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ABSTRACT

Vitamin C also known as ascorbic acid is the main constituents of fruits and green leafy
vegetables. It is an essential antioxidant. Presence of this organic acid plays an important role in
human health. This study therefore intended to determine the level of vitamin C in selected wild
edible plants such as Balanites aegyptiaca, Carrisa spinarium, Dovyalis abyssinica, Ficus
mucuso welw, Opuntia ficus indica, Rubus apetalus, Syzygium giuneens sp., Thymus shimperi,
Utrica simensis and Zzizphus spina-chriti which are commonly consumed around Fiche town.
Acid hydrolysis method of sample preparation was used for plant sample preparation. 6%
trichloro acetic acid solution was used as extraction solvent. In this method bromine water was
used to oxidize ascorbic acid to dehydroascorbic acid. After coupling with 2, 4-dinitrophenyl
hydrazine at 37 °C temperature for three hours, the solution was treated with 85% H,SO4 to
produce a red color complex. Double beam UV-VIS spectrophotometer method was utilized for
investigation of the level of vitamin C in wild edible plants and the absorbance was measured at
515 nm. Based on this method, it was investigated that the content of vitamin C was
0.175 + 1.90 mg/gm to 1.612 + 0.06 mg/g in investigated plants with percent relative standard
deviation of 0.06 to 2.85% values (Utrica simensis 1.612 + 0.06, Thymus shimperi 1.386 + 1.44,
Syzygium guineense sp. 1.274 + 0.78, Doviyalis abyssinica 1.130 + 0.84, Carissa spinarum
0.722 + 1.38, Ziziphus spina-christi 0.531 +1.88, Balanites aegyptiaca 0.402 + 1.99, Rubus
apetulas  0.350 + 2.85 and Opuntia ficus indica 0.175 + 1.14). Validation experiments
revealed good percentage recovery of 98.14, good linearity with R? -values 0.997 within the
established concentration range. The LOD of the method was 0.05 mg/g whereas the LOQ was
0.15 mg/g. This study showed that the vitamin C contents of fruits and leaves sample varied with
fruit and leaf type, and the vitamin C contents of leaves such as Utrica simensis and Thymus
shimperi were higher than some domesticated green leafy vegetables such as cabbage and
mustard spinach, moreover, the vitamin C contents of fruits such as Syzygium guineense sp.,
Dovyalis abyssinica and carissa spinarum were higher than some domesticated citrus fruits like
lemon and orange. The levels of vitamin C in these wild edible plants were comparable with that
of literature value. Therefore, it is recommended that considerable attention should be given to
wild edible plants to supplement food insecurity.

Key word: edible wild plants, fruits, leaves, vitamin C, UV-VIS spectrophotometry.
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CHAPTER ONE

1. INTRODUCTION
1.1. Background of the Study

Vitamins are fundamental components of the diet which are required in minimum amounts in the
body constantly to maintain regular prosperity and diverse physiological limits in the human
body. They are extensively circling in ordinary sustenance sources and can be successfully
familiarized in the weight control plans which satisfy each day's needs. Vitamins are a group of
organic compounds and can be classified into two groups depending on their solubility: fat-
soluble vitamins and water-soluble vitamins. The former incorporates lipid soluble nutrients A,
D, E, and K and various carotenoids. The latter is made up of water soluble vitamins C and eight
B-vitamins, specifically thiamine (B1), riboflavin (B2), niacin (B3), pantothenic acid ( B5),
pyridoxine (B6), biotin (B7), folate (B9), and cyanocobalamin ( B12) (Fatima, Z. et al. 2019).
Vitamins play a very important role in maintaining health (Chimezie, A. et al. 2008),
contributing to a healthy immune system and providing all the nutrients essential for good health.

They have complex biochemistry and play an essential role in human nutrition and health.

Water soluble vitamins (WSVs) are well known for their special role in energy metabolism as
well as in the maintenance of healthy muscles, skin, eyes, hair, and liver. They act as precursors
of coenzyme and enzyme cofactors in different metabolic reactions occurring in the body for
example; lipids, carbohydrates and protein metabolism. Their deficiency or excess in the human
body can cause several metabolic and other health problems such as beriberi, anemia,
neurological diseases, oral lesions, and pellagra. Vitamin C plays a beneficial role in some
health-promoting effects like biosynthesis of collagen, carnitine and hormones, immune
response, iron absorption and its inadequate intake can cause fatal disease scurvy. Some WSVs
also exhibit antioxidant activity especially vitamin C is a well-known food additive because of
this property (Fatima, Z. et al. 2019).

Vitamin C also known as ascorbic acid (AA) is an organic compound having the formula
CsHgOg. It is a valuable food component because of its antioxidant and therapeutic properties. As
a potent antioxidant, it has the capacity to eliminate several different free radicals (Desai, A.P.
and Desali, S. 2019).



It also has important biological and metabolic functions, particularly with respect to its role in
the biosynthesis of connective tissue. Vitamin C aids the metabolism of tyrosine, folic acid, and

tryptophan.

Vitamin C lowers low density lipoprotein (LDL) which is bad cholesterol and triglyceride levels
in the blood, which are both risk factors for heart disease. It is outright vital for cognitive
development of infants during pregnancy, and there are higher dietary requirements of it during
pregnancy and lactation which have to be met wholly through dietary intake of vitamin C and
any deficiency may result in cognitive impairment to the child (Desai, A.P. and Desai, S. 2019).
Vitamin C is also useful as a nutritious food additive, a reducing agent, a stabilizer, and a color
stabilizer. As a result, figuring out what this molecule is crucial for pharmaceutical and
biological purposes. Scurvy, anemia, and numerous infections and mental illnesses are all caused
by a lack of vitamin C in the body. The Food and Drug Administration (FDA) recommendations
for vitamin C intake are 75-90 mg daily for adult females and males, respectively (Hagos, M. et
al. 2022).

Plants rich in fruits, vegetables, whole grains, and legumes, provide an abundance of vitamins
and minerals to meet one’s nutritional needs. The therapeutic potential of the vegetables is
largely dependent on the presence of vital vitamins as well as micronutrients. Even though
vitamin is required in a small amount per day in health, it plays a vital role in our health. The
consumption of leafy vegetables and fruits rich in vitamin C are reported to reduce the risk of
attack of various acute and chronic diseases (Seal, et al. 2017a). Plant-derived vitamin C is of
great interest because of its impact on human health. Vitamin C is essential for metabolism
because of its redox chemistry and role as enzymatic cofactors, not only in animals but also in
plants. It has a strong antioxidant potential. Humans, unlike most animals, are unable to
synthesize vitamin C, thus it must obtained through the diet. The best sources of vitamin C are
fruits and vegetables. Our bodies need vitamin C to make a substance collagen which is
important for the health and repair of our skin, bones, teeth and cartilage. Vitamin C was first
isolated in 1928. In 1932 it was proved to be the agent, which prevents scurvy, a diseased

condition which occurs due to deficiency of vitamin C in the body (Desali, S. 2019).



Different wild edible plants (WEPs) have played a significant role in different geographical
regions of the world throughout human history (Sekeroglu, N. et al. 2006).

Wild vegetables and fruits contribute to people’s food security and health in many rural areas of
the world. According to Dirres A.D. (2016) wild edible plant refers to species that are neither
cultivated nor domesticated but available as wild natural habitat. These wild edible plants are
used as sources of food and can provide food nutrients that are essential for human body
(Ramosweu, P. 1999). Most of these plants are consumed in different forms. Mostly they are
consumed as raw during ripping season. Therefore these underutilized wild edible plants play an
important role in the life of local as well as urban population (El-Gazali, G. E. et al. 1987,
Abdelmuti, O.M.S. 1991; Ohiokpehai, 2003). Since wild plants contain vitamins, minerals and
trace elements, they complement staple foods towards a balanced diet even under normal living
conditions (Dogan, Y. et al. 2013). These plants also provide some useful products like
medicine, fibre, fodder, dyes etc (Kayang, H. 2007). The study of wild edible plants is important

to identify the potential sources which could be utilized as alternative food.

Recent study has proved that these wild edible plants have wide use for dynamic sources of
traditional medicine, nutrition, vitamins, minerals, building materials, fuel and transport
materials. Wild edible plants have always been an essential and widespread food source for food-
insecure families living in poverty in developing countries. Many wild edible plants are rich in
nutrients and vitamin C, which make them particularly valuable in terms of a balanced diet in
communities that have shortage of food. Even if they are common as source of food (nutritional
values, vitamins, minerals and phytochemicals) their contents are not studied well (Osman, M.A.
2004). Thus they are underutilized still now in different area of the country. Therefore nutritional
qualities (vitamin C content) of these underutilized wild edible plants were investigated and
summarized. Recent studies show that chronic diseases are increasing in the world rapidly.
Hence diet and nutrition are factors affecting the promotion and maintenance of health wellness

in the entire life time.

Food security concerns and the remarkable nutritional content of wild edible plants demanded
the investigation of these plants for food contents. Distinctive instrumental techniques have been

utilized for the determination of Vitamin C including direct titration, fluorometric methods,



chromatographic methods, and spectrophotometric methods (Norfun, et al. 2016). Vitamin C has
strong UV absorption, which is the basis of spectrophotometric methods for the quantification of
vitamin C (Elgailani, 1.E. 2017).

Low consumption of vitamin C in diet is one of the major factors which lead to deficiency of
vitamins and other minerals. Vitamin C cannot be synthesized by animals and must be provided
from plants or foods. Considering the inadequate concentration in the diet and the potential of
wild edible plants as a source of vitamin C, the researcher was interested in investigating the
content of vitamin C in ten wild edible plants that are commonly consumed in North Shoa zone

of Oromia Region.

1.2. Statement of the Problems

Vitamins play a very important role in maintaining health (Chimezie, A. et al. 2008),
contributing to a healthy immune system and providing all the nutrients essential for good health.
Diets that do not contain adequate amounts of vitamins often result in vitamin deficiency-related
diseases, including blindness and mental retardation, depending on the particular vitamin that is
lacking. For example, insufficient vitamin C intake causes scurvy, which is characterized by
fatigue or lassitude, widespread connective tissue weakness, and capillary fragility (Sharaa, I.E.
and Mussa, S.B. 2019). Vitamin C is regarded as one of the most suitable dietetic antioxidant
agents since it is naturally available in great quantities in vegetable foods (Moyer, R. A. and
Sellappan, S. 2002).

In Ethiopia and other African countries, there are a number of underutilized indigenous wild
edible fruits and leaves gathered from the wild that play vital roles in the nutrition of the people,
mostly to rural population, but no attention is given to those edible plants in our country. Hence,
there is a need to promote the utilization of these indigenous underutilized wild edible plants.
Growing and using wild edible fruits and leaves is an opportunity that has never been adequately

prospected to alleviate malnutrition and promote food nutrition (Aynachew, T. 2018).

