
A survey of the Bio-activity of the Fruit Rind of Kiwano (Cucumis metuliferus). 

Abstract  

Background: Kiwano, commonly called horned melon is a common fruit consumed in the 

tropics for its nutritional and therapeutic value. This study evaluated the composition of some 

bioactive compounds in the rind of the fruit as well as its antioxidant and anti-inflammatory 

effects using in vitro methods.  

Methods: The rind of the fruits of kiwano were peeled out, pulverized and extracted with 

80% ethanol. The bioactive compounds evaluated were phenol, flavonoid, beta carotene, 

lycopene and ascorbic acid. The antioxidant properties were evaluated using DPPH, iron 

reducing power and inhibition of lipid peroxidation assays. Ascorbic acid served as the 

standard. The anti-inflammatory property was measured in-vitro using anti-proteinase 

activity, inhibition of albumin denaturation and membrane stabilization assay systems. 

Aspirin and diclofenac served as reference drugs 

Results: Phenol and flavonoids were the bioactive compounds found in higher concentration 

than the rest with concentrations of 261.73±13.54 and 130.86±9.66 mgGAE/ml of the dry 

matter respectively. In the antioxidant assay, the highest activity of more than 50% was 

recorded in DPPH assay. The maximum percentage radical scavenging activity of the extract 

was 76.74% at 800 µg/ml with a drop in activity at 1000 µg/ml (75.02%) and EC50 value of 

230 µg/ml. Ascorbic acid exhibited 96.35% scavenging activity of radicals at 1000 µg/ml and 

EC50 value of 260 µg/ml. For the anti-inflammatory assay, the extract exhibited 16.43% anti-

proteinase activity, 25.64% inhibition of heat-induced haemolysis activity and 47.14% 

inhibition of albumin denaturation activity at 1000 µg/ml. More than 50% activity was 

recorded for the reference drugs.  

Conclusion: We therefore conclude that the rind of the fruit of kiwano is rich in biologically 

active compounds and has antioxidant and anti-inflammatory properties. The rind is a 

potential source of therapeutic compounds. 

Keywords: Antioxidant; anti-inflammatory; bioactive compound; Kiwano; Cucumis 

metuliferus; rind. 

 

Introduction 

Medicinal constituents can be found on any part of a plant. Unfortunately, some parts are 

commonly consumed while others are discarded. These discarded parts form what is regarded 

as solid food wastes. The rind of a fruit is the most discarded part. This makes it hard to 

obtain the full nutritional and therapeutic benefits from the fruits. Most fruits are very rich in 

important bioactive substances and so, removing part of the fruit reduces the health benefits 

that are contained in them. Apart from loss of some health benefits, fruit rinds also 

contributes to environmental pollution causing nuisance to the environment. This practice of 

littering the environment with fruit rinds destroys the aesthetics of the environment. More so, 

it can breed insect which are disease-causing agents leading to different forms of illnesses in 

the populace. Nowadays, consumption of fruits have significantly increased due to increase in 

awareness of the nutritional and therapeutic usage of fruits. This of course will increase 

production of waste in form of fruit rinds. For effective management and proper utilization, 

there should be a way of channeling these solid food wastes properly. This could be in form 



of subjecting them to various scientific research in order to identify their nutritional and 

therapeutic properties as well as validate their usage. They can also be useful and recycled in 

industries such as textile, cosmetics and pharmaceutical, where they could form part of the 

raw materials in manufacturing processes. Majorly, fruits rinds are used often as animal feeds 

or utilized as manure to increase fertility of the soil. It has been found out and reported that 

rinds of some fruits contain higher biologically active constituents and hence better 

therapeutic effects than their pulps [1]. Different fruit rinds/peels have been reported to 

possess very important nutrients and phytochemicals [2-4]. Some have equally demonstrated 

therapeutic abilities and properties [5-7]. Some fruit rinds are also used in traditional 

medicine for treatment of different disease condition [7]. One of such fruit rind is kiwano 

rind. From past studies [8], it has been reported that kiwano rind contains nutrients such as 

carbohydrates, dietary fiber, fats, vitamins and various secondary metabolites which play 

significant roles in management of diseases. 

Kiwano (Cucumis metuliferus) is an annual climbing herb that grows naturally in the tropics. 

It is found in Nigeria, South Africa and other tropical areas. It belongs to Cucurbitaceae 

family [9]. It is commonly called horned melon. The seeds and the pulp are consumed for 

nutritional and therapeutic purposes. The seeds are ground to powder and used for treatment 

of parasitic infections. The pulp has been reported to be rich in various nutrients and 

phytochemicals [9]. The rind which is mostly removed as waste has been shown to contain 

various nutrients and phytochemicals making it a potential source of therapeutic compounds.  

