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Abstract 

Watermelons belong to the family Cucurbitaceae. They have fruits like cantaloupe, pumpkin and similar 

to plants that grow on vines and on the ground. Four varieties are commercially grown around Koka in 

Ethiopia. Fruit with good antioxidant properties used to prevent non-communicable diseases (NCDs). 

However there is knowledge gap in antioxidant activity of fruits and vegetables in our context. Four 

varieties of watermelon grown in Koka, Ethiopia were studied for their proximate composition, mineral 

content, beta carotene contents, antinutritional factors, antioxidant activity (AA) and total phenolic 

content (TPC).  Beta carotene, TPC and AA were determined using HPLC, FCR assay and DPPH assay 

respectively. Results found for proximate composition of varieties watermelon flesh and seed part ranged 

as follows: Protein; 0.397 – 0.657% (flesh) and 19.87 – 24.60% (seed), Fat; 0.074 – 0.105% (flesh) and 

23.35 – 25.25% (seed), Ash; 1.72 – 1.989% (flesh) and 2.4 – 2.6% (seed), Fiber; 0.127 – 0.213 (flesh) and 

28.66 – 34.35% (seed), Moisture; 91 – 95% (flesh) and 2.7 – 4.55% (seed), Carbohydrate; 2.122 – 

0.016% (flesh) and 10.66 – 20.3% (seed), Kcal; 11.715 – 28.633% (flesh) and 360.55 – 375.21% (seed). 

The mineral content ofcitrullus lanatus fruit, for Fe ranged between 0.8 - 3.143 and 2.454 – 4.919 

mg/100gm (in flesh & seed), for Zn 0.057 – 0.144 and 3.223 – 4.476 mg/100gm (in flesh & seed), for Ca 

5.625 – 7.771 and 11.922 – 33.326 mg/100gm (in flesh and seed), for P 10.826 – 19.037 and 375.90 – 

476.96 mg/100gm (in flesh & seed), for Na 6.15 – 11.58 and 3.87 – 11.96 mg/100gm (in flesh & seed) 

and for K 96.55 – 111.01 and 708.66 – 1036.68 mg/100gm (in flesh & seed) was found. Antinutritional 

content of flesh and seed part of watermelon fruit was; phytic acid ranged from 0.111 – 0.171 mg/100gm 

(flesh) and 1.481 – 1.808 mg/100gm (seed), tannin content ranged from 0.012 – 0.019 mg/100gm (flesh) 

and 0.025 – 0.049 mg/100gm (seed) and oxalate ranged from 0.028 – 0.032 mg/100gm (flesh) and 0.048 

– 0.06 mg/100gm (seed). Beta carotene content of Citrullus lanatus flesh ranged from 0.0013 – 0.3879 

mg/100g. AA of flesh and seed part of watermelon ranged 21.01 – 64.93 and 88.81 – 94.13 respectively. 

Only seed part of TPC was reported, it ranged between 29.21 – 57.1 mg GAE/g. Findings showed that 

there is significance difference in some flesh and seed part of watermelon fruit in sample varieties. 

 

Key Words: Watermelon flesh, watermelon seed, beta carotene, antioxidant activity 

 

 

 

 



 
 

INTRODUCTION 

1.1 Background of the Study 

Watermelon (Citrullus lanatus (Thunb.)Matsum.&Nakai) is an important horticultural crop, 

which is mostly known forits sweet and juicy fruit (Duduyemiet al., 2013). In Africa, 

watermelon account for 5.4% of theharvested area devoted to vegetable production in 2008,and 

this contributed to the world watermelon productionwith 4.6% (99,194,223 tonnes) of world 

watermelon production (Gichimuet al., 2008). Watermelon originated from Africa. 

However,geographical origin and domestication process of thecrop watermelon is not known. 

According to Adeoyeet al(2011) watermelon spread from Africa to Asia about 800 AD and to 

Europe in 961 AD and was subsequently brought to America by Europeans in the 17thcentury. 

Modern watermelon breeding has mainly taken place in the USA, from where many of the well-

known varieties originate, China and other parts of the Far East have also played an important 

role in breeding cultivated species(Munisseet al.,2011).  

The exact time for introduction of watermelon fruit to Ethiopia is not known; farmers in east 

Shoa (near Koka Lake) state that the crop was introduced by Italians in 1950’s. Currently, its 

major production is limited to lake shore areas of east Shoa zone where it was introduced with 

little expansion to other parts of the country (Fanos andBelew2015).  Nowadays, watermelon has 

good demand especially by foreigners and some of the society in central parts of Ethiopia. 

Regardless of its current demand, various factors affected improvement in watermelon 

production in the country. Among the factors, lower quality and yield are the major ones. The 

quality of watermelon that has been produced by Ethiopian farmersis very low compared to the 

world average (Zhanget al., 2011).  

Many research reports showed that, watermelon is very rich in micronutrientsand also serves as a 

good source of phytochemicals including lycopene, a red carotenoid pigment which acts as 

antioxidant during normal metabolism (Koochekiet al.,2007). A cup of watermelon provides 

24.3% vitamin C, and 11.1% vitamin Aof the daily requirement (Nagalet al., 2012). Due to its 

antioxidant properties; lycopene helps cells and other structures in the body to protect from 

oxygen damage and prevent heart disease(Erukainureet al.,2010,Erifetaet al., 2011). 



 
 

The antioxidant property of watermelon helpsin preventionof noncommunicable diseases (NCD). 

According to World Health Organization,34% of death in Ethiopian is due tonon-communicable 

diseases. Prevalence of cardiovascular disease, cancer, chronic obstructive pulmonary disease 

and diabetes mellitus are estimated to be 15%, 4%, 4% and 2% respectively (Misganawet al., 

2014). One of the causes of non-communicable diseases is lack of appropriate dietary intake. 

Improvement of dietary condition, focusing on use of fruits and vegetables that have good 

antioxidant properties and nutritional composition is the main strategies in prevention of NCD.  

There is little information about the nutritional and antinutritional composition as well as the 

antioxidant properties of different varieties fruit of the different varieties of watermelon 

produced in Ethiopia.  

In this study, proximate compositions of different varieties of watermelon fruit (flesh and seed) 

were analyzed.Mineral contents, antinutritional factors such as total phenols, tannins, oxalate and 

phytic acid as well as antioxidant activity of watermelon fruit were also analyzed. 

 

 

 

 

 

 

 

 

 

 



 
 

1.2 Statement of the problem 

NCDs such as cardiovascular diseases (CVD), cancer and chronic respiratory diseases are among 

the major health problem in the world. The contribution of this disease to mortality, and 

morbidity is projected to increase tremendously by the year 2030. Unhealthy diets, tobacco use, 

harmful use of alcohol, exposure to environmental carcinogens and physical inactivity are 

mentioned to be the major causes of NCDs.Incidences of NCD are rising in Ethiopia; this is 

attributed to regular consumption of processed food, refined food, white sugar, flour and junk 

food. Research has shown that most of these foods are low in nutrients and high in fats and sugar 

(Misganawet al., 2014). 

Dietary approach to curb these diseases is therefore deemed not only cheaper but sustainable. 

Prevention is far better than cure. The presence of these free radicals in human system needs to 

be counteracted by antioxidants, thus providing balanced oxidants-antioxidants environment in 

the human body. Management and control of NCDsis very expensive and has led to pain and 

suffering to patients and their families while these diseases can be managed through sound 

dietary intervention. Daily intake of fresh fruits and vegetables in adequate quantities is 

recommended to reduce risk of cancer, diabetes, hypertension and cardiovascular diseases 

(Potter and Hotchkiss 1997). 

Many literature sources show that fruits and vegetables contain natural compounds such as; 

carotenoids and phenolicsthose are envisioned to have significant antioxidant activity and can 

help in preventing NCDs. Although there are numerous study findings on nutritional 

composition and antioxidant properties of fruits and vegetables, there is little information about 

watermelon fruit in Ethiopia. This is the rationality for determining the nutritional composition 

as well as antioxidant activity of fruit of different varieties of watermelon growing in Ethiopia 

 

 

 

 



 
 

1.3 Hypotheses of the Study  

 

It is hypothesized that, there is significant difference in nutritional composition, 

antinutritional factors and beta carotene levels, and antioxidant activity among varieties of 

Citrullus lanatus fruit. 

 

1.4 Objective 
 

1.4.1 General objective 

 The general objective of this study is to investigate the level ofnutritional compositions as 

well as antioxidant activity offour varieties of watermelon fruit. 

1.4.2 Specific objective 

 To determine the nutritionalcompositions of flesh and seed part of watermelon fruit. 

 To determine the level of antinutritional factors including flesh and seed part of 

watermelonfruit. 

 To determine theantioxidant activity ofdifferent varieties of flesh and seed part of 

watermelon fruit. 

 

 

 

 

 

 
 



 
 

LITERATURE REVIEW 

2.1.Botanical Description of Watermelon(Citrullus lanatus) 

The scientific name of watermelons was designatedCucurbita citrullus,in the same genus with 

pumpkin, squash and bottle gourd. The scientific name of watermelon is derived from both 

Greek and Latin roots. The Citrullus part comes from a Greek word “citrus” which is a reference 

to the fruit. The lanatus part is Latin, and has the meaning of being wooly, referring to the small 

hairs on the stems and leaves of the plant (Mathew et al., 2014). 

Watermelon is thought to have originated in Southern Africa because it is found growing wild 

and reaches maximum diversity of forms in the area. It has beencultivated in Africa for over 

4,000 years. The plant was introduced to America and quickly became a very popular 

crop.Watermelon is a warm season crop. It is not chilling resistant and requires a long growing 

season. It is a prostrate or climbing annual plant with several herbaceous, firm and stout stems up 

to 3 m long. The stems are highly branched and up to 30 feet long, although there are dwarf 

types (dw-1 and dw-2 genes) with shorter, less branched stems. They are thin, hairy, angular, 

grooved, and have robust and branched tendrils at each node. The young parts are densely 

woolly with yellowish to brownish hairs while the older parts are hairless. The leaves are 

pinnately divided into three or four pairs of lobes, except for an entire leaf (non-lobed) gene 

mutant controlled by the nl (non-lobed) gene. Watermelon is the only economically important 

cucurbit with pinnatifid (lobed) leaves, all of the other species have whole (non-lobed) leaves 

(Candiret al 2013).Roots are extensive but shallow, with a taproot and many lateral roots. 

Flowering and fruit development are promoted by high light intensity and high temperature.The 

fruit of watermelon are round to cylindrical, up to 24 inches long and have a rind 0.4 to 1.5 

inches thick. The edible part of the fruit is the endocarp (placenta). That contrasts with melon 

(Cucumimelo), where the edible part of the fruit is the mesocarp. Fruit as large as 262 lb. have 

been recorded, but usually they weigh 8 to 35 lb. In Asia, even smaller watermelon fruit in the 

range of 2 to 8 lb. are popular. Fruit rind varies from thin to thick, and brittle to tough (Mathew 

et al., 2014).   

