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BACTERIOLOGICAL QUALITY OF LOCALLY PRODUCED PENTACLETHRA MACROPHYLLA (UGBA) SOLD IN ABAKALIKI METROPOLIS, EBONYI STATE.
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ABSTRACT 
	Introduction: Pentaclethra macrophylla (ugba), a traditional fermented product from African oil bean cotyledons, is widely consumed among the Igbo and other ethnic groups in southern Nigeria. It is typically prepared through indigenous household practices and serves as an accessible source of plant protein.	Comment by Ayowole Victor Atere N1107928: The first statement is ambiguous, Pentaclethra is not a fermented product. You can include the local name and give explanation.
Aim: This study investigated the bacteriological quality of locally processed Pentaclethra macrophylla sold within Abakaliki Metropolis, Ebonyi State.
Methodology: A total of 3 samples of ready-to-eat African oil bean (Pentaclethra macrophylla) were purchased from different sellers in Presco Market, Abakiliki, Ebonyi state Nigeria. Morphological characterization of bacterial isolates were carried out using standard microbiological procedures. Total viable counts were determined with a colony counter, while antimicrobial susceptibility was assessed by the Kirby–Bauer disk diffusion method.	Comment by Ayowole Victor Atere N1107928: 
Results: The predominant isolates included Escherichia coli, Klebsiella spp., and Salmonella spp. The total bacterial count of PM 1 was too numerous to count whereas, PM2 had a bacterial count of 5.4×10-3 CFU. Susceptibility testing indicated that the isolates were sensitive to ciprofloxacin and imipenem but resistant to piperacillin/tazobactam and cefotaxime.	Comment by Ayowole Victor Atere N1107928: What is PM 1, and PM 2
Conclusion: The findings demonstrate the limited shelf stability of Pentaclethra macrophylla, largely due to uncontrolled fermentation and inadequate packaging. Improved hygiene and adherence to Good Manufacturing Practices (GMP) are recommended to minimize microbial contamination and enhance product safety.
Keywords: Pentaclethra macrophylla, Escherichia coli, Klebsiella spp., Salmonella spp




Keywords: Pentaclethra macrophylla, Escherichia coli, Klebsiella spp., Salmonella spp

1. INTRODUCTION 
A variety of plant seeds are traditionally fermented and consumed in Nigeria, notably the African oil bean, Pentaclethra macrophylla known locally in Igbo as ugba. This alkaline-fermented delicacy, produced via solid-state fermentation of boiled, shredded seeds, is prized for its protein-rich composition, affordability, and cultural significance—especially among the Igbo population. Recent studies have focused on enhancing fermentation by utilizing specific starter cultures such as Bacillus subtilis and Lactobacillus fermentum, which influence the physicochemical properties of ugba, potentially increasing its nutrient profile and shelf-life [1]
The African oil bean tree (Pentaclethra macrophylla Benth.), belonging to the family Leguminosae and subfamily Mimosoideae, is native to the rainforest regions of West and Central Africa. Its oval, flat seeds are typically black or grey and are composed of 44–47% oil, 36.2–43.89% protein, and 4–17% carbohydrates. In their raw state, the seeds are bitter and contain several anti-nutritional factors such as paucine, cyanide, oxalates, saponins, phytic acid, phytates, and tannins. Processing involves a series of steps including boiling, dehulling, shredding, further boiling, sieving, wrapping in banana or plantain leaves, and fermentation. These treatments enhance nutrient bioavailability and digestibility, while significantly reducing anti-nutritional compounds and increasing micronutrient content, particularly iron, calcium, potassium, thiamine, and riboflavin [2]. Additionally, controlled fermentation enhances microbial and nutritional quality; for instance, starter culture fermentation resulted in improved protein and ash content compared to traditional methods [1,3].
Fermentation driven by enzymes from microorganisms, induces biochemical transformations in food substrates, thereby improving texture, flavor, aroma, and nutritional quality. In legumes such as Pentaclethra macrophylla, fermentation eliminates undesirable beany flavors, enhances digestibility, improves food safety by reducing toxins and anti-nutritional factors, and decreases cooking time [4]. For African oil bean seeds, fermentation softens the cotyledons, reduces astringency, improves palatability, and develops a meaty flavor [5]. Fermentation significantly impacts amino acid composition. In one recent study, total amino acids increased from around 82.7 g/100 g protein in raw seeds to approximately 109.2 g/100 g protein after 120 hours (5 days) of fermentation—a 32% rise, including enhanced essential amino acids such as isoleucine and leucine [6].
Traditionally, the fermentation of African oil bean seeds is a natural, uncontrolled process involving complex microbiological and biochemical changes that vary according to the raw material, processing techniques, and the producer [7]. Although the product remains an affordable source of protein, it is often produced on a small-scale household basis, resulting in non-uniform quality. Studies have also revealed high microbial loads during traditional processing, reflecting poor sanitary conditions and suggesting that fermented ugba may serve as a vehicle for foodborne pathogens linked to gastroenteritis and other health issues [8,9]. Microbial investigations have revealed the complex flora involved in ugba fermentation. A 2021 study monitoring fermentation over 96 hours identified key microbial players including Bacillus spp., lactic acid bacteria, Staphylococcus, Escherichia coli, Pseudomonas, fungi, and yeasts, with Bacillus being especially predominant in ugba compared to other fermented foods [10]. Further concerns arise from a 2023 assessment of ugba sold in Owerri, which revealed high levels of bacterial and fungal contamination—indicative of poor sanitation and potential health hazards [11].
Finally, advanced microbial profiling using 16S rRNA phylogenetic analysis (2025) uncovered the presence of potentially pathogenic bacteria such as Klebsiella pneumoniae, Proteus mirabilis, and Enterococcus faecalis—underscoring the need for improved hygiene and controlled fermentation practices.
	
2. material and methods 

2.1      Materials

2.1.1 Media
The following media were used: Nutrient agar, Salmonella-shigella agar, Eosine Methylene Blue (EMB) agar, Nutrient broth, Mannitol salt agar and Mueller-Hinton agar. All media were prepared following manufacturer’s instructions.

2.1.2 Food Sample
The food sample used was Pentaclethra macrophylla (ugba).	Comment by Ayowole Victor Atere N1107928: The food sample used was ‘Ugba’ a fermented product of Pentaclethra macrophylla .


2.1.3 Antibiotics 
The following antibiotics were used; piperacillin/tazobactam (TZP-110 µg), cefotaxime (CTX-30 µg), ciprofloxacin (CIP-5 µg), polymyxin B (PB-300 µg), imipenem (IMI-10 µg).

2.2    Methods

2.2.1 Study Area
The study was conducted at Presco Market, located in Abakaliki, the capital city of Ebonyi State in southeastern Nigeria. Abakaliki lies approximately 64 kilometers (40 miles) southeast of Enugu, between latitude 6.32818°N and longitude 8.07831°E. The region experiences an average temperature range of 25°C to 30°C, a climatic condition that provides a favorable environment for the research.

2.2.2 Collection of Pentaclethra macrophylla samples
A total of 3 samples of ready-to-eat African oil bean (Pentaclethra macrophylla) were purchased from different sellers in Presco Market, Abakiliki, Ebonyi state Nigeria. The samples were collected in clean polythene bag and transported immediately to the Microbiology Laboratory of Alex Ekwueme-Federal UniversityNdufu Alike Ikwo (AE-FUNAI) for analysis.

2.2.3 Media Preparation
The following culture media were used. They include: Nutrient agar, Nutrient broth, Eosin Methylene Blue Agar, Mannitol agar, Salmonella-Shigella agar and Muller-Hinton Agar. All culture media used were prepared following manufacturer instructions.


2.2.4 Preparation of African Oil Bean Seed Pentaclethra macrophylla (ugba)
Samples of Pentaclethra macrophylla were aseptically collected from locally processed oil bean purchased from market women from presco market. One gram of the sample was homogenized in 9 ml of sterile distilled water contained in a test tube to obtain a stock solution. From this preparation, tenfold serial dilutions (10⁻¹ to 10⁻⁵) were performed by aseptically transferring 1 ml of the preceding dilution into 9 ml of sterile diluent using a sterile syringe, with thorough mixing at each step to ensure uniformity.

2.4.2 Isolation of Pure Culture
From the prepared serial dilutions, 0.1 ml of each dilution was aseptically transferred into sterile Petri dishes. The samples were pour-plated with appropriately sterilized molten culture media and allowed to solidify. The inoculated plates were then incubated at 37 °C for 24 hours to allow for microbial growth. 

2.4.3 Total Bacteria Count
For total bacterial enumeration (cfu/ml), 0.1 ml of the 10⁻³ dilution of each sample was aseptically pour-plated onto 20 ml of molten nutrient agar in sterile Petri dishes. The plates were appropriately labeled, inverted, and incubated at 37 °C for 24 hours. After incubation, the colonies were counted with the aid of a colony counter and the total population was expressed as colony forming unit per gram (cfu/g).

2.4.5 Characterization of Isolates
Identification and characterization of isolates were carried out using standard microbiological method. The colonial morphology of the bacterial isolates were carefully observed following growth on the different media. The shape and arrangement of the cells were observed using Gram staining techniques. Other biochemical tests were further used to characterize the isolates which includes; Catalase, Oxidase, Indole and Methyl-red tests.

2.4.6 Antibiotic Susceptibility Testing
The antibacterial susceptibility of the bacterial isolates was determined using the Kirby–Bauer disc diffusion method. Test inocula were prepared by transferring the bacterial isolates into sterile nutrient broth and incubating at 37 °C for 24 hours. The turbidity of the cultures was then adjusted to match the 0.5 McFarland standard for uniformity. Using sterile cotton swabs, excess inoculum was removed by pressing against the wall of the test tube, after which the swabs were aseptically streaked across the entire surface of sterile Mueller–Hinton agar plates. The procedure was repeated twice with continuous rotation to ensure even distribution of the inoculum. The inoculated plates were left to stand for approximately 15 minutes to allow absorption of surface moisture before antibiotic discs were applied.

The antibiotic discs were carefully placed on the agar surface using sterile forceps, ensuring proper contact and maintaining a minimum distance of 15 mm between discs. The plates were allowed to equilibrate at room temperature for 15 minutes before incubation at 37 °C for 24 hours. Following incubation, the plates were examined for zones of inhibition surrounding the antibiotic discs. The diameters of the inhibition zones were measured using a meter rule, and the results were interpreted as either “sensitive” or “resistant” based on the standard guidelines for antibiotic susceptibility testing.


3. results 

3.1 Morphology and Biochemical Test Characterization of the Isolates.
Table 1 showed the morphology and biochemical characterization of the various isolates from the locally produced Pentaclethra macrophylla samples. The result indicated the presence of diverse species of bacteria including Salmonella species, Klebsiella species and Escherichia coli.

Table 1: Morphology and Biochemical Test Characterization of the Isolates.

	
	Microorganisms identified in Pentaclethra macrophylla (ugba) samples


	
	Salmonella spp      
	Klebsiella spp        
	E. coli

	Morphology
	Short rods
	Short rods
	Short rods

	Gram reaction
	-
	-
	-

	Catalase
	-
	+
	+

	Oxidase 
	-
	-
	-

	Indole
	-
	-
	+

	Methyl red
	-
	+
	+

	Colonial features
	Colourless colonies with black centers
	Slightly pink , mucoid colonies
	Small pink colonies



Keys; + = positive, - = negative

3.2 Total bacteria count (CFU/ml) in Pentaclethra macrophylla samples
Table 2 showed the total bacteria count of locally produced Pentaclethra macrophylla samples on nutrient agar. From the results, the total bacterial count among the samples analyzed on PM 1 was too numerous to count whereas PM 2 had a total bacterial count of 54 ×103 cfu/ml.

Table 2:  Total bacteria count (CFU/ml) in Pentaclethra macrophylla samples

	Food Samples	 
	Number of colonies    
	Dilution
	Bacterial Counts 
	Isolated Bacteria

	PM  1
	TNTC
	103
	TNTC
	Salmonella, Klebsiella species	Comment by Ayowole Victor Atere N1107928: Are there no other bacteria present?

	PM 2
	54
	103
	54 X 103
	Escherichia coli


Keys: TNTC - Too numerous to count, PM - Pentaclethra macrophylla



3.3   Results from Antibiotic Susceptibility Testing on E.coli and Klebsiella specie isolated from Pentaclethra macrophylla 1 and Pentaclethra macrophylla 2.
Results from table 3 and table 4 revealed that the convectional antibiotics Tazobactam/Piperacillin, Polymyxin, Ciprofloxacin, Imipenem, Cefotaxime were evaluated against the isolated microorganisms (Salmonella spp., Klebsiella spp. and E. coli) to determine their antibacterial susceptibility. The findings showed that both Salmonella spp. and Klebsiella spp. were resistant to Tazobactam/Piperacillin and Cefotaxime but susceptible to Ciprofloxacin and imipenem. Moderate levels of susceptibility was observed for polymyxin B in Klebsiella spp. Also, from table 4, the E. coli isolated were resistant to Tazobactam/Piperacillin and Cefotaxime but susceptible to Ciprofloxacin and imipenem.




Table 3: Results from Antibiotic Susceptibility testing of Salmonella and Klebsiella species from Pentaclethra macrophylla 1.

	
	Inhibition Zone Diameter (mm)

	Isolates 

	TZP (110 µg)
	PB (300 µg) 
	CIP (5 µg) 
	CTX (30 µg)    
	IMI (10 µg)

	Salmonella spp.

	-
	-
	28
	-
	18

	Klebsiella spp.
	-
	16
	27
	-
	29


 Keys: TZP - Tazobactam/Piperacillin, PB - Polymyxin, CIP - Ciprofloxacin, IMI - Imipenem, CTX – Cefotaxime, “-” – No inhibition



Table 4: Results from Antibiotic Susceptibility Testing on E.coli isolated from Pentaclethra macrophylla   2 

	
	Inhibition Zone Diameter (mm)

	Isolates 

	TZP (110 µg)
	PB (300 µg) 
	CIP (5 µg) 
	CTX (30 µg)    
	IMI (10 µg)

	Escherichia coli 
	-
	16
	30
	-
	28


Keys: TZP - Tazobactam/Piperacillin, PB - Polymyxin, CIP - Ciprofloxacin, IMI - Imipenem, CTX – Cefotaxime, “-” – No inhibition
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 Figure 1: Agar plate showing the different inhibition zone diameter of the tested antibiotics on Salmonella species isolated from Pentaclethra macrophylla 1.
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Figure 2: Agar plate showing the different inhibition zone diameter of the tested antibiotics on Klebsiella species isolated from Pentaclethra macrophylla 1.
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Figure 3: Agar plate showing the different inhibition zone diameter of the tested antibiotics on Escherichia coli isolated from Pentaclethra macrophylla 2 sample.

4. DISCUSSION
The microbiological quality of Pentaclethra macrophylla (African oil bean) sold for public consumption within the Abakaliki metropolis was examined. A total of three samples were collected from three different vendors. At Presco Market, one of the samples (Pentaclethra macrophylla 1) showed a 100% occurrence of Salmonella spp. and Klebsiella spp., whereas another sample (Pentaclethra macrophylla 2) demonstrated the presence of Escherichia coli. The detection of diverse bacterial populations was considered indicative of poor hygienic practices during production and handling. Furthermore, the presence of enteric bacteria such as E. coli, Klebsiella, and Salmonella spp. suggests possible contamination from fecal sources. Since many of the isolated organisms are well-documented causative agents of foodborne illnesses, their presence represents a significant potential health risk to consumers. The bacterial species identified from the locally processed African oil bean seeds were comparable to those reported in previous studies [12]. Similar investigations on the safety of traditionally fermented Nigerian foods have indicated the presence of pathogenic microorganisms of public health importance, including Staphylococcus aureus, Klebsiella spp., Escherichia coli, Bacillus subtilis, Salmonella spp., and Enterococcus faecalis. These findings emphasize the necessity for stringent food safety measures, particularly through the application of reliable pathogen detection and monitoring techniques, to assess and minimize risks associated with the consumption of such foods.

The total viable count of bacteria in the Pentaclethra macrophylla samples was at the range of 5.4×103 cfu/g. The result showed that Pentaclethra macrophylla 1 from a seperate vendor was identified as too numerous to Count (TNTC) which has the highest microbial load while Pentaclethra macrophylla 2 from another vendor has the lowest microbial load. The presence of some food pathogens have been reported in locally produced african oil bean seed and it has included Escherichia coli and species of Staphylococcus, Klebsiella and Proteus [8,13,14,15]. Food pathogens such as Clostridum perfringens, Clostridium botulinum, Shigella specie and Vibrio specie were not isolated in this study. This concurs with previous studies by [16,17]. However, three genera of bacteria like Escherichia coli, Salmonella species and Klebsiella species were isolated. These are bacteria capable of causing food-borne infections. This is risky, since no heating process is involved in the preparation of African salad from processed Pentaclethra macrophylla, thus, ruling out the possible eliminating of these bacteria during preparation. Nevertheless, its processing from oil bean seeds and/or its addition as condiment to soup involves heating, which could eliminate these pathogens.

Microbial load of food is affected by many factors such as method of production, level of sanitation of producers and their environment, handling by both primary and secondary sellers, etc. Severally the Pentaclethra macrophylla samples from the second vendor (Pentaclethra macrophylla 2) at Presco market had lower microbial load than those from another vended market (Pentaclethra macrophylla 1) at Presco junction. This was attributed to the fact that the Pentaclethra macrophylla 2 seller at Presco market was mainly a primary seller whereas the other first vendor in the other market is either a secondary or tertiary sellers involved in the case  whereby the Pentaclethra macrophylla  must have been opened severally during repackaging thus making  room for microbial invasion by chance inoculation.

During antibiotic susceptibility test, it was observed that imipenem and ciprofloxacin were the most effective antibiotics against the isolates (Salmonella spp, Escherichia coli and Klebsiella spp) that were examined. However, the isolates demonstrated a significant level of resistance to the antibiotics, Tazobactam/Piperacillin and Cefotaxime antibiotics.	

4. Conclusion

The bacterial isolates identified included Salmonella spp., Klebsiella spp., and Escherichia coli, suggesting that the consumption of Pentaclethra macrophylla prepared or sold under unhygienic conditions may pose significant risks of food poisoning and gastroenteritis. The proliferation and persistence of these organisms in Pentaclethra macrophylla highlight a major public health concern. To enhance the microbiological quality and extend the shelf life of this fermented product, adherence to proper hygienic practices, the use of sterile water, and maintenance of a clean processing environment are strongly recommended (Eze et al., 2014). Conversely, when processed and marketed under hygienic conditions, Pentaclethra macrophylla remains a safe and nutritionally valuable food source, being notably rich in protein.
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