms of an element,
as stated by Hedayati (2022). This methodology is highly sensitive and allows for the detection
of trace amounts of an element down to 1 ppm utilizing a flame-based procedure. The graphite
furnace procedure has the capability to achieve detection limits as low as 0.001ppm. The
method operates on the principle of absorbance, wherein a stable state of freely dissociated
ground-state atoms is generated using a heat source (flame). This is achieved by passing light
of a specific wavelength through the flame. The wavelength is indicative of the energy needed
to stimulate an electron from its ground state to the first excited state, usually for a particular
element. Subsequently, the quantity of light absorbed by the atoms during their transition to
the excited state, also known as atomic absorption, was measured (Harris & Marshall, 2017).
The concentration of an element in a solution can be calculated using the measured absorbance,

with reference to a calibration graph.

One of the benefits of utilizing AAS instrumentation is its cost-effectiveness per analysis, user-
friendly operation, exceptional sensitivity, and accuracy. One limitation of this method is its
inability to analyze multiple samples simultaneously. Additionally, it exhibits lower sensitivity
in comparison to graphite furnace techniques and necessitates relatively larger sample volumes

ranging from 1-3 mL.

2.3.2 Inductively Coupled Plasma Atomic Emission Spectrometry (ICP AES)

The elemental species in Inductively Coupled Plasma Atomic Emission Spectrometry (ICP
AES) systems undergo atomization and ionization within a high-temperature plasma, as
described by Tyler (2001). Inductively coupled plasma (ICP) demonstrates favorable detection
limits and an extensive linear range for most elements. ICP typically analyzes a variety of
sample types, such as trace elements in polymers, wear metals in oils, and unique catalysts.

The ICPs possess two distinct modes of operation, namely capacitive (E) mode characterized
13



by low plasma density and inductive (H) mode characterized by high plasma density. The
transition from E to H heating mode is initiated by external inputs, as reported by de Andrade
et al. (2020). The ICP AES instruments are restricted to analyzing solely liquid samples. Prior
to analysis, it is necessary to implement a dissolution procedure for solid samples. According
to this study, anabolic-androgenic steroids (AAS) may be utilized in low-income countries due

to their accessibility and cost-effectiveness.

2.4 Application of Ash Filtrate in Cooking

Edible salt is a naturally occurring evaporite that can be obtained from various sources such as
the sea, underground ore, or natural brine. It typically comprises a minimum of 97% sodium
chloride (NaCl). According to Tara et al. (2016), it is a common practice in culinary arts to use
it exclusively for the purpose of augmenting the taste of various dishes. Furthermore, there
exist other distinct salts that have been recorded for application in food preparations, such as
Lakes' deposits (Ngoualem et al., 2020), plant-based ashes (Tara et al., 2016), and evaporites
obtained from these filtrates (Ngoualem et al., 2020). Based on the results of the chemical
composition analysis, it has been determined that these substances are composed of a mixture

of salts, which include both cations and anions.

According to Mindarti et al. (2020), the predominant cations observed are usually sodium or
potassium, whereas the primary anions consist of carbonates, bicarbonates, sulfates, and
chlorides. The prevalent utilization of these articles has been recorded in diverse African
nations, including Nigeria, Niger, Chad, Cameroon, Ghana, Kenya, Burkina Faso, Uganda,
Tanzania, Sudan, Central and East African countries, as reported by Mubaiwa et al. in 2019.
Furthermore, according to Mubaiwa et al. (2019), these incidents have also been documented
in various Asian nations, including Indonesia, India, and Sri Lanka, as well as in Papua New
Guinea in Oceania and South American countries such as Bolivia, Paraguay, Colombia, and

Peru. The salts employed in culinary applications, with a historical origin dating back to 4000
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BCE, were originally formulated in areas where conventional sodium chloride salt was not
easily obtainable. Hence, they can be categorized as conventional salts, as per the research
conducted by Onwuka and Okala in 2003. In Africa, these substances have been documented
to have various applications such as reducing the cooking time of legumes, vegetables, and
cereals (Onwuka & Okala, 2003), enhancing the green color of vegetables, increasing the
viscosity of sticky ones, serving as an emulsifier, and improving flavor (Lin et al., 2022). The
cooking of legumes involves several processes to render them palatable, digestible, and
accessible to nutrient availability (Cai et al., 2021). One of the primary constituents of plant
cell wall composition comprises pectic substances. These substances must undergo degradation
to facilitate the softening of internal cell tissue, including the bean (Wanjekeche et al., 2003).
According to Zhang et al. (2022), the use of commercial table salt can expedite the cooking
process of legumes by promoting the breakdown of pectin. This is achieved through a process
of ion exchange and chelation, whereby sodium ions replace or extract ions from the

intercellular cement.

According to Ngoualem et al. (2020), in certain regions of the world, an autochthonous ground
salt is utilized to expedite the cooking process of legumes. The primary constituent of ground
salt is trona, which is a hydrated sesquicarbonate of sodium. This renders it highly alkaline, as
per research conducted by Ngoualem et al. (2020) and Pyar & Peh (2018). Research conducted
by Gondek et al. (2020) has demonstrated that alkalinity exerts a significant impact on the
softening of legumes, likely attributable to its effect on the process of starch gelatinization,
resulting in a reduction in required cooking time. In certain regions of the world, such as rural
Africa, plant ash and/or plant ash filtrate is utilized as a customary culinary supplement in lieu
of ground salt (Pyar & Peh, 2018). Plant ash and ground salt are both highly alkaline and have
been shown to have elevated mineral content; both factors which probably contribute to the

observed reduced cooking time (Mubaiwa et al., 2019). According to previous research
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conducted by Mubaiwa et al. (2019) and Wanjekeche et al. (2003), the addition of either plant

ash or ground salt did not result in a significant difference in the cooking time of beans.

In Northern Uganda, there is a prevalent indigenous practice of leaching water through ash
material generated from crop plant residue to obtain a concentrated ash filtrate (Onwuka &
Okala, 2003). The ash filtrate is incorporated into the cooking water of particular food items,
such as dried legumes that are challenging to cook (Bwembya et al., 2018). Women residing
in the locality have reported two primary anecdotal justifications for this custom. According to
El-Haddad and O'Leary (1994), there are two potential benefits associated with the use of plant
ash filtrate in cooking. Firstly, it is believed to reduce the cooking time of various staple foods.
Secondly, it is thought to enhance the palatability of certain foods. Legumes such as beans are
considered as essential food items in developing nations (Araro et al., 2020), including Uganda.
However, they are known to be challenging to prepare, particularly after undergoing a

hardening stage, which is a physiological effect of inadequate storage conditions.

According to Tara et al. (2016), it has been reported that residents of Northern Uganda have
observed a reduction in the cooking time of dried legumes by using a filtrate made from residual
crop ash. The agricultural remnants commonly utilized for ash production include leguminous
crop residues and sesame (Sesamum indicum). Although there is a substantial amount of
information available regarding the utilization of rock salt to expedite the cooking process of

legumes, the investigation into the use of crop ash and filtrate as an additive is restricted.

2.5 Determination of Physico-chemical Composition of Ash Filtrate

The primary components of Traditional Alkaline Salt (TAS) were identified as sodium,
potassium, chlorides, phosphates, carbonates, and bicarbonates, regardless of their color or
geographical origin. As per the findings of Onwuka & Okala's report (2003), plant-based ash

salts did not exhibit the presence of iron and copper, whereas lake deposits were found to be
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devoid of iron. According to Ebert et al. (2021), it has been found that plant-based ash salts
contain a greater amount of potassium, whereas lake deposits have a higher concentration of
sodium. The author emphasizes that regular consumption of salt obtained from plant-based
ash has the potential to improve the functioning of the kidneys, bones, and cardiovascular
system. On the other hand, the ingestion of rock salt-derived sodium has been associated with
non-communicable diseases. Babich et al. (2019) found that the presence of bivalent cations
in salts significantly affects the viscosity of charged hydrocolloids in adhesive vegetables and
the preservation of green color during cooking. According to a recent study, there exists a
significant correlation between the color of rock salts and their ionic composition, particularly
with respect to major ions such as sodium, potassium, carbonates, and bicarbonates. According
to a study conducted by Kégah Ngoualem et al. (2020), it was found that samples classified as
"white" (plant-based ash and rock salt) exhibit a higher concentration of major components in
comparison to those classified as "black". As per the findings of Onwuka and Okala (2003),
the hue of ash and rock salts derived from plants in Cameroon does not vary based on agro-
ecological zones. A similar observation was noted by Cai et al. (2021); however, the results
obtained in Cameroon exhibit notable differences. According to the author's observations, the
lake deposits sampled in Cameroon displayed a higher concentration of sodium (twice as much
for "black" color), carbonates (three times higher for both colors), and bicarbonates (five times
higher for both colors) in comparison to the samples collected in Abuja, Nigeria. It is important
to note that as per the literature, the chemical composition of salt derived from plant-based ash
and rock seems to differ based on the physical composition of the salts but remains uniform
across agroecological zones. Therefore, it can be inferred that the physicochemical composition

of ash filtrate derived from different plant residues cannot be acquired from current literature.
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2.6 Effect of Ash Filtrate Application on Physiochemical Properties of Traditionally

Prepared Vegetables

The nutritional composition of foods is subject to alteration upon the incorporation of
ingredients. This variation is specific and contingent upon the nature of the nutrient, as
indicated by Bwembya et al. (2018). According to Olaniran et al. (2020), a study has observed
that the nutritional composition of the composite derived from a blend of cassava, orange flesh
sweet potato, and cowpea flour at varying proportions is notably distinct, except for moisture.
The ratios of ingredients used in blending determine changes in macronutrient and
micronutrient contents. The incorporation of mushrooms into soy biscuits resulted in a
significant improvement in the nutritional profile of the composite, particularly in terms of
energy, iron, and fat content, as reported by Purbowati et al. (2021). A recent study has reported
that a combination of various food ingredients can significantly increase the proximate
composition of complementary food, which includes maize, soybean, peanut, and powder of

moringa oleifera, except for crude fat and carbohydrates (Olusanya et al., 2020).

