https://journal.unesa.ac.id/index.php/vubeta
Vol. 2, No. 2, 2025, pp. 199~210 DOI: 10.26740/vubeta.v2i2.35907
ISSN: 3064-0768

Vokasi Unesa Bulletin of Engineering, Technology and Applied Science (VUBETA) ’ ‘
A 4

Microbiological and Physiochemical Assessment of Corn Meal
(Agidi)

Nnenna J.P. Omorodion'", Modehila V. Olaokungbaye?
L2Department of Microbiology, University of Port Harcourt, PMB 5323 Rivers State, Nigeria.

Avrticle Info ABSTRACT

. . . Corn meal (Agidi) is a gel-like traditional fermented starchy food item

Article history: produced from maize, although millet and sorghum can also serve as raw

Received November 21, 2024 materials. It is known by different names in different localities. A total of 30

Revised January 12, 2025 corn meal (Agidi) from different sellers from various communities and
. : comprising of 15 white and 15 jollof agidi samples from Choba market in Port

Accepted April 30, 2025 Harcourt Rivers State were examined and analyzed using standard microbial

techniques. The Total Bacteria count for white (plain) Agidi ranged of 6.30 -
8.06 logcfu/g. The Staphylococci count for White Agidi samples ranged of

Keywords: 6.0 — 8.2 logcfu/g. The Coliform count ranged of 6.00- 7.96 logcfu/g. The
Corn meal results generated from this study exceeded the permissible limit for bacteria
Microbial quality in food. Bacteria isolated from White agidi include Staphylococcus spp
pH (31.58%) and Enterococcus sp (21.05%). Bacillus sp, (18.42%), Escherichia

coli (15.75%) and Klebsiella sp (10.53%). Pseudomonas sp (2.63%). For
jollof agidi, the bacterial isolated Staphylococcus spp (30.8%) Bacillus spp
(24.6%). Enterococcus sp (20.0%), Escherichia coli (12.3%), Klebsiella sp
7(10.8%) and Pseudomonas sp (1.5%). pH of corn meal ranged from 4 — 6,
the moisture content ranged from 80% — 90%, while the titratable acidity
ranged of 0.20 — 0.40. Proper handling of agidi during production must be
taken.

Moisture content
Titratable acidity

This is an open-access article under the CC BY-SA license.

©00

Fermentation is one of the oldest, most typical, and most economical methods of processing and
preserving foods [1]-[4]. This can also help to maintain against the surge of aflatoxin [5]. Aflatoxins are toxic
compounds produced by molds, particularly from species such as Aspergillus flavus, which can contaminate a
wide range of food products [6]-[8]. Fermented cereal-based food products produced in African countries can
be classified based on either the raw cereal ingredient used in their preparation or the texture of the fermented
product [9][10]. Classification based on raw cereals ingredients includes Wheat-based foods, e.g., Bouza,
kishk; Rice-based food, e.g., Buza; Maize-based foods, e.g., ogi (agidi), kenkey; Millet-based food, e.g.,
kunuzaki; Sorghum-based foods, e.g., pito, bogobe, kisra, burukutu, injera. Classification based on food texture
includes Liquid (gruel), e.g., ogi, mahewu, burukutu, pito, and Uji, Solid (dough) and dumplings, e.g., kenkey,
agidi, and Dry (bread), e.g., kisra, injera. Maize is one of the principal food sources in Africa and South
America, more than in the developed world. Cereal consumption was estimated to be more than 100kg per year
inhabitant. Recently, an increase in the consumption of maize has been noticed due to an increased population.
The introduction of foreign “high- tech’ processing concepts and food products like wheat bread, wheat-based,
milk-based weaning foods, yogurt, and larger beer to tropical countries was followed by a rapidly increasing
demand during the early post-independence period, these expensive products provided status [11]-[15].

Corn meal (Agidi) is a gel-like traditional fermented starchy food item produced from maize (Zea mays),
although millet and sorghum can also serve as raw materials [16][17]. Its colour depends on the cereal used. It
is cream to glassy white from maize, light brown from sorghum, and grey to greenish colour from millet
[18][19]. It is known by different names in different localities, such as eko (Yoruba), akasan (Benin), komu
(Hausa), and agidi (1bo)[20].
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It is becoming very popular with acceptability cutting across the various multi-ethnic groups and
socioeconomic classes. The ease of consumption, alone or with soup, stew, bean cake (akara), or moi-moi, as
a light meal, especially amongst post-operative patients and other hospital patients, makes it very popular. Corn
meal (Agidi) has economic potential, especially now that the emphasis is on developing local foods [21][22].
Production of Corn meal (Agidi) is laborious, cumbersome, and time consuming. Currently, it varies from one
locality to another, resulting in a non-uniform product, non-specified quality indices, unknown shelf life, and
lack of safety indices (thus limiting product acceptability to immediate locality [23][24].

Corn meal (Agidi) is typical to the western people of Nigeria. It can be eaten by dissolving it in cold
water containing milk on a hot afternoon or eating it with stew or vegetables. Agidi has economic potential,
especially now that the emphasis is on developing local foods [25]. Traditionally, agidi can be produced first
by washing and steeping the maize grains in clean water for 2 or 3 days [10][26]. The softened grains are then
wet-milled into a fine slurry, which is subsequently sieved using a muslin cloth. The resulting pomace is
discarded while the sieve is allowed to settle in a plastic bucket and ferment for 2 to 3 days. The starch paste
is called ogi. In addition to water, the boiled and cooked ogi, with continuous stirring, gives a stiff gel known
as agidi. The resulting agidi is wrapped and cooled before serving (Figure 1). Despite the advancement of
science and technology in Africa, fermented foods, including agidi ones, are still primarily produced using
traditional techniques [27]-[30]. These crude forms of processing encourage high microbial contamination,
which at times could lead to contamination by spoilage and pathogenic microorganisms [31]-[33].

