


Phytochemical composition and in vitro antibacterial activity of Ethanolic Extracts of Psidium guajava leaves extract against Vibrio parahaemolyticus

ABSTRACT
Aims: This study was designed to evaluate the phytochemical composition and antibacterial activity of Psidium guajava leaf extracts against Vibrio parahaemolyticus, 
Place and Duration of Study: The study was conducted in the Department of Aquaculture, College of Fisheries Science, Kamdhenu University, Veraval during April 2024 to May 2024
Methodology: Fresh leaves of P. guajava were collected, cleaned, shade-dried, and processed for extraction using ethanol as the solvent. Qualitative phytochemical screening was carried out to identify major bioactive compounds present in the extracts. Antibacterial activity was evaluated using the disc diffusion method against V. parahaemolyticus. Inhibition zones were measured at different extract concentrations to assess antibacterial efficacy and dose-dependent responses.
Results: Phytochemical analysis revealed the presence of flavonoids, phenolics, tannins, saponins, terpenoids, and alkaloids in the guava leaf extracts. The ethanolic extracts exhibited clear antibacterial activity against V. parahaemolyticus, with inhibition zones increasing proportionally with extract concentration, indicating a dose-dependent effect. 
Conclusion: These results highlight the potential application of guava leaves as eco-friendly, natural antimicrobial agents for managing Vibrio-related infections in aquaculture systems and reducing dependence on synthetic antibiotics.
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1. INTRODUCTION
Plant materials have always been and still are the most important sources of remedies having the potential to cure or at least alleviate the symptoms of life-threatening diseases. Among them, traditional systems of medicine based on the use of plant material not only play but also remain the mainstay in providing primary healthcare to the poorer sections of the population in the Third World (Zaynab et al. 2018; Barbosa et al. 2012).
Phytotherapy has been practiced since the early periods of civilization, and different parts of the plants such as bark, leaves, flowers, roots, fruits, and seeds are being used to prepare herbal medicine (Ferreira et al. 2014). The chemical constituents of the plants must therefore be known, as such knowledge is not only their support for therapeutic use but also their orderly and easier development of modern-day bioactive compounds (Edeoga et al. 2005). The medicinal plants have ability to cure diseases has long been linked to the presence of a large variety of phytochemicals like alkaloids, flavonoids, tannins, saponins, and phenolic compounds (Yadav & Agarwala, 2011; Brielmann et al. 2006). These compounds also responsible for a wide range of biological activities (such as, for example, anti-bacterial, antioxidant, anti-inflammatory, and immunomodulatory effects) (Shin et al. 2020). 
A number of phytochemicals do bacteria harm by damaging the bacterial cell surface, interfering with the functioning of the necessary enzymes, or getting in the way of the synthesis of the bacteria's nucleic acids, thus effectively killing the pathogens. Phytochemical screening, therefore, is an indispensable part of the process of finding out and understanding the biological activities of the active constituents and their mechanisms (Diaz-Puertas et al. 2023).
Psidium guajava L. (guava) is a well-known medicinal plant widely distributed throughout Asia.  Guava leaves contain many bioactive compounds including antimutagenic and antioxidants, such as essential oils, phenols, flavonoids, saponins, quercetin, phytosterol and polysaccharide (Biu et al. 2009). The major chemical compounds found in guava leaf are β-caryophyllene, selin-7(11)-en-4α-ol, β-caryophyllene oxide, α-selinene, β-selinene, 1,8-sineole, spathulenol, viridiflorol, α-calamenene and aromadendrene (El-Ahmady et al. 2013). Use of guava leaves as a suitable water disinfectant to achieve no side effects and harmless in shrimp aquaculture because of their antibacterial and antiviral activity against shrimp pathogens, such as V. harveyi, white spot syndrome virus and yellow-head virus (Yin et al. 2014).
In this context, Psidium guajava L. (guava) have been chosen for this study because these plants are well-known for their medicinal properties and possess a high amount of phytochemicals. They can be used as the potential sources of eco-friendly antibacterial agents. Thus, the current research is to analyze the phytochemical composition and antibacterial activity of selected medicinal plant regarding their potential as synthetic antibiotics alternatives for use in aquaculture and healthcare systems.
1. MATERIALS AND METHODS
The extraction process, bacterial culture, antibacterial activity test, and observation of bacterial growth inhibition zones were all carried out at the Department of Aquaculture, College of Fisheries Science, Kamdhenu University, Veraval. The isolates of Vibrio parahaemolyticus were acquired from the HiMedia.
2.1 Collection of Ingredient and Preparation of Plant Extract