According to Mekuria et al. (2021), the proximate composition of staple grain (maize) was
enhanced through the addition of honey larvae (Apis mellifera), resulting in a significant
improvement in lipids (14.3 g/100 g), protein (12.56 g/100 g), and energy (427.18 kcal/100 g)
content of the composite, as observed from a statistical perspective. Enhancement of proximate
composition has been shown to improve the micronutrient content of public health significance.
According to Adoko et al. (2021), it was observed that enhancing the nutritional value of
flatbread by incorporating 30% orange-fleshed sweet potato resulted in a significant increase
in vitamin A content, meeting 83.3% of the recommended daily allowance for pre-school
children. According to Tumwine et al. (2019), the incorporation of skimmed milk powder and
vegetables into millet-based composite flour resulted in a significant increase in the zinc and
Vitamin A content. Specifically, the zinc content increased from 2.1mg/100 g to 4.1mg/100 g,
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while the Vitamin A content increased from 15.5 ngRAE/100 g to 161ugRAE/100 g. The
incorporation of different components can potentially impact the nutritional value of food
items, either positively or negatively. The incorporation of oyster mushroom flour into wheat
flour has been found to have a significant positive impact on the nutritional composition of
bread, particularly in terms of fiber, protein, zinc, and iron (Okafor et al., 2012). On the
contrary, it was observed that the orange flesh sweet potato-enriched pieces of bread exhibited
a decrease in fat, protein, energy, and protein content, as reported by Kidane et al. in 2013.
Based on the impact of incorporating diverse ingredients, it is evident that the influence of
ingredient variation on nutritional composition is not consistent, but rather contingent upon the
specific blending ratios and types of ingredients utilized. Consequently, the impact of
incorporating ash filtrate into food items cannot be inferred from existing literature and thus

constituted the focus of this investigation.

2.7 Effect of Ash Filtrate Application on Sensory Characteristics of Traditionally

Prepared Vegetables

The fundamental sensory characteristics that impact the overall acceptability of a product to
consumers include color, aroma, flavor, mouthfeel, and texture. The impact is heavily
influenced by the food components and the techniques employed in food processing, as stated
by Sommer (2013). The acceptability of food products among consumers can be influenced
positively or negatively by variations in food ingredients. According to Farzana and Mohajan's
study in 2015, the inclusion of mushrooms in wheat flour biscuit blended with soy flour
resulted in enhanced consumer preference for sensory characteristics. According to Adoko et
al. (2021), the flavor of pancakes produced from various ratios of OFSP and Iron-rich beans

was found to be significantly distinct.

According to Irakiza et al. (2021), there were no significant differences observed in the crust

color and crumb appearance between the soy wheat bread samples and the whole wheat bread
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samples in another study. However, the texture, flavor, and overall acceptability of the same
study exhibited significant differences. Based on the preceding discussion, it is important to
note that the impact of adding ingredients on consumer preference cannot be broadly
generalized, but rather is contingent upon the specific sensory attributes involved. In contrast,
a study conducted in 2014 observed that sensory evaluations for taste, texture, and color were
significantly higher for yoghurt blended with baobab flavor compared to the control group
(yoghurt without the added flavor), while appearance did not show a significant difference
(Chipurura et al., 2014). It is implied that when studying consumer sensory preference, greater
emphasis should be placed on individual sensory attributes rather than overall acceptability.
The impact of adding ingredients is likely to vary based on the nature of the product. According
to a particular study conducted by Woreda in 2015, flat-breads containing Orange-Fleshed
Sweet Potato (OFSP) were found to be well-received and favored by caregivers of preschool

children in terms of all organoleptic characteristics.

On the other hand, a separate study conducted by Kebebu et al. (2013) indicated that the
incorporation of wheat flour and broad bean flour in a ratio of 70:30 for pasta production did
not result in any significant impact on the sensory preference of consumers with regards to all
organoleptic characteristics. It is pertinent to acknowledge, based on literature, that the
perceived impact of ingredient incorporation on the sensory characteristics of food items is
contingent upon the specific ingredients utilized and the intended final product. Thus, it is
evident that the impact of ash filtrate addition on consumer sensory preference for food cannot
be ascertained from existing literature. The present study evaluated the impact of varying

application rates of ash filtrate on the sensory acceptability of traditionally prepared vegetables.
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CHAPTER THREE: MATERIALS AND METHOD

3.1 Study Design

The study employed cross-sectional and experimental designs, incorporating both qualitative
and quantitative methodologies. A qualitative methodology was employed to gather data
regarding the prevalent sources of ash filtrate and the vegetables that are commonly prepared
using ash filtrate. In contrast, the Completely Randomized Design (CRD) was employed to
gather guantitative data in laboratory experiments. Furthermore, sensory characteristics were

included as a component of the quantitative design.

3.2 Study Area

The research was conducted in Gulu and Omoro districts of the Acholi sub-region in Northern
Uganda, as shown in Figure 2. The Gulu district is situated near Lamwo District in the northern
direction, while Pader District and Omoro District are located towards the east. Towards the
south lies the Oyam District, while the Nwoya District is situated in the southwest and Amuru
District in the west. The district of Gulu is situated at coordinates 32°17'57.0"E and
2°46'54.0"N and is approximately 333 kilometers (Km) away from the capital city of Kampala
by road. The district of Omoro is geographically delineated by Gulu District to the north, Pader
District to the east, Oyam District to the south, and Nwoya District to the west. The
headquarters of the district is situated in the town of Opit, which is approximately 30 kilometers
east of Gulu, the principal city in the Acholi subregion. The district of Omoro is located
approximately 311 kilometers to the north of the capital city of Kampala via road.

A laboratory analysis was conducted at Gulu University's multifunctional laboratory.
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Figure 2.1: Map indicating the location of study districts and sub counties of Gulu and

Omoro district in Northern Uganda
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3.3 Determination of Micronutrient Contents of Selected Sources of Ash Filtrate used in

Acholi Sub-Region

3.3.1 Sample collection and filtrate preparation

Focus Group discussions (FGDs) were conducted in Gulu and Omoro districts as described by
(Access, 2013), to identify the common sources of ash filtrate and preparation methods. Briefly,
Eight FGDs were conducted among 10 participants per session, each session lasting for 60
minutes. The women who participated in this were purposively selected due to their skill in
making ash filtrate. The responses were captured by both audio recording with permission from
the group and hand-written notes. From the FGDs, the common sources of ash filtrate used at
the household level were banana peel, sesame, sunflower, and bean residues, others such as
were also used sources of filtrate. Out of the four plant residues outlined, most of the
participants involved in FGDs pointed out sesame residues as the most preferred and used plant
source for ash filtrate in Acholi sub-region due to their availability and accessibility. From the
FGDs, the preparation of plant residues ash was as follows (i) gathering dried plant residues in
one place (ii) burning of gathered plant residues in the evening and allowing them to cool
overnight. (iii) in the morning, the plant residue ash is collected in a polythene and transported
home for storage in a pot. For the preparation of ash filtrate from plant residues ash (Buru), the
following procedures were obtained from FGDs (i) using the right hand, three handful of the
ash are transferred to the small container (700 mL) having holes of uniform diameter at the
bottom (ii) the ash in the small container of is pressed using a right hand feast to compact (iii)
thereafter sprinkled with water in plastic cup of 500 ml which then using the thumb the wet ash
near the interior edge of the container is pressed to full compact it (iv) one cup (500 mL) full
of water is poured on top of the wet ash in the small container, and then allowed to fully drained

into a container about 400 ML.
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3.3.1.1 Filtrate preparation in the laboratory

Based on the information obtained from FGDs, four plant residues were collected from the
study areas and transported to Gulu university Faculty of Agriculture and environment for ash
filtrate preparation and analysis. Following the burning of the plant residues into ash, the
processing of the filtrate was done by two approaches in order to obtain optimal plant mineral
concentrations. First, ash filtrate preparation was optimized by varying the amount of water
added to a fixed mass of each plant ash. In brief, 200 mL of deionized (DI) water was added to
100 g of each plant residues ash placed in small container (700 mL capacity) with small holes
of uniform diameter to allow water to drain for 1h at room temperature. The volume of ash
filtrate collected was recorded. The procedure was repeated for 300, 400, and 500 mL of DI

water, and the respective volume of ash filtrate collected recorded.

Second, to determine the optimal amount of ash required, 350 mL of deionized (DI) water was
added to varying amount of plant residue ash. To 100 g of each plant residues ash placed in a
small container (700 mL) with small holes of uniform diameter as before, 350 mL OF DI water
was added and allowed to stand for 1h at room temperature. The volume of ash filtrate collected
was recorded. The procedure was repeated for 200, 300, and 400 g of ash each obtained from

the remaining plant residues, and the respective volumes of ash filtrate collected were recorded.