Most students, especially University of Pot Harcourt Campus students, do not prepare corn meal (Agidi)
food themselves. This demand for food allows the hawkers and vendors to serve as major vending sites where
students can purchase food daily. Therefore, this work was designed to examine the microbiological quality of
cornmeal (Agidi) at the University of Port Harcourt to determine whether this food meets permissible
microbiological standards and specifications. This study aims to determine the microbial and physiochemical
quality of white and Jollof corn meal (Agidi) in Port Harcourt.

2. MATERIALS AND METHOD
2.1. Description of Study Area

The study was conducted within and around Choba and Rivers State University campus in Port Harcourt,
Rivers State. The choice of both locations is associated with the population, including students and staff of host
tertiary institutions around these study areas.

2.2. Sample Collection

A total of 30 samples from different vendors of Corn meal (Agidi) were purchased randomly. Comprising
of 15 white corn meal and 15 jollof corn meal. The samples were transported to the Food Microbiology
Laboratory.

(a)

Figure 1. Plate (a) White (plain) agidi, (b) Jollof agidi

2.3. Preparation of Culture Media

Commercially available nutrient media were used to isolate, identify, and characterize microorganisms.
The media used include Plate count agar, nutrient agar, peptone water, MacConkey agar, Mannitol salt agar,
Potato dextrose agar.

2.4. Enumeration of Bacteria

A homogenate was prepared by measuring 10g of each corn meal sample, transferred into 90 ml of normal
saline, and homogenized for 30 seconds aseptically. A 5 10-fold dilution tube containing 9ml of sterile saline
was used, and 1ml was transferred from the residue homogenate, aseptically using a sterile syringe, to the first
dilution tube; the same procedure was used. 1 ml was aseptically withdrawn from the first to the second dilution
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bottle. This was repeated until the dilution was completed. Using a new 1 ml pipette, 0.1 ml was aseptically
transferred from the dilution tubes labeled 10-4, 10-5, and 10-6, aseptically to freshly prepared and dried Plate
count agar plates (for Total Heterotrophic Count), Mac Conkey agar plates (for Total Fecal Coliform Count)
and Mannitol salt agar (total staphylococcus count) followed by spread with a sterile bent rod aseptically. The
plates were then incubated at 370C for 24 hours for bacteria and were done in duplicate. The number of colonies
was counted, and the average was taken; the colony forming unit of each average was calculated using the
average divided by the dilution factor, multiplied by the volume plated. The total population was expressed as
Colony Forming Units per gram (Cfu/gm). The enumeration process was conducted by [34]-[37].

2.5. Enumeration of Fungi

A homogenate was prepared by measuring 10 gr of each food sample purchased from the Corn meal
(Agidi), which was transferred into 90 ml of normal saline and homogenized for 30 seconds aseptically. A5 —
10-fold dilution tube containing 9 ml of sterile saline was used, and 1 ml was transferred from the residue
homogenate, aseptically using a sterile syringe, to the first dilution tube; the same procedure was used. 1 ml
was aseptically withdrawn from the first to the second dilution bottle. This was repeated until the dilution was
completed. Using a new 1 ml pipette, 0.1 ml was aseptically transferred from the dilution tubes labeled 10-4,
10-5, and 10-6 aseptically to a freshly prepared and dried Potato Dextrose agar (for Total Heterotrophic Fungi)
and spread with a sterile bent rod aseptically. The plates shall then be incubated at an ambient temperature of
250C. This was done in duplicate. The number of colonies was counted, and the average was taken; the colony
forming unit of each average was calculated using the average divided by the dilution factor, multiplied by the
volume plated. The total population shall be expressed as Colony Forming Units per gram (Cfu/gm).

2.6. Isolation and Characterization of Bacteria

The isolates were further stored on slants at 4°C refrigeration temperature for identification. Characteristic
bacteria isolates were identified was based on colonial morphology, microscopy and biochemical tests as
described.

2.7. Characterization and ldentification of Isolates

Colonies of different bacteria species were then picked out using a sterile inoculating loop and sub-
cultured for purification by streaking on nutrient agar and incubated at 30°C for 24h. Individual colonies were
characterized based on their colony morphology, microscopic examination, and biochemical characteristics.

2.8. Isolation and characterization of Fungi

Pure culture of fungi isolates obtained from the corn meal samples was repeated subculture on freshly
prepared Potato Dextrose agar and incubated at room temperature for 3-7 days. Wet preparations were made
by placing the swabs in 10% potassium hydroxide (KOH) mounted on a glass slide with a cover slip. This was
then examined microscopically with an x40 objective for the presence of hyphae and arthrosporous.
Identification of isolates was based on gross morphology and microscopy. For fungal identification, a mash of
hypha of the test organism was made on slides containing Lacto phenol cotton blue, covered with a cover slip
and observed in a x40 microscope.

2.9. Physicochemical Tests

Determination of pH and Total Titratable Acidity (TTA) The pH and TTA were determined using the
AOAC method. pH was determined by homogenizing 10 g of the various samples in 20 ml of distilled water
and using a referenced glass electrode pH meter. Titratable acidity was carried out by titrating 0.1 N sodium
hydroxide against 10 ml of a sample using a phenolphthalein indicator, as previously reported by AOAC. The
sample's moisture content was done as described by AOAC.

2.10. Statistical Analyses

Analysis of variance (ANOVA) was used to compare means at p < 0.05. This analysis was performed to
visualize the association between the microbial loads of the different Corn meal samples using SPSS (Statistical
Package for the Social Sciences), also known as IBM SPSS Statistics, a software package used for statistical
data analysis [38]-[42]. Mean total show in Figures 2-6. Microbial counts shown in Figures 7 and 8.

