MICROBIAL AND PROXIMATE COMPOSITION OF BRANDED AND UNBRANDED READY-TO-EAT CEREALS SOLD IN PORT HARCOURT, NIGERIA

ABSTRACT

Background: Ready-to-eat cereals (RTECs) have become increasingly popular in Nigeria due to their convenience, affordability, nutritional value, and suitability for modern lifestyles. However, the growing consumption of unbranded cereals sold in informal markets has raised concerns regarding their nutritional quality, microbial safety, and compliance with established food standards.
AIM: This study assessed the microbial quality and proximate composition of unbranded ready-to-eat cereals (RTECs) and compared them with branded counterparts and established regulatory standards. 
Study design: Eighteen unbranded samples comprising oats, cornflakes, and Golden Morn were collected from six different locations, alongside branded controls
Place and Duration of Study: The samples were obtained from Mile 1 Market, Port Harcourt, and the study conducted at the Department of Food Science and Technology, Rivers State University, Rivers State, Nigeria.
Methodology: Proximate composition (moisture, protein, fat, ash, fibre, and carbohydrate) was determined using standard AOAC methods, while microbial analysis included total viable count, coliforms, Escherichia coli, Salmonella spp., Staphylococcus aureus, yeasts, and moulds using standard microbiological techniques.
Results: Results showed that all samples had moisture contents within permissible limits, suggesting good shelf stability. Unbranded cereals exhibited significant variability in nutrient composition, with some samples showing elevated protein, fibre, fat, and ash contents compared to branded products. Carbohydrate content remained the dominant component across all samples, contributing to energy values largely within recommended standards, although a few samples fell below minimum energy requirements.
Microbiological analysis revealed high levels of contamination in unbranded cereals, with total bacterial, yeast, mould, coliform, and Staphylococcus aureus counts exceeding Codex Alimentarius and Standards Organisation of Nigeria (SON) limits in several samples. The presence of Salmonella spp. in some unbranded products further indicates serious public health risks. In contrast, branded cereals showed minimal or no detectable microbial contamination.
Conclusion: The study concludes that while unbranded RTECs may provide adequate nutritional value, their microbial safety is compromised due to poor handling, packaging, and storage conditions. Improved hygiene practices, regulatory enforcement, and consumer awareness are recommended to mitigate associated health risks.
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INTRODUCTION
Ready-to-eat cereals (RTECs) are grain-based food products that require little or no further preparation before consumption, typically requiring only the addition of milk, water, or yoghurt. They are commonly produced from cereals such as corn (Zea mays), wheat (Triticum aestivum), and oats (Avena sativa) and are valued for their convenience, shelf stability, palatability, and nutritional contribution (Derbyshire and Ruxton, 2025). Cereals and their products fall within the top three most consumed food groups in Nigeria, 2019. (Food and Agriculture Organization (FAO), 2026). The consumption of RTECs has increased steadily in both urban and rural households, widely consumed as breakfast foods and snacks, particularly among children, adolescents, and young adults driven by busy lifestyles, changing dietary habits, and their perceived nutritional benefits (Emelike et al., 2020; Iorkpiligh et al., 2026; Zhu et al., 2023). Globally, RTECs contribute a substantial proportion of daily energy intake and have remained an important component of human diets for centuries.
Common RTECs consumed in Nigeria include oats, cornflakes, and instant cereal porridges such as Golden Morn. Their production involves processing techniques which enhances their nutritional profile, improve digestibility, enhance nutrient bioavailability, increase palatability, and extend shelf life while reducing antinutritional factors such as phytic acid, tannins, and enzyme inhibitors (Onireti & Ikujenlola, 2020; Moraga Franco et al., 2025). 
Oats (Avena sativa), which are processed into rolled or instant forms, are rich in dietary fibre—particularly beta-glucans—and have been associated with improved glycaemic control, reduced serum cholesterol levels, and enhanced gut health. Golden Morn is a fortified instant cereal made primarily from maize (Zea mays) and soybean (Glycine max), designed for rapid preparation and valued for its affordability, high energy content, and suitability for children. Cornflakes, produced through the cooking, rolling, and toasting of maize, are among the most widely consumed RTECs in Nigeria and are available in both branded and unbranded forms, with wide variations in quality, texture, and packaging (Onireti & Ikujenlola, 2020).
Unbranded RTECs are typically produced by informal or unregistered manufacturers and are sold without standardized packaging, nutritional labelling, or quality certification. In Port Harcourt, Rivers State, Mile 1 Market serves as a major hub for the sale of these products, which are often displayed in open containers or loosely packaged in transparent polythene or jute bags. Although such cereals are affordable and readily accessible, their production, handling, and storage conditions raise serious food safety concerns. Poor hygiene practices, unregulated processing methods, and inadequate storage increase the risk of contamination with pathogenic microorganisms such as Escherichia coli, Salmonella spp., and spoilage fungi including Aspergillus spp., some of which are capable of producing harmful mycotoxins such as aflatoxins. Consumption of contaminated cereals may result in foodborne illnesses, gastrointestinal disturbances, liver damage, or long-term carcinogenic effects (Kumar et al., 2022).
The widespread consumption of unbranded RTECs in Nigeria therefore presents a significant public health concern. While these products are increasingly patronized because of their affordability and accessibility, their microbial safety and nutritional adequacy remain largely uncertain. The absence of good manufacturing practices and effective quality control measures further exacerbates the risk of contamination and foodborne disease outbreaks. This challenge is particularly pronounced in low- and middle-income countries, where informal markets serve as major food distribution channels and regulatory oversight is often limited. Despite the growing reliance on unbranded RTECs in Nigeria, there is limited documented information on their microbial quality and proximate composition, especially those sold in informal markets. Generating reliable data on these parameters is essential for protecting consumer health, guiding regulatory enforcement by agencies such as the National Agency for Food and Drug Administration and Control (NAFDAC), improving consumer awareness, and strengthening food safety policies. 
Against this background, the present study involved the collection of cereal samples from multiple retail outlets, assessed the microbial load and proximate composition of unbranded ready-to-eat cereals—specifically oats, cornflakes, and Golden Morn—sold in Mile 1 Market, Port Harcourt, Rivers State, Nigeria. Data generated was compared with those of branded (control) products as well as relevant national and international food safety and nutritional standards.
MATERIALS AND METHOD
Collection of Samples
Eighteen samples of unbranded ready-to-eat cereals (6 samples each of Golden Morn, cornflakes, and oats) were purchased from six different locations in Mile 1 market, Port Harcourt and coded as seen in Table 1. Branded samples of Golden Morn, cornflakes, and oats served as control. Each sample weighed 100 g and were stored in Low density polyethylene pouches (LDPE) and transported to the Department of Food Science and Technology Laboratory, Rivers State University, Port Harcourt, within 1 h of collection. Storage was maintained at ambient temperature until analysis, which commenced within 24 h.
Chemicals and Reagents
The chemicals and reagents used was of analytical grade and were obtained from the Department of Food Science and Technology Laboratory, Rivers State University, Port Harcourt.
Table 1: Sampling Distribution and codes for collected ready-to-eat cereals
	Golden Morn
	Cornflakes
	Oats
	Sample sizes (g)

