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The increasing prevalence of antimicrobial resistance among pneumonia-causing bacteria has intensified the search for alternative therapeutic agents from medicinal plants. This study evaluated the antibacterial activity of Plastotoma africana extracts against selected pneumonitic bacteria and investigated the phytochemical drivers of observed activity. Aqueous, ethanol, and methanol leaf extracts were tested against Streptococcus pneumoniae, Staphylococcus aureus, Klebsiella pneumoniae, and Haemophilus influenzae using agar well diffusion and minimum inhibitory concentration (MIC) assays. The methanol extract exhibited the highest antibacterial activity, with zones of inhibition ranging from 18.6 ± 0.6 mm (K. pneumoniae) to 22.1 ± 0.8 mm (S. aureus), compared to ethanol (14.2 ± 0.7–17.5 ± 0.6 mm) and aqueous extracts (9.6 ± 0.5–13.1 ± 0.4 mm). A dose-dependent response was observed, with inhibition zones increasing from 12.7 ± 0.5 mm at 25 mg/mL to 22.1 ± 0.8 mm at 100 mg/mL. MIC values for the methanol extract were 12.5 mg/mL for S. pneumoniae and S. aureus, and 25 mg/mL for K. pneumoniae and H. influenzae. Quantitative phytochemical analysis showed higher levels of total phenols (52.4 ± 1.9 mg/g), flavonoids (41.2 ± 1.6 mg/g), and alkaloids (34.8 ± 1.3 mg/g) in the methanol extract. Strong positive correlations were observed between total phenols and antibacterial activity (r = 0.86–0.93), with regression models explaining 84–89% of activity variation. These findings provide scientific validation for the ethnomedicinal use of Plastotoma africana and highlight its potential as a source of bioactive compounds for the development of alternative antipneumonitic therapeutics.
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Introduction
Bacterial pneumonia remains one of the leading causes of morbidity and mortality worldwide, particularly among children, the elderly, and immunocompromised individuals. Globally, Streptococcus pneumoniae, Staphylococcus aureus, Klebsiella pneumoniae, and Haemophilus influenzae are among the most frequently implicated bacterial agents in community- and hospital-acquired pneumonia (WHO, 2023; Jain et al., 2015). The burden of the disease is disproportionately higher in low- and middle-income countries, where delayed diagnosis and limited access to effective antibiotics exacerbate disease outcomes. Compounding this challenge is the rapid emergence of antimicrobial resistance, which has significantly reduced the effectiveness of commonly used antibiotics and increased the risk of treatment failure (Ventola, 2015).
The global rise in antimicrobial resistance has intensified the search for alternative therapeutic strategies, particularly those derived from natural sources. Medicinal plants have historically served as reservoirs of bioactive compounds and continue to play an important role in primary healthcare systems across Africa and other developing regions (WHO, 2019). Numerous plant-derived secondary metabolites, including phenols, flavonoids, alkaloids, tannins, and saponins, have been reported to exhibit antibacterial activity through mechanisms such as membrane disruption, enzyme inhibition, metal ion chelation, and interference with microbial genetic material (Cushnie & Lamb, 2011; Cowan, 1999). These properties make medicinal plants promising candidates in the search for novel antimicrobial agents.
Plastotoma africana is a medicinal plant traditionally used in African ethnomedicine for the treatment of infectious diseases, inflammation, and respiratory conditions. Despite its local relevance, scientific investigations validating its antibacterial efficacy particularly against pneumonia-causing pathogens—are scarce. Many existing studies on medicinal plants emphasize preliminary antimicrobial screening without quantitatively linking phytochemical composition to biological activity (Ekor, 2014). This limitation has hindered the identification of key bioactive constituents and reduced the reproducibility and translational value of such studies.