3. RESULTS AND DISCUSSION
3.1. Organism lIsolated

In this study, Organism isolated from Corn meal (Agidi) includes bacteria Staphylococcus sp, Bacillus
sp, Escherichia coli, Enterococcus sp, Pseudomonas sp, and Klebsiella sp, while fungi isolated include
Aspergillus sp, Yeast, Fusarium sp and Penicillium sp. It can be seen in Figure 9 and Figure 10. The details of
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the Organism isolated from the white and Jollof Corn meal can be seen in Table 1. Percentage frequency shown
in Tables 2-5.
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Figure 2. Mean total heterotrophic bacteria count of bacteria isolated from white and Jollof corn meal (Agidi)
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Figure 3. Mean total fungi count of fungi isolated from white and Jollof corn meal (agidi)
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Figure 4. Mean total Staphylococci count of bacteria isolated from white and Jollof corn meal (agidi)
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Figure 5. Mean total coliform count of bacteria isolated from white and Jollof corn meal (agidi)
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Figure 6. Mean total Escherichia coli count of bacteria isolated from white and Jollof corn meal (agidi)
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Figure 7. Microbial counts of the Organism isolated for white corn meal (Agidi)
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Figure 8. Microbial counts of the Organism isolated for Jollof corn meal (agidi)
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Figure 9. Percentage occurrence of all bacteria isolated from corn meal (agidi)
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Figure 10. Percentage occurrence of all fungi isolated from corn meal (agidi)
Table 1. The Organism isolated from white and Jollof Corn meal (Agidi)
Sample code | Probable organism isolated
White corn meal (Agidi)
1 Staphylococcus sp, Bacillus sp, Enterococcus sp, Aspergillus sp
2 Bacillus sp, Staphylococcus sp, Escherichia coli
3 Enterococcus sp, Escherichia coli, Aspergillus sp, Penicillium sp
4 Staphylococcus sp, Bacillus sp, Escherichia coli, Enterococcus sp, Penicillium sp
5 Staphylococcus sp, Escherichia coli, Klebsiella sp
6 Staphylococcus sp, Bacillus sp, Enterococcus sp, Aspergillus sp,
7 Staphylococcus sp, Bacillus sp, Enterococcus sp, Yeast
8 Staphylococcus sp, Bacillus sp, Aspergillus sp
9 Bacillus sp, Enterococcus sp, Escherichia coli
10 Staphylococcus sp, Enterococcus sp, Klebsiella sp, Pseudomonas sp, Aspergillus sp
11 Staphylococcus sp, Klebsiella sp, Yeast
12 Staphylococcus sp, Escherichia coli
13 Escherichia coli, Enterococcus sp, Aspergillus sp
14 Staphylococcus sp, Fusarium sp
15 Staphylococcus sp, Klebsiella sp, Aspergillus sp
Jollof corn meal (Agidi)
1 Staphylococcus sp, Enterococcus sp, Bacillus sp, Yeast, Penicillium sp
2 Staphylococcus sp, Enterococcus sp, Klebsiella sp, Bacillus sp, Aspergillus sp
3 Staphylococcus sp, Bacillus sp, Enterococcus sp, Penicillium sp
4 Staphylococcus sp, Bacillus sp, Klebsiella sp, Penicillium sp
5 Staphylococcus sp, Bacillus sp, Enterococcus sp, Escherichia coli, Aspergillus sp, Yeast
6 Bacillus sp, Penicillium sp
7 Bacillus sp, Staphylococcus sp, Penicillium sp, Yeast
8 Staphylococcus sp,
9 Staphylococcus sp, Enterococcus sp, Bacillus sp, Klebsiella sp, Aspergillus sp, Penicillium sp, Yeast
10 Penicillium sp
11 Staphylococcus sp, Bacillus sp, Escherichia coli, Klebsiella sp, Penicillium sp
12 Staphylococcus sp, Enterococcus sp, Escherichia coli, Klebsiella sp, Yeast
13 Staphylococcus sp, Escherichia coli, Klebsiella sp, Penicillium sp
14 Staphylococcus sp, Escherichia coli, Klebsiella sp, Penicillium sp
15 Staphylococcus sp, Escherichia coli, Klebsiella sp,
Table 2. Percentage frequency of bacteria isolated from white corn meal (Agidi)
Organism Frequency Percentage
Staphylococcus sp 12 31.58%
Bacillus sp 7 18.42%
Enterococcus sp 8 21.05%
Klebsiella sp 4 10.53%
Escherichia coli 6 15.79%
Pseudomonas sp 1 2.63%
Total 38 100%

Table 3. Percenta

e frequency of Fungi isolated from white corn meal (agidi)

Organism Frequency Percentage
Yeast 2 16.67%
Aspergillus sp 7 58.33%
Penicillium sp 2 16.67%
Fusarium sp 1 8.33%
Total 12 100%
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Table 4. Percentage frequency of bacteria isolated from Jollof corn meal (agidi)

Organism Frequency Percentage
Staphylococcus sp 13 30.95%
Bacillus sp 9 21.43%
Enterococcus sp 6 14.29%
Klebsiella sp 8 19.05%
Escherichia coli 6 14.29%
Total 42 100%

Table 5. Percentage frequency of Fungi isolated from jollof corn meal (agidi)

3.2. Physiochemical Analysis
Physiochemical parameters of this study’s Corn meal (Agidi) samples were analyzed pH titrable acidity.

3.3. pH analysis
The pH of white and Jollof corn meal (agidi) samples was examined. It can be seen in Figure 11.
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Figure 11. Mean pH of white and Jollof corn meal (agidi)

3.4. Titratable acidity

The Titratable acidity of white and Jollof Corn meal (Agidi) samples was examined. From the analysis,
it was observed that the Titratable acidity of both white and Jollof Corn meal (Agidi) ranged from 0.20 — 0.40.
It can be seen in Figure 12.
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Figure 12. Titratable acidity of white and Jollof corn meal (agidi)

3.5. Moisture content of White and Jollof Corn meal (Agidi)

The moisture content of white and jollof Corn meal (Agidi) samples was examined. From the analysis, it
was observed that the amount of both white and jollof corn meal (Agidi) ranged 85% — 87%. It can be seen in
Figure 13.
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Figure 13. The moisture content of white and Jollof corn meal (agidi)

3.6. Discussion
3.6.1. Microbial quality of corn meal (agidi)

Figure 2 shows the Total Bacteria count for white corn meal (Agidi) ranged of 6.30 - 8.06 log cfu/g,
while jollof corn meal ranged of 6.00 — 8.01 log cfu/g. There was a significant difference between the TBC of
white corn meal and jollof corn meal (p < 0.05). Permissible limits for TBC vary depending on the type of
food and can range from 102 to 10° CFU/gram. The results generated from this study exceeded the permissible
limit of 5.00 Logcfu/g for bacteria in food, as stated by WHO.

