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Abstract 

In this study, in vitro antibacterial activity of aqueous seeds extract of Cucumis melo L. grown in Sri 

Lanka was evaluated on common urinary tract infective bacteria (E. coli, S. aureus, P. aeruginosa, P. 

mirabilis and E. faecalis). Disc diffusion assay and the macro broth dilution method were used to 

determine the antibacterial activity and the minimum inhibitory concentration (MIC) respectively. 

Gentamicin and ampicillin were used as the positive controls. The results showed that seeds extract 

exhibited concentration dependent t marked antibacterial activity against uropathogens at all the 

concentrations (500 µg/ mL, 1000 µg/ mL and 2000 µg/ mL). Statistical analysis revealed that the results 

were equipotent to gentamicin and ampicillin which is a novel finding. The highest antibacterial activity 

was shown against E. coli at 2000 µg/ mL (22.0±2.64 mm). Least inhibition zones were showed by E. 

faecalis. The highest MIC was shown by E. faecalis (1000 µg/ mL) and the least by P. aeruginosa (125 

µg/ mL). The results of qualitative phytochemical analysis revealed the presence of alkaloids, phenols, 

saponins, flavonoids and tannins. Therefore, the extract is likely to mediate its antibacterial activity by 

synergistic mechanisms. In addition, the results scientifically justified the claim made by Sri Lankan 

traditional and folk medicine. Findings also indicated the potential of developing a drug for urinary tract 

infections based on the seeds of Cucumis melo L. 
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1. Introduction 

Urinary tract infections (UTIs) are the most frequently encountered bacterial infections which 

are responsible for higher rate of morbidity and mortality throughout the world [1]. They are 

classified according to the site of infection and can be either asymptomatic or symptomatic [2]. 

The ubiquity of UTI increases with age in both genders with a 50:1 female to male ratio [3]. 

The economic impacts of UTI are high due to medical costs and nonmedical costs associated 

with transportation, sick days, and morbidity [2]. 

Urinary tract infections are often treated with antibiotics that have been used for the last seven 

decades to treat infections, where they either kill or cease the growth of microbes [4]. However, 

due to indiscriminate and overuse, pathogenic organisms have developed antibiotic resistance. 

Though UTIs often self-recover and can be treated with antibiotics, they repeatedly reoccur 

due to their ability to breach, reproduce and remain within the host epithelial cells. This 

complexity and rise in antibiotic resistance in uropathogens emphasize the need of alternative 

remedies [5]. Screening of medicinal plants to develop new drugs with improved safety and 

efficacy has a long history of use throughout the world [6]. Medicinal plants consist of active 

constituents and secondary metabolites which make them too complex for bacterial resistance 

to occur [7]. One such medicinal plant is Cucumis melo L. which belongs to the family 

Cucurbitaceae. It is an annual tendril climber grows in tropical and sub-tropical areas of the 

world [8]. C. melo is distributed in Sri Lanka, India and Malaysia. It is known as “Kekiri” in 

Sinhala [9] Vellarikkai in Tamil, Chinese white cucumber and Oriental pickling melon in 

English [10]. C. melo has rough, long and angular stems with hairy ridges. Flowers are yellow 

in color and are monoecious. Leaves are wide and 7.5-11.2 cm long with 3 or 5 acute lobes. 

Petioles are bulky, twisted and rough with bristly hairs. Fruit is oval or round in shape, slightly 

trigonal in section, thickly striped with dark and light green, solid and fleshy. Seeds are 

numerous in number, smooth, horizontal and almost oval in shape [9]. C. melo is known to 

possess many medicinal properties such as analgesic, anti-oxidant, anti-inflammatory,  
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anti-platelet, free radical scavenging, anti-cancer, anti-ulcer, 

