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ABSTRACT

	Introduction: The ability of certain human pathogens to adapt to plants without losing their virulence toward people is a major concern today. 
Aim: Thus, the aim of the present work was to characterize bacterial isolates associated with the surface of fresh and spoilt scotch bonnet pepper sold at International Market, Abakaliki, Ebonyi State.
[bookmark: _GoBack]Methodology: A total of 10 scotch bonnet pepper samples (five (5) fresh and five (5) spoilt pepper) were collected. Bacterial isolates were characterized using standard microbiological procedures. 
Results: The result revealed that from the fresh pepper samples, a total of twenty four (24) bacterial isolates were recovered while from the spoilt pepper samples, a total of thirty six (36) bacterial isolates were gotten. The percentage occurrence of bacteria isolated from the fresh pepper samples were in decreasing order of Staphylococcus aureus (25.00 %), Pseudomonas spp. (20.83 %), Escherichia coli (20.83 %), Bacillus spp. (16.67 %) and Proteus spp (16.67 %). The percentage occurrence of bacteria isolated from spoilt pepper samples were Staphylococcus aureus (27.78 %), Escherichia coli (22.22 %), Proteus spp (19.44 %), Bacillus spp. (16.67 %) and Pseudomonas spp. (13.89 %). Their total heterotrophic bacteria counts for spoilt pepper ranged from 1.46 x 106 cfu/g to 2.01x106 cfu/g while total heterotrophic bacteria count of fresh pepper ranged from 1.22 x 106 cfu/g to 1.66 x 106 cfu/g. 
Conclusion: This high microbial load underscores the need for stringent control measures to prevent infection.
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1. INTRODUCTION 

Peppers (Capsicum spp.) are highly diverse plants within the Solanaceae family, cultivated and consumed worldwide for their wide range of colors, shapes, flavors, and levels of pungency (Bosland & Votava, 2002). This diversity reflects both ecological adaptation and cultural preferences, resulting in numerous cultivars that serve as important food and spice crops. While botanically classified as fruits, peppers are commonly used as vegetables and spices, providing flavor, color, and heat in cuisines around the globe (Greenleaf, 1986). Beyond their culinary roles, they are valued for their high content of vitamins and minerals, as well as their applications in medicine, cosmetics, and industry (Perry et al., 2007). Recent studies highlight significant nutritional and phytochemical variability among pepper varieties and hybrids, underscoring their potential for crop improvement and human nutrition (Jin-Li et al., 2022; Stoleru et al., 2023).

Micronutrient deficiencies remain a pressing global health challenge, affecting more than two billion people, particularly in low- and middle-income countries. Deficiencies in zinc, iodine, vitamin A, and iron are especially widespread due to poor dietary intake. Promoting nutrient-dense foods is one of the most sustainable solutions to this problem. Peppers, particularly Capsicum annuum, are nutrient-rich, containing vitamins, minerals, dietary fiber, and bioactive phytochemicals with health-promoting properties (Akhtar et al., 2024; Zapata & García-Pastor, 2025). A recent global meta-analysis confirmed that the mineral composition of pepper fruits, including essential elements like iron and zinc, varies significantly across regions and has shown declines in some areas, linking these patterns to environmental and agricultural factors (Zhou et al., 2024). Regular inclusion of peppers in diets can therefore contribute to reducing micronutrient deficiencies while also offering additional antioxidant and protective health benefits.

Fresh produce, including peppers, hosts diverse and complex microbial communities. Although much research has centered on a few known pathogens, our understanding of the full diversity, structure, and dynamics of these communities remains nascent (Leff & Fierer, 2013). Many common fruits and vegetables—apples, grapes, lettuce, peaches, spinach, sprouts, tomatoes, and peppers—carry substantial microbial loads (King et al., 1991; Badosa et al., 2008; Ponce et al., 2008). Because these foods are often eaten raw, they can serve as vehicles for pathogens such as Listeria monocytogenes, Escherichia coli, and Salmonella, which have been implicated in outbreaks (Oliveira et al., 2010; Rastogi et al., 2012; Nguyen & Farlin, 1994). Nevertheless, not all associated microorganisms are harmful; some may play beneficial roles, such as modulating immune responses or contributing to the composition of the gut microbiota upon ingestion (Liao & Fett, 2001). The adoption of culture-independent molecular techniques has greatly expanded our view of produce microbiomes (Harris et al., 2003; Fatica & Schneider, 2011; Muñoz-Martinez et al., 2025; Pasolli et al., 2025). Evidence indicates that microbial community composition may vary by produce type and cultivar (Hanski et al., 2012), and that environmental factors such as agricultural practices and post-harvest handling significantly influence microbial diversity and abundance (Gram et al., 2002; Flores et al., 2012; Rudi et al., 2002). Furthermore, non-pathogenic microbial taxa may interact with or inhibit the growth of pathogenic microorganisms on fresh produce surfaces.

Although prior studies have examined microbial populations on surfaces of pepper (Lopez-Velasco et al., 2011; Granado et al., 2008; Otteson et al., 2009; Shi et al., 2009), our understanding of the dynamics of bacterial communities associated with scotch bonnet pepper remains limited. This study aims to assess the bacterial profiles of both fresh and spoilt scotch bonnet pepper fruits obtained from international market in Ebonyi State, Nigeria.

2. material and methods
2.1 Study Area 
Abakaliki, the capital city of Ebonyi State in southeastern Nigeria, serves as the focal point for this research. It is geographically located at approximately 6°19′N latitude and 8°6′E longitude within the tropical rainforest zone. The city experiences a humid climate characterized by distinct wet and dry seasons, which significantly influence the region’s agricultural productivity and socio-economic activities. The study area is situated on undulating terrain with fertile soils that support diverse agricultural practices. The predominant occupation of the local population revolves around farming, with major crops including rice, yam, cassava, and palm produce. In addition to agriculture, Abakaliki is notable for its emerging mining sector, particularly the extraction of lead and zinc minerals. This dual economic base contributes to the complexity of the area’s socio-economic landscape. It hosts the largest market in the state, the Magaret Umahi International Market

2.2 Sample Collection
This experimental study involved the random procurement of fresh and spoilt scotch bonnet pepper samples from Magaret Umahi International Market. A total of 10 scotch bonnet pepper samples (five (5) fresh and five (5) spoilt pepper) were collected. Each sample was placed in a sterile polyethylene Ziploc bag immediately upon purchase to minimize contamination. Prior to sample placement, the interior surfaces of the Ziploc bags were disinfected using distilled water followed by 70% ethanol and allowed to air-dry for 5 minutes. Upon arrival at the laboratory, the peppers were processed without delay. Using sterile scraping blades, each pepper was aseptically sectioned, after which sterile swab sticks were employed to collect microbiological samples from both samples

2.3 Preparation of Culture Media
Culture media including Nutrient Agar (NA), MacConkey Agar, Mannitol Salt Agar, and Eosin Methylene Blue Agar were prepared according to the manufacturer's instructions. Media were sterilized using an autoclave at 121°C for 15 minutes at a pressure of 15 psi. After sterilization, the media were cooled to approximately 45°C, gently mixed, and aseptically poured into sterile Petri dishes, where they were allowed to solidify.

2.4 Sample Preparation
Approximately 1 gram of fresh pepper samples respectively were weighed using a mechanical balance and homogenized in 9 ml of sterile distilled water using a sterile blender. Ten-fold serial dilutions of the homogenate were prepared using sterile pipettes to reduce microbial concentration for plating. The same procedure was repeated for spoilt pepper samples.

2.5 Isolation of Microorganisms
From the prepared serial dilutions, 0.1 ml of each of the 10⁻4, 10⁻5, 10-6 dilutions was aseptically plated onto the respective media using the pour plate technique. The plates were gently swirled in both clockwise and counter-clockwise directions to distribute the inoculum evenly, then allowed to solidify. Plates were incubated at 37°C for 24 to 48 hours. MacConkey agar, Mannitol salt agar, Eosin Methylene blue agar and Nutrient Agar were used for bacterial isolation. Total viable aerobic bacterial counts were conducted on Nutrient Agar. After incubation, microbial colonies were quantified and recorded as colony-forming units (CFU). Representative colonies were subcultured onto fresh agar media to obtain pure isolates, which were subsequently stored at 4°C for further analysis.

2.6 Identification of Microorganisms
Upon completion of the incubation period, bacterial colonies were initially assessed based on macroscopic characteristics such as colony morphology, color and texture. Bacterial isolates were subjected to Gram staining to determine cell wall characteristics and cellular arrangements. Further identification was carried out through a series of standard biochemical assays, including the indole test, citrate utilization, catalase test and coagulase tests. 

2.6.1 Gram staining
Gram staining was done after pure culture had been isolated. A smear of the test organisms were made on a clean free-grease glass slide and then allowed to air-dry before being covered with crystal violet and left to stand for 60 seconds. Thereafter, the slides were rinsed with water and covered with Lugol’s iodine which was allowed to stand for 60 seconds. The iodine was rinsed with water and decolourized with acetone alcohol then washed off immediately with  water. Drops of safranin reagent was added to the slide and allowed to sit for 30 seconds and washed with a gentle sterile running water and then allowed to air dry. Then, it was viewed under the microscope using the XI00 objective lens to distinguish cell shape and arrangement. 

2.6.2 Catalase Test
The catalase test was carried out to distinguish catalase-producing bacteria, mainly to differentiate Staphylococcus spp. from Streptococcus spp. A drop of hydrogen peroxide (H₂O₂) was placed on a clean glass slide, and a bacterial colony was transferred with a sterile inoculating loop. Immediate bubble formation (effervescence) signified a positive reaction, confirming catalase activity typical of Staphylococcus spp.

2.6.3 Coagulase Test
The slide coagulase test was used for the identification of Staphylococcus aureus. On a grease-free slide, one drop of sterile normal saline and one drop of plasma were mixed with the test isolate. The presence of visible clumping (agglutination) after gentle mixing indicated a positive result, confirming S. aureus, which produces coagulase that converts fibrinogen to fibrin.

2.6.4 Indole Test
This test was performed to detect indole production from tryptophan metabolism, commonly used for identifying members of the Enterobacteriaceae family. The test organism was inoculated into peptone water and incubated at 37 °C for 24 hours. After incubation, three drops of Kovac’s reagent were added. A red-pink ring at the surface indicated a positive reaction, as seen in Escherichia coli and Klebsiella oxytoca. Absence of color change (indole-negative) was typical of Klebsiella pneumoniae and Enterobacter spp.

2.6.5 Citrate Utilization Test
The citrate test was used to assess the ability of organisms to utilize citrate as their sole carbon source. The test isolate was streaked on Simmons Citrate Agar and incubated at 37 °C for 24 hours. A color change from green to blue confirmed a positive result, indicating citrate utilization. Positive reactions were characteristic of Enterobacter, Citrobacter, Klebsiella, and Providencia spp.

2.6.6 Oxidase Test
The oxidase test was employed to identify bacteria capable of producing cytochrome c oxidase, an enzyme in the electron transport chain. A drop of oxidase reagent was placed on Whatman No. 1 filter paper, and the bacterial colony was rubbed onto the dampened area. A purple coloration within 5–10 seconds indicated a positive oxidase reaction, typical of Pseudomonas spp. 

3. results 

3.1 Total Heterotrophic Plate Count of Fresh and Spoilt Pepper
Table 1 showed the total heterotrophic plate count (THPC) of both fresh and spoilt pepper samples, expressed in colony-forming units per milliliter (CFU/ml) ×10⁶. Ten pepper samples (PF1–PF10) were analyzed. For fresh peppers, bacterial counts ranged from 1.07 ×10⁶ CFU/ml (PF1) to 1.36 ×10⁶ CFU/ml (PF3), generally reflecting lower microbial loads. For spoilt peppers, the counts were higher, ranging from 1.20 ×10⁶ CFU/ml (PF4) to 2.59 ×10⁶ CFU/ml (PF10), with PF7 (2.46 ×10⁶ CFU/ml) and PF10 (2.59 ×10⁶ CFU/ml) recording the highest microbial loads.

Table 1: Total Heterotrophic Plate Count of Fresh and Spoilt Pepper

	Sample Code
	Fresh Pepper Total Plate Count (CFU/ml) x106
	
	Spoilt Pepper Total Plate Count (CFU/ml) x106

	
	PF1
	PF2
	PF3
	PF4
	PF5
	
	PF6
	PF7
	PF8
	PF9
	PF10

	
	
	
	
	
	
	
	
	
	
	
	

	
	1.07
	1.11
	1.36
	1.2
	1..27
	
	1.86
	2.46
	1.99
	1.77
	2.59


Key: PF – Sample code

3.2 Morphological and Biochemical Characteristics of Bacterial Isolates 
The result of the morphological and biochemical characteristics of bacterial isolates was presented in table 2. On the basis of morphological and biochemical characteristics, Staphylococcus aureus, Bacillus spp., Pseudomonas spp. and Escherichia coli were identified.

Table 2: Morphological and Biochemical Characteristics of Bacterial Isolates

	Morphology
	Gram’s reaction
	Motility Test
	Catalase test
	Coagulase Test
	Oxidase Test
	Indole Test 
	Citrate Test 
	Probable Organism

	Golden yellow colonies
	+
	-
	+
	+
	_
	-
	-
	Staphylococcus aureus

	Colourless colonies
	+
	+
	+
	-
	-
	-
	-
	Bacillus spp.

	Green colonies
	-
	+
	+
	-
	+
	-
	+
	Pseudomonas spp.

	Pink colonies
	-
	+
	+
	-
	-
	+
	-
	Escherichia coli

	Swarming colonies
	-
	+
	+
	
	-
	-
	-
	Proteus spp.



3.3 Frequency and Percentage Distribution of Bacterial Isolates from Pepper Samples
The result of frequency and percentage distribution of bacterial isolates from pepper samples were presented in table 3. The result revealed that a total of sixty (60) bacterial isolates were recovered: from both fresh pepper and spoilt pepper. From the fresh pepper samples, a total of twenty four (24) bacterial isolates were recovered: Staphylococcus aureus (6), Bacillus spp. (4) Pseudomonas spp. (5), Escherichia coli (5) and Proteus spp (4) with percentage distribution of 25.00 %, 16.67 %, 20.83 %, 20.83 % and 16.67 % respectively. On the other hand, a total of thirty six (36) bacterial isolates; Staphylococcus aureus (10), Bacillus spp. (6) Pseudomonas spp. (5), Escherichia coli (8) and Proteus spp (7) were recovered from spoilt pepper samples with percentage distribution of 27.78 %, 16.67 %, 13.89 %, 22.22 % and 19.44 % respectively.

Table 3: Frequency and Percentage Distribution of Bacterial Isolates from Pepper Samples

	Bacterial isolates
	Fresh Pepper
	Spoilt Pepper

	
	Frequency 
	Percentage Distribution (%)
	Frequency 
	Percentage Distribution (%)

	Staphylococcus aureus
	6
	25.00
	10
	27.78

	Bacillus spp.
	4
	16.67
	6
	16.67

	Pseudomonas spp.
	5
	20.83
	5
	13.89

	Escherichia coli
	5
	20.83
	8
	22.22

	Proteus spp.
	4
	16.67
	7
	19.44

	Total 
	24
	100
	36
	100



4. DISCUSSION
Pepper is a dietary staple widely consumed across Nigeria and forms an integral component of everyday meals. Given its high consumption rate, there is need to investigate bacterial isolates associated with the surface of fresh and spoilt pepper. A total of sixty (60) bacterial isolates were recovered from both fresh pepper and spoilt pepper. From the fresh pepper samples, a total of twenty four (24) bacterial isolates were recovered while from the spoilt pepper samples, a total of thirty six (36) bacterial isolates were gotten.

The percentage occurrence of bacteria isolated from the fresh pepper samples are in decreasing order of Staphylococcus aureus (25.00 %), Pseudomonas spp. (20.83 %), Escherichia coli (20.83 %), Bacillus spp. (16.67) and Proteus spp (16.67 %). The percentage occurrence of bacteria isolated from spoilt pepper samples were Staphylococcus aureus (27.78 %), Escherichia coli (22.22 %), Proteus spp (19.44 %), Bacillus spp. (16.67 %) and Pseudomonas spp. (13.89 %). This result is in contrast with the reports of Tizhe et al. (2020) who reported the presence of Clostridium and Bacillus spp. from microbial organisms associated with the post-harvest rot of bell pepper (Capsicum annuum L.) fruit In Mubi, Nigeria. 

Findings from the present study revealed a diverse spectrum of bacterial pathogens. The presence of these microorganisms is likely influenced by poor storage practices and unhygienic environmental conditions under which peppers are displayed for sale in local markets. Rod-shaped, Gram-positive bacterial species belonging to the genera Bacillus was also identified. The detection of Bacillus spp. as a spoilage organism is consistent with previous findings by Beuchat (2002), who identified it as a significant agent of deterioration in fresh produce. The likely sources of contamination can be attributed to several points along the supply chain, including cultivation, harvesting, transportation, market handling, and storage practices, as suggested by Mailafia et al. (2017). These findings highlight the need for improved post-harvest hygiene and better handling protocols to minimize microbial load and ensure food safety.

The total heterotrophic plate count for spoilt pepper ranged from 1.77 x 106 CFU/ml to 2.59 x 106 CFU/ml. This was higher than that of fresh pepper ranging from 1.07 x 106 CFU/ml to 1.36 x 106 CFU/ml. Omorodion & Alabo (2021) in their microbial assessment and proximate composition of pepper (Capsicum annum) and Tomato (Solanum lycopersicum) displayed for sales reported a similar result. Their total heterotrophic bacteria counts for spoilt pepper ranged from 1.46x106cfu/g to 2.01x106cfu/g while total heterotrophic bacteria count of fresh pepper ranged from 1.22x106cfu/g to 1.66x106cfu/g. 

Fruits and vegetables are essential components of the human diet, valued for their substantial nutritional and dietary benefits. Their significance in promoting health and well-being cannot be overstated. However, spoilage of these perishable commodities often leads to considerable economic losses and, in some cases, poses serious health hazards such as foodborne illnesses. Findings from this study indicate that a number of the microorganisms identified are known foodborne pathogens. 

5. Conclusion
Most of the bacterial pathogens isolated from the pepper fruit samples were Staphylococcus aureus, Pseudomonas spp., Escherichia coli, Bacillus spp. and Proteus spp. This high microbial load underscores the need for stringent control measures to prevent infection. Enhanced microbiological understanding and the adoption of proper hygienic practices in the handling of produce are crucial for minimizing post-harvest losses due to microbial spoilage. Therefore, it is imperative that all stakeholders—farmers, distributors, and consumers—exercise appropriate caution to prevent contamination and the consumption of compromised fruits. Such preventive actions are vital for reducing the risk of exposure to harmful microbial toxins and safeguarding public health.
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