Figure 3 presents the Total Fungi count ranged of 6.00 — 7.13 log CFU/g for white Corn meal (Agidi)
and 6.30 — 7.59 log CFU/q for jollof corn meal (agidi). This finding indicates that there were more fungi counts
in the jollof corn meal (agidi) (p < 0.05). When compared to the white Corn meal (agidi). The fungal count in
the study showed that some of the products exceeded the permissible fungal limit in food of 4 - 6.00 Log CFU/g
by the World Health Organization (WHO). However, some were within the permissible limits.

Figure 4 shows the Staphylococci count for White corn meal (agidi) samples ranged of 6.0 — 8.2
logcfu/g. There was a significant increase in the Staphylococci count, which ranged of 6.48— 8.01 logcfu/g in
jollof white corn meal (agidi) (p < 0.05) as shown Figure 3.

Figure 5 presents the coliform count ranged of 6.00 — 7.96 logcfu/g for the white corn meal (agidi) and
the coliform count in jollof corn meal (agidi), which ranged of 7.20 — 7.75 logCFU/g (p < 0.05). However,
there was more Escherichia coli in Jollof corn meal than in the white corn meal (Agidi).

Figure 6 presents the Escherichia coli count, which ranged of 6.30 — 7.29 logCFU/qg, for white corn meal
(agidi) when compared to the Escherichia coli count of jollof corn meal (agidi), which ranged of 6.00 — 7.72
logCFU/g. These high values of contamination exceed the permissible limit. Coliform bacteria are indicators
of fecal contamination and poor sanitation. Permissible limits for coliforms in food are typically set at 0
CFU/gram for certain ready-to-eat foods and low levels (e.g., <10 CFU/gram) for other foods. Permissible
limits for E. coli in food are often set at 0 CFU/gram for ready-to-eat foods and low levels for different foods
(e.g., <10 CFU/gram).

As indicated in the coliform count results, some of the cornmeal exceeded the acceptable coliform limit
stipulated by the WHO of zero coliform count. Unhygienic conditions during the preparation of the corn meal
commonly carried out using traditional processing methods are one of the possible sources of undesirable
bacterial species in the product. Escherichia coli, which is isolated is usually found in the intestinal tract of
humans, and clinically, it is the most frequent pathogen of the urinary tract. Its occurrence in the corn meal
(agidi) is due to unhygienic processes adopted by food handlers. The presence of high coliform and Escherichia
coli is traceable to fecal contamination from during preparation and the handling of the finished product,
contaminated ingredients, poor hygiene practices, insufficient cooking, and an unsanitary environment.

Figure 7 and Figure 8 present the Microbial counts of organism isolated for white and Jollof corn meal. Bacteria
isolated from White corn meal (agidi) include Staphylococcus sp, (31.58%), Enterococcus sp (21.05%),
Bacillus sp, (18.42%), Escherichia coli (15.75%), Klebsiella sp (10.53%), and Pseudomonas sp (2.63%), as
shown in Table 2. Comparing the bacterial isolated from the jollof corn meal (agidi), the bacterial isolates were
similar in occurrence. The percentage of bacterial occurrence includes Staphylococcus sp, (30.8%), Bacillus
sp, (24.6%), Enterococcus sp (20.0%), Escherichia coli (12.3%), Klebsiella sp (10.8%), and Pseudomonas sp
(1.5%), as shown in Figure 4. Figure 8 shows the percentage of the organisms isolated from the corn meal
samples.

The presence of pathogens in some foods is an indicator of food safety. Although small numbers of
pathogens present in food represent a low risk, their existence can suggest a fault in the production and
subsequent handling, which, if not monitored, could lead to serious health risks and implications. Bacillus sp.
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in foods indicates the probability that some food aromas, such as spices (pepper), have been included after the
main cooking processing. Staphylococcal species isolated from corn meal (agidi) samples can induce food-
related illness. Staphylococcal food-borne disease is a major cause of food-borne disease globally due to
endotoxins pre-formed by Staphylococcus aureus. Some microorganisms isolated from corn meal (agidi) have
been reported to be associated with food spoilage and food poisoning. Numerous organisms cause food-borne
diseases, including bacteria, fungi, viruses, and parasites. The presence of Staphylococcus sp. and Bacillus sp.
in the corn meal (agidi) samples could be due to contamination arising from improper personal hygiene of the
handlers and the utensils used for their production. However, their absence in other samples might be due to
proper hygienic practices during their production, or they were eliminated by antimicrobial substances such as
organic acids produced by lactic acid bacteria. The samples’ relatively close range of microbial counts could
be because they were made from the same substrate using the same or similar techniques. The bacterial isolates
encountered in powdered maize-akamu and powdered maize-akamu fortified with breadfruit powder in
different proportions include Staphylococcus sp., Bacillus sp., Pseudomonas sp.

Table 3 shows the fungi in white corn meal (agidi). The fungi isolated include Aspergillus sp, Yeast sp,
Fusarium sp, and Penicillium sp. The percentage of occurrence was observed as Aspergillus sp (38.5%),
Penicillium sp (34.6%), Yeast sp (23.1%), and Fusarium sp (3.8%). When comparing the samples, there were
similarities in the fungi isolated. However, there was a slight difference in the percentage of occurrence for
Jollof corn meal (corn meal (agidi), percentage occurrence was observed in Penicillium sp, (55.56%), Yeast
sp, (27.7%), and Aspergillus sp. (16.67%) This result can be seen in Table 5.

Figure 9 shows the percentage of fungi isolated from the corn meal samples Various fungal species
that have been implicated in previous studies as producers of aflatoxins in nature were isolated from this
popular food source, Corn meal (agidi), being consumed in some communities in Nigeria. The occurrence of
aflatoxigenic mold contamination in fermented cereal — ‘corn meal (agidi)’ samples could threaten public
health. Generally, molds lead to significant economic losses and constitute a primary production of mycotoxins.
Aspergillus sp. is widely incriminated as a contaminant of human foods, especially cereals. The presence of
Aspergillus sp. is not only of economic importance but also represents a real health hazard. They can be of
allergic, toxigenic, and pathogenic effects through the production of mycotoxins.