	CG
	CC
	CO
	100

	L1G
	L1C
	L1O
	100

	L2G
	L2C
	L2O
	100

	L3G
	L3C
	L3O
	100

	L4G
	L4C
	L4O
	100

	L5G
	L5C
	L5O
	100

	L6G
	L6C
	L6O
	100


Keys:
G=Golden Morn			C=Cornflakes				O=Oats
CG=Control Golden Morn		CC=Control Cornflakes		CO=Control Oats
L1=Location 1				L2=Location 2 			L3=Location 3	
L4=Location 4				L5=Location 5				L6=Location 6
Determination of Proximate Composition and Energy Value of the Ready-to-Eat Cereals
The moisture (gravimetry) (AOAC 925.10), ash (muffle furnace incineration) (AOAC 923.03), crude protein (micro Kjedahl, N × 6.25) (AOAC 991.20), crude fibre (gravimetry) (AOAC 978.10), and crude fat (soxhlet extraction) (AOAC 948.15), contents of the samples were determined using AOAC (2023) methods. Carbohydrate content was determined by difference (i.e 100–%crude fat–%crude protein–%crude fibre–%moisture–%ash).
The energy value of the samples was determined using the Atwater conversion factor, as described by Obinna-Echem et al. (2024). The calculation was based on the contributions of macronutrients (fat, protein, and carbohydrates) using equation 1 below: 
Energy (Kcal per 100g) = (9 × %Fat + 4 × %Protein + 4 × %Carbohydrate) ------ Eq. 1
Microbiological Analysis of the Ready-to- Eat Cereals
The method described by Chumchalová and Kubal (2020), with modifications, was used for the determination of total viable bacterial count, total coliform count, Escherichia coli detection, total mould count, total yeast count, Salmonella count, and Staphylococcus aureus count. The samples were prepared by aseptically crushing and mixing in sterile peptone water. Subsamples were serially diluted in ten-fold steps, and 0.1 mL aliquots were spread-plated on Nutrient Agar (NA): for enumeration of total viable bacteria, incubated at 37°C for 24–48 h; MacConkey Agar (MCA): for total coliform count, incubated at 37°C for 24–48 h; Eosin Methylene Blue Agar (EMBA): for Escherichia coli detection, incubated at 44.5°C for 24 h; Potato Dextrose Agar (PDA): for total mould and yeast counts, incubated at 28 ± 2°C for 3–5 days; Xylose Lysine Deoxycholate Agar (XLD): for detection of Salmonella spp., incubated at 37 °C for 24–48 h; Mannitol Salt Agar (MSA): for enumeration of Staphylococcus aureus, incubated at 37 °C for 24–48 h. For the determination of total faecal coliform count, the most probable number (MPN) technique was employed, using test tubes containing 10 mL, 1 mL, and 0.1 mL aliquots in double or single-strength media as appropriate. Positive presumptive tubes were confirmed using brilliant green bile broth for coliforms and EC broth for faecal coliforms. All microbial counts were expressed as colony-forming units per gram (CFU/g) of sample. Each count was done in duplicate using a Stuart Scientific colony counter.
Statistical Analysis
All the analysis was carried out in duplicates. Data obtained was subjected to Analysis of Variance (ANOVA). Difference between means was evaluated using Tukey’s multiple comparison test with 95% confidence level. The statistical package SPSS software version 26 was used.
RESULTS AND DISCUSSION
Comparative Analysis of Proximate Composition (%) and Energy value (kcal/100 g) of Ready-To-Eat Cereals (RTECs) sold in Mile 1 Market, Port Harcourt.
The proximate composition and energy values (Table 2) of branded and unbranded ready-to-eat cereals (Golden Morn, Cornflakes, and Oats) sold in Mile 1 Market, Port Harcourt were compared with Codex Alimentarius and Standards Organisation of Nigeria (SON) standards.
Proximate composition and Energy value of Golden Morn
Moisture content ranged from 1.75–4.45%, with all samples falling below Codex (≤14%) and SON (≤12%) limits, indicating good shelf stability. Unbranded samples had slightly higher moisture than the branded control. This aligns with the findings of Saidu et al. (2021), who reported moisture levels ranging from 6.0 ± 0.05% in maize to 10.0 ± 0.16% in sorghum, and concluded that lower moisture content improves storage quality. Similarly, Usman (2023) observed moisture levels of 5.1 ± 0.11% to 9.7 ± 0.00% in selected cereal grains, consistent with the values obtained in this study.