The plant commonly has male and female flowers on the same plant (monoecious). The pistillate 

flowers have an inferior ovary, and the size and shape of the ovary is correlated with final fruit 



 
 

size and shape. In many varieties, the pistillate or perfect flowers are borne at every seventh 

node, with staminate flowers at the intervening nodes (Bernard et al., 2009). The flower stalks 

are hairy and can reach up to 40 mm long. Watermelon flowers are small and less showy than 

other cucurbit. Flowering begins about eight weeks after sowing(Candiret al., 2013).. 

The seeds are obovate to elliptical, flattened, 0.5–1.5 cm × 0.5–1 cm, smooth, yellow to brown or 

black or rarely white (Erhirhie and Ekene 2013). Seeds continue to mature as the fruit ripens and 

the rind lightens in color. Seeds will be easier to extract from the fruit if the fruit is held in 

storage (in the shade or in the seed processing room) for a few days after removing them from 

the vine (Candiret al., 2013). If the seed are left to long in the fruit, they will germinate in situ. 

There is no dormancy in watermelon seeds, so they can be harvested in one day, cleaned, dried, 

and planted on the next day. Seeds germinate in twodays to two weeks depending on temperature 

and moisture conditions. Seeds will not germinate below 60 °F. The optimum germination 

temperature is 85 to 90 °F (Bernard et al., 2009). 

2.2 Climatic and Soil Requirement for Watermelon Production 

Watermelon not only tolerates hot weather but for best growth requires more heat than any other 

vegetables. Watermelon seeds germinate well and plants thrive at 25°C - 30°C. Fruits mature 

best at 30°C. Watermelon requires dry weather and plenty of sunshine. Continuous rain or 

cloudy will not only stunt the plant growth but also reduce the flowering and fruit setting. If 

watermelons mature in rainy season, the sugar content will be significantly reduced. 

Watermelons grow best on sandy loam soils, with good drainage and a slightly acidic pH (Paris 

2015). When planted in very heavy soils, the plants develop slowly and fruit size and quality are 

usually inferior. Fine sands produce the highest quality melons when adequate fertilizer and 

water are provided. Windbreaks are advisable on sandy soils to reduce sand blast damage and 

stunting of young seedlings caused by winds. Wind may also cause plants grown on plastic 

mulch to spin, which can damage the crown of the plant. To reduce the risk of diseases, it is not 

advisable plant on land where vine crops have grown during the past three years. Highly 

experienced growers often prefer an even longer rotation period (Banet al., 2011 and Fila et al., 

2013). 



 
 

2.3 Harvesting and Postharvest Handling of Watermelon Fruit 

Sharp knife is used to cut melons from vines, pulled melons may crack open. Melons are picked 

on the basis of color change, blossom end conditions, and rind roughness. Color change is the 

most reliable. Harvested fruit are windrowed near roadways usually spaced about ten beds apart. 

A pitching crew follows the cutters and forms a line between outside row and a truck. Melons are 

pitched man to man and loaded in bins on trucks to be transported to the shed. Melons should 

never be stacked on the blossom end or excess breakage may occur (Fila et al., 2013). Loss of 

natural protection on the fruit can increase sunburn. Exposed fruits are covered with vines as 

they start to mature near harvest to prevent sunburn. Each time the field is harvested covering the 

exposed fruit with vines. Most fields are picked at least twice and some a third or fourth time 

depending upon fruit prices in the market and the degree of sunburned fruit. The seeded melons 

are sorted and packed in large, sturdy, tri-wall fiberboard containers (Ohiokpehai 2003). 

Watermelons are not adapted to long-term storage. Normally about three weeks is the upper limit 

of suitable storage, however, this will vary from variety to variety. Storage for more than two 

weeks triggers a loss in flesh crispness. Watermelons store and ship better when held at 

temperatures of 50° to 60°F and 90 % relative humidity. Storing melons for several weeks at 

room temperature will result in poor flavor. However, when fruit are held just a few days at 

warmer temperatures, the flesh color tends to increase. Sugar content does not change after 

harvest. Chilling injury will occur after several days' storage below 41°F. Decay causing 

organisms will invade the resulting pits in the rind. Watermelon flesh will tend to lose its red 

color if held too long at temperatures below 50°F (Ohiokpehai 2003). 

2.4 Production of fruit in Ethiopia 

The horticultural sector in Ethiopia is growing strongly. Ethiopia is an extraordinarily rich agro-

biodiversity resulting from its geography, climaticdifferences, ethnic diversity and strong food 

culture. Unique is the great variation in climates, due to the greatvariation in altitude ranging 

from sea level up to 4500 meters (Ashebre 2015). The variationin climate also makes it possible 

to grow all types of fruits and vegetables. Both in Europe and the Middle Easta growing interest 

exists for products from Ethiopia. Presently, the main export products are fresh 

beans,strawberries, grapes, tomatoes, courgettes, peppers andfresh herbs. Potential almost all 



 
 

types of fruits &vegetables can be grown in Ethiopia (Ayana 2014). The production of 

watermelon to Ethiopia is limited to some area. The quality of watermelon that has been 

produced by Ethiopian farmersis very low compared to the world average. Its average total 

soluble solids content (TSS) is less than 6% while a minimum TSS shall not be lower than 9 % 

in world standard. 

 

 

Fig 1. Production of watermelon fruit around Koka area 

There is crop variety register book that is annually issued by ministry of agriculture in Ethiopia 

within their description of agronomic and morphological characterization, in 2014 five type 

watermelon crop varieties were registered.  Among the five varieties only four types of varieties 

were cultivated and namely indicated as Lahat, Augusta, Ria and Candy. 

 

a) Ria                       b) Candy                           c) Lahat                   d) Augusta 

Fig 2. Four varieties of watermelon fruit 



 
 

2.5 Nutrient composition and consumption of watermelon fruit 

The most common way of watermelon consumed is the pink or yellow flesh raw parts, as the 

way it is grown (Oseni&Okoye 2013). However, other common ways of consumption include 

watermelon rind pickles, deep fried watermelon, watermelon cake, and watermelon lemonade. 

The tender young leaves and fruits are cooked as green vegetables, while the fruit flesh may be 

cooked as porridge with maize meal. It is also a valuable stock feed, especially in times of 

drought. The hollowed fruit can be used as a container for cooking or storing berries. The pulp 

and seeds are also prepared in a number of different ways for eating (Erhirhie and Ekene 2013) 

Inside the fruit is pink, red or even yellow in color withsmall black seeds embedded in the 

middle third of theflesh. Generally, watermelon flesh is the mainconsumable portion. Outer rind 

is also used for food insome parts of the world. Watermelon contributes nutritional agents as 

antioxidants (lycopene,beta-carotene etc.) and some specific amino acids (arginine, citrulline 

etc.). Fresh watermelon consumptionis considered a healthy addition to diet owing to 

thepresence of lycopene. Majority of the watermelon isbeing sold on the basis of sweetness but 

presently, rubycolor imparted by lycopene is also a convincing factor(Inuwaet al., 2011). 

Considering the nutritional profile,consumption of 100 g of watermelon provides 30 Kcal tothe 

body. It contains almost 92% water and 7.55% ofcarbohydrates, out of which 6.20% are sugars 

and0.40% dietary fiber. Vitamins like thiamine, riboflavin,niacin and folate are also present. 

Additionally, it is agood source of potassium and also containsmagnesium, calcium, phosphorus 

and iron (Nazet al., 2013). 

2.6Source and effect of Free radicals, and benefit of antioxidant to human health  

2.6.1 Free radicals and their sources 

A free radical may defined as a molecule or molecularfragments containing one or more 

unpaired electrons in itsoutermost atomic or molecular orbital and are capable ofindependent 

existence. Reactive oxygen species (ROS)and reactive nitrogen species (RNS) are described as 

freeradicals and other non-radical reactive derivatives. Thereactivity of radicals is generally 

stronger than non-radicalspecies though radicals are less stable. Free radicals are formed from 



 
 

molecules by the homolytic cleavage of achemical bond and via redox reactions, once formed 

thesehighly reactive radicals can start a chain reaction (Fiedorand Burda 2014). 

Free radicals and its adverse effects were discovered in thelast decade. These are toxic 

substances, which are produced inthe body along with toxins and wastes which are formedduring 

the normal metabolic process of the body. Thebody obtains energy by the oxidation of 

carbohydrates,fats and proteins through both aerobic and anaerobic metabolism. Thisprocess 

leads tothe generation of free radicals (Senand Chakraborty 2011). 

Overproduction of the free radicals can be responsible fortissue injury. Cell membranes are made 

of unsaturatedlipids and these unsaturated lipid molecules of cellmembranes are particularly 

susceptible to free radicals.Oxidative damage can direct to a breakdown or evenhardening of 

lipids, which composition of all cell walls.Breakdown or hardening is due to lipid peroxidation, 

which leadsto death of cell or it becomes unfeasible for the cell toproperly get its nutrients or get 

signals.In addition, other biological molecules including RNA,DNA and protein enzymes are 

also susceptible tooxidative damage. Environmental agents also initiate freeradical generation 

leads to different complication in body.The toxicity of lead, pesticides, cadmium, 

ionizingradiation, alcohol, cigarette smoke, UV light and pollutionmay all be due to their free 

radical initiating capability (Senet al., 2010). 

2.6.2Endogenous formation of ROS and RNS and the eventual death of cells 

At higher concentrations, ROS can be mediatorsof damage to cell structures, nucleic acids, lipids 

andproteins. Oxygen radical is responsible for lipidperoxidation and also has the capability to 

decrease theactivity of other antioxidant defense system enzymes suchas catalase and glutathione 

peroxide. Itcauses damage to the ribonucleotide which is required forDNA synthesis. The 

protonated form of oxygen is HO2
•,which is more reactive and able to cross the membraneand 

causes damage to tissue. OH• radical is the most reactivechemical species. It is a potent cytotoxic 

agent and able toattack and damage almost every molecule found in livingtissue (Senet al., 

2010). Hydrogen per oxide is not a radical but it produces toxicity to cellby causing DNA 

damage, membrane disruption andrelease of calcium ions within cell, resulting in 

calciumdependent proteolytic enzyme to be activated (Cailletet al., 2012,Valkoet al., 2007).  



 
 

2.7Antioxidants and their role in human health 

Antioxidants aresubstances that delay or inhibitoxidative damage to a target molecule. At a time 

oneantioxidant molecule can react with single free radicalsand are capable to neutralize free 

radicals by donating oneof their own electrons, ending the carbon-stealing reaction.Antioxidants 

prevent cell and tissue damage as they act asscavenger. Cells produce defense against excessive 

freeradicals by their preventative mechanisms, repairmechanisms, physical defenses and 

antioxidant defenses. The body produces different antioxidants (endogenous antioxidants) to 

neutralize free radicals and protect thebody from different diseases that caused to the tissue 

injury. Exogenous antioxidants are externally supplied to the bodythrough food and plays 

important role to protect the body (Arshiya 2013). 