3.3.2 Analysis of mineral content and pH in ash filtrate

The mineral contents of the ash filtrate were analyzed using the methods outlined in the
publications of Paterne et al. (2019) and AOAC (2005). 10 mL of 3% HNO3 was added to 20
mL of ash filtrate for each sample. The sample was diluted with deionized water to a final
volume of 100 mL and subsequently filtered through Whatman filter paper No. 41. The
standard solutions for the respective mineral elements were prepared with a concentration

range of 0.2 to 1.0 mg/L for magnesium, 0.1 to 1.0 mg/L for zinc, 0.5 to 4.0 mg/L for iron, 0.3

24



to 3.0 mg/L for calcium, and 10.0 to 20.0 mg/L for sodium and potassium. The concentrations
of zinc, iron, magnesium, potassium, sodium, and calcium were determined through the
utilization of an atomic absorption spectrophotometer (BUCK SCIENTIFICA, model 210
VGP, USA). Deionized water was utilized as a blank. The absorbance values of calcium (Ca),
magnesium (Mg), iron (Fe), potassium (K), sodium (Na), and zinc (Zn) were measured at their
respective wavelengths. A standard curve was generated by plotting the absorbance of
individual mineral element ions against their respective concentrations in parts per million
(ppm). The mineral element ion content of each ash sample was determined by extrapolating
the absorbance of each sample using the standard curve. The mineral concentrations were
quantified in milligrams per liter (mg/L) for each sample. The measurements were conducted
in four replications. To each standard solution of Zn and Fe, 5 mL of Lanthanum nitrate solution
(10% wi/v) and 0.2% HNO3z were added. For the Ca and Mg solutions, 5 mL of 0.2% HNOs (3
mol/L) were added to lower the pH. The sample, which was specifically for Fe and Zn, was
subjected to a lump current of 12 and 10mA, respectively. A band pass of 6.2 and 0.5nm was
utilized to minimize interference.

The pH values of each ash filtrate were measured using a pH meter with the model number
INE-PHSJ-4J. The measurements were conducted in four replicates. The result obtained from
the optimization was used for selection of the plant residue with the highest mineral

concentration.

3.4 Micronutrients Content Change in Selected Vegetables Prepared Traditionally using

Ash Filtrate

3.4.1 Preparation of selected vegetables with ash filtrate

Sesame ash was selected because it produced ash filtrate with higher plant mineral content
compared to other plant sources. It was noted that varying water quantity produced optimal

plant mineral compared to variation of ash weight. As such, ash filtrate from 400 mL of DI
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water added to ash was selected, and then used for preparation of traditionally cooked cowpea
and pumpkin leaves at different application rates. From the FGD, cowpea (Vigna unguiculata)
and pumpkin (Cucurbita pepo) leaves were among the common vegetables prepared using ash

filtrate as one of the ingredients.

Vigna unguiculata (Cow peas) and Cucurbita pepo (pumpkin) leaves were prepared by a local
woman cooking with ash filtrate is traditional practice in Acholi sub-ethnic group. The woman
who participated in cooking was selected due to her skill in making vegetables cooked with
ash filtrate Briefly, each bundle of vegetables (~30 g) was bought from the local market and
transported to the sensory evaluation site, and vegetable leaves were picked from the leaf stalk,
but for pumpkin leaves the midrib were removed to reduce the roughness. Thereafter, each
vegetables leaves were spread under the sunlight in a cleaned polythene bag for 10 minutes to
repel worms and drive off dew on the leaves. After 10 minutes, each vegetable was collected,
and cut into very small pieces using hand wooden knife. Then each cut vegetables leaf was
added to boiling water followed by addition of ash filtrate at the rate of 0 mL, 1table spoon (15
mL), 2 tablespoons (30mL), and 3 tablespoons (45 mL) and the vegetables cooked until they
were ready based on the experience of the women. Each of the cooked vegetables (30 mL)

were packed 100 mL plastic container for further laboratory analysis.

3.4.2 Analysis of mineral content

During sample preparation, each of the cooked cowpea and pumpkin leaves were oven-dried
for 24 hours (AOAC, 2005; Method 930.15), and thereafter, the dried cooked vegetables were
dry ashed using Vulcan Furnace (AOAC 930.15, 2000) (Thermo SCIENTIFICA T16A, USA)
for 3hours. The ash of each sample was added 10 mL of 3% HNOas. Thereafter, the extract
diluted with distilled water up to 100 mL, and the mixture was filtered through Whatman filter

paper No. 41. The standard solutions of the respective mineral elements were prepared as
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described earlier in section 3.3.3 and the mineral contents determined using atomic absorption

spectrophotometer as described before in section (3.3.3).

3.5 The Effect of Application Rate of Ash Filtrate on Sensory Acceptability of selected

Traditionally Prepared Vegetables
3.5.1 The study participants and selection criteria

The main participants of the study were women because they can effectively evaluate the
sensory attribute as they are the one mostly involved in food preparation in Acholi Sub-region
(Nankumbi, 2019). The number of participants (n) was calculated using a standard formula
according to Kasiulevi¢ius, Sapoka, & Filipavi¢iate, (2006) . The formula is presented

mathematically in equation.

(=2 P(1-P)

QT T Equation 1

Where: n is the required sample size; Z is confidence level at 95% (standard value = 1.96); p
is prevalence of anaemia among women (32%) and children (53%) under the age 5 in Acholi
sub-region of Uganda (UBOS, 2016), and e is margin of error at 5% (standard value = 0.05).
For p = 53%, n; = (1.97 * 0.53* (0.47))/0.05"2 = 196

For p = 32%, n = (1.97 * 0.32*0.68)/0.05"2 = 171

n=(n1+nz)/2=(196 +171)/2 = 184, and the number of participants for Gulu (92 participants)
and Omoro Districts (92 participants) was a half of the total number of samples.

From equation 1, the required participant sample size is 88. To cater for attrition, the number
of participants was adjusted upwards by 15 % resulting into a final sample size of 97.
Multistage was employed to select women of reproductive age that was participate in the study.
Gulu and Omoro districts, two sub-counties were selected randomly and thereafter two parishes

were simply randomly selected. From each parish selected, two villages were randomly
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selected. follow by purposive selection of caregivers particularly women with children below

5 years.

3.5.3 Sensory evaluation

The sensory evaluation was conducted utilizing a modified 5-point hedonic scale, as adapted
from Adoko et al. (2021). The scale ranged from 1 (dislike extremely) to 5 (like extremely)
and was employed to assess sensory perceptions of smell, color, taste, after-taste, texture, and
overall acceptability. Before the exercise, the participants were provided with an orientation on
the sensory evaluation protocol. Subsequently, a cooked vegetable specimen measuring 15, 30,
and 45 mL was individually dispensed onto disposable plates for presentation. Before and
following the evaluation of each cooked vegetable sample, the participant was provided with
clean water to rinse their mouth. This was done to prevent any potential over or under-scaling
of the sensory characteristics. The participants were situated at a considerable distance from

each other to prevent any external interference.

3. 6. Data Analysis

Statistical Package for the Social Sciences was used to examine the data (SPSS version 25).
Data were analyzed using One-way Analysis of Variance (ANOVA) and descriptive statistics
(mean, standardization, and bar graph) were used to compare (i) the ash filtrate mineral
composition and pH of the different plant ash source; (ii) plant mineral of the traditionally
cooked cowpea and pumpkin leave with different application rate of sesame ash filtrate; and
(iii) the rating level of each sensory characteristic of the traditionally cooked cowpea and
pumpkin leave with different application rate of sesame ash filtrate. Furthermore, mean
separation was done using studentized Post Hoc Tukey test because the separation was only
done among application rates. A 95% confidence interval was used for the comparative

analysis (p < 0:05). The results were shown as means * standard deviation (SD).
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3.7. Ethical Consideration

The study obtained ethical clearance from the Gulu University Research Ethics Committee
(GUREC- 2022-268), as documented in Appendix VI. The Chief Administrative Officer of
Gulu district granted permission for the research to be conducted within the community. Prior
to participation, the participants were requested to provide their consent and were provided
with a consent form to sign. The Minister of Health has reported that there was a rigorous
adherence to the standard operating procedures for COVID-19. The confidentiality of the
information obtained from the participants was maintained at the highest level. Ash is a
commonly consumed substance in the Acholi sub-region. It is noteworthy that this substance
is free from allergens that may trigger any allergic reactions during the study. In the event of
any participant response, medical management was provided by a physician, as the study was
conducted within a hospital setting. Finally, individuals with any prior history of allergies were

excluded from participation in the study.

3.8. Limitation of the Study

The study did not take in to consideration the mineral bioavailability in the vegetables despite
a number of reports that antinutritional factors such as phytate and oxalate (Gitau et al., 2019)
exist in vegetables. In these limitations there could have been over or underestimate of the
mineral levels in the vegetables. In addition, the difficulty in leaching all the minerals into the
filtrate by filtration method. There are high chances of some minerals being retained in the ash
residue. Also, the level of minerals in the ash depends of factors such as the soil condition, and
climatic condition which vary from place to place, and hence the result may not be applicable

over a long geographical area (Mallikarjuna et al., 2012).
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CHAPTER FOUR: RESULTS

4.1. Micronutrient contents of selected sources of ash filtrate used in Acholi sub-region.

4.1.1. Effect of varying water volume on different plant ash filtrates’ pH and mineral

contents

Table 4.1: Filtrate recovery, mean pH and mineral concentration of 100 g of ash

segregated by source.

