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Abstract:

Background: Garri, a widely consumed staple food made from cassava (Manihot esculenta)
is commonly sold in open-air markets, which may expose it to microbial contamination due to
improper handling and storage. This study investigates the microbiological safety, proximate
composition, and functional properties of garri sold in various open markets in Ika locality,
Delta State, Nigeria. Method: A total of ten garri samples, both yellow and white, were
randomly collected from five markets. Standard methods were used to perform
bacteriological analyses. Proximate analysis was performed to determine the moisture
content, swelling capacity, and functional properties of garri samples. Moisture content was
determined using the oven-drying method. Swelling capacity was assessed by measuring the
volume change when garri was mixed with distilled water. Results: Proximate analysis
revealed that the moisture content of the samples ranged from 5.50% to 9.00%, with higher
moisture content being associated with increased microbial growth. The microbiological
analysis indicated bacterial contamination ranging from 1.42 x 10* CFU/g to 7.1 x 10° CFU/g,
surpassing the acceptable limits for ready-to-eat foods. Pathogenic bacteria such as
Escherichia coli and Staphylococcus aureus were identified, posing significant public health
risks. Additionally, functional properties, including swelling capacity, varied between 3.00%
and 3.60%, indicating differences in the cassava varieties used and fermentation processes.
Conclusion: The findings highlight the significant health risks associated with garri
consumption, particularly due to poor hygiene practices during production and handling.
Recommendations include improving drying techniques, educating vendors on food safety,
and conducting routine market surveillance. Future research should focus on the antibiotic
resistance profiles of the bacterial isolates and investigate the presence of mycotoxins in garri.
his study underscores the importance of ensuring food safety in garri production to mitigate

health risks for consumers.
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Introduction

Garri, a widely consumed food product in West Africa, particularly Nigeria, is produced from
the roots of Manihot esculenta (cassava). This granular, hydroscopic product is essential to
food security in the region, offering an affordable and accessible source of carbohydrates for
both rural and urban populations. Nigeria, being one of the largest producers of cassava in the
world, cultivates approximately 10 million tons annually (Ikuemonisan et al., 2020). The role
of garri in addressing food insecurity in Nigeria and the broader West African region cannot
be overstated, as it plays a significant part in ensuring nutritional balance despite socio-
economic challenges. Garri is produced by a series of steps, including the harvesting, peeling,
grating, fermentation, and frying of cassava tubers. The final product can either be yellow or
white, depending on whether palm oil is added during the frying process. The white garri
retains its creamy color, while the yellow variety adopts a characteristic hue from the addition

of palm oil (Thomas et al., 2021).

While garri provides an affordable source of calories, it has a relatively low nutritional
profile. The proximate analysis of garri typically reveals a high carbohydrate content, but low
levels of protein, fat, and micronutrients (Bamidele et al., 2014; Farinde et al., 2023). Its
primary role in the diet is to serve as a source of energy, but its limited nutritional content
underscores the need for complementary food sources to ensure balanced nutrition, especially
in areas with limited access to other sources of protein and vitamins. Furthermore, garri's high
carbohydrate content makes it a vital energy source for a majority of the population,
particularly in the context of food insecurity in rural Nigeria. The cassava plantation of Ika
locality in Delta State, Nigeria is called ‘Ekwu-Garri’ or ‘Ali-garri’ in the lka dialect
Cassava, the raw material used in garri production, contains both macro- and micronutrients.
The macro-components mainly consist of carbohydrates, specifically starch, which provides a
high-energy yield. Cassava also contains small amounts of protein and fats, while its
micronutrient content includes vitamins like vitamin C and B vitamins, as well as minerals
such as calcium, iron, and zinc. However, cassava also contains cyanogenic glycosides,
specifically linamarin and lotaustralin, which can release cyanide when improperly processed
(Ogiehor et al., 2007). Cyanide is a potent toxin, and if not effectively removed during the
processing of cassava, it can present significant health risks to consumers (Ferreira et al.,
2021). Therefore, proper processing methods, including fermentation and adequate drying,

are essential to reduce the cyanide content and ensure the safety of garri.