On the other hand, a lot of edibles plants, including many fruits of wild/semi-wild origin and
leaves are known to be periodically consumed by rural communities in Ethiopia. Ethiopia is one
of the developing countries rich in endemic wild edible plants. Common wild edible fruits

include Balanites aegyptiaca (L) (Baddannoo), Dovyalis abyssinica (Koshommii), Ficus



mucuso welw (harbuu), Mimusops kummel bruce (Qolaadi) and Ziziphus spina-christi
(gogorii/qurquraa). Utrica simensis (Doobbii) is common edible wild leaf. Low-income people
depend on edible wild plants both for cash and survival, and can be exploited. Many WEPSs in
Ethiopia were reported as emergency, supplementary or seasonal food sources to prevent food
insecurity in households of Ethiopian cultural groups. For example, the invasive Opuntia ficus-
indica (Cactaceae), was found to be widely exploited for its fruit in many parts of northern

Ethiopia, playing a significant role in food source diversification (Addis, G. et al. 2009).

They are not well studied for their phytochemicals composition, antioxidant capacities, and
nutrient composition of these wild edible plants. This may be the reason why they are
underutilized. Many WEPs are mentioned for their rich sources of AA, natural antioxidants,
carotenoids and folic acid. Generally, the information available from the nutritional analysis of
WEPs shows their potential contribution to dietetic diversity and food security (Lulekal, E. et al.
2011). Lack of scientific information on nutritive values and health benefits of these
underutilized wild edible plants has contributed to the absence of diversified use as a food source
in Ethiopia.

Compared to domesticated plant food sources, wild plant foods tend to be overlooked. However,
there is substantial evidence that indicates the importance of WEPSs in terms of the global food
basket. Many WEPs are mentioned for their rich sources of vitamin C, natural antioxidants,
carotenoids, and folic acid. Generally, the information available from the nutritional analysis of
WEPs shows their potential contribution to dietetic diversity and food security (Lulekal, E. et al.
2011). Even though ethno botanical studies explain the existence of these food sources, the level
of nutrients and vitamin C in these WEPs is not highly researched yet. In other words, in most
parts of Ethiopia, there is a problem with vitamin malnutrition in many communities, especially
in poor rural communities (Balemie, K. and Kebebew, F. 2006). This controversial issue
therefore motivates the researcher to study the vitamin C content of selected wild edible plants

commonly consumed around Fiche town.



1.3. Objectives of the Study
1.3.1. General Objective

The general objective of this research is to study the contents of vitamin C in commonly

consumed WEPs around Fitche town.
1.3.2. Specific Objectives

= To assess the vitamin C content of selected wild edible plants

= Toisolate vitamin C from plant matrices by using preferable extraction methods

= To determine the vitamin C content of selected wild edible plants

= To compare vitamin C content of current work with commonly consumed domestic fruits

and leaves.

1.4. Significance of the Study
The study may help to promote the utilization of WEPs, which are sources of food and nutrients
that are essential for the human body. It may also help to explain the role of WEPSs in the efforts
to achieve food security and aid to explain their potential for food supplementation. It is used
in proper utilization of large accessible biodiversity in our environment. Furthermore, it may be

used as a source of information for those who are in need.

1.5. Scope of the Study

Analysis of the content of vitamin C in WEPSs is necessary to promote its consumption and
nutritional value, especially for communities who live in rural areas in developing countries like
Ethiopia. However, because of the shortage of time and budget for this research, the study was

limited to investigation of ascorbic acid (vitamin C) in ten WEPs consumed around Saka Sole.

1.6. Limitation of the Study
During the journey for sample collection, the researcher lacked access to transportation, a per
diem for each day, and seasonal variation of sample fruits. After all these, the major challenge
was the scarcity of laboratory instruments for sample preparation and analysis, which resulted in

the cost and time-consuming nature of finishing thesis work within the scheduled time.



1.7. Thesis Outlines

The first chapter introduces the project (what it’s all about, what analytical techniques were used,
as well as the gap and what influenced the choice of this investigation). The second chapter gives
a detailed background on vitamins, wild edible plants, sample pretreatment, and methods of
determination of vitamins from WEPs. The third chapter discussed research methodology and
materials used for research and chapter four gives a detailed discussion of results, while the
conclusion and recommendations were described in chapter five. The last section is the reference

section.



CHAPTER TWO

2. REVIEW OF RELATED LITERATURE
2.1. Vitamins

Vitamins are a group of compound, required in small quantity for controlling metabolism and
body functioning. Vitamins are two types, fat soluble (A, D, E, K) and water soluble (B and C).
Different vitamins are necessary for the body to maintain normal health, as reported by the US
National Institute of Health. In recent years, the essential roles of vitamins in human health have
received extensive attention. For people who are at risk of vitamin deficiencies, vitamin

supplementation is regarded as an effective treatment (Zhang, Y. et al. 2018).
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Figure 1 Structure of water soluble vitamins (Tyskiewicz, K. et al. 2018).



2.1.1. Solubility and Stability of Water Soluble Vitamins

The water-soluble vitamins tend to have one or more polar or ionizable groups (carboxyl, keto,
hydroxyl, amino, or phosphate). Vitamin C, thiamin (B1), riboflavin (B2), and biotin (B7) are
poorly stable to oxidation. They must be protected from heat, oxygen, metal ions (particularly
Fe?* and Cu?"), polyunsaturated lipids undergoing peroxidation, and ultraviolet light. Some
vitamins can undergo degradation by reacting to factors in sample storage and/or preparation, for
example; ascorbic acid reacts with plant ascorbic acid oxidase (Ball, G.F. 2005).

Table 1 Solubility and stability of water soluble vitamins (Thermo Fisher Scientific, 2017)

No  Name of vitamins Solubility Stability
1 Thiamine Soluble in water; slightly Stable in acidic solution,
(vitamin B1) soluble in ethanol; insoluble unstable in light or when heated.
in ether and benzene.
2 Riboflavin Soluble in basic aqueous Unstable in light, and heating;
(vitamin B2) solution; slightly soluble in slightly unstable in  basic

water and ethanol; insoluble solution.
in chloroform and ether.

3 Nicotinamide/niacin ~ Soluble in water, ethanol, Stable in acidic and basic
(vitamin B3) and glycerol. solutions; stable when exposed

to air.
4 Nicotinic acid Soluble in water. Stable in acidic and basic
(vitamin B3) solutions; stable when exposed

to air.
5 Pantothenic acid Soluble in water, ethanol, Unstable in acidic and basic
(vitamin B5) alkali carbonate hydroxide solutions; unstable when heated,

solution and alkali solution; calcium salt is stable.
insoluble in ether.

6 Pyridoxine/pyridoxal Soluble in water, ethanol, Stable in acid solution; unstable
hydrochloride methanol, and acetone; in alkali solution.
(vitamin B6) insoluble in ether and
chloroform.




Table 1 (Continued)

7 Folic acid Soluble in alkali solution; Stable when exposed to air;
(vitamin B9) slightly soluble in methanol; unstable when exposed to light.
insoluble in water and
ethanol.
8 Ascorbic acid Soluble in water; slightly Unstable when exposed to air.
(vitamin C) soluble in ethanol; insoluble
in ether.
9 Cyanocobalamine Soluble in water and Unstable in alkali and strong
(vitamin B12) ethanol; insoluble in ether, acid solutions.

acetone, and chloroform.

2.2. Ascorbic Acid
Vitamin C also called L-Ascorbic acid, has molecular weight 176.12 g/mol, 300 g/L at 20 °C
solubility in water, less soluble in alcohol (20 g/L at 20 °C) and insoluble in chloroform, ether

and benzene (Velisek, J., Cejpek, K. 2007). The structure of ascorbic acid is as follow.

Figure 2 Structure of Ascorbic acid

L-ascorbic acid is a white to very pale yellow crystalline powder with a pleasant sharp acidic
taste. Almost odorless (NTP, 1992). L-ascorbic acid or Vitamin C has many roles in our body
and has been linked to impressive health benefits. It is also called ascorbic acid. It is water
soluble and found in different fruits and vegetables, including strawberries, kiwi fruit, bell
peppers, kale, broccoli, spinach, lemon and as well in underutilized wild edible plants. The
recommended daily intake for vitamin C is 90 mg for adult men and 75 mg for adult women.
Children require around 15-45 mg daily and adolescents 6575 mg, while infants (12 months or
less) require 40-50 mg daily (Whitney, E.N. and Rolfes, S.R. 2015).

2.2.1. Significance of Vitamin C

Vitamins are a class of nutrients that are essentially required by the body for its various
biochemical and physiological processes. Popular literature suggests vitamins as a class of

nutrients that are essentially required by the body for its various biochemical and physiological
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processes. Vitamin C helps in metabolism of tyrosine, folic acid and tryptophan (Igbal, K. et al.
2004). It regulates blood cholesterol level and helps in the synthesis of the ascorbic acid carnitine
and catecholamine that regulate nervous system (Elgailan, 1.E. et al. 2017). Ascorbic acid is an
antioxidant that protects the body from the harmful effects of free radicals and pollutants.
According to Grosso, G. et al. (2013), vitamin C is of paramount importance in the formation
and maintenance of the collagen and as a powerful antioxidant (Elgailan, I.E. et al. 2017),
protecting the body against oxidative stress, and present in the human diet as a vital vitamin.
Previous studies have shown that vitamin C is essential for the natural synthesis of dopamine in
the human body. On the other hand, large doses of ascorbic acid proved to reduce the risk of
kidney stone formation in women. The deficiency of vitamin C compound in the body result in
causing scurvy, anaemia and various infection and mental disorders. However, Pisoschi, et al.
(2014) argued that vitamin C if excessively consumed can cause gastric irritation, and some of its
metabolites like oxalic acid, causes renal problems. Furthermore, it may result in the inhibition
of natural processes occurring in food and can contribute to taste/aroma deterioration in food and

beverages if in excess.

2.3. Wild Edible Plants

Wild edible plants are those plants with edible parts that grow naturally on farm land and on
fallow or uncultivated land (Dansi, A. 2008 and Duguma, H.T. 2020). Different wild edible
plants have played a significant role in different geographical regions of the world throughout
human history (Sekeroglu, N. et al. 2006). They may have remarkable nutrient values and can be
an important source of vitamins, fibers, minerals, and fatty acids; they may also show important
medicinal properties. Wild edible plants have always been an essential and widespread food
source for food-insecure families living in poverty in developing countries. They are also
important for many communities in rural villages and even those in urban areas, especially
among the poor and marginalized. Wild edible plants are of crucial importance in all parts of the
world in supporting the global food basket (Chakravarty, S. et al. 2016). According to Lulekal E.
et al. (2011) about one billion people in the world use wild foods (mostly from plants) on a daily
basis. Although many wild edible plants are used as a food supplement or as a means of survival
during drought and famine, the importance of wild edible plants has been overlooked by the

majority of the rural population (Yves, G. and Dechassa, L. 2000).
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Ethiopia is known as the biodiversity hotspot and centre of origin and diversification for a
significant number of food plants and their wild relatives. The wide range of climatic and
edaphic conditions permitted the growth of a variety of wild edible plants (Addis, G. et al. 2005).
Ethiopia is one of the developing countries which depend on wild edible plants to fulfill
nutritional needs in addition to domesticated cultivars, especially in poor rural communities
during periods of food scarcity. In most parts of Ethiopia, wild edible plants are a recovering part
of the feeding habits of many communities. Lulekal et al. (Chakravarty, S. et al. 2016) noted that
about 413 kinds of WEPs are consumed in Ethiopia. Thus, many rural people of Ethiopia usually
feed on wild edible plants for survival during food shortages. The findings of the study
conducted in Yayo forest show that indigenous fruits, vegetables, and tubers can make a positive
contribution to food and nutrition security, as they are well adapted to local environmental
conditions. Increasing the production of these underutilized food plants in farmer’s home
gardens and promoting their consumption could contribute to a more sustainable approach to
prevent protein/energy malnutrition and micronutrient deficiencies (Duguma, H. T. 2020). Wild
vegetables can constitute important local commodities fetching high prices on local and regional
markets and as such contribute to local cash income. Research has shown that many of the wild
edible plants have been found to be rich sources of one or more of the nutritionally important
substances, such as proteins, carbohydrates, vitamins, and minerals. Besides the dietary
substances, some of them also contain considerable amounts of a variety of health-promoting
compounds, such as phenolic compounds (Seifu, T. et al. 2017).