Our previous study on the rind showed that it is rich in carbohydrates, fiber, lipids, vitamins 

and some important phytochemicals [8]. With these information, it is expedient to explore the 

rind for possible therapeutic use as this will stimulate interest in its utilization and hence, 

minimize waste in the environment. Therefore, this study was aimed at evaluating the 

composition of some vital bioactive compounds and further investigate the antioxidant and 

anti-inflammatory effects of the rind.  

   

 

 

 

 

Materials and Methods 

Chemicals and Reagents 



Ethanol, L-ascorbic acid, DPPH (2,2-diphenyl-1-picrylhydrazyl), Folin Ciocalteu phenol 

reagent were obtained from sigma-Aldrich, Co, Ltd, UK. All other reagents and chemicals 

were of analytical grade and were supplied by the same company. 

Plant material collection and preparation 

The fruits of kiwano were bought from local markets in Gboko, Benue State, Nigeria. They 

were authenticated at the Applied Biology and Biotechnology department of Enugu State 

University of Science and Technology. The fruits were washed with water to remove dirt and 

then cut open with knife to remove the pulp and the seeds. The rinds were washed to remove 

any remaining pulp and then air-dried for 2 weeks. The dried sample was pulverized with 

grinding machine. 

 

Extraction 

The ground powder of the sample material (100 g) was soaked in 250 ml of 80% ethanol for 

24 h, stirring intermittently with a spatula. It was filtered using Whatman no 4 filter paper. 

Then, the filtrate was re-soaked in 200 ml of 80% ethanol for 24 h and filtered. The two 

filtrates were combined together and concentrated by evaporation in a water bath at 40 °C. 

The extract was stored in an air-tight container at 4 °C in a refrigerator prior to use. 

Bioactive Compound Assay 

The composition of total Phenol, flavonoids, beta carotene and lycopene were determined 

according to the method of Barros et al [10] while Ascorbic acid was determined according to 

the method of Klein and Perry [11]. 

Antioxidant Assay 

DPPH radical scavenging test 

This test was carried out according using the stable DPPH radical according to the method of 

Ebrahimzadem, et al [12]. The DPPH radicals were exposed to radical scavengers in the 

extract and the standard and the decrease in absorption was measured spectrophotometrically. 

2.7 ml of methanolic solution of 100 µM DPPH was added to 0.3 ml of the extract at 

different concentrations (0-1000 µg/ml). The mixture was shaken and incubated for 60 min 

after which the absorbance was read at 517 nm against the blank (DPPH). Ascorbic acid 

served as the reference antioxidant. The percentage radical scavenging activity (RSA) was 

calculated thus: 

%RSA = (ADPPH- As)/ADPPH) ×100.  

ADPPH is the absorbance of DPPH solution while As is the absorbance of the test solution 

with the sample.  The EC50 (effective concentration of sample at 50% RSA) was calculated 

from the graph of %RSA against the sample concentration. 

Reducing Power Assay 

The method of Barros et al [10] was used to measure the reductive ability of the extract in 

comparison with the standard. The test is based on the ability of the sample to reduce Fe
2+

 to 

Fe³
+
 and the increase in absorbance measured spectrophotometrically. The extract (2.5 ml; 0-



1000 µg/ml) was mixed with sodium phosphate buffer (2.5 ml, 0.2M, pH 6.6) and potassium 

ferricyanide (2.5 ml, 1%) and the mixture incubated for 20 min at 50 °C. This was followed 

by addition of Trichloroacetic acid (2.5 ml, 10%) an centrifugation for 8 min at 1000rpm. 5 

ml of the supernatant was mixed with deionized water (5 ml) and ferric chloride (1 ml). The 

optical density (OD) was read at 700 nm. The OD0.5 was extrapolated from the graph of OD 

against the concentration. 

Inhibition of lipid peroxidation assay 

This was done according to the method of Barros et al [10] using thiobarbituric acid reactive 

system and brain of a goat as the source of lipid. The brain was homogenized in an ice cold 

Tris buffer (20 mM) of pH 7.4. 10% w/v of the homogenate was produced. It was centrifuged 

for 10 min at 3000 g. The supernatant (0.1 ml) was incubated for 1 hr with the extract (0.3 

ml, 0-1000 µg/ml), Ferrossulphate (0.1 ml, 10 µM) and ascorbic acid (0.1 ml, 0.1 mM). 0.5 

ml of 28% Trichloroacetic acid was added to stop the reaction which was followed by 

addition of 0.38 ml of 2% thiobabituric acid (TBA). The mixture was heated for 20 min at 80 

°C and then centrifuged for 10 min at 3000 g. The absorbance of the supernatant was 

measured at 532 nm. The % inhibition ration (IR) was calculated thus: 

Inhibition ratio (%) = [(A-B)]/A)×100%  

A & B are the absorbance of the control and the reaction mixture respectively. The EC50 

(extract concentration providing 50% lipid peroxidation inhibition) was extrapolated from the 

graph of percentage inhibition against the extract concentrations. Ascorbic acid was used as 

standard. 