Source DI-A  FR pH Mineral Concentration (mg L™)
(mL) (mL)
Fe Zn Mg Ca K Na
Sesame 200 70 11.23+0.1* 3109+15 703.0£0.7 794.7+0.7 1592.8+2.3* 100+45* 200£22
residues
300 160 11.24+0.2* 3104+80 61449 788.7+0.6 1634+41.3* 180+76* 207+78

400 270 11.28+0.5* 3282.4+3  894.6+41 790.7+0.1 1781.7+41.3* 200+83* 202497

500 330 11.30+0.1* 3009.2+1 787.2+108 773.1+0.1 1033.4+119.6* 250+65* 209493

Banana 200 45 13.37+0.7* 273470 17.0£5.4 114.8+ 165.4+29.7 800+0.6 900+31
pect 300 100 13.48+0.2* 1806+90 15.2+0.6 198.9+0.1 175.84+0.3 880+0.4 907+90
400 250 13.16+0.2* 680.4+22 25+1.8 122.1+0.1 Bdl 900+0.7 902+28
500 320 13.0+0.3* 1806451 23421 206.1+0.1 Bdl 950+0.9 909+19
Bean 200 60 11.46+0.4* 3202.8+7 38+2.1 786.8+0.1 74.0£28.9 150+15 500+10
residues
300 150 11.45+0.5* 2120.4+5 18.0+6.2 785.6+0.1 87.2+21.5 200£16 507+11
400 245 11.49+0.1* 1994.445 12.6+0.3 771.7+0.1 114.6+£32.0 210£23* 502+14
500 335 11.48+0.2* 3308+18 14+2.3 775.7+0.1 1235.4+46.1 260£12* 509+25
Sur)élower 200 80 12.0+0.8* 1773.24¢1  15.8+2.6 768.45+0.1 1144.1 + 84.6 300+2.5 43015
residues

300 165 11.99+0.01* 1496+ 37 13.6+0.6 770.1+0.02 1049.8+86.3 308+3.6 43716

400 270 11.86+0.9* 1787.2+9 13.6+0.7 781.6+0.2 906.8+106.4 313453 442+7
500 370 11.95+0.1* 3041.6+8  24.2+14 770.4+0.1 868.8+72.41 3180+60 44948

BdI= below detectable limit, Mean Standard Deviation with * are significantly different at p <5%, values shown are mean of n = 4 replicates,
errors are shown as standard deviation. Zn= Zinc, Fe= iron, Mg=Magnesium, K= potassium, Na= Sodium, Ca= calcium, mgL-1 = milligram
per liter, Weight of ash was fixed at 100 g. FR = filter recovered, and DI-A = di-ionized water added.

From Table 4.1, except for sesame ash filtrate, the pH of ash filtrates from different plant
sources increased with increasing water volume (from 200 -500 mL). The rise in pH with

increasing water volume was significant (p<0.05) for all sources of filtrate. The greatest and
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the smallest increment in ash filtrate pH were ~1.4% and 1.0% respectively. The highest and
the lowest pH rise were observed in banana (13.48) and sesame (11.30) residues, respectively.
Filtrate from sesame recorded the highest mineral contents compared to other plant residues.
Both iron (0.16-3.2%) and calcium (35.5%) contents from sesame ash filtrate increased with
increasing water volume added. To the contrary, iron and calcium contents from beans, banana
and sunflower residues ash filtrates declined with increasing water volume added. Sodium and
potassium followed a similar trend to calcium. However, with magnesium there was decrease
between 0.76-2.7% with increasing water volume in sesame ash filtrate only. Except for
calcium content in sesame ash filtrate, variation in the amount of water did not significantly
(p-value = 0.056) impact the mineral contents of ash filtrates from other plant residues.
However, for banana peel ash, calcium contents were below detection limits for water volume

above 300 mL.
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4.1.2. Effect of varying ash weight on different plant ash filtrate’s pH and mineral content

Table 4.2. Filtrate recovery means pH and mineral concentration at varying ash weight

segregated by source.

Source AA FR pH Concentration (mgL™?)
(9) (mL)

Fe Zn Mg Ca K Na
Sesame 100 230 11.26+0.1* 2606.4+56 28.849.05  787.15+0.1* 979.0+16.1*  90+1.5*  100+7
residue 200 215 11.24+0.8* 1350.8+86 31.04+7.50 785.5+0.71* 1094.4+2.8*  105+1* 107+6
ash 300 155 11.17+0.5* 2232.8+73 17.0+7.64 787.5+0.71  969.0+198 120+5* 10247
400 90  11.374#0.5* 1432.8+77 781.4+109 794.35+0.01 491.0+42.71  17046* 10948

Banana 100 200 12.96+0.1* 1846.4+47 26.2+2.6 184.75+0.07 150.8+2.3 600+2.5 8005
peel ash 200 100 13.14+0.2* 1628.4+90 28.2+2.35  186.10+0.14 74.0+28.8 650+3.6  807+6
300 80  12.99+0.1* 3254.4%45 14.2+14 219.15+0.07 18.0+0.57 700+53 802+7
400 45  13.03+0.1* 1901.6+£89 34.2+2.23  257.15+0.07 150.8+2.2 750460 809+8

Bean 100 180 11.50+0.3* 978+35 15.8+1.98  784.85+0.07 1684.4+59 150+0.5* 30045
residue 200 165 11.65+0.2* 879.2+67  19.0+3.68  785.7+0.14  Bdl 200+0.6 ~ 307+6
ash 300 145 11.89+0.8* 1225.2+55 26.8+1.2 777.5x0.71  Bdl 210+£3.4  302+7

400 70  12.30+0.4* 2219.6+80 21.0+0.85  774.45+0.07 Bdl 260+0.6* 309+8

Sunflower 100 235 11.87+0.5* 2091.2+#35 26.4%6.79  774.50+0.17 979.8£169.4  300%25 130+33
residue 200 170 12.21+0.7* 1921.6¥19 16.8+3.96  751.25+0.49 1189.6+16 308+60 13775
ash 300 145 12.73+0.3* 1693.6+12 15.6+1.13  669.65+0.64 1153.8+141.7 313%50 142+80

400 70 13.16+£0.9* 2165.2+10 19.3+0.14 445.65+£0.07 568.4+23.19 3180+£10 149490
Means + Standard deviation in the same raw with * superscript is significantly different at 5%. Bdl = below detectable limit. Zn= Zinc, Fe=

iron, Mg=Magnesium, K= potassium, Na= Sodium, Ca= calcium, mgL-1 = milligram per liter Volume of DI water was fixed at 350 mL. FR
= filter recovered, and AA = Ash added

The result of varying ash weight on pH and mineral content of different ash filtrate are
summarized in Table 4.2. Except for sesame ash filtrate, varying the ash weight from 100-400
g, significantly (p<0.05) increased ash filtrate’s pH from 12.96-13.03 for banana, 11.5-12.30
for beans, and 11.87-13.16 for sunflower residues. Irrespective of weight, sesame ash filtrate
recorded the highest mineral contents compared to the other ash filtrates. Except for calcium
and magnesium, varying ash weight did not significantly (p<0.05) impact potassium, iron,
sodium, and zinc contents. However, for banana peel ash, increasing weight above 100 g led
to content of calcium being below detectable level at standard concentration range (0.5 ppm -
5 ppm) and dilution factor of 10. Sesame ash filtrate had a higher iron and zinc composition
and lower pH composition compared to other plant sources, and hence sesame was chosen on

this basis.
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4.1.3 Mineral levels of ash filtrate from sesame extracted at fixed ash weight and water

volume.

The result of the first and second optimization are summarized in Figure 4.1. First optimization
(Figure 4.1a) which involved varying water volume from (200-500 mL) had a higher level of
mineral contents than the second optimization (Figure 4.1b) which involve varying the mass
of different plant residue ash weight from 100 g to 400 g. For instance, increasing water volume
added (from 200 mL to 500 mL), increases ash filtrates calcium and zinc contents whereas its
magnesium and iron contents were lowered. Irrespective of water volume added, iron was the
highest mineral recorded followed by calcium. Ash filtrate had the lowest sodium content
followed by potassium (Figure 4.1a). Adding 400 mL of water to 100 g of ash resulted in ash
filtrate with the highest iron and zinc contents. Therefore, addition of 400 mL of water to 100

g of ash could be adopted for ash filtrate preparation at household levels (Figure 4.1b).
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Figure 4.1. Mineral concentration of ash filtrate from sesame extracted at fixed ash weight

(b) and fixed water volume (a).

Figure 4.1a: Mineral concentration at fixed ash weight fixed (100 g) but varying volume (200, 300, 400, and 500 mL) of water; Figure 4.1b:
Mineral concentration at fixed water volume fixed (350 mL) but varying ash weight (100, 200, 300, and 400 g); Minerals: Ca = Calcium, Mg

= Magnesium, Zn = Zinc, Fe = Iron K= potassium, Na= Sodium
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4.2. Effect of Ash Filtrate Application Rate on Mineral Concentration of Traditionally

Prepared Vegetables

The sesame ash filtrate used in the cooking was obtained after adding 400 mL of DI (deionized)
water to 100 g of sesame ash residues placed in a plastic container (700 mL) containing small
holes to allow the filtrate passage and using measuring cylinder. Application rates of 0 (nothing
added), 15 (equivalent to three (03) teaspoons), 30 (equivalent to six (06) teaspoon), and 45
mL (equivalent to nine (09) teaspoons) were used in the cooking process. Mineral
concentrations for each traditionally prepared cowpea and pumpkin leaves at different ash
filtrate application rates in comparison with the control (prepared without ash filtrate) are

presented in Table 4.3 and Table 4.4, respectively.

Table 4.3: The mean mineral concentrations in traditionally prepared vegetables

segregated by application rate of ash filtrate and vegetable type.

