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Abstract 
Medicinal plants serve as reservoirs of bioactive compounds with therapeutic potential. Stem bark of 
Heamatostaphis barteri, though traditionally utilized in various communities for treating infections, 
remains underexplored scientifically. This study aimed to evaluate the phytochemical composition, 
antimicrobial activity, antioxidant potential, functional group characterization, and cytotoxic 
properties of the ethanolic extract of stem bark of Heamatostaphis barteri. Ethanolic extraction was 
carried out on powdered H. barteri stem bark. Qualitative and quantitative phytochemical analyses 
were performed using standard procedures. Antimicrobial activity was evaluated against five 
pathogens; E. coli, S. aureus, P. aeruginosa, B. subtilis and C. albicans sing agar well diffusion. 
Antioxidant assay 2-di-phenyl-1-picryhydrazyl and hydrogen peroxide scavenging were conducted, 
and Fourier Transform Infrared spectroscopy (FTIRS) was used for functional group analysis. 
Cytotoxicity was preliminarily assessed via brine shrimp lethality assay. Phytochemical screening 
revealed the presence of alkaloids, flavonoids, tannins, phenols, and terpenoids. Quantitative analysis 
indicated phenols (5.23 ± 0.15 mg/100g) and flavonoids (4.67 ± 0.12 mg/100g) as the most abundant. 
Antimicrobial results showed concentration-dependent inhibition, with highest zones against 
Staphylococcus aureus (16.1 ± 0.6 mm) and Bacillus subtilis (15.7 ± 0.8 mm) at 200 mg/mL. 
Antioxidant activity was significant with IC₅₀ values of 0.44 µg/mL 2-di-phenyl-1-picryhydrazyl 
(DPPH) and 0.42 µg/mL (H₂O₂), surpassing ascorbic acid. FTIR analysis confirmed the presence of O–
H, C=O, and C–O groups. The brine shrimp assay showed moderate cytotoxicity (LC₅₀ = 23.31 ppm). 
Results obtained in this study have indicated that Heamatostaphis barteri stem bark ethanolic extract 
contained potent bioactive compounds with significant antimicrobial and antioxidant properties, 
validating its ethnomedicinal use and potential for drug development. 
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INTRODUCTION 
Haematostaphis barteri, a member of the Anacardiaceae family, is a wild tree found in parts of 
Nigeria and other West African countries. Traditionally, its bark and leaves are used in 
managing infections, diarrhea, and wounds (Ushie et al., 2021, Ezekiel et al., 2023). The 
contemporary rebound in herbal medicine use reflects converging drivers: persistent gaps in 
access to conventional care, cultural acceptability, and the perception that plant-based 
therapies are “natural,” safe, and cost-saving. The World Health Organization (WHO) notes 
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that 170 of 194 Member States report the use of traditional and herbal modalities, and 124 
countries now have specific laws or regulations for herbal medicines signaling mainstreaming 
into health systems and a push for quality and safety oversight (WHO, 2025). Importantly, 
WHO also emphasized that around 40% of modern pharmaceuticals have a natural-product 
basis, underscoring how plant-derived knowledge continues to seed contemporary 
therapeutics as countries explore evidence-based integration for universal health coverage 
(WHO, 2025). Evidence for the effectiveness of herbal medicine is heterogeneous but steadily 
growing in targeted conditions. 
 