diuretic, hepato-protective, anti-fertility, anti-microbial, anti-

helminthic and anti-diabetic [8]. Phytoconstitiuents of C. melo 

responsible for their particular medicinal properties include 

carbohydrates, amino acids, fatty acids, glycolipids, 

phospholipids, β-carotenes, flavonoids, terpenoids, chromone 

derivatives, ascorbic acid, volatile components and various 

minerals [8]. In general, environmental factors such as 

temperature, humidity, pH of the soil, soil fertility, irrigation 

and rainfall affect the growth of a plant [11]. Due to these 

variations, the quality and the quantity of phytoconstituents of 

a particular plant grown in different countries may have 

different properties. Therefore, Sri Lankan variety C. melo 

may also have variations in phytoconstituents which might 

leads to different therapeutic properties. In Sri Lanka, seeds of 

C. melo is used in traditional and folk medicine for the 

treatments of urinary calculi and other urinary complaints [9]. 

However, as yet, validity of this claim is not scientifically 

validated or refuted. Accordingly, this current study was 

aimed at investigating in vitro antibacterial activity and the 

minimum inhibitory concentration of aqueous seeds extract of 

C. melo grown in Sri Lanka on common urinary tract 

infective bacteria (Escherichia coli, Staphylococcus aureus, 

Pseudomonas aeruginosa, Proteus mirabilis and 

Enterococcus faecalis). In addition qualitative phytochemical 

profile of C. melo aqueous extract was analyzed to determine 

its phytoconstituents. 

 

2. Materials and Methods 

2.1. Collection and authentication 

Whole matured plants with flowers and fruits were collected 

from a vegetable farm at Rajanganaya in North Central 

Province, Sri Lanka (GSI 8º 3’ 43.2” or 8.062°North and 80º 

15’ 3.6” or 80.251°East), in July 2017. The plant materials 

had been identified and authenticated by a botanist at the 

National Herbarium, Peradeniya, Sri Lanka.  

 

2.2. Preparation of aqueous seeds extract of Cucumis melo 

L.  

Fruits with mean weight of 550 g were used for the seed 

collection. Fruits were washed using tap water and were cut to 

obtain undamaged seeds. Seeds collected were washed with 

tap water followed by distilled water. Washed seeds were air 

dried in shade for 2 days and were ground to a fine powder 

using a mechanical blender. Powder obtained was stored at 

room temperature (25 ºC) in an air tight, sterile container 

protected from sunlight. C. melo aqueous seeds extract was 

obtained by traditional boiling method. Seeds powder of 60 g 

was weighed and added to 1920 mL of distilled water. 

Solution was boiled slowly for 3.5 hours until the final 

volume reached 240 mL. The prepared aqueous extract was 

left for cooling and then was added to sterile centrifuge tubes. 

Dry mass of the prepared aqueous extract was obtained by 

freeze dry method [12] and was stored at 4 ºC in the freezer 

compartment of the refrigerator until use for the experiment. 

 

2.3. In vitro antibacterial assay 

Antibacterial activity of freeze dried C. melo seeds extract 

was evaluated using Kirby-Bauer disc diffusion method 

against E. coli (ATCC 25922), S. aureus (ATCC 25923), P. 

aeruginosa (ATCC 27853), P. mirabilis (ATCC 12453) and 

E. faecalis (ATCC 29212) [15]. Concentrations of 500 µg/ mL, 

1000 µg/ mL and 2000 µg/ mL of the freeze dried sample 

were used to determine the antibacterial activity (n=3). 

Distilled water was used as the negative control while 

ampicillin (10 µg/ mL) was used as the positive control for E. 

faecalis and gentamicin (10 µg/ mL) was used as the positive 

control for E. coli, S. aureus, P. aeruginosa and P. mirabilis. 

Sterilized filter paper discs (Whatman 4) of diameter 6 mm 

were impregnated with 20 µl of prepared concentrations and 

controls. Discs were incubated at 35 °C for 18-24hours and 

were immediately used for antibiotic sensitivity test [13]. 

