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Background:  Nowadays, microbial infections remain as the leading cause of infectious diseases and human death 
worldwide. The use of plant-derived medicines is currently increasing in the treatment of various diseases. Papaya leaves 
have proteolytic enzymes and phytoconstituents with antimicrobial properties. Rwandan citizens use papaya leaves to 
treat hair dandruff, wounds and burns.
Materials and Methods:  Papaya leaves were collected and allowed to dry under the shed at room temperature for 14 days. 
The powdered plant materials were soaked separately in clean flask and extracted successively using maceration method 
with water and methanol. Qualitative phytochemical screening was conducted by using specific standard procedures. 
Antimicrobial activity assays of all the extracts were performed by agar well diffusion method and determined by measuring 
the zones of inhibition with transparent scale. 
Results:  Phytochemical screening revealed the presence of alkaloids, carbohydrates, tannins, flavonoids, steroids and 
phenolic compounds. In this observation, all the extracts exhibit significant inhibitory activity against all test pathogens 
ranging from 2 mm to 26 mm of diameter. Methanol extracts showed the maximum activity against Candida albicans 
(inhibition zone: 26±0.11 and activity index: 1.23). Minimum inhibition concentration values ranges between 3.175 mg/mL 
and 12.5 mg/mL.
Conclusion: The results indicate that Carica papaya leaves could be very potent source of antimicrobial agents and 
secondary metabolites that can be used by pharmaceutical industries to produce medicines.
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Introduction

Carica papaya is a medicinal plant in which one or more 
parts contain substances that can be used for treatment 
purposes and the production of drugs. Papaya leaves 

contain secondary metabolites like alkaloids, β-carotene, 
steroids, saponins, glycosides, tannins and flavonoids which 
have antipathogenic, antitumor and immunomodulatory 
activities.1
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	 Carica papaya leaves contain bioactive compounds; 
papain and chymopapain which help in digestion and inhibit 
greatly the life processes of different disease- causing 
microorganisms.2,3 Papaya leaves are rich in protease and 
amylase. These enzymes have high anti-inflammatory 
properties which reduce the inflammation of stomach and 
colon.4 Papaya leaf extracts heal peptic ulcers by killing 
bacteria Helicobacter pylori owing to their antimicrobial 
properties.5 
	 Papaya  leaves  contain  carpain,  acetogenin  and 
phenolic compounds. Carpain is a chemical compound or 
a substance with ability to kill microorganisms that often 
intervene in food digestion processes.1,6 It also stops the 
excess growth of skin flora by sanitizing skin from the 
toxins and provide protection against skin problems like 
pimples, freckles and acne.7

	 Acetogenin, a compound which prevents dangerous 
diseases like malaria, cancers and dengue fever.8 Their 
extracts have ability to cure different intestinal diseases 
in animal models including amoebiasis and urinogenital 
disorder like trichomoniasis.9 Phenolic compounds 
such as protocatechuic acid, p-coumaric acid, 5, 7- 
dimethoxycoumarin, caffeic acid, kaempferol, quercetin 
and chlorogenic acid  work singlehandedly or collectively 
to reduce B16F10 tumor cell growth.10 Papaya leaf 
extracts  regenerate  the  platelets  and white  blood  cells  
level.11  Papaya leaf juice boosts the activation of primary 
components of immune system like T-lymphocytes which 
trigger the production of different chemical messengers 
interleukin (IL)-12, interferon (IFN)-γ, and tumor necrosis 
factors (TNF)-α that perform various roles in defense to 
specific stresses from chemotherapies.12 Carica papaya 
leaf extracts have protective effect against gastric ulcers in 
rats and inhibit sickle cell formation. They also regulate the 
production of insulin and bring down the complications of 
diabetes like kidney damage and fatty liver.13,14 The primary 
objective of this study was to evaluate the antimicrobial 
activities of methanolic and aqueous leaf extracts of Carica 
papaya grown in Rwanda.