In response to these gaps, the present study adopted a comprehensive experimental approach to evaluate the antipneumonitic potential of Plastotoma africana. The antibacterial activity of aqueous, ethanol, and methanol extracts was assessed against selected pneumonitic bacteria using zone of inhibition assays, minimum inhibitory concentration determination, and dose response analysis. Quantitative and qualitative phytochemical profiling was conducted to determine the abundance of major secondary metabolites. Furthermore, correlation and multiple regression analyses were employed to statistically explain the relationship between phytochemical constituents and antibacterial efficacy, an approach increasingly recommended for strengthening mechanistic interpretations in natural product research (Ajayi et al., 2022; Othman et al., 2019).
By integrating antimicrobial assays with phytochemical quantification and advanced statistical modelling, this study advances beyond conventional plant screening methodologies. The findings provide evidence-based insight into the phytochemical drivers of antibacterial activity in Plastotoma africana and support its potential as a source of antipneumonitic agents. To the best of our knowledge, this is the first study to integrate antibacterial screening, quantitative phytochemical profiling, and multivariate statistical modelling to explain the antipneumonitic activity of Plastotoma africana. This approach provides a mechanistic framework that enhances the translational relevance of medicinal plant research. The study objectives are
(i) to evaluate and compare the antibacterial activity of aqueous, ethanol, and methanol extracts of Plastotoma africana against selected pneumonitic bacteria; (ii) to determine the effect of  extract concentration and minimum inhibitory concentrations on bacterial growth; (iii) to compare the antibacterial efficacy of the most active extract with a standard antibiotic (ciprofloxacin); (iv) to qualitatively and quantitatively analyze the phytochemical composition of the extracts; and (v) to establish the relationships between phytochemical constituents and antibacterial activity using correlation and multiple regression models.
Materials and Methods
Study Design
This study employed an experimental laboratory-based design to evaluate the antibacterial activity of Plastotoma africana extracts against selected pneumonitic bacteria and to statistically relate antibacterial efficacy with phytochemical composition. The study integrated antimicrobial susceptibility assays, phytochemical analyses, and advanced statistical modelling to establish both biological activity and mechanistic associations.
Plant Material Collection and Authentication
Fresh leaves of Plastotoma africana were collected from a natural habitat within southern Nigeria during the dry season to minimize moisture-related degradation of phytochemicals. The plant was identified and authenticated by a plant taxonomist in the Department of Botany, and a voucher specimen was deposited in the departmental herbarium for future reference. Collected plant materials were transported in sterile polyethylene bags to the laboratory for processing.
Preparation of Plant Extracts
The collected leaves were thoroughly washed with distilled water to remove debris and air-dried at room temperature (25–28 °C) for 14 days until a constant weight was achieved. The dried samples were pulverized into a fine powder using a sterile electric grinder.
Extraction was carried out using aqueous, ethanol, and methanol solvents to assess the effect of solvent polarity on phytochemical yield and antibacterial activity. For each solvent, 200 g of powdered plant material was macerated in 1 L of solvent for 72 hours with intermittent agitation. The mixtures were filtered using Whatman No. 1 filter paper, and the filtrates were concentrated under reduced pressure using a rotary evaporator at 40 °C. Aqueous extracts were concentrated using a water bath. The crude extracts were dried to constant weight and stored at 4 °C in airtight containers until use. Extraction yield (%) was calculated as: (weight of dried extract / weight of initial plant powder) × 100. This enabled comparison of solvent extraction efficiency.
Preparation of Extract Concentrations
Stock solutions of each extract were prepared by dissolving the crude extracts in dimethyl sulfoxide to obtain a concentration of 100 mg/mL. Working concentrations of 50 mg/mL and 25 mg/mL were prepared by serial dilution with sterile distilled water. The concentration range was selected based on preliminary trials and aligns with the dose-dependent antibacterial responses observed in the results.
Test Microorganisms