The safety of garri is a significant concern due to its vulnerability to microbial contamination,
which can pose health risks when consumed, particularly in situations where it is not

subjected to further cooking. The contamination of garri can occur at various stages of its
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production and handling, including during the processing of cassava tubers, the fermentation
stage, and during the display and sale of the final product. Garri is often sold in open-air
markets where it is exposed to dust, dirt, and microbial contamination from environmental
sources, including vehicle exhaust and airborne pathogens (Egbuobi et al., 2015; Sorkheh et
al., 2022). Studies have shown that pathogens such as Salmonella sp., Escherichia coli, and
Aspergillus species are frequently isolated from garri samples, making it crucial to address

these contamination concerns in order to safeguard public health (Koledoye et al., 2012).

In addition to cyanogenic glycosides, the microbial contamination of garri is another critical
concern. During the processing and handling of cassava, a wide variety of microorganisms,
including bacteria, fungi, and molds, can contaminate the product. The fermentation process,
while important for detoxifying the cassava and enhancing its nutritional profile, can also
provide an environment conducive to the growth of harmful microorganisms if not properly
controlled (Thomas et al., 2021). Microorganisms such as Escherichia coli, Staphylococcus
aureus, and various species of Aspergillus have been found in garri sold in markets, raising
concerns about its safety for consumption. These pathogens, especially Escherichia coli are
indicators of fecal contamination and can lead to gastrointestinal diseases and other foodborne

infections (Okolo & Makanjuola, 2021; Thomas et al., 2021).

The microbiological safety of garri is further compromised by the conditions in which it is
sold. Most garri sold in Nigerian markets is displayed in open bowls or bags, exposed to
environmental contaminants such as dust, insects, and vehicle emissions. The frequent
exposure to airborne microorganisms, combined with the unhygienic handling practices by
vendors and consumers, further exacerbates the potential for contamination. Moreover,
consumers often test garri by touching it with their hands, which introduces additional
pathogens, thus contributing to the overall microbiological load of the product. In the absence
of further thermal treatment, such as boiling or frying before consumption, the risk of
foodborne illness is heightened, especially for vulnerable populations like children, the

elderly, and immunocompromised individuals (Okolo & Makanjuola, 2021).

While garri remains a critical component of the Nigerian diet, its safety and nutritional quality
are compromised by inadequate processing practices, poor hygiene, and improper storage
conditions. Addressing these issues requires a multifaceted approach, involving
improvements in production methods, better hygiene practices among vendors, and public
health interventions aimed at educating consumers about the risks of consuming garri without

thermal treatment (Feng et al., 2023).
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The current study aim is to assess the bacteriological quality and proximate composition of
garri sold in Ika Locality, Delta State, Nigeria. To isolate and identify bacterial contaminants
present in garri samples from different markets in Ika Locality and evaluate the potential

health risk.

Materials and Methods

Study Area

This study was carried out in lka locality, the Ika south and the Ika Northeast local
government area of Delta State Nigeria. Geographically, it is located within latitude 6° 16> 0’
N and longitude 6°9°, 0°* E at an altitude of 130 meters. The samples collected were bought
from five (5) various markets in regions of the locality. The samples collected were bought
and labelled according to the town and market of purchase. The samples (yellow garri and
white garri) purchased from Owa market and Ebu-Owa market was labelled sample C1, C2,
D1, and D2 respectively. lka south locality, from Agbor-Obi, Balake market, and Alihagu
market were the samples yellow and white garri labelled, A1, A2, B1, B2, E1, and E2

respectively.

The primary sampling site was the markets in Ika locality, Delta State Nigeria. These markets
are open to everyone students, workers and travellers wanting to buy either goods or products.
During sales and transaction, testing and feeling of products like garri, makes it a potential
point for microbial contamination due to frequent hand contact and inadequate drying or

unhygienic practices by the costumers or handlers.

Sample Collection

Ten (10) samples were purchased randomly two (2) each from five (5) various markets in
regions of lka locality. The samples were collected in zip lock sterile bags and labelled
appropriately according to their market of purchase. The yellow garri labelled A1l as the first
and the white garri labelled A2 as the second sample followed respectively C1, C2, B1, B2,
D1, D2, E1, and E2 before conveying to the laboratory for Analysis.