Materials and methods

Preparation of Plant Samples
Healthy disease free, mature fresh Carica papaya leaf 
samples were collected locally in Tumba sector, Huye 
district, Southern province, Rwanda. The collected fresh 
leaves were rinsed thoroughly 2-3 times with running tap 

water and once with sterile water. The leaves were dried 
under the shed at room temperature for 14 days. Dried 
leaves were crushed into powder with the help of mortar 
and pestle. The powder was stored in sealed and labeled 
container and kept in dry place to its use for extraction.

Extraction of The Plant Material
The extraction experiment was aseptically carried out in 
Biotechnology laboratory at room temperature for 3 days 
using rotary shaker for better extraction. Twenty grams of 
dried leaf powder was soaked and macerated successively 
with 100 mL each of 70% methanol and water. After 
extraction, the extracts were decanted and then filtered 
through  Whatman  filter  paper.  Methanolic   crude 
extract was obtained by evaporating the solvent using 
rotary evaporator and crude aqueous extract obtained by 
lyophilization process.15,16 The extracts were kept in different 
labeled tubes then stored in the refrigerator at 4°C until use.

Materials Sterilization
In order to avoid any kind of contamination and cross 
contamination by the test pathogens, all types of precautions 
were highly maintained. With detergent, glasswares were 
washed  and  rinsed  properly  with  distilled  water.  They  
were  dried  under  the  shed  and  eventually  sterilized  
in  oven at  170°C. The  sterilization  of  cork  borer  and  
forceps were done by immersing them in 70% ethanol 
then blazed in Bunsen flame. The inoculating loops were 
sterilized  by  heating  them  to  redness  using  flame  before 
and after each use.

Sterility Proofing of The Extracts 
To confirm the sterility of the extracts, 2 mL of the 
extracts were introduced into 10 mL of Mueller Hinton 
broth and incubated at 37°C for 24 hours. The absence 
of microorganism growth on the broth after the period of 
incubation signifies the presence of a sterile extract. After 
seeing that, there was no need of sterilizing the extracts 
under UV light.

Phytochemical Screening
Systematic phytochemical screening was used to examine 
the presence of chemical constituents in crude leaf extracts 
according to standard method.17 The qualitative analysis 
tests were performed for various bioactive components such 
as flavonoids (Shinoda's test), steroids (Salkowski test), 
carbohydrates (Benedict’s test), tannins (Ferric chloride 
test), alkaloids (Wagner’s test) and phenolic compounds 
were examined by diluting the extract with distilled water 
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up to 5 mL and added 3 drops of 5% ferric chloride solution. 
The presence of phenolic compounds was confirmed by the 
change in colors to dark green.

Test Microorganisms
The microorganisms used in this study were all human 
pathogens from clinical specimens. Pure cultures of 
Escherichia coli, Staphylococcus aureus and Candida 
albicans used to assess the antimicrobial properties 
were obtained from Bacteriology Department in clinical 
laboratory of University Teaching Hospital of Butare. 
The microorganisms were collected on sterile plate and 
incubated at 37°C for 24 hours. A single colony of each 
microorganism was diluted in 9 mL of peptone water and 
eventually used to test the antimicrobial potencies of the 
obtained extracts.

Antibacterial and Antifungal Assay of Extracts
The antimicrobial assay of extracts was examined by agar 
well diffusion method according to National Committee 
for Clinical Laboratory Standards.18 25 µL of diluted 
microorganisms were swabbed on respective nutrient agar 
plates. After spreading, Pasteur pipette was used to create 
3 wells in the inoculated agar and filled up with 25 mg/mL, 
50 mg/mL and 100 mg/mL, respectively. Ciprofloxacin (10 
mg/mL) solution was used as standard. The plates were 
incubated in the upright position at 37°C. Staphylococcus 
aureus and Escherichia coli plates were incubated for 24 
hours and Candida albicans was incubated for 72 hours. 
After incubation, the antimicrobial activities of the test 
materials were determined by measuring the diameter of 
inhibition zones in millimeter with a transparent scale. 
Three replicates were carried out for each extract against 
each of the test microorganism. Data were recorded as 
mean±standard deviation. The activity index for each 
extract was calculated by using the following formula:

        Activity index =    Inhibition zone of the sample
         Inhibition zone of the standard

Determination of Minimum Inhibition Concentration 
(MIC) 
The MIC is defined as the lowest concentration that inhibits 
the visible growth of pathogens after overnight incubation. 
In this study, the MIC was examined by preparing the 
inoculum of microorganisms from nutrient broth cultures. 
With broth dilution technique, the plant extracts were 
prepared to the highest concentration of 100 mg/mL in 
propanol and diluted to the smallest concentration to check 
the MIC. The extracts were serially diluted from 100 mg/
mL to 0.195 mg/mL with 2 mL of distilled water. One mL 
suspension of the test microorganisms was inoculated with 
Mueller Hinton broth as a positive control and Ciprofloxacin 
as a standard reference antibiotic. It was incubated for 18-
20 hours at 37ºC and determined the MIC by observing the 
presence or absence of turbidity in the test tubes. The least 
concentration where no turbidity observed was noted as the 
MIC value.

Results

Phytochemical Analysis
Phytochemical analysis revealed the presence of alkaloids, 
carbohydrates, tannins, flavonoids, steroids and phenolic 
compounds in methanolic extracts and absence of alkaloids, 
steroids and flavonoids in aqueous extracts, as shown in 
Table 1.

Antimicrobial Activity 
In the present investigation, methanol and aqueous extracts 
exhibited considerable antimicrobial activity and indicated 
the suitability of these solvents for dissolving some bioactive 
compounds of the plants. Table 2 showed the antimicrobial 
activity of Carica papaya leaves extracts.
	 Based on obtained results, methanolic extracts showed 
the highest activity compared to aqueous extracts. In this 
observation, the antimicrobial activities of the extracts 
increased linearly with increase in concentration of extracts 
(mg/mL). 

Plant Extracts Alkaloids Carbohydrates Tannins Flavonoids Steroids Phenolic 
Compounds

Methanolic extract + + + + + +

Aqueous extract _ + + _ _ +

Table1. The results of the chemical tests of the Carica papaya leaf extracts.
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MIC
The MIC in this study ranged between 3.175 mg/mL 
and 12.5 mg/mL. The activity index for each extract was 
obtained by calculating the ratio between inhibition zone of 
the sample and the inhibition zone of the standard antibiotic 
(Table 3).

Discussion

It has been reported that the resistance of different 
microorganisms  is  inhibited  by  bioactive  substances 
that exist in different plant parts. The plant extracts used 
in this study demonstrated their antibacterial and antifungal 
properties and prove the importance of medicinal plants.19 

The present work showed that these extracts contain 
alkaloids, carbohydrates, flavonoids, tannins, steroids, and 
phenolic compounds.20 
	 The antimicrobial activity is a result of individual or 
combination of these bioactive compounds which are the 
sources of newer useful drugs and other pharmacological 
importance.21 The results of this study confirmed the use of 
plants in production of antibiotics and other pharmaceutical 
products. It also revealed that the leaf extracts of Carica 
papaya possess secondary metabolites with antimicrobial 
properties that can be used by drug manufacturers.22 

Different researchers have also shown that extracts of some 
plants inhibited the growth of various microorganisms 
at different concentrations. They also reported that the 

Methanolic Extracts Aqueous Extracts
Ciprofloxacin 

10 mg/mL

25 8±0.2 2±0.37

50 19±0.5 6±0.68

100 24±0.45 12±0.29

25 6±0.83 2±0.74

50 13±0.25 5±0.39

100 20±0.61 8±0.16

25 5±0.15 3±037

50 13±0.03 9±0.29

100 26±0.11 15±0.35

Microorganisms
Concentrations 

of Extracts 
(mg/mL)

  Zone of Inhibition (mm)

Candida albicans

Staphylococcus aureus

Escherichia coli

23±0.82

26±0.46

21±0.47

Table 2. Antimicrobial activity of leaves extracts of Carica papaya.