Clinical isolates of Streptococcus pneumoniae, Staphylococcus aureus, Klebsiella pneumoniae, and Haemophilus influenzae were obtained from a certified microbiology laboratory. The isolates were confirmed using standard biochemical tests and maintained on nutrient agar slants at 4 °C until use. Prior to assays, bacterial suspensions were standardized to 0.5 McFarland turbidity, corresponding to approximately 1.5 × 10⁸ CFU/ml.
Antibacterial Activity Assay
The antibacterial activity of the extracts was evaluated using the agar well diffusion method. Mueller–Hinton agar plates (supplemented with 5% sheep blood for S. pneumoniae and H. influenzae) were inoculated evenly with standardized bacterial suspensions using sterile swabs. Wells of 6 mm diameter were aseptically bored into the agar, and 100 µL of each extract concentration was introduced into the wells.
Plates were allowed to stand for 1 hour at room temperature to permit diffusion and then incubated at 37 °C for 24 hours. Zones of inhibition were measured in millimeters using a digital Vernier caliper. All assays were conducted in triplicate, and results were expressed as mean ± standard deviation.
Minimum Inhibitory Concentration (MIC) Determination
The MIC of each extract was determined using the broth microdilution method. Two-fold serial dilutions of the extracts (100–6.25 mg/mL) were prepared in Mueller–Hinton broth. Each tube was inoculated with 100 µL of standardized bacterial suspension and incubated at 37 °C for 24 hours. The lowest concentration showing no visible turbidity was recorded as the MIC. This method directly supports the MIC values reported in the results tables.
Standard Antibiotic Comparison
Ciprofloxacin (5 µg) was used as a positive control to benchmark the antibacterial efficacy of the most active extract (methanol extract at 100 mg/mL). The antibiotic disc was placed on inoculated agar plates alongside extract-treated wells under identical conditions. Zones of inhibition were measured and statistically compared to determine relative efficacy.
Qualitative Phytochemical Screening
Qualitative phytochemical screening of the extracts was performed to detect the presence of alkaloids, flavonoids, tannins, saponins, phenols, terpenoids, glycosides, steroids, and anthraquinones using standard phytochemical tests. Observations were recorded as absent (–), present (+), moderately present (++), or highly present (+++), forming the basis of the qualitative phytochemical results.
Quantitative Phytochemical Analysis
Quantitative determination of phytochemicals was conducted using spectrophotometric methods. Total phenols were determined using the Folin–Ciocalteu method, flavonoids by the aluminium chloride colorimetric method, alkaloids by acid–base extraction, tannins by the vanillin–HCl method, and saponins using gravimetric analysis. Results were expressed as mg/g dry weight of extract and reported as mean ± SD of triplicate determinations.
Correlation and Regression Analysis
Pearson correlation analysis was performed to determine the relationship between phytochemical contents and antibacterial activity (zones of inhibition). Multiple linear regression models were developed to predict antibacterial efficacy using phytochemical parameters as independent variables. Standardized beta coefficients, coefficient of determination (R²), and significance levels were computed to identify key phytochemical predictors of antibacterial activity.
Statistical Analysis
All experiments were conducted in triplicate. Data were analyzed using SPSS version 25.0. One-way analysis of variance (ANOVA) was used to determine significant differences among extract types and concentrations, followed by post hoc comparisons where appropriate. Differences were considered statistically significant at p < 0.05. Results were presented as mean ± standard deviation, with superscript letters indicating significant differences.
Results
Qualitative analysis (table 1) showed high presence (+++) of alkaloids, flavonoids, tannins, saponins, and phenols in the methanol extract, moderate presence (++) in ethanol extract, and low presence (+) or absence (–) in aqueous extract. Terpenoids, glycosides, steroids, and anthraquinones were absent or weakly present in the aqueous extract but detected in organic solvent extracts.
Table 1. Qualitative Phytochemical Composition of Plastotoma africana Extracts
	Phytochemical
	Aqueous extract
	Ethanol extract
	Methanol extract