Protein content varied significantly (12.25–26.04%), with Sample L1G showing exceptionally high protein levels, possibly due to fortification. This surpasses values reported by Okonkwo and Agharandu (2017), who observed protein contents ranging from 10.79% to 15.75% in maize varieties cultivated in Nigeria. All samples met the Codex minimum (≥8%) for protein content in cereal-based products (Codex Alimentarius, 2006). Additionally, Sample L1G and L3G (15.32%) were above the SON limit of 6-14% (Standards Organisation of Nigeria, 2010).
Fat content (2.0–4.9%) remained within recommended limits, although unbranded samples recorded higher values than the control. These values align with findings by Zhao and Li (2025), who reported fat contents ranging from 1.8% to 5.4% in newly launched commercial breakfast cereals. Higher fat content may enhance palatability but susceptible to lipid oxidation during storage. Ash content in some unbranded samples exceeded standard limits, suggesting possible mineral fortification or contamination. Similar ranges (2.1–5.8%) were reported by Akinjayeju et al. (2019) in soya-fortified cereal blends.
Fibre content was particularly high in some unbranded samples (11.20–11.90%), exceeding recommended values. Elevated fibre improves gut health but may compromise sensory quality. Comparable ranges (2.2–5.0%) were reported by Saidu et al. (2021) in cereal grains commonly consumed in Nigeria, though the unbranded samples here exceeded typical literature values. Results reveal that the carbohydrate content (by difference) of Samples generally complied with standards except for L1G, which had lower carbohydrate due to its high protein content, thereby indicating that the sample may be formulated for protein intake improvement. 
Energy values ranged from 330.90–368.90 kcal/100 g, with some high-fibre samples falling below recommended standards. Similar ranges (371.49–394.53 kcal/100 g) were reported by Ijarotimi (2022) in maize–groundnut composite cereals.
Proximate composition and Energy value of Cornflakes
Moisture content ranged from 4.25–6.48%, remaining within acceptable standards. These values are slightly higher than those of Golden Morn and this may be due to its smaller par particle size and exposed surface area to enable better drying. Saidu et al. (2021) reported moisture contents of 3.2–5.9% in packaged Cornflakes brands in Nigeria, while Zhao et al. (2025) documented 4–7% in flaked cereals, corroborating the present findings.
Protein values ranged from 5.25–10.50%, with some unbranded samples failing to meet Codex requirements, suggesting inadequate fortification processing or low protein content of the raw material. These values are lower than those of Golden Morn, highlighting the maize-based formulation of Cornflakes. Okonkwo and Agharandu (2017) reported 6.8–11.5% protein in maize-based cereals.
Fat content (1.00–8.10%) and ash content (2.18–3.68%) were generally within standard limits, although a few samples slightly exceeded recommended ash values. Ijarotimi (2022) reported fat contents of 3.86% in commercial Cornflakes, overlapping with this study, though some unbranded samples exceeded this range. Elevated ash may reflect fortification or mineral-rich additives. Akinjayeju et al. (2019) reported 2.0–3.9% ash in fortified Cornflakes, aligning with these findings. Fibre content ranged from 1.90–7.40%, with some unbranded samples exceeding recommended limits. Mogarkar & Morable (2018) reported 9% fibre in puffed cereal bar, supporting these values.