antimicrobial actions occur when the bioactive components 
of the extracts inhibit the cell wall formation and cause 
the leakage of cytoplasmic constituents.23 In the present 
investigation, the effective antimicrobial activity was found 
in organic extracts than aqueous extracts because they have 
great capacity to extract different bioactive compounds 
depending on their solubility.24

	 The high antimicrobial activity of methanolic extract 
in this study was due to the presence of tannins, steroids 
and flavonoids. Other studies showed that these medicinally 
bioactive components exert antimicrobial action through 
different biological mechanism. Tannins cause inhibition in 
the cell wall synthesis by forming irreversible complexes 
with prolene rich protein. 25 The steroids and saponins have 
the ability to cause leakage of proteins and certain enzymes 
from the cell.26 Flavonoids have the ability to complex 
with extracellular and soluble proteins and to complex 
with bacterial cell walls.27 The difference in antimicrobial 
activity of these extracts also depends on the quantity of 
chemical substances present in the plant. The quantity of 
bioactive compounds presents in the extracts depend on the 
extracted plant parts. Leaves, roots, fruits, stems and seeds 
have different quantity of chemical compounds.28

	 The stage of maturity, rainfall, temperature, light 
variations and gender of the tree (male, hermaphrodite and 
female) determine the quantity of secondary metabolites 
present in the extracts which cause difference in their 
antimicrobial activities.29 Other factors that can affect the 
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Methanolic Extracts Aqueous Extracts

25 0.34 0.08

50 0.82 0.26

100 1.04 0.52

25 0.23 0.07

50 0.5 0.19

100 0.76 0.3

25 0,23 0.01

50 0.61 0.42

100 1.23 0.71

Escherichia coli

Candida albicans

Microorganisms
Concentrations 

of extracts 
(µg/mL)

Activity Index
(Inhibition Zone of Extracts/ 
Inhibition Zone of Standard)

Staphylococcus aureus

Table 3. The activity index of papaya leaves extracts on pathogens in accordance to 
Ciprofloxacin as a standard.

quantity of plant secondary metabolites include soil salinity, 
geographical location, environment, and the species of the 
plant. This is in fair correlation with Munns who reported 
that soil salinity is one of the abiotic factors that affect the 
quantity of plant secondary metabolites by hindering water 
absorption, growth and plant metabolism as well as both 
physiological and chemical processes.30 
	 The bioactive components present in extracts attach 
to the cell surface and penetrate to the phospholipid bilayer 
of the cell membrane which influence the cell metabolism 
to cause cell death.31 Both methanolic and aqueous extracts 
showed potent activities against Staphylococcus aureus 
with great zone of inhibition. The highest sensitivity of 
Staphylococcus aureus may be due to its cell wall structure 
and outer membrane.32

	 The results in this study supported the findings 
reported by previous study which showed that both water 
and methanol extracts exerted antibacterial activity on all 
the strains at different concentrations.33 The activity of 
aqueous extracts in the present investigation is in contrast to 
the results another study which reported that water may not 
extract aromatic and saturated antibacterial compounds that 
can inhibit the growth of microorganisms.34 The findings 
of this research showed that all extracts in general are 
more effective on Gram-positive bacteria than on Gram-
negative bacteria35 and agree that it could be explained by 

the different cell wall structures of these bacteria. Gram-
negative outer membrane comprising of phospholipids 
and lipopolysaccharides act as a barrier to the entrance and 
reaction of most antibiotics and/or antimicrobial agents 
through cell envelope.36

Conclusion

The current findings confirmed the presence of bioactive 
compounds which have the ability to inhibit the growth of 
microorganisms. They also provided scientific justification 
that methanol and aqueous leaf extracts of Carica papaya 
have both antibacterial and antifungal activities on the tested 
human pathogens. The methanol extracts exhibited the most 
remarkable activity against pathogens compared to aqueous 
extracts. The obtained results are the indications that Carica 
papaya leaf extracts have great medicinal profile which could 
be considered in production of effective antibiotics against 
number of microbial diseases. It is clear to recommend a 
detailed research to be carried out on different extracts of 
other medicinal plant parts using different solvents.
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