Suspensions of each test organisms were adjusted to 0.5 

McFarland turbidity standard. The surface of the Muller 

Hinton Agar plate was streaked in three directions rotating at 

60°. Impregnated discs were placed aseptically at appropriate 

places on the inoculated plates with specific bacteria. Plates 

were kept 15minutes at room temperature (25 ºC) for pre 

diffusion and then were incubated at 35 °C for 24hours. The 

diameter of inhibition zones were measured using a ruler. The 

experiment was carried out in triplicates and the diameter of 

inhibition zones for the extract against each test organism 

were measured and recorded in mm [14]. 

 

2.4. Evaluation of minimum inhibitory concentration 

(MIC)  

The minimum inhibitory concentration (MIC) of the aqueous 

seeds extract of C. melo was determined by macro broth 

dilution method using Mueller–Hinton broth as the medium 
[15]. Stock concentration of 4000 µg/ mL was prepared using 

freeze dried sample and was subjected to two-fold dilution 

preparing a range of 4000 µg/ mL to 7.81 µg/ mL. Bacterial 

suspension adjusted to 0.5 McFarland standard was 

inoculated. MHB with only bacterial suspension was used as 

the positive control, while MHB alone was used as the 

negative control. Entire procedure was carried out for all the 

test organisms. Tubes were incubated at 35 °C for 24 hours 

and were interpreted to determine MIC. MIC was interpreted 

as the lowest concentration of the extract that did not show 

any visible growth of bacteria when compared to control 

tubes [15]. 

 

2.5. Statistical analysis of results  

The results are given as mean ± S.D. SPSS version 23 

software was used in interpreting the statistical data. 

Statistical comparisons were made using Mann-Whitney U 

Test considering p˂0.05 as the level of significance. Dose 

dependencies were evaluated using linear regression analysis. 

 

3. Results  

In vitro antibacterial activity of aqueous seeds extract of C. 

melo and standard antibiotics against test organisms are 

shown in Table 1. and Table 2. As shown, the highest 

susceptibility was shown against E. coli with maximum 

inhibition zone of 22.0±2.64 mm at 2000 µg/ mL. The least 

susceptibility was shown against E. faecalis with zones of 

9.3±0.57 mm, 11.3±1.15 mm and 14.6±0.57 mm at 500 µg/ 

mL, 1000 µg/ mL and 2000 µg/ mL respectively. The results 

were compared with the standard antibiotics gentamicin (10 

µg/ mL) and ampicillin (10 µg/ mL). Statistical analysis using 

Mann-Whitney U Test revealed that the test values had no 

significant difference as p values were greater than 0.05 

which indicated that the results were equipotent to standard 

antibiotics used. The results of linear regression evaluated that 

the antibacterial activities were dose dependent. Minimum 

inhibitory concentrations of C. melo aqueous seeds extract are 

shown in Table 3. MIC of C. melo was found to be in the 

range of 125 µg/ mL to 1000 µg/ mL. E. faecalis showed a 

maximum MIC value of 1000 µg/ mL and P. aeruginosa 

showed a least MIC value of 125 µg/ mL. E. coli and P. 
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mirabilis showed a similar MIC value of 500µg/ mL, while S. 

auerus showed a MIC of 250 µg/ mL. The results of the 

qualitative phytochemical analysis of Sri Lankan variety C. 

melo aqueous seeds extract showed the presence of alkaloids, 

flavonoids, phenols, saponins, tannins and the absence of 

diterpenes and glycosides (Table 4.). 

 
Table 1: In vitro antibacterial screening results of Cucumis melo L. 

aqueous seeds extract (Mean ± S.D.) 
 

Test organism 
Zones of inhibition (mm) 

500 µg/mL 1000 µg/mL 2000µg/mL 

E. coli 13.30±1.52 19.00±3.60 22.00±2.64 

S. aureus 14.00±2.64 17.60±2.08 19.60±2.08 

P. aeruginosa 12.00±1.00 14.00±1.73 16.30±0.57 

P. mirabilis 14.30±1.52 16.00±0.00 18.60±1.15 

E. faecalis 9.30±0.57 11.30±1.15 14.60±0.57 

 
Table 2: In vitro antibacterial screening results of standard 

antibiotics (Mean ± S.D.) 
 