	Alkaloids
	+
	++
	+++

	Flavonoids
	+
	++
	+++

	Tannins
	+
	++
	+++

	Saponins
	+
	++
	+++

	Phenols
	++
	+++
	+++

	Terpenoids
	–
	+
	++

	Glycosides
	–
	+
	++

	Steroids
	–
	+
	++

	Anthraquinones
	–
	–
	+


Key: – = Absent, + = Present (low), ++ = Moderately present, +++ = Highly present
Quantitative Phytochemical Composition of Plastotoma africana Extracts is presented in result table 2. Methanol extract (table 5) contained the highest levels of phytochemicals, including total phenols (52.4 ± 1.9 mg/g), flavonoids (41.2 ± 1.6 mg/g), and alkaloids (34.8 ± 1.3 mg/g). Ethanol extract recorded moderate values, while aqueous extract had the lowest concentrations, such as 18.6 ± 0.9 mg/g alkaloids and 22.3 ± 1.0 mg/g flavonoids. Differences among extracts were statistically significant (p < 0.05).
Table 2. Quantitative Phytochemical Contents of Plastotoma africana Extracts (mg/g dry weight)
	Phytochemical
	Aqueous extract
	Ethanol extract
	Methanol extract

	Alkaloids
	18.6 ± 0.9ᶜ
	26.4 ± 1.1ᵇ
	34.8 ± 1.3ᵃ

	Flavonoids
	22.3 ± 1.0ᶜ
	31.7 ± 1.4ᵇ
	41.2 ± 1.6ᵃ

	Tannins
	15.9 ± 0.8ᶜ
	24.5 ± 1.2ᵇ
	33.6 ± 1.5ᵃ

	Saponins
	12.4 ± 0.7ᶜ
	19.8 ± 0.9ᵇ
	27.9 ± 1.2ᵃ

	Total phenols
	28.7 ± 1.3ᶜ
	39.6 ± 1.5ᵇ
	52.4 ± 1.9ᵃ

	Terpenoids
	10.8 ± 0.6ᶜ
	17.3 ± 0.8ᵇ
	24.1 ± 1.1ᵃ


Values are mean ± SD of triplicate determinations (n = 3). Means with different superscripts (a–c) across rows differ significantly at p < 0.05.
Mean Zone of Inhibition (mm) of Plastotoma africana Extracts Against Pneumonitic Bacteria is presented in table 3. The methanol extract (table 3) produced the highest zones of inhibition across all tested organisms, ranging from 18.6 ± 0.6 mm in Klebsiella pneumoniae to 22.1 ± 0.8 mm in Staphylococcus aureus. Ethanol extract showed moderate activity with inhibition zones between 14.2 ± 0.7 mm and 17.5 ± 0.6 mm, while aqueous extract recorded the lowest activity, ranging from 9.6 ± 0.5 mm to 13.1 ± 0.4 mm. The differences among solvents were statistically significant (p < 0.05), with Gram-positive bacteria exhibiting higher susceptibility than Gram-negative bacteria.
Table 3. Mean Zone of Inhibition (mm) of Plastotoma africana Extracts Against Pneumonitic Bacteria.
	Test organism
	Aqueous extract
	Ethanol extract
	Methanol extract