From the public health of view, Aspergillus sp., Fusarium sp., and related molds have been reported to
cause diseases such as pulmonary aspergillosis, pulmonary allergy, mycotic Kkeratitis, and skin infection.
Isolated fungi like Aspergillus and Fusarium have been considered major factors in food spoilage, resulting in
significant economic losses and public health hazards by producing varieties of mycotoxins that cause food
poisoning. Some fungi are the most common environmental contaminants due to their ability to produce spores,
which could be related to their existence in food samples. They have been implicated in many ready-to-eat
foods like corn meal (agidi). Aspergillus sp. is known to deleterious mycotoxins under favorable conditions.
So, their food existence must be treated cautiously. However, Aspergillus sp has been associated with various
diseases, such as hypersensitivity, aspergillosis, otomycosis, and onychomycosis. The dry conidia produced by
Aspergillus sp are easily dispersed in the air, leading to inhalation by humans and animals. The occurrence of
Aspergillus sp. in the foods could be because they are spore formers. Contamination of foods could have
resulted from inappropriate processing, incomplete heating, or secondary contamination via contact with
contaminated equipment and utensils.

The most effective means to prevent aflatoxigenic mold contamination of ‘corn meal (agidi)’ is by
applying strict hygienic measures during the processing. This study shows that the occurrence of relatively
high levels of molds and aflatoxigenic fungi in corn meal (agidi) samples analyzed presents a high risk to
consumers’ health. It is therefore suggested that a statutory food regulating body dedicated to protecting public
health and consumer interest in food safety and hygiene be established. And those in existence should be
strengthened with appropriate resources. Its main function would be to take all reasonable steps to ensure that
food products meet the high standards of food safety, and food handlers should observe necessary food
production regulations and ethics.

3.6.2. Physiochemical quality of corn meal (agidi)

The pH of white and Jollof corn meal (agidi) samples was examined. From the analysis, it was observed
that the pH of both white and Jollof Corn meal (Agidi) ranged from 4 — 6, as seen in Figure 10.

The low pH of some fermented foods could be attributed to the proliferation of microbial biomass,
particularly lactic acid bacteria and yeast, which can utilize free sugars to produce organic acids. There was a
possibility of higher lactic acid bacteria and yeasts. All the pH of the corn meal (agidi) samples were shown to
be low acidic in nature, although most of the jollof cornmeal was moderately acidic. The reduction in pH in
some fermented foods could be responsible for the elimination/reduction of bacterial pathogens under
fermentation conditions.

The Titratable acidity of white and Jollof Corn meal (Agidi) samples was examined. The analysis
showed that the Titratable acidity of white and Jollof corn meal (Agidi) ranged from 0.20 — 0.40%, as seen in
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Figure 11. The titratable acidity (TTA) of cornmeal, also known as agidi, can vary depending on the variety of
corn used, processing methods, and storage conditions. Generally, cornmeal tends to have a relatively low
acidity compared to fruits or fermented foods. TTA measures the total amount of acid in a food sample, while
pH indicates the acidity or alkalinity on a scale from 0 to 14, with seven being neutral. A lower pH value
indicates higher acidity, while a higher pH value indicates lower acidity (or more alkalinity). However, the
correlation between pH and TTA can vary depending on the specific composition of the food. The pH range
suggests that cornmeal is slightly acidic to neutral. The TTA values for cornmeal would be influenced by
factors such as the presence of organic acids and the degree of fermentation.

The moisture content of cornmeal (agidi) can vary depending on factors such as the processing method,
storage conditions, and the initial moisture content of the corn used. For agidi, a Nigerian cornmeal often used
to make a gelatinous pudding, the moisture content can vary depending on regional preferences and production
methods. Moisture content is essential in determining cornmeal products' quality and safety. Too much
moisture can lead to mold growth and spoilage, while too little moisture can result in a dry and unappealing
product. Therefore, maintaining the proper moisture content is crucial during processing and storage. The
results indicated a high moisture content in the corn meal, of which the white cornmeal moisture content was
within the range of 85.90% to 86.67%, while that of Jollof cornmeal ranged from 85.90% to 86.19%. as
presented in Figure 12. The high moisture content indicates a short shelf life of the product, which implies that
the samples have poor storage potential as an available material for microorganisms to thrive.

4. CONCLUSION AND LIMITATION

Consumption of corn meal (agidi) samples with adequate nutritive value might promote the healthy status
of the individual. Preparing corn meal (agidi) in a hygienic environment will reduce the risk of contamination
by food pathogens. Possible bacteria and fungi can cause food-borne diseases, leading to profound health
implications. Proper handling of corn meal (agidi) during production must be taken. This is to prevent
contamination from environmental and human sources. Control measures to prevent bacterial cross-
contamination of corn meal (agidi) require procedures for maintaining the hygienic quality of the processing
environment and equipment. Applying of good agricultural, manufacturing, and storage practices together with
the hazard analysis and critical control points (HACCP) system encompassing all stages of production,
processing, packaging, and distribution will help ensure the microbial safety of corn meal.