	Fresh Psidium guajava (guava) leaves were obtained from a local agriculture farm and authenticated by a botanist. The leaves were washed thoroughly with distilled water, shade-dried at room temperature and ground into fine powder using a mechanical grinder. The powdered material was stored in airtight containers until extraction. The crude extract was prepared by using method given by Manilal et al. (2009). The crude extraction process was initiated by weighing 200 g of the powdered guava leaves, which was macerated three times for 24 h each with 200 mL of 70% ethanol solution. The mixture was stirred continuously for 1 h at 45 °C using a hot plate equipped with a magnetic stirrer. Subsequently, the extract was filtered through Whatman No. 1 filter paper and concentrated using a rotary evaporator at 40 °C for 2 h. The concentrated extract was then re dissolved in 70% ethanol and diluted to obtain different concentrations, designated as group T1 (25 ppm), group T2 (50 ppm), group T3 (75 ppm), and group T4 (100 ppm). Two control solutions were prepared simultaneously, consisting of 70% ethanol as the negative control (C−) and 0.01% chloramphenicol as the positive control (C+). All treatments and controls were prepared in triplicate. The chloramphenicol solution served as a reference standard for evaluating the antibacterial efficacy of the ethanolic leaves extract of Psidium guajava.
2.2 Phytochemical Screening
Qualitative phytochemical screening of both aqueous and methanolic extracts was carried out using standard procedures given by Harborne, (1973) to detect the presence of bioactive compounds.
Test for Flavonoids
3 ml of the extract were mixed with 1 mL of 10% sodium hydroxide. Formation of a yellow coloration that disappeared upon addition of dilute HCl indicated the presence of flavonoids.
Test for Tannins
2 ml of the extract were treated with 2–3 drops of 5% ferric chloride solution. Appearance of a blue-black or greenish coloration indicated tannins.
Test for Saponins
5 ml of extract were mixed with 5 mL of distilled water and shaken vigorously. Persistent frothing confirmed the presence of saponins.
Test for Glycosides
5 ml of extract were hydrolyzed with 2.5 mL of 50% sulfuric acid and heated in a boiling water bath for 15 minutes. After cooling and neutralization with 10% NaOH, Fehling’s solution was added and boiled. Formation of a brick-red precipitate indicated glycosides.
Test for Alkaloids
2 ml of extract were acidified with 10% hydrochloric acid. One portion was treated with Wagner’s reagent and another with Mayer’s reagent. Formation of precipitate indicated alkaloids.
Test for Cardiac Glycosides (Keller–Killiani Test)
2 ml of extract were mixed with 2 mL of 3.5% ferric chloride solution, followed by careful addition of concentrated sulfuric acid along the side of the test tube. Formation of a brown ring indicated cardiac glycosides.
Test for Steroids (Salkowski Test)
2 ml of extract were dissolved in chloroform, and concentrated sulfuric acid was added carefully. Formation of a reddish-brown ring confirmed steroids.
Test for Saponin Glycosides
2.5 ml of extract were mixed with an equal volume of Fehling’s solution and heated. Color change indicated saponin glycosides.
Test for Balsams
9.5 ml of extract were mixed with an equal volume of 90% ethanol, followed by two drops of alcoholic ferric chloride solution. Greenish coloration indicated balsams.
Test for Anthraquinones
2 ml of extract were shaken with 10 mL benzene and filtered. Five milliliters (5 mL) of 10% ammonia solution were added to the filtrate. Pink to violet coloration indicated anthraquinones.
Test for Volatile Oils
1 ml of extract was treated with dilute hydrochloric acid. Absence of white precipitate indicated the absence of volatile oils.
2.3 Bacterial Culture Preparation and Antibacterial Activity
The culture of Vibrio parahaemolyticus was maintained on thiosulfate citrate bile salts sucrose (TCBS) agar medium. A loopful of the bacterial culture was aseptically transferred using a sterile inoculating loop and evenly streaked onto the surface of the agar medium. The inoculated plates were incubated at 37 °C for 24 hours to obtain active bacterial growth.
The antibacterial activity of Psidium guajava leaves extracts was evaluated using the Kirby–Bauer disc diffusion method. Briefly, a loopful of the standardized bacterial culture was uniformly spread over the surface of Mueller–Hinton agar plates. Sterile paper discs (5 mm diameter) were impregnated with the guava leaf extract solutions (ranging from 25 to 100 mg/mL) and carefully placed on the inoculated agar surface. Discs containing the solvent served as the negative control, while oxytetracycline (30 µg/disc) was used as the positive control. The plates were incubated at 37 °C for 24 hours.
2.4 Observation of Inhibition Zone
Antibacterial activity was determined by the presence of a clear zone of inhibition surrounding the extract-impregnated discs. The diameter of the inhibition zone was measured in millimeters using a ruler or Vernier caliper. Measurements were taken in both vertical and horizontal directions, and the average zone of inhibition was calculated to assess the antibacterial potency of the guava leaf extracts.
2.5 Efficacy of Antibacterial Activity
The efficacy of antibacterial activity of Psidium guajava leaf extracts against V. parahaemolyticus was calculated following the method described by Ghosh et al. (1997) using the formula:
Antibacterial efficacy (%) = (Mean inhibition zone of plant extract (mm)/Mean inhibition zone of antibiotic (mm)) × 100