Vegetable Mineral Application rate of ash filtrate (ml)

type (mgKg™) 0 15 30 45

Cowpea Zn 13.9+2.3% 18.25+0.07" 25 35+6.6" 29.35+2.90°

Leaves Fe 9.1+0.142 24.6+0.42° 42.1+0.42° 56.0 +0.070¢
Mg 51.65+0.07° 129.75+0.07°  154.25+6.3¢ 161.85+0.64°
Ca 18.5+0.72 299.5+67.18°  280.5+2.12° 298.95+3.180°
K 95.75+0.7% 172.75:0.07"  187.45+0.64%  250.05+65.07¢
Na 333.35+6.3° 301.0+8.49° 257.35+0.92¢ 190.013.18¢

Pumpkin Zn 35.75+0.212 46.9 +0.28° 54.55+0.07¢ 59.50+0.710°

Leaves Fe 42.605.90? 60.15:+0.21° 89.10+0.98°¢ 128.95+0.07¢
Mg 164.7+0.14° 198.3+0.56" 281.8+1.40° 305.15+0.21¢
Ca 385.00+7.0% 353.85+5.4 302.85+2.01°  271.3+20.60°
K 251.00418.22  303.25+7.5° 253.15+6.82 212.65+6.20°
Na 285.5+17.7%¢ 240.0+0.100 257.0+0.70¢ 260.80+1.80°

Mean + Standard deviation (n=4) in the same raw with different superscript are significantly different at p<0.05. Zn= Zinc, Fe= iron,

Mg=Magnesium, K= potassium, Na= Sodium, Ca= calcium, mgKg-1 = milligram per kilogram.
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Compared to the control, zinc contents in traditionally prepared cowpea leaves significantly
increased (p<0.05) with rising quantity of ash filtrate (15-45 mL) added. However, ash filtrate
application rates of 15 and 30 mL did not significantly affect the zinc content of traditionally
prepared cowpea leaves (Table 4.3). Concentrations of Fe, Mg, and K followed similar trend
as for zinc. Furthermore, Fe recorded the lowest percentage increase (4.69%) with rising ash
filtrate application rates. Increasing ash filtrate application rates resulted in the highest
percentage increase (28.1%) in Ca concentrations (Table 4.3). However, ash filtrate application
rate 15, 30, and 45 ml resulted in a significantly (p<0.05) lower sodium content compared to
the control. The reduction in sodium concentrations corresponding to ash filtrate applications
rates of 15, 30 and 45 mL were 9.7, 22.8, and 43%, respectively (Table 3).

Ash filtrate application rate of (15-45 mL) resulted in a significant (p<0.05) reduction in Ca
content (8.09-29.5%) compared to the control (Table 3). The observed content of K and Na
followed a similar trend as that for Ca. Application of 45 mL of ash filtrate resulted in the
lowest (8.65%) and the highest (15.28%) percentage decreases in Na and K concentrations,
respectively, (Table 3). Also, Zn (31.19-66.43%), Fe (17.55%-86.35%), and Mg (20.4-85.28%)
concentrations in cooked pumpkin leaves significantly (p<0.05) rose with increasing ash
filtrate application rates (15, 30, and 45 mL) compared to the control (pumpkin leaves cooked

without ash filtrate.
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4.3. Effect Of Application Rate of Ash Filtrate on the Sensory Quality of Traditionally

Prepared Cowpeas and Pumpkin Leaves

4.3.1 Socio-demographic statistics of caregivers from Omoro District who participated in

the study.

The participant's sociodemographic data is summarized in figure 4.2
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Figure 4.2. Socio-demographic Characteristics of participants of Omoro district who

participated in the study.

Income groups were categorized according to Economic policy research center (EPRC) data on per capita daily consumption expenditure in

purchasing power parity, Upper middle-class income (UG sh. 36,500-73,000), Lower middle income (UG Sh. 14,600-36,500), Below poverty

line (< UG sh.7,300) (n = 89); Age group categorized based on Uganda Age Structure by Index mundi, Early Working age (15-24years), prime

working age (25-54years), mature working age (> 54years).

The study involved 89 untrained female panelists from Omoro District. Prime working age of

participants predominated (62.9%) in the study, followed by early- and mature-working age

caregivers (Figure 4.2). More than quarter of the caregivers had no formal education (Figure

4.5) whereas over 50% completed their elementary education (particularly, primary, and
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secondary). Many participants (83.0%) were farmers. Only 3.4% and 13.5% of caregivers
work as civil servants and businesspersons, respectively. About three quarters of caregivers
(71.9%%) fall in the upper middle-income class, 24.7% of them belong to the lower middle-

income class. Only 3.4% of them belonged below the poverty line.
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4.3.2 Influence of ash filtrate application rate on mean sensory score rating of

traditionally prepared cowpea leaves.

Table 4.4. Mean sensory perception participants on traditionally prepared cowpea and

pumpkin leaves at different application levels of ash filtrate.

Vegetable Sensory

Application level of ash filtrate (ml) and mean scores

type attribute 0 15 30 45

Cowpea Smell 2.42+1.16% 4.77+0.52° 3.53+1.16° 3.72+1.04°

leaves Color 2.08£0.93°  4.41+0.76"  3.58+1.16°  3.29+1.00°
Taste 2.31+1.06  4.36+0.92°  3.28+1.08°  3.38+1.05°
Texture 2.10£1.02*  4.39£0.90°  3.07#1.04°  3.17+1.08°
After-taste 2.26+1.16  4.43+#1.04>  3.28+1.10°  3.20+1.10°
Overall 2.28+1.14*  4.69+0.62°  3.38£1.09°  3.47+0.93°
acceptability

Pumpkin  Smell 3.69+1.09°  4.10+1.06°  4.17+1.05°  4.09+1.0%®

leaves Color 3.48+1.11°  4.16+1.01°  4.19+0.99°  4.09+1.06"
Taste 3.30+1.20°  3.85+1.19°  3.77+1.25°  3.90+0.98°
Texture 3.36+1.04%  3.76+1.22%  3.83+1.19°  3.61+1.01%
After-taste 3.46+1.08°  3.92+1.24°  3.97+1.70°  3.83+1.05%
Overall 3.61+1.17°  4.15+1.02°  4.18+1.09°  4.20+0.93"

acceptability

+ Standard deviation (n=89) in the same raw with different superscript are significantly different at p<0.05, on
5points hedonic scale. The Scale: 1=Dislike strongly, 2. Dislike, 3. Neither like nor dislike, 4. Like, 5. Like
strongly

The mean sensory score of consumer rating of traditionally prepared cowpea and pumpkin
leave with & without ash filtrate are summarized in Table 4.4. For application rates of 15, 30,
and 45 mL, the sensory score for cowpea leaves were higher than the sensory score observed
in cowpea leave traditionally prepared without (0 mL) ash filtrate (Table 4.4). For instance,
scores for application rates of 15, 30, and 45 mL resulted in a significant (p<0.05) higher

sensory score for smell than the control. The sensory scores ranged from 1.3-2.35 points. Color,
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taste, texture, and overall acceptability followed a similar trend. The optimum sensory score
(for all the sensory attributes) corresponded to cowpea leaves traditionally prepared with 15
mL of ash filtrate.

On the contrary, ash filtrate application rate of 15 mL had no effect on the mean score of texture
(Table 4.4). Scores for ash filtrate application rate of 15, 30, and 45 mL resulted in a
significantly higher sensory score for smell than the control (Table 4.4). The difference in
sensory scores ranged between 10.34-13.01%. Color, taste, texture, after-taste, and overall
acceptability sensory scores followed a similar trend. Overall, traditionally prepared pumpkin

with 30 mL of ash filtrate had the optimal sensory score.
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CHAPTER FIVE: DISCUSSION

5.1 Ash Filtrate Mineral Composition and pH of Different Plant Source

The results of pH in the current study indicated that ash filtrates from plant residues were basic
(pH >10) regardless of their sources (Table 4.1 and 4.2). These basic pH values are consistent
with those from prior studies on the creation of alkaline crude extracts from burned plant
components (Cai et al., 2021; Lin et al., 2022; Ulloa et al., 2017), predominantly existing as
carbonates and hydroxides of calcium, potassium, magnesium, and sodium (Bwembya et al.,
2018). The present study observed the highest and the lowest pH values in banana and sesame
residues ash filtrates, respectively (Table 4.1 or 4.2), and which could be due to differences in
the mineral compositions of the used sesame, banana peel, sunflower, and bean residues as

indicated in Table 4.1 and 4.2.

The high pH values (basic) associated with plant ash residues (Table 4.2) could be ascribed to
the presence of strongly basic potassium and sodium in each ash filtrate. Previous studies
indicated that high ash filtrate pH values may lead to rise in food's pH (Tara, 2014; Piskin et
al., 2022. This could interfere with the bioavailability of plant minerals as result of formation
of stable hydroxide compounds, making it difficult to absorb in the ileum. So, to minimize food
pH rise, households can use cooking oils like palm oil, which is high in free fatty
acids(Matthaus, 2007). The fatty acids help in lowering the pH via partial neutralization
reaction with hydroxyl ions(Li et al., 2020). This can increase the bioavailability of the plant
minerals that are necessary to address micronutrient deficiencies. Also, the alkaline ash filtrate
provides its consumers with protection against high levels of free fatty acids in cooking due to

autoxidation.

The result of minerals of each ash filtrate found in the current study for calcium, magnesium,

potassium, iron, sodium, and zinc (Table 4.1 and 4.2) could be attributed to the high mineral
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content in the ash of the respective plant residues used. Previous studies indicated that the
percentage of ash is 14.6% in banana (Pyar & Peh, 2018), 40% of biomass weight in sunflower
(Yelatontsev & Mukhachev, 2021), and 4.82% in bean residues (Brigide et al., 2014).
Furthermore, the high minerals of the ash filtrate could be ascribed to the fertile soil in which
each plant crop was grown (Oumarou, 2016). Also, dirt which is accidentally left on plant parts
during harvest and when ash is removed from the ground after the plant parts are burned, could
explain the high composition of mineral as observed in this study since they may have added
additional elements to the ash (Mubaiwa et al., 2019). Thus, the good ash-to-ash filtrate transfer
exhibited by each ash in the present study may have resulted in leaching of the plant minerals
from ash-to-ash filtrate, and hence enhanced quantity of these elements in the ash filtrate.
However, the variation in the amount of mineral in each ash filtrate in the present study could
be attributed to interspecies different in the mineral’s absorption of capacity of different plant
sources. The results of this investigation concur with prior findings in crop ash (Tara, 2014;

Piskin et al., 2022; Pyar & Peh, 2018; Yelatontsev & Mukhachev, 2021).