Anti-inflammatory studies 

Anti-proteinase action 

This assay was carried out using the method described by Oyedepo et al [13] and Sakat et al 

[14] with some modifications. To 1 ml of the extract (200-1000 µg/ml) was added trypsin (2 

ml, 0.06 mg) and Tris HCL buffer (1ml, 20 mM, pH 7.4). The mixture was incubated for 5 

min at 37
0
C followed by addition of casein (1 ml, 0.8% w/v). The mixture was incubated for 

20 min more and then perchloric acid (2 ml, 70%) was added to stop the reaction. The 

mixture was centrifuged and absorbance of the supernatant read at 210 nm against blank 

(buffer). Aspirin was used as the standard. Percent inhibition of proteinase activity was 

calculated thus: 

% inhibition = (Abs control –Abs sample) X 100/ Abs Control 

Membrane stabilization assay 

Heat induced haemolysis of the red blood cell of albino rat was used to evaluate the 

membrane stabilization ability of the sample extract according to the method of Sakat et al 

[14]. 

Preparation of Red blood cells (RBCs) suspension 

Blood sample was collected from healthy albino rat that has not received any non-steroidal 

anti-inflammatory drugs (NSAIDs) for 2 weeks before the assay. The blood sample was 

transferred into centrifuge tubes and centrifuged for 10 min at 3000 rpm, washed three times 



with equal volume of normal saline. The volume of the blood was measured and reconstituted 

as 10% v/v suspension with normal saline. 

Heat induced haemolysis 

1 ml of the extract of different concentrations (200, 400, 600, 800 and 1000 µg/ml) were 

mixed with 1 ml of red blood cell (RBC) suspension in centrifuge tubes. The control tube 

contains the standard mixed with 1 ml of RBC suspension and normal saline. Aspirin was 

used as reference drug. The tubes were incubated in a water bath for 30 min at 56
 
°C, cooled 

under tap water and then centrifuged for 5 min at 2500 rpm. Thereafter, the absorbance of the 

supernatant was read at 560 nm. Percent inhibition of haemolysis was calculated thus: 

Percentage inhibition = (Abs control –Abs sample) X 100/ Abs control. 

Inhibition of albumin denaturation 

The ability of the extract to inhibit albumin denaturation was evaluated according to the 

method of Mizushima and Kobayashi [15] and Sakat et al [14]. To 100 µl of the extract was 

added 500 µl of 1% aqueous solution of bovine albumin and the pH was adjusted using small 

amount of 1N HCL. The mixture was incubated for 20 min at 37 °C and followed by heating 

for 20 min at 51 °C. Then, it was allowed to cool to room temperature and the turbidity was 

read at 660 nm. Diclophenac was used as standard. The percent inhibition of protein 

denaturation was calculated thus: 

% inhibition = (Abs control –Abs Sample) X 100/ Abs control. 

Statistical analysis 

Data obtained were analyzed using ANOVA and values are expressed as mean ± standard 

deviation. 

Results 

Bioactive Compound composition 

The composition of the bioactive compounds evaluated are presented in Table 1. The result 

showed that phenol was the highest in concentration (261.73±13.54 mgGAE/g) while 

ascorbic acid was the least (0.12±0.03 mgAAE/g).  

Table 1: Bioactive compound composition of ethanol extract of kiwano rind. 

Bioactive compound Concentration 

Total Phenol (mgGAE/g) 261.73±13.54 

Flavonoid (mgGAE/g) 130.86±9.66 

Beta Carotene (mg/g) 0.48±0.00 

Lycopene (mg/g) 0.22±0.00 

Ascorbic Acid (mgAAE/g) 0.12±0.03 

 

 

 



Antioxidant Effect 

The antioxidant effect of the ethanol extract of kiwano rind was evaluated using three in-vitro 

tests; DPPH radical scavenging activity, reducing power and inhibition of lipid peroxidation 

assays. 

DPPH radical Scavenging Activity 

The extract and the standard displayed a concentration-dependent radical scavenging activity 

at concentrations of 200, 400, 600, 800 and 1000 µg/ml (Fig. 1). There was rise in antioxidant 

activity of the extract up to 800 µg/ml which gave the highest activity of 76. 74% and a slight 

fall in activity at 1000 µg/ml (75.02%). The standard, ascorbic acid gave a higher activity of 

96.35% at 1000 µg/ml.  