2.4. Wild Edible Plants and Their Role in Combating Food Insecurity

Wild edible plants are with one or more parts that can be used for food if gathered at the
appropriate stage of growth, and properly prepared. Plants have been the source of food materials
from the dawn of human civilization (Shaheen, S. et al. 2017). For instance, about 300 million
people obtain part or their entire livelihood and food from wild, forests in the world (DMP,
1982). Over 70% of the wild edible plants are consumed when food scarcity is high and at times
of starvation (Teklehaymanot, T. and Giday, M. 2010). On the other hand Addis, G. et al. (2005)
stated that wild plants in Ethiopia are used as source of food both at times of plenty and of food
shortage. Despite agricultural the fact that societies primarily rely on crop plants, the tradition of
eating wild plants has not completely disappeared, their nutritional role and health benefits being
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reported in many surveys worldwide. Thus, wild edible plants still play an important role in
human nutrition especially in the time of starvation (Mavengahama, S. et al. 2013). Globally, an
estimated 1.02 billion people are undernourished (FAO, 2009). Wild food plants are of high
nutritional content such as protein, vitamin B2, and vitamin C, which used as alternatives to
conventional vegetables in the human diet (Mengistu, F. and Hager, H. 2008). According to
many sources, the amount of vitamins, minerals and other nutrients in wild food is on the
average greater in cultivated foods (Hinnawi N.S. 2010). Research supports that some of these
foods, as part of an overall healthful diet, have the potential to delay the onset of many age-
related diseases (Arnold, 1995 cited in Khanal, 2006). According to FAO (2010), more than 35%
of Ethiopian people are food insecure. The country’s ever increasing population along with
recurrent drought, war and poor agricultural practices with low productivity, have pulled the
country into a vicious circle of food insecurity. In addition, over dependence on a limited number
of food sources and poor efforts to diversify dietary sources aggravate the country’s food
insecurity problem. Many WEPs in Ethiopia were reported as emergency, supplementary or
seasonal food sources to prevent food insecurity in households of Ethiopian cultural groups.
However, consumption of wild edible plant is more common in food insecure areas than in other

areas in the country (Teklehaymanot, T. and Giday, M. 2010).

Many WEPs are mentioned for their rich source of vitamin C. According to many of the research
done, fruits are a valuable source of anticancer and anti-mutagenic substances, or substances
which help protect against cardiac disorders. Those diseases often result from oxidation changes
due to free radicals that damage lipids, proteins, and nucleic acids. Vitamins C contained in fruit
have antioxidant features and can play an important role in the prevention of many diseases
(Jablonska-Rys, E. et al. 2009).

Despite the wide availability and utilization of WEPs in Ethiopia, information on food contents
and nutritional values of Ethiopian plants is limited. Hence, there is still a need for nutritional
analysis and domestication of WEPs to assist in the nationwide effort to combat food insecurity
and ensure dietetic diversity. For example, invasive Opuntia ficus indica (Cactaceae), was found
to be widely exploited for its fruit in many parts of northern Ethiopia, playing a significant role
in food source diversification (Addis, G. et al. 2009). The fruits of this plant are also sold in
many local markets in the Tigray and many part of Ethiopia along with other cultivated food
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sources such as potato, carrot, bean and maize. Hence it is important that policy and decision
makers consider all available ethno botanical information on Ethiopian WEPS so as to develop
regional and national plans for the conservation, management and sustainable utilization of the
country’s underused wealth of WEPs (Lulekal, E. et al. 2011).

2.5. Wild Edible Plants Under Investigation

The study concerned with ten potent commonly consumed wild edible plants. Here under were
the details of wild edible plants under investigation.

Table 2 Wild edible plants under investigation

Afaan Family Plant scientific name  Habitat Parts  Modes of
S.No Oromoo used consumption
1 Adaamii Cactaceae Opuntia ficus Shrub  fruit Ripe fruits are
indica(L) eaten raw
2 Agamsa Apocynaceae  Carissa spinarum Shrub  fruit Ripe fleshy fruit
eaten raw
3 Baddannoo Balanitaceae Balanites aegyptica Tree fruit Ripe eaten raw
4 Doobbii Utricaceae Utrica simensis Herb Leaf Cocked
5 Goosuu Myrtaceae Syzygium  guineens Tree fruit Ripe fruits eaten
sp. fresh & raw
6 Goraa Rosaceae Rubus apetalus Shrub  fruit Ripe fruits eaten
raw
7 Harbuu Moraceae Ficus mucuso welw.  Tree fruit Ripe fruits are
eaten raw
8 Koshommii Salicaceae Dovyalis abyssinica ~ Shrub  fruit Ripe fleshy fruit
eaten raw
9 Qoqorii Rhamneceae  Ziziphus spina-christi  Tree fruit Ripe fruits eaten
raw
10 Xoosinyii  Lamiaceae Thymus shimperi Herb Leaf Cocked

1. Dovyalis abyssinica (Koshommii-Afaan Oromoo)

According to Bekele,T. A. and Tengnas, B. (2007) it is an indigenous plant shrub locally known
as Koshommii (Afaan Oromoo). This evergreen spiny shrub or tree has height to 10 m, crown
rounded. Its bark is grey, spines to 4 cm long. Branch lets with very clear dotted breathing pores

and leaves with shiny, dark green, oval, to 5 cm, tip blunt, edge unevenly rounded.
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This shrubs flowers are green sepals, females single but male flowers in clusters with many
stamens that has fruit which is round berry about 2 cm across, surrounded by the calyx, green
and hairy at first then smooth orange-yellow, with edible sweet sour around the seeds.
Micronutrient analysis demonstrates the fruit to be an appreciable source of minerals such as
potassium, phosphorus and sodium as well as vitamins such as thiamine, riboflavin and niacin.
Other micronutrients reported in moderate amounts include; copper, iron and calcium (Waweru,
D.M. et al 2022).

Dovyalis Ab. shrubs with fruits ripe and unripe fruit ripe fruit of Dovyalis abyssinica.

Figure 3 Dovyalis abyssinica plant.

2. Carissa spinarum (Agamsa — Afaan Oromo.)

It is a spiny shrub or small tree growing up to 5 m found in the study site. It grows in dry and
midland climatic zones. Bark is grey, smooth with straight woody spines to 5 cm, often in pairs,
rarely branching and milky latex. Leaves are opposite, leathery, shiny dark green to 5 cm, tip
pointed, base rounded, stalk very short. Flowers are fragrant, in pink-white terminal clusters,
lobes overlap to the right. Flowering begins in March and fruit ripen during late autumn to
summer. Studies showed that this wild fruits have higher values of carbohydrate, fiber, fat,
protein, minerals such as Fe, Ca, K, P, Mn and Zn and different vitamins (Siyum, Z.H. and
Miresa, T.A. 2021).
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Ripe fruit of Carrisa spinarum.  Unripe fruit of Carrisa spinarum  Carrisa spinarum fruit

Figure 4 Carrisa spinarum plant.

3. Syzygium guineenses (Goosuu-Afaan Oromoo)

The species of Syzygium is a tree growing to 12 m in favorable conditions, but remain at 5to 8 m
producing edible berries. Berries are deliciously eaten by monkeys, apes, birds or other wild
animals including humans. Shepherds collect, eat and take home to share the trophy with family
members and friends in the seasons. Flower in February and give blue black ripen berry fruit in
April and May which eaten fresh and propagated from seeds. Those grown near river bank can
give ripen fruit even in dry season. This wild edible fruit contain high concentrations of Ca, Mg,
Fe, K and P (Saka, J.K. and Msonthi, J.D. 1994). Syzygium guineense is included among the
African plant species that are active against malaria. Its bark is used in traditional medicine to

treat gastro-intestinal upsets and diarrhea (Amusan, O.0O. et al. 2002).

Tree of Syzvgium guineense Syzygium guineense with fruit  Ripe fruit of syzygium guineens
Figure 5 Syzvgium guineense tree with fruit.
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4. Ficus mucuso welw (Harbuu-Afaan Oromoo)

Ficus mucuso welw also known as Ficus capensis thunb (harbuu Afaan Oromoo) is a tree of
variable height (4 to 9 m). It is an indigenous plant family of Moraceae, is widespread in
Ethiopia. It has spherical crown, often low-branched leaves and widespread in tropical Africa
and South Africa of variable species. Ficus capensis also known as the Cape Fig and is a native
of tropical Africa and the Cape Islands. The plant is a deciduous tree with spreading roots and
branches and broad green leaves. Ficus capensis produces fleshy fruits all year round in a single
or branched raceme along the trunk and the main braches (Pawlos, Z. et al. 2021). Furthermore,
Ficus mucuso welw fruits might be used as a good source of vitamin A, essential minerals such

as Ca, Mg, K and Fe for good health. The fruit helps to maintain acid alkali balance for the

human body, used as blood purifier and also in the treatment of skin infection (Modi, S.K. et al.
2013).

Tree of Ficus mucuso w. Ripe Ficus mucuso w. edible part of Ficus mucuso w.

Figure 6 The species of Ficus mucuso welw.

5. Opuntia ficus indica (Adaamii-Afaan Oromoo.)

Opuntia ficus-indica is a large, trunk-forming, segmented cactus that may grow to 5 to 7 m with
a crown of over 3 mm diameter and a trunk diameter of 1 m large pads are green to blue-green,
bearing few spines up to 2.5 cm or may be spineless. Typically grow with flat, rounded cladodes
also called platyclades containing large, smooth, fixed spine. This plant survives the drought due

to its succulent leaves. This fruit is a good natural reservoir of sugar, minerals such as Mg, Ca
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and K whose nutritive components and antioxidants such as vitamin C can be used as food

supplements (Chiteva, R. and Wairagu, N. 2013).

Opuntia ficus-indica plant Ripe fruit of Opuntia ficus-indica

Figure 7 The species of Opuntia ficus indica.

6. Rubus apetalus (Goraa-Afaan Oromoo)

A shrub in the Rosacea family, 1 to 3 m tall, with branches hanging down and sickle-shaped
thorns. Leaves are green, odd-pinnate; flowers are made up of five petals, without fragrance
glands on the bottom. Stems are smooth with 1 to 3 pink flowers 5 cm in diameter. Flowers have
a large amount of pollen and are therefore attractive to bees. Rosehip has small, dry, one-seeded
fruits (hips) red to orange in colour, which may range from dark purple to black in some species.
Blooming period is in June, ripening from late summer to autumn. Study showed that the specie
Rubus apetulas fruit contain high amount of minerals such as Ca, Fe, Zn, vitamin A and hold up
to 10 times more beta-carotene than mango (Mangifera indica) (Aragaw, H.S. et al. 2021).