Proximate Analysis of Garri

Composition of Moisture Content

The crucibles were washed and placed in the hot air oven to dry for 50°C for 30 minutes. The
dried crucible was weighed and marked M1. 2g of each sample was added into each labelled
crucibles weighed separately and marked M2. These crucibles were then heated in an oven

under the temperature of 100°C for 2 hours, and allowed to cool down and weighed again

Received:15 August 2025 339
Revised: 18 August 2025

Accepted:22 August 2025

Copyright ¥ authors 2025 DOI: HTTPS://DOI.ORG/10.5281/7ENODO.17088074



https://doi.org/10.5281/zenodo.17088074

"=~ % International Journal of Research (lJR) e-155N: 2348-6848
p-ISSN: 2348-795X

Vol. 12 Issue 08
August 2025

IR

marked M3. The samples moisture was determined as the average weight difference (Ahn et
al., 2014). Using the equation AOAC (Horwitz & Latimer, 2017).
Moisture content (%) = M2—M3 x 100

M2-M1

Functional Properties of Garri

Swelling Content: The swelling capacity of the samples is obtained using the methods
describe by (Sanni et al., 2008) In this procedure 5 grams of each garri samples was placed in
a clean measuring cylinder and followed by the addition 25milliters of distilled water into the
samples. The measuring cylinder was closed tightly, and the content was mixed thoroughly by
inverting the cylinder for 2 minutes. After this it was inverted again and left to stand for 3
additional minutes, after which the final volume of the distilled water was measured to
estimate the swelling capacity of the garri.

Swelling capacity (%) = volume of the garri in water x 100

Initial volume of garri

Microbial Sample Analysis

Microbial analysis was carried out by weighing 2g of each sample, suspended in peptone
water and crushed by sterile mortar and pestle. After crushing, 4-fold serial dilutions
technique was done by measuring 1g each employed in a well labelled test tube and added
9ml of sterile distilled water. Then 1ml of the stock solution was dispensed into another 9ml
of distilled water. This was done up to 4™ time, and this will be repeated for the ten samples
(Orji et al., 2016).

Serial dilution

This technique was used to reduce microbial load in a sample. The stock solution is prepared
by weighing 1gram of the samples, then turning it into a sterile test tube adding 9 milliter of
distilled water into the test tubes. Then Imilliter of the stock solution is employed into the
nest dilution series and the process is done continually until the last (Akoma et al., 2019; P.
Thomas et al., 2015).

Cultivation of Sample

The serial dilution was used for inoculation; it was inoculated using streaking method were
exactly 1ml aliquot from 10™* dilution was aseptically inoculated into MacConkey agar and
nutrient agar of each 1ml dilution for a total variable bacterial count. The inoculated plate was
incubated at 35°C for 24 hours. At the end of the incubation period discrete colonies were
enumerated and expressed as log of colony forming units (CFU) of diluted sample was

calculated using the following formula (Clarence et al., 2009).
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Number of organism (CFU/g) = Number of colony x dilution factor

Volume of dilution cultured

Isolation and Purification of bacterial isolates was done using methods previously described

by (Cowan & Steel, 1994; Edward et al., 2012)

Results
The findings of this study shed light on the microbiological safety, proximate composition,
and functional properties of garri obtained from various open markets. As garri is a staple

food in many Nigerian households, its safety and quality are paramount to public health.

Table 1 shows the moisture content of garri. Moisture content is a determinant of food
stability and shelf-life. The garri samples analysed had moisture contents ranging from 5.50%
(C2) to 9.00% (E1). High moisture levels, particularly above 8%, as seen in samples 9.00%
(E1), are associated with increased susceptibility to microbial spoilage and while the lowest

moisture content level is 5.50% (C2).

Table 2 shows the colony forming unit (CFU) of bacteria. Microbial Contamination and Load,
the microbiological analysis indicated bacteria counts ranging from 1.42 x 10* CFU/g (B1) to
7.1 x 10° CFU/g (B2). These values surpass acceptable limits for ready-to-eat foods (10°— 10*
CFU/g), particularly in samples 7.1 x 10° CFU/g (B2) and 6.4x10° (C1) that have the highest
bacterial count. While 1.42x10° (B1) and 1.55x10° (E2) have the lowest bacterial count. The
presence of high bacterial loads suggests inadequate hygiene during processing, handling, or

packaging.