REFERENCES

[1] S. Lee, D. Kim, Y. Son, H. L§, S. Jo, & J. Lee "Effects of Salt Treatment Time on the Metabolites, Microbial
Composition, and Quality Characteristics of the Soy Sauce Moromi Extract", Foods, vol. 11, no. 1, pp. 63, 2021.
https://doi.org/10.3390/f00ds11010063

[2] B. Sionek, A. Szydtowska, K. Kii¢iikgdz, & D. Kolozyn-Krajewska, "Traditional and New Microorganisms in
Lactic Acid Fermentation of Food", Fermentation, vol. 9, no. 12, pp. 1019, 2023.
https://doi.org/10.3390/fermentation9121019

[3] K. Bryant, C. Hansen, & E. Hecht, "Fermentation Technology as a Driver of Human Brain Expansion",
Communications Biology, vol. 6, no. 1, 2023. https://doi.org/10.1038/s42003-023-05517-3

[4] K. Vivek and C. Venkitasamy, "Role and Applications of Fungi in Food and Fermentation Technology", Fungal
Resources for Sustainable Economy, pp. 71-87, 2023. https://doi.org/10.1007/978-981-19-9103-5_3

[5] W. Wang, Z. Tan, L. Gu, H. Ma, Z. Wang, & L. Wang "Variation of Microbial Community and Fermentation
Quality in Corn Silage Treated with Lactic Acid Bacteria and Artemisia argyi during Aerobic Exposure™, Toxins,
vol. 14, no. 5, pp. 349, 2022. https://doi.org/10.3390/toxins14050349

[6] Y. Xiong, J. Xu, L. Guo, F. Chen, D. Jiang, & Y. Lin "Exploring the Effects of Different Bacteria Additives on
Fermentation Quality, Microbial Community and In Vitro Gas Production of Forage Oat Silage", Animals, vol.
12, no. 9, pp. 1122, 2022. https://doi.org/10.3390/ani12091122

[7] N. Jaipolsaen, S. Sangsritavong, T. Uengwetwanit, P. Angthong, V. Plengvidhya, & W. Rungrassamee
"Comparison of the Effects of Microbial Inoculants on Fermentation Quality and Microbiota in Napier Grass
(Pennisetum purpureum) and Corn (Zea mays L.) Silage", Frontiers in Microbiology, vol. 12, 2022.
https://doi.org/10.3389/fmich.2021.784535

[8] D. Makararpong, S. Tantayanon, C. Gowanit, J. Jareonsawat, S. Samgnamnim, & S. Wataradee "Enhancing
Raw Bovine Milk Quality using Ultraviolet-C (UV-C) Irradiation: A Microbial and Lipid Peroxidation Study",
Food Science of Animal Resources, vol. 44, no. 2, pp. 372-389, 2024. https://doi.org/10.5851/kosfa.2024.e16

[9] R. Karimou, A. Noumavo, K. Aboudou, B. Boya, F. Assouma, & H. Salami "Nutritional and Microbial Qualities
of Fermented Cereal-Based Porridges Produced in Northern Benin", Journal of Food Quality, vol. 2024, pp. 1-
12, 2024. https://doi.org/10.1155/2024/7200190

[10] D. Kitessa, K. Bacha, Y. Tola, & M. Murimi, "Effect of Fermentation Time and Blending Ratio on Microbial
Dynamics, Nutritional Quality and Sensory Acceptability of Shameta: A Traditional Cereal-Based Fermented
Porridge for Lactating Mothers in Ethiopia”, Fermentation, vol. 10, no. 3, pp. 118, 2024.
https://doi.org/10.3390/fermentation10030118


https://doi.org/10.3390/foods11010063
https://doi.org/10.3390/fermentation9121019
https://doi.org/10.1038/s42003-023-05517-3
https://doi.org/10.1007/978-981-19-9103-5_3
https://doi.org/10.3390/toxins14050349
https://doi.org/10.3390/ani12091122
https://doi.org/10.3389/fmicb.2021.784535
https://doi.org/10.5851/kosfa.2024.e16
https://doi.org/10.1155/2024/7200190
https://doi.org/10.3390/fermentation10030118

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Nnenna J.P. Omorodion et al. /VUBETA Vol 2 No 2 (2025) pp. 199~210 209

T. Musidzaramba, B. Mvumi, L. Nyanga, I. Kadzere, M. Kiboi, & M. Mahlang, "Nutritional Profile and Food
Safety of Raw and Value-added Food Products of Sorghum and Millets in Sub—Saharan Africa and South Asia",
Cogent Food & Agriculture, vol. 11, no. 1, 2025. https://doi.org/10.1080/23311932.2025.2461628

M. Houngbédji, J. Jespersen, S. Padonou, & L. Jespersen, "Cereal-Based Fermented Foods as Microbiota-
Directed Products for Improved Child Nutrition and Health in Sub-Saharan Africa", Critical Reviews in Food
Science and Nutrition, pp 1-22, 2024. https://doi.org/10.1080/10408398.2024.2365342

O. Ogunniran, K. Ayeni, O. Shokunbi, R. Krska, & C. Ezekiel, "A 10-year (2014-2023) Review of
Complementary Food Development in Sub-Saharan Africa and The Impact on Child Health", Comprehensive
Reviews in Food Science and Food Safety, vol. 23, no. 6, 2024. https://doi.org/10.1111/1541-4337.70022

D. Tsamroh, D. Puspitasari, P. Puspitasari, & M. Mustapha, "Microstructure and Hardness Study of AL6061
Resulting from Atrtificial Aging", Vokasi Unesa Bulletin of Engineering, Technology and Applied Science, vol.
2, no. 1, pp. 48-56, 2025. https://doi.org/10.26740/vubeta.v2i1.34984

N. A. Obeta, C. M. Eze, O. C. Leonard, F. U. Ugwuona, & U. R. Obeta, "Quality Evaluation and Sensory
Properties of Agidi Produced from Blends of Maize (Zea Mays) and Pigeon Pea (Cajanus Cajan)", Carpathian
Journal of Food Science and Technology, wvol. 15, no. 3, pp. 204-215, 2023.
https://doi.org/10.34302/crpjfst/2023.15.3.16

J. Tang, X. Wu, D. Lv, S. Huang, Y. Zhang, & F. Kong, "Effect of Salt Concentration on the Quality and
Microbial Community During Pickled Peppers Fermentation", Food Chemistry: X, vol. 23, pp. 101594, 2024.
https://doi.org/10.1016/j.fochx.2024.101594

Y. Zhao, M. Li, P. Zhan, P. Wang, W. He, & H. Tian, "A Quality Comparison for Xiecun Huangjiu with
Different Aging Stages Based on Chemical Profile, Aroma Composition and Microbial Succession”, Food
Chemistry: X, vol. 21, pp. 101132, 2024. https://doi.org/10.1016/j.fochx.2024.101132

