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ABSTRACT: The increase in antibacterial resistance has led to the urgent need for novel therapeutic agents, and recently,
plant-based antibacterials have emerged as a promising substitute. This study aimed to investigate the antibacterials activity
of the aqueous and ethanol extracts of the Carica papaya seeds against Escherichia coli, Salmonella typhi, Pseudomonas
aeruginosa, and Staphylococcus aureus. C. papaya seeds were collected, dried, and ground into powder, followed by the
extraction of their bioactive compounds using water and ethanol solvents. The antimicrobial activity of the extracts against
selected bacterial isolates using the agar well diffusion method was determined, as well as the minimum inhibitory
concentration (MIC) and minimum bactericidal concentration (MBC) of the extracts. Phytochemical profiling revealed the
presence of alkaloids, carbohydrates, proteins, flavonoids, tannins, and glycosides in both aqueous and ethanolic extracts,
with phenolic compounds and saponins unique to ethanolic extract. The ethanolic extract showed antimicrobial activity
against all the isolates used in the study. E. coli had the highest susceptibility of 11.6 + 3.9 mm, while S. typhi showed the
least 3.3 + 0.2 mm. The aqueous extract demonstrated antibacterial activity against E. coli, S. aureus, and P. aeruginosa,
while S. typhi was resistant. This study confirmed that C. papaya seeds contain bioactive phytochemicals with broad-
spectrum antibacterial properties, mainly when extracted using ethanol. These findings indicate that C. papaya seeds could
be utilized in the development of an effective antibiotic, potentially addressing the growing threat of drug-resistant bacteria.

Keywords: Antibacterial, Carica papaya, Phytochemical, Minimum inhibitory concentration, Minimum bactericidal
concentration.

Introduction

The global threat of antimicrobial resistance (AMR) is a major concern to public health, food security, and
economic stability. According to the World Health Organization (WHO), AMR s responsible for an estimated
700,000 deaths annually worldwide, with projections suggesting that by 2050, this number could rise to 10
million deaths per year if no urgent action is taken (Pokharel et al., 2019). The economic burden is expected to
reach $100 trillion due to increased healthcare costs and productivity losses (Pokharel et al., 2019).
Antimicrobial resistance (AMR) affects all countries but severely impacts low- and middle-income nations
(Pokharel et al., 2019). Antibiotics being used inadequately have led to an increase in bacterial resistance,
leading to reduced potency of many commonly used drugs (Mittal et al., 2020; Mancuso et al.,
2021). Pathogens such as Escherichia coli, Salmonella typhi, Pseudomonas aeruginosa, and Staphylococcus
aureus have demonstrated significant resistance to multiple antibiotics, including penicillins, cephalosporins,
and fluoroquinolones (Laxminarayan et al., 2013; Mancuso et al., 2021).

In other to mitigate AMR, medicinal plants have gained increasing attention as viable alternatives to antibiotics
due to their rich composition of bioactive compounds with antibacterial properties (Parveen and Some, 2021).
Medicinal plants have been used for centuries to treat infectious diseases, as they have been shown from studies
to contain bioactive compounds with potent antibacterial properties. These plant-derived compounds, which
include alkaloids, flavonoids, tannins, and polyphenols, exhibit broad-spectrum antibacterial activity against
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resistant pathogens (Jubair et al., 2021). Among these, Carica papaya (pawpaw) has been studied for its
medicinal use, which demonstrated significant antibacterial properties (Dagne et al., 2021).

Carica papaya is a tropical fruit which belongs to the Caricaceae family, it is widely known for its
pharmacological activities, including antibacterial, antifungal, and anti-inflammatory properties (Khan et al.,
2022). The seeds of C. papaya contain bioactive compounds such as alkaloids, flavonoids, tannins, and
saponins, which contribute to their antibacterial activity (Urooj and Sammia, 2018). Previous research has
indicated that extracts from papaya seeds exhibit significant inhibitory effects on both Gram-positive and Gram-
negative bacteria (Muhamad et al., 2017; Lestari et al. (2018)).