The body has developed several endogenous antioxidantdefense systems classified into two 

groups such asenzymatic and non-enzymatic. The enzymatic defensesystem includes different 

endogenous enzymes likesuperoxide dismutase, catalase, glutathioneperoxidase, glutathione 

reductaseand non-enzymatic defense system included vitamin E, vitamin Cand reduced 

glutathione.Schematic presentation on the effect of free radicals on health is presented Figure 3. 
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Oxidized biomolecules 

 

Chronic disease 

Fig 3. Oxidative stress, antioxidants and chronic diseases (Raob2007) 
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Antioxidants protect against many aliments caused by reactive oxidative stress. Watermelon is a 

very rich source of vitamin, can be served as breakfast, an appetizer or as snack, depending on 

how it is prepared. It also serves as good source of phytochemicals and lycopene, a red 

carotenoid pigment which acts as antioxidant during normal metabolism and protect against 

cancer and other degenerative disease. One generous slice of watermelon contains large amount 

vitamin C and β-carotene may help to protect against various forms of cancer due to its 

antioxidant properties(Oseni and Okoye 2013). 

2.8. Carotenoids and their health benefit 

There are various usually yellow to red pigments (as carotenes) that are found widely in plants 

and animals.Long aliphatic polyene chains, which are composed of eight isoprene units are 

termed carotenoids. Carotenoidsare red, yellow and orange pigments that are widely distributed 

in nature. Although specific carotenoidshave been identified in photosynthetic centers in plants, 

bird feathers, crustaceans and marigold petals, they are especially abundant in yellow-orange 

fruits and vegetables and dark green, leafy vegetables (Eldahshanand Singab 2013).Major uses of 

carotenoids are described in Figure 4. 

 

 

CAROTENOIDS 

 

 

Fig 4.Health promoting functions attributed to carotenoids(Duttaet al., 2005). 

Fruits and vegetables constitutethe major sources of carotenoids in human diet. They arepresent 

as micro-components in fruits and vegetables and areresponsible for their yellow, orange and red 

colors (Zhaoet al., 2013). Carotenoids are thought to be responsible for the beneficial properties 

of fruitsand vegetables in preventing human diseases including cardiovasculardiseases, cancer 
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and other chronic diseases. Theyare important dietary sources of vitamin A. More than 600 

carotenoids have so farbeen identified in nature. However, only about 40 are presentin a typical 

human diet. Of these 40 about 20 carotenoids havebeen identified in human blood and tissues. 

Close to 90% ofthe carotenoids in the diet and human body is represented by B-carotene, α-

carotein, lycopene, lutein and cryptoxanthin (Stahi and Sies 2005). 

All carotenoids possess a polyisoprenoid structure, a long conjugated chain of double bond and a 

near bilateral symmetry around the central double bond, as common chemical features. Different 

carotenoids are derived essentially by modifications in the base structure by cyclization of the 

end groups and by introduction of oxygen functions giving them their characteristic colors and 

antioxidant properties  (Eldahshanand Singab 2013). Due to the presence of the conjugated 

double bonds, carotenoids can undergo isomerization to cis-trans isomers. Although the trans 

isomers are more common in foods and are more stable very little is known about the biological 

significance of carotenoid isomerization in human health (Cazzonelli 2011,Raoa and Raob 

2007). 

 

Fig 5.Structure of some major dietary carotenoids (Raoa and Raob (2007). 

 

 



 
 

2.9 Phenolic compounds and their health benefits 

Phenolic compounds are the most widely distributed secondary metabolites,ubiquitously present 

in the plant kingdom. They occur in food plantseither as esters or glycosides conjugated with 

other naturalcompounds such as flavonoids, alcohols, hydroxyl fatty acids, sterols and glucosides 

(Stankovic 2011).Phenolics are uncommon inbacteria, fungi, and algae. Bryophytes are regular 

producers of polyphenols includingflavonoids, but it is in the vascular plants that the full range 

of polyphenols is found. It is estimated that about 2% of all carbon photosynthesized byplants is 

converted into flavonoids or closely related compounds. Higher plantssynthesize several 

thousand known different phenolic compounds, and the numberof those fully characterized is 

continually increasing (Blainskiet al., 2013).Phenolic acids have gain attention due to their 

potential protective role against oxidative damagediseases, such as coronary heart disease, 

stroke, and cancers. However, their potential interestfor the human health goes far beyond their 

protective antioxidant behavior (Apaket al., 2007). 

 

 

 

 

 

 

 

 

 

 



 
 

MATERIAL AND METHOD 

3.1 Sample collection site 

Fresh watermelon fruits of four varieties were collected from farmland near Koka town and 

identified by a botanist. Koka and lake Koka (Latitude 08ο24'0''N and Longitude 39ο35'0''E)  is 

located at an altitude of 1,590m above sea level and about 90km southeast of Addis Ababa, the 

nation’s capital. The region around lake Koka has a total average annualrainfall of about 630mm 

and an average surface water temperature of 19οC (Dadeboet al.,2015). 

 

Fig 6.(a) Map of Ethiopia with the relative position of Koka area and (b) Map of Lake Koka 

(Dedeboet al., 2015). 

3.2Analysis of nutritional composition 

3.2.1 Sample preparation 

Fruits of different watermelon local varieties were washed and cut open with a knife into small 

pieces.The seeds were removed from the pulp before separating the red pulp from the rind. The 

seeds were washed, allowed to drain and placed onaluminium foil. The pulp was chopped into 

shreds, allowed to drain and placed on another tray lined with foil, which was then transferred 

into an oven.This was maintained at 50 °C in oven to dry for proximate composition analyses. 



 
 

The seeds were dried in oven for 24hours. Drying period was taken from the moment of 

introduction into the pre-heated oven. The dried samples were removed and pulverized 

separately in a steel-bladed grinding mill (Fila et al., 2013).However, β-carotene, antioxidants 

and phenols were estimated by taking fresh samples. 

Moisture content determination (AOAC 2000) 

Crucible to be used for moisture determinationwere washed and dried in oven at 1050c for one 

hour and transfered to the desiccator to cool for 30 minutes. Weights of empty crucible were 

measured (W1). The prepared samples were mixed thoroughly and five gram of each sample 

were transferred to the dried and weighed crucible (W2) and dried at 1050C for 3hr. After drying, 

it keeps in a desiccator to coolat room temperature it is again weigh (W3). Drying for 30 minutes 

of the sample and cooling was repeated for two or more times until a constant weight obtained. 

Moisture content in percent (%) = 

 

Crude protein analysis (AOAC 2000) 

Protein was determined by kjeldhal method. All nitrogen is converted to ammonia by digestion 

with a mixture of concentrated sulfuric acid containing a catalyst. The ammonia released after 

alkalization with sodium hydroxide is steam distilled into boric acid and titrated with 

hydrochloric acid. 

Digestion  

The samples weigh 0.5 gwas taken in flask tube and 6ml of concentrated sulfuric acid was added 

and mixed thoroughly. Then 3.5 ml of 30% hydrogen per oxide were added into digestion 

flask.The flasks were shaken and observing violet reaction. As soon as the violet reaction had 

ceased, three gram of catalyst (0.5g of copper sulfate with 100g of potassium sulfate) was added 

into each flask tube. When the temperature of digester reached 3700c, the flask tubes were placed 

into the digester and the digestion was continued until a clear solution was obtained about 3 to 

4hrs. The flask tubes in the rack were then transferred into hood for cooling. The content in flask 

tube was diluted with distilled waterand shaken to avoid precipitation of sulfate in the solution. 

W2-W3 

W2-W1 
x 100% 



 
 

Distillation  

A 25ml of 40% sodium hydroxide solution was added into the solution.  A 250ml conical flask 

contacting 25ml of boric acid, 25ml of distilled water and indicator solution was placed under the 

condenser of the distiller with its tip immersed into the solution. The distillation was continuing 

until a total volume become between 200 and 250ml. The tip also rinsed with a few ml of water 

before the receiver is removed.  

Titration  

The distilled solution was then titrated with 0.1N hydrochloric acid to a reddish color. 

 

 

Where, V- volume of HCL in L consumed to the end point of titration  

           N- The normality of HCL (0.1N) 

           WO- weight of sample  

          14.00- the molar weight of nitrogen 

Protein (%) = 6.25 × % nitrogen   

Crude fat content determination (AOAC 2000) 

Extraction cylinder were cleaned with hot water, dried in drying oven at 700c for one hour and 

cooled in desiccator for 30 minute, and weighed. The bottom of the extraction thimble was 

covered with thinly layer of fat free cotton. Two gram of sample were weighed and transferred 

into extraction thimble, and then the thimble was covered with cotton. The thimbles with the 

samples content were placed into soxhlet extraction chamber. Fifty ml of petrolatum ether was 

added to the extraction flask through condenser. The extraction was conducted for four hours, 

after that the extraction flask with their content were removed from the extraction chamber and 

Nitrogen(%)    =    VHcl in L × N Hcl ×14 ×100 

Wo 



 
 

placed in drying oven at 700c for about1 hr, and cooled in the desiccator for about 30 minutes 

and weighed. 

 

 

Where: W1 = Weigh of the extraction flask (g) 

W2 = weigh of the extraction flask plus the dried crude fat (g) 

W = Weigh of sample (g) 

Ash content determination (AOAC 1990) 

Porcelain dishes used for the analysis were placed into a muffle furnace for 30 minute at 5500c. 

The dishes were removed and cooled in desiccators for 30 minutes, and the dished was weighed. 

Weighed 2.5g sample was added into each dish. The dishes that contain the sample were placed 

on a hotplate under a fume hood and the temperature was slowly increased until smoking ceased 

and the samples become thoroughly charred. Then the dishes were placed inside the muffle 

furnace at 5500cfor 5 hrs. After that removed from the muffle furnace and allowed to cool in 

desiccator, and weighed. The amount of total ash was calculated by using the following formula. 

 

 

Where, M1 = Mass of crucible 

             M2 = Mass of sample with crucible 

             M3 = Final mass of sample with crucible 

 

 

% Fat content = W2 – W3 

 W 

 

Total ash (%) =  M3 – M1 

                           M2 – M1 



 
 

Determination of Crude fiber content (AOAC 2000) 

Cleaned crucible and one gram of celite (sand) was dried in oven at 1050c for one hour and 

placed in desiccator to cool. One gram of sample was placed to dried crucible.  Two hundred ml 

of 1.25% H2SO4 was separately transferred to each beaker and allowed to boil for 37 minutes. 