Carbohydrate content (70.84–78.35%) complied with both Codex and SON standards. These results are consistent with Saidu et al. (2021), who reported 71–80% carbohydrate in Nigerian Cornflakes brands, affirming their energy density. Energy values ranged from 344.30–385.80 kcal/100 g, with most samples meeting recommended standards. These values are comparable to those reported by Ijarotimi (2022), who found 371.49–394.53 kcal/100 g in maize-based cereals.
Proximate composition and Energy value of Oats
Oat samples recorded higher moisture contents (6.50–9.98%) than Golden Morn and Cornflakes due to the hygroscopic nature of oats, although all values remained within acceptable limits. The relatively higher values may predispose the products to reduced shelf stability if storage is inadequate. Zhao and Li (2025) reported 6–10% moisture in commercial oat products, aligning closely with the present findings. Crude protein ranged from 10.50–13.38%, with Sample L5O highest. These values were generally higher than those of Cornflakes but similar to Golden Morn. All samples met the Codex minimum of 8% and the SON standard of 6-14% (Standards Organisation of Nigeria, 2010). 
Fat content ranged from 2.40–10.40%, reflecting the naturally higher lipid content of oats. High fat content enhances energy density but increases susceptibility to rancidity, necessitating antioxidant measures during storage. Most ash values complied with standards except one slightly elevated sample (L3O). These findings are in line with Akinjayeju et al. (2019), who reported 1.2–3.8% ash in oat-based formulations It was also observed that ash content of oats was generally lower than Golden morn and cornflakes samples. The mineral contribution highlights oats’ role in providing micronutrients.
Fibre content was notably high (5.00–14.18%), reflecting the high β-glucan content of oats, which is beneficial for lowering cholesterol and promoting gut health. Carbohydrate values ranged from 55.00–66.99%, with a few samples falling slightly below standards and those of Cornflakes (70.84–78.35%) and Golden Morn (54.12–75.48%) due to higher protein and fat fractions. Energy values ranged from 335.80–388.20 kcal/100 g, with Sample L4O highest. All but Sample L1O met the Codex minimum of 350 kcal/100 g and SON standard of 350-400kcal/100 g (Standards Organisation of Nigeria, 2010).
Overall, oats showed superior nutritional quality due to their higher protein and fibre contents, while branded cereals generally exhibited more consistent nutrient composition than unbranded products.
Comparative Assessment of the Microbiological quality (CFU/g) of ready-to-eat cereals sold in Mile 1 Market, Port Harcourt.
The microbial quality of branded and unbranded RTEC (Golden Morn, Cornflakes, Oats) samples sold in Mile 1 Market, Port Harcourt, Rivers State, Nigeria as well as the microbiological standards according to Codex Alimentarius Commission (CAC) and Standards Organization of Nigerian (SON) is presented in Table 3.
Microbiological quality of Golden Morn
Total bacterial counts ranged from 3.50×10⁵ to 8.70×10⁶ CFU/g, exceeding Codex and SON limits in most unbranded samples. Yeast and mould counts were also high in some samples, indicating poor storage and moisture control. Faecal coliforms, Staphylococcus aureus, and Salmonella were detected in several unbranded samples, suggesting contamination from poor hygiene, handling, and storage practices. Some branded samples showed no detectable microbial growth. Staphylococcus counts were too numerous to count (TNTC) in Sample L2G
These results reveal microbial proliferation in unbranded samples due to poor handling and inadequate packaging. However, Olaniran et al. (2020) documented lower TBC values of 1.2×105 to 2.8×106 CFU/g in commercial corn-based cereals, suggesting that the highest values in this study exceed typical commercial standards.
Bello and Udo (2024) reported yeast levels of 1.0×104 to 9.0×104 CFU/g, for cereal flours, indicating that the unbranded samples in this study show more severe fungal contamination than typically observed. Mould growth is a serious concern due to the risk of mycotoxin production. 