Table 3 shows a total of 10 bacterial contaminates Escherichia coli, was identified in 2(20%)
samples, Market-Specific Observations Each market showed a unique profile of bacterial
isolates: Agbor-Obi Market: Escherichia coli and Enterobacter sp.; Balake Market:
Staphylococcus albus and Citrobacter sp.; Owa Market: Klebsiella sp. and Staphylococcus
aureus; Ebu-Owa Market: Proteus sp. and Enterococci sp.; Alihagu Market: Staphylococcus
aureus and Escherichia coli.

Staphylococcus aureus, which was isolated in 2(20%) samples, detecting wide spread of
direct bare hands contact, contamination can by droplet sneezing or coughing from the
handlers or processor. Other isolates include Klebsiella sp, Enterobacter sp, Staphylococcus
albus, Citrobacter sp, Proteus sp, and Enterococci sp, from the garri sample accounting for

(60%).
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Figure 1 shows the mean Swelling Capacity of garri. Swelling capacity reflects the ability of
garri granules to absorb water and expand, influencing its acceptability among consumers.
Market variation suggests differences in cassava variety, fermentation duration, and granule
structure. The mean swelling capacity ranges from 3.00% (EOM) to 3.60% (AOM).

Table 1: Proximate Analysis of Garri Samples from Various Markets

—  Market — Garricolour — Parameter %M.C
Agbor-obi market YG Al 7.50
WG A2 8.50
Balake market YG B1 7.00
WG B2 8.00
Owa market YG Cl 6.50
WG C2 5.50
Ebu-Owa market YG D1 8.50
WG D2 7.00
Alihagu market YG El 9.00
WG E2 8.00

Key: MC: Moisture content, YG: Yellow garri, WG: White garri.

Table 2: Total Heterotrophic bacterial Counts of Garri Samples from Various Markets Colony

forming Unit (CFU)

Market Garri colour Parameter (10° CFU/g)

Agbor-Obi market YG Al 84.93x10°
WG A2 42.46x10°

Balake market YG B1 1.42x10°

WG B2 7.1x10°

Owa market YG C1 6.4x10°
WG C2 65.75x10°

Ebu-Owa market YG D1 42.5x10°

WG D2 42.5%x10°

Alihagu market YG El 99.1x10°

WG E2 1.55x10°
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Table 3: Bacterial isolated from garri samples in different locality
Sampling site Yellow garri White garri
AOM Escherichia coli Enterobacter sp
BM Staphylococcus albus Citrobacter sp
OoOwM Klebsialla sp Staphylococcus aureus
EOM Proteus sp Enterococci sp
AO Staphylococcus aureus Escherichia coli

Key: AOM: Agbor-Obi Market, BM: Balake Market, OWM: Owa Market, EOM: Ebu-Owa
Market, AO: Alihagu Market

Figure 1: Bar Chart Showing Swelling Capacity of Garri samples

3.6
3.5 A ? 31 - 3.3
2.5 A / * BM
2 1 / ®OWM
1.5 A / 11EOM
1 A / 1AM
o | . . . .
AOM BM OWM EOM AM
Figure 1: Bar Chart Showing Swelling Capacity of Garri samplesKey: AOM: Agbor-Obi
Market, BM: Balake Market, OWM: Owa Market, EOM: Ebu-Owa Market, AM: Alihagu
Market.
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Discussion

The proximate analyses of moisture content in garri samples shows the quality and safety
variability in the market. This study observed range of 5.50% to 9.00% which is of concern
because, its moves from an acceptable level for good shelf life to a range that influences risk
of spoilage. The moisture content of sample E1 9.00% is specifically of concern. Moisture
levels above 8% compromise the storage stability of garri, particularly in humid tropical
climates where microbial activity is naturally increased. With a level of moisture content
creates an environment favourable for the growth of moulds, yeasts, and bacteria, including
pathogenic species, leading to rapid deterioration, production of mycotoxin and reducing shelf
life of the garri (Aguoru et al., 2014; Amadi & Adebola, 2008). The producers from Alihagu
market E1 (yellow garri) shows the less dehydration during the frying process, or the product
was improperly handled during post processing, allowing it to absorb atmospheric moisture
during storage, cooling or in the open market. While the lowest moisture content sample C2
(white garri) 5.50% (Owa market) shows a well processed product with a high ability of long
shelf life. This finding is consistent with (Okolo & Makanjuola, 2021) reporting very low
moisture content is the key preventing microbial deterioration over months. In this study, the
lowest moisture range of garri samples will make it less prone to microbial spoilage and
contamination. The observed differences in the level of moisture content can be characterized
based on the changes in temperature, rate of frying, packaging and the storage condition of

final product (Kehinde & Udoro, 2013) .