After 37 minutes the acid was drained using vacuum pump and the samples were cooled for 5 

minutes and then, the samples were washed for three times using distilled water. For the second 

step, 1.25%NaOH solution was added to each column and the same step was followed as 

previous. Crucibles containing residue was dried at 130OC for two hours by drying oven and 

cooled in the desiccator and crucibles were weighted. Crucibles were transferred to muffle 

furnace for three hours at 525OC and cooled down to 250OC before removing them from the 

furnace. Finally, crucibles were cooled in the desiccators and weighed. Then, the crude fiber was 

calculated using the following formula: 

 

 

 

 

Where:W2=mass of the crucible,  

W3=mass of the crucible and the sand 

W1 = Weight of sample  

Carbohydrate value 

The available carbohydrate identify by the difference as 100 - (moisture + protein + fat + ash + 

total dietary fiber). 

The total energy content in each sample was calculated as follows: 

 

Total energy(%)=(9×crude fat+4×crude protein+4×utilizable carbohydrate) 

 

 

Crude fiber (%) = W2-W3 ×100  

W1 

 

                     / 

 



 
 

3.3 Mineral analysis (AOAC 2000) 

Crucibles and glass wares were washed with 10% nitric acid and placed in oven at105OC for one 

hour. Crucibles were cooled in desiccators for 30 minutes. Each four sample weighing 2.5g were 

transferred to the crucible and charred on hot plate until the smoke ceased to appear. The 

samples were then ashed in muffle furnace which was maintained at 550 OC for 5 hours. The ash 

was later taken out from the furnace and cooled in desiccators and weighted. Some drops of 

deionized water were added to the ash and evaporated on hot plate. Some drops of concentrated 

nitric acid were added and evaporated again using hot plate and ashed once more for 30 minutes 

to ensure its complete ashing.  

The ash was suspended in 7ml of 6N Hcl and subsequently driedusing lower temperature hot 

plate. Then, 15ml of 3N Hcl was added into the ash, heated on hot plate until the solution boils, 

cooled and filtered through filter paper into 50 ml graduated flask. Again, 10 ml of 3N Hcl was 

transferred to the crucible and heated until the solution boils, cooled and filtered into graduating 

flask. Crucibles were washed with deionized water three times and the solution was filtered in to 

a flask. The filter paper was thoroughly washed with deionized water and the solution was 

collected in to the flask. Lanthanum chloride solution (2.5ml) was added per 50 ml of solution. 

Finally, the contents of the flask was diluted and marked to 50ml with deionized water. The 

sample solutions were transferred to the urine cap bottle. The blank was prepared by taking the 

same amount of reagents following the same procedure. Mineral content was determined using 

the following formula. Finally, Fe, Zn, Ca, P, Na and K content were determined by using AAS. 

 

Calculation 

 

3.4 Antinutritional analysis 

Where,Cs = Concentration of sample in ppm 

Cb= Concentration of blank in ppm 

V= Volume (ml) of the extract 

             W = Weight (g) of sample  

 

Metal content in mg/100g of = [(CS- Cb)*V] 

   [10*W] 

 



 
 

3.4 Beta carotene analysis 

3.4.1 Sample extraction 

Appropriate weight of sample (accurately 0.1 mg of flesh part of watermelon fruit) was taken 

and transferred to 250 ml of flask. Hundred mg of hydroquinone was added in the flask. 

Although 95% ethanol equal to four times the weight of the sample and 75% KOH equal to 

weight of the sample was added. Then the flask was placed on boiling water bath when water 

temperature reaches 530C ± 20C for 45 minute and shake continuously. After stirring and 

saponification for about 45 minutes, the flask was removed and cooled to room temperature 

immediately. In order to transfer saponification liquid into 500ml in separate funnel, some 

amount of water was used and fifty ml of hexane was added, and gently shake. After the air is 

expelled, the stopper was covered and shaked the funnel at room temperature for about 10 

minute. Then allowed the funnel to stand for stratification to occur. After that the aqueous phase 

was transferred to another 500ml separating funnel and conducts the second extraction as before. 

The extract was washed with distilled water until the discarded water free from alkali, filter and 

dehydrate the extract with anhydrous sodium sulfate. Finally the filtrate was collected into 500ml 

round bottomed flask and evaporated to near dryness on rotary evaporator 400C ± 20C under 

nitrogen (never evaporate to dryness). Methanol wasused to transfer the residue into a 10ml 

volumetric flask. The residue was marked to a constant volume with methanol and shake to mix 

well. The solution was passed through a 0.22 µm filter paper and ready for testing (Zhao et al., 

2013).   

3.4.2 Preparation of beta carotene standard 

Hundred ppm stock standard solution of beta carotene was prepared by dissolving 10 mg beta 

carotene in 100ml methanol. The standard series (10,20,30,40,50 ppm) beta carotene was 

prepared from the stock standard solution by taking appropriate aliquot and made up to mark 

with methanol. 

 

 



 
 

3.4.3 HPLC condition  

Table 1: Overall condition of the HPLC 

Column  ZORBAX Eclipse XDB-C18 4.6 X 75 mm, 3.5 um 

Mobile phase  Acetonitrile: Methanol: Chloroform (47:47:6) 

Injection volume 20 µl 

Flow rate  2 ml/min 

Detector  UV at 450 nm 

3.4.4 Identification and quantification of beta carotene 

Twenty μL aliquot of standards and sample extracts were injected into the injection loop using 

injection syringe onto reversed phase column with isocratic elution. The elution took 13 minutes 

at a mobile phase flow rate of 2 mL/min on a C18 column, with the retention time of 3.5 minutes 

for β-carotene. The compounds were monitored using a deuterium lamp UV-Vis detector, with 

beta-carotene detected at 450 nm.  

The identification of beta carotene was done by comparing the retention time and spectrum with 

that of the retention time and spectrum of injected sample solution with that of retention time and 

spectrum of standard b carotene.  Beta carotenes were quantified using peak areas, which 

converted to concentration in mg/100g of fresh sample by means of linear calibration curves 

obtained from the standards. Peak areas to concentrations conversion was carried out using the 

following equation.  

 

Where, CX = concentration of analyte in mg/100g of fresh sample,  

PX = Peak area of analyte,  

B = intercept, S = slope and  

df = dilution factor  

Cx (mg/100g)= Px – B 

S 
xdf x 100 g 



 
 

3.5 Analysis of antinutritional factor 

3.5.1 Phytic acid 

Phytic acid was determined spectrophotometrically (Hassan et al.,2011; Wheeler and 

Ferrel1971). Accordingly, 0.2 gram of each sample was extracted with 10ml of 0.2 N HCL for 

one hour at room temperature and centrifuged at 3000 rpm for 30 minutes. The clear supernatant 

was then used for phytic acid determination. Twoml of wade reagent (0.03% solution of 

Fecl3.6H2O containing 0.3% sulfosalicylic in water) was added to three ml of the supernatant 

sample solution, homogenized and centrifuged at 3000 rpm for 10 seconds. Absorbance reading 

was taken at 500nm using UV-Vis spectrophotometer. Absorbance reading of phytic acidwas 

calculated from the difference between the absorbance of the blank (3ml of 0.2 N Hcl + 2ml of 

wade reagent) and that of assayed sample. The amount of phytic acid was calculated using phytic 

acid standard curveand the result wasexpressed as phytate in µg/g. 

Phytic acid in µg/g = [(As-Ab) – intercept)]*10 

                                        Slope × W × 3 

Where As = sample absorbance 

Ab = blank absorbance 

W = weight of sample 

The standard curve was developed using serial dilution of phytic acid standard curve (Y= -0.01x 

+ 0.4558, R2= 0.9989). Accordingly, phytic acid solution was contain 40 µg/g phytic acid and 

0.2N HCL. Three ml of the solution was pipetted in to 15 ml centrifuge tubes and 3ml of 0.2 N 

HCL to the blank. Two ml of wade reagent was added to each tube and the solution was mixed 

using vortex mixer. The supernatant was taken and it absorbance were read at 500 nm by using 

the spectrophotometer.  

3.5.2 Oxalate 

Oxalate content of sample was determined using the method of Hassan et al., 2011.The 

procedure involves three steps as follows: 



 
 

Digestion 

Two g of sample was suspended in 190 ml of distilled water contained in a 250 ml volumetric 

flask. The suspension was digested using 10mlof 6M HCl at 100°C for one hour, cooled and 

made up to 250 ml using distilled water and filtered.  

 

Oxalate precipitation 

Duplicate portions of 125 ml of the filtrate were measured into beakers and four drops of methyl 

red indicator added to each portion.  Concentrated NH4OH solution was added dropwise until the 

test solution changed from its salmon pink color to a faint yellow color. Each portion was then 

heated to 90 0C, cooled and filtered to remove precipitate containing ferrous ion. The filtrate was 

again heated to 90 °C and 10 ml of 5% CaCl2 solution added while stirring constantly. After 

heating, it was cooled and left overnight at 5 °C. The solution was then centrifuged at a speed of 

2500 rev/min for 5 min. The supernatant was decanted and the precipitate completely dissolved 

in 10 ml of 20% H2SO4 (v/v) solution. 

 

Permanganate titration 

The total filtrate resulting from digestion of two gram of flour was made up to 300 ml. Aliquots 

of 125 ml of the filtrate were heated until near-boiling, and then titrated against 0.5M 

standardized KMnO4, solution to a faint pink color which persisted for 30 second. The oxalate 

content was calculated using the following formula. 

                          Oxalate (mg/100g) 

WhereT= Thetitre of KMnO4 (ml) 

Vme= The volume - mass equivalent (i.e.  1 ml of 0.05 MKMnO4, solution is          

Equivalent to 0.00225 g anhydrous oxalic acid)  

DF= The dilution factor VTA (2.4, where VT is the total volume of filtrate (300ml)  

A= The aliquot used (125 ml)),  

ME = The molar equivalent of KMnO4 in oxalate (KMnO4, redox reaction. (5)) and  

mf =  The weight of sample used. 



 
 

3.5.3 Tannin 

One ml of concentrated HCl was added into 100 ml volumetric flask, which was partially filled 

with methanol and make up the volume with methanol for preparing of 1% HCl. Vanillin-HCl 

reagent was prepared separately by dissolving four gram of vanillin in 100 ml of volumetric flask 

with methanol (solution A) and eight ml of concentrated HCl in 100 ml of volumetric flask and 

make up the volume with methanol (solution B).  Equal volumes of solution A and B were mixed 

to prepare the reagent (Martin 1982). 

One gram of samples was measured in a screw cap test tube.Ten ml of 1% HCl in methanol was 

added into each test tube containing the sample. The test tube containing the mixture was placed 

on mechanical shaker for 24 hours at room temperature.The mixture was later centrifuged for 

five minutes.Oneml of the supernatant was then transferred to another test tube and mixed with 

five ml of Vanillin-HCl reagent and allowed to stand for 20 minutes to complete the reaction. 

The absorbance was read at 500nm using spectrophotometer. 