Table 2: Proximate composition (%) and Energy value (kcal/100 g) of RTECs sold in Mile 1 Market, Port Harcourt
	Sample
	Moisture (%)
	Crude Protein (%)
	Crude Fat (%)
	Ash (%)
	Crude Fibre (%)
	Carbohydrate (%)
	Energy (kcal/100 g)

	CG
	1.75d±0.35
	12.25e±0.00
	2.00c±0.00
	2.63d±0.18
	5.90d±0.42
	75.48a±0.11
	368.90a±0.42

	L1G
	4.28a±0.04
	26.04a±0.30
	3.50b±0.42
	4.88b±0.18
	7.20c±0.00
	54.12e±0.52
	352.10bc±2.70

	L2G
	4.45a±0.07
	14.42c±0.03
	4.90a±0.14
	4.38bc±0.18
	8.10b±0.00
	63.76d±0.06
	356.80b±1.13

	L3G
	2.98bc±0.04
	15.32b±0.00
	2.90bc±0.14
	3.88c±0.18
	4.80e±0.28
	70.13b±0.57
	367.90a±0.99

	L4G
	2.75c±0.00
	13.13d±0.00
	2.80bc±0.57
	6.13a±0.18
	11.90a±0.14
	63.30d±0.60
	330.90f±2.69

	L5G
	3.53b±0.04
	11.38f±0.00
	3.90ab±0.14
	2.75d±0.35
	11.20a±0.28
	67.25c±0.18
	349.60cd±0.57

	L6G
	2.98bc±0.04
	10.50g±0.00
	3.40b±0.00
	3.88c±0.18
	11.60a±0.00
	67.65c±0.14
	343.20e±0.57

	CC
	5.50bc±0.35
	10.50a±0.00
	1.00e±0.00
	2.75ab±0.35
	1.90a±0.14
	78.35a±0.85
	364.40b±3.39

	L1C
	5.05c±0.07
	8.75d±0.00
	3.70c±0.14
	2.18b±0.25
	5.00b±0.00
	75.33b±0.18
	369.60b±1.98

	L2C
	4.98c±0.04
	10.06b±0.00
	6.30b±0.42
	2.43b±0.04
	5.00b±0.00
	71.24c±0.35
	381.90a±2.40

	L3C
	6.48a±0.04
	9.61c±0.01
	2.50d±0.42
	3.68a±0.39
	6.90a±0.14
	70.84c±0.16
	344.30c±3.25

	L4C
	6.03ab±0.04
	6.56e±0.00
	8.10a±0.14
	3.55a±0.42
	4.10c±0.14
	71.67c±0.46
	385.80a±0.57