The extract gave a lower EC50 of 230 µg/ml while the standard gave EC50 value of 260 µg/ml 

(Table 2). 

 

Fig. 1: DPPH radical scavenging Activity of ethanol extract of kiwano rind. 

Table 2: The EC50 values for DPPH radical scavenging ability of the ethanol extract of 

kiwano rind and the standard; ascorbic acid. 

Extract  EC50 (µg/ml)  

Kiwano  230  

Ascorbic acid  260  

 

Reducing power Activity 
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The result of the reducing power activity of the extract and the standard is shown in Fig. 2. 

The optical density increased with the concentration. The standard gave higher absorbance in 

all the concentration tested. At concentrations of 200, 400, 600, 800 and 1000 µg/ml, the 

extract gave OD of 0.052, 0.111, 0.211, 0.292 and 0.352 respectively while that of the 

standard were 0.116, 0.212, 0.721, 0.944 and 1.102 respectively at the same concentrations.  

However, the effective concentration at OD0.5 for the extract (520 µg/ml) was lower than that 

of the standard (540 µg/ml) (Table 3). 

 

 

Fig 2: Reducing Power Capacity of ethanol extract of kiwano rind and the standard. 

Table 3: The EC50 values for reducing power ability of ethanol extract of kiwano rind and the 

standard 

Extract  EC50 (µg/ml)  

Kiwano   520 

Ascorbic acid  540  

 

Inhibition of lipid peroxidation 

The extract inhibited the process of lipid peroxidation in a concentration dependent manner 

similar to the standard. The percent inhibition ratios at concentrations of 200, 400, 600, 800 

and 1000 µg/ml were 0.95, 2.96, 5.20, 22.93 and 41.49 % respectively for the extract while 

the standard gave percent inhibition ratios of 4.73, 15.84, 22.70, 40.54 and 53.66% at the 

same concentrations (Fig. 3). The EC50 of the extract was 770 µg/ml while that of the 

standard was 625 µg/ml (Table 4). 
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Fig 3: Inhibition of Lipid peroxidation activity of ethanol extract of kiwano rind and the 

standard. 

Table 4: EC50 values for inhibition of lipid peroxidation ability of ethanol extract of kiwano 

and ascorbic acid.  

 

Anti-inflammatory Activity 

Anti-Proteinase activity 

The results presented in Table 5 shows the ability of the extract to inhibit proteinase activity. 

Highest activity was observed at 1000 µg/ml (16.42%). Aspirin (standard) was tested at 200 

µg/ml and was more efficient with 50.41% activity. 

Table 5: Anti-proteinase activity of ethanol extract of kiwano rind and the standard 

Sample Concentration (µg/ml) % Inhibition 

Kiwano  200 2.28 

 400 2.76 

 600 5.53 

 800 11.38 

 1000 16.42 

Aspirin 200 50.41 
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Membrane stabilization ability 

The ability of the extract to stabilize erythrocyte membrane was evaluated by exposing the 

RBC to haemolysis through heat induction. The extract inhibited heat-induced haemolysis of 

the RBC in a concentration-dependent manner exhibiting 25.64% inhibition at 1000 µg/ml. 

Aspirin exhibited 46.15% inhibition at 200 µg/ml (Table 6). 

Table 6: Inhibition of heat-induced haemolysis by ethanol extract of kiwano rind and the 

standard. 

Sample Concentration (µg/ml) % Inhibition 

Kiwano  200 7.18 

 400 10.00 

 600 13.08 

 800 19.49 

 1000 25.64 

Aspirin 200 46.15 

 

Inhibition of Albumin Denaturation 

Table 7 shows the result of the inhibition of albumin denaturation by the ethanol extract of 

kiwano rind and that of the standard (diclophenac). The extract exhibited 47.14% inhibition 

at 1000 µg/ml while the standard exhibited 71.62% at 200 µg/ml. 

Table 7: Inhibition of albumin denaturation of ethanol extract of kiwano rind and the 

standard. 

Sample Concentration (µg/ml) % Inhibition 

Kiwano  200 2.34 

 400 6.25 

 600 9.12 

 800 16.41 

 1000 47.14 

Diclophenac 200 71.62 

 

Discussion 

Kiwano is a well-known fruit consumed for different nutritional and therapeutic purposes. 

The pulp and seeds have been used to meet various needs. Being high in water content, it is 

used to quench thirst and as a refreshing fruit. The pulp and the seeds are commonly 

consumed and with some studies on the nutritional value of the rind, it is necessary to expand 

studies and research in order to reveal new and more biological and therapeutic potential. In 

this study, we evaluated the rind to determine the composition of some important bioactive 

compounds such as phenol, flavonoids, ascorbic acid, beta-carotene and lycopene. These 

bioactive compounds are known to exhibit a wide spectrum of bioactivities such as 

antioxidant, anti-inflammatory, anticancer, immunostimulatory and antimicrobial [16].  With 



this, we decided to extend or study on the antioxidant and anti-inflammatory properties using 

in-vitro models.  