2. RESULTS AND DISCUSSION
3.1 Phytochemical Composition of Psidium guajava Leaf Extract
Qualitative phytochemical screening of the ethanolic extract of Psidium guajava leaves revealed the presence of several bioactive secondary metabolites (Table 1). Flavonoids, tannins, saponins, glycosides, cardiac glycosides, steroids, and balsams were detected, whereas alkaloids, anthraquinones, and volatile oils were absent. 
Table 1. Qualitative phytochemical constituents of ethanolic Psidium guajava leaf extract
	Phytochemicals
	Result

	Flavonoids
	+

	Tannins
	+

	Saponins
	+

	Glycosides
	+

	Steroids
	+

	Alkaloids
	-

	Anthraquinones
	-

	Balsams
	+

	Volatile oils
	-


(+ = Present), (- = Absent)
3.2 Antibacterial Activity Against Vibrio parahaemolyticus
The antibacterial activity of the ethanolic Psidium guajava leaf extract against Vibrio parahaemolyticus was evaluated using the disc diffusion method. The extract exhibited clear inhibitory activity against the test organism, with the diameter of the inhibition zone increasing proportionally with extract concentration (Table 2). No inhibition zone was observed in the negative control (70% ethanol), confirming that the solvent had no antibacterial effect. The highest inhibition zone was recorded at 100 ppm, while the lowest activity was observed at 25 ppm. The standard antibiotic chloramphenicol produced the maximum inhibition zone, serving as a reference for comparative evaluation.
Table 2. Inhibition zones of the different concentrations of the Psidium guajava leaf extracts against Vibrio parahaemolyticus
	Treatment
	Concentration
	Zone of Inhibition (mm)

	Positive control (Chloramphenicol)
	0.01%
	23.4 ± 0.4

	Negative control (70% ethanol)
	-
	0.0

	T1
	25 ppm
	4.2 ± 0.2

	T2
	50 ppm
	6.1 ± 0.3

	T3
	75 ppm
	8.7 ± 0.3

	T4
	100 ppm
	11.9 ± 0.4


Note: Data were expressed as Mean ± SE.
3.3 Antibacterial Efficacy of Psidium guajava Leaf Extract
The efficacy increased with increasing extract concentration, indicating dose-dependent antibacterial activity (Table 3). The highest efficacy (50.9%) was recorded at 100 ppm, suggesting substantial antibacterial potential against V. parahaemolyticus.
Table 3. Antibacterial Efficacy of Psidium guajava Leaf Extract
	Treatment
	Concentration
	Antibacterial efficacy (%)
	Activity level

