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ABSTRACT 

Aim: This study aimed to investigate the phytochemical profile 

and evaluate the in vitro antibacterial activity of the ethyl 

acetate extract of Carica papaya seeds, obtained via liquid-

liquid extraction (LLE), against selected Gram-positive and 

Gram-negative bacteria. Methods: Dried and powdered papaya 

seeds were subjected to LLE using ethyl acetate as the solvent. 

The extract was screened for major phytochemical constituents 

using standard qualitative tests. The antibacterial efficacy was 

assessed against Staphylococcus aureus (ATCC 25923) and 

Escherichia coli (ATCC 25922) using the Kirby-Bauer disc 

diffusion method. A concentration of 1 g/mL of the extract was 

tested, with Amoxicillin (10 µg/disc) as the positive control and 

ethyl acetate as the negative control. The zones of inhibition 

were measured after 24 hours of incubation at 37°C. Results: 

Phytochemical analysis confirmed the presence of alkaloids, 

flavonoids, tannins, saponins, and carbohydrates. The ethyl 

acetate extract exhibited significant antibacterial activity 

against S. aureus, producing a mean inhibition zone of 15 mm, 

Article Received on 11 October 2025,  

Article Revised on 01 Nov. 2025,  

Article Published on 01 Nov. 2025, 
 

https://doi.org/10.5281/zenodo.17539429  

*Corresponding Author 

Pinki Verma 

Associate Professor, Department of 

Pharmacology, Aditya Bangalore 

Institute of Pharmacy Education & 

Research, Rajiv Gandhi University of 

Health Sciences, Yelahanka, 

Bengaluru, 560064 Karnataka, India. 

 

 

How to cite this Article: *1Pinki Verma, 

2Girish Kumar K. S., 3Pranya H. C., 4Gagan N. 

V., 5Chethan M., 6Chaithanya D., 7Keerthi 

(2025) PHYTOCHEMICAL PROFILING AND 

ANTIBACTERIAL EFFICACY OF ETHYL 

ACETATE EXTRACT OF CARICA PAPAYA 

SEEDS (VIA LIQUID–LIQUID 

EXTRACTION): A KIRBY–BAUER 

METHOD INVESTIGATION. "World Journal 

of Pharmaceutical Research, 14(21), 1243–1252. 

This work is licensed under Creative Commons 

Attribution 4.0 International license. 

 

 

 

World Journal of Pharmaceutical Research 

Coden USA: WJPRAP                                                                                              Impact Factor 8.453 

Volume 14, Issue 21, 1243-1252.               Research Article                  ISSN 2277–7105  

https://doi.org/10.5281/zenodo.17539429


Pinki et al.                                                                           World Journal of Pharmaceutical Research 

 

www.wjpr.net    │    Vol 14, Issue 21, 2025.    │   ISO 9001: 2015 Certified Journal      │ 

 

 

 

1244 

which was larger than that produced by the standard Amoxicillin (10 mm). In contrast, no 

zone of inhibition was observed against E. coli for both the extract and the standard drug 

under the tested conditions. Conclusion: The ethyl acetate extract of Carica papaya seeds 

demonstrates potent and selective antibacterial activity against Gram-positive S. aureus, 

outperforming Amoxicillin in this assay. This activity is likely due to its rich phytochemical 

composition. The lack of effect on E. coli highlights its spectrum-specific action. These 

findings validate the traditional use of papaya seeds and suggest their potential as a source for 

developing natural antibacterial agents against Gram-positive infections, warranting further 

investigation into active compound isolation and the mechanism of action. 

 

KEYWORDS: Carica papaya, Papaya seeds, Antibacterial activity, Liquid-liquid extraction, 

Phytochemicals, Staphylococcus aureus, Escherichia coli. 

 

1. INTRODUCTION 

The escalating crisis of antimicrobial resistance (AMR) poses one of the most severe threats 

to global public health, rendering many conventional antibiotics less effective.
[1,2]

 The 

overuse and misuse of antibiotics have accelerated the emergence of multidrug-resistant 

strains, such as Methicillin-resistant Staphylococcus aureus (MRSA) and extended-spectrum 

beta-lactamase (ESBL) producing Escherichia coli, necessitating the urgent exploration of 

alternative therapeutic agents.
[3]

 In this context, medicinal plants have reemerged as a 

promising reservoir of bioactive compounds with antimicrobial properties, offering potential 

synergies and novel mechanisms of action that may circumvent existing resistance 

pathways.
[4,5]

 

 

Carica papaya Linn. is a widely cultivated tropical plant renowned for its nutritional and 

medicinal value. While the fruit is commonly consumed, various other parts of the plant, 

including the leaves, latex, and seeds, have been employed in traditional medicine for treating 

ailments ranging from digestive disorders to parasitic infections.
[6,7]

 Papaya seeds, often 

considered a waste product, are particularly rich in a diverse array of secondary metabolites, 

including alkaloids, flavonoids, tannins, saponins, and a key bioactive compound, benzyl 

isothiocyanate (BITC).
[8,9]

 These compounds are known to possess significant 

pharmacological activities, including antioxidant, anthelmintic, and antimicrobial effects.
[10] 

 

Previous studies have reported the antibacterial potential of papaya seed extracts prepared 

using solvents like water, methanol, and ethanol.
[11,12]

 However, the efficacy of extracts 
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obtained via liquid-liquid extraction (LLE) with ethyl acetate remains relatively unexplored. 