	L5C
	4.25d±0.00
	5.25g±0.00
	8.00a±0.00
	3.58a±0.11
	7.20a±0.00
	71.73c±0.11
	379.90a±0.42

	L6C
	5.03c±0.04
	6.12f±0.01
	6.00b±0.00
	3.28ab±0.18
	7.40a±0.28
	72.19c±0.50
	367.20b±1.98

	CO
	6.50d±0.35
	10.94e±0.00
	7.17d±0.08
	1.13c±0.18
	10.40b±0.28
	63.87b±0.19
	363.75c±0.00

	L1O
	7.78bc±0.04
	12.25c±0.00
	9.30b±0.42
	1.50bc±0.00
	14.18a±0.25
	55.00e±0.21
	352.68d±3.00

	L2O
	7.75bc±0.00
	12.69b±0.00
	4.10e±0.14
	1.88b±0.18
	6.60c±0.00
	66.99a±0.04
	355.60d±1.41

	L3O
	9.75a±0.00
	11.81d±0.00
	2.40f±0.28
	3.50a±0.35
	5.80d±0.00
	66.74a±0.07
	335.80e±2.83

	L4O
	8.20b±0.07
	12.25c±0.00
	10.40a±0.00
	1.75bc±0.00
	6.00cd±0.00
	61.40d±0.07
	388.20a±0.28

	L5O
	9.98a±0.04
	13.38a±0.25
	7.90cd±0.14
	1.50bc±0.00
	5.00e±0.00
	62.25c±0.43
	373.60b±0.57

	L6O
	7.50c±0.00
	10.50f±0.00
	8.30c±0.14
	1.50bc±0.00
	5.90d±0.14
	66.30a±0.00
	381.90a±1.27

	Codex*
	≤14
	≥8
	≤10
	≤3
	≤5
	≥60
	≥350

	SON*
	≤12
	6-14
	1-12
	≤3
	1-5
	60-80
	350-400


Values are means ± standard deviation of duplicate determinations and standard values by regulatory bodies. Means in the same column block with different superscript are significantly different at p<0.05
*CAC (2006). Codex Standard for Processed Cereal-Based Foods for Infants and Young Children (CODEX STAN 074-1981, Rev. 1-2006). Rome: Food and Agriculture Organization of the United Nations and World Health Organization.
*SON (2010). NIS 256:2010 – Nigerian industrial standard for ready-to-eat breakfast cereals. Abuja: SON.
Keys:
CG = Branded Golden morn (Control)			CC = Branded Cornflakes (Control)			CO = Branded Oats (Control)
L1G = Unbranded Golden morn from location 1	L1C = Unbranded Cornflakes from location 1	L1O = Unbranded Oats from location 1
L2G = Unbranded Golden morn from location 2	L2C = Unbranded Cornflakes from location 2	L2O = Unbranded Oats from location 2
L3G = Unbranded Golden morn from location 3 	L3C = Unbranded Cornflakes from location 3	L3O = Unbranded Oats from location 3
L4G = Unbranded Golden morn from location 4	L4C = Unbranded Cornflakes from location 4	L4O = Unbranded Oats from location 4
L5G = Unbranded Golden morn from location 5	L5C = Unbranded Cornflakes from location 5	L5O = Unbranded Oats from location 5
L6G = Unbranded Golden morn from location 6	L6C = Unbranded Cornflakes from location 6	L6O = Unbranded Oats from location 6