	Positive control
(Chloramphenicol)
	0.01%
	100
	Very strong

	Negative control (70% ethanol)
	-
	0
	No activity

	T1
	25 ppm
	18.0
	Moderate

	T2
	50 ppm
	26.1
	Moderate

	T3
	75 ppm 
	37.2
	Moderate

	T4
	100 ppm
	50.9
	Strong


The present study demonstrated that Psidium guajava leaf extracts possess significant antibacterial activity against Vibrio parahaemolyticus, highlighting their potential as natural antimicrobial agents for aquaculture applications. The observed antibacterial effect can be attributed to the presence of diverse bioactive phytochemicals identified through qualitative screening, including flavonoids, phenolics, tannins, saponins, terpenoids, and alkaloids. These compounds are widely recognized for their antimicrobial, antioxidant, and immunomodulatory properties and have been reported previously in guava leaves (Kumar et al. 2021).
Flavonoids and phenolic acids such as quercetin, kaempferol, and gallic acid are known to disrupt bacterial cell membrane integrity, inhibit essential metabolic enzymes, and reduce oxidative stress, thereby limiting the growth and survival of pathogenic bacteria (Fakoya & Emmanuel, 2020; Thorat & Pangrikar, 2025). Tannins further contribute to antibacterial activity by precipitating microbial proteins, inhibiting bacterial adhesion, and interfering with nutrient uptake (Kumar et al., 2021). The relatively high presence of flavonoids and tannins observed in the present study supports their major role in the inhibition of V. parahaemolyticus. The absence of volatile oils suggests that the antibacterial activity is primarily mediated by non-volatile secondary metabolites, particularly polyphenolic compounds and saponins (Bulugahapitiya et al. 2021).
Saponins and terpenoids detected in the extracts are associated with increased membrane permeability, leading to bacterial cell lysis, as well as immunostimulatory and anti-inflammatory effects (Arya et al. 2012). These properties are especially relevant in aquaculture, where enhancement of innate immunity can improve resistance to opportunistic bacterial infections (Dewi et al. 2021). Alkaloids, although present in moderate amounts, may act synergistically with other phytochemicals to enhance the overall antimicrobial effect (Offor, 2015). 
The antibacterial results obtained in this study are consistent with earlier in vitro reports demonstrating inhibitory activity of P. guajava leaf extracts against Vibrio cholerae, V. parahaemolyticus, and V. vulnificus. Previous studies have shown that ethanolic and methanolic extracts generally exhibit stronger antibacterial activity than aqueous extracts due to their higher efficiency in extracting bioactive compounds, with reported minimum inhibitory concentration values ranging from 50–200 µg/ml (Mendez et al. 2020; Rayjade et al. 2021). Aquaculture-based investigations further validate these findings, showing improved survival and immune responses in Nile tilapia (Oreochromis niloticus) and reduced mortality in shrimp when guava leaf extract was incorporated into feed formulations (Olatunde et al. 2021; Nusrat, 2025).
3. CONCLUSION
The findings of the present study demonstrate that Psidium guajava leaves are rich in a diverse range of phytochemicals, including flavonoids, tannins, saponins, alkaloids, terpenoids, and phenolic acids. These bioactive compounds contribute to the antioxidant, antimicrobial, and antidiabetic properties of the plant. The ethanolic extract of P. guajava leaves at a concentration of 100 ppm exhibited an antibacterial effectiveness of 11.9% compared to the standard antibiotic, thereby supporting the antibacterial potential of P. guajava leaves against Vibrio species. These results highlight the potential of P. guajava leaves as an eco-friendly and sustainable alternative to synthetic antibiotics for disease management in aquaculture systems.
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