Figure 8 Rubus apetalus shrub with fruit.
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7. Ziziphus spina-christi (Qoqorii- Afaan Oromoo)

Ziziphus spina-christi is a plant species that has edible fruits and a number of other beneficial
applications that include the use of leaves as fodder. It is a spiny shrub or small tree (Figure 9). It
is known to be drought tolerant and very resistant to heat. It is evergreen but can drop some of
its leaves during very dry seasons. The tree can reach a size of 5 to 10 m and a trunk diameter of
up to 45 cm. The bark is whitish brown or pale grey and is deeply fissured. The crown is rounded
or umbelliform with dense branches that spread widely and have a tendency to weep at the ends.
Spines are light brown in colour and paired, with one of each pair being up to 8 mm long,
straight and directed forward while the other is shorter and slightly curved. Fruits are collected
by women and children and sold on local markets. Fruits are consumed either fresh or dried.
Analysis of bioactivities and chemical composition of Ziziphus spina-christi indicated that it
contain carbohydrate, protein, starch and minerals indicating their nutritional value for both
human and animals (Mariod, A.A. 2019). Ziziphus plants have been widely used in traditional

medicine for curing many diseases including diabetes, tuberculosis and anaemia.

Ziziphis spina-christi tree Ziziphis spina-christi fruit

Figure 9 Ziziphis spina-christi tree and fruit.
8. Balanites aegyptiaca (Baddannoo-Afaan Oromoo)
Balanites aegyptiaca also called desert date belongs to the family of Balanitaceae and species of
the genus Balanites aegyptiaca is spiny shrub alternately tree, generally conveyed on dry area

regions about Africa and South Asia. It is widespread in most arid, semi-arid to sub-humid

tropical Savannas in Africa.
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The Balanites aegyptiaca tree reaches 10 m in height with a generally narrow form. The
branches have long, straight green spines arranged in spirals. The dark green compound leaves
grow out of the base of the spines and are made up of two leaflets which are variable in size and
shape. The fluted trunk has grayish-brown, ragged bark with yellow-green patches where it is
shed. Analysis of chemical composition of Balanites aegyptiaca indicated that it contain protein,
sugar, minerals and vitamins indicating their nutritional value for human (Mariod, A.A. 2019).
Balanites aegyptiaca fruit also used as medicinal plant which decreased the blood sugar content
and could be considered as a high potential anti-diabetic product.

|
|

Figure 10 Balanites aegyptiaca tree and its fruit.

9. Utrica simensis (Doobbii- Afaan Oromoo)

Urtica simensis is a dark green perennial wild plant that has been used for food in the past,
especially during droughts. It has a lot of promise and can help with food security by meeting
human nutritional needs. Urtica simensis is well known for its stinging hairs that grow beneath
the stems and on the lower leaf surface. The plant is completely covered in stinging hairs. Herbal
nettles are one meter tall, dioecious, erect, and non-branched. The leaves are opposite and
simple, with united stipules and interpetiolar lengths of 0.5 to 1 cm. The leaves are slightly
cordate at the base, broad and sharp at the apex, and serrated at the border. It is a dark green
perennial plant whose leaf is used as food by various ethnic groups in Ethiopia (Tsegaye, W. et
al. 2008). It is common in North Shoa zone of Oromia. Leaves are cooked with water and eaten
with traditional flatbread made out of teff flour. The leaf of this plant is also used for the
treatment of various diseases. For example, the leaves are used for the treatment of gastritis. The
leaves of Urtica simensis contain a significant amount of dietary and health important

biochemicals.
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In particular, the leaves are found to be rich in carbohydrates, minerals, moderate fat (essential
fatty acids) (Bayba, K.B. et al. 2020).

Figure 11 Utrica simensis plant.
10.Thymus shimperi (Xoosinyii- Afaan Oromoo)

Thymus schimperi, known by the local language name Tosegn is indigenous into northern
Ethiopia and Oromia, which is a small perennial herb shrub of very high altitude areas. The herb
which is wild, though not yet cultivated, is a useful condiment. It is also reportedly used in the
control of gonorrhea. Furthermore, when it is added to boiling water and drunk, it helps against
cough and liver disease. As a spice, Thymus shimperi is dried, ground and mixed with other
spices that are used in the preparation of pepper (ripen, dried and ground pepper) and “Shirro”
(powder form of roasted and ground legume grains). In some provinces, it is used to flavor tea or
drunk alone as tea (Kassegn, H.H. and Mekelle, E.P. 2016). Thymus leaves offer significant
levels of quality phytonutrients profile. 100 gm. of fresh leaves provides (% of RDA), 38% of
dietary fiber, 27% of vitamin B6 (pyridoxine), 266% of vitamin C, 158% of vitamin A, 218% of
iron, 40% of calcium, 40% of magnesium, and 75% of manganese but zero cholesterol (USDA

National Nutrient data base).

21



Figure 12 Thymus shimperi herb.

2.6. Nutritional Content of Wild Edible Plants

Plant-derived vitamins are of great interest because of their impact on human health. They are
essential for metabolism because of their redox chemistry and role as enzymatic cofactors
(Asensi-Fabado, M.A. and Munne Bosch, S. 2010). Many local people in the world were living
near the forest use the wild edible plants as food resources. These are free and easily collected by
the local people as a good source of nutrients and vitamins (Suwardi, A.B. et al. 2018). Research
has shown that many of the wild edible plants have been found to be rich sources of one or more
of the nutritionally important substances, such as proteins, carbohydrates, vitamins, and minerals.
Besides the dietary substances, some of them also contain considerable amounts of a variety of
health promoting compounds, such as phenolic compounds. WEPs have high nutritional contents
such as protein and vitamin C, which are used as alternatives to conventional vegetables in the
human diet (Duguma, H.T. 2020). They are an overlooked source of vitamins and minerals that
could help combat malnutrition. More than a thousand wild growing edible plants have been
identified that could supply vitamins from the B group — thiamine (B1), riboflavin (B2), niacin
(B3), pantothenic acid (B5) and folate (B9), vitamin C and fat soluble vitamins (Cantwell Jones,
A. etal. 2022).

Leaves, stems, fruits, flowers, tubers, barks, seeds, roots, and so on, of lots of wild edible plants
are still consumed for their dietary value in many communities around the globe. Some of these
wild edible plants are used as primary food sources while others are used as secondary
condiments in dishes prepared from domesticated cultivars (Tyrona Lockett and Louis E
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Grivetti, C. 2000). These plants play an important role as a source of energy and micronutrients
(Afolayan A.J. and Jimoh, F.O. 2009). In addition, Becker (1983) reported the presence of
vitamins A, B2, and C in wild edible plants of Senegal. Research on six wild edible plants from
Spain also confirmed the occurrence of lipids, fatty acids and carotenes in the leaves of these six
investigated wild plants (Guill-Guerrero and Rodriguez-Garcia, 1. 1999). Protein content in a
proportion that is comparable to the amount in domesticated plants was also reported from a
nutritional study of wild edible plants in South Africa (Afolayan A.J. and Jimoh, F.O. 2009). A
study on the dietary value of eight wild edibles in Iran and India also showed the presence of
sodium, calcium, potassium, iron, zinc, protein, and fat in a ratio comparable to that found in
cultivated plants (Aberoumand, 2009). Many wild leafy vegetables are also mentioned for their

rich source of vitamin C, natural antioxidants, carotenoids and folic acid (Luczaj, 2010).
2.7. Determination of Vitamins in Wild Edible Plants

2.7.1. Sample Preparation of Plant Materials for Chemical Analysis
Plant material is a very complex matrix composed of a great variety of organic compounds.
Sample preparation, even for chromatographic techniques of high separation power, is a difficult
process composed of many operations. The basic operations include prewashing, grinding which
is aimed at obtaining a homogenous, dividing a sample in such a way that representative
subsamples are obtained, centrifuging, drying the extract, solvent evaporation, and extract
cleanup (Romanik, G. et al. 2007). Before sample preparation starts, the sampled plants fruit and
leaf must be pre-processed. At this stage, the plants must be washed with tap and deionized
water, then dried to remove moisture for preservation, preventing bacteria activity and restricting
fungal growth. To increase the surface area of the dried plant materials for improved contact with
the solvent during the subsequent extraction process, the dried plant must first be ground. An
increased surface area of the dried plant materials will improve the performance of the extraction
process. The particle size of the milled plants is one of the factors that can affect the extraction
yield (Mohammed Azmin, S.N. et al. 2016). A crucial step of sample preparation is selective
isolation and enrichment requiring very sophisticated operations when trace components in

inherently complex plant matrices are to be determined (Zygmunt, B. and Namiesnik, J. 2003).

A basic knowledge of plant structure is necessary before collecting samples. When drawing
samples of fresh fruits, sampling should be carried out in such a way that the samples represent
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the lot. Sampling should be done in a clean area to minimize the risk of contamination. Samples
should be taken randomly, i.e., minimum of three plants from various locations (top, middle and
bottom). The sample should not be overfilled the sample container or permit punctures by wire
closure. Sample containers must be securely sealed after filling so that they cannot leak or
become contaminated during normal handling. The packaging of the samples should be done
directly at the site of sampling to avoid the possibility of contamination. Samples must be well
packaged to maintain their integrity. Shipping containers and packaging material should be an
insulated container of sufficient capacity. Appropriate packing materials such as paper bag, or
any other suitable material should be needed to secure samples within the shipping container.
Plastic containers filled with refrigerant or well frozen ice packs in plastic bags should be used to
keep sample units cool. Dry ice is needed to keep frozen samples in a frozen state (ISO 874:
1980: Fresh Friuts and Vegetables Sampling). In the case of sampling leaf, the most recent
mature leaf (MRML) should be sampled because it is the first fully expanded leaf below the

growing point. It is neither dull from age nor shiny green from immaturity.

2.7.2. Sample Pretreatment Methods

Due to their chemical instability, particular attention should be given to sample pretreatment
procedures while analyzing WSVs. There are different factors involved in the degradation of
vitamin C and their different bioactive forms (Farah, H.S. et al. 2020). Light, either in the form
of sunlight or white fluorescent light, can have an effect on the stability of vitamin C, when
exposed to light it has been found to lose vitamin C. Vitamin C or ascorbic acid is relatively
stable in dry air, but is unstable in the presence of moisture. Ascorbic acid is readily oxidized in
aqueous solutions, first forming dehydroascorbic acid, which is then further and rapidly
oxidized. The rate of ascorbic acid degradation in aqueous solutions is pH dependent (Moura, T.
et al. 1994). If the ascorbic acid sits in a very acidic environment there will be a lot of protons
around it. This could slow down the reaction. It has been found that the reaction takes place
fastest at a pH of 4 (The nutrition handbook for food processors). At a pH higher (thus more
alkaline) or lower (thus more acidic), the reaction will proceed more slowly. Oxygen is known to
be a very good oxidizer. When left open to the air, which contains oxygen, ascorbic acid is prone
to oxidation. Hence, if no oxygen is present, less oxidation of ascorbic acid will take place
(Jutkus, R.A. et al. 2015). Vitamin C losses can occur during the frozen storage of foods, and
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work has shown that oxidation of ascorbic acid is faster in ice than in the liquid water (Herbig,
A.L. and Renard, C.M. 2017). Hence, proper care must be given during storage of plant sample
for vitamin C analysis. Trace heavy metals such as Cu, Fe and Zn ions act as catalysts to the
degradation of ascorbic acid. They don’t actually get used during the reaction, but can serve as

temporary storage place for electrons (Fatima, Z. et al. 2019).