The result presented in Table 1 shows the composition of the bioactive compounds evaluated. 

Phenol and flavonoids were found in high concentrations of 261.73±13.54 and 130.86±9.66 

mgGAE/g respectively. Phenol and flavonoids are the largest group of phytochemicals and 

are of great interest in medicine. They account for most of the antioxidant activity in plants. 

They have the ability to slow or prevent the oxidation of other molecules [17]. Phenols in 

particular are very important constituent of plant with the ability to scavenge free radicals 

owing to their methyoxy (–OCH3) and hydoroxyl (–OH) groups substituent [18, 19]. This 

contributes to their antioxidative action [20]. From reports it’s been suggested that they play a 

role in the prevention of cardiovascular disease and cancer development [21]. In the food 

industry they play a major role in retarding the oxidative degradation of lipids, and hence, 

improvement of the quality and the nutritional value of the food [22]. 

The antioxidant activity of the rind of kiwano was assessed using three in-vitro assay models: 

DPPH radical scavenging, iron reducing power and inhibition of lipid peroxidation. From the 

result present in Fig 1. We showed the various activities of the fruit rind at concentrations of 

200, 400, 600, 800 and 1000 µg/ml and compared it with that of the standard antioxidant 

compound; ascorbic acid. The % radical scavenging activity of the extract increased with the 

concentration and comparable with that of the standard. The extract was more potent with 

lower EC50 value than the standard. This radical scavenging ability could be attributed to the 

high phenol content of the extract as the radical scavenging activity of plant extracts is 

dependent on the concentration of polyphenolic compounds in the extracts as reported by 

Benavente-Garcia et al [23]. The reducing power ability of the extract was also assessed and 

compared with that of the standard at the same concentration range (Fig 2) and both samples 

showed a concentration-dependent increase. From the result, it showed that the extract has 

H+ donating potential and ability to reduce Fe
3+

 to Fe
2+

. The extract also showed a lower 

EC50 value of 520 µg/ml than the standard with EC50 value of 540 µg/ml. This implies that 

the extract at lower concentration is more potent than the standard. The result of inhibition of 

lipid peroxidation also showed a concentration dependent increase in activity. However, the 

standard exhibited more potent inhibition activity with an EC50 of 625 µg/ml while the 

extract gave an EC50 of 770 µg/ml.  

The anti-inflammatory ability of the extract was evaluated and compared with standard anti-

inflammatory drugs; aspirin and diclophenac. These drugs which are generally called non-

steroidal anti-inflammatory drugs (NSAIDS) work well in inflammation. They do this by 

inhibiting the liberation of lysosomes or stabilizing the lysosomal membranes [24]. However, 

there are associated negative side effects with their usage [25]. This prompts a search for 

natural anti-inflammatory agents with low to no side effects and low cost. The inhibitory 

activity against proteinase activity, albumin denaturation and membrane stabilization ability 

of the extract were studied in-vitro. Proteinases are involved in damage of the tissue in 

inflammatory reactions particularly in arthritic reactions. Neutrophils are sources of many 

serine proteinases residing in their lysosomal granules [26]. Protection against the action of 

these proteinases are provided by proteinase inhibitors. From the result in this study, the 

extract exhibited a concentration-dependent inhibitory activity against proteinase action up to 

16.42% inhibition at 1000 µg/ml (Table 5). This is lower than that of the standard drug; 

aspirin which gave an inhibition activity of 50.42% at 200 µg/ml. Nevertheless, the extract 



could contribute to reduction of inflammatory reactions associated with proteinase actions. 

The extract was also tested for its ability to prevent protein denaturation. Application of 

external stress or strong substances can lead to protein denaturation and proteins lose their 

secondary and tertiary structures. Most inflammatory diseases such as serum sickness, 

rheumatoid arthritis, systemic lupus erythematosus and glomerulonephritis are normally 

linked to denaturation of tissue proteins. For instance, the denaturation of tissue proteins 

results in the production of autoantigens in arthritis [27, 28]. Membrane proteins regulate 

water/volume content of the cell controlling the movement of ions such as sodium and 

potassium via ion channels [29]. From the result in this study, it was shown that the ethanol 

extract of kiwano rind inhibited denaturation of bovine albumin treated with heat in a 

concentration-dependent manner exhibiting 47.14% maximum activity. The inhibitory effects 

could be attributed to the enlargement and interplay with membrane proteins which is an 

indication of anti-rheumatoid properties. Membrane stabilization has to do with the ability to 

maintain the integrity of bio-membranes against heat and osmotic-induced-lysis [30]. In this 

study, the ability of the extract to stabilize rat erythrocyte membranes (RBC) exposed to heat 

was evaluated. The erythrocyte membrane is structurally similar to the lysosomal membrane 

[31]; therefore, stabilization of the erythrocyte membrane could be associated with the 

stabilization of the lysosomal membrane [32]. When erythrocyte membrane is exposed to 

excessive heat, it results in membrane lysis followed by oxidation of its haemoglobin [33]. 