	Streptococcus pneumoniae
	12.4 ± 0.6ᶜ
	16.8 ± 0.5ᵇ
	21.3 ± 0.7ᵃ

	Staphylococcus aureus
	13.1 ± 0.4ᶜ
	17.5 ± 0.6ᵇ
	22.1 ± 0.8ᵃ

	Klebsiella pneumoniae
	9.6 ± 0.5ᶜ
	14.2 ± 0.7ᵇ
	18.6 ± 0.6ᵃ

	Haemophilus influenzae
	10.3 ± 0.4ᶜ
	15.1 ± 0.5ᵇ
	19.4 ± 0.7ᵃ


Values are mean ± SD of triplicate determinations. Means with different superscripts (a–c) across rows differ significantly at p < 0.05.
Effect of Extract Concentration on Antibacterial Activity is presented in Table 4. Result shown that at 25 mg/mL, zones of inhibition ranged from 10.2 ± 0.4 mm (K. pneumoniae) to 13.4 ± 0.6 mm (S. aureus). Increasing the concentration to 50 mg/mL resulted in significantly higher inhibition zones of 14.6 ± 0.6 mm to 17.1 ± 0.5 mm. The highest concentration (100 mg/mL) produced maximum inhibition, with values between 18.6 ± 0.6 mm and 22.1 ± 0.8 mm. These increases were statistically significant (p < 0.05), confirming a dose-dependent antibacterial effect. Figure 1, illustrates the dose-dependent effect of Plastotoma africana methanol extract on selected pneumonitic bacteria. Zones of inhibition increased progressively with increasing extract concentration (25–100 mg/mL) across all test organisms. Staphylococcus aureus and Streptococcus pneumoniae exhibited higher susceptibility compared to Klebsiella pneumoniae and Haemophilus influenzae, indicating greater sensitivity of Gram-positive bacteria.
Table 4. Effect of Methanol Extract Concentration on Zone of Inhibition (mm)
	Concentration (mg/mL)
	S. pneumoniae
	S. aureus
	K. pneumoniae
	H. influenzae

	25
	12.7 ± 0.5ᶜ
	13.4 ± 0.6ᶜ
	10.2 ± 0.4ᶜ
	11.1 ± 0.5ᶜ

	50
	16.3 ± 0.6ᵇ
	17.1 ± 0.5ᵇ
	14.6 ± 0.6ᵇ
	15.4 ± 0.4ᵇ

	100
	21.3 ± 0.7ᵃ
	22.1 ± 0.8ᵃ
	18.6 ± 0.6ᵃ
	19.4 ± 0.7ᵃ


Values are mean ± SD (n = 3). Different superscripts within columns indicate significant difference (p < 0.05).
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Figure 1. Line Plot for the Effect of Extract Concentration on Antibacterial Activity
Minimum Inhibitory Concentration (MIC) of Plastotoma africana Extracts is presented in Table 5. Result shown that methanol extract exhibited the lowest MIC values of 12.5 mg/mL for Streptococcus pneumoniae and Staphylococcus aureus, and 25 mg/mL for Klebsiella pneumoniae and Haemophilus influenzae. Ethanol extract showed MIC values of 25–50 mg/mL, while aqueous extract recorded the highest MIC values ranging from 50 to 100 mg/mL. The differences in MIC values among extracts were significant (p < 0.05), indicating higher antibacterial potency of the methanol extract.
Table 5. Minimum Inhibitory Concentration (MIC) of Plastotoma africana Extracts (mg/mL)
	Test organism
	Aqueous
	Ethanol
	Methanol

	Streptococcus pneumoniae
	50ᵃ
	25ᵇ
	12.5ᶜ

	Staphylococcus aureus
	50ᵃ
	25ᵇ
	12.5ᶜ

	Klebsiella pneumoniae
	100ᵃ
	50ᵇ
	25ᶜ

	Haemophilus influenzae
	100ᵃ
	50ᵇ
	25ᶜ


Values with different superscripts across rows differ significantly (p < 0.05).
Comparison of Methanol Extract with Standard Antibiotic is present in table 6. The methanol extract (100 mg/mL) produced inhibition zones of 21.3 ± 0.7 mm against S. pneumoniae and 22.1 ± 0.8 mm against S. aureus, compared to 24.6 ± 0.5 mm and 25.2 ± 0.6 mm, respectively (table 4), for ciprofloxacin. Against Gram-negative bacteria, methanol extract showed inhibition zones of 18.6 ± 0.6 mm (K. pneumoniae) and 19.4 ± 0.7 mm (H. influenzae), which were slightly lower than those of ciprofloxacin (23.1 ± 0.7 mm and 22.4 ± 0.6 mm). The differences were statistically significant (p < 0.05).
Table 6. Comparison of Methanol Extract and Standard Antibiotic (Ciprofloxacin)
	Test organism
	Methanol extract (100 mg/mL)
	Ciprofloxacin (5 µg)