M. Garcia, "Digestible and Metabolizable Energy in Ground Yellow Corn, Rice Bran, and Copra Meal Fed to
10 to 15 kg Philippine Native Pigs (Benguet Strain)", The Philippine Agricultural Scientist, vol. 106, no. 3, pp.
273-280, 2023. https://doi.org/10.62550/aab002023

M. Ghazaghi, A. Hassanabadi, & M. Mehri, "Apparent and Standardized lleal Amino Acid Digestibilities of
Corn, Wheat, Soybean Meal, and Corn Gluten Meal in Quail Chicks", Poultry Science, vol. 102, no. 2, pp.
102314, 2023. https://doi.org/10.1016/j.psj.2022.102314

L. Sanders, Y. Zhu, N. Jain, J. Normington, N. Holschuh, M. Nechanickyet al., "Ready-to-Eat Cereal
Consumption Is Associated with Improved Nutrient Intakes and Diet Quality in Canadian Adults and Children
Across Income Levels", Frontiers in Nutrition, vol. 10, 2024. https://doi.org/10.3389/fnut.2023.1282252

E. Adesemoye, A. Sanni, G. Spano, V. Capozzi, & M. Fragasso, "Lactic Acid Bacteria Diversity in Fermented
Foods as Potential Bio-Resources Contributing to Alleviate Malnutrition in Developing Countries: Nigeria as a
Case Study", Fermentation, vol. 11, no. 2, pp. 103, 2025. https://doi.org/10.3390/fermentation11020103

A. Yerima, H. Oselebe, C. Nnamani, C. Ifekwe, C. Adje, & E. Kwon-Ndung, "Stakeholders’ Perceptions of and
Preferences for Utilizing Fonio (Digitaria exilis) to Enrich Local Diets for Food and Nutritional Security in
Nigeria”, Genetic Resources and Crop Evolution, vol. 71, no. 3, pp. 999-1011, 2024.
https://doi.org/10.1007/s10722-023-01837-9

T. Schwarz, M. Przybyto, P. Zapletal, A. Turek, M. Pabianczyk, & P. Bartlewski, "Effects of Using Corn Dried
Distillers” Grains with Solubles (cDDGS) as a Partial Replacement for Soybean Meal on the Outcomes of Pig
Fattening, Pork Slaughter Value and Quality”, Animals, vol. 11, no. 10, pp. 2956, 2021.
https://doi.org/10.3390/ani11102956

M. Swiatkiewicz, A. Olszewska, E. Grela, & M. Tyra, "The Effect of Replacement of Soybean Meal with Corn
Dried Distillers Grains with Solubles (cDDGS) and Differentiation of Dietary Fat Sources on Pig Meat Quality
and Fatty Acid Profile”, Animals, vol. 11, no. 5, pp. 1277, 2021. https://doi.org/10.3390/ani11051277

S. Ma, S. Gui, R. Hao, X. Dege, & M. Zhang, "Effect of High-Pressure Processing on the Structural and
Functional Properties of the Protein in Corn Gluten Meal”, CyTA - Journal of Food, vol. 22, no. 1, 2024.
https://doi.org/10.1080/19476337.2024.2376227

R. Pulido, 1. Beltran, J. Aleixo, A. Moréles-Ramirez, M. Gutierrez, & M. Ponce, "Effect of Replacing Corn
Grain and Soybean Meal with Field Peas at Different Levels on Feed Intake, Milk Production, and Metabolism
in Dairy Cows under a Restrictive Grazing”, Animals, vol. 14, no. 19, pp. 2830, 2024.
https://doi.org/10.3390/ani14192830

V. Altaman and C. Okenyi, "Comparative Evaluation of the Microflora and Biochemical Constituents of
Sorghum-African Breadfruit Blends for Complementary Foods", Stamford Journal of Microbiology, vol. 12, no.
1, pp. 8-14, 2022. https://doi.org/10.3329/sjm.v12i1.63337

F. Madilo, A. Kunadu, K. Tano-Debrah, F. Saalia, & U. Kolanisi, "Diversity of Production Techniques and
Microbiology of African Cereal-Based Traditional Fermented Beverages", Journal of Food Quality, vol. 2024,
pp. 1-32, 2024. https://doi.org/10.1155/2024/1241614

L. Amwoma, R. Ebere, & J. Arimi, "Glycemic Index Values of Stiff Porridge (Ugali) Prepared from Maize,
Millet, and Sorghum Flours: Which One for Diabetes Management?", Advances in Public Health, vol. 2023, pp.
1-7, 2023. https://doi.org/10.1155/2023/6641966

T. Seiphitlhile, K. Pawar, P. Nikam, & R. Kaushik, "Fermented Millet Products: Exploring Nutritional and
Health Potentials in African and Asian Cuisine-A Review", Agriculture Association of Textile Chemical and
Critical Reviews, vol. 13, no. 1, pp. 111-120, 2025. https://doi.org/10.21276/aatccreview.2025.13.01.110


https://doi.org/10.1080/23311932.2025.2461628
https://doi.org/10.1080/10408398.2024.2365342
https://doi.org/10.1111/1541-4337.70022
https://doi.org/10.26740/vubeta.v2i1.34984
https://doi.org/10.34302/crpjfst/2023.15.3.16
https://doi.org/10.1016/j.fochx.2024.101594
https://doi.org/10.1016/j.fochx.2024.101132
https://doi.org/10.62550/aab002023
https://doi.org/10.1016/j.psj.2022.102314
https://doi.org/10.3389/fnut.2023.1282252
https://doi.org/10.3390/fermentation11020103
https://doi.org/10.1007/s10722-023-01837-9
https://doi.org/10.3390/ani11102956
https://doi.org/10.3390/ani11051277
https://doi.org/10.1080/19476337.2024.2376227
https://doi.org/10.3390/ani14192830
https://doi.org/10.3329/sjm.v12i1.63337
https://doi.org/10.1155/2024/1241614
https://doi.org/10.1155/2023/6641966
https://doi.org/10.21276/aatccreview.2025.13.01.110

210

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Nnenna J.P. Omorodion et al. VUBETA Vol 2 No 2 (2025) pp. 199~210