According to earlier research (Ildowu & Aduayi, 2007; Nyombi, 2014), high sodium and low
potassium concentrations in plant ash, could be attributed to an antagonistic effect of the
specialized transport channel in the plant root system of the plants. As such, the antagonistic
effect of the specialized transport channel may have caused the variation of mineral
composition observed in the present study. Moreover, the traditional ash filtrate's coarse quality
could have been ascribed to variation in concentration of plant minerals. Furthermore, the
significant differences in the mean values (Table 4.1 and 4.2) might be a result of the fact that
each ash was produced at a place with dynamic conditions, and hence may have resulted in
variation in the composition of mineral as seen in this study. The higher amounts of plant
minerals in sesame ash filtrate compared to sunflower, bean, and banana peel ash filtrates

(Table 4.1 and 4.2) of in this study, could be attributed to ease transfer of plant minerals from
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ash-to-ash filtrate as result of non-sticky nature of sesame ash (KégaNgoualem et al., 2020).
More so, the difference in the concentration of sodium and potassium may be attribute to the
fine nature of sesame ash, which can compact easily and thus resulted in long contact time
between the ash and water (Tara et al., 2016). This implies that the high mineral composition
of ash filtrate could be packaged in the adequate amount and used at house level as substitute
for rock salt to tailor intake of the respective mineral which is vital in improving the health and
nutrition status, which is essential in Acholi subregion that has high prevalent of micronutrient

deficiency.

Therefore, ash filtrate obtained from sesame residue could be used to prepare food to improve
the plant minerals’ composition of the food normally consumed per person per day, and hence
can be utilized to mitigate micronutrient deficiencies among children aged below five years
and women in reproductive age. However, the extent to which addition of ash filtrate with high
concentration such as in sesame residue increases mineral level in local dishes is not well
known. Hence the following section 5.2 provides an understanding of change in mineral levels
because of inclusion of ash filtrate in the local dishes using cowpea and pumpkin leaves

commonly eaten in Acholi subregion.

5.2 Effect of Ash Filtrate Application Rate on the Mineral Composition of Traditionally

Prepared Vegetables

Traditional prepared vegetables (cow pea and pumpkin leaves) with sesame ash filtrate at
different application rates (15, 30, and 45 mL) had significantly (p value < 0.05) high Ca, Mg,
Zn, and Fe contents than the controls (Table 4.3). The high concentration of Mg (Table 4.3) in
the ash filtrate can be attributed to minimal loss of magnesium ion during cooking (Hlongwane
et al., 2022). In contrast, the lower concentration of Zn in the traditionally cooked vegetables
may probably due to high loss of zinc ion during cooking time as a result of impact of ash

filtrate on the cell wall of the vegetables exposing zinc ions for complexation. Bwembya et al.,
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(2018) in their study noted zinc loss caused by soda ash addition to food during cooking ranged
from 12.5% to 100% in Hibiscus escolentus (upright) and Bidens pilosa, respectively.
Preparing both pumpkin and cowpea leaves with sesame ash filtrate increased their calcium
contents (Table 4.3). The Calcium contents in cooked cowpeas leave rose from (18.5 mg/kg)
in control to 298.95 mg/kg for 45 mL of ash filtrate added respectively. On the other hand, the
calcium contents in cooked pumpkin leaves decreased from (385.0 mg/kg) in control to 271.3

mg/kg for 45 mL of ash filtrate added (Table 4.3).

The decrease in the concentration of the calcium in cooked pumpkin leaves could be attributed
to significant losses of calcium during cooking as result of increase chelation with phytic acid
and oxalate (Wang & Guo, 2021). While for cooked cowpea leaves, the results found could be
ascribed to negligible loss of calcium during cooking due to reduce complex formation (Korant
et al., 2023). The difference in the chelation could be attributed to varying concentration of

chelating agents especially phytic acid and oxalate in pumpkin and cowpea leaves.

The composition of phytic acid (4.59mg/100g) (Korant et al., 2023) in cowpea leaves is lower
than the composition of phytic acid (28.38mg/100g) (Njoku et al., 2014) in pumpkin leaves.
It's interesting to note that the sesame ash filtrate's alkaline properties dissolve hemicelluloses
and lignin, hydrolyze uronic and acetic esters, expand cellulose, and reduce its crystallinity, all
of which disturb plant cell walls (Mubaiwa et al., 2019), and hence nutrients leached out leading
to complexation of crucial minerals such as zinc, calcium. This implies the sesame ash filtrate
affects cell wall of plant differently during cooking, and hence leading to variation in the

amount of mineral leach and complexed.

Both Zinc and iron contents of cooked vegetables increased compared to the control. Zinc is a
crucial mineral for enhancing the immune system, while iron, a vital component of hemoglobin
which helps in metabolic and enzymatic functions. The increase in both iron and zinc

concentrations of the cooked vegetables might probably be attributed to negligible mineral
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losses during cooking because of reduced complex formation these minerals. Results of the
current study agrees with earlier research on the use of sesame ash filtrate (Cai et al., 2021;
Tara et al., 2016). However, the percentage increase in zinc (3.13-11.15%) and iron (17.02-
51.54%) contents in the cooked cowpea of the present study is higher than the percentage
increase (15% for zinc) recorded by Tara et al., (2016) in black bean cooked with sesame ash
filtrate, which could be attributed to variation in leaching of the minerals in during cooking.
This implies that ash filtrate with high micronutrient content could enrich rich foods with
micronutrients in traditional dishes, which can contribute to mitigating micronutrient

deficiency.

Also, the concentration of K and Na in cowpea and pumpkin leaves cooked with sesame ash
filtrate were much higher than the level obtained in the controls. The results of the current study
agree with those of a previous study on the impact of rock salt on traditionally prepared
vegetables (Imaga et al., 2010; Kégah Ngoualem et al., 2020; Madodé et al., 2011; Tara et al.,
2016). However, the increment in the levels of Na and K in the present study were lower than
those found when rock salt was used due to the higher K and Na concentrations of rock salt.
The concentration of K and Na in rock salt, according to Kégah Ngoualem et al., (2020) was
reported to be 200 mg/100 g and 350 mg/100 g, respectively. This is higher than the percentage

of K and Na in sesame observed in the current study (Table 4.3).

The result of Mg in the present could be ascribed to sesame ash filtrate's dampening effect on
cooking's detrimental impact on the mineral composition of cooked foods (Bergeson, 2014).
The outcome of the current investigation is in contrast to the outcome of rock salt-cooked beans
as recorded by Kégah Ngoualem et al., (2020), and which could be attributed to the variation
in dampening effect of ash filtrate and rock salt. Ca, K and Mg in foods have beneficial effect
regarding high blood pressure (Niyi et al., 2019) while Na escalates it (Mallikarjuna et al.,
2012). This implies that plant residues with high levels of these minerals are important nutrition
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dimension in management cardio-vascular diseases, while caution should be taken by cooking
vegetables with low levels of common salt (NaCl) while using ash filtrate though there is a
traditional belief that it increases sensory quality of foods. The impact of incorporating high-
concentration ash filtrate, such as that found in sesame residue, on the sensory attributes of
indigenous cuisine remains unclear. Therefore, Section 5.3 offers insight into the alteration of
sensory attributes caused by the addition of ash filtrate to traditional Acholi subregion dishes

that incorporate cowpea and pumpkin leaves.

5.3 Effect of Ash Filtrate Application Rate on the Sensory Quality of Traditionally

Prepared Cowpeas and Pumpkin leaves

The success of food-based nutritional innovations in society has been associated with the
crucial variable of consumer acceptability (Guiné et al., 2020). The acceptability of a particular
food product is significantly influenced by the extent of consumer preference for its sensory
attributes. The sensory attributes of a product are greatly influenced by the composition of its
ingredients, the proportions in which they are blended, and the processing methods employed
(Otolowo et al., 2018). Even while the scores were always higher than those noted in the
controls of the two vegetables, apart from cow pea leaves cooked with 15 mL sesame ash
filtrate, traditionally cooked cowpea and pumpkin leaves with sesame ash filtrate had a
negative mean sensory score (Table 4.4). Due to the influence of alkalinity on the breakdown
of cowpea leaves' cell wall characteristics (Kégah Ngoualem et al., 2020), the texture of cowpea
leaves cooked with sesame ash filtrate may have improved (Onwuka & Okala, 2003). Onwuka
& Okala, 2003 further reported that the addition of ash filtrate and ground salt improve the
texture of bean by softening the taste, which is consistent with the findings of other studies on

bean.

In the present study, the study population's familiarity with eating pumpkin leaves prepared

with ash filtrate may explain why the sensory score of pumpkin leaves cooked with 15 mL is
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not statistically different from the control. The fact that the sensory score reported in the current
study is higher than that found by Tara et al., (2016) when ground salt is used to cook beans
could be related to the increased alkalinity of sesame ash filtrate in enhancing the textural
quality of the dish. According to the results of the current study, the higher alkaline condition
of the sesame ash filtrate may have increased the pH of the food, causing the call wall of
pumpkin and cowpea leaves to soften. This is because the pH of sesame ash filtrate (above
11.0) is higher than the pH of ground salt (10.9) (Kégah Ngoualem et al., 2020). The cowpea
and pumpkin leaves cooked with the 45ml of ash filtrate scored the lowest for taste and after-
taste due to the bitterness taste and after-taste, as a result of the excess ash filtrate added, which
the exceeded the daily volume used by the women involved in the study as observed by the

participant’s complain of ash filtrate (“kado atwona”’) being too much.