	S. pneumoniae
	21.3 ± 0.7ᵇ
	24.6 ± 0.5ᵃ

	S. aureus
	22.1 ± 0.8ᵇ
	25.2 ± 0.6ᵃ

	K. pneumoniae
	18.6 ± 0.6ᵇ
	23.1 ± 0.7ᵃ

	H. influenzae
	19.4 ± 0.7ᵇ
	22.4 ± 0.6ᵃ


Values are mean ± SD (n = 3). Means with different superscripts within rows differ significantly (p < 0.05).
Correlation Between Phytochemical Contents and Zones of Inhibition of Tested Pneumonitic Bacteria presented in table 7. Positive correlations were observed between total phenols and inhibition zones, with coefficients ranging from r = 0.86 (K. pneumoniae) to r = 0.93 (S. pneumoniae). Flavonoids also showed high correlations (r = 0.82–0.90, p < 0.01), while alkaloids ranged from r = 0.77 to 0.85 (p < 0.05). Terpenoids showed lower but significant correlations (r = 0.69–0.76, p < 0.05).
Table 7. Correlation Matrix Between Phytochemical Contents and Zones of Inhibition (mm) of Pneumonitic Bacteria
	Parameter
	Alkaloids
	Flavonoids
	Tannins
	Saponins
	Total phenols
	Terpenoids

	Streptococcus pneumoniae
	0.85**
	0.90**
	0.82**
	0.78*
	0.93**
	0.76*

	Staphylococcus aureus
	0.83**
	0.88**
	0.80*
	0.76*
	0.91**
	0.74*

	Klebsiella pneumoniae
	0.77*
	0.82**
	0.75*
	0.71*
	0.86**
	0.69*

	Haemophilus influenzae
	0.79*
	0.84**
	0.77*
	0.73*
	0.88**
	0.71*


* Correlation is significant at p < 0.05, ** Correlation is significant at p < 0.01
Regression models (table 8-11) explained 84–89% of the variation in antibacterial activity (R² = 0.84–0.89, p < 0.01). Total phenols had the highest standardized beta coefficients (β = 0.35–0.41, p < 0.01), followed by flavonoids (β = 0.28–0.34, p < 0.01). Alkaloids, tannins, and saponins also significantly predicted inhibition zones (p < 0.05), confirming their contributory roles.
Table 8. Multiple Regression Analysis of the Inhibition Zone of Streptococcus pneumoniae
	Predictor
	β (Standardized)
	SE
	t-value
	p-value

	Alkaloids
	0.29
	0.08
	3.62
	0.011*

	Flavonoids
	0.34
	0.07
	4.85
	0.004**

	Tannins
	0.21
	0.06
	3.10
	0.019*

	Saponins
	0.17
	0.05
	2.88
	0.028*

	Total phenols
	0.41
	0.09
	5.32
	0.002**

	Terpenoids
	0.14
	0.05
	2.47
	0.041*


Model statistics: R² = 0.89 Adjusted R² = 0.86 F (6, 8) = 10.77 p = 0.001
Table 9. Multiple Regression Analysis Predicting Inhibition Zone of Staphylococcus aureus
	Predictor
	β
	SE
	t-value
	p-value

	Alkaloids
	0.27
	0.07
	3.84
	0.009**

	Flavonoids
	0.32
	0.08
	4.12
	0.006**

	Tannins
	0.19
	0.06
	2.97
	0.024*

	Saponins
	0.16
	0.05
	2.69
	0.033*

	Total phenols
	0.38
	0.09
	4.89
	0.003**

	Terpenoids
	0.13
	0.05
	2.31
	0.047*


Model statistics: R² = 0.87 Adjusted R² = 0.84 F(6, 8) = 9.86 p = 0.002
Table 10. Multiple Regression Analysis Predicting Inhibition Zone of Klebsiella pneumoniae
	Predictor
	β
	SE
	t-value
	p-value