LLE is an efficient technique for the selective separation of medium polarity compounds, 

which include many antimicrobial agents like flavonoids and alkaloids. 

 

Amoxicillin, a broad-spectrum βlactam antibiotic, is a first-line treatment for numerous 

bacterial infections. However, increasing resistance has limited its utility.
[13]

 Comparing the 

efficacy of natural extracts with standard antibiotics like amoxicillin is crucial for assessing 

their potential as alternatives or adjuvants. 

 

Therefore, this study was designed to (i) extract bioactive compounds from Carica papaya 

seeds using ethyl acetate via LLE, (ii) profile the phytochemical constituents of the extract, 

and (iii) evaluate its antibacterial activity against Staphylococcus aureus (Gram-positive) and 

Escherichia coli (Gram-negative) in comparison with amoxicillin. 

 

2. MATERIALS AND METHODS 

Collection and Authentication of Plant Material 

Fresh Carica papaya fruits were procured from a local market in Bangalore, Karnataka. The 

seeds were separated, thoroughly washed with distilled water to remove the gelatinous aril, 

and shade dried at 50°C for 48 hours. The dried seeds were powdered using a mechanical 

grinder to a 40-mesh size consistency. The plant material was authenticated by Dr. N.M. 

Ganesh Babu, Associate Professor, FRLHT, Bangalore. 

 

Liquid Liquid Extraction (LLE) 

The LLE was performed as described by Nakamura et al.
[14]

 with slight modifications. 

Briefly, 25 g of the seed powder was mixed with 150 mL of distilled water to form a slurry, 

facilitating the enzymatic conversion of glucosinolates to active isothiocyanates by 

myrosinase. The slurry was stirred for 30 minutes at room temperature. The entire mixture 

was then transferred to a 500 mL separating funnel, and 150 mL of ethyl acetate was added. 

The funnel was shaken vigorously for 3-5 minutes with intermittent venting and allowed to 

stand for clear phase separation. The organic (ethyl acetate) layer was collected. The process 

was repeated twice with fresh solvent. The combined ethyl acetate fractions were dried over 

anhydrous calcium chloride, filtered, and concentrated to dryness using a water bath. The 

percentage yield of the extract was calculated using the formula: 

% Yield = (Weight of extract obtained / Weight of dry powder taken) × 100 
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The dark brown, viscous extract was stored in an airtight amber coloured container at 4°C 

until further use. 

 

Preliminary Phytochemical Screening 

The crude ethyl acetate extract was subjected to standard qualitative phytochemical tests to 

identify the presence of various bioactive constituents like alkaloids, flavonoids, tannins, 

saponins, carbohydrates, and steroids, as per the methods described by Kokate and 

Harborne.
[15,16]

 

 

Antibacterial Activity Assessment 

Bacterial Strains and Culture Conditions: The antibacterial activity was evaluated against 

standard strains of Staphylococcus aureus (ATCC 25923) and Escherichia coli (ATCC 

25922).
[18]

 Cultures were maintained on Nutrient Agar and activated in Nutrient Broth at 

37°C for 24 hours before use. 

 

 

Fig. 1: Bacterial Culture. 

 

Preparation of Mueller-Hinton Agar Plates: Mueller-Hinton Agar (MHA) was prepared by 

dissolving 8 g of the powder in 200 mL of distilled water. The medium was sterilized by 

autoclaving at 121°C for 15 minutes. The molten agar was poured into sterile Petri dishes 

under aseptic conditions and allowed to solidify. 

 

  

Fig. 2: Preparation of Mueller-Hinton Agar Plates. 
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Inoculation and Disc Placement: The surface of the MHA plates was inoculated with the 

standardized bacterial suspension to create a uniform lawn. Sterile filter paper discs (6 mm 

diameter) were impregnated with 20 µL of the extract solution (1 g/mL). A standard 

Amoxicillin disc (10 µg) served as the positive control. The discs were placed aseptically on 

the inoculated agar, ensuring adequate spacing. 

 

   

  

   

Fig. 3: Inoculation and Disc Placement. 

 

Incubation and Analysis: The plates were incubated in an inverted position at 37°C for 24 

hours. The antibacterial activity was determined by measuring the diameter of the zones of 

inhibition (ZOI) in millimetres (mm). All tests were performed in triplicate, and the results 

were expressed as mean ± standard deviation (SD). 

 

3. RESULTS 

Extraction Yield  

Table 1: The percentage yield of the extract. 

SL. No Weight of the powder Weight of the extract %Yield 

01 25g 3.89 15.56% 
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Phytochemical Analysis  

Table 2: Phytochemical screening of Carica papaya plant extract. 