This was most likely due to the high alkalinity of the ash filtrate treatment. The outcome is
consistent with that discovered by Kégah Ngoualem et al., (2020) and Onwuka & Okala,
(2003), who observed that addition of too much ground salt (0.7g) to beans resulted in a poor
sensory score rating. The preference for the ground salt treatment, on the other hand, was
unexpected because prior research findings suggested that it contributed to an unpleasant color
(Wanjekeche et al., 2003), which is in contrast to the outcome of the present study, which found
that the addition of 15ml sesame ash filtrate improved the color (light brown) of the cooked
vegetables, making it more appealing. It's noteworthy to note that, in contrast to the findings
of the current study, adding ground salt to beans causes them to turn a darker, less appetizing

hue and lowers their sensory score rating (Antonic et al., 2020; Starowicz & Zielinski, 2019).

However, the sensory scores decreased when more than 15ml of sesame ash filtrate was added
because the sauce's black color made it less appetizing. According to Antonic et al., (2020)

customers prefer brown-colored foods over dark items. Perhaps because black beans were

46



utilized and the color variability was less obvious than with the lighter colored beans previously

used, Tara et al., (2016) study, using black beans did not produce the same results.

The capacity of sesame ash filtrate to enhance flavor, which is pleasing to customers, may be
the cause of the traditionally cooked veggies' more pleasant-smelling aroma. Cow pea leaves
cooked with 30 and 45ml of sesame ash filtrate, on the other hand, may be the cause of the
piercing smell of the excess ash filtrate, which may not have reacted during the cooking time.
The results, however, contradict the finding that foods treated with ground salt and table salt
were preferred (Antonic et al., 2020; Bergeson, 2014; Kégah Ngoualem et al., 2020; Onwuka
& Okala, 2003; Tara et al., 2016). Compared to the other treatments, both treatments had larger

sodium contents, which may play a significant role in sensory acceptability.

The conclusion of this is that no more than 15ml of sesame ash filtrate should be given to cow
pea leaves that have been cooked with it to increase consumption. According to the research
findings by Tara et al., (2016), the presence of crop ash filtrate in cooked pigeon peas led to
poorer ratings for the food's overall acceptability. Except for pumpkin leaves, which scored
significantly lower overall acceptability for cowpea leaves cooked with 30 and 45ml of the ash
filtrate, this is consistent with the findings of the current investigation. This provides more
evidence that ash filtrate contributes to the cooked cowpea leaf's less sensory appeal than

cooked pumpkin leaf.

In contrast to the findings of Bergeson, (2014)., this investigation found that the presence of
15% ash filtrate did affect the cooked cow pea leaf's general acceptability. The current study
also found that when compared to cooked cowpea leaves with > 15% mushroom inclusion, the
addition of 15% ash filtrate had the best sensory rating. Cooking cowpea leaves with the least
quantity of sesame ash filtrate (15%) could therefore result in a vegetable sauce that has better
sensory qualities for young children under five and women who are of childbearing age.

However, the discovery that the application of ash filtrate had a negative effect on consumer
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sensory appeal was not specific to this study. For instance, Bergeson, (2014). similarly reported
that the sensory appeal among panelists was severely reduced by frying pigeon with ash filtrate
application rate. Unfortunately, there hasn't been much attention paid to improving the sensory
quality of traditionally prepared vegetables. Given that acceptance of food is largely
determined by sensory appeal as opposed to nutritional quality, the observed negative sensory
effect is a potential factor that should be carefully taken into account in future attempts to
improve the efficacy of the ash filtration for enhancing nutrient contents from plant-based foods

(Imtiyaz et al., 2021).

48



CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusion

The study investigated the effect of ash filtrate as alternative source of micronutrients in
commonly consumed traditionally prepared vegetables and assessed its contribution to dietary

mineral concentration of traditionally prepared vegetable in Acholi sub-region.

The chemical composition of ash filtrate from plant-based residue has been studied but there
is no clear information about the effect of ash filtrate application on plant mineral content of
traditionally cooked vegetables. This research was therefore designed to investigate the effect
of ash filtrate application rate on mineral contents and sensorial quality of traditionally cooked

vegetables.

The study has shown that ash filtrate from sesame plant residues is basic with pH values > 10.
The ash filtrate further had high concentrations of iron and calcium and other essential

nutrients.

This study further indicated that ash application rate improves mineral concentrations of

traditionally prepared vegetables (cowpea and pumpkin leaves).

The study suggest that households should add 15 mL of sesame ash filtrate in 30 g of

pumpkin/cow pea leaves for optimum nutrient contents and best sensory acceptability.

6.2 Recommendations

The study further recommends that the community should be sensitize on the usage of ash

filtrate for vegetable cooking and its potential benefit in mitigating micronutrient deficiencies.

Even though ash filtrate has a high amount of essential minerals, future studies should focus
on determining the concentration of heavy metals which could make its consumption harmful.
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The high mineral composition of ash filtrate could offer microbial stability; however, this was

not examined in the present study. Therefore, the future could focus on this area.

Given that acceptance of food is largely determined by sensory appeal as opposed to nutritional
quality, the observed negative sensory effect is a potential factor that should be carefully
considered in future attempts to improve the efficacy of the ash filtration for enhancing nutrient

contents from plant-based foods.

The effect of ash filtrate inclusion on the proximate composition of traditionally cooked
vegetables was not assessed yet it is very vital in determining the nutrient adequacy of foods.
Therefore, further studies should be done in that area. The high mineral composition of ash
filtrate could enhance the bioavailability of minerals; however, this was not examined in the
present study. Therefore, the future could focus on this area. The high mineral composition of
traditionally prepared vegetables could be affected by antinutritional factors; however, this was

not examined in the present study. Therefore, the future could focus on this area.
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APPENDICES

Appendix I: Informed consent form
Title of the study: Ash Filtrate from Plant Residues (Kado-Atwona) Enhanced Mineral

Contents of Traditionally Prepared Vegetables
Investigator(s): ABDIKARIM

Institution(s): Gulu University

Introduction

Good morning/afternoon! My name is (Interviewer mentions his/her name)

As a student of Gulu University, | am currently conducting research on the feasibility of
applying ash filtrate (kado-atwona) to enhance the main content of selected plant minerals in
traditionally prepared vegetables within Gulu district

The research has been granted approval by the Gulu University Research Ethics Committee
(GUREC).

During the course of the study, participants were presented with 18 samples of traditionally
cooked vegetables with ash filtrate and were asked to evaluate each sample based on their
degree of liking using the provided scale and rank their preference accordingly. The present

study comprises a cohort of 88 women within the reproductive age range.
1.1.1 Purpose:

The objective of the study is to enhance the micronutrient content of conventionally prepared
vegetables, with the aim of increasing the consumption of these vegetables among women of
reproductive age and children under the age of 5. The results of this study are anticipated to
make a valuable contribution to the national initiatives aimed at addressing micronutrient
deficiencies, specifically iron-deficiency, among women of reproductive age and children
under the age of five in Uganda. Prior to tasting and in between each sample, you will be
furnished with fresh water for rinsing your mouth. We kindly request that you express your
level of preference for each sample.

Please do not hesitate to inquire about any aspect of the study that you may wish to comprehend
at any point in time. Once the study has been presented and all inquiries have been addressed,
you will be requested to provide your signature on a consent form. You will be provided with
a copy of the consent form for your records.
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1.1.2 Procedures

Your involvement in this study will require the preparation of the sauce for each sample. The
sauce that has been prepared will be presented to you on a disposable plate. You will be kindly
asked to taste the sauce and provide your assessment of the various attributes based on your

personal preference.

You have been selected to participate in this study as a female of reproductive age who has a

child under the age of five.

1.1.3 Risk/discomforts

Based on our assessment, we have determined that there are no anticipated hazards or adverse
effects that may result from your involvement in this research. This is due to the fact that the
ingredients in the composites have a lower probability of inducing an allergic reaction.
Individuals with allergies will be ineligible to participate in the study. Furthermore, if any
participant experiences discomfort while tasting the various composite formulas, they will be
attended to by medical personnel as the evaluation will be conducted in a hospital setting.
Furthermore, study participants are at liberty to withdraw their participation at any time and at

their own discretion.

1.1.4 Benefits

We kindly request your consent to participate in the study. Active participation in all study
phases will facilitate the acquisition of skills related to the preparation and combination of
various ingredients to produce wholesome cuisine. Furthermore, this measure will aid in
mitigating the potential hazards of malnutrition among children and women of reproductive
age within your household and the wider community. There are no financial or personal

benefits associated with your participation in the study.

1.1.5 Confidentiality

Participants' identities will remain confidential as we will utilize codes for identification
purposes. The data collected will be exclusively available to the research team. The digital
copies of the data will be safeguarded with a password, while physical copies will be securely
stored under lock and key. Access to confidential information will be restricted to the principal

investigator only.
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1.1.6 Alternative

You do not have to participate in this study if you are not interested

1.1.7 Cost

If you choose to participate in the study, please note that there will be some supplementary
expenses involved, including the time and equipment required for the preparation of the
vegetable sauce.

1.1.8 Questions
Should you have any inquiries pertaining to the study or your rights as a research participant,
please feel free to reach out to the principal investigator.

1.1.9 Statement of voluntariness
Participation in the research study is voluntary and individuals may choose to join at their own
discretion. Participants are entitled to withdraw from the study at any point in time without

incurring any penalty.

If you encounter any concerns regarding your rights and involvement in the study, kindly reach
out to the Chairperson of the Gulu University Research Ethics Committee, Dr. Gerald Obai,
through his telephone number 0772305621 or email addresses
lekobai@yahoo.com/lekobai@gmail.com. Alternatively, you may contact the Uganda
National Council for Science and Technology at Plot 6 Kimera Road, Ntinda, Kampala,
through their telephone number 0414705500.