Tannin in mg/g = [(As-Ab)-Intercept]*10 

                  Slope x d x w 

D-catechin was used as used as standard. Forty mg of D-catechin was dissolved in 100 ml of 

volumetric flask with 1% HCl (stock solution).Serial dilutions of 200, 400, 600, 800 and 1000 µl 

of stock solution was taken in a test tube. The volume of each stock solution was adjusted to 1ml 

with 1%Hcl in methanol. Then, fiveml of Vanillin-HCl reagent was added to each test tube and 

allowed to stand for 20 minutes to complete the reaction. Finally, absorbance was observed at  

500 nm.The concentration of tannins was calculated using D-Catechin standard curve (Y = 

0.241x – 0.0066, R2 = 0.9975) and results was expressed as of D- Catechin equivalent in mg per 

100g. 

3.6 Analysis of antioxidant activity  

Samples were extracted as described by Rahmanet al(2013). Five gram of each sample (flesh & 

seed) were weighed and 50ml of methanol was added and  left in incubator shaker for overnight 

and filtered through Whatman No.1 filter paper. The residue was then again extracted with 

additional 25ml portion of methanol. The combined methanolic extract was allowed to dry in a 



 
 

rotary evaporator which was maintained at 40 0C and redissolved in methanol to a concentration 

of 50 mg/ml and stored at 40C for further use.   

Antioxidant activities of the samples were compared with the activity of ascorbic acid.  The 

stock standard solution of ascorbic acid was prepared by dissolving three mg ascorbic acid in 

10ml methanol.One ml of serially diluted concentrations of ascorbic acid was prepared from the 

stock solution by taking appropriate aliquot and make up to mark with methanol. 

Other than watermelon fruit like mango, orange, apple and papaya that are commonly consumed 

in Ethiopia were also extracted as above procedure and their antioxidant activity determined, 

compared with one of varieties of watermelon fruit flesh which confirmed the highest 

antioxidant activity.    

3.6.1 DPPH Assay 

The free radical scavenging activity (antioxidant activity) of the extracts, based on the 

scavenging activity of the stable 2, 2-diphenyl-1-picrylhydrazyl (DPPH) free radical, was 

determined according to methods described by Mehraet al(2015). Accordingly, 0.004% solution 

of DPPH in methanol was prepared and then 4 ml of DPPH solution was mixed with one ml of 

various concentrations of extracts in methanol. The samples were incubated for 30 min in dark 

condition at room temperature. The absorbance of each test sample was determined at 517 nm, 

with four mL DPPH standard solution in one mL of methanol as control/blank. The antioxidant 

activity was measured for each sample extract as a decrease in the absorbance reading of DPPH 

and was calculated using the following equation (Mehraet al., 2015,Rahmanet al., 2013). 

% Radical scavenging activity (RSA)=  

 

Where A0 is the absorbance of the control and A1 is the absorbance of the sample. The IC50 value 

(effective concentration) of sample extract required to decrease the initial DPPH radical 

concentration by 50 % was determined by plotting scavenging activity against concentration of 

sample extracts. Triplicate measurements were taken and scavenging effect determined to obtain 

Absorbance of control – Absorbance of sample 

                   Absorbance of control 

x 100 



 
 

the graph. Using the stable DPPH free radical, the antioxidant activity for synthetic antioxidants 

(Ascorbic acid) was determined in similar manner for purpose of comparison (Mehraet al., 

2015). 

The percentage yield extract were calculated 

Yield (%) = (W1/W2) × 100 

Where W1 = Weight of extract after solvent evaporation  

            W2 = Weight of the sample 

3.7 Analysis of total phenolic content 

Total phenolic content was determined according toBhoyaret al(2011). The sample extraction 

method for total phenolics is similar to the extraction used to determine antioxidant activity. One 

ml of each sample extract, which is prepared within the concentrations ranges of 20-160 µl/ml, 

was adjusted with methanol. One ml of   Folin-Ciocalteu reagent (FCR) was pipetted to each test 

tube containing the sample solution and mixed and incubated for three min at room temperature. 

After 3 minutes, one ml of saturated Na2CO3 solution was transferred to the solution and adjusted 

to 10 ml with distilled water, mixed and incubated at room temperature. The solution was kept in 

dark condition for 90 minutes. Finally, absorbance was read at 725nm using UV-VIS 

spectrophotometer.  

The concentration of total phenolic was actually calculated using gallic acid standard curve(y= 

0.0668x+1.1369, R2=0.9922). The standard curve of gallic acid was made by taking various 

concentrations (0.5-8mg/ml). The results were mean value ± standard error of mean and 

expressed as mg of gallic acid equivalents/g of extract (GAE). The total phenolic content of 

samples in GAE was calculated by the following formula: 

 

 

C = c x v 

m 

 

 



 
 

Where C is total phenolic content of compounds (mg/g) in GAE, c is the concentration of gallic 

acid established from the calibration curve, V is the volume of extract and m is the weight of 

extract. 

The calibration curve for gallic acid was calculated according to the following formula 

                     Y=a+bx 

Where, Y= Absorbance (nm)  

             a = Slope of gallic acid (Mm)  

             b = Intercept 

            X = Concentration 

3.8Statistical analysis 

Microsoft Excel spreadsheet was used to record and organize the data. One way analysis of 

variance (ANOVA) and Duncan was used to compare means among treatments.Significant 

differences was determined at the P< 0.05 leveland results expressed in mean ± SD. SPSS 

version 21statistical package was used for the analysis. 

 

 

 

 

 

 

 

 



 
 

RESULT AND DISCUSSION 

The proximate composition, mineral contents, antinutritional factors, B-carotene content, 

antioxidant activity and TPC were determined inflesh and seed partof four varieties Citrullus 

lanatusfruit. Proximate composition and mineral content were determined using AOAC method, 

while B-carotene content, antioxidant activity and total phenolic content were determined using 

HPLC, DPPH assay and FCR assay respectively. The findings are presented as follow: 

4.1 Ethnobotany of watermelon 

Four different watermelon varieties were identified in agricultural fields,about 5 Km from Koka 

town, Oromiya region, by a botanist. Name and morphological characters of the four varieties 

are described in Table 2. 

Table 2.Description of four different watermelon varieties. 

Local Name  Description  

Lahat Seeded fruit type, open field growing system, 

grayish with green strips of fruit skin colour, 

deep red flesh colour, oblong in fruit shape  

Augusta Seeded fruit type, open field growing system, 

deep green  of fruit skin colour, carmine rose 

or reddish pink flesh colour, spherical in fruit 

shape 

Ria Seeded fruit type, open field growing system, 

light green with dark green strips of fruit skin 

colour, red flesh colour, oval in fruit shape  

Candy Seeded fruit type, open field growing system, 

grayish white of fruit skin colour, red flesh 

colour, round in fruit shape 

 



 
 

4.2 Proximate composition of watermelon fruit (flesh and seed part) 

The mean value for moisture, crude protein, crude fat, total ash, carbohydrate and total energy 

calorie value of flesh and seed part of four local varieties of watermelon are presented in Table 3 

and 4. 

4.2.1 Proximate composition of flesh part of watermelon fruit 

4.2.1.1 Moisture content  

The mean values moisture content of the four varieties of watermelon ispresented in Table 3. It 

ranged from 91 to 94 %. The highest and lowest moisture contentwas found in flesh of Augusta 

and lahat fruit respectively. The moisture content of Candy(92)and Ria(93) were significantly 

lower than Augusta(94)and Lahat (95) of flesh part watermelon fruitat (p<0.005).Shofianet 

al(2011) and Shahzadet al(2014)indicated that the moisture content of watermelon fruit was 

92.47% and 90.95% respectively, which is comparable with this study. 

4.2.1.2 Crude protein content 

In Table 3, the protein content of the local four varietiesis also presented.The highest and lowest 

protein content was found inRia and Augustarespectively.  The protein content of watermelon 

varietieswere range from 0.39% to 0.65%. The crude protein content of Augusta was 

significantly (p<0.005) lower when compared with Ria flesh. However, Candyand Lahat flesh 

was significantly higher than Augusta flesh but lower than Ria flesh at (p<0.005). These finding 

are in conformity with the study of Fila et al(2013), that reported the crude protein content 

watermelon of fruit as 0.44%. 

4.2.1.3 Crude fat content 

The results of crude fat content of watermelon varieties flesh part are presented in Table 3. Crude 

fat contents of the varieties ranged between 0.038% in Candy to 0.105% of Lahat fruit 

flesh.There is significant difference in crude fat content among the four varieties. The result of 

Lahat and Ria flesh has a similarity with the study of Inuwaet al(2011)which indicated 0.1% to 

0.15% fat content of watermelon. 



 
 

4.2.1.4 Ash content 

The ash content of a biological material is theinorganic residue that remains after organic matter 

has beenburnt. The ash content of the watermelon fruits flesh ranges from1.72% in Ria to 1.98% 

Lahat fruit flesh. There is no significant difference between Candy flesh and Augusta flesh in 

their ash content, but they have higher significance difference with Lahat flesh but lower 

significance with Ria flesh. As Sharma et al(2013)indicated, the ash value of some Nigerian fruit 

ranges from 0.3%-2.5%, watermelon flesh have the highest ash value (2.5%) than those Nigerian 

fruit that is related with this study. Fruit with high percentages of ash contents are expected to 

contain high concentrations of various mineral elements, which are expected to speed up 

metabolic processes and improve growth and development (Sharma et al., 2013). 

4.2.1.5 Crude fiber content 

The results of the crude fiber content the four watermelon local varieties from around Koka area 

presentedin Table 3. The finding fruit of the varieties contain crude fiber ranging 0.12% in 

Augusta to 0.21% in Lahat fruit flesh.When comparing the varieties, there is significant 

difference (p< 0.005) among them. The results are comparable with previous studies,Inuwaet 

al(2011) indicated that crude fiber content range from 0.3 to 0.4 %and Ramuluand Rao(2013) 

was indicated 0.2%. 

4.2.1.6 Carbohydrate content  

The present study showed that there is significant difference (p<0.005) in the level of 

carbohydrate among fruit flesh of the four local watermelon varieties. The carbohydrate content 

ranges from 2.12% in Lahat to 6.32% in Ria fruit flesh as shown in Table 3.The result of this 

study showed that there is significant difference (p<0.005) among the four varieties.  The results 

are relatively similar with7.19% and 4% to 5% that was reported by Fila et al(2013) and Inuwaet 

al(2011) respectively. 

 

 



 
 

4.2.1.7 Total energy 

The caloric values of the fruit flesh from the four local varieties presented in Table 3. They range 

from 11.71% in Lahat to 28.63% in Ria fruit flesh. The total energy values are significantly 

different among each other. The study finding revealed that fruits are poor sources of energy. 

Table 3. Proximate composition of flesh part of watermelon fruit (%) 

Sample 

type 

Moisture  Protein  Fat  Ash  Fiber  CHO  Kcal. 