Test organism 
Gentamicin  

(10µg/ mL) 

Ampicillin  

(10µg/ mL) 

E. coli 23.30±2.88 

21.60±2.88 

S. aureus 24.00±1.73 

P. aeruginosa 19.30±0.57 

P. mirabilis 22.30±2.51 

E. faecalis  

 
Table 3: Minimum inhibitory concentration (MIC) values of 

Cucumis melo L. aqueous seeds extract 
 

Test organism MIC value (µg/ mL) 

E. coli 500 

S. aureus 250 

P. aeruginosa 125 

P. mirabilis 500 

E. faecalis 1000 

 
Table 4: Phytochemical analysis of Sri Lankan variety Cucumis 

melo L. aqueous seeds extract 
 

Secondary metabolites Aqueous seed extract 

Alkaloids + 

Diterpenes - 

Glycosides - 

Flavonoids + 

Phenols + 

Saponins + 

Tannins + 

 

4. Discussion  

Present study investigated in vitro antibacterial activity of 

aqueous seeds extract of Sri Lankan variety Cucumis melo L. 

against five common urinary tract infective bacteria (E. coli, 

S. aureus, P. aeruginosa, P. mirabilis and E. faecalis) using 

standard Kirby-Bauer’s disk diffusion method which is 

widely used in investigating antibacterial activity of both 

natural and synthetic products [15, 16]. To our knowledge, yet 

the antibacterial activity of aqueous seeds extract of Sri 

Lankan variety C. melo has not been evaluated. Several 

studies conducted in different countries have shown higher 

antibacterial activity associated with various organic solvents 

extracts of C. melo other than water [15, 17], but in the current 

study, aqueous extract was used, as water extract of herbal 

materials is mainly used in traditional and folk medicine. This 

difference in the potencies of extracts could be associated 

with the antibacterial activity possessed due to the greater 

solubility of active compounds of plant materials in the 

different organic solvents.  

In the present study, antibacterial activity of aqueous seeds 

extract of C. melo against test organisms were evaluated by 

comparing with standard antibiotics, gentamicin and 

ampicillin [18, 19]. Statistical analysis revealed that antibacterial 

activities were equipotent to these antibiotics used which is a 

novel finding. The findings also showed a dose dependency 

(500 µg/ mL, 1000 µg/ mL and 2000 µg/ mL) which indicated 

that the effect was genuine, causal and specific. 

The aqueous seed extract showed the highest susceptibility 

against E. coli followed by S. aureus, P. mirabilis, P. 

aeruginosa and E. faecalis. The highest activity against E. 

coli was a remarkable finding as it is the commonest bacteria 

that cause UTI among the populations of all age groups [16, 5, 

19]. In addition, several studies have also provided evidence 

for the high resistance in E. coli to many synthetic antibiotics 
[20, 21]. Studies conducted in different countries have shown 

variations in antimicrobial potencies with different parts of C. 

melo plant. Similar study have found absence of antibacterial 

activity against E. coli [18] which is not in agreement with our 

results. The discrepancy could be due to the fact that they 

have utilized different solvent (hexane), different method 

(well diffusion assay) and different plant material (seed oil). 

In contrast, few studies have shown antibacterial activity 

against E. coli that consistent with the current study [22, 23]. 

However, mild to moderate activities were shown by these 

studies, compare to strong activity in the present study. The 

reason for the differences could be due to the use of different 

solvents, different extract concentrations and variations in 

environment conditions.  