The swelling capacity of garri influences its desirability and nutritional value, as higher
swelling capacity is linked to better texture and water absorption. The mean swelling capacity
of garri samples from different markets ranged from 3.00% to 3.60%. The swelling capacity
shows the ability of garri to absorb water by increasing the volume of the garri particles
(Oduro et al., 2000). The variation in swelling capacity among samples could reflect
differences in processing methods and cassava variety. This study shows that the garri was
perfectly processed, which the producer fried the garri at high temperature successfully
gelatinizing the starch. The quality of garri swelling capacity is 50% is a significant increase

to the nutritional composition (Bamidele et al., 2014).

Microbial Contamination and Load, the microbiological analysis indicated bacteria load
ranging from 1.42 x 10* CFU/g (B1) to 7.1 x 10° CFU/g (B2). The presence of high microbial
load exceeds the required count (10° — 10* CFU/g), particularly in samples 7.1 x 10° CFU/g
(B2) and 6.4x10° (C1) that have the highest bacterial count. The acceptable bacteria load for
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(9.5 x 10°CFU/g — 6.7 x 10°CFU/g) were within the tolerable limits of 10* to 10°
recommended by International Commission on Microbiological Specifications for Foods
(Okolo & Makanjuola, 2021). The presence of high bacterial loads suggests inadequate
hygiene during processing, handling, or packaging. The presence of Escherichia coli shows
contamination from faecal matter, environmental exposure, or poor personal hygiene among
handlers. Some of these bacteria are pathogenic and most are non-pathogenic but can cause
opportunistic infections in immunocompromised individuals (Bennett & Mondy, 2003; Rufai

& Wartu, 2023; Viana et al., 2025) .

The common practice of tasting garri with bare hands before purchasing further heightens the
risk of microbial exposure. The occurrence of toxin-producing Staphylococcus aureus in
samples from Owa market and Alihagu market underscores the risk of foodborne illness
associated with improperly handled garri. Staphylococcus aureus a commensal of human
microbiota can contaminate food process and handled with bare hands as such their presence
in the garri samples suggest possible contamination from direct contact or aerial droplet
which include sneezing or coughing by the garri producers, and handlers or retailers.
(Omonigho & lkenebomeh, 2002; Bennett & Mondy, 2003; Okolo & Makanjuola, 2021;).
Staphylococcus aureus, and Enterobacter sp. have also been added in food infections and
intoxication causing diarrheal diseases among other complications particularly infant
children, elderly and immunocompromised individual (Pal, 2022) . Enterococcus sp. as good
bacteria which can serve as probiotics to boost the microflora of the gut among other useful
benefits associated with probiotics, their presence is good for the health of the consumers of
garri (Ajayi & Ajenifuja, 2025). These findings suggest localized issues of contamination

possibly due to environmental sanitation, market design, and vendor practices.

Conclusion:

The analysis reveals that several garri samples sold in open markets do not meet
microbiological safety standards due to high moisture content and significant microbial
contamination. The detection of pathogenic bacteria indicates potential health risks,
particularly when garri is consumed without further cooking. Market environments and post-
production handling practices significantly influence product safety and quality. Considering
the fact that garri is a staple food consumed by large population in the Ika locality, Nigeria at
large and even other tropical African countries, it is important that these regions are
encouraged to reduce the consumption of garri without thermal treatment to prevent food
infections or food intoxications. The garri processors and retailers should be able adhere to

strict personal hygiene and food safety awareness by using clean covered transparent
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containers for sales to reduce direct and indirect contaminations by airborne droplets and
spores of the isolates in dust and air.
References

Aguoru, Onda, Omoni, V. T., & Ogbonna, I. O. (2014). Characterization of moulds associated
with processed garri stored for 40 days at ambient temperature in Makurdi, Nigeria.
African Journal of Biotechnology, 13(5), 673-677.
https://doi.org/10.5897/A1B2013.12187

Ahn, J. Y, Kil, D. Y., Kong, C., & Kim, B. G. (2014). Comparison of Oven-drying Methods for
Determination of Moisture Content in Feed Ingredients. Asian-Australasian Journal of
Animal Sciences, 27(11), 1615-1622. https://doi.org/10.5713/ajas.2014.14305