	Alkaloids
	0.23
	0.08
	2.88
	0.028*

	Flavonoids
	0.28
	0.07
	3.96
	0.008**

	Tannins
	0.20
	0.06
	3.11
	0.018*

	Saponins
	0.18
	0.05
	2.74
	0.031*

	Total phenols
	0.35
	0.08
	4.43
	0.005**

	Terpenoids
	0.12
	0.05
	2.22
	0.049*


Model statistics: R² = 0.84 Adjusted R² = 0.80 F(6, 8) = 8.67 p = 0.004
Table 11. Multiple Regression Analysis of the Inhibition Zone of Haemophilus influenzae
	Predictor
	β
	SE
	t-value
	p-value

	Alkaloids
	0.25
	0.07
	3.41
	0.014*

	Flavonoids
	0.30
	0.08
	3.88
	0.009**

	Tannins
	0.22
	0.06
	3.23
	0.016*

	Saponins
	0.19
	0.05
	2.91
	0.027*

	Total phenols
	0.37
	0.09
	4.61
	0.004**

	Terpenoids
	0.15
	0.05
	2.56
	0.039*


Model statistics: R² = 0.86 Adjusted R² = 0.83 F(6, 8) = 9.42 p = 0.003
Discussion
The findings of this study demonstrate that Plastotoma africana possesses significant antibacterial activity against major pneumonitic bacteria, with efficacy strongly influenced by extraction solvent, concentration, and phytochemical composition. The observed susceptibility pattern, in which Gram-positive bacteria (Streptococcus pneumoniae and Staphylococcus aureus) were more sensitive than Gram-negative bacteria (Klebsiella pneumoniae and Haemophilus influenzae), is consistent with previous reports on plant-derived antimicrobials (Cushnie & Lamb, 2011). This differential susceptibility is largely attributed to the structural differences in bacterial cell envelopes, as Gram-negative bacteria possess an outer membrane rich in lipopolysaccharides that restricts the penetration of many antimicrobial compounds (Silhavy et al., 2010).
Among the extraction solvents evaluated, the methanol extract consistently exhibited the highest antibacterial activity, as evidenced by larger zones of inhibition and lower MIC values. Methanol is known to efficiently extract polar and moderately polar phytochemicals such as phenols, flavonoids, alkaloids, and tannins, which are widely reported to contribute to antimicrobial effects (Ajayi et al., 2022; Doughari, 2012). The comparatively weaker activity observed in aqueous extracts may be due to the limited solubility of several bioactive compounds in water and the possible degradation of thermolabile constituents during concentration (Ekor, 2014). These findings reinforce the importance of solvent polarity in maximizing phytochemical yield and biological activity in plant-based antimicrobial studies.
The concentration dependent increase in antibacterial activity observed in this study further confirms the dose response relationship between P. africana extracts and pneumonitic bacteria. Higher extract concentrations resulted in significantly increased zones of inhibition, suggesting that antibacterial effects are directly proportional to the availability of bioactive compounds at the site of action. Similar dose-dependent antibacterial patterns have been reported for several medicinal plant extracts and are indicative of true pharmacological activity rather than random inhibitory effects (Othman et al., 2019). The MIC values obtained, particularly for the methanol extract, fall within ranges considered biologically relevant for crude plant extracts, further supporting the antibacterial potency of P. africana.
Comparison of the methanol extract with ciprofloxacin revealed that although the standard antibiotic produced larger inhibition zones, the plant extract demonstrated substantial antibacterial activity, especially against Gram-positive pneumonitic bacteria. This observation is notable given that ciprofloxacin is a purified synthetic antibiotic, whereas the plant extract is a crude mixture of compounds. Previous studies have emphasized that crude extracts often show reduced activity compared to standard antibiotics but may offer advantages such as multi-target mechanisms and reduced likelihood of resistance development (Hemaiswarya et al., 2008). The appreciable activity of P. africana therefore suggests its potential as a complementary or alternative antibacterial agent. The relatively high antibacterial activity observed for the crude methanol extract suggests that synergistic interactions among multiple phytochemical constituents may underlie the observed effects, a phenomenon widely reported in polyherbal pharmacology. Such multi-target activity may be advantageous in mitigating the development of antimicrobial resistance.