The findings of the current study revealed that gram negative 

bacteria E. coli (22.00±2.64) showed a greater activity when 

compared to gram positive S. aureus (19.60±2.08) and E. 

faecalis (14.60±0.57). Yet, similar study stated that gram 

positive bacteria were more susceptible than gram negative 

bacteria [24]. The contradictory results could be attributed to 

the different bacterial species and different variety of plant 

materials used in the in vitro studies. 

In the current study, macro broth dilution method was used to 

determine MIC [15]. E. faecalis which showed a minimum ZOI 

had a maximum MIC value. Though P. aeruginosa showed a 

considerably low inhibition zone compared to E. coli it had a 

least MIC value. Similar MIC value was shown by E. coli and 

P. mirabilis. MIC values obtained in this study are low 

compared to MIC values of other similar studies [24, 25] which 

indicates that aqueous seeds extract of Sri Lankan variety C. 

melo possesses greater antibacterial activity. In addition, as 

yet there was no study conducted to determine MIC of 

aqueous seeds extract of Sri Lankan variety C. melo. 

Therefore, current study was the first investigation done to 

determine its MIC values against common uropathogens. 

In the current study, phytochemical screening of the aqueous 

extract of C. melo seeds revealed the presence of alkaloids, 

flavonoids, phenols, saponins, tannins and the absence of 

diterpenes and glycosides. Metabolites like alkaloids provide 

defensive mechanism by intercalation with the cell wall and 

DNA of the microbes. Phenols cause disruption of the cell 

membrane while metabolites like flavonoids and tannins form 

complexes with bacterial cell wall, damaged cell membrane 

and cause enzyme inactivation [26], whereas saponins act as 

cell membrane permeabilizing agent [27]. Therefore, most 

likely mechanism for the antibacterial activity exhibited by 

the extract could be due to the synergistic action of these 

secondary metabolites via multiple actions [28]. In addition, 
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extract also possesses very remote chance to develop 

resistance against pathogens as it consists of mixture of 

complex secondary metabolites instead of a single compound. 

To our knowledge, present study was the first study to 

evaluate phytochemical screening of aqueous seeds extract of 

C. melo in Sri Lanka. 

A preliminary phytochemical analysis in different countries 

have shown similar secondary metabolites, while some of 

their findings were contradictory to the present study [29, 30, 25]. 

The reason for the contradictory findings could be due to the 

utilization of different solvents, different variety of fruits and 

variations in environmental factors such as temperature, 

humidity, pH of the soil, soil fertility, irrigation and rainfall 
[11].  

Environmental changes affect the quality and quantities of 

phytoconstituents in C. melo thereby affecting its 

effectiveness [11]. C. melo used in the current study was 

collected from a vegetable farm at Rajanganaya in dry zone of 

Sri Lanka. Its significant variation in antibacterial activity 

compared to other similar studies could be due to the variation 

in these secondary metabolites. 

Use of C. melo extract by replacing synthetic antibiotics or in 

combination with antibiotics could reduce adverse effects as 

total exposure to antibiotic would be less. Traditional and folk 

medicine in Sri Lanka use seeds of C. melo for the treatment 

of infections associated with urinary tract [9]. Findings of the 

current investigation showed that seeds of C. melo possessed 

strong antibacterial activity against E. coli, S. aureus, P. 

aeruginos, P. mirabilis and E. faecalis that confirmed the 

great potential of bioactive compounds.  

To our knowledge, no investigations have been conducted on 

aqueous seeds extract of Sri Lankan variety of C. melo. 

Accordingly, the current study was the first study that 

provided a novel finding for the Sri Lankan variety of C. 

melo. In addition, the results of the study scientifically justify 

the claim made by Sri Lankan traditional and folk medicine 

that seeds of Sri Lankan variety of C. melo is useful in the 

treatment of urinary tract associated infections. The results of 

the study also indicated the potential of aqueous extract of C. 

melo in developing a new drug that could be used to treat 

urinary tract infections. 