Ajayi, A. 0., & Ajenifuja, O. A. (2025). Probiotic Potential of Lactic Acid Bacteria Isolated from
Local Foods in Ado-Ekiti, South West Nigeria. Nigerian Journal of Basic and Applied
Sciences, 32(1), 27-36. https://doi.org/10.4314/njbas.v32i1.5

Akoma, O. N., Ononugbo, C. M., Eze, C. C., Chukwudozie, K. I., & Ogwu, J. 0. (2019).
Microbial Assessment of Selected, Locally- Fermented and Ready-to-eat Cassava
Products Sold in Lokoja, Nigeria. Asian Food Science Journal, 1-9.
https://doi.org/10.9734/afsj/2019/v8i429997

Amadi, J. E., & Adebola, M. 0. (2008). Effect of moisture content and storage conditions on
the storability of garri. African Journal of Biotechnology , 24, 4591-4594.

Bamidele, O. P., Ogundele, F. G., Ojubanire, B. A., Fasogbon, M. B., & Bello, 0. W. (2014).
Nutritional composition of “gari” analog produced from cassava (Manihot esculenta)
and cocoyam (Colocasia esculenta) tuber. Food Science & Nutrition, 2(6), 706—711.
https://doi.org/10.1002/fsn3.165

Bennett, R. W., & Mondy, R. S. (2003). Staphylococcus aureus. International Handbook of
Foodborne Pathogens, 61-80. https://doi.org/10.1201/9780203912065-6

Cowan, S. T., & Steel, K. J. (1994). Cowan and Steel’s Manual for the Identification of Medical
Bacteria. Cambridge University Press.

Edward, V. A., Egounlety, M., Huch, M., Van Zyl, P. J.,, Singh, S., Nesengani, N. D., & Franz, C.
M. (2012). Isolation and screening of microorganisms from a gari fermentation process
for starter culture development. . African Journal of Biotechnology, 11(65), 12865—
12877.

Egbuobi, R. C., Dike Ndudim, J. N., Ojiegbe, G. C., Okorie, H. M., Nnodim, J. K., & Ogamka, A.
I. (2015). Bacteriological quality of garri sold in Owerri open markets, Imo state,
Nigeria. African Journal of Food Science, 9(4), 252-256.
https://doi.org/10.5897/AJFS2014.1204

Farinde, E. O., Obatolu, V. A., Ezugwu, B. N., Dauda, T. O., & Taiwo, O. M. (2023). Physico-
Chemical Quality of Processed Nutrient-Dense Garri (NDG) from Pro-Vitamin A Cassava

Received:15 August 2025 346
Revised: 18 August 2025

Accepted:22 August 2025

Copyright ¥ authors 2025 DOI: HTTPS://DOI.ORG/10.5281/7ENODO.17088074



https://doi.org/10.5281/zenodo.17088074

INTERNATIONAL JOURNAL OF ReSEARCH

2> International Journal of Research (lJR)
ol

IR

and Soybean. European Journal of Food Science and Technology, 11(1), 9-39.
https://doi.org/10.37745/ejfst.2013/vol11n1939

Feng, Y., Zhang, Y., Shah, O. U,, Luo, K., & Chen, Y. (2023). Isolation and Identification of
Endophytic Bacteria Bacillus sp. ME9 That Exhibits Biocontrol Activity against
Xanthomonas phaseoli pv. manihotis. Biology, 12(9), 1231.
https://doi.org/10.3390/biology12091231

Ferreira, S. da C., Nakasone, A. K., do Nascimento, S. M. C., de Oliveira, D. A., Siqueira, A. S.,
Cunha, E. F. M., de Castro, G. L. S.,, & de Souza, C. R. B. (2021). Isolation and
characterization of cassava root endophytic bacteria with the ability to promote plant
growth and control the in vitro and in vivo growth of Phytopythium sp. Physiological
and Molecular Plant Pathology, 116, 101709.
https://doi.org/10.1016/j.pmpp.2021.101709

Horwitz, W., & Latimer, G. W. (2017). Official Methods of Analysis of AOAC International.
AOAC International .