The level of faecal contamination indicates faecal exposure, likely from unhygienic handling or storage. Agunwah et al. (2024) reported similar findings in unbranded cereals sold in Nigerian markets, confirming that the present results align with national concerns about sanitation in informal food distribution.
Agunwah et al. (2024), observed high Staphylococcus loads in unregulated okpeye products, reinforcing the need for improved hygiene protocols in market settings. He also reported Salmonella contamination in unbranded products, confirming that the present results align with documented public health concerns in Nigeria’s informal food sector.
Microbiological quality of Cornflakes
Microbial loads in cornflakes ranged from 1.00×10⁵ to 2.05×10⁶ CFU/g for bacteria and exceeded acceptable limits in several unbranded samples. Yeasts (1.00×105 to 1.60×106 CFU/g), moulds, salmonella, faecal and total coliforms (1.00×105 to 1.05×106 CFU/g), and Staphylococcus counts were also high in many unbranded samples. Salmonella was detected in some samples, indicating potential public health risks associated with inadequate processing and handling.
The results aligned with Agunwah et al. (2024), who reported frequent faecal contamination in street-vended foods, attributing it to poor sanitation and exposure during market handling, rather than intrinsic cereal composition. Agunwah et al. (2024) similarly observed coliform presence and high Staphylococcus and salmonella in unbranded cereals, reinforcing the need for improved hygiene in informal retail environments. 
Microbiological quality of Oats
The microbiological assessment of branded and unbranded oat samples sold in Mile 1 Market, Port Harcourt revealed statistically significant differences (p<0.05) in microbial loads. These variations reflect the influence of product source, packaging integrity, and market-level handling on microbial safety.
Oat samples recorded bacterial counts ranging from 3.00×10⁵ to 2.96×10⁷ CFU/g. Yeast and mould contamination were detected in a few samples, while faecal coliforms, total coliforms, Staphylococcus, and Salmonella counts exceeded acceptable standards in several unbranded samples. Staphylococcus counts in L2O and other RTECs in this particular location were too numerous to count (TNTC). Branded oat samples generally showed lower microbial loads and better microbiological quality.
The results aligned with Agunwah et al. (2024), who reported faecal contamination, Staphylococcus and Salmonella in open-market foods due to poor sanitation and handling practices, reinforcing the need for improved hygiene in informal retail environments.
Overall, the microbiological analysis showed that unbranded cereals were more susceptible to contamination due to poor handling, inadequate packaging, and improper storage conditions. In contrast, branded cereals demonstrated better compliance with food safety standards, likely due to improved quality control and hygienic processing practices.



Table 3: Microbiological quality (CFU/g) of RTECs sold in Mile 1 Market, Port Harcourt
	Sample
	Total Bacterial Count (CFU/g)
	Total Yeast Count (CFU/g)
	Total Mould Count (CFU/g)
	Total Faecal Count (CFU/g)
	Total Coliform Count (CFU/g)
	Total Staphylococcus Count (CFU/g)
	Total Salmonella Count (CFU/g)

