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Abstract

Omena (Rastrineobola argentea)) is an important fish species in Lake Victoria. It is a significant
protein source for consumers in Kenya. However, poor handling of omena poses quality and safety
concerns. This study evaluated the microbial quality of omena sourced from four counties in
Kenya. Purposive sampling was employed to collect samples from selected schools, warehouses,
and marketplaces in Homabay, Muranga, Nairobi and Makueni counties. The Association of Official
Analytical Chemists (AOAC 2000) procedures were used to detect Staphylococcus aures,
Escherichia coli, and Salmonella spp. in sun-dried, stewed and deep-fried omena. The total viable
counts in sun dried, stewed, and deep-fried omena ranges were log 5.5 to 7.9 CFU/g, 0 to log 3.77
CFU/g, and log 7.766 to 7.768 CFU/g, respectively. Escherichia coliin sun-dried, stewed, and deep-
fried omena ranged from 0 to log 4.4 CFU/g, O to log 1.6 CFU/g, and O to log 5.3 CFU/g,
respectively. Staphylococcus in sun-dried, stewed, and deep-fried omena varied from log 3.9 to
6.9 CFU/g,0tolog 1.2 CFU/g, and log 4.6 to 5.3 CFU/g, respectively. The standard levels for cooked
omena are O for Escherichia coli, and Staphylococcus count and log < 4 CFU/g for total viable count.
Prevalence of Salmonella typhimurium in omena from warehouses, and marketplaces was 34%
and 50%, respectively. None of the samples contained Salmonella typhi. Shigella flexneri was at
14% and 25% in schools and market places respectively. Microbiological quality in most sun dried,
and deep-fried omena samples was above critical limit, suggesting potential lapses in sanitation
and unsafe handling practices of the omena. Stewed omena samples were mostly below critical
limit and therefore safe for consumption.

Keywords: Omena, deep-fried, stewed, sun-dried, microbial quality, critical limit.

1.0 Introduction

Omena (Rastrineobola argentea), also known as silver cyprinid, is a small pelagic fish
predominantly harvested in Lake Victoria, East Africa. It plays a crucial role in the diet of many
individuals in East Africa, where it is a vital source of affordable, high-quality protein, essential
omega 3 fatty acids such as eicosapentanoic and docosahexaenoic acids, and micronutrients such
as calcium, phosphorus, and iron (Mkunda et al., 2018).

URL: https://ojs.jkuat.ac.ke/index.php/JAGST 134
ISSN 1561-7645 (online)
doi: 10.4314/jagst.v25i4.8




Journal of Agriculture Science & Technology JAGST SPECIAL ISSUE, 134 - 148

Microbial quality assessment of omena

A report by Jumbe et al., (2010) showed that omena accounts for 35% of the estimated per capita
fish consumption in Kenya. It is a source of income for resource poor men and women around the
Great Lakes region. The report indicated a reduction in consumption from 6 kg per person per
annum to between 3 and 5 kg per person per annum. The reduction is partly attributed to post-
harvest losses where handlers are numerous, working mostly in the informal sector, and therefore
poorly regulated to ensure that omena meets stipulated safety standards (Luomba, 2016). A
report by Ibengwe & Kristéfersson, (2012) showed post-harvest loses are substantial and
estimated at US S 32 billion annually in East Africa. The US National Research Council Committee
(FND/NRC) estimated that one fourth of the world food supply is lost through microbial activity
alone (Pal et al., n.d.). Fish, particularly small species like omena, are highly susceptible to rapid
spoilage due to their high moisture and nutrient content, providing an ideal environment for
microbial growth. Poor handling, processing, and storage conditions further exacerbate the risk of
contamination by pathogenic microorganisms, including Salmonella spp., Staphylococcus aureus,
Escherichia coli, and total coliforms, that are associated with foodborne illnesses (Baniga et al.,
2017). Salmonella is a leading cause of bacterial gastroenteritis, often linked to the consumption
of contaminated fish (Rincon-Gamboa et al., 2021). Staphylococcus aureus, present on human
skin, can produce heat-resistant enterotoxins that cause food poisoning, characterized by
vomiting and diarrhea (Hussein et al., 2019). Furthermore, the detection of fecal contamination
indicators, such as Escherichia coli which causes gastrointestinal infections, and total coliforms, is
critical in assessing the sanitary conditions under which omena is processