


Integrated Microbial Characterization, Safety Evaluation, and Nutritional Profiling of Selected Nigerian Fermented Foods


Abstract
Aim: This study presents an integrated evaluation of the microbial profile, safety status, and nutritional composition of selected Nigerian fermented foods, namely yoghurt, nunu, ogiri, and ugba. 
Study design: Standard microbiological and analytical methods were employed 
Methods: Samples were analyzed to determine total viable count (TVC), total fungal count (TFC), lactic acid bacteria (LAB), microbial identity, and proximate composition. 
Results: The study showed significant variations (p < 0.05) among samples, with Ugba and Ogiri exhibiting higher microbial loads (10⁸–10⁹ cfu/ml) compared to Yoghurt and Nunu (10⁶ cfu/ml). LAB counts were highest in Ugba (1.0 × 10⁹ cfu/ml), indicating strong fermentative activity and potential probiotic functionality. Identified bacterial genera included Lactobacillus, Streptococcus, and Enterococcus, alongside opportunistic contaminants such as Enterobacter and Staphylococcus. Fungal isolates included Saccharomyces spp. in Ogiri and Aspergillus spp. in Ugba. Proximate analysis revealed that Ogiri and Ugba were rich in protein (26.34% and 19.20%, respectively) and carbohydrates, while yoghurt and Nunu had higher moisture content. 
Conclusion: The findings highlight the dual nature of traditional fermented foods as nutritionally valuable yet microbiologically complex systems. While their high LAB content supports the potential of functional foods, the presence of contaminants underscores the need for improved hygiene practices and controlled fermentation techniques to ensure safety and quality.
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Introduction
Fermented foods constitute an essential component of human diets globally and play a particularly significant role in Africa, where they contribute to food security, nutrition, and cultural heritage. These foods are produced through the metabolic activities of diverse microorganisms, including bacteria, yeasts, and molds, which transform raw substrates into products with enhanced sensory, nutritional, and functional properties (Sawant et al., 2025). In many African communities, traditional fermentation remains a low-cost and accessible method for food preservation, extending shelf life while improving the safety and bioavailability of nutrients.
The fermentation process is driven predominantly by lactic acid bacteria (LAB), alongside other microbial groups such as yeasts and filamentous fungi. These microorganisms contribute to the production of organic acids, enzymes, and bioactive compounds, including peptides, vitamins, and short-chain fatty acids, which have been associated with improved digestion, immune modulation, and gut microbiota balance (Anumudu et al., 2024; Latif et al., 2023). Consequently, fermented foods are increasingly recognized as functional foods with potential health-promoting effects. However, the microbial composition of fermented foods is complex and influenced by several factors, including raw materials, environmental conditions, and processing techniques, resulting in significant variability in quality and safety (Liu et al., 2025; Sawant et al., 2025).
In the African context, a wide variety of fermented foods, such as animal-based yogurt and nunu, or plant-based ogiri and ugba, are widely consumed and serve as important dietary staples. These foods are typically produced through spontaneous fermentation, often involving back-slopping or natural environmental inoculation. While such traditional methods preserve indigenous knowledge and microbial diversity, they also introduce variability and potential safety risks due to the presence of undesirable or pathogenic microorganisms (Yee et al., 2025; Mannaa et al., 2021). Previous studies have reported the coexistence of beneficial microorganisms such as Lactobacillus and Saccharomyces species alongside opportunistic pathogens including Staphylococcus and Salmonella, emphasizing the need for comprehensive microbial characterization of these foods Cortés-Sánchez et al., 2025).
Despite the growing interest in fermented foods as sources of probiotics and functional ingredients, there remains limited systematic data on the combined microbial profile, safety status, and nutritional composition of many locally fermented Nigerian foods. Most existing studies focus on either microbial diversity or nutritional properties in isolation, thereby limiting a holistic understanding of their overall quality and health implications. Furthermore, advances in microbial ecology have revealed that fermented foods, both plant and animal-based, constitute complex ecosystems. Which interactions among microorganisms significantly influence product characteristics, safety, and functional potential (Park et al., 2025; Sawant et al., 2025).
Given these gaps, there is a need for integrated studies that simultaneously evaluate microbial load, microbial identity, safety indicators, and nutritional composition of fermented foods. Such an approach is essential for assessing their suitability as functional foods and for identifying potential risks associated with their consumption.
Therefore, this study aims to provide an integrated microbial characterization, safety evaluation, and nutritional profiling of selected Nigerian fermented foods, including yoghurt, nunu, ogiri, and ugba. By combining microbial enumeration, biochemical identification, fungal analysis, and proximate composition assessment, this study aims to advance a more comprehensive understanding of the quality, safety, and functional potential of these widely consumed traditional foods.

Materials and Methods
Sample Collection and Handling
Four fermented food samples, yoghurt, nunu (fermented cow milk), ogiri (fermented melon seed), and ugba (fermented African oil bean seed), were used for this study. Ogiri and ugba were purchased from a local vendor at Abakpa market, Enugu State, Nigeria, while nunu was obtained from a Fulani vendor at New Artisan market. Commercial unsweetened Greek yogurt (Mich and Kay brand) was purchased from a Store in Enugu.
Solid samples (ogiri and ugba) were transported at ambient temperature and analyzed within 24 h, while liquid samples (yoghurt and nunu) were stored under refrigeration (4 °C) prior to analysis to minimize microbial changes. Sample handling procedures were carried out aseptically to prevent external contamination.

Determination of Physicochemical Properties
pH Measurement
The pH of each sample was determined using a calibrated digital pH meter following standard procedures. Approximately 100 mL (or homogenized equivalent) of each sample was placed in a sterile beaker and thoroughly mixed before measurement. The pH electrode was rinsed with distilled water between readings to avoid cross-contamination. Measurements were performed in triplicate.

Microbial Analysis
Sample Preparation and Serial Dilution
One gram of each sample was aseptically homogenized in 9 mL of sterile distilled water to obtain a 10⁻¹ dilution. Serial dilutions were prepared up to 10⁻⁵ for yoghurt and nunu, and up to 10⁻⁷ for ogiri and ugba due to their higher microbial loads, as observed in preliminary counts. Appropriate dilutions were used for microbial enumeration (Ogwaro et al., 2023). 

Enumeration of Microorganisms
Aliquots (0.1–0.5 mL) of appropriate dilutions were plated using the spread plate method on selective and differential media as follows: 
Total viable count (TVC): Nutrient Agar (NA), incubated at 35 °C for 24 h.
Lactic acid bacteria (LAB): De Man, Rogosa and Sharpe (MRS) agar, incubated at 35 °C for 48–72 h under anaerobic conditions.
Fungal count (TFC): Potato Dextrose Agar (PDA), incubated at 25 °C for 3–5 days.
Plates with 30–300 colonies were counted and expressed as colony-forming units per milliliter (cfu/mL). Counts were performed in triplicate and reported as mean ± standard deviation. Values recorded as too few to count (TFTC) or too numerous to count (TNTC) were noted accordingly.
Isolation and Purification of Bacterial Isolates
Distinct colonies were selected based on morphological differences and purified by repeated streaking on the respective media. Pure cultures were maintained on agar slants and stored at 4 °C for further analysis (Fowoyo and Baba-Ali, 2020).
Morphological Characterization
Colonial characteristics such as colour, shape, and elevation were initially observed. Gram staining was performed using standard procedures to differentiate isolates into Gram-positive and Gram-negative groups. Microscopic examination was carried out using oil immersion at ×100 magnification to determine cell morphology and arrangement (Olumuyiwa et al., 2025; Taiwo et al., 2018).
Biochemical Characterization
Bacterial isolates were further identified using standard biochemical tests:
Catalase test: Bubble formation upon addition of 3% hydrogen peroxide indicated a positive reaction
Oxidase test: Development of blue-purple colour on oxidase disc indicated positivity
Indole test: Red ring formation after addition of Kovac’s reagent indicated a positive result
Citrate utilization test: Blue coloration of citrate medium indicated a positive reaction
Coagulase test: Agglutination in plasma indicated coagulase-positive organisms
These tests were used to differentiate and identify isolates into probable genera such as Lactobacillus, Streptococcus, Enterococcus, Enterobacter, and Staphylococcus, based on established microbiological protocols (Amanullah et al., 2020; Ohaegbu et al., 2022).
Fungal Identification
Fungal isolates were identified based on macroscopic colony characteristics (colour, texture, growth pattern) and microscopic features such as spore type and hyphal structure using standard mycological techniques. Identification was based on morphological keys for genera such as Saccharomyces and Aspergillus (Olumuyiwa et al., 2025).
Proximate Analysis
Proximate composition of the samples was determined using standard methods of the Association of Official Analytical Chemists (AOAC, 2010), with slight modifications.
Moisture Content
Moisture content was determined by oven drying at 105 °C to constant weight. Results were expressed as percentage weight loss.
Ash Content
Ash content was determined by incineration of samples in a muffle furnace at 550 °C for 5 h. The residue was weighed and expressed as percentage ash.
Crude Protein
Protein content was determined using the micro-Kjeldahl method. Nitrogen content was calculated and multiplied by a conversion factor of 6.60 to obtain crude protein content.
Crude Fat
Fat content was determined using Soxhlet extraction with petroleum ether (40–60 °C) for 6 h. Extracted lipid was dried and expressed as percentage fat.
Crude Fibre
Crude fibre was determined by sequential acid and alkaline digestion, followed by incineration. The difference in weight before and after ashing was used to calculate fibre content.
Carbohydrate Content
Carbohydrate content was calculated by difference as follows


Statistical Analysis
All analyses were performed in triplicate and results expressed as mean ± standard deviation. Data were subjected to one-way analysis of variance (ANOVA), and significant differences among means were determined at p < 0.05 using Duncan’s multiple range test.

Results & Discussion
Microbial Load and Physicochemical Properties of Samples
The microbial load and physicochemical properties of the fermented food samples are presented in Table 1. The total viable count (TVC) varied significantly (p < 0.05) among the samples, with Ugba recording the highest value of (4.2 × 10⁸ cfu/ml), followed by Ogiri (3.4 × 10⁸ cfu/ml), while Yoghurt (6.1 × 10⁶ cfu/ml) and Nunu (3.5 × 10⁶ cfu/ml) had significantly lower counts.
Total lactic acid bacteria (LAB) counts also showed significant differences (p < 0.05), with Ugba exhibiting the highest LAB population (1.0 × 10⁹ cfu/ml), followed by Ogiri (3.0 × 10⁸ cfu/ml), whereas Yoghurt (6.8 × 10⁶ cfu/ml) and Nunu (4.9 × 10⁶ cfu/ml) had comparatively lower values.
Fungal counts were detectable only in Nunu (4.0 × 10⁶ cfu/ml), while Yoghurt recorded too few to count (TFTC), and both Ogiri and Ugba had fungal loads too numerous to count (TNTC).
The pH values differed significantly (p < 0.05) across the samples, with Ogiri having the highest pH (7.35), followed by Ugba (7.05), Nunu (6.00), and Yoghurt (5.65), which was the most acidic. However, no significant difference (p > 0.05) was observed in temperature, as all samples were recorded at 31.0°C.








Table 1: Microbial Load and Physicochemical Properties of Samples (Mean ± SD)
	Sample
	Dilution Factor
	TVC (cfu/ml)
	TFC (cfu/ml)
	Total LAB Count (cfu/ml)
	pH
	Temperature (°C)

	Yoghurt
	10⁵
	6.1 × 10⁶ᶜ ± 0.2 
	TFTC
	6.8 × 10⁶ᶜ ± 0.3
	5.65 ± 0.02ᶜ
	31.0 ± 0.0ᵃ

	Nunu
	10⁵
	3.5 × 10⁶ᵈ ± 0.1
	4.0 × 10⁶ᶜ ± 0.2
	4.9 × 10⁶ᵈ ± 0.2
	6.00 ± 0.03ᵇ
	31.0 ± 0.0ᵃ

	Ogiri
	10⁷
	3.4 × 10⁸ᵇ ± 0.3
	TNTC
	3.0 × 10⁸ᵇ ± 0.2
	7.35 ± 0.04ᵃ
	31.0 ± 0.0ᵃ

	Ugba
	10⁷
	4.2 × 10⁸ᵃ ± 0.4
	TNTC
	1.0 × 10⁹ᵃ ± 0.1
	7.05 ± 0.02ᵃ
	31.0 ± 0.0ᵃ


Values are mean ± SD. Different superscripts (a–d) within the same column indicate a significant difference (p < 0.05). TFTC = Too few to count; TNTC = Too numerous to count


Morphological and Biochemical Characteristics of Bacterial Isolates
The morphological and biochemical characteristics of bacterial isolates are summarized in Table 2. Gram-positive cocci arranged in clusters were identified in Yoghurt on MRS medium and were characterized as Streptococcus spp., while Gram-negative cocci arranged in chains on EMB medium were identified as Enterobacter spp.
In Nunu, Gram-positive cocci arranged in chains/clusters on MRS medium were identified as Enterococcus spp., whereas Gram-positive rods on EMB medium corresponded to Enterobacter spp.
Ogiri samples showed the presence of Gram-positive rods on MRS medium identified as Lactobacillus spp., and Gram-positive cocci on MSA medium identified as Staphylococcus spp. Similarly, Ugba samples contained Gram-positive rods identified as Lactobacillus spp. on MRS medium and Gram-positive cocci identified as Staphylococcus spp. on MSA medium.
Biochemical tests revealed variability in catalase, oxidase, citrate utilization, and coagulase reactions across isolates, supporting their differentiation and identification into lactic acid bacteria and non-lactic acid bacterial groups.

Table 2: Morphological, Biochemical Characteristics and Identification of Bacterial Isolates
	Sample
	Medium
	Gram Reaction
	Cell Shape
	Arrangement
	Catalase
	Oxidase
	Citrate
	Coagulase
	Probable Organism

	Yoghurt
	MRS
	+
	Cocci
	Clusters
	–
	–
	+
	–
	Streptococcus spp.

	Yoghurt
	EMB
	–
	Cocci
	Chains
	+
	+
	+
	+
	Enterobacter spp.

	Nunu
	MRS
	+
	Cocci
	Chain/Cluster
	+
	–
	+
	ND
	Enterococcus spp.

	Nunu
	EMB
	+
	Rods
	Chains
	+
	–
	+
	–
	Enterobacter spp.

	Ogiri
	MRS
	+
	Rods
	Chains
	–
	–
	–
	ND
	Lactobacillus spp.

	Ogiri
	MSA
	+
	Cocci
	Chains
	+
	+
	+
	–
	Staphylococcus spp.

	Ugba
	MRS
	+
	Rods
	Chains
	–
	–
	–
	ND
	Lactobacillus spp.

	Ugba
	MSA
	+
	Cocci
	Chains
	+
	+
	+
	–
	Staphylococcus spp.



Fungal Isolates
The fungal isolates identified from the samples are presented in Table 3. Ogiri samples exhibited creamy, round colonies without visible mycelia and were identified as Saccharomyces spp. In contrast, Ugba samples showed dark brown colonies with profuse growth and visible mycelia, characterized microscopically by septate conidiospores, indicative of Aspergillus spp.

Table 3: Fungal Isolates and Their Characteristics

	Sample
	Colony Characteristics
	Microscopic Features
	Probable Identity

	Ogiri
	Round, raised, creamy; no visible mycelia
	NR
	Saccharomyces spp.

	Ugba
	Dark brown, profuse growth with mycelia
	Septate conidiospores
	Aspergillus spp.



Proximate Composition of Samples
The proximate composition of the samples is shown in Table 4. Significant differences (p < 0.05) were observed across all parameters.
Moisture content was highest in Yoghurt (79.65%), followed by Nunu (69.56%), while Ogiri (8.65%) and Ugba (6.85%) had significantly lower moisture levels.
Protein content varied significantly, with Ogiri recording the highest value (26.34%), followed by Ugba (19.20%), Nunu (9.04%), and Yoghurt (3.88%). Similarly, carbohydrate content was highest in Ugba (58.08%), followed by Ogiri (48.46%), while Yoghurt (11.47%) and Nunu (10.78%) had lower values.
Fat content was highest in Ogiri (7.55%), followed by Nunu (4.78%) and Ugba (3.99%), while Yoghurt had the lowest fat content (2.91%). Fibre content was highest in Ugba (6.56%), followed by Ogiri (4.22%), Nunu (2.81%), and Yoghurt (1.13%).
Ash content also differed significantly, with Ugba having the highest value (5.32%), followed by Ogiri (4.78%), Nunu (3.03%), and Yoghurt (0.96%).

Table 4: Proximate Composition of Samples (%)
	Sample
	Ash
	Moisture
	Fat
	Fibre
	Protein
	Carbohydrate

	Yoghurt
	0.96 ± 0.01ᵈ
	79.65 ± 0.50ᵃ
	2.91 ± 0.05ᶜ
	1.13 ± 0.02ᵈ
	3.88 ± 0.04ᵈ
	11.47 ± 0.30ᶜ

	Nunu
	3.03 ± 0.02ᶜ
	69.56 ± 0.40ᵇ
	4.78 ± 0.06ᵇ
	2.81 ± 0.03ᶜ
	9.04 ± 0.05ᶜ
	10.78 ± 0.25ᶜ

	Ogiri
	4.78 ± 0.03ᵇ
	8.65 ± 0.20ᶜ
	7.55 ± 0.08ᵃ
	4.22 ± 0.05ᵇ
	26.34 ± 0.10ᵃ
	48.46 ± 0.50ᵇ

	Ugba
	5.32 ± 0.04ᵃ
	6.85 ± 0.15ᵈ
	3.99 ± 0.05ᵇ
	6.56 ± 0.06ᵃ
	19.20 ± 0.08ᵇ
	58.08 ± 0.60ᵃ


Values are mean ± SD; Different superscripts (a–d) within the same column indicate significant difference (p < 0.05).

 Discussion
The present study provides an integrated evaluation of the microbial composition, safety status, and nutritional quality of selected Nigerian fermented foods, revealing significant variations across products and highlighting both their functional potential and safety concerns.
Microbial Load and Fermentation Dynamics
The significantly higher total viable counts (10⁸ cfu/ml) observed in Ogiri and Ugba compared to Yoghurt and Nunu (10⁶ cfu/ml) indicate a more intense microbial activity in solid-state fermented foods. This is consistent with previous findings that traditional fermentation systems harbor dense and diverse microbial populations due to spontaneous fermentation processes and substrate complexity (Park et al., 2025). The elevated LAB counts, particularly in Ugba (10⁹ cfu/ml), further confirm the dominance of fermentative microbiota, which are central to biochemical transformations during fermentation.
Lactic acid bacteria are known to produce organic acids, bacteriocins, and other antimicrobial metabolites that enhance food preservation and inhibit competing microorganisms (Ibrahim et al., 2021). The high LAB populations observed in this study, therefore, suggest strong fermentative activity and potential probiotic functionality. Similarly, fermentation processes have been reported to improve food digestibility, enhance nutrient bioavailability, and generate bioactive compounds such as peptides and short-chain fatty acids (Fitsum et al., 2025).
The variation in pH values across samples further reflects differences in fermentation pathways. The lower pH observed in Yoghurt (5.65) and Nunu (6.00) is typical of lactic acid fermentation, where acid production suppresses undesirable microorganisms. In contrast, the near-neutral pH of Ogiri and Ugba suggests alkaline fermentation processes, commonly associated with protein-rich substrates and Bacillus/Lactobacillus activity. Such pH variations play a critical role in shaping microbial ecology and product safety.

Microbial Diversity and Functional Implications
The identification of beneficial genera such as Streptococcus, Enterococcus, and Lactobacillus confirms the probiotic potential of the fermented foods studied. These microorganisms are widely recognized for their ability to modulate gut microbiota, enhance immune response, and contribute to overall health (Leeuwendaal et al., 2022). In particular, Lactobacillus spp. identified in Ogiri and Ugba are well-documented for their role in acidification, pathogen inhibition, and production of bioactive metabolites.
However, the detection of Enterobacter spp. and Staphylococcus spp. raises concerns regarding microbiological safety. These organisms are commonly associated with contamination caused by poor hygiene, poor raw material quality, or inadequate processing conditions. Previous studies have reported the occurrence of such opportunistic pathogens in traditionally fermented foods, particularly under uncontrolled fermentation environments (Rossi et al., 2024). The coexistence of beneficial and potentially harmful microorganisms reflects the complex microbial ecology of spontaneous fermentation systems.
This duality highlights the need for improved process control and the possible application of defined starter cultures to enhance safety while preserving traditional characteristics. Controlled fermentation has been shown to reduce microbial variability and improve product consistency (Fitsum et al., 2025).

Fungal Diversity and Safety Considerations
The presence of Saccharomyces spp. in Ogiri aligns with its known role in fermentation, where yeasts contribute to flavor development and metabolic transformations. Yeasts are essential components of many fermented foods and are associated with desirable sensory and functional properties.
In contrast, the detection of Aspergillus spp. in Ugba is of significant concern due to its potential to produce mycotoxins. The occurrence of filamentous fungi in fermented foods has been linked to environmental contamination and poor storage conditions. While fermentation generally enhances food safety, it does not eliminate all risks, particularly when hygiene practices are inadequate (Ogwaro et al., 2023). This finding highlights the importance of proper handling, drying, and storage to minimize fungal contamination.

Nutritional Composition and Functional Value
The proximate composition results demonstrate clear nutritional distinctions between liquid and solid fermented foods. The high moisture content of Yoghurt and Nunu is indicative of lower nutrient density and shorter shelf life, while the low moisture content of Ogiri and Ugba enhances their storage stability.
The significantly higher protein content observed in Ogiri (26.34%) and Ugba (19.20%) confirms the nutritional enrichment associated with legume-based fermentation. Fermentation is known to improve protein digestibility and amino acid availability through enzymatic hydrolysis (Sawant et al., 2025). Additionally, the high carbohydrate content of Ugba (58.08%) suggests its potential as an energy-rich food source.
The increase in fibre and ash content, particularly in Ugba, reflects enhanced mineral availability and improved functional properties. Fermentation has been reported to reduce anti-nutritional factors and increase the bioavailability of micronutrients, thereby improving overall nutritional quality (Latif et al., 2024).

Implications for Food Safety and Functional Food Development
The findings of this study reinforce the dual nature of traditional fermented foods as both nutritionally beneficial and microbiologically complex systems. While the presence of LAB and other beneficial microorganisms supports their classification as functional foods, the detection of potential pathogens and spoilage organisms highlights the need for improved safety measures.
Fermented foods are generally considered safe due to the inhibitory effects of LAB; however, their safety is not guaranteed in uncontrolled environments (Anumudu et al., 2024). The adoption of standardized processing techniques, good hygiene practices, and starter culture technology is therefore essential to maximize health benefits while minimizing risks.

Conclusion
This study demonstrates that selected Nigerian fermented foods possess significant nutritional and functional value, particularly due to their high lactic acid bacteria populations and enhanced protein and carbohydrate content. Yogurt and Nunu showed lower nutritional features when compared to Ogiri and Ugba, with significant nutrient density and microbial activity, highlighting their potential as functional foods. However, the detection of opportunistic microorganisms such as Enterobacter and Staphylococcus, as well as fungal contaminants including Aspergillus spp., indicates potential safety concerns associated with traditional fermentation practices. These findings emphasize the need for improved hygienic handling, standardization of fermentation processes, and possible application of starter cultures to enhance product safety and consistency. Therefore, this study provides valuable insights into the microbial ecology, safety, and nutritional quality of locally fermented foods and supports their optimization for both public health and industrial applications.
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« Enterococcus spp.
10*

NIGERIA
NUTRITIONAL HIGHLIGHTS
(Mean %)
Parameter |Yoghurt Nunu  Ogiri  Ugba

Moisture 79.65 69.56 8.65 6.85

Protein 388 9.04 . 19.20
Carhohydrate| 11.47 1078 48.46 58.08
Fat 291 478 755 399
Ash 096 303 478 532
Fibre 422 656
Yoghurt & Nunu
are higher in
moisture
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BETTER HYGIENE,
SAFER FERMENTATION