Stabilization of the erythrocyte membranes brings about the inhibition of the rupture and 

ensuing liberation of activated neutrophil cytoplasmic components, including bactericidal 

enzymes and proteases that can aggravate the inflammatory response following extracellular 

release [34]. The result from this study showed that the ethanol extract kiwano rind protected 

the erythrocyte membrane against lysis induced by heat with maximum inhibition activity of 

25.64%. This ability might have been by increasing the surface area/volume ratio of cells or 

through its interaction with membrane proteins [35]. 

Conclusion 

Our study demonstrated the biological activity of kiwano fruit rind. From the study, the 

extract is rich in important phytochemical constituent particularly phenol and flavonoid 

which have been reported to have various pharmacological effects. These constitutes may be 

responsible for the bioactivity of the extract as many plants containing these chemical 

compounds have been reported to possess potent antioxidant and anti‐ inflammatory 

properties. Therefore, this study recommends the fruit rind of kiwano as a potential source of 

agents for formulation of pharmacological products in treatment and management of illnesses 

associated with oxidative stress and inflammation. 

Author Contributions 

ONA designed the study, wrote the protocol, wrote the first draft of the manuscript and wrote 

part of the manuscript, IIU managed the literature searches and contributed to the writing of 

the manuscript, CKO managed the analyses of the study and performed the statistical 

analysis. All authors read and approved the publication of the paper. 

Acknowledgment 



The authors wish to acknowledge and appreciate the laboratory technologists of Applied 

Biochemistry Laboratory, Enugu State University of Science and Technology, Agbani, 

Nigeria for their technical support. 

 

DISCLAIMER: 

Authors have declared that no competing interests exist. The products used for this research 

are commonly and predominantly use products in our area of research and country. There is 

absolutely no conflict of interest between the authors and producers of the products because 

we do not intend to use these products as an avenue for any litigation but for the advancement 

of knowledge. Also, the research was not funded by the producing company rather it was 

funded by personal efforts of the authors. 

References 

1. Ibrahim UK, Kamarrudin N, Suzihaque MUH, Hashib SA. Local fruit wastes as a 

potential source of natural antioxidant: an overview. IOP Conference Series: 

Materials Science and Engineering. 2016; 206: 1-3. https://doi.org/10.1088/1757-

899x/206/1/012040 

2. Oluwagbenle HN, Adesina AJ, Aremu OI. Comparative Assessment of the proximate, 

mineral composition and mineral safety index of peel, pulp and seeds of Cucumber 

(Cucumis sativus). Open J. Appl. Sci. 2019; 9:691-701. 

DOI:10.4236/ojapps.2019.99056. 

3. Hind Abd-alluh Abu-Hiamed. Chemical Composition, Flavonoids and β-sitosterol 

Contents of Pulp and Rind of Watermelon (Citrullus lanatus) Fruit. Pak. J. Nutr. 2017; 

16: 502-507. DOI: 10.3923/pjn.2017.502.507. 

4. Neglo D, Tettey CO, Essuman EK, Kortei NK, Boakye AA, Hunkpe G, Amarh F, 

Kwashie P, Devi WS. Comparative antioxidant and antimicrobial activities of the 

peels, rind, pulp and seeds of watermelon (Citrullus lanatus) fruit. Scientific African. 

2021; 11(5):582. https://doi.org/10.1016/j.sciaf.2020.e00582.  

5. Orak HH, Bahrisefit IS, Sabudak T. Antioxidant Activity of Extracts of Soursop 

(Annona muricata L.) Leaves,Fruit Pulps, Peels, and Seeds. Pol. J. Food Nutr. Sci. 

2019; 69(4):359–366DOI: 10.31883/pjfns/112654.  

6. Sheila J, Sarah JM, Priyadarshini S, Sivaraj C. Arumugam P. Antioxidant and 

Antibacterial Activities of Betavulgaris L. Peel Extracts. Int. J. Pharma Res Health 

Sci. 2017; 5 (6): 1974-79.  