 

5. Conclusion  

In conclusion, this study, for the first time, showed that 

aqueous seeds extract of Sri Lankan variety Cucumis melo L. 

possessed an in vitro antibacterial activity against common 

urinary tract infective bacteria (E. coli, S. aureus, P. 

aeruginosa, P. mirabilis and E. faecalis). The highest activity 

was found against E. coli which is the most common 

uropathogen. Antibacterial activities were equipotent with 

standard antibiotics used which is a novel finding. The extract 

mediated antibacterial activity via synergistic mechanism of 

its secondary metabolites. The results of the current study, 

scientifically justified the claim made by Sri Lankan 

traditional and folk medicine. The findings also indicated the 

potential of developing a safer, cheaper and new drug for 

urinary tract infections. 

 

8. Acknowledgements 

Thanks are due to Dr. Ruwini Karunapala for the guidance 

given and the assistance of Mr. R. A. J. C. Jayasinghe and R. 

Ganesananthan is greately appreciated. 

  

 

 

7. References 

1. https://www.cdc.gov/antibiotic-use/community/for-

patients/common-illnesses/uti.html 5 November, 2017. 

2. Foxman B. Epidemiology of urinary tract infections: 

incidence, morbidity, and economic costs. The American 

Journal of Medicine. 2015; 113(1A):5-13. 

3. Cove-Smith A, Almond M. Management of urinary tract 

infections in the elderly. Trends in Urology, Gynecology 

and Sexual Health. 2007, 31-34. 

4. https://www.cdc.gov/drugresistance/index.html  

10 November, 2017. 

5. Barber AE, Norton JP, Spivak AM, Mulvey MA. Urinary 

tract infections: current and emerging management 

strategies. Clinical Infectious Diseases. 2013; 57(5):719-

724. 

6. Wilson ML, Gaido L. Laboratory diagnosis of urinary 

tract infections in adult patients. Medical Microbiology. 

2004; 38:1150-1158. 

7. Yap PSX, Yiap BC, Ping HC, Lim SHE. Essential oils, a 

new horizon in combating bacterial antibiotic resistance. 

The Open Microbiology Journal. 2014; 8:6-14. 

8. Milind P, Kulwant S. Musk melon is eat-must melon. 

International Research Journal of Pharmacy. 2011; 

2(8):52-57. 

9. Jayaweera DMA. Medicinal Plants (Indigenous and 

Exotic) used in Ceylon, Colombo: The National Science 

Foundation, Sri Lanka, 2006, 2. 

10. Rajapaksha U. Traditional Food Plants in Sri Lanka, 

Colombo: Hector Kobbekaduwa agrarian research and 

training institute, 1998. 

11. Bernillon S, Biais B, Deborde C, Maucourt, M, 

Cabasson, C, Gibon Y et al. Metabolomic and elemental 

profiling of melon fruit quality as affected by genotype 

and environment. Metabolomics. 2013; 9(1):57-77. 

12. Gaidhani KA, Harwalkar M, Bhambere D, Nirgude PS. 

Lyophilization/ freeze drying- a review. World Journal of 

Pharmaceutical Research. 2015; 4(8):516-543. 

13. Zaidan MRS, Rain M, Badrul AR, Adlin A, Norazah A, 

Zakiah I. In vitro screening of five local medicinal plants 

for antibacterial activity using disc diffusion method. 

Tropical Biomedicine. 2005; 22(2):165-170. 

14. Hudzicki J. Kirby-Bauer disk diffusion susceptibility test 

protocol. American Society for Microbiology. 2009, 1-

23. 

15. Gholampour-Azizi I, Rouhi S, Yahyayi F. In vitro 

antifungal activity of Cucumis melo on Candida albicans. 

Zahedan Journal of Research in Medical Sciences. 2015; 

10(10):29-33. 

16. Malik SA, Malik AS, Malik SA, A review on common 

bacteria causing urinary tract infection. Pakistan Journal 

of Medical and Health Sciences. 2016; 10(2):513-517. 