This study aimed to evaluate the antibacterial efficacy of aqueous and ethanolic extracts of Carica papaya seeds
against selected pathogenic bacteria, in order to assess their potential as alternative agents in combating
antibiotic-resistant infections.

Materials and methods

Collection of plant material: Ripe Carica papaya (pawpaw) fruits were purchased from New Benin Market,
Benin City, Nigeria. The fruits were cut open, and the seeds were placed in a clean bowl, rinsed, and afterward
placed in an open space to dry at room temperature (25+3 °C) for 5 days. After drying, the seeds were ground
into powder using a pestle and mortar to get fine powder, which was stored in an airtight container for analysis.
Source of bacterial isolates: The bacterial isolates used in this study, namely Escherichia coli, Staphylococcus
aureus, Salmonella typhi, and Pseudomonas aeruginosa, were obtained from the Department of Microbiology
Research Laboratory, Faculty of Life Sciences, University of Benin, Benin City, Nigeria.
Identification/confirmation of bacterial isolates: Subcultures were prepared on selective media: Mannitol Salt
Agar (MSA) for S. aureus and MacConkey Agar for E. coli, S. typhi, and P. aeruginosa. The isolates were
Gram-stained and observed under a microscope. Biochemical tests which included catalase, coagulase, oxidase,
indole, citrate, urease, and hydrogen sulfide tests were carried out to confirm the bacterial isolates.

Preparation of plant extracts: Fifty grams of finely powdered Carica papaya seeds were separately macerated
in 700 mL of 80% (v/v) ethanol and 700 mL distilled water. Each mixture was placed in a sealed conical flask
and left at room temperature for 72 h, with occasional shaking to facilitate extraction. After the extraction
period, the mixture was filtered using Whatman No. 1 filter paper. The ethanol filtrate was then concentrated
using a rotary evaporator under reduced pressure at 40-50°C to obtain the crude ethanol extract, while the
aqueous filtrate was evaporated over a water bath at 50-60°C until semi-solid extracts were obtained. Both
crude extracts were stored in sterile containers at 4°C for subsequent analyses.

Standardization of bacterial isolates: Pure bacterial isolates were inoculated into sterile nutrient broth and
incubated at 37°C for 18-24 h to obtain actively growing cultures. The turbidity of each broth culture was
adjusted in reference to the 0.5 McFarland standard, which corresponds to approximately 1.5 x 108 CFU/mL.
The standardization was to ensure consistency in cell density across all susceptibility testing procedures,
including the determination of the MIC and MBC.

Phytochemical profiling: Phytochemical screening of the aqueous and ethanol extracts of Carica papaya seeds
was carried out using standard procedures as described by Tang and Eisenbrand (1992). Alkaloids,
carbohydrates, proteins, vitamin C, steroids, phenolic compounds, saponins, flavonoids, tannins, and glycosides.
These qualitative analyses revealed the presence of various bioactive compounds believed to contribute to the
antibacterial properties of the seed extracts.

Antimicrobial sensitivity test (Agar well diffusion method): The antimicrobial sensitivity test was carried out
using the Agar Well Diffusion method. An aliquot of 0.1 mL of the test organisms were aseptically inoculated
on Mueller Hinton Agar in Petri dishes using sterile swab sticks, ensuring uniform coverage of the entire
surface. Three wells were created in the agar using a sterile cork borer with a diameter of 6 mm, and 0.1 ml of
each extract was added to the wells on the plate. The experiment was carried out in triplicates to minimize
probability of error. The plates were then incubated at 37 °C for 24 h. The inhibition zones were measured in
millimeters to determine the antibacterial activity of the extracts. Ciprofloxacin (30 pg/ml), a commercially
available antibiotic was used as a standard antibiotic (control).