K. Ovuru, S. Izah, O. Ogidi, O. Imarhiagbe, & M. Ogwu, "Slaughterhouse Facilities in Developing Nations:
Sanitation and Hygiene Practices, Microbial Contaminants and Sustainable Management System", Food Science
and Biotechnology, vol. 33, no. 3, pp. 519-537, 2023. https://doi.org/10.1007/s10068-023-01406-x

E. Teshome, S. Forsido, H. Rupasinghe, & E. Keyata, "Potentials of Natural Preservatives to Enhance Food
Safety and Shelf Life: A Review", The Scientific World Journal, vol. 2022, no. 1, pp. 9901018, 2022.
https://doi.org/10.1155/2022/9901018

I. Ahaotu and G. Ighoh-Harlord, "Quality Assessment of ‘Akamu’ Powder Formulated Using Cofermented
Maize (Zea mays) and African Breadfruit (Treculia africana) Powder", GSC Biological and Pharmaceutical
Sciences, vol. 23, no. 1, pp. 001-005, 2023. https://doi.org/10.30574/gscbps.2023.23.1.0077

S. Jafari, K. Shiekh, D. Mishra, I. Kijpatanasilp, & K. Assatarakul, "Combined Effects of Clarifying Agents
Improve Physicochemical, Microbial and Sensorial Qualities of Fresh Indian Gooseberry (Phyllanthus emblica
L.) Juice during Refrigerated Storage", Foods, wvol. 13, no. 2, pp. 290, 2024.
https://doi.org/10.3390/fo0ds13020290

C. Wang, S. Alavi, Y. Li, & H. Dogan, "The Physical Properties of High-Quality Proteins Expanded Extrudates
Made From Corn Meal, Chickpea Flour, and Yellow Pea Concentrate", Starch - Stérke, vol. 75, no. 3-4, 2023.
https://doi.org/10.1002/star.202200197

H. Choi, S. You, & B. Kim, "Amino Acid Supplementation During the Adaptation Period Did Not Affect the
Standardized lleal Digestibility of Amino Acids in Corn and Soybean Meal Fed to Pigs", Animal Bioscience,
vol. 37, no. 3, pp. 492-499, 2024. https://doi.org/10.5713/ab.23.0331

B. Parsons and S. Rochell, "Determination of Phytic Acid Disappearance, lleal P Digestibility at Different
Dietary Ca Levels, and Relative P Bioavailability in Soybean Meal, Canola Meal, Distillers Dried Grains with
Solubles, Corn Fermented Protein, and Wheat Middlings", Poultry Science, vol. 103, no. 10, pp. 104037, 2024.
https://doi.org/10.1016/j.psj.2024.104037

T. Osaili, F. Hasan, D. Dhanasekaran, A. Arasudeen, L. Ismail, & H. Hasan, "Preservative Effect of
Pomegranate-based Marination with B-Resorcylic Acid and Cinnamaldehyde on the Microbial Quality of
Chicken Liver", Poultry Science, vol. 103, no. 2, pp. 103285, 2024. https://doi.org/10.1016/j.psj.2023.103285
M. Batali, A. Cotter, S. Frost, W. Ristenpart, & J. Guinard, "Titratable Acidity, Perceived Sourness, and Liking
of Acidity in Drip Brewed Coffee", ACS Food Science & Technology, vol. 1, no. 4, pp. 559-569, 2021.
https://doi.org/10.1021/acsfoodscitech.0c00078

K. Seakamela, R. Mashaba, C. Ntimana, M. Mbombi, J. Tlouyamma, & P. Mphekgwana, "Prevalence and
Associated Factors of Probable Depression Amongst Pregnant and Parenting Young Females: A Comparison of
Adolescents and Young Adults in Rural South Africa", Frontiers in Child and Adolescent Psychiatry, vol. 2,
2023. https://doi.org/10.3389/frcha.2023.1200759

Z. Ismail, K. Arifin, F. Darus, M. Muhamad, & N. Arifin, "Factor Analysis Approach for Measuring Safety
Culture in Research University in Malaysia", Malaysian Journal of Medicine and Health Sciences, vol. 19, no.
s18, pp. 68-73, 2023. https://doi.org/10.47836/mjmhs19.518.10

U. Ugrak, Y. Uzkar, 1. Diizen, T. Acar, E. Karabey, & G. Durmaz, "Evaluation of Procedure Doses and Staff
Attitudes in Interventional Cardiology in Terms of Radiation Safety", Turk Kardiyoloji Dernegi Arsivi-Archives
of the Turkish Society of Cardiology, pp. 260-268, 2024. https://doi.org/10.5543/tkda.2024.18363

BIOGRAPHIES OF AUTHORS

Nnenna J.P Omorodion is a lecturer in the Microbiology Department at the University
of Port Harcourt Rivers State, Nigeria. | received my BSc, MSc, and PhD from the
University of Port Harcourt Rivers State, Nigeria. | specialize in Food Microbiology. She
can be  contacted by  email at  nnenna.omorodion@uniport.edu.ng
nnennaomorodion@gmail.com.

Modebola Victoria Olalokungbaye was a microbiology student at the University of Port
Harcourt Rivers State, Nigeria; | obtained my BSc from the University of Port Harcourt.
She can be reached via the email olaolaokungbaye@2000gmail.com


https://doi.org/10.1007/s10068-023-01406-x
https://doi.org/10.1155/2022/9901018
https://doi.org/10.30574/gscbps.2023.23.1.0077
https://doi.org/10.3390/foods13020290
https://doi.org/10.1002/star.202200197
https://doi.org/10.5713/ab.23.0331
https://doi.org/10.1016/j.psj.2024.104037
https://doi.org/10.1016/j.psj.2023.103285
https://doi.org/10.1021/acsfoodscitech.0c00078
https://doi.org/10.3389/frcha.2023.1200759
https://doi.org/10.47836/mjmhs19.s18.10
https://doi.org/10.5543/tkda.2024.18363
mailto:nnenna.omorodion@uniport.edu.ng
mailto:nnennaomorodion@gmail.com
mailto:olaolaokungbaye@2000gmail.com