17. Ahamed HAU, Uddin MH, Mannan MA, Barua S, Hoque 

AM. Studies on the isolation, physico-chemical 

characterization and microbial activities of Melon 

(Cucumis melo) seed oil. International Journal of 

Innovation and Scientific Research. 2014; 11(1):105-111. 

18. Karim AM, Asma H, Kamal MS. GC-MS analysis and 

antimicrobial activity of Sudanese Cucumis melo L. 

(Cucrbitaceae) fixed oil. Journal of Medical 

Pharmaceutical and Allied Sciences. 2016; 504-510. 

19. Karunarathna K, Wijesuriya T, Dassanayake M, 

Nanayakkara K. Laboratory Manual in Microbiology, 

Second edition. Colombo: The Sri Lanka College of 

Microbiologists, 2011. 



 

~ 690 ~ 

Journal of Pharmacognosy and Phytochemistry 
20. Dash M, Padhi S, Mohanty I, Panda P, Parida B. 

Antimicrobial resistance in pathogens causing urinary 

tract infections in a rural community of Odisha, India. 

Journal of Family and Community Medicine. 2013; 

20(1):20-26. 

21. Senadheera GPSGS, Ranganathan S, Patabendige G, 

Fernando GH, Gamage D, Maneke RMW et al. 

Resistance and utilization pattern of antibacterial agents 

in outpatient settings in two Teaching Hospitals in 

Colombo. Ceylon Medical Journal. 2016; 61:113-117. 

22. Thakur HA. Antimicrobial and antifungal activity of 

Cucumis melo L. (Cucurbitaceae) and Pergularia daemia 

frosk. (Asclepiadaceae) an ethnomedicinal plants. 

International Journal of Bioassays. 2014; 4(1):3661-3665. 

23. Manzoor M, Naseer S, Jabeen R, Manzoor M. 

Antibacterial activity of fruits against Escherichia coli. 

ARPN Journal of Agricultural and Biological Science. 

2013; 8(3):258-263. 

24. Siddeeg A, Alsir E, Xu Y, Jiang Q, Xia W. Chemical 

composition and antibacterial activity of the essential oil 

isolated from Seinat (Cucumis Melo Var. Tibish) seeds. 

International Journal of Technology Enhancements and 

Emerging Engineering Research. 2014; 2(8):120-124. 

25. Rath S, Padhy RN. Monitoring in vitro antibacterial 

efficacy of 26 Indian spices against multidrug resistant 

urinary tract infecting bacteria. Integer Med Res. 2014; 

3:133-141. 

26. Cowan MM. Plant products as antimicrobial agents. 

Clinical Microbiology Reviews. 1999; 12(4):564-582. 

27. Moses T, Papadopoulou and Osbourn A. Metabolic and 

functional diversity of saponins, biosynthetic 

intermediates and semi-synthetic derivatives. Critical 

Reviews in Biochemistry and Molecular Biology. 2014; 

49(6):439-462. 

28. Alabi OA, Haruna MTH, Anokwuru CP, Jegede T, Abia 

H, Okegbe VU, Esan BE. Comparative studies on 

antimicrobial properties of extracts of fresh and dried 

leaves of Carica papaya (L) on clinical bacterial and 

fungal isolates. Advances in Applied Science Research. 

2012; 3(5):3107-3114. 

29. Arora R, Kaur M, Gill NS. Antioxidant activity and 

pharmacological evaluation of Cucumis melo var. 

agrestis methanolic seed extracts. Research Journal of 

Photochemistry. 2011; 5(3):146-155. 

30. Ullah N, Khan S, Khan A, Ahamad W, Shah Y. et al. A 

prospective pharmacological review of medicinal herbs, 

Cucumis melo and Berberis vulgaris, commonly used in 

the treatment of renal diseases in Pakistan. Acta Pokniae 

Pharmaceutica-Drug Research. 2015; 72(4):651-654.  