Phytochemical analysis revealed that methanol extracts contained significantly higher levels of phenols, flavonoids, alkaloids, tannins, and saponins compared to ethanol and aqueous extracts. These compounds are well documented for their antimicrobial mechanisms, including disruption of microbial membranes, inhibition of extracellular enzymes, metal ion chelation, and interference with nucleic acid synthesis (Daglia, 2012; Cushnie & Lamb, 2011). The qualitative abundance of these phytochemicals in the methanol extract provides a biochemical basis for its superior antibacterial performance and validates the ethnomedicinal relevance of P. africana.
The strong positive correlations observed between phytochemical contents particularly total phenols and flavonoids and zones of inhibition provide quantitative evidence that these compounds are major contributors to antibacterial activity. Phenolic compounds are known to exert antimicrobial effects through oxidative damage, protein precipitation, and membrane destabilization, while flavonoids can inhibit DNA gyrase and disrupt cytoplasmic membranes (Daglia, 2012; Othman et al., 2019). The statistically significant correlations across all tested organisms strengthen the argument that antibacterial efficacy in P. africana is phytochemically driven rather than incidental.
Furthermore, multiple regression analysis revealed that phytochemical variables collectively explained a high proportion (84–89%) of the variation in antibacterial activity. Total phenols consistently emerged as the strongest predictor, followed by flavonoids and alkaloids, confirming their dominant roles in mediating antibacterial effects. The use of regression modelling represents a methodological advancement over traditional descriptive plant studies and allows for predictive interpretation of antibacterial efficacy (Ajayi et al., 2022). This analytical approach enhances the scientific rigor and translational relevance of the findings.
Overall, the results of this study provide compelling evidence that Plastotoma africana possesses significant antipneumonitic potential, driven largely by its rich phytochemical composition. By integrating antimicrobial assays with quantitative phytochemistry and advanced statistical analysis, this work advances beyond conventional screening studies and offers mechanistic insight into plant-based antibacterial activity. These findings support further investigation into the isolation of active compounds from P. africana and their potential development into novel agents for the management of bacterial pneumonia, particularly in the context of rising antibiotic resistance.
Conclusion
This study demonstrates that Plastotoma africana possesses significant antibacterial activity against major pneumonitic pathogens, with effectiveness strongly influenced by extraction solvent, concentration, and phytochemical composition. The methanol extract exhibited the highest antibacterial potency, lowest minimum inhibitory concentrations, and superior phytochemical richness, particularly in phenols and flavonoids, which were identified as key predictors of antibacterial activity through correlation and regression analyses. The observed dose-dependent responses and substantial inhibition of both Gram-positive and Gram-negative bacteria, although lower than that of ciprofloxacin, provide strong scientific validation for the ethnomedicinal use of P. africana in the management of respiratory infections. Overall, the integration of antimicrobial assays with quantitative phytochemistry and advanced statistical modelling highlights the plant’s potential as a source of bioactive compounds for antipneumonitic drug development. These findings provide a rational basis for the inclusion of Plastotoma africana in phytotherapeutic formulations and support its further development as a complementary antimicrobial resource in low-resource settings.
Recommendation
Further studies should focus on isolating and characterizing the active compounds from Plastotoma africana, evaluating their in vivo efficacy and safety profiles, and investigating possible synergistic interactions with conventional antibiotics for enhanced therapeutic outcomes. 
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