	CG
	NG
	NG
	NG
	NG
	NG
	NG
	NG

	L1G
	4.50cd×105
	NG
	NG
	NG
	NG
	NG
	NG

	L2G
	7.05b×106
	3.15bc×105
	NG
	NG
	NG
	TNTC
	1.15b×105

	L3G
	3.50d×105
	3.50b×105
	NG
	NG
	NG
	NG
	1.25b×105

	L4G
	8.70a×106
	8.70a×106
	3.25a×105
	NG
	9.00a×105
	9.00a×105
	1.40a×106

	L5G
	9.00c×105
	1.35bc×105
	2.20b×105
	2.05a×105
	1.15b×105
	1.15b×105
	NG

	L6G
	NG
	NG
	NG
	NG
	NG
	NG
	NG

	CC
	5.05d×105
	9.00b×105
	NG
	NG
	NG
	NG
	NG

	L1C
	3.35e×105
	2.00e×105
	NG
	2.00c×105
	2.00b×105
	1.25c×106
	NG

	L2C
	2.05a×106
	1.00f×105
	NG
	NG
	1.00b×105
	TNTC
	2.87a×107

	L3C
	1.00f×105
	4.05c×105
	NG
	NG
	NG
	9.00a×106
	3.00b×105

	L4C
	1.30b×106
	1.60a×106
	NG
	1.20b×106
	1.05a×106
	7.40b×106
	NG

	L5C
	4.40de×105
	NG
	2.05a×105
	1.10c×105
	3.00b×105
	3.00d×105
	NG

	L6C
	9.00c×105
	3.10d×105
	NG
	1.65a×106
	2.00b×105
	NG
	NG

	CO
	NG
	NG
	NG
	NG
	NG
	NG
	NG

	L1O
	3.05c×105
	NG
	NG
	NG
	3.25c×105
	NG
	NG

	L2O
	9.00c×105
	NG
	NG
	6.05b×105
	2.05d×105
	TNTC
	NG

	L3O
	3.00c×105
	NG
	NG
	NG
	NG
	1.29a×107
	NG

	L4O
	2.96a×107
	NG
	NG
	7.25b×105
	2.10b×106
	3.60b×106
	NG

	L5O
	2.45b×106
	1.00b×105
	2.05a×105
	1.36a×107
	3.50a×106
	3.25c×105
	1.25a×106

	L6O
	NG
	2.05a×105
	NG
	NG
	NG
	NG
	NG

	Codex*
	≤105
	≤103
	≤103
	≤102
	≤102
	≤102
	absent in 25g

	SON*
	≤104
	≤102
	≤102
	≤101
	≤101
	≤101
	must be absent


Values are means ± standard deviation of duplicate determinations and standard values by regulatory bodies. Means in the same column block with different superscript are significantly different at p>0.05
*CAC (2021). General standard for contaminants and toxins in food and feed (CXS 193-1995, revised 2021). FAO/WHO.
*SON (2010). NIS 256:2010 – Nigerian industrial standard for ready-to-eat breakfast cereals. Abuja: SON.
Keys:
CG = Branded Golden morn (Control)			CC = Branded Cornflakes (Control)			CO = Branded Oats (Control)
L1G = Unbranded Golden morn from location 1	L1C = Unbranded Cornflakes from location 1	L1O = Unbranded Oats from location 1
L2G = Unbranded Golden morn from location 2	L2C = Unbranded Cornflakes from location 2	L2O = Unbranded Oats from location 2
L3G = Unbranded Golden morn from location 3 	L3C = Unbranded Cornflakes from location 3	L3O = Unbranded Oats from location 3
L4G = Unbranded Golden morn from location 4	L4C = Unbranded Cornflakes from location 4	L4O = Unbranded Oats from location 4
L5G = Unbranded Golden morn from location 5	L5C = Unbranded Cornflakes from location 5	L5O = Unbranded Oats from location 5
L6G = Unbranded Golden morn from location 6	L6C = Unbranded Cornflakes from location 6	L6O = Unbranded Oats from location 6
NG=No growth
TNTC=Too numerous to count



CONCLUSION AND RECOMMENDATION
This study assessed the Microbial and Proximate composition of unbranded ready-to-eat cereals (Golden morn, cornflakes and oats) sold in Mile 1 Market, Port Harcourt.
The proximate analysis confirmed that all cereal samples are rich in carbohydrate, protein, and fibre, supporting their nutritional role as affordable energy- and nutrient-dense foods. However, variations were observed, with branded samples generally showing more stable and consistent nutrient profiles compared to unbranded samples. It also revealed that unbranded golden morn samples may be formulated for nutritional reasons other than energy as seen with higher protein, ash, fat and fibre contents. According to this study, breakfast oats had richer nutritional profiles than other cereals
Despite the moisture content of RTECs being below standards, the microbiological assessment revealed significant contamination in unbranded cereals, including high counts of bacteria, faecal coliform, Staphylococcus aureus, yeasts, moulds, and Salmonella. Branded samples, in contrast, had either no detectable growth or microbial loads within acceptable limits. These findings highlight that branded cereals undergo stricter quality control and packaging processes, while unbranded cereals are more prone to contamination from poor handling, inadequate hygiene, and improper storage.
While cereals remain a vital component of diets due to their nutrient density, unbranded cereals pose potential health risks due to their high microbial load. Branded cereals are nutritionally safer and more reliable, reflecting better adherence to food safety standards. Preference should be given to branded cereal products due to their safety and consistency in nutrient content. If unbranded cereals must be purchased, they should be subjected to heat treatment (e.g., re-toasting or boiling) before consumption to minimise microbial risks. Vendors of unbranded cereals should adopt improved hygienic practices in handling and packaging. Use of moisture-barrier materials should be prioritised to limit microbial growth. Training programmes on Good Manufacturing Practices (GMP) and Hazard Analysis Critical Control Point (HACCP) should be implemented to reduce contamination risks.
Due to the limited study area, sample size, and duration of this research, the findings may not fully represent the microbial and nutritional quality of ready-to-eat cereals sold in other markets or regions. Future studies should include a wider geographical coverage, larger sample population, and longer study period to provide more comprehensive and representative data. In addition, the use of advanced molecular techniques and toxin analysis is recommended to improve the detection and characterization of foodborne microorganisms and contaminants in cereal products.
Routine inspections and stricter enforcement of microbial and nutritional standards for cereal products should be conducted. Unbranded cereals should undergo periodic certification and monitoring to safeguard public health. Consumer awareness campaigns should be strengthened to educate the public on the risks of consuming improperly packaged cereals
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