Phytoconstituent Test Performed Observation Inference 

Alkaloids Mayer's Test Cream-coloured precipitate Present 

Flavonoids Shinoda Test Pink/Red colour Present 

Tannins Ferric Chloride Test Blue-Black colour Present 

Saponins Froth Test Stable foam Present 

Carbohydrates Molisch's Test Violet ring at interface Present 

Steroids Salkowski Test No red color Absent 

 

Antibacterial Activity 

The results of the disc diffusion assay are presented in Table 3. The ethyl acetate extract of 

Carica papaya seeds exhibited significant antibacterial activity against Staphylococcus 

aureus, with a mean zone of inhibition of 15 mm. Remarkably, this inhibition zone was 50% 

larger than that produced by the standard antibiotic Amoxicillin (10 mm) under the same 

conditions. In stark contrast, no zone of inhibition was observed for the extract against 

Escherichia coli. Interestingly, Amoxicillin also showed no activity against the E. coli strain 

used in this study under the tested conditions. 

 

Table 3: Measurement of Inhibition Zone. 

SL. No Bacterial strain Papaya SE Standard Resistance 

01 S- aureus 15 mm D 10mm D - 

02 E- coli - - + 

+ = detected, - = not detected, D= diameter 

 

  

Figure 5: Antimicrobial activity of Papaya seed extract and Standard (Amoxicillin). 

 

DISCUSSION 

The present study demonstrates that the ethyl acetate extract of Carica papaya seeds, 

obtained through LLE, possesses significant and selective antibacterial activity. The high 

extraction yield (15.56%) indicates the efficiency of the LLE method in isolating a substantial 

amount of bioactive material from the seeds. 



Pinki et al.                                                                           World Journal of Pharmaceutical Research 

 

www.wjpr.net    │    Vol 14, Issue 21, 2025.    │   ISO 9001: 2015 Certified Journal      │ 

 

 

 

1249 

The phytochemical profile revealed the presence of several classes of secondary metabolites 

with known antimicrobial properties. Alkaloids can intercalate with DNA and inhibit 

microbial enzymes. Flavonoids are known to disrupt microbial membrane integrity and 

inhibit energy metabolism.
[19]

 Tannins can complex with proteins and metal ions, rendering 

them unavailable for bacterial growth,
[20]

 and saponins exhibit membrane-disrupting 

properties due to their surfactant nature.
[21]

 The synergistic action of these compounds likely 

contributes to the observed antibacterial effect.
[22] 

 

 

The most significant finding of this study is the potent activity of the extract against S. 

aureus, which surpassed that of amoxicillin. This enhanced efficacy against a Gram-positive 

bacterium can be attributed to the difference in cell wall structure. The simple, thick 

peptidoglycan layer of Gram-positive bacteria is more permeable to hydrophobic compounds, 

such as those present in the extract, particularly benzyl isothiocyanate (BITC), a well-

characterized antimicrobial agent in papaya seeds.
[23,24]

 BITC is known to disrupt microbial 

membranes and interfere with vital cellular functions. 

 

The complete lack of activity against E.coli aligns with numerous reports on the inherent 

resistance of Gram-negative bacteria to plant extracts.
[25]

 This resistance is primarily due to 

the complex outer membrane rich in lipopolysaccharides (LPS), which acts as a formidable 

barrier to hydrophobic molecules. Additionally, efflux pumps in Gram-negative bacteria 

efficiently expel toxic compounds.
[26]

 The unexpected resistance of the E. coli strain to 

amoxicillin in this assay suggests the possibility of a βlactamase producing strain, which 

warrants further genetic confirmation. 

 

The superior performance of the papaya seed extract over amoxicillin against S. aureus is 

highly relevant in the context of AMR, especially concerning pathogens like MRSA. It 

suggests that the extract's mechanism of action may differ from that of βlactam antibiotics, 

potentially making it effective against resistant strains. However, this hypothesis needs to be 

tested against confirmed resistant isolates. 

 

CONCLUSION 

The ethyl acetate extract of Carica papaya seeds, prepared via liquid-liquid extraction, is rich 

in antimicrobial phytochemicals and exhibits pronounced and selective antibacterial activity. 

It demonstrated significant efficacy against Staphylococcus aureus, even outperforming the 

standard drug amoxicillin. However, it was ineffective against Escherichia coli, highlighting 
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its Gram-positive specificity. These findings provide scientific validation for the traditional 

use of papaya seeds and position them as a promising, naturally derived candidate for 

combating Gram-positive bacterial infections. Future studies should focus on the isolation 

and identification of the specific active compound(s), determination of Minimum Inhibitory 

Concentration (MIC), and evaluation of the extract's efficacy against clinical isolates, 

including multidrug-resistant strains. 

 

List of abbreviations 

AMR – Antimicrobial Resistance 

ATCC – American Type Culture Collection 

BITC – Benzyl Isothiocyanate 

ESBL – Extended-Spectrum Beta-Lactamase 

LLE – Liquid-Liquid Extraction 

MHA – Mueller-Hinton Agar 

MIC – Minimum Inhibitory Concentration 

MRSA – Methicillin-Resistant Staphylococcus aureus 

ZOI – Zone of Inhibition 
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