[bookmark: _Hlk213835403][bookmark: _Toc207638326][bookmark: _Hlk214361522]Original Research Article 

Physicochemical, Antioxidant and Antibacterial Properties of Honey Obtained from Different Ecological Zones of Ghana.

Abstract
Natural honey has a lot of different biological properties. This study assessed the physicochemical, bioactive, antioxidant, and antibacterial characteristics of two unprocessed Ghanaian honeys: Fumbisi honey (FH) and Kintampo honey (KH). The physicochemical analyses revealed that FH has a pH of 4.58, being slightly less acidic than KH with a pH of 3.75. Both samples had pH values within the 3.5-4.5 Codex Alimentarius standard range for honeydew. Both honeys had electrical conductivity values above the requirements for blossom honey (<0.8 ms/cm) according to European regulation (Council Directive 2001/110/EC).  FH was determined to be amber in colour, and KH was dark amber, while FH had a higher total sugar content than KH. The bioactive profiling revealed that KH had a slightly higher total flavonoid content (0.00195 ± 0.00 mg/g) than FH (0.00111 ± 0.00mg/g), while FH had a higher total phenolic content (4.89 mg/g) than KH (1.95 mg/g). According to their antioxidant profiles, FH had higher antioxidant activity (8.58 ± 0.16%) than KH (7.01 ± 0.04 %), as determined by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay. Concentration-dependent inhibition was shown in antibacterial tests against Salmonella typhi, Bacillus cereus, Escherichia coli, and Staphylococcus aureus. FH produced larger zones of inhibition at 100 % concentration, especially against Gram-positive bacteria. While both honeys performed well, FH exceeded the reported activity ranges for premium natural honeys. These results indicate that both FH and KH have strong antioxidant and antibacterial potential, particularly FH.
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[bookmark: _Toc207638332][bookmark: _Hlk216821726]1 INTRODUCTION
Honey is a naturally produced, sweet, viscous substance synthesized by honeybees (Apis mellifera) from flower nectar or honeydew (Bueno-Costa et al., 2016). Chemically, honey is a complex mixture composed mainly of saccharides (approximately 74-78%) and water (16-18%) (Sindi et al., 2019). It also contains various bioactive compounds, including phenolics, flavonoids, vitamins, proteins, enzymes, and trace elements, along with some yet unidentified molecules (Carter et al., 2016). The physicochemical properties of honey, such as sugar content, acidity, electrical conductivity, and colour, are important determinants of its quality and botanical origin (Silva et al., 2016; Popek et al., 2017). These compositional factors contribute to honey’s nutritional value and therapeutic potential.
Natural honey exhibits a wide range of biological activities, including antibacterial, antifungal, antioxidant, anti-inflammatory, antitumor, and antidiabetic effects (Prova et al., 2021). Among these, its antioxidant and antibacterial properties are considered the most significant and synergistic in conferring health benefits (Dżugan et al., 2018; Nweze et al., 2020). The antioxidant activity of honey arises primarily from flavonoids, phenolic acids, and enzymatic constituents such as catalase and peroxidase, as well as micronutrients and vitamins (C and E) (ElBorai et al., 2018; Muflihah et al., 2021; Grassi et al., 2025). These compounds are also implicated in honey’s antimicrobial properties. Additionally, physicochemical factors such as low water activity, high osmolarity, hydrogen peroxide content, polyphenols, bee-derived proteins (e.g., defensin-1), and methylglyoxal further enhance its antibacterial potency (Hau-Yama et al., 2020; Bucekova et al., 2019).
Numerous in vitro studies have confirmed the antibacterial efficacy of honey against both Gram-positive and Gram-negative bacteria, including antibiotic-resistant strains (Aljaghwani et al., 2021; Mahmood et al., 2024). The antibacterial activity depends largely on the floral source and climatic conditions of the region where the bees forage, which influence the concentration and composition of phenolic and flavonoid compounds (Abhishek et al., 2021; Becerril-Sánchez et al., 2021; Gregório et al., 2021). These compounds are metabolized and absorbed in the body, with their bioavailability affecting honey’s overall biological activity (Olas et al., 2020).
The increasing global prevalence of antibiotic-resistant bacteria has renewed scientific interest in natural antimicrobial products such as honey. Over the past two decades, few new antibiotic classes have been developed, while bacterial resistance has risen dramatically due to misuse and overuse of antibiotics (Saxena & Gauba, 2025; Cook et al., 2022). This has led to escalating healthcare costs and a significant burden on health systems worldwide, particularly in resource-limited settings (Hussein et al., 2025. Furthermore, contamination of food and water with pathogenic bacteria such as Escherichia coli, Staphylococcus aureus, Bacillus cereus, and Salmonella typhi continues to pose serious health risks, including urinary tract infections, skin infections, and typhoid fever (Mutwakil et al., 2024).
Historically, honey has been widely recognized as a natural wound-healer and antimicrobial agent, with applications dating back to ancient medicine (Tashkand et al., 2021). Despite extensive documentation of its therapeutic properties, the specific antibacterial components of honey and their mechanisms of action remain incompletely understood (Combarros-Fuertes et al., 2020). Addressing these knowledge gaps could enhance honey’s acceptance and application in modern clinical practice.
The systematic study of honey and other natural products offers promising avenues for discovering novel bioactive compounds with antimicrobial potential. Confirming the traditional antibacterial efficacy of honey strengthens its credibility and supports its expanded use in modern food, pharmaceutical, and medical industries. This study, therefore, aims to elucidate the functional activities and antibacterial activities of honey, contributing to sustainable innovations in food science, medicine, and microbiology.
[bookmark: _Toc207638345]2 MATERIALS AND METHODS
[bookmark: _Toc207638346]2.1 Study Area
The honey samples used for this study were collected from two different ecological zones in Ghana: The Guinea savannah and the Forest-savannah transitional zone.
Fumbisi is located in the Guinea savannah ecological zone of northern Ghana. The area experiences a unimodal rainfall pattern, with a rainy season from May to October and a prolonged dry season characterized by the harmattan winds. Vegetation is dominated by grasses interspersed with drought-resistant trees such as shea (Vitellaria paradoxa) and dawadawa (Parkia biglobosa), which provide diverse floral resources for honeybees. Agriculture, particularly rice farming in the Fumbisi rice valleys and small-scale livestock production, is the major economic activity. The unique floral composition and climatic conditions contribute to the physicochemical and bioactive qualities of honey produced in this area.
Kintampo North, on the other hand, is situated within the forest-savannah transitional zone of central Ghana. The municipality has a bimodal rainfall pattern, supporting both forest and savannah vegetation. It is characterized by rich biodiversity, including numerous flowering plants and cash crops such as mango, cashew and yam, which serve as a nectar source for bees. Kintampo is well-known as a major agricultural hub and a commercial centre due to its strategic location linking northern and southern Ghana. The diverse vegetation and relatively humid climate in this zone influence the antioxidant and antibacterial properties of honey.
[bookmark: _Toc207638347]2.2 Sample Collection and Preparation
The honey samples were freshly collected from the farm with the help of local honey farmers and filtered with plastic mesh to remove beeswax and other debris. The honey samples obtained were raw and unadulterated from different geographical sources. The honey samples were kept in cleaned and dried food-labelled containers, each with a capacity of 500 ml, at the site and transported to the Microbiology lab at the C. K. Tedam University of Technology and Applied Sciences (CKT-UTAS) for preservation.
The samples were stored in clean and airtight glass containers at room temperature (25-30 ºC), away from sunlight to avoid degradation of active compounds and properly labelled with time, date and sources. The samples were shaken thoroughly to achieve a uniform mixture and finally filtered through a fine mesh to remove impurities like wax and pollen particles. Samples were transferred to the Regional Water and Environmental Sanitation Centre, Kumasi (RWESCK)-KNUST for physicochemical analysis, Food Science Laboratory-KNUST for bioactive analysis, and Microbiology Laboratory- CKT-UTAS for antibacterial analyses.
[bookmark: _Toc207638348]2.3 Determination of Physicochemical Properties
2.3.1 Colour 
 The colour of the honey samples was determined using the Pfund scale (Bodor et al., 2021). The honey sample was warmed up to 40 °C in the water bath to reduce viscosity. Fine mesh was used to remove further particles and air bubbles that may interfere with light transmission. Approximately 10 ml of each honey sample was transferred into a sample holder. The sample holder was then inserted into a DR600 spectrophotometer, and the Pfund colour measurement software was selected. The instrument measured the colour intensity of the sample, and the corresponding Pfund value was automatically recorded. This value was subsequently compared to the standard Pfund scale to determine the colour category of the honey. 
2.3.2 Electrical Conductivity, Temperature and pH
 The electrical conductivity, temperature, and pH were determined using a multiparameter device (Potapowicz et al., 2020). Ten (10g) of honey was weighed using a digital balance and diluted with 75ml of deionized water.  This resulted in a 1:7.5 dilution, which helped to reduce viscosity and give accurate readings. The mixture was stirred with a glass rod until the honey was completely dissolved. The solution was allowed to sit for a few minutes for temperature stabilization. The pH probe was calibrated using buffer solution (4.0-7.0), rinsed with distilled water and blotted dry after each buffer. The conductivity probe was also calibrated using a standard conductivity solution (Potassium chloride) and was rinsed with distilled water as well. The probes were inserted into the diluted honey samples, ensuring that the probes were fully submerged and not touching the sides or bottom of the beaker. The readings were allowed to stabilize, then the multi-parameter device displayed the pH, temperature, and the Electric Conductivity (mS/cm). The value of pH, Electric Conductivity and temperature of the honey were recorded. 
2.3.3 Total Sugar
The total sugar content was determined using the Anthrone method (Shobham, et al., 2017). The anthrone reagent was prepared by dissolving 2 g of anthrone in 100 mL of conc. H2SO4 and mixed carefully in a beaker while cooling in an ice bath to avoid overheating. A range of serial dilutions of glucose was set up for 10-100 g/ml in a volume of 1ml in test tubes. Another 1ml of serial dilution of the honey sample was prepared and transferred to separate test tubes (A, B, C, D). 4ml of anthrone reagent was added to each test tube of the unknown sample, mixed, covered and incubated in a boiling water bath for 10 minutes. The mixture in the test tube was cooled to room temperature, and the absorbance of the analyte was measured with a spectrophotometer at 620 nm after setting to zero absorbance (100 % transmittance) using a blank. The total sugar content was determined by plotting the absorbance values of the standard (glucose) at 620 nm on the Y-axis against the sugar concentration on the X-axis. The amount of glucose in the honey samples was calculated. 
[bookmark: _Toc207638349]2.4. Identification of Bioactive Compounds
2.4.1 Total Phenolic Content
The total phenolic content (TPC) was determined according to the Folin-Ciocalteau method (Yunusa et al., 2018; Nunes et al., 2017), using gallic acid as a standard.  0.5g of the honey sample was weighed and dissolved in 100ml of distilled water in a 100 ml volumetric flask. A rod was used to swirl for about 30 minutes and then filtered. 2ml of filtrate was pipetted into a test tube. A stock solution of Gallic acid 100ppm was prepared, from which 5ppm, 10ppm, 20ppm, 40ppm, and 50ppm dilutions were prepared. 2 ml of the various dilutions were pipetted into different labelled test tubes, and 1mL of 20 % Na2CO3 was added and filtered.  20 μl of Folin-Ciocalteau was then added to each labelled test tube and incubated for 30 minutes at room temperature. The mixture was measured spectrophotometrically at 760 nm using a UV-VIS Spectrophotometer. The total phenol content was measured in Gallic Acid Equivalent (GAE) in mg per gram.
2.4.2 Total Flavonoids Content
The total flavonoid content was determined using the aluminium chloride method (Cabrera et al., 2017). A gram of honey was weighed into a beaker and dissolved in 1ml of ethanol, and then filtered to remove the insoluble particles. 0.5 ml of 2 % AlCI3 solution was added to a 0.5 ml test tube containing the solution (honey sample+ ethanol). 0.5 ml of 1M NaOH was added to the mixture and vortexed to mix properly. The mixture was incubated for 30-60 minutes at room temperature in the dark for a yellow colour to develop. This indicates the presence of flavonoids. A stock solution of quercetin (0.1 mg/ml) was prepared, out of which the following dilutions were prepared (2.5ppm, 5ppm, 10ppm, 20ppm, 40ppm, 80ppm). The absorbance of the standard and honey sample was measured at 420 nm using a UV-VIS spectrophotometer. The quercetin standard was used to find the flavonoid concentration of the honey sample. The total flavonoid content was measured in quercetin equivalent (mg/g).
[bookmark: _Toc207638350]2.5 Evaluation of Antioxidant Activity
The evaluation of the antioxidant activity based on the free radical scavenging activity of honey was determined by the DPPH (2,2-diphenyl-1-picrylhydrazyl) method (Nayik et al., 2016).  0.004g of DPPH reagent was weighed by the electronic balance and dissolved in 100 ml of methanol in a beaker to get a 0.004 % DPPH solution. It was then kept in a dark bottle and wrapped in aluminium foil to protect it from light. A gram of honey was weighed by the balance and dissolved in a beaker with 10 ml of distilled water. This was mixed well until fully dissolved. From the 100mg/ml stock solution of honey, working concentrations (5 mg/ml, 10 mg/ml, 20 mg/ml, 40 mg/ml, 80 mg/ml) were prepared using methanol. Ascorbic acid was also dissolved in methanol in a flask to prepare a stock (1 mg/ml), and diluted to obtain standard concentrations. Different honey concentrations were kept in labelled test tubes, as well as the standards or controls.
1 ml of honey solution, as well as the antioxidant standard or the control, was added to 1ml of DDPH solution, and the tubes were incubated in a dark room temperature for 30 to 60 minutes. The absorbance of the standard and the honey sample was measured at 517 nm using the UV-VIS spectrophotometer. 
Calculation of DPPH Inhibition: The radical scavenging potential was estimated as a percentage of DPPH inhibition using the following equation:   %DPPH
where:  Abs control is the absorbance of the control (DPPH solution without honey).
Abs sample is the absorbance of the honey sample solution.
[bookmark: _Toc207638351]2.6 Assessment of Antibacterial Properties
2.6.1 Test Microorganisms 
The isolates, obtained from the Department of Applied Biology, C. K. Tedam University of Technology and Applied Sciences, included pure strains of Gram-positive bacteria; S. aureus, B. cereus and Gram-negative bacteria; E. coli and S. typhi. These bacteria were grown on nutrient broth at 37 ºC and maintained in Muller-Hinton agar medium.
[bookmark: _Hlk207562963]2.6.2 Preparation of Mueller-Hinton Agar Media 
The Mueller Hinton agar media was prepared according to the manufacturer’s instructions. 38 g of Mueller Hinton Agar was added to a flask containing 1000 ml of distilled water and gently heated until the media was completely dissolved. The media was sterilized by autoclaving it at 120 ºC for 15 min. After cooling to about 45-50 ºC, 25 ml of the sterilized media was aseptically poured into 90 mm diameter sterilized Petri dishes and allowed to solidify.
2.6.3 Preparation of Nutrient Broth.
1.3 g of nutrient broth was dissolved in 100ml of distilled water in a conical flask. The flask was corked with a foil and sterilized by autoclaving at 121°C for 15 minutes. It was cooled to room temperature and dispensed into 5-10 ml culture tubes.
2.6.4 Inoculum Preparation
Using a sterile wire loop, 3-5 colonies from pure cultures of S. aureus, B. Cereus, E. coli, and S. typhi were transferred into separate test tubes containing 5 ml of nutrient broth. The test tubes were incubated at 37 ºC for 2 hours to allow bacterial growth. The bacterial cultures were standardized to 0.5 McFarland turbidity standards (1.5 × 10⁸ cells/ml) using a spectrophotometer at 625 nm with an optical density of 1.0.
2.6.5 Preparation of Diffusion Disc 
 A 6 mm diameter diffusion disc was prepared from absorbent filter paper (Whatman no.1) by using a paper puncher and sterilized at 180 ºC for 30 minutes and dried in an oven. Then, after, sterilized discs were soaked aseptically by applying 100µl of each honey at concentrations of 25 %, 50 %, 75 % and 100 % using a sterile digital micropipette and allowed to dry at room temperature for 15 minutes, then placed in a sterile container and stored at 4 ºC until further use.
[bookmark: _Hlk216821189]2.6.6 Antibacterial Susceptibility Test 
To determine the antimicrobial activity, 100 µl of the standardized bacterial inoculum was inoculated onto the surface of Mueller-Hinton Agar plates under aseptic conditions. The inoculum was spread evenly using a sterile swab to ensure uniform bacterial growth. Sterile forceps were used to carefully place the honey-impregnated discs containing 25%, 50%, 75% and 100% onto the inoculated agar surface. Ciprofloxacin of 0.025 mg/ml sterile antibiotic disc was placed onto an agar to serve as a positive control. The plates were incubated at 37°C for 24 hours in an incubator. After incubation, the zones of inhibition were measured using a transparent ruler, and the results were recorded in millimetres (Tola et al., 2025). 
2.7 Statistical Analysis
Statistical analysis was conducted using SPSS Statistics version 25. Normally distributed variables were presented as mean ± standard deviation. A One-Way ANOVA analysis was used to determine the differences in honey's properties from the two locations. Significance was accepted at p ≤ 0.05.

[bookmark: _Toc207638353]3 RESULTS
[bookmark: _Toc207638354]3.1 Physicochemical Properties
Analysis of the physicochemical properties (pH, Electrical conductivity, Temperature and Colour) of both Fumbisi honey (FH) and Kintampo honey (KH) revealed varied results (Table 1). Fumbisi honey (FH) was less acidic (pH 4.58) and showed a higher level of total sugar (79.68 %) compared to KH, which is more acidic (pH 3.75) and has a lower level of total sugar (71.96 %). 
Kintampo honey (KH) was darker in colour (dark amber) and had higher electrical conductivity (15.04 mS/cm), compared to FH, which is lighter in colour (amber), with a lower electrical conductivity (3.55 mS/cm)

[bookmark: _Toc207633455]Table 1.   The Physicochemical Parameters of KH and FH
	SAMPLE ID
	PARAMETERS

	
	pH
	EC (ms/cm)
	Temp (ºC)
	Pfund Colour (mm)
	Total Sugar (%)

	Fumbisi Honey (FH)
	4.58
	3.55
	29.2
	82.26 (Amber)
	79.68

	Kintampo Honey (KH)
	3.75
	15.04
	29.7
	114.54 (Dark Amber)
	71.96


[bookmark: _Toc207638355]3.2 Bioactive Components and Antioxidant Activity
The results for the bioactive and antioxidant activity analysis of both KH and FH revealed that Kintampo Honey (KH) exhibited a significantly higher flavonoid content (0.00195 mg/g) than Fumbisi Honey (0.00111 mg/g) (Tables 2 and 3). The difference was highly significant (p < 0.05), suggesting greater secondary metabolite accumulation in KH, possibly due to floral source or environmental variation. FH showed significantly higher phenolic content (4.89 mg/g) than KH (1.95 mg/g, p = 0.0003). FH demonstrated higher antioxidant activity (8.58 %) than KH (7.01 %, p = 0.005). 





[bookmark: _Toc207633456]Table 2:    Bioactive Components and Antioxidant Activity of KH and FH
	
	Bioactive Components 
	Antioxidant Activity

	Sample ID
	Total Flavonoid content (mg/g)
	Total Phenolic Content (mg/g)
	Average % inhibition

	FH
	0.00111 ± 0.00
	4.89 ± 0.00
	8.58±0.16

	KH
	0.00195 ± 0.00
	1.95 ± 0.16
	7.01±0.04




Table 3: Independent-Samples T-Test Analysis
	Parameter
	Mean Difference
	t-value
	p-value

	Flavonoids
	-0.0008
	-1326.43
	0.0000

	Phenolics
	+2.96
	55.13
	0.0003

	Antioxidant Activity
	+1.41
	12.62
	0.0054




[bookmark: _Toc207638357]3.3 Antibacterial Activity
The results of the antibacterial activity of FH and KH against the selected bacteria showed that as the concentration of the honeys increased, the zone of inhibition also increased (Tables 4 and 5; Figure 1).
0.025 mg/m concentration of the control (Ciprofloxacin) was used as a standard in testing the bacteria.
Fumbisi Honey (FH) exhibited significantly higher antibacterial activity than Kintampo Honey (KH) against S. aureus and B. cereus (p < 0.05). For E. coli and S. typhi, although FH showed slightly larger inhibition zones, the differences were not statistically significant (p > 0.05). The results indicate that FH may possess stronger antimicrobial constituents, possibly due to floral source variations or higher phenolic content.
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Table 4: Antibacterial Activity of the Honey Samples Against the Selected Pathogens

	
	S. aureus 
	B. cereus
	E. coli
	S. typhi

	Concentration (%)
	Mean ± SD (mm)
	Mean ± SD (mm)
	Mean ± SD (mm)
	Mean ± SD (mm)

	
	KH
	FH
	KH
	FH
	KH
	FH
	KH
	FH

	100
	18.5± 1.41
	20.5± 2.21
	17.0± 1.41
	18.0± 1.41
	16.5± 0.71
	16.5± 0.71
	16.0± 0.0
	16.5 ± 0.71

	75
	15.5± 2.21
	18.5± 2.21
	13.5± 0.71
	14.5± 0.71
	14.0± 0.0
	14.5± 0.71
	11.5± 0.71
	14.5 ± 0.71

	50
	11.5± 0.71
	14.0± 1.41
	10.5± 1.41
	11.0± 1.41
	10.5± 0.71
	11.5± 0.71
	7.5± 0.71
	10.5 ± 0.71

	25
	9.0± 1.41
	11.5± 0.71
	9.0± 1.41
	9.5± 0.71
	7.5± 0.71
	8.5± 0.71
	7.0± 0.0
	7.5 ± 0.71

	Control
	20.50 ± 0.71
	20.50 ± 0.71
	23.50 ± 0.71
	23.50 ± 0.71
	28.50 ± 0.71
	 28.50 ± 0.71
	25.50 ± 0.71
	25.50 ± 0.71



Table 5: Paired Sample t-Test Analysis of the Antibacterial Activity of the Honey Samples 
	Bacterium
	t-value
	p-value
	Interpretation

	S. aureus
	-12.25
	0.001
	Highly significant difference. FH is more active than KH

	B. cereus
	-5.20
	0.014
	Significant difference. FH more active

	E. coli
	-2.61
	0.080
	Not significant

	S. typhi
	-2.42
	0.094
	Not significant



[image: ]
Fig 1: Comparative antibacterial activity of Kintampo (KH) and Fumbisi (FH) honeys against Staphylococcus aureus, Bacillus cereus, Escherichia coli, and Salmonella typhi at concentrations of 25–100 %. Bars represent mean inhibition zones (mm) ± standard deviation. Fumbisi honey exhibited significantly greater inhibition of S. aureus and B. cereus (p < 0.05), whereas differences against E. coli and S. typhi were not statistically significant (p > 0.05).
[bookmark: _Toc207638359] 4 DISCUSSION
[bookmark: _Hlk216821084]4.1 Physicochemical Characteristics of Fumbisi and Kintampo Honeys
The physicochemical properties of honey are key determinants of its quality, bioactivity, and antimicrobial potential. The pH values of Fumbisi honey (FH) and Kintampo honey (KH), 4.58 and 3.75, respectively, fall within the typical range of 3.2–4.5 for natural honeys (Atanassova et al., 2016). Honey’s acidic nature (around pH 4.0) and low water activity inhibit microbial growth, contributing to its stability and shelf life. The slightly higher pH of FH suggests a marginally less acidic composition than KH, likely due to botanical or geographical variations affecting nectar chemistry (Junie et al., 2016).
Temperature readings for FH (29.2 °C) and KH (29.7 °C) reflect ambient and storage conditions rather than intrinsic honey properties. Prolonged storage above 25 °C, however, can degrade honey quality by enhancing enzymatic inactivation and hydroxymethylfurfural (HMF) formation (Manickavasagam et al., 2024).
In terms of colour, FH (82.26 mm Pfund scale) was classified as Amber, whereas KH (114.54 mm) was Dark Amber. Honey colour is influenced by botanical source, mineral content, and polyphenol concentration. Darker honeys often exhibit higher antioxidant potential and mineral composition (Smetanska et al., 2021). The colour difference, therefore, suggests distinct floral origins and polyphenolic profiles between the two regions.
[bookmark: _Hlk216820985]4.2 Sugar Composition and Total Phenolic and Flavonoid Contents
Fumbisi honey (FH) consistently exhibited higher sugar concentration than Kintampo honey (KH), possibly reflecting differences in nectar composition, bee foraging behaviour, and environmental conditions (Wright et al., 2018). Both honeys met the Codex Alimentarius (2001) standard for premium honey (≥81.4% Brix).
The total phenolic content (TPC) and total flavonoid content (TFC) are crucial indicators of honey’s antioxidant and therapeutic properties. FH contained a higher TPC (4.89 mg/g) than KH (1.95 mg/g), suggesting stronger antioxidant and antimicrobial potential. This difference aligns with earlier reports showing that honey phenolic profiles vary significantly with floral source, geography, and climate (Pham et al., 2022). Interestingly, despite KH being darker, its lower TPC contradicts the general assumption that darker honeys inherently possess higher phenolic content (Silva et al., 2021). Natural honeys typically exhibit TPC values between 0.5 and 5.0 mg/g (Halouzka et al., 2016; Živković et al., 2019).
The higher TFC in KH compared to its TPC indicates that its antioxidant compounds are primarily flavonoid-based, while FH’s composition is dominated by non-flavonoid phenolics such as caffeic, chlorogenic, or ferulic acids (Kiss et al., 2025). This compositional difference may influence the mode of antioxidant action, since flavonoids primarily act as free radical scavengers, whereas phenolic acids contribute to redox modulation and chelation effects (Huzortey et al., 2021).
[bookmark: _Hlk216820922]4.3 Antioxidant Activity
The antioxidant activity, evaluated via the DPPH radical scavenging assay, revealed mean inhibition percentages of 8.58 ± 0.16% for FH and 7.01 ± 0.04% for KH. The higher scavenging ability of FH indicates a greater concentration of antioxidant constituents, consistent with its higher TPC. This observation agrees with reports linking antioxidant strength to phenolic concentration (Chan et al., 2017; Lewoyehu & Amare, 2019).
Both honeys demonstrated moderate antioxidant activity relative to literature values for tropical honeys (3.1–16.3%) (Anand et al., 2018). The moderate activity levels may be attributed to climatic conditions, mineral composition, and storage duration, which are known to modulate honey’s bioactive stability (Bong, 2023). Consequently, FH’s superior antioxidant performance suggests that it may offer stronger protection against oxidative stress-related diseases such as cardiovascular disorders, diabetes, and cancer.
[bookmark: _Hlk216820861]4.4 Antibacterial Activity
The comparative antibacterial analysis of Kintampo (KH) and Fumbisi (FH) honeys demonstrated that both samples exhibited broad-spectrum antimicrobial activity against Staphylococcus aureus, Bacillus cereus, Escherichia coli, and Salmonella typhi, confirming honey’s well-documented inhibitory potential against both Gram-positive and Gram-negative bacteria. Notably, Fumbisi honey showed significantly higher inhibitory effects against S. aureus and B. cereus (p < 0.05) compared to Kintampo honey, while differences against E. coli and S. typhi were not statistically significant. These results align with prior research demonstrating that honey’s antibacterial efficacy varies widely depending on its floral source, geographical origin, and phytochemical profile (Ogwu and Izah, 2025). The data also confirm that Gram-positive bacteria (S. aureus and B. cereus) were generally more susceptible to honey than Gram-negative species (E. coli and S. typhi). This trend is consistent with previous reports where honey exhibited higher efficacy against Gram-positive organisms due to differences in cell wall structure and permeability (Mandal & Mandal, 2011; Tkachenko et al., 2024). The outer membrane of Gram-negative bacteria limits permeability to hydrophobic antimicrobial compounds.
Based on Clinical and Laboratory Standards Institute (CLSI, 2020) criteria, both honeys demonstrated strong antibacterial activity (≥18 mm) against S. aureus and B. cereus, and moderate activity (12–18 mm) against E. coli and S. typhi at full concentration. Activity declined progressively with dilution, reflecting the dose-dependent nature of honey’s antimicrobial action (Attah, 2021; Stavropouloue et al., 2022).
The superior performance of FH may result from its higher phenolic and peroxide content, which act synergistically to inhibit microbial growth (Bava et al., 2025). These findings correspond with those of Isa and Adaora (2020) and Nzeh et al. (2020), who reported comparable inhibition ranges (18–23 mm) for African multifloral honeys. These results demonstrate both honeys' potential as natural remedies.
[bookmark: _Toc207638362]5 CONCLUSION
FH showed higher levels of sugar, pH, total phenolic content, and antioxidant capacity than KH, while KH showed slightly higher levels of flavonoids. The antibacterial activity of both honeys was concentration-dependent, with Gram-positive bacteria being more susceptible to their effects. FH's richer phenolic profile likely contributed to its consistently superior antioxidant and antimicrobial performance over KH. These results demonstrate both honeys' potential as natural remedies. It is recommended that antibacterial testing be extended to a larger variety of clinical pathogens, especially those that are resistant to antibiotics, as this will offer crucial information about their possible uses in wound care and infection prevention. 
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