1.1.10 Statement consent

The researcher has provided me with a detailed explanation of the study procedures, potential
hazards and advantages, as well as my privileges as a study participant. | comprehend that my
choice to partake in this study will not have any impact on me personally. My identity will
remain confidential while utilizing this information. I acknowledge that | have the option to
withdraw my participation at any given time. | acknowledge that my signature on this form
does not constitute a waiver of any of my legal rights. Rather, it serves as an indication that |
have been duly informed about the research study and have voluntarily agreed to participate.

A duplicate of this form will be furnished to me.

Name of participant..............ccoeevviiieinnennn.

Signature/Thumbprint.................. Date. ..o
Name of

WSS ..o eetteeeetete et et ee e anaane signature..................... Date................
Name of interviewer..............c.oeevivinenn...

Signature..................... Date.............ceoenen.



Appendix I1: Data Collection tools

Laboratory data collection tool for parameters being analyzed
Two commonly used food sources, cow peas and pumpkin leaves, are traditionally prepared
with and without ash filtrate application. These food sources are subjected to laboratory

analysis, primarily for nutritional composition, specifically for micronutrient content analysis.

Parameter Sample code (results indicate means + SD of samples

analyzed in triplicates)

V11 V22 V33 V44 V55

Mineral analysis

calcium

zinc

magnesium

iron

Sensory Evaluation Form

My name is ABDIKARIM, and | am a student at Gulu University. | am currently conducting
research on the Ash Filtrate from Plant Residues (Kado-Atwona) Enhanced Mineral Contents
of Traditionally Prepared Vegetables.

During the course of the study, you will be presented with 18 samples of traditionally prepared
cow peas and pumpkin leaves that have been treated with varying levels of ash filtrate. You
will be asked to taste each sample and rate your degree of liking using the provided scale.
Please rank the samples according to your degree of preference.

Prior to tasting and in between each sample, you will be provided with clean water to rinse

your mouth. It is requested that you
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ADMINISTRATIVE DETAILS

Date Household number
Questionnaire identity Number Team leader
Team number Questionnaire check by:

Village and sub-county name

SCALE

1. Dislike strongly, 2. Dislike, 3. Neither like nor dislike, 4. Like, 5. Like strongly

Sample Smell Color Taste Texture After-taste | Overall

code acceptability

Vi1

V22

V33

V44

V55

Thank you for your participation
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Appendix I11: Samples for Ash filtrate for different plant residues

Banana

Sunﬂer ‘
residues filtrate

The photos for the different ash filtrate.

Sesame . Beans residues |

' residues filtrate ; filtrate residues filtrate

G

-
-
|
z
!
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Appendix 1V: Informed Consent Form for Focus Group Discussion

I’m ABDIKARIM, a student of Gulu University conducting research on the topic: Ash Filtrate
from Plant Residues (Kado-Atwona) Enhanced Mineral Contents of Traditionally
Prepared Vegetables

During the focus group discussion, you will be asked questions on ash filtrate application level,
production of ash filtrate, vegetables cooked using ash filtrate and method of preparation. You
kindly asked to provide answers to those questions. Focus group discussion will only have
women as the participant and will last for one hour. There will be eight focus groups with each
having eight women as the participants.

1. What is this form?

This document outlines the objectives of the focus group and the study, as well as the study
protocols, potential hazards, and drawbacks. Upon electing to take part in the study (with a
focus on female participants), you will be requested to provide your signature on this document.
The selected sample is being compared with the control to determine the impact of ash filtrate
application rate on consumer sensory preference and overall acceptability of traditionally
cooked vegetables with ash filtrate.

2. The purpose of this focus group

This focus group is being conducted as a component of academic research led by ABDIKARIM
MACLOW (Tel. 0789491397, email: ducaalle2000@gmail.com). The objective of the study is
to investigate the utilization of ash filtrate for the purpose of augmenting the mineral content
of conventionally prepared vegetables in the Acholi sub-region. The results obtained from this
study will be utilized to furnish essential information required for the alleviation of

micronutrient inadequacy in underdeveloped nations.
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3. What will I be asked to do in this focus group?

Upon your agreement to participate, you will be requested to engage in a discussion regarding
a set of inquiries pertaining to prevalent sources and techniques of ash filtration production,
customary vegetables prepared with ash filtrate, and the process of vegetable preparation
utilizing ash filtrate. During the discussion, the following questions will be asked:

What is the most common source of ash filtrate? Please indicate the three most preferred
sources in order of degree of preference, from the sources that have been outlined. Could you
please provide more context or information about the ash filtrate source you are referring to?
This will help me provide a more accurate and professional response to your question. Could
you please provide more context or information about the type of ash you are referring to and
the purpose of collecting and storing it? This will help me provide a more accurate and
professional response. Could you please provide more context or information about the type of
ash and the purpose of preparing the ash filtrate? This will help me provide a more accurate
and detailed response. What are the essential precautions to consider when preparing ash
filtrate?

4. Benefits

We kindly request your consent to participate in the study. Your participation in the focus group
discussion would be valuable in documenting the preparation of ash filtrate and the traditional
cooking of vegetables using ash filtrate. Moreover, this will aid in mitigating the hazards of
malnourishment among children and women of childbearing age in your domicile and the
surrounding locality. There are no financial or personal benefits associated with your
participation in the study. However, participants will receive a bar of soap.

5. Risks

There is no risk associated with participating in this study, as the discussion will solely revolve
around ash filtrate-related questions. Please feel free to contact the individual who is leading

the discussion. The facilitator and lead investigator will endeavor to safeguard confidentiality
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and anonymity during the discussion. However, we cannot provide an absolute assurance that
there will be no privacy breach or that other participants will not disclose any information,
whether intentionally or unintentionally. However, it should be noted that the discussion will
require a duration of one hour. As a gesture of compensation for the time lost, a bar of soap
will be provided.

6. Voluntary participation

Participation in this focus group is entirely voluntary, and you are not obligated to take part if
you choose not to. If you encounter any inquiries that cause discomfort, you are not obligated
to respond to them. You are free to discontinue the discussion at any point without incurring
any adverse consequences and without being obligated to provide a rationale for your choice.
In this instance, all data pertaining to your involvement will be permanently deleted. As
participation is voluntary, participants will not relinquish their rights by taking part in the study.
For any concerns related to your rights and involvement in the study, kindly reach out to the
Chairperson of the Gulu University Research Ethics Committee, Dr. Gerald Obai, through his
telephone number 0772305621 or email addresses lekobai@yahoo.com/lekobai@gmail.com.
Alternatively, you may contact the Uganda National Council for Science and Technology at
Plot 6 Kimera Road, Ntinda, Kampala, through their telephone number 04147055007,
Ensuring privacy and confidentiality. The investigator will take every effort to protect your
privacy. Everything you say in this focus group will be kept confidential. The notes from the
discussion will not contain your name or any other information that would allow you to be
linked to specific statements. Only the moderator and the investigator conducting the study will
have access to the notes. Investigator will present the general findings from the entire study to
each political party that participated. The names of the participants will not appear in any
report. By participating, you also accept to keep this conversation confidential and to not
discuss the identity or comments of the other participants outside of this room.

8. Statement of voluntary consent
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By affixing my signature to this document, | hereby express my voluntary consent to participate
in the focus group. | have reviewed the consent form and it was presented to me in a language
that is both comprehensible and familiar. | have had the privilege of posing inquiries and
receiving adequate responses. | comprehend that | have the option to withdraw from the
discourse at any given moment.

Name of the participant..................................

Signature/Thumbprint.................. Date.......coovvieiiiiiinn.

Name of Withess........ovuvviviiiiiiiiiiinnennn signature..................... Date.................
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Appendix V: GUREC Approval Letter

UNIVERSITY
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.
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RESEARCH ETHICS COMMITTEE

02/12/2022
To: Abdikarim Mohamud K

Gulu university <
078991397

Type: Initial Review

Re: GUREC-2022-268: APPLICATION OF ASH FILTRATE (KADO-ATWONA) TO ENHANCE
PLANT MINERAL CONTENTS OF SELECTED TRADITIONALLY PREPARED VEGETABLES IN
GULU CITY, 3.0, 202226

T am pleased to inform you that the Gulu University REC, through expedited review held on 19/06/2022 approved
the above referenced study.
Approval of the research is for the period of 02/12/2022 to 02/12/2023.

As Principal Investigator of the research. you are responsible for fulfilling the following requirements of approval:

. All co-investigators must be kept informed of the status of the research.

- Changes, amendments, and addenda to the protocol or the consent form must be submitted to the REC for re-

review and approval prior o the activation of the changes.

3. Reports of unanticipated problems involving risks to participants or any new information which could
change the risk benefit: ratio must be submitted to the REC.

4. Only approved consent forms are to be used in the enrollment of participants. All consent forms signed by
participants and/or witnesses should be retained on file. The REC may conduct audits of all study records,
and consent documentation may be part of such audits.

5. Continuing review application must be submitted to the REC eight weeks prior to the expiration date of
02/12/2023 in order to continue the study beyond the approved period. Failure to submit a continuing
review application in a timely fashion may result in suspension or termination of the study.

6. The REC application number assigned to the research should be cited in any correspondence with the REC
of record.

7. You are required to register the research protocel with the Uganda National Council for Science and

Technology (UNCST) for final clearance to undertake the study in Uganda.
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4 Informed Consent forms acholi 3.0 2022-11-26
5 Protocol 3.0 2022--26
6 covid -19 Management english 2.0 2022-07-13
7 revised data collection ol english 2.0 2022-07-13
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Dr. Gerald O
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