As a precaution, all sample and standard preparation should be carried out under subdued lights,
using amber glass wares and maintaining optimum pH and temperature range during the entire
cycle of analysis for more precise and accurate results. Furthermore, the utilization of
appropriate stabilizers/antioxidants such as TCEP (tris(2-carboxyethyl)phosphine) is also
recommended for some vitamins such as vitamin C in order to prevent its oxidation. A complex
and well-optimized method is often required to extract vitamins from natural complex matrices,
like biological fluids and foods of plant and animal origin, because vitamins frequently interact
with other compounds such as protein, carbohydrates and phosphate groups (Fatima, Z. et al.
2019).

2.7.2.1. Sample Preparation Methods for Analysis of Vitamins in Wild Edible Plants

Sample preparation requires precise handling and manipulation of samples from the time they
enter the lab until the vial is placed on the tray. The development of modern sample preparation
techniques has significant advantages over conventional methods, in terms of reduction in
organic solvent consumption and in minimizing sample degradation (Kothari, V. et al. 2012).
They also result in the elimination of undesirable and insoluble components from the extract.
The modern methods includes microwave assisted extraction (MAE), ultrasonication assisted
extraction (UAE), supercritical fluid extraction (SFE), solid phase micro extraction (SPME)
(Teng, H. et al. 2009) etc.

Furthermore, elimination of additional sample clean-up and concentration steps before analysis,
improvement in extraction efficiency, and selectivity are also the benefits of modern processes
(Kothari, V. et al. 2010). The selection of method to isolate active components with best yield
and highest purity from natural sources is mainly dependent on the nature of compounds and raw
material which is going to be processed (Kothari, V. et al. 2009). In recent years, the most

reported applications of dispersive liquid-liquid micro extraction (DLLME) have focused on
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more complex matrices such as wine, fruit and juice, honey, milk, wastewater, as well as

pharmaceutical and biological samples (Saraji, M. and Boroujeni, M.K. 2014).

2.7.2.2. Sample Preparation Method for Analysis of Vitamin C in Plants

Due to its chemical instability, particular attention should be given to sample pretreatment
procedures while analyzing vitamin C. As a precaution, all sample and standard preparation
should be carried out under subdued lights, using amber glass wares and maintaining optimum
PH and temperature range during the entire cycle of analysis for more precise and accurate
results. Furthermore, the utilization of appropriate stabilizers or antioxidants are also

recommended for some vitamins such as vitamin C (Fatima, Z. et al. 2019).

Acid hydrolysis method can be used to extract vitamin C from fruit sample. Acid hydrolysis has
been used to release bonded vitamins into their free form and for reduction of number of possible
vitamers. The most commonly used acids for acid hydrolysis includes hydrochloric acid (HCI),
per chloric acid (PCA), metaphosphoric acid (MPA) and sulphuric acid. 5% MPA has been
widely used for extraction of vitamin C with high recovery because MPA precipitates protein
and also ensure the stability of vitamin C as compared to other acids (Chebrolu, K.K. 2012).
Acid hydrolysis is a comparatively simpler and time saving approach for the extraction of

vitamin C and gives better quantitative results (Fatima, Z. et al. 2019).
2.7.2.3. Sample Preparation Methods for Analysis of Vitamin C in Wild Edible Plants

Several techniques would be used in sample preparation for WSVs in WEPSs, ranging from
classical procedures like weighing, dilution, and filtration, to relatively new technologies of
sample preparation which is quick, easy, cheap, effective, rugged, and safe. Solid phase
extraction (SPE) based methods are frequently used as clean-up and pre-concentration steps
before determination of WSVs (Chamkouri, N. 2015). SPE can be an advantageous approach
because of its ability of modification according to studied compounds. New SPEs have been
fabricated and employed for vitamin C analysis recently, by using different adsorbents based on
well-defined chemical and physical characteristics (nature of the matrix, porosity, surface area,

selectivity, durability, and reproducibility) (Chamkouri, N. et al. 2015).
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2.7.3. Analytical Techniques Used for Analysis of Vitamin C in Wild Edible Plants.

The development of rapid, simple, and inexpensive analytical methods is the areas of growing
interest, in environmental and industrial fields. Many analytical methods can be used for the
quantitative determination of vitamin C content in fruit and leaf sample, such as:
spectrophotometry, biological methods, electrochemical methods (voltametry, fluorometry, and
potentiometry) and chromatographic method (Khan, M.R. et al. 2006). Vitamin C is usually
analyzed by classical techniques such as volumetric methods - titration), potassium iodates or
bromate (Matei, N. et al. 2004). Spectrophotometry is one of the most frequently used simple
methods, because vitamin C is able to absorb UV ray (Fadhel, D.H. 2012). Direct ultraviolet
(UV) spectrophotometry can provide a fast, simple and reliable method for the determination of
vitamin C. UV Spectrophotometry is mostly used to determine vitamin C because it is simple
method, and Vitamin C is able to absorb UV rays. Since Ascorbic acid is able to absorb UV rays
(Elgailani, 2017), the method is suitable for use with vitamin C tablets, fresh or packaged fruit
juices and solid fruits and vegetables. Table below shows the application of UV-VIS.

Spectrophotometry for the determination of ascorbic acid from plant matrices.

Table 3 Quantification of Vitamin C in five fruits using UV Spectrophotometer (Desai, A.P.
2019, Mohammed, Q. Y. et al. 2009)

O o — — a = [%]

K<) 'S £ c == QL © ° 8
2 E s 2 2 5E EL £ 53
73 h 0= <GB >0 hoseE =3
1 Star Phyllantus acidus 0.0829

gooseberries Acid
2 Mulberry Morus Nigra 0.418 hdrolysis UV-VIS

method spechtrophoto
3 Karanda Carissa carandas 0.4468 using metry
|4 Black currant Ribes nigrum 4.4683 MPA.

5 Grape Vitis vinifera 0.0558

MPA — Meta Phosphoric Acid

Generally, recently, different methods for determination of vitamins in various types of samples
have been proposed. The key roles of these methods are played by sample preparation
techniques, and the main efforts in this field have been focused on the optimization of the

preparation, extraction and clean-up steps and on the enhancement of the environmental safety of
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these procedures. The method with the most promise in achieving these goals is micro extraction
methods. The main advantages of this approach is its good compatibility with high throughput
multi residue analytical procedures and it’s relatively low cost. Therefore, these techniques are
expected to have the most pronounced development in the future. The currently proposed
analytical approaches for the detection of vitamin C in this study was mainly based on UV-VIS

spectrophotometry.
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CHAPTER THREE

3. METHODS AND MATERIALS
3.1. Description of Study Area

Sample was collected from the nearby forest near Fiche town, in particular, a place called Saka
Sole, one of the district in Wadesa Amba kebele which is 15 km from Fiche town, the capital of
the North Shoa zone. Wadesa Amba is found in Girar Jarso Woreda, one of the districts of North

Showa Zone, Oromia National Regional State. This district has Latitude: 9.81 North, Longitude:
38.79 East and Altitude: 1,866.00m/6,122.05F. The Woreda lies along the highway to Amhara

National Regional State in the Northwestern direction at a distance of 112 km from Addis
Ababa. It shares border with Amhara Region in the North, Yaya Gullalle Woreda in the East, and
Debre Libanos Woreda in the South and Degem Woreda in the West. The total area of the
Woreda is about 3,321.25 hectares. The altitude of the Woreda ranges from 2,738 to 2,782
meters above sea level. The woreda is located between the longitudes of 9°45'18" and 9°48'42"N
and the latitudes of 38°48'28-38°42'54"E. According to Fiche Station meteorological data the
average rainfall amount of the Woreda is about 1,200 mm, and maximum and minimum rainfall
is about 1,115 mm and 651 mm, respectively. Temperature of the woreda ranges from a
minimum of 11.5 °C to a maximum of 35 °C according to Girar Jarso Woreda Agricultural

Office. Growth forms of WEPs comprise trees, shrubs, herbs and climbers.

Nagr of Nowth
~lome

+

Figure 13 Map of Ethiopia, Oromia, North Shoa, Gerar Jarso woreda and study kebele.
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3.2. Research Methodology

Samples were collected from different plants depending on the availability and maturity of edible
parts. For each fruit and leaf samples, a mixed and composite sampling strategy was applied. The
sampled plants fruit and leaf was pre-processed. At this stage, the samples were washed with tap
and deionized water then put in the refrigerator until analysis.

3.3. Chemicals and Reagents
All standards, reagents and solvents were of analytical grade. Analytical reagent-grade sulfuric
acid (H,SQO,4) 98% (Ranbaxy, India), meta phosphoric acid (M-H3PQO,) 65.5% (Ranbaxy, India),
2,4-DNPH (CgHgN4O4) (Merck, India), thiourea (CH4N,S) (Merck, India), saturated Bromine
solution (Merck, India), trichloroacetic acid (TCA) (C,HCI3;0,) (Ranbaxy, India) and ascorbic
acid standard 99.9% (CsHgOg (Merck, India)), deionized water (conductivity 0.055 uS).

3.4. Apparatus and Instruments
The equipment used to conduct this study were: Double beam UV-Visible Spectrophotometer
(UV-1800, Shimadzu, Japan), Freeze drier (1220 Volt/50 Hz, upright teflon coated collector),
adjustable micropipette 100-500 pl, desiccators, water bath (1.5 KW, 335 x 405 x 100 mm,
thermostatic) & ice bath (model 796, Orion, T -80 to 300 °C, 470 mm immersion), analytical
balance (Mettler Toledo, model-AG240, Switzerland), centrifuge (EBA 20 Hettich, Tuttlingen,
Germany), micropipette tips 100-500 pl, pipette 5 ml & 10 ml, volumetric flask 50 ml, 100 ml
(borosilicate), spatula, conical flask, filter paper, funnel, test tube, mortar & pestle, and vortex

mixer (Heidolph Unimax, England).
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3.5. Sample Collection, Preservation and Handling

Saka Sole was selected based on its wide distribution of wild edible plants and is one of the
dense forest sites of the woreda, where the local community used this forest both for wild food
and income generation. Depending on the availability of wild edible plant samples, a
representative number of fruits and leaves were collected from Saka Sole forest.

Ascorbic acid is relatively stable in dry air, but is unstable in the presence of moisture. In fresh
foods, the L-ascorbic acid form normally predominates but processing, storage and cooking
increase the proportions of the dehydroacsorbic acid (DHA) form. Due to its chemical instability,
particular attention should be given to sample pretreatment procedures while analyzing vitamin
C. This begins from sample collection and handling in vitamin C analysis from plants (Fatima, Z.
et al. 2019). Samples were taken randomly, i.e., minimum of three plants from various locations
(top, middle and bottom). After collection, the samples were selected for uniformity of size,
ripeness/maturity, and absence of defects. Then washed with tap water followed by de-ionized
water. Paper bag in an ice box was used for holding and shipping sample. The samples were
then kept in deep freeze until extraction for analysis. Maintaining optimum pH and temperature
range during the entire cycle of analysis is also recommended for more precise and accurate

results.