7. Feizya J, Jahanib M, Ahmadi S. Antioxidant activity and mineral content of 

watermelon peel. J. Food Bioprocess Eng. 2020; 3(1): 35-40. 

https://doi.org/10.22059/jfabe.2020.75811.  

8. Achikanu CE, Ani ON, Onyishi CK. Proximate, Phytochemical and Vitamin 

Compositions of Cucumis metuliferus (Horned Melon) Rind. 2020; J Altern 

Complement Med. 9(3): 40-50. DOI: 10.9734/JOCAMR/2020/v9i330144.  

9. Usman J.G., Sodipo, O.A., Kwaghe, A.V. and Sandabe, U.K. Uses of Cucumis 

metuliferus: A Review. Cancer Biology. 2015; 5(1):24-34. 

10. Barros L, Baptista P, Correia DM, Morais JS, Ferreira ICFR. Effects of conservation 

treatment and cooking on the chemical composition and antioxidant  activity of 

https://doi.org/10.1016/j.sciaf.2020.e00582
https://doi.org/10.22059/jfabe.2020.75811


Portuguese wild edible mushrooms. J. Agri. Food Chem. 2007; 55: 4781-4788. DOI: 

10.1021/jf070407o. 

11. Klein BP, Perry AK. Ascorbic acid and vitamin A activity in selected vegetables from 

different geographical areas of the United States. J. Food Sci. 1982; 47: 941-945. 

https://doi.org/10.1111/j.1365-2621.1982.tb12750.x. 

12. Ebrahimzadeh MA, Seyed MN, Seyed FN, Fatemeh B, Ahmad RB. Antioxidant and 

free radical scavenging activity of H. officinalis, L.angustifolius V. odorata, B. 

hyrcana and C. speciosum. Pak. J. Pharm. Sci. 2009; 23(1): 29-34. PMID: 20067863.  

13. Oyedepo OO, Femurewa AJ. Anti‐ protease and membrane stabilizing activities  of 

extracts of Fagra zanthoxiloides, Olax subscorpioides and Tetrapleura tetraptera. Int. 

J. Pharmacogn. 1995; 33: 65‐ 69. https://doi.org/10.3109/13880209509088150.  

14. Sakat S, Juvekar AR, Gambhire MN. In vitro antioxidant and anti- inflammatory 

activity of methanol extract of Oxalis corniculata Linn.  Int. J. Pharm Pharm. Sci. 

2010; 2(1):146- 155. DOI: 10.1055/s-0029-1234983.  

15. Mizushima Y, Kobayashi M. Interaction of anti‐ inflammatory drugs with serum 

proteins, especially with some biologically active proteins. J. Pharm. Pharm. 1968; 

20:169‐  173. https://doi.org/10.1111/j.2042-7158.1968.tb09718.x.  

16. Stéphane FFY, Jules BKJ, Batiha GE, Ali I, Bruno LN. Extraction of Bioactive 

Compounds from Medicinal Plants and Herbs. In: El-Shemy, H. editor. Medicinal 

Plants from Nature. London: IntechOpen; 2021. Available from: 

https://www.intechopen.com/online-first/77433 doi: 10.5772/intechopen.98602.  

17. Tuck KL, Hayball PI. Major phenolic compounds in olive oil: Metabolism and 

healtheffects. J. Nutr. Biochem. 2002; 13: 636–644. DOI: 10.1016/s0955-

2863(02)00229-2.   

18. Hatano T, Edamatsu R, Mori A, Fujita Y, Yasuhara E. Effect of interaction of tannins 

with co-existing substances. Effects of tannins and related polyphenols on superoxde 

anion radical and on DPPH radical. Chem. Pharm. Bull. 1989, 37: 2016-2021. DOI: 

10.1248/cpb.38.1224.  

19. Cai YZ, Sun M, Xing J, Luo Q, Corke H. Structure–radical scavenging activity 

relationships of phenolic compounds from traditional Chinese medicinal plants. Life 

Sci. 2006; 78:2872-2888. DOI: 10.1016/j.lfs.2005.11.004.  

20. Duh PD, Tu YY, Yen GC. Antioxidant activity of water extract of Harng Jyur 

(Chrysanthemum morifolium Ramat) Lebensmittel-Wissenschaft und-Technologie 

1999; 32: 269-277. DOI:10.1016/S0308-8146(99)00081-3.  

21. Kahkonen MP, Hopia AI, Vuorela HJ, Rauha JP, Pihlaja K, Kujala TS et al. 

Antioxidant activity of plant extracts containing phenolic compounds. J. Agric. Food 

Chem. 1999, 47:3954-3962. DOI: 10.1021/jf990146l.  

22. Aneta W, Jan O, Renata C.  Antioxidant activity and phenolic compounds in 32 

selected herbs Food Chem. 2007; 105: 940-949. 

https://doi.org/10.1016/j.foodchem.2007.04.038.  