CF 92± 0.00a 0.54±0.19b 0.03±0.00a 1.82±0.043b 0.15± 0.007b 5.43±0.062c 24.28±0.175c 

AF 94± 0.001b 0.39±0.10a 0.07±0.00b 1.81±0.036b 0.12± 0.007a 3.58±0.046b 16.60±0.144b 

LF 95± 0.001b 0.57± 0.00b 0.10±0.00d 1.98±0.014c 0.21± 0.001d 2.12±0.016a 11.71±0.060a 

RF 91± 0.00a 0.65±0.14c 0.09±0.00c 1.72±0.027a 0.20± 0.001c 6.32±0.019d 28.63±0.961d 

CF- Candy flesh, AF-Augusta flesh, LF-Lahat flesh, RF-Ria flesh. Data are average of triplicate ± SE. Mean value 
with different superscript in the column are significantly different (p<0.005). The result is reported on wet basis.  

Significant difference in caloric values of fruit flesh could be attributed to varietal differences. 

The values of proximate composition of flesh part ofCitrulluslanatus,that is moisture, crude 

fiber, ash, fat and protein agrees with the findings of Potter and Hotchkiss (1997),Suchankova 

(2015) that worked on nutrient components of food, reported a range value of fibre 0.1g-6.8g for 

fruits. Fruits are not very good sources of fat as reported by Fila et al(2013). Kyureghian(2010) 

also reported that nitrogenous content of fruits is low (0.4g – 0.6g) as compared to seeds, leaves 

and some other plants parts.The carbohydrate content of the fruits is low (7.50% to 18.60%) that 

was reported by Sharma et al 2013. Fruit with low carbohydrate content might be ideal for 

diabetic and hypertensive patients who require for low sugar diets. 

4.2.2 Proximate composition of seed part of watermelon fruit 

The moisture content of seed of four local varieties of watermelon is presented in Table 4. The 

value of moisture content of the seed decreased in the order of Ria (4.55)> Augusta(4.20)> Lahat 

(3.00)> Candy(2.70). There is significant difference (p<0.05) between the varieties ofseeds. The 



 
 

moisture content of watermelon seed that was reported by other studies, 

Lakshmi&Kaul(2011)and Oyelekeet al(2012)was 4.86% and 6.9% respectively.  

The protein content of watermelon seed was higher than that found in most legumes as reported 

byOmobolanieet al(2014)and the protein quantity meets the daily requirement for adults. The 

protein content of watermelon seed was indicated (Table 4). Lahat has higher protein than 

Candyand Augusta but lower than Ria seed.  

Studies have shown that the fat in watermelon is more of monounsaturated, polyunsaturated and 

omega-6 fatty acids. The monounsaturated and polyunsaturated fatty acids help reduce blood 

cholesterol while the omega-6 reduces the risk of heart disease and type 2 diabetes (Duduyemiet 

al., 2013). The fat content obtained in the present study for watermelon seeds are presented in 

Table 4. In Candy seed (23.75), Augusta seed (23.25) and Lahat seed (23.75) there is no 

significant difference (P>0.05) seen in fat value but Ria seed has higher fat content than the rest 

at (p<0.005).  

The ash value of varieties of watermelon seeds was presented but there is no significant 

difference between them as given in Table 4.Candy seed (34.35) and Lahat seed (33.45) have 

higher fiber content than Ria seed (32.43) and Augusta seed (28.66). As shown in Table 4, the 

carbohydrate content of Ria seed (10.66%) was lower than Lahat (13.59%), Candy (16.82%) and 

Augusta (20.30%) seeds. The caloric value of Augusta seed (375.21%) was higher than Ria 

(366.03%), Candy (360.55%) and Lahat (362.53%) seeds. 

When we compare the result of this study with others, Oyelekeet al(2012)reported that the 

protein (27.4%), fat (49.7%), ash (4.1%) andfiber (3.8%), of watermelon seed, Ibeanuet 

al(2012)reported that protein (38.59%), fat(17.78%), ash (3.17%) and fiber (7.32%) content of 

watermelon seed. Lakshmi andKaul 2011reported that protein (27.59%), fat (46.83%), ash 

(2.87%) and fiber (4.68%) content of watermelon seed, El-Safyet al(2012)reported as protein 

(30.11%), fat (30.73%),ash (3.75%) and fiber (5.19%), Omobolanleet al(2014)reported as 

protein (16.3%), fat (12.91%), ash (3.24%), fiber (2.24%) and CHO (58.36%). The results of this 

study are comparable with some of study. 

 



 
 

Table 4.Proximate composition of seed part of watermelon fruit 

Sample 

type 

Moisture 

(%) 

Protein (%) Fat (%) Ash (%) Fiber (%) CHO Kcal  

CS 2.70±0.141a 19.87±0.176a 23.75±0.353a 2.5 ±0.141a 34.35±0.056d 16.82±0.016c 360.55±0.031a 

AS 4.20±0.000c 21.19±0.000b 23.25±0.353a 2.4± 0.000a 28.66±0.042a 20.30±0.031d 375.21±0.019b 

LS 3.00±0.141b 23.60±0.141c 23.75±0.353a 2.6 ±0.282a 33.45±0.233c 13.59±0.030b 362.53±0.014a 

RS 4.55±0.070d 24.60±0.141d 25.25±0.353b 2.5 ±0.141a 32.43±0.035b 10.66±0.060a 366.03±0.018a 

CS- Candy seed, AS-Augusta seed, LS-Lahat seed, RS-Ria seed. Data are average of triplicate ± SE. Mean value 
with different superscript in the column are significantly different (p<0.005).  

Generally, the proximate composition of watermelon seed especially the protein and fat content 

have a good implication for the communitieswith high protein deficiency and can be used as 

complement protein with cereals and other plant foods in the diets. The fats are essential because 

they provide the body with maximum energy and the fat content indicate the importance of the 

seed for oil extraction that may be used for different food processing. 

4.3 Mineral content of watermelon fruit 

The analysis of the mineral constituents foriron, zinc, calcium, phosphorus, sodium and 

potassium content of watermelon fruitwas presented in the following Table 5 and 6.The previous 

studies indicated as the mineral content of fruit affected by stage of development and 

ripening,Soumya and Rao(2014)reported the concentration of mineral contents like Na, Fe and 

Zn were distinguishably higher in the ripe fruit, whereas the cultivars of watermelon showed 

their higher mineral concentration (K, Na and Mn) in the early stages of development and 

ripening.The recent studies of Hannah and Krishnakumari(2015)referredthe content of mineral 

elements in plants and fruit depends to a high degree on the soilsabundance, including the 

intensity of fertility. 

 

 



 
 

4.3.1 Mineral contents of flesh part 

4.3.1.1 Iron  

Accordingly to the results of this study(Table 5), the iron content watermelon flesh varietieshave 

significance difference between them. The Lahat flesh (3.14 mg/100gm) and Augusta flesh (0.80 

mg/100gm) have highest and lowest iron content respectively, whereas Ria flesh higher than 

Candy flesh at (p<0.005). The iron content of cultivated watermelon flesh rangedfrom 0.280 to 

0.450 mg/100g in four different region of Turkey was reported by Otles (1993)that is less 

thanresults found in this study. 

4.3.1.2 Zinc  

There were a significance difference in zinc content of watermelon flesh varieties at (p<0.005). 

Zinc content ranged from 0.057 to 0.144 mg/100gm, in Augusta and Lahat flesh respectively. 

Sharmaet al (2013)indicated that the zinc content of Citrullus lanatus flesh (7.5 mg/100g) was 

higher than nine different Nigerian fruit that also have higher results than this study. 

4.3.1.3 Calcium  

The calcium content of watermelon flesh part was presented in Table 5.  There was significance 

(p<0.005) difference between Augusta (7.77), Ria (7.05), Lahat (6.50) and Candy (5.62) fruit 

flesh varieties.Other studies on calcium content of watermelon flesh is reported;Nazet 

al(2013)was reported calcium content of 5.6 mg/100g, whereas Otles 1993indicated that calcium 

content of Citrullus lanatus flesh ranged from 6.17 to 8.33mg/100g in agreement with present 

study. 

 

 

 

 



 
 

Table 5.Mineral content of flesh part of watermelon 

Sample 

type  

Fe 

(mg/100g) 

Zn 

(mg/100g) 

Ca (mg/100g) P (mg/100g) Na (mg/100g) K (mg/100g) 

CF 1.51±0.021b 0.06±0.001b 5.62±0.002a 16.56±0.001c 8.31±0.044b 111.01±0.007b 

AF 0.80±0.014a 0.05±0.000a 7.77±0.001d 14.29±0.001b 11.58±0.024c 127.12±0.033c 

LF 3.14±0.001d 0.14±0.002d 6.50±0.001b 19.03±0.002d 10.66±0.043c 96.55±0.024a 

RF 2.31±0.001c 0.12±0.002c 7.05±0.002c 10.82±0.002a 6.15±0.156a 107.42±0.003b 

CF- Candy flesh, AF-Augusta flesh, LF-Lahat flesh, RF-Ria flesh. Data are average of triplicate ± SE. Mean value 
with different superscript in the column are significantly different (p<0.005). The result is reported on wet basis.  

4.3.1.4 Phosphorus  

The phosphorus content of Citrullus lanatus flesh in this study is similar to that reported by Otles 

(1993) which ranged from14.82 to 17.95 mg/100gexcept for Ria flesh varity. The phosphorous 

content for four varieties of watermelon flesh was presented in Table 5, have a significantly 

different from one another (p<0.005).The highest and lowest phosphorus content was found in 

Lahat flesh (19.03 mg/100g) and Riaflesh (10.82 mg/100g) respectively. 

4.3.1.5 Sodium  

The mean total content of sodium in Candy fleshand Augusta flesh was 8.12 and 11.58 mg/100g 

receptively. However, there was significant decrease in sodium content on Lahat flesh and 

Riaflesh, which were 10.66 and 6.15 mg/100g respectively. Sodium content of this study was 

found to be similar to that reported by Otles 1993 that range 3.18 to 9.51mg/100g. 

4.3.1.6 Potassium  

In the present study, the potassium content of watermelon in Candy flesh, Augusta flesh, Lahat 

flesh and Ria flesh were presented 1036.68, 813.32, 708.66 and 720 mg/100g respectively. There 

is significance (p<0.05) difference among the varieties. The Candy flesh and Ria flesh are higher 

significance difference from Lahat fleshand Augusta flesh. Sharma et al(2013) and Otles 



 
 

(1993)are indicated as potassium content of watermelon flesh 125 mg/100gm and 98.27 to 

156.18mg/100gm respectively. 

4.3.2 Mineral content of watermelon seed  

The analysis of the mineral constituents of the watermelon seeds showed a significant 

concentration of iron, zinc, calcium, phosphorus, sodium and potassium(Table6). 