Laboratory analysis requires less than one milliliter of sample. However, a good sample contains
enough samples to represent the area sampled. Therefore, the larger the area is, the larger the
sample size needs to be. Sample size also varies with crop types. The studied wild edible plants
were selected based on wider distribution in selected area, availability of edible part during

collection time and use during normal times, food scarcity and famine periods.

Depending on the availability of plant sample, representative amount of fruits were collected
from Saka Sole forest. The sampling protocol was taken into consideration to include the
condition of the sample and its environment, the biological condition of the plant and the
sampled plant part (healthiness of sampled plants). The collected samples were washed with tape
water and rinsed three times with deionized water to make them free of extraneous substances,
including soil and dust particles, and foliar spray residues that may influence analytical results.
All of the samples were sealed in dried paper bag and transported to the laboratory using ice box
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where further sample pre-treatments were made. Accordingly, after cutting into small, all the
samples were grinded by mortar and pestle then extracted for determination of ascorbic acid

content.

3.6. Preparation of Standard Solution

The stock standard solutions of vitamin C was prepared by dissolving 100 mg ascorbic acid
standard in 5% metaphosphoric acid in 100ml volumetric flask to obtain 1000 mg/L of stock
solution and the volume was made up to the mark with 5% metaphosphoric acid. Working
standard of 100 mg/L was prepared from stock standard solution. From this working standard,
serial dilutions were made to obtain 0.20, 0.40, 0.60, 0.80, 1.00, 1.20, 1.40 1.60, 1.80 and 2.0

mg/L of ascorbic acid solution.

3.7. Methods of Sample Preparation and Ascorbic Acid Determination

3.7.1. Sample Preparation Procedures

Following the standard sample preparation techniques, ascorbic acid was extracted from wild
edible fruits and leaves by the modification of commonly used method developed by Desai, A.P.
and coworkers (2019) which was developed for the determination of ascorbic acid content in
aqueous extracts of fruit. The edible wild plants named koshommii (dovyalsis abyssinica),
harbuu (Ficus mucuso welw), goosuu (Syzygium guineense sp., hagamsa (carrisa spinarium),
adaamii (Opuntia ficus-indica),goraa (Rubus apetalus), qoqorii (Ziziphus spina-christi),
baddannoo (Balanites aegyptiaca), doobbii (Utrica simensis) and xoosinyii (Thymus shimperi)
were collected from forest in the vicinity of Fiche town area and the laboratory sample was
prepared according to the nature of edible part of the sampled plant. The steps in sample
preparation/extraction for analysis were; 5 g blended sample was put in mortar and pestle, then
100 ml of 6% trichloro acetic acid solution was added and mixed together or ground manually
with pestle for 3 minutes at room temperature. After mixing for 3 minutes, the mixture was
transferred into conical flask and homogenized by vortexing for 30 seconds and then centrifuged
for 2 minutes at 2,000 rpm. The sample solution was filtered with whatman No. 4 filter paper
into another conical flask. The sedimented solids were removed by filtration. 2 ml of saturated

bromine solution was added to a conical flask containing sample solution to oxidize the ascorbic
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acid to dehydroascorbic acid & was aerated. 10 ml of aliquot was taken and mixed with 10 ml of
2% thiourea to remove the excess bromine and thus the clear solution was obtained, and 4ml was
pipetted into each of three test tubes. 1 ml of 2% 2, 4-DNPH was added to all test tubes to
produces an osazone which on treatment with H,SO, forms reddish colored solution (2,4-DNPH
act as dye in this method). For the completion of the reaction, all test tubes were put in water
bath (thermostatic) at 37 °C for 3 hour and cooled in an ice bath for 5 minutes, then 5 ml 85%
H,SO, solution was added slowly while the tubes were in an ice bath; as a result, colored
solutions were obtained. Blank was prepared from the sample by a series of extraction of the
residue until vitamin C free solution was produced. All test tubes were stood at room temperature
for 30 minutes. Finally, the absorbance of the standards, blank, test samples and spiked samples
were read at 515 nm. Triplicate sample preparation and triplicate reading were done for each
sample. The spectroscopic analysis was carried out at Nutrition Laboratory of Ethiopian Health
and Nutrition Research Institute (EHNRI).

3.7.2. Analytical Method

UV- Visible spectrophotometer (Double beam) (model-1800, Shimadzu, Japan) having matched
quartz cells of light path 1cm with software: UV probe Version of software: 2.42 was used. The
calibration curve was established by running the previously prepared standard solutions. The
sample solutions of fruits and leaves were run on UV-VIS spectrophotometry and the absorbance
of each plant sample were recorded. Triplicate readings were carried out on each sample. The
same analytical procedure was employed in the determination of ascorbic acid in each of ten
plant sample. The content was calculated using the calibration curve by plotting absorbance
against concentration of the respective standard sample. The results were reported as means + %

RSD (percentage relative standard deviation) for ten plant samples.

Figure 14 Double beam UV-VIS Spectrophotometry used in Analysis

33



3.8. Method of Data Analysis

The data were analyzed quantitatively. The analysis of plant samples were carried out thrice for
each sample, and the mean and percentage relative standard deviation were calculated. All

calculations were done with Microsoft excels.
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CHAPTER FOUR
4. RESULTS AND DISCUSSION

4.1. Evaluation of Analytical Figures of Merit

Validation of analytical methods is an essential component in analytical method development.

Therefore, in this study, each analytical method that are intended to be developed, would
verified whether it fits for the intended purpose or not before applying on to the real samples.
Validation is the formal and systematic way to demonstrate the suitability of a developed method
for testing the analyte to provide useful analytical data within defined limits (Hagos, M. et al.
2022).Typical analytical performance characteristics which would be considered in method
validation include accuracy, precision (repeatability and reproducibility), detection limits,
quantification limits, and linearity range of the system. The most common validation parameters

for the analytical methods were discussed here under.

4.1.1. Linearity of Calibration Curve

The linearity of an analytical method refers to the ability to obtain results either directly, or after
mathematical transformation proportional to the concentration of the analyte in the sample within
a given range (Shabir, G.A. 2003; Chandran, S. and Singh, R.S. 2007). Linearity is established
by measuring the instrument response of a sufficient number (at least five) of standard solutions
in the expected range of the analyte. It is estimated by the equation of the regression line (y = ax
+ b) by plotting concentrations (x) versus the response (y) (Caldas, S.S. et al. 2009). Typically,
the correlation coefficient is used to express the acceptability of the linearity of the regression
line (Chandran and Singh, 2007; ICH, 1994). In this research, calibration curves for the
determination of ascorbic acid in the prepared plant samples were constructed by plotting the
absorbance as a function of the corresponding concentrations as shown in Figure 15. There was
observed a proportional increase in absorbance at the respective Amax with increasing

concentration of each ascorbic acid standard solutions.
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Table 4 Concentration versus Absorbance of ascorbic acid standard (n = 9)

C(mg/g) 0.20 040 0.60 0.80 1.0 1.20 1.40 1.60 1.80 2.0
A 0.2225 0.411 058 0.7275 0.907 1.0645 1.3145 15001 1.69 1.877

C = Concentration A = Absorbance

y = 0.9204x +0.0172
R? = 0.9975

1.8 -
1.6 -
14 -
1.2 -

Absorbance

0.8 -
0.6 -
0.4 -
0.2 -

0 T T T T 1
0 0.5 1 15 2 2.5

Concentration (mg/g)

Figure 15 Calibration curve for the determination of ascorbic acid (vitamin C).

The linearity of the method was tested from 0.2 to 2.0 mg/g, and it exhibited good linearity with
a regression of y = 0.9204x + 0.0172 and a regression coefficient R?> = 0.997 (Figure 15). The

linear relationship of absorbance with the concentration of ascorbic acid was shown in Figure 15.
Repeatability

The precision of an analytical method is defined as the degree of an agreement among individual
tests obtained when the method is applied to multiple sampling of a homogenous sample. It is
usually expressed in terms of standard deviation (SD) or relative standard deviation (% RSD) for
replicate measurements of the standard at low, mid and high concentrations. In this study, the
precision of the method was tested by calculating percent relative standard deviation for
triplicate measurements. The % RSD of the method repeatability was found to be 0.06 to 2.85

which were summarized in table 5.
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4.1.2. Determination of Method Detection Limits and Quantification Limits

Detection limit is the lowest concentration level that can be determined to be statistically
different from an analyte blank or the minimum concentration that can be detected by the
analytical method with a given confidence limit. There are numerous ways of determining
detection limits of a given measurement. According to EPA (Environmental Protection Agency)
of America it is the minimum concentration of a substance that can be measured and reported
with 99% confidence that the analytical concentration is greater than zero. The LOQ is the least
amount of analyte that can be quantified accurately and precisely. The standard deviation and
slope were calculated using the linearity of calibration curve (Hagos, M. et al. 2022). In this
work, LOD and LOQ were calculated using the formula LOD =3.3x6/Sand LOQ=10X0o/S
based on the SD of the response and slope where S is the slope of the calibration curve and o is

the standard deviation of the response which were summarized in Table 5.

Table 5 Analytical parameters of the proposed UV-VIS method such as wavelength, regression
equation, R? LOD, LOQ, RSD, and recovery (n =9)

Wavelength Regression equation R LOD LOQ (mg/g) % RSD %R

(nm) (mg/g)

515 y=0.9204x + 0.0172  0.997 0.05 0.15 0.06-2.85 98.14
+ 1.49

4.1.3. Study of Recovery (Procedure of Spiking)

Recovery has been defined by the IUPAC as the proportion of the analyte quantity, present or
added to the analytical portion of materials tested, which is extracted and presented for
measurement (Thompson, et al. 1999). It is important to obtain high recoveries (close to 100%)
with good precision. Most often, recoveries of organic compounds are acceptable in the range of
70 — 110% (Linsinger, T.P. 2008). In this work; using the standard addition method, the accuracy
of the UV-VIS spectrometric method was assessed. A known concentration of ascorbic acid
standard solution was added to the fruit samples. The spiked samples were subjected to the same
sample preparation and analyzed three times in order to achieve an average recovery. The
following formula was used to compute the percent recovery:

%R=%§Xlw
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Where CS is the concentration of the spiked sample, C means the concentration of the unspiked
sample, and CA the concentration of the spiked ascorbic acid (Hagos, M. et al. 2022). To
confirm the efficiency of analytical method used, spiking experiments in which known volume
and concentration of standard solutions, were used. 0.07 mg/g of AA standard solution were
added to the samples. This means that 3.5 ml AA standard solution was spiked to each sample.
Then samples were extracted and prepared by the adopted procedures for all plant samples
discussed under 3.7. As used for unspiked samples triplicate spiked samples were prepared and
triplicate readings were recorded and the results revealed good percent recovery (% R) of 94.28
to 102.85 with % RSD ranging between 0.02 to 2.05. The results were given in Table 6.