23.  enavente- ar   a  , Castillo J, Lorente J, Ortuno AJ, Rio JA. Antioxidant activity of 

phenolics extracted from Olea europaea L. Leaves. Food Chem. 2000; 68. 457-462. 

10.1016/S0308-8146(99)00221-6.  

24. Mounnissamy VM, Kavimani S, Balu V, Drlin QS. Evaluation of anti-inflammatory 

and membrane stabilizing properties of ethanol extract of Canjera rehedi. Iran. J. 

Pharmacol. Ther. 2008; 6:235–237.  

https://doi.org/10.1111/j.1365-2621.1982.tb12750.x
https://doi.org/10.1111/j.2042-7158.1968.tb09718.x
https://doi.org/10.1016/j.foodchem.2007.04.038


25. Sostres C, Gargallo CJ, Arroyo MT, Lanas A. Adverse effects of non-steroidal anti-

inflammatory drugs (NSAIDs, aspirin and coxibs) on upper gastrointestinal tract. Best 

Pract Res Clin Gastroenterol. 2010; 24(2):121-132. doi:10.1016/j.bpg.2009.11.005.  

26. Govindappa M, Naga SS, Poojashri MN, Sadananda TS, Chandrappa CP.  

Antimicrobial, antioxidant and in vitro anti-inflammatory activity of ethanol extract 

and active phytochemical screening of Wedelia trilobata (L.) Hitchc. J. Pharmacogn. 

Phytotherapy. 2011; 3:43–51. https://doi.org/10.5897/JPP.9000012.  

27. Duganath N, Kumar SR, Kumanan R, Jayaveera KN. “A tivity of traditionally used 

medi inal plants,” Int. J. Pharma  io S i. 2010; 1: 2.  

28. Sun Y, Yang AWH, Lenon   , Yang AWH, Lenon,   . “Phyto hemistry, 

ethnopharmacology, pharmacokinetics and toxicology of cnidium monnieri (L.) 

 usson,” Int. J. Mol. Sci. 2020,  21(3): 1006. doi: 10.3390/ijms21031006.  

29. Aidoo DB,  Konja D, Henneh IT, Ekor M. Protective Effect of Bergapten against 

Human Erythrocyte Hemolysis and Protein Denaturation In Vitro. Int. J. Inflamm. 

2021, 1-7 https://doi.org/10.1155/2021/1279359.  

30. Sadique J, Al-Rqodah WA, Baghhath MF, El-Ginay RR. The bioactivity of certain 

medicinal plants on the stabilization of the RBC system. Fitoterapia. 1989; 

66:525e532.  

31. Chou CT. “The anti-inflammatory effect of an extract of tripterygium wilfordii hook 

F on adjuvant-indu ed paw oedema in rats and inflammatory mediators’ release,” 

Phytother Res. 1997; 11(2): 152–154. https://doi.org/10.1002/(SICI)1099-

1573(199703)11:2<152::AID-PTR45>3.0.CO;2-L. 

32. Amujoyegbe   , Agbedahunsi JM, Akinpelu  A,  yedapo,   . “In vitro evaluation 

of membrane stabilizing activities of leaf and root extracts of calliandra portoricensis 

(JACQ) benth on si kle and normal human erythro ytes,” J. Pharm. Pharma ol. 2012; 

2(8): 198–203.  

33. Ullah HM, Zaman S, Juhara F et al., “Evaluation of antino i eptive, in-vivo & in-

vitro anti-inflammatory activity of ethanolic extract of curcuma zedoaria rhizome,” 

BMC Complement Altern. Med. 2014; 14(1): 346–412. doi: 10.1186/1472-6882-14-

346.  

34. Kumar V,  hat ZA, Kumar D,  ohra P, Sheela S. “In-vitro anti-inflammatory activity 

of leaf extra ts of basella alba linn. var. alba,” Int. J. Drug Dev. Res. 2011, 3(2): 176–

179.  

35. Guang-Ming Y, Wang D, Wei T et al., “Anti-inflammatory and antioxidant activities 

of oxytropis falcata fractions and its possible anti-inflammatory me hanism,” Chin. J. 

Nat. Med. 2010, 8(4): 285–292. https://doi.org/10.1016/S1875-5364(10)60036-2.  

 

 

 

 

https://doi.org/10.1155/2021/1279359
https://doi.org/10.1002/(SICI)1099-1573(199703)11:2%3c152::AID-PTR45%3e3.0.CO;2-L
https://doi.org/10.1002/(SICI)1099-1573(199703)11:2%3c152::AID-PTR45%3e3.0.CO;2-L
https://doi.org/10.1016/S1875-5364(10)60036-2