The iron content of seed varietiesranged from 2.454to 4.919 mg/100gm. Candy, Augustaand Ria 

seeds have higher content of iron than Lahat seeds.  Zinc content didn’t show significance 

difference among watermelon seed varieties. Concerning calcium content of seeds, Ria and 

Lahat seeds have higher content than Augusta seed as shown in Table 6. Regarding phosphorus, 

Ria seeds showed no significance difference from Candy and Augusta seeds but Lahat seed have 

higher significance difference from the rest at (p<0.005). Only Candy seed (11.96 mg/100gm) 

showed higher content than Augusta (3.87 mg/100g), Lahat (3.94 mg/100g) and Ria(4.00 

mg/100g) seeds in sodium content. The potassium content of Augusta seed (813.32) was higher 

than Lahat (708.66) and Ria seeds(720.00) but lower than Candy seeds (1036.68) in mg/100g. 

Table 6. Mineral content of seed part of watermelon 

Sample 

type 

Fe 

(mg/100g) 

Zn 

(mg/100g) 

Ca (mg/100g) P (mg/100g) Na 

(mg/100g) 

K (mg/100g) 

CS 4.04±0.311b 3.92±0.105a 20.80±0.866ab 375.90±0.067a 11.96±0.001b 1036.68±0.037c 

AS 4.36±0.480b 3.22±0.108a 11.92±0.287a 415.65±0.013b 3.87±0.028a 813.32±0.220b 

LS 2.45±0.061a 3.41±0.125a 31.14±0.701bc 476.96±0.098c 3.94±0.141a 708.66±0.007a 

RS 4.91±0.210b 4.47±0.061a 33.32±0.073c 403.31±0.099ab 4.00±0.002a 720.00±0.000a 

CS- Candy seed, AS-Augusta seed, LS-Lahat seed, RS-Ria seed. Data are average of triplicate ± SE. Mean value 
with different superscript in the column are significantly different (p<0.005).  

Other studies also reported on mineral content of watermelon seeds,Mathew et al(2014)described 

the sample with the highest ash content had the highest probability of beingthe one with the 

highest mineral contents, itcontained Fe (2.88), Zn (5.52), Ca (7.37) and Na (11.13) in 

mg/100gm.El-Safyet al(2012)also reported mineral content of watermelon seed like Zn (9.65), 



 
 

Ca (86.75), P (1073.3), Na (90.35) and K (598.95) in mg/100gm. Some of the mineral values 

found in this study have similarities with the two studies. 

4.4 Beta carotene content 

The levels of beta carotene werealso determined in the four varieties of flesh part of watermelon 

fruit. Accordingly, the beta carotene content ranged from 0.0013 mg/100g in Augusta to0.3879 

mg/100g in Candy fruit flesh. There was statistically significant difference(p<0.005) among the 

varieties in ß-carotene. The levels of β-carotene were similar with those reported in other 

studies.Adetutuet al(2015)reported level of β-carotene in Citrullus lanatus to 

be0.3087mg/100gm whileCharoensiriet al(2009)reportedto be 5.2 to 616 mg/100gm.Shofianet 

al(2011)also reported as 0.2903 mg/100g level of beta carotene in watermelon fruit. The 

variations may be attributed to the presence of genetic difference among the varieties. 

Table 6. Beta carotene content of watermelon flesh 

Sample type  β- Carotene (mg/100g) 

CF 0.3879 ± 0.0004d 

AF 0.0013 ± 0.0002a 

LF 0.3585 ± 0.0002c 

RF 0.0826 ± 0.0001b 

CF- Candy flesh, AF-Augusta flesh, LF-Lahat flesh, RF-Ria flesh. Data are average of triplicate ± SE. Mean value 
with different superscript in the column are significantly different (p<0.005). The result is reported wet basis.  

ß-carotene has a specific role as the principal precursor of vitamin A. The recommended intake 

of vitamin A is 1-3 mg/day of retinol equivalent (Charoensiriet al., 2009).Diets deficient in 

vitamin A werepredisposing factors forthe death of children from measles, diarrhea and other 

diseases because of impaired immunity in addition to blindness (Rao 2007). As a result, dietary 

sources and adequacy of provitamin A continues to be of major concern. Encouraging 

consumption of Citrullus lanatusfruit has major contributor for fulfillment of the daily 

recommended intake of vitamin A. 

 



 
 

4.5. Anti-nutrient contentsof watermelon fruit 

4.5.1 Anti-nutrient contents of watermelon flesh 

Johnsonet al(2012) reported about the antinutritional content of watermelon flesh such as phytic 

acid, oxalate and tannin containing 0.06, 0.09 and 0.03 mg/100g respectively. Anhwangeet 

al(2015) also described that the phytic acid, oxalate and tannin content of watermelon fruit flesh 

were that 0.1 mg/100g, 0.03 mg/100g and 0.03 mg/100g, respectively. Phytic acid intake of 4 to 

9mg/100g is said to decrease iron absorption by 4 to 5 folds in humans and the lethal level of 

oxalate in man is 3 to 5g. The daily intake of 450mg of oxalic acid has been reported to interfere 

with various metabolic processes. The values obtained for phytate, oxalate and tannin by 

Johnson et al(2012), Anhwangeet al(2015)and the result found in this study are lower than the 

lethal dose. The toxic effect of these anti-nutrients may not occur when these fruits are 

consumed, because their levels are much lower than the level of ant-nutrients known to cause ill 

health or lethality. 

4.5.1.1 Phytic acid content 

Phytic acid content of watermelon flesh of the local varieties is presented in Table 8. The finding 

indicated that Candy and Augusta fruit flesh have significantly (P<0.005) lower phytic acid 

content than Ria and Lahat fruit flesh. Moreover, the study revealed that flesh of Lahat fruit has 

significantly higher (P<0.005) phytic acid content than the other three varieties.The result found 

have similarities with phytic acid level indicated by Anhwangeet al(2015). The level of phytic 

acid in the flesh of watermelon is relatively lower when compared with other fruits such as 

mango (Umeobikaet al., 2015).Therefore use of watermelon fruit may have very little effect on 

reducing bioaccessibility of minerals. 

4.5.1.2 Tannin content 

The tannin content of watermelon fruit flesh ranges from 0.012 to 0.019 mg/100g. The four 

varieties contain lower level of tannins. The results found were lower than resulted reported 

byJohnsonet al(2012) and Anhwangeet al(2015) although Ria fruit flesh has significantly higher 

(P<0.005) tannin content. Tannins have been reported to affect nutritive value of food products 



 
 

by forming complexes with protein therebyinhibiting digestion and absorption; it also interferes 

with metal ionavailability (Erukainureet al., 2010). 

Table 8. Anti-nutrient contents (mg/100g) of flesh part 

Sample type Phytic acid Tannin  Oxalate  

CF 0.108±0.014a 0.016 ± 0.003ab 0.031 ± 0.000a 

AF 0.111±0.014a 0.012 ± 0.001a 0.028 ± 0.004a 

LF 0.171±0.007c 0.017 ± 0.007ab 0.032 ± 0.002a 

RF 0.132±0.008b 0.019 ± 0.001b 0.031 ± 0.004a 

CF- Candy flesh, AF-Augusta flesh, LF-Lahat flesh, RF-Ria flesh. Data are average of triplicate ± SE. Mean value 
with different superscript in the column are significantly different (p<0.005). The result is reported on wet basis.  

4.5.1.3 Oxalate content  

The study further showed that there is no significant difference (P>0.005) among the four 

varieties of watermelon fruit flesh. The oxalate content in this study is similar to result reported 

by Anhwangeet al(2015). Diets high in oxalate increase the risk of renal calcium absorption and 

has been implicated as a source of kidney stones (Erukainureet al., 2010).  

All the four watermelon local varieties collected from Koka have lower antinutritional factors 

(phytic acid, tannins and oxalate). It is therefore very unlikely that consumption of the fruit will 

reduce bioaccessibility of nutrients or cause any unwanted health problem such as kidney stone. 

Lower level of the anti-nutrient could most probably be due to higher moisture content of 

watermelon fruit flesh, which ranges from 91% to 95%.  

Molar ratio of antinutritional factor (phytic acid) to minerals (Ca, Fe and Zn) of 

watermelon flesh 

The calculated value of the molar ratio between phytic acid and some of the analyzed minerals 

such as Ca, Fe, and Zn and the data from the Table 9 implies that  antinutritional factors 

particularly phytic acid has the  capacity to deprive a normal absorption of the aforementioned 

minerals in our body.  



 
 

Table 9. Molar ratio between phytic acid and minerals of watermelon flesh 

Sample type Phytic acid/Ca Phytic acid/Fe Phytic acid/Zn 

CF 0.019 ± 0.003 0.071 ± 0.001 1.8 ± 0.024 

AF 0.014 ± 0.025 0.138 ± 0.002 2.22 ± 0.003 

LF 0.026 ± 0.001 0.054 ± 0.002 1.22 ± 0.024 

RF 0.018 ± 0.001 0.057 ± 0.001 0.05 ± 0.007 

CF- Candy flesh, AF-Augusta flesh, LF-Lahat flesh, RF-Ria flesh.Values were expressed as mean SD (n=2). 

The critical molar ratio, above which ion absorption may be inhibited, has been determined by 

several authors at PA:Ca>1.56, PA:Fe>14 and PA:Zn>10 (Lopez et al.,1998) and this limit was 

employed  to assess  the results of a certain molar ratio in this study. Accordingly, the values 

pointed out in Table 9 revealed that the molar ratio of phytic acid: Ca, phytic acid: Fe and phytic 

acid: Zn in all varieties of watermelon flesh was found to be below the critical limit. This implies 

that there are no more problems in the bioavailability of calcium, iron and zinc in the watermelon 

flesh. 

4.5.2 Anti-nutrient contents of watermelonseed 

El-Safyet al(2012) pointed that the phytic acid, tannin and oxalate contents of Citrullus lanatus 

seed was 2.63, 0.24 and 0.407 mg/100gmrespectively. Lakshmi andKaul(2011) reported phytic 

acid and oxalate content of seed of watermelon as 0.99 mg/100g and 0.213 mg/100g 

respectively. The findings are relatively comparable with this study. The present study showed 

that the level of phytic acid ranged from 1.481 to 1.808 mg/100gm, tannin ranged from 0.025 to 

0.049 mg/100gm and oxalate ranged from 0.048 to 0.060 mg/100gm (Table 10). 

As seeds of watermelon are roasted or processed in different ways before consumption, the 

antinutritional facts (phytic acid, tannin and oxalate) are expected to be further reduced and may 

have very little detrimental effect on bioaccessibility of nutrients such as protein and mineral.  

 

 



 
 

Table 10. Anti-nutrient contents (mg/100g) of watermelon seed  

Sample type Phytic acid Tannin  Oxalate  

CS 1.727±0.086b 0.042 ± 0.001c 0.048 ± 0.004a 

AS 1.808±0.035c 0.036 ± 0.007b 0.060 ± 0.000b 

LS 1.481±0.023a 0.025 ± 0.002a 0.057 ± 0.001b 

RS 1.524±0.018a 0.049 ± 0.001d 0.048 ± 0.004a 

CS- Candy seed, AS-Augusta seed, LS-Lahat seed, RS-Ria seed. Data are average of triplicate ± SE. Mean value 
with different superscript in the column are significantly different (p<0.005).  