Table 6 Analytical results obtained for validation of the method procedure after spiking with

standard solutions (n = 9, triplicate sample preparation and triplicate reading).

Fruit sample Amount added Amount before Amount (%)Recovery
(mg/q) addition(mg/q) found(mg/q)

Balanites 0.07 0.390 +£1.99 0.458 + 0.41 97.+£2.05

aegyptiaca

Carissa spinarum  0.07 0.702 + 1.38 0.770 £ 0.23 97.14 + 1.49

Doviyalis 0.07 1.15+ 0.84 1.217 £0.13 95.71 £1.23

abyssinica

Ficus mucuso 0.07 L L .

welw

Opuntia ficus 0.07 0.165+ 1.14 0232+ 1.11 95.71 £ 0.02

indica

Rubus apetulas 0.07 0.351 + 2.85 0.417 £ 0.35 94.28 + 1.56

Syzygium g. sp. 0.07 1.272 £ 0.78 1.343 £ 0.30 101.42 +1.73

Thymus shimperi  0.07 1.390 + 1.44 1.461 £ 0.14 101.42 + 0.25

Utrica simensis 0.07 1.621 £+ 0.06 1.693 £0.21 102.85 + 1.52

Ziziphus  spina- 0.07 0.491 +1.88 0.560 + 0.02 98.57 £ 1.25

christi
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4.2. Determination of Ascorbic Acid in the Plant Samples by

Spectrophotometer

Vitamin C is the most important vitamin in fruits and vegetables. It is widely distributed in
nature, mostly in plant products such as fruits and green vegetables. Wild edible plants play a
critical role in ensuring food and livelihood security for countless families and communities
around the world (Khan, F.A. 2017). Many wild leafy vegetables are also mentioned for their
rich source of vitamin C, a natural antioxidants (Luczaj, L. 2010). The role of vitamin C in our
body demands its determination in different sources like wild edible plants. Based on this, the
current research work clearly indicated that concentration of vitamin C varies with the type of
edible plant analyzed. The amount of vitamin C (ascorbic acid) in ten wild edible fruits and
leaves ranged from 0.175 + 1.14 mg/g to 1.612 + 0.06 mg/g. The quantity of vitamin C was
found highest in the leaf of Utrica simensis (1.612 = 0.06 mg/g). The leaf of Thymus shimperi
contained the second highest amount of vitamin C (1.386 + 1.44 mg/g) and followed by the fruit
of Syzygium guineense sp. (1.274 + 0.78 mg/g), Doviyalis abyssinica (1.130 + 0.84), Carissa
spinarum (0.722 + 1.38) respectively. Moderate amount were detected in Ziziphus spina-christi
(0.531 + 1.88), Balanites aegyptiaca (0.402 + 1.99) and appreciable amount were detected in
Opuntia ficus-indica (0.175 + 1.14). Out of analyzed edible fruits, the vitamin C content of
Ficus mucuso welw was not quantified and reported since its vitamin C content was under
instrument detection limit. As indicated in table 7, the concentration pattern of vitamin C in
plants under investigation follow: Utrica simensis > Thymus shimperi > Syzygium guineense
sp. > Dovyalsis abyssinica > Carrisa spinarum > ziziphus spina-christi > Balanites aegyptiaca
> Rubus apetalus > Opuntia ficus-indica. Therefore, these wild edible fruits and leaves under
investigation could be considered good sources of vitamin C except Ficus mucuso welw which
was not quantified. Therefore, the level of vitamin C in these wild edible plants could be able to
satisfy the recommended daily allowances which are 90 mg for adult men and 75 mg for adult
women and 15-45 mg for children.
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Table 7 Amount of vitamin C in ten wild edible plants samples by spectrophotometric method (n

=9, triplicate sample preparation and triplicate reading were done).

S. No. Wild edible Fruits Mean A = % RSD Mean C + % RSD (mg/g)
1 Balanites aegyptiaca 0.3872 + 0.01 0.402 +1.99
2 Carissa spinirum 0.6817 + 0.14 0.722 + 1.38
3 Doviyalis abyssinica 1.057 £ 0.21 1.130 + 0.84
4 Ficus mucuso welw ND ND

5 Opuntia ficus indica 0.1782+1.21 0.175+ 1.14
6 Rubus apetulas 0.3393 + 0.45 0.350 + 2.85
7 Syzygium guineense sp. 1.1897 + 1.01 1.274 £ 0.78
8 Thymus shimperi 1.2928 + 1.05 1.386 + 1.44
9 Utrica simensis 1.5008 + 0.78 1.612 + 0.06
10 Ziziphus spina-christi 0.5059 + 0.15 0.531 +1.88

A = Absorbance C = Concentration

ND = Not Detected

Vitamin C content(mg/g)
OO0 kFRkRRrE
ONPOORLNPAOO

Wild Edible Plants

Figure 16 Ascorbic acid content in ten fresh wild edible plants by using UV Spectrophotometer.

4.3. Comparison of Observed Ascorbic Acid Concentration with Literature
Values

Determination of ascorbic acid in WEPSs has received considerable attention due to its important
role in maintaining health (Chimezie, A. et al. 2008) contributing to a healthy immune system
and providing all the nutrients essential for good health. Researches have reported the

concentration of ascorbic acid in wild edible plants.
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There are attempts of determining vitamin C in wild edible plants however in the current study
vitamin C was determined in ten plants including fruits and vegetables with relatively cost
effective instrument UV-VIS. There was also no published work in the determination of vitamin
C in edible plants found in North Shoa. The results reported by different researchers were given
in table 8.

Table 8 Comparison of Dovyalis abyssinica and Opuntia ficus indica concentration of present

study with literature report (mg/g) (Literature values were not expressed with %RSD).

Wild Present study  Ascorbic acid Reference Country  Method used
fruits concentration

(mg/g)

1.204 Cavalcante, I|. and | Brazil Titration

Martins, A. (2005)

1.09 Waweru, D.M. et al. | Kenya UV-VIS
Doviyalis | 1.130 + 0.84 (2022)
abyssinic
a 1.405 Almeida, et al. | Brazil Titration
(2004)
1.129 Aynachew, T.(2018) | Ethiopia | UV-VIS
1.43 Rotili, et al. (2018) | Brazil UV-VIS
0.0517 Chiteva, R. and | Kenya Titration

Wairagu, N. (2013).

Opuntia | 0.175 + 1.14

ficus 0.137 El Samahy, et al. | Egypt Minolta

indica (2006) Color
Reader
CR-10

Table 8 indicated that the vitamin C content of Doviyalis abyssinica in present study was found
in the range of literature report. It’s vitamin C content was above the minimum which was
reported by Waweru, D.M. et al. (2022) but below the maximum which was reported by Rotili,
et al. (2018). The vitamin C content of Opuntia ficus indica in present study was also found near
literature report. It is known that the nutritional composition of these fruits varies with respect to

age, postharvest handling, season and temperature condition (Chiteva, R. and Wairagu, N. 2013).
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Table 9 Comparison of Carrisa spinarum, Syzygium guineense and Rubus apetulas

concentration of present study with literature report (mg/qg)

Wild fruits ~ Present study  Ascorbicacid Reference Country ~ Method used
concentration
(mg/g)
0.176 Siyum, Z.H. and | Ethiopia | Titration
Miresa, T.A. (2021)
0.722 + 1.38 | 2.565 Aragaw, H.S. et al. | Ethiopia lodometric
Carissa (2021) o
spinarum Titration
volumetrically
Syzygium 1.274 + 0.78 | 0.750 Singh, D.B. et al. | India by standard
guineense (2001) methods
sp. (A.O.A.C.
1975)
3.307 Aragaw, H.S. et al. | Ethiopia | lodometric
(2021) Titration
0.119 Stadlmayr,B. et al. | Kenya Literature
(2013) Review
Rubus 0.35 + 2.85 2.942 Aragaw, H.S. et al. | Ethiopia | lodometric
apetulas (2021) Titration
0.320 Probst, Y. (2015). Australia | Literature
Review

This table shows that the level of ascorbic acid in Carissa spinarum in present study was found

in the range of literature report. Its vitamin C content was above the minimum which was

reported by Siyum, Z.H. and Miresa, T.A. (2021) but below the maximum which was reported

by Aragaw, H.S. et al. (2021). The level of ascorbic acid in Syzygium guineense sp. in present

study was also found in the range of literature report. It’s vitamin C content was above the

minimum which was reported by Stadlmayr, B. et al. (2013) but, below the maximum which was

reported by Aragaw, H.S. et al. (2021). The table also shows that the level of ascorbic acid in

Rubus apetalus in present study was found with in the range of literature report that was above

the minimum which was reported by Probst, Y. (2015) and below the maximum which was

reported by Aragaw, H.S. et al. (2021).
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Table 10 Comparison of Balanites aegyptica and Ziziphus spina-christi concentration of present

study with literature report (mg/g)

Wild fruits  Present study Ascorbic acid Reference Country Method used
concentration
(mg/g)
0.0864 Ahmed and Sati. | Saudi RP-HPLC
(2018) Arabia
- 0.014 Singh, et al. (2012) Oman Titration
Ziziphus | 9531 + 1.88
spina- 0.030 Berry-Koch, etal. | Atlanta Literature
christi (1990) Review
1.60 Orwa, et al. (2009) Kenya Titration
Balanites 0.402 +£1.99 | 0.0966 Mariod, A.A. (2019) | Sudan Literature
aegyptiaca Review
0.0687 Sagna, M.B. et al.| Senegal |RP-HPLC
(2014)
0.5060 Debela, H.F. and | Ethiopia | Redox
Zemede, A. (2015) Titration
0.310 Stadlmayr, B. et al. | Kenya Literature
(2013) Review

Table 11 Comparison of Utrica simensis and Thymus shimperi concentration of present study
with literature report (mg/g)

Wild fruits Present study Ascorbic acid Reference Country  Method used
concentration
(mg/g)
1.58-3.36 Babya,B.K. et al. (2020) | Ethiopia | UV-VIS
Utrica simensis 1.612 + 0.06 2.28-2.42 Seifu T. etal. (2017) Ethiopia | UV-VIS
Thymus shimperi | 1.386 + 1.44 1.601 USDA National | USA Standard
Nutrient data base Reference
1.601 Daugan, E.M. and | Malaysia | Literature
Abdullah, A. (2017 Review
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Data presented in Table 10 clearly indicated that concentration of vitamin C in Ziziphus spina-
christi in present study was found in the range of literature report. It’s vitamin C content was
above the minimum which was reported by Singh, et al. (2012) but, below the maximum which
was reported by Orwa, et al. (2009). The concentration of vitamin C in Balanites aegyptica in
present study was also found in the range of literature report. It’s vitamin C content was above
the minimum which was reported by Sagna, M.B. et al. (2014) but, below the maximum which
was reported by Debela, H.F. and Zemede, A. (2015). Table 11 indicated that the vitamin C
concentration in the present study in Utrica simensis was found in the range of literature report.
It’s vitamin C content was above the minimum and below the maximum which was reported by
Babya, B.K. et al. (2020). The vitamin C content of Thymus shimperi was found to be near
literature values but is high enough to satisfy RDA. Therefore, from the results given in Table 10
and 11, it could be concluded that the concentration of vitamin C in the present study was found

within the range of literature values and were enough to satisfy RDA.