Ikuemonisan, E. S., Mafimisebi, T. E., Ajibefun, |., & Adenegan, K. (2020). Cassava production
in Nigeria: trends, instability and decomposition analysis (1970-2018). Heliyon, 6(10),
1-9. https://doi.org/10.1016/j.heliyon.2020.e05089

Kehinde, A. T., & Udoro, E. O. (2013). Studies on the Physicochemical, Functional and
Sensory Properties of Gari Processed from Dried Cassava Chips. Journal of Food
Processing & Technology, 05(01). https://doi.org/10.4172/2157-7110.1000293

Oduro, I., Ellis, W. O., Dziedzoave, N. T., & Nimako-Yeboah, K. (2000). Quality of gari from
selected processing zones in Ghana. Food Control, 11(4), 297-303.
https://doi.org/10.1016/5S0956-7135(99)00106-1

Ogiehor, I. S., lkenebomeh, M. J., & Ekundayo, A. O. (2007). The bioload and aflatoxin
content of market garri from some selected states in southern Nigeria: public health
significance. African Health Sciences, 7(4), 223-227.

Okolo, E., & Makanjuola, A. T. (2021). Microbial Evaluation of Garri Sold Within Ahmadu
Bello University Main Campus, Samaru - Zaria, Kaduna State. Science World Journal,
16(3), 1597-6343.

Omonigho, S. E., & lkenebomeh, M. J. (2002). Microbiological quality assessment of garri
with reference to thermonuclease activity. Food Control, 13(8), 535-541.
https://doi.org/10.1016/50956-7135(02)00042-7

Pal, M. (2022). Staphylococcus Aureus: A Major Pathogen of Food Poisoning. Nutrition and
Food Processing, 5(1), 01-03. https://doi.org/10.31579/2637-8914/074

Rufai, M. S., & Wartu, J. R. (2023). Food Contact Surface Contaminants: A Review . FUDMA
Journal of Sciences , 7(6), 140-148.

Received:15 August 2025 347
Revised: 18 August 2025

Accepted:22 August 2025

Copyright ¥ authors 2025 DOI: HTTPS://DOI.ORG/10.5281/7ENODO.17088074

e-ISSN: 2348-6848
p-ISSN: 2348-795X
Vol. 12 Issue 08
August 2025


https://doi.org/10.5281/zenodo.17088074

INTERNATIONAL JOURNAL OF ReSEARCH

Jé‘@ International Journal of Research (lJR) e-ISSN: 2348-6848
G\

p-ISSN: 2348-795X
R Vol. 12 Issue 08
U August 2025

Sanni, L. O., Adebowale, A. A., Awoyale, W., & Fetuga, G. O. (2008). Quality of gari (roasted
cassava mash) in Lagos State, Nigeria. Nigerian Food Journal, 26(2), 125-134.

Sorkheh, M., Asgari, H. M., Zamani, |., & Ghanbari, F. (2022). The Relationship Between Dust
Sources and Airborne Bacteria in the Southwest of Iran. Environmental Science and
Pollution Research, 29(54), 82045-82063. https://doi.org/10.1007/s11356-022-21563-
6

Thomas, B. T., Efuntoye, M. O., Kolawole, R. M., Popoola, O. D., & Tajudeen, A. O. (2021).
Metagenomic tracking of microbial consortia of cassava flakes (garri). Ife Journal of
Science, 23(2), 75-82. https://doi.org/10.4314/ijs.v23i2.8

Thomas, P., Sekhar, A. C., Upreti, R., Mujawar, M. M., & Pasha, S. S. (2015). Optimization of
single plate-serial dilution spotting (SP-SDS) with sample anchoring as an assured
method for bacterial and yeast cfu enumeration and single colony isolation from
diverse samples. Biotechnology Reports, 8, 45-55,
https://doi.org/10.1016/j.btre.2015.08.003

Viana, G. G. F., Cardozo, M. V., Pereira, J. G., & Rossi, G. A. M. (2025). Antimicrobial Resistant
Staphylococcus spp., Escherichia coli, and Salmonella spp. in Food Handlers: A Global
Review of Persistence, Transmission, and Mitigation Challenges. Pathogens, 14(5), 496.
https://doi.org/10.3390/pathogens14050496

Received:15 August 2025 348
Revised: 18 August 2025

Accepted:22 August 2025

Copyright ¥ authors 2025 DOI: HTTPS://DOI.ORG/10.5281/7ENODO.17088074



https://doi.org/10.5281/zenodo.17088074