Molar ratio of antinutritional factor (phytic acid) to minerals (Ca, Fe and Zn) of 

watermelon seed 

The molar ratio between phytic acid and some of the analyzed minerals such as Ca, Fe, and Zn 

for watermelon seed varieties were calculated and presented in Table 10. 

Table 11. Molar ratio between phytic acid and minerals of watermelon seed 

Sample type  Phytic acid/Ca Phytic acid/Fe Phytic acid/Zn 

CS 0.083 ± 0.043 0.427 ± 0.043 0.44 ± 0.001 

AS 0.151 ± 0.014 0.414 ± 0.002 0.561 ± 0.000 

LS 0.047 ± 0.027 0.604 ± 0.021 0.434 ± 0.001 

RS 0.045 ± 0.004 0.31 ± 0.005 0.34 ± 0.002 

CS- Candy seed, AS-Augusta seed, LS-Lahat seed, RS-Ria seed.Values were expressed as mean SD (n=2). 

The values described in Table 10 revealed that the molar ratio of phytic acid: Ca, phytic acid: Fe 

and phytic acid: Zn in all varieties of watermelon seed was found to be below the critical limit 

that stated by Lopez et al(1998).This implies that there are no more problems in the 

bioavailability of calcium, iron and zinc. 

 

 



 
 

4.6. Antioxidant capacity of watermelon fruit 

4.6.1 Yield of extract 

The percentage yields of extract ranges from 17 to 18.8% for flesh part and 9.4 to 13.4% for seed 

part. The flesh part have higher yield of extract than the seed.This may be due to phytochemical 

including ascorbic acid content. 

Table 12.  Percent extract yield of watermelon flesh and seed  

 

Samples  

                                     Yield % 

Flesh part Seed part 

Candy 20 13.4 

Augusta 18.7 10.4 

Lahat 18.8 10.4 

Ria 17 9.4 

4.6.2Radical scavenging activity of watermelon flesh 

The radical scavenging activity of methanolic extract of watermelon fruit flesh is shown in 

Figure 7. As the concentration of the sample increased, the percent inhibition of radical 

scavenging activity also increased. 

At extract concentration of 50 mg/ml, the antioxidant activity of fruit flesh samples of 

watermelon varieties and ascorbic acid are presented in Figure 7 and Table 12. The radical 

scavenging activity of ascorbic acid and sample extracts, on the radical activity decreased in 

order of ascorbic acid > Candy > Lahat > Ria>Augustafruit flesh. Therefore, the percentage of 

radical scavenging capacity of Candy flesh has the highest antioxidant activity than the other 

three varieties.The significant difference in radical scavenging activity may be attributed to the 

genetic variation among the varieties. 



 
 

 

Fig 7. Radical Scavenging activity of watermelon flesh extract and standard. 

The IC50 values of the sample extract were calculated from plotted graph of percentage 

scavenging activity against concentration of the extract. The IC50 value of watermelon fruit flesh 

ranges from7.615 in Candy to 54.63% in Augusta. The lower the IC50 value, the higher is the 

radical scavenging activity.  

Table 13. Radical scavenging activity and IC50 value of watermelon flesh 

Samples % RSA IC50 (mg/ml) 

Ascorbic acid 94.86 ± 0.001 2.808  

CF 64.93 ± 0.013d 7.615  

AF 16.32 ± 0.018a 54.63 

LF 27.24 ± 0.014c 29.71 

RF 21.01 ± 0.082b 34.22 

CF- Candy flesh, AF-Augusta flesh, LF-Lahat flesh, RF-Ria flesh. Data are average of triplicate ± SE. Mean value 
with different superscript in the column are significantly different (p<0.005). The result is reported wet basis.  

When comparing watermelon flesh with other fruits commonly consumed in Ethiopia such as 

mango, orange, apple and papaya, the antioxidant potential of the fruit was 95.66%, 89.06%, 
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22.46%, and 19.6% respectively. Watermelon fleshes have similar antioxidant potential with 

apple and papaya but lower antioxidant activity when compared with mango and orange (Figure 

8). 

 

Fig 8.Comparison of Candy watermelon varieties with other common fruits in Ethiopia. 

Shofianet al(2011)indicated the antioxidant activity of different fruit such as; mango has higher 

antioxidant activity than watermelon.Nazet al(2013)also indicated that radical scavenging 

activity of Citrullus lanatusflesh fruit is 29.11%.Nagalet al(2012)reported the radical scavenging 

activity of 12 cultivate watermelonin India which ranged from 39.9 to 

75.24%.Oseni&Okoye(2013) reported the radical scavenging activity of variousparts of the 

watermelon fruit to be 65.22% for mesocarp, 71.52% for juice and 81.44% whole fruit.Choo and 

Sin (2012)alsoreported IC50 values ofCitrullus lanatusas 112.8 to 149.8 mg/mlin ethanol extract, 

solvent used for extraction may have effect on antioxidant activity.Soumya and Rao(2014) 

indicated in their studies on, antioxidant activity of watermelon fruit flesh is ranged from 11.5% 

to 53.6%.Shahzadet al(2014) made study on antioxidant activity of watermelon fruit in distilled 

water and methanolic extraction had found 40.9% and 37.11% respectively. Ali et al(2010)also 

indicated the radical scavenging activity of watermelon fruit flesh to be 17.23%. 
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4.6.3Radical scavenging activity of watermelon seed 

The radical scavenging activity of methanolic extract of watermelon seed was compared with 

ascorbic acid. The highest antioxidant activity was recordedin Ria and Candy seeds. The 

antioxidant effect of the two varieties is comparable with synthetic ascorbic acid.The radical 

scavenging activity of seeds from Augusta(91.28%) was higher than Lahat (88.81%) but lower 

than Ria(94.13%) and Candy(93.73%) seeds. 

 

Fig 9. Radical scavenging activity of watermelon seed extract and standard 

The IC50 value of watermelon seed ranged from 2.808 to 4.612 mg/ml.The IC50of the Ria seed 

was similar to that of the synthetic antioxidants, ascorbic acid. Studies on antioxidant activity of 

watermelon seeds by Tabiriet al(2016) found that it ranged from 59.88% to 94.66% in different 

varieties. Other studies like Etimet al(2013) reported watermelon seeds have 93.85% antioxidant 

activity. The watermelon seed oil has 56.36% of radical scavenging activity (Atolaniet al 2012). 

 

 

Table 14. Radical scavenging activity and IC50 value of watermelon seed 
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Samples  RSA% IC50 (mg/ml) 

Ascorbic acid 94.86 ± 0.001 2.808 

CS 93.73 ± 0.000c 2.915 

AS 91.28 ± 0.067b 4.612 

LS 88.81 ± 0.026a 2.966 

RS 94.13 ± 0.007c 2.813 

CS- Candy seed, AS-Augusta seed, LS-Lahat seed, RS-Ria seed. Data are average of triplicate ± SE. Mean value 
with different superscript in the column are significantly different (p<0.005).  

Thereforewatermelonfruit, as demonstrated by the % RSA and IC50values for both flesh and seed 

part is a good source of nutraceuticals whose consumption should be encouraged for health 

promotion. 

4.7. Total phenolic content 

Total phenolic content results were expressed as milligram of gallic acid equivalent (GAE) per 

gram of extract sample in fresh basis. Total phenolic content of watermelon flesh was not 

detected spectrophotometrically. Therefore, only total phenolic content of the seed part was 

detected and presented.The total phenolic content of seed varietiesranged from29.21 to57.1 mg 

GAE/g. 

Table 15. Total phenolic content of citrullus lanatus seeds 

Type of sample Mean ± SEM(mg GAE/g) 

CS 39.44 ± 0.258b 

AS 29.210 ± 0.149a 

LS 57.10 ± 0.261c 

RS 42.82 ± 0.352bc 

CS- Candy seed, AS-Augusta seed, LS-Lahat seed, RS-Ria seed. Data are average of triplicate ± SE. Mean value 
with different superscript in the column are significantly different (p<0.005).  

The total phenolic content of seeds of Augusta varietywas comparable with Rahman et al(2013) 

who reported 27.71, 42.34, 76.28mg GAE/g in choloform, ethanol and n-hexane extract. Due to 



 
 

oily nature of the seed selecting of extraction solvent has effect on result. As reported byMehraet 

al(2015)total phenolic content of watermelon seed was 4.222 mg GAE/g whichis far lessthan the 

present finding. Total phenolic content of watermelon seed varieties werealso reported by 

Tabiriet al(2016) whichranged from 14.94 mg GAE/g to 54.16 mg GAE/g. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCULSION AND RECOMMENDATION 



 
 

5.1 Conclusion 

The proximate composition, levels of beta carotene, and antioxidant activity in four local 

varieties of watermelon grown around Koka were investigated. With respect to the results 

obtained from this study, the following conclusions are made. 

i). The flesh part of watermelon fruit analyzed in this study were found to contain lower level of 

crude fat, crude fiber, protein and carbohydrate. The study therefore, showed that watermelon 

fruit flesh is poor source of macronutrients. 

In contrast, seed of the four local varieties contain appreciable content of protein, crude fat, crude 

fiber and carbohydrate. This indicates the possibility of using the seed to enhance the nutritional 

value of processed foods. 

ii).The beta carotene content and antioxidant activity of Candy flesh have higher significance 

(p<0.005) than other varieties. The antioxidant activities of different varieties of the seed have 

good antioxidant activity that comparable with synthetic antioxidant that is high activity than 

flesh part of watermelon. 

Studying within the varieties has an implication in watermelon breeding for quality estimation 

and nutrition breeding. Furthermore, the results of the present study could be used giving 

information to the farmers to determine best production and by consumers to choose the cultivar 

with best nutritional quality. 

5.2 Recommendation from this study 

i).Watermelon fruit should also be recommended in vitamin A deficiency populations since they 

contain pro-vitamin A carotenoids. 

ii). For preventive intervention rather than treatment of NCDs and other related diseases, regular 

consumption of Citrullus lanatus fruitshould be encouraged. As watermelon fruit is found to 

contain insignificant amount of carbohydrate and energy, it can be promoted for use by diabetic 

patients.  



 
 

iii). Watermelon is not recommended to be used as source of macronutrients, and hence 

recommended to be used as only as supplementary food. 

5.3 Recommendation for further work 

i). Study on the effect of storage on nutritional composition and antioxidant activity watermelon 

varieties should be determined.    

ii).The effect of different processing techniques a nutritional composition and antinutritional 

factor of watermelon seed. 
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                                Phytic acid standard curve 

 

D-catechin standard curve 
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                                  Gallic acid standard curve 
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