There are considerable differences in the values of ascorbic acid obtained in the present study
with those reported by several other studies for some fruit and leaf samples. All such differences
in the contents of ascorbic acid in the present study and previous studies might be as a result of
variations in maturity stage and regional varieties of fruits. Different techniques of measuring
and squeezing process may also affect the ascorbic acid content of fruits extract. The amount of
ascorbic acid could even vary between the different fruit samples of the same species (Mahdavi,
R. et al. 2010; Bekele, D. and Geleta, G. 2015). Factors including climate; temperature; and
various physical conditions such as light can also affect the concentration of ascorbic acid in
fruits. The amount of ascorbic acid content in fruits can also be affected by the type, duration of
storage and handling. Therefore, it is necessary that fruit sample should be stored at cool
temperature and not to stay for a long time in order for its ascorbic acid contents not to decrease
(Shrestha, N. et.al. 2016).

4.4. Comparison of Observed Ascorbic Acid Concentration with Domesticated
Citrus Fruits

Fruits such as orange and lemon contain high amount of vitamin C. It is widely known that the
best sources of vitamin C are citrus fruits and their juices (Khan, M.R. et al. 2006). Vitamin C is

vital for the proper function of the immune system, making it a nutrient to turn to for
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the prevention of recurrent ear infections, colds, and flu. Orange and citrus fruits are supposedly
the kings of Vitamin C, as they are known to have the vitamin in high quantities. Oranges for
example contain 0.32 to 0.78 mg/g of vitamin C which is near recommended daily allowance for
human. Consumption of citrus fruits or their products is found to alleviate from several diseases.
Citrus fruits and juices are rich sources of bioactive compounds. Citrus fruits provide about 51%
of vitamin C. Citrus are the main fruit grown and consumed in the world. Nowadays, world
production is about 108 million tons. Orange is the first by production quantities. According to
European Agriculture, Forestry and Fishery Statistics of 2017, 6.3 million tons were produced
annually. Moreover, production of citrus fruits has expanded rapidly (Marti, N. et al. 2009).
These were the reason why these two citrus fruits were selected for comparison. Table 12 shows
vitamin C content of orange (Citrus simensis) and lemon (Citrus limon) in selected countries
(Marti, N. et al. 2009).

Table 12 Comparison of observed Ascorbic acid content with domesticated citrus fruits

Fruits | Condition | Total vitamin References Country Method used
C.(mg/g FW)
0.531 Mohammed, Q.Y. et al. | Irag
Lemon | Fresh (2009)
0.358 Khan, M.R. et al. | Bangladesh
(2006)
0.415 Vahid, B. (2012) Iran UV-VIS
spectrophotom
0.433 Mohammed, Q.Y. et al. | Iraq etry
(2009)
Orange | Fresh 0.50 Acevedo, D. et al. |Iran
(2018)
0.535 Vahid, B. (2012) Iran

As observed from the table above, different researchers at different time and country reported
their findings of ascorbic acid contents in citrus fruits. The concentration of ascorbic acid in
Utrica simensis, Thymus shimperi, Syzygium guineense, Doviyalis abyssinica and Carissa
spinarum in present study were found to be higher than these domesticated fruits. This indicates
that these wild fruits and leaves are rich in ascorbic acid and the level of ascorbic acid in these
wild edible plants could be able to satisfy the recommended daily allowance of vitamin C even
more than the domesticated fruits like lemon and orange.

45




However, contents of ascorbic acid in Opuntia ficus indica in present study was identified to be

lower than the value in above citrus fruits.

Table 13 Comparison of observed Ascorbic acid content with domesticated fruits by country
(mg/g) (Khan, M.R. et al. (2006), Mohammed, Q.Y. et al. (2009), Mussa, S.B. and Sharaa, I.E.
(2014)

Fruits Condition Pakistan USA  Libya Iraq Banglad India Method used

esh
Lemon Fresh 0.287 0.530 ND 0.531 0.3583 0.564 UV-VIS
Orange  Fresh 0.321 0.532 0.3245 0.433 NR NR spectrophotometer

Another literature report indicated that it was found that the average concentration of ascorbic
acid in lemon; bitter orange; grapefruit and sweet orange were about 0.348 mg/g , 0.298 mg/qg,
0.398 mg/g, and 0.251 mg/g, respectively (Shrestha, N. et al. 2016). This shows that the
concentration of ascorbic acid in Utrica simensis, Thymus shimperi, Syzygium guineense,
Doviyalis abyssinica, Carissa spinirum in present study were found to be higher than these
domesticated fruits. In addition, these edible wild plants had a higher content of vitamin C than
pineapple (0.61 mg/g of FW), carambola (0.35 mg/g of FW), papaya (0.46 mg/g of FW), mango
(0.53 mg/g of FW), and passion fruit (0.30 mg/g of FW) (Cavalcante, 1.H. and Martins, A.B.
2005). Thus, supplementations of these wild fruits obviously mitigate vitamin C malnutrition
which may occur because of lack of these domestic fruits. This may advantageous nutritionally

as well as economically.

4.5. Comparison of Observed Ascorbic Acid Content in Utrica simensis and
Thymus shimperi Leaf with Cabbage and Mustard Spinach; Commonly Used
Domesticated Leafy Vegetables.

Cabbage botanically known as Brassica oleracea is a leafy vegetable that is usually green in
color. It is a member of the cruciferous family of vegetables. It is a low-calorie food that is rich
in vitamin C, a vitamin that is necessary by the human body. It also contains phytochemicals,
such as fiber and carotenoids, which may have health-promoting properties. While all leafy

greens are rich in vitamin C, mustard spinach is the most abundant.
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In addition to vitamin C, mustard spinach is also regarded as an excellent source of many other
nutrients, primarily K, Ca, vitamin A, and Mn. Vitamin C is known to be a powerful antioxidant

that protects the immune system of human (Singh, R. 2019).

Table 14 Comparison of Observed Ascorbic Acid Content in Utrica simensis and Thymus
shimperi Leaf With Cabbage and Mustard Spinach; Commonly Used Domesticated Leafy

Vegetables.
Vegetables Total vitamin References Country Method used
C (mg/g)
0.83 Puupponen-Pimia, R. et | Finland RP-HPLC
al. (2003)
1.07 Sikora, E. et al. (2008) Poland Tillman’s
Method
Cabbage 0.703 Branion, H.D. et al. | America Titration
(Brassica (1948)
oleracea) | 0.55 Singh, R. (2019) South Africa | Titration
3.686-8.298 Alemu, T. et al. (2022) Ethiopia Voltammetric
method
0.381 Hailemariam, G.A. and | Ethiopia UV-VIS
Wudineh, T.A. (2020)
Mustard 1.30 Musa, N. et al. (2012) Malaysia Titration
Spinach 0.62 Toledo, M.E. et al.|Japan 2,4-DNPH
(Brassica (2003) Method.
rapa)
0.53 Singh, J. et al. (2007) India RP-HPLC

This table shows that vitamin C content of leaf of Utrica simensis and Thymus shimperi were
found to be almost higher than these commonly used domesticated green leafy vegetables except
that the value that was reported by Alemu, T. et al. (2022). Depending on the finding of this
study, it is advisable that diversification and use of these wild leafy vegetables instead of
mentioned domesticated green leafy vegetables is economically as well as nutritionally helpful
since these wild leafy vegetables are easily available within local community. In general, the
concentrations of ascorbic acid observed were more or less comparable with the reported
literature values. The level of vitamin C in these wild edible plants could be able to satisfy the
recommended daily allowances of vitamin C. It was almost high enough to provide vitamin C,

which is known to be a powerful antioxidant that protects the immune system of human.
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CHAPTER FIVE

5. CONCLUSION AND RECOMMENDATION

5.1. Conclusion
Vitamin C also known as ascorbic acid is an organic compound that is a valuable food
component because of its antioxidant and therapeutic properties. This study showed that the
underutilized wild edible plants studied are good sources of vitamin C, which is comparable with
or sometimes higher than domesticated fruits. Spectrophotometric method was used to quantify
the content of vitamin C in edible plant samples. The concentration of ascorbic acid varies from
one plant to another plant and the average concentration of ascorbic acid was about 1.612 + 0.06
mg/g for Utrica simensis and is about 0.175 + 1.14 mg/g for Opuntia ficus indica fruit. It was
found that the average concentration of ascorbic acid in Thymus shimperi, Syzygium guineense
sp., Carissa spinarum, Doviyalis abyssinica, Ziziphus spina-christi, Balanites aegyptiaca, Rubus
apetalus plants were about 1.386 + 1.44, 1.274 + 0.78, 0.722 + 1.38, 1.130 + 0.84, 0.531 +
1.88, 0.402 +1.99, 0.350 +2.85 mg/g respectively. Hence the average concentration of
ascorbic acid determined by spectrophotometric methods were found to be maximum in Utrica
simensis whereas minimum in Ficus mucuso welw among ten wild edible fruits and leaves
collected from Saka Sole forest. The concentrations of most of wild edible fruits/leaves detected
were found to be high in vitamin C content and almost were included within the range of
literature value. This study also showed that the concentration of ascorbic acid in Syzygium
guineense sp., Doviyalis abyssinica, Carissa spinarum in present study were found to be higher
than the concentration of ascorbic acid in domesticated citrus fruits such as lemon; orange;
grapefruit and the concentration of ascorbic acid in Utrica simensis and Thymus shimperi leaves
were found to be higher than commonly eaten green leafy vegetables such as cabbage and
mustard spinach when compared. Hence, these wild edible plants under investigation might be
considered as good sources of vitamin C. Therefore, the level of vitamin C in these wild edible
fruits and leaves could be able to satisfy the recommended daily allowances which are 90 mg for
adult men and 75 mg for adult women and 15-45 mg for children. This indicates that, these
underutilized wild edible fruits and leaves can be used to mitigate micronutrient malnutrition and
improving food security. Furthermore, these wild edible plants might be used instead of

domesticated plants mentioned above since they have higher amount of vitamin C and easily
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accessible in the community. Hence, this study could aid in promoting the application of the

studied wild edible plants, to be economically exploited for nutraceutical applications and

included into food formulations for the benefit of human health.

5.2. Suggestions for Further Work (Recommendation)

Vitamin C which is used as food supplements are available in many WEPs in many natural

habitats. Due to the resource limitation only vitamin C was considered in this study hence, it will

be essential to focus on the determination of the remaining water soluble vitamins

spectrophometrically. Due to its chemical instability, particular attention should be given to

sample pretreatment procedures while analyzing vitamin C. The following recommendation

should be forwarded by the researcher.

The study analyzed only ten wild edible plants samples, other wild edible plants available
within the study area can also be investigated by other researchers to make valid
generalization about ascorbic acid found in plants grown in the area.

Bioactive compounds and additional nutritional contents of wild edible plants need
further investigation.

These underutilized wild edible plants are essential for human health. Therefore, these
plants have to be diversified.

It will be very important to recognize the nutritional values of wild edible plants and set
plans for conservation, management and sustainable utilization.

It should be worked on the indigenous knowledge of the people which is transferring only
by oral and visual along with its documentations and keeping it from loss.

The researcher suggests that nutrition policies have to promote the utilization of wild
edible plants as one pillar of food and nutrition security.
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