For instance, a systematic review of randomized controlled trials reported that several herbal 
interventions shortened hospital stay and improved time-to-negative viral conversion in 
mild-to-moderate COVID-19, highlighting potential adjunctive benefits when used alongside 
conventional treatments (Latarissa et al., 2024). Beyond acute respiratory infections, policy 
bodies consistently highlight long-standing success stories such as aspirin derived from Salix 
species (willow bark) and artemisinin from Artemisia annua, illustrating how 
ethnopharmacological leads can successfully transition into effective therapies through 
rigorous scientific validation (WHO, 2025). Despite this promise, safety concerns persisted. 
The assumption that “natural” equates to safe is misleading. Variable quality, contamination 
with heavy metals, microbial toxins, pesticide residues, adulteration, and herb–drug 
interactions pose serious risks (Gatt et al., 2024). Recent surveillance studies and regulatory 
reports, particularly from the U.S. Food and Drug Administration (FDA), have documented 
high levels of toxic metals in some imported Ayurvedic and herbal formulations, 
underscoring the urgency of pharmacovigilance and labeling transparency (U.S. Food and 
Drug Administration, 2024). WHO has therefore advocated for integrated safety-monitoring 
systems to accompany the growing use of herbal medicines (WHO, 2025). These concerns 
have sparked a parallel movement toward quality assurance and standardization. Modern 
analytical and regulatory practices such as good agricultural and collection practices (GACP), 
chromatographic fingerprinting, DNA barcoding, and bioassays for batch consistency have 
been highlighted as essential to ensuring safety and reproducibility (Wang et al., 2023). The 
WHO technical guidelines on contaminants, residues, and good manufacturing practices 
(GMP) for herbal medicines provide global reference points for harmonization as countries 
move toward stricter oversight (WHO, 2025). Collectively, these measures are designed to 
bridge traditional knowledge with contemporary safety expectations.  
 
In this context, Heamatostaphis barteri, a member of the Anacardiaceae family, represents a 
valuable candidate for ethnopharmacological validation. Traditionally, its bark and leaves 
have been used in managing infections, diarrhea, and wounds in Nigeria and neighboring 
West African regions (Usma et al., 2022; Yakubu et al., 2023). While preliminary phytochemical 
studies have identified secondary metabolites with antimicrobial and antioxidant potential 
(Ushie et al., 2021, Ezekiel et al., 2023), there remains a paucity of rigorous pharmacological 
and toxicological data. Addressing this gap aligns with WHO’s call for evidence-based 
integration of traditional medicines into healthcare systems. Therefore, the present study 
aimed to contribute to this growing body of work by investigating the phytochemical 
composition and antimicrobial properties of the stem bark of H. barteri. By employing 
validated phytochemical assays, antimicrobial screening, and spectral characterization 
techniques, the research not only provides scientific evidence for traditional claims but also 
situates H. barteri within the broader discourse of safe, affordable, and effective plant-based 
therapeutics. This work has implications for drug discovery, regulatory policy, and healthcare 
integration, particularly in sub-Saharan Africa where medicinal plants remain indispensable 
in primary health care (WHO, 2025). Medicinal plants are known to contain phytochemicals 
such as phenols, flavonoids, tannins, terpenoids, and alkaloids, which are responsible for their 
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antimicrobial, antioxidant, and anti-inflammatory properties (Musa et al., 2024). 
Heamatostaphis barteri, a member of the Anacardiaceae family, is a wild tree found in parts of 
Nigeria and other West African countries (Yakubu et al., 2023). Traditionally, its bark and 
leaves are used in managing infections, diarrhea, and wounds (Usman et al., 2022). Despite its 
ethnomedicinal importance, there is limited scientific data validating its pharmacological 
potential (Bello et al., 2024). With the rise of antibiotic resistance and oxidative stress-related 
diseases, there is a growing need to investigate plant-based alternatives. This study evaluated 
the phytochemical constituents, antimicrobial and antioxidant activities, and functional group 
profile of the ethanolic extract of the stem bark of H. barteri, and also conducted a brine shrimp 
lethality bioassay to assess its cytotoxic potential. 
 
MATERIALS AND METHODS 
Collection and Identification of Plant Material 
Fresh stem bark of Heamatostaphis barteri was collected from Bazza, Adamawa State, Nigeria, 
during the dry season (January 2020). The plant was authenticated by Mr. Zakawa N.N a 
taxonomist at the Department of Botany, Adamawa State University, Mubi, and a voucher 
specimen (No. ADSU/HB/025) was deposited in the institutional herbarium for future 
reference. 
 
Preparation of Plant Extract  
The bark samples were thoroughly washed, air-dried under shade for 14 days, and pulverized 
into fine powder using a mechanical grinder. Two hundred grams (200 g) of the powdered 
material was macerated in 1000 mL of 95% ethanol for 72 hours with intermittent shaking. 
The mixture was filtered using Whatman No. 1 filter paper, and the filtrate was concentrated 
to dryness under reduced pressure at 40 OC using a rotary evaporator (Buchi R-210, 
Switzerland). The crude ethanol extract was stored at 4 OC in airtight containers until use 
(Sharma et al., 2023). 
 
Antimicrobial Assay 
The antimicrobial activity of the extract was evaluated using the agar well diffusion method. 
Mueller-Hinton agar plates were inoculated with standardized microbial suspensions (0.5 
McFarland standard). Wells of 6 mm diameter were bored into the agar and filled with 50, 
100, and 200 mg/mL concentrations of the extract. Ciprofloxacin (10 µg/mL) and amoxicillin 
(10 µg/mL) served as positive controls, while Dimethyl Sulfoxide (DMSO) was used as the 
negative control. Plates were incubated at 37 °C for 24 h (bacteria) and 28 °C for 48 h (C. 
albicans). Zones of inhibition were measured in millimeters (Fadeyi et al., 2023). 
 
Antioxidant Assays Dimethyl Sulfoxide 
2,2-di-phenyl-1-picryhydrazyl Radical Scavenging Activity (DPPH). 
The radical scavenging activity of the extract was assessed using the DPPH method. Different 
concentrations (5–25 µg/mL) of the extract were mixed with 0.1 mM DPPH in methanol and 
incubated in the dark for 30 minutes. Absorbance was measured at 517 nm against a blank. 
Ascorbic acid was used as standard. Percentage inhibition was calculated, and IC50 values 
were determined (Okeke et al., 2024). 
 
Hydrogen Peroxide Scavenging Assay 
The scavenging ability of the extract on H2O2 radicals was determined by mixing different 
concentrations of the extract (5–25 µg/mL) with 40 mM hydrogen peroxide solution in 
phosphate buffer (pH 7.4). Absorbance was measured at 230 nm after 10 min incubation. 
Ascorbic acid served as the standard. Percentage inhibition and IC50 values were calculated 
(Sharma et al., 2023). 
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Brine Shrimp Lethality Assay  
Cytotoxic activity was assessed using brine shrimp (Artemia salina) lethality bioassay. 
Nauplii were hatched in artificial seawater and exposed to extract concentrations ranging 
from 10–1000 ppm for 24 h. Mortality was recorded at 6, 12, and 24 h, and LC50 values were 
calculated using probit analysis (Adedayo et al., 2023). 
 
Fourier Transform Infrared (FTIR) Spectroscopy 
 The ethanolic extract was analyzed for functional groups using FTIR spectroscopy 
(PerkinElmer, Spectrum 100). Samples were prepared with KBr pellets and scanned within 
the range of 4000–400 cm⁻¹. Peaks were matched with characteristic vibrations to identify 
functional groups associated with bioactive compounds (Ali et al., 2023). 
 

RESULTS AND DISCUSSIONS 
Table 1: Qualitative Phytochemical Screening of Ethanol of Heamatostaphis barteri Stem 
Back 

Phytochemical Test Performed Results 

Alkaloids Wagner’s test +  

Flavonoids Lead acetate test +  

Tannins Ferric chloride test +  

Saponins Frothing test –  

Phenols Ferric chloride test + 

Glycosides Keller-Killiani test –  

Terpenoids Salkowski test +  

Note: "+" = presence; "–" = below detection limit 

 
The phytochemical screening of the ethanolic extract of Heamatostaphis barteri stem bark 
revealed the presence of alkaloids, flavonoids, tannins, phenols, and terpenoids, while 
saponins and glycosides were absent (Table 1). These bioactive metabolites are well 
recognized for their pharmacological relevance, particularly in antimicrobial, antioxidant, and 
cytotoxic activities (Bello et al., 2024). The detection of alkaloids and flavonoids is particularly 
important since these compounds are widely reported to possess antimicrobial and free 
radical scavenging properties, thereby supporting the ethnomedicinal use of H. barteri in the 
treatment of infections and inflammatory conditions (Sharma et al., 2023). 
 
Table 2: Quantitative Phytochemical Composition of Ethanolic of Heamatostaphis barteri 
Stem Back 

Phytochemical Concentration (mg/100g of extract) 
Alkaloids  1.85 ± 0.04 
Flavonoids 4.67 ± 0.12 
Tannins 3.42 ± 0.10 
Saponins BDL 
Phenols 5.23 ± 0.15 
Glycosides BDL 
Terpenoids 2.76 ± 0.08 

Note:  BDL = below detection limit 

 
Quantitative analysis demonstrated that phenols and tannins were the most abundant 
constituents of H. barteri stem bark extract (Table 2). The high phenolic content suggests strong 
antioxidant potential, as phenolic compounds are effective hydrogen donors capable of 
neutralizing reactive oxygen species (Okeke et al., 2024). Alkaloids and flavonoids were also 
present in appreciable quantities, further reinforcing the therapeutic potential of the plant. 
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These findings are consistent with previous research showing that high levels of flavonoids 
and phenolics correlate with antimicrobial, antioxidant, and anticancer effects in medicinal 
plants (Abdel-Rahman et al., 2023). 
 
Table 3: Microorganisms Tested for Antimicrobial Activity 

Organism Type Gram Reaction 

Escherichia coli Bacterium Gram-negative 

Bacillus subtilis 
Staphylococcus aureus                              

Bacterium 
Bacterium 

Gram-negative 
Gram-positive 

Pseudomonas aeruginosa Bacterium Gram-positive 

Candida albicans Fungus N/A 
   

Note: N/A= Not Applicable 

 
The ethanolic extract of Heamatostaphis barteri was screened against a panel of 
microorganisms, including both Gram-positive (Staphylococcus aureus, Bacillus subtilis) and 
Gram-negative (Escherichia coli, Pseudomonas aeruginosa) bacteria, as well as the pathogenic 
fungus Candida albicans (Table 3). This selection of organisms provided a broad evaluation of 
the antimicrobial spectrum of the plant extract. Gram-positive and Gram-negative bacteria 
differ significantly in their cell wall structures, with Gram-negative species possessing an 
additional lipopolysaccharide outer membrane that often reduces susceptibility to 
antimicrobial agents (Olorunfemi et al., 2024). Including C. albicans allowed the assessment of 
antifungal activity, which is particularly relevant since fungal infections are becoming 
increasingly resistant to conventional treatments. The diversity of test organisms therefore 
ensured a comprehensive evaluation of the antimicrobial potential of H. barteri. 
 
Table 4: Zone of Inhibition (mm) of Ethanolic Extract at Different Concentrations 

Organism 50 mg/mL 100 mg/mL 200 mg/mL 

E. coli 8.0 ± 0.5 11.5 ± 0.6 14.0 ± 0.7 

S. aureus 10.0 ± 0.4 13.2 ± 0.5 16.1 ± 0.6 

P. aeruginosa 6.5 ± 0.3 9.0 ± 0.4 11.5 ± 0.5 

B. subtilis 9.3 ± 0.4 12.5 ± 0.6 15.7 ± 0.8 

C. albicans 7.1 ± 0.4 9.6 ± 0.5 12.0 ± 0.6 

Note: Values are mean ± standard deviation (n = 3) 

 
The ethanolic extract of H. barteri demonstrated concentration-dependent antimicrobial 
activity against all the tested organisms (Table 4). The highest inhibition zones were observed 
against Staphylococcus aureus (16.1 ± 0.6 mm at 200 mg/mL) and Bacillus subtilis (15.7 ± 0.8 
mm), indicating that Gram-positive bacteria were more susceptible to the extract. In contrast, 
Gram-negative bacteria such as E. coli (14.0 ± 0.7 mm) and P. aeruginosa (11.5 ± 0.5 mm) showed 
comparatively lower sensitivity, which may be attributed to their resistant outer cell wall 
structure (Sharma et al., 2023). The extract also inhibited the growth of Candida albicans with a 
zone of 12.0 ± 0.6 mm, demonstrating antifungal potential. These results corroborate earlier 
findings that polyphenols, alkaloids, and terpenoids contribute to antimicrobial activity by 
disrupting microbial membranes and inhibiting essential enzymes (Fadeyi et al., 2023). The 
observed activity supports the traditional use of H. barteri stem bark in treating microbial 
infections, wounds, and skin disorders (Usman et al., 2022). 
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Table 5: Comparative Antimicrobial Activity of Heamatostaphis barteri Stem Back 
Organism 200 mg/mL Extract (mm) Ciprofloxacin (mm) Amoxicillin (mm) 
E. coli 14.0 ± 0.7 22.5 ± 0.8 18.0 ± 0.6 
S. aureus 16.1 ± 0.6 24.0 ± 0.9 20.5 ± 0.7 
P. aeruginosa 11.5 ± 0.5 20.0 ± 0.7 17.3 ± 0.6 
B. subtilis 15.7 ± 0.8 23.4 ± 0.8 19.0 ± 0.5 
C. albicans 12.0 ± 0.6 21.2 ± 0.9 N/A 

Note: Values are mean ± standard deviation (n = 3). N/A: Not applicable 

 
When compared with standard antibiotics, the ethanolic extract of H. barteri at 200 mg/mL 
exhibited notable antimicrobial activity, though lower than ciprofloxacin and amoxicillin 
(Table 5). The highest activity was observed against S. aureus and B. subtilis, suggesting that 
the extract contains potent antibacterial metabolites. Although the inhibition zones were 
smaller than those of conventional antibiotics, the findings highlight the therapeutic potential 
of H. barteri as a natural antimicrobial agent, which could serve as a complementary treatment 
or a lead for new drug development (Fadeyi et al., 2023). 
 
Table 6. DPPH Radical Scavenging Activity of the Stem Back Heamatostaphis barteri  

 
 

 

 

aSignificantly (p< 0.05) higher compared to Ascorbic acid at the same concentration 
abSignificantly (p< 0.05) higher compared to other extracts at the same concentration 

 
The ethanolic extract showed strong DPPH radical scavenging activity with an IC50 value (0.44 
µg/mL) close to that of ascorbic acid (0.66 µg/mL), indicating strong hydrogen-donating 
ability (Table 6). The antioxidant effect was dose-dependent, and at some concentrations, H. 
barteri exhibited significantly higher activity than ascorbic acid. This activity can be attributed 
to the presence of phenols and flavonoids, which are well known for their free radical 
scavenging ability (Okeke et al., 2024; Sharma et al., 2023). The results suggest that the plant 
could play a role in managing oxidative stress-related conditions such as cardiovascular 
diseases, diabetes, and cancer. 
 
Table 7: Hydrogen Peroxide Radical Scavenging Activity of Heamatostaphis barteri Stem 
Back 

Conc ( µg/mL) Heamatostaphis 
barteri (%) 

Ascorbic Acid (%) 

5 90.07 ± 8.44a 80.43 ± 5.06 

10 80.95 ± 2.27a 48.09 ± 5.74 

15 66.90 ± 2.15a 18.22 ± 10.22 

20 56.38 ± 1.40a 13.26 ± 1.79 

25 39.71 ± 7.38a 6.25 ± 1.22 

IC50 0.42 0.60 

aSignificantly (p< 0.05) higher compared to Ascorbic acid at the same concentration 

 
The hydrogen peroxide radical scavenging assay further confirmed the antioxidant activity of 
H. barteri Stem Back (Table 7). The extract demonstrated a lower IC50 value (0.42 µg/mL) than 

Conc ( µg/mL) Heamatostaphis barteri (%) Ascorbic Acid (%) 

5 91.47 ± 1.51ab 68.81 ± 0.94 

10 57.96 ± 3.51a 50.78 ± 2.47 

15 74.19 ± 6.29ab 16.27 ± 7.82 

20 72.04 ± 2.05a 12.76 ± 0.64 

25 46.46 ± 11.18a 8.93 ± 1.74 

IC50 0.44 0.66 
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ascorbic acid (0.60 µg/mL), suggesting higher efficacy in neutralizing reactive oxygen species. 
The scavenging effect was significantly higher at all concentrations compared to the standard. 
This finding emphasizes the potential of H. barteri as a strong natural antioxidant, attributed 
mainly to its rich phenolic and flavonoid contents (Okeke et al., 2024; Sharma et al., 2023). 
 
Table 8: Brime Shrim Study of ethanolic of the Heamatostaphis barteri Stem Back 

Extracts conc. 
ppm 

No. 
nauphi 

6hr 12hr  24hr Mean % dead  LC50 

 
Heamatostaphis 
barteri 

10 18 2 1 3 2 67  
 
23.31 

100 19 3 4 6 4 21 
200 20 5 6 7 6 30 
500 20 3 8 9 7 35 
1000 20 2 7 8 6 30 

 
The cytotoxic evaluation using brine shrimp lethality assay showed that H. barteri Stem Back 
extract exhibited significant lethality in a concentration-dependent manner, with an LC50 
value of 23.31 µg/mL (Table 8). According to Meyer’s toxicity scale, LC50 values below 1000 
µg/mL indicate the presence of pharmacologically active compounds (Adedayo et al., 2023). 
The cytotoxicity may be due to alkaloids and terpenoids, which are recognized for their 
antiproliferative and antitumor properties (Ali et al., 2023). This result highlights the potential 
of H. barteri as a source of anticancer agents. 
 
Table 9: Fourier Transform Infrared (FTIR) Spectral peak values and Functional groups of 
Heamatostaphis barteri Stem Back 

Peak value 
(cm-1) 

Fuctional 
group 

Type of 
vibration 

Characteristic 
absorptions 
(cm-1) 

Intensity 

3016.44              O-H           Stretch        2500-3300 strong, very broad 
2970.72              O-H Stretch 2500-3300 strong, verybroad 
1703.27 C=O Stretch 1700-1725 strong 
1435.50 -C-H Bending 1350-1480       variable 
1400.48 C=C Stretch 1400-1600  medium-weak, 

multiple bands 
1228.8 C-O Stretch 1000-1300 (1070-

1150)  
strong 

1217.14 C-O Stretch 1000-1300 two bands or more 
1092.19 C-O Stretch 1000-1300 two bands or more 
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Figure 1: Fourier Transform Infrared (FTIR) Spectral peak values and Functional groups of  the 
Heamatostaphis barteri Stem Back 

 
The FTIR spectrum of H. barteri stem bark revealed functional groups such as hydroxyl (O–
H), carbonyl (C=O), and aromatic (C=C) stretching vibrations (Table 9; Figure 1). These 
functional groups are typical of phenolic compounds, flavonoids, and terpenoids, which were 
already detected in the phytochemical screening. The presence of hydroxyl and carbonyl 
groups is strongly associated with antioxidant and antimicrobial activities since they play key 
roles in free radical scavenging and microbial enzyme inhibition (Ali et al., 2023). Thus, the 
Fourier Transform Infrared (FTIR) findings validate both the qualitative and quantitative 
phytochemical results and strengthen the pharmacological relevance of H. barteri of the stem 
bark. 
 
CONCLUSIONS AND RECOMMENDATIONS  
Owing to the results obtained in this study, it can be concluded that the stem back 
Heamatostaphis barteri stem bark possessed valuable phytochemicals with strong 
antimicrobial, antioxidant, and cytotoxic activities, supporting its traditional medicinal use. 
The study recommends further toxicological and pharmacological investigations of stem back 
of Heamatostaphis barteri Stem Back to establish its safety and mechanisms of action. Isolation 
and characterization of active compounds using advanced techniques should be prioritized, 
along with standardization and quality control for reproducibility. Future research should 
include mechanistic studies, formulation development, and clinical trials to validate its 
therapeutic potential. Finally, integration into healthcare systems requires collaboration with 
policymakers and adherence to WHO guidelines for safe and evidence-based herbal medicine 
use. 
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