The minimum inhibitory concentration (MIC) of extracts: The minimum inhibitory concentration (MIC) is the
lowest concentration, which can inhibit the growth of bacterial cells on culture plates (Kadetabkova et al.,
2024). The broth dilution method was used in this study. Each sterilized test tube received 10 ml of nutrient
broth. Using a sterile digital micropipette, an aliquot of 0.2 pl of the standard suspension of the test organism
(0.5 McFarland standard) was added to each test tube. Hundred (100) g/ml, 50 mg/ml, 25 mg/ml, and 12.5
mg/ml concentrations were prepared from the stock solution by serial dilution and were used for the analysis.
The test tubes were shaken gently before incubating at 37 °C for 24 h. MIC was observed and recorded based on
the turbidity of the individual test tubes. The lowest concentration with which each extract inhibited bacterial
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growth at 37 °C was recorded as the MIC. Inoculated broth with the test organism was used as a positive
control, and sterile broth was used as a negative control.

Minimum bactericidal concentration (MBC) of extracts: To determine the MBC, a loopful of broth was
collected from the test tubes used in the MIC determination test that did not show any growth, and streaked onto
sterile nutrient agar. Nutrient agar plates streaked with the respective test organisms served as controls. The
plates were incubated for 24 h at 37 °C. The concentration at which there was no visible growth was recorded as
the minimum bactericidal concentration (MBC).

Results

Phytochemical results: The phytochemical analysis of Carica papaya (pawpaw) seed extracts, revealed the
presence of an essential class of phytochemicals, which included alkaloids, carbohydrates, proteins, flavonoids,
tannins, and glycosides, which were detected in both extracts as shown in Table 1. However, it was observed
that the distribution of compounds differed in the two extracts. Phenolic compounds and saponins were absent in
the aqueous extract but were present in the ethanol extract. Also, vitamin C and steroids were present in the
aqueous extract but were absent in the ethanolic extract.

Antibacterial activity: The antibacterial activity of the aqueous and ethanol extracts against selected bacterial
isolates is presented in Table 2. The aqueous extract demonstrated varying degrees of inhibition against
Escherichia coli (7.8 £ 0.9 mm), Pseudomonas aeruginosa (5.8 + 0.9 mm), and Staphylococcus aureus (12.9 +
0.7 mm), but showed no activity against Salmonella typhi, indicating complete resistance of the latter. In
contrast, the ethanol extract exhibited inhibitory effects on all four bacterial strains, with inhibition zones
ranging from 3.3 + 0.2 mm for S. typhi to 11.6 £ 3.9 mm for E. coli. A statistical comparison between the
aqueous and ethanol extracts indicates that the ethanol extract generally displayed higher antibacterial activity,
particularly against E. coli, P. aeruginosa, and S. typhi, where the aqueous extract showed a minimal inhibitory
effect. Interestingly, the aqueous extract was more potent against S. aureus (12.9 £ 0.7 mm) than the ethanol
extract (10.7 £ 0.6 mm), suggesting isolate-specific variability in extract efficacy.

Ciprofloxacin, used as the positive control at 30 pg/ml, produced the highest zones of inhibition across all
bacterial strains, with values of 17 mm for E. coli, 10 mm for S. typhi, 12 mm for P. aeruginosa, and 18 mm for
S. aureus. According to Clinical and Laboratory Standards Institute (CLSI) breakpoints, E. coli and S. aureus
showed intermediate susceptibility, while S. typhi and P. aeruginosa were classified as resistant to
ciprofloxacin. When compared to ciprofloxacin, both plant extracts demonstrated varied antibacterial effects;
however, the ethanol extract showed comparable activity that in some cases approached the efficacy of the
control, particularly against E. coli and S. aureus. Thus, illustrating that the ethanol extract of Carica papaya
seeds have a promising antibiotic property.

Minimum Inhibitory Concentration (MIC): The minimum inhibitory concentration (MIC) is the lowest
concentration, at which the extract can inhibit the growth of bacterial cells on culture plates. The MICs of the
extracts on the studied bacterial isolates are presented in Table 3. For the aqueous extract, it was observed that
E. coli and S. aureus had MIC of 50 mg/ml while S. typhi and P. aeruginosa showed growth even at 100 mg/ml,
which indicated that the MIC was >100mg/ml. In contrast, for the ethanolic extract, it was observed that the
MIC for E. coli was 50 mg/ml and 100 mg/ml for S. typhi, P. aeruginosa, and S. aureus. The MIC values
provided insights into the concentration required to inhibit bacterial cell growth.

Minimum Bactericidal Concentration (MBC): The minimum bactericidal concentration (MBC) of the aqueous
extract of papaya seeds on the studied bacterial isolates ranged from 50 mg/ml - 100 mg/ml while for
Salmonella typhi it was >100mg/ml. For the ethanolic extract, the MBC ranged from 50 mg/ml - 100 mg/ml |
for all the studied isolates, as shown in Table 4.

Table 1: Phytochemical analysis of aqueous and ethanolic extracts of Carica papaya seeds

Chemical Compounds Agueous Extract Ethanolic Extract
Alkaloid + +
Carbohydrates + +
Proteins + +
Vitamin C + -
Steroids + -
Phenolic Compounds - +
Saponins - +
Flavonoid + +
Tannin + +
Glycoside + +

Key: + = Present, - = Absent
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Table 2: Zones of inhibition (mm) of aqueous and ethanolic extracts of Carica papaya seeds on clinical
bacterial isolates

Bacterial Isolates Agueous Extract Ethanol Extract  Ciprofloxacin (Control) 30 pg/ml
Escherichia coli 7.81+0.9 11.61+3.9 17.41+£0.4
Salmonella typhi NZ 3.34+0.2 10.34+£0.3
Pseudomonas aeruginosa  5.80+0.9 8.52+0.3 12.14+0.2
Staphylococcus aureus 12.92+0.7 10.70+0.6 18.34+0.5

Means + S.D. are from triplicate measurements. NZ = No Zone of Inhibition

Table 3: Minimum inhibitory concentration (MIC) of C. papaya seed extracts on clinical bacterial isolates

Extracts

Isolates Agqueous(mg/ml) Ethanol(mg/ml)

12.5 25 50 100 12.5 25 50 100
Escherichia coli + + - - + _ - ;
Salmonella typhi + + + + + + + _
Pseudomonas aeruginosa + + + + + + + -
Staphylococcus aureus + + - - + + + .
Positive control + + + + + + + +
Negative control - - - - - - - .
Key: + = Growth, - = No growth
Table 4: Minimum bactericidal concentration (MBC) of C. papaya seed extracts on clinical bacterial isolates

Extracts
Isolates Aqueous(mg/ml) Ethanol(mg/ml)
12.5 25 50 100 12.5 25 50 100

Escherichia coli + + + - + + _ -
Salmonella typhi + + + + + + + -
Pseudomonas aeruginosa + + - - + + + -
Staphylococcus aureus + + - - + + - -
Positive control + + + + + + + ¥

Negative control - - - - - - - -

Key: + = Growth. - = No growth

Discussion

The findings of this study revealed that Carica papaya seeds contain some bioactive agents, namely: alkaloids,
carbohydrates, proteins, flavonoids, tannins, glycosides, phenolic compounds, saponins, vitamin C, and steroids.
The antibacterial activity of papaya seed extracts is attributed to the synergistic effects of these phytochemicals
(Sharma et al., 2022). Alkaloids have been reported to intercalate with DNA, disrupting replication and
transcription processes (Kaminskyy et al., 2006; Wink, 2020). Flavonoids and tannins can form complexes with
bacterial cell walls and extracellular proteins, leading to cell wall disruption and inhibition of essential enzymes
(Donadio et al., 2021). Saponins are known to interact with membrane sterols, increasing cell permeability and
causing leakage of intracellular contents (Bottger et al., 2012). These combined actions result in bacteriostatic or
bactericidal effects against a broad spectrum of pathogens (Doughari et al., 2007; Prasetya et al., 2018).

The bacteria used in this study—Escherichia coli, Salmonella typhi, Pseudomonas aeruginosa (Gram-negative),
and Staphylococcus aureus (Gram-positive)—were tested for susceptibility to both aqueous and ethanol extracts
of C. papaya seeds. The results confirmed antibacterial activity against both Gram-negative and Gram-positive
bacteria. Ethanol extract was significantly more effective, which aligns with previous studies showing ethanol as
a better solvent for extracting a broader range of bioactive compounds (Awah et al., 2017; Al-Hajj, 2021; Oboh,
2023). The efficacy of the ethanol extract, particularly against Gram-negative bacteria, is attributed to its ability
to dissolve and extract non-polar compounds such as alkaloids and phenolics, which interfere with bacterial cell
membranes and inhibit metabolic processes (Ezeifeka et al., 2004). For example, the greater inhibition zone for
Pseudomonas aeruginosa in the ethanol extract supports research showing these phytochemicals target specific
components of Gram-negative bacterial structures.

On the other hand, the aqueous extract displayed higher activity against Staphylococcus aureus (Gram-positive)
than the Gram-negative strains, with a zone of inhibition of 12.9 + 0.7 mm. This suggests that water effectively
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extracts polar compounds, such as tannins and flavonoids, which are particularly active against Gram-positive
bacteria due to their less complex cell wall (Alvarez-Martinez et al., 2020). Notably, the agueous extract
produced a better inhibitory effect against S. aureus (12.92 £ 0.7 mm) when compared to the ethanol extract
(10.70 £ 0.6 mm), indicating isolate-specific responsiveness.

The results of the inhibitory effects further revealed that the ethanol extract consistently outperformed the
aqueous extract against Escherichia coli, Samonella typhi, and Pseudomonas aeruginosa. For instance, the
inhibitory effect of the ethanol extract against Escherichia coli was 11.61 + 3.9 mm when compared to 7.81 +
0.9 mm for aqueous extract; the aqueous extract could not inhibit the growth of Salmonella typhi but the
bacterium growth was inhibited by ethanol extract at 3.34 + 0.2 mm. In comparison with ciprofloxacin (standard
antibiotic,, which produced inhibition zones of 17.41 + 0.4 mm (E. coli), 10.34 £ 0.3 mm (S. typhi), 12.14 £ 0.2
mm (P. aeruginosa), and 18.34 + 0.5 mm (S. aureus), both plant extracts showed reasonable efficacy overall.
However, the potency of the ethanol extract was comparably close to that of ciprofloxacin, especially against E.
coli and S. aureus, suggesting its potential for development as a natural antibacterial agent. According to CLSI
interpretative standards, Salmonella typhi and Pseudomonas aeruginosa showed resistance to ciprofloxacin,
highlighting the urgent need for alternative antibacterial and reinforcing the need for natural product screening.
MIC and MBC analyses further substantiated the better performance of ethanol extract.. Both extracts exhibited
an MIC of 50 mg/ml for E. coli, but only the ethanol extract inhibited Salmonella typhi at 100 mg/ml. The
aqueous extract failed to inhibit Salmonella typhi even at that concentration. Similarly, the MBC for S. typhi was
>100 mg/ml for the aqueous extract, while it was achieved at 100 mg/ml with the ethanol extract. These findings
demonstrate that the ethanol extract not only inhibits bacterial growth but also exhibits bactericidal activity at
moderate concentrations—a property not observed in the aqueous extract for certain resistant strains.

Conclusion

This study showed that Carica papaya seeds contain bioactive phytochemicals that inhibit the growth of the
selected bacteria isolates. In addition, ethanol was a better solvent for extracting the bioactive phytochemicals in
papaya seeds. Furthermore, this study reveals that C. papaya seeds could be a source of broad-spectrum
antimicrobial agents effective against gastrointestinal infections, which could be used as an alternative to
conventional antibiotics with environmental sustainability; such advancements have the potential to address the
growing threat of drug-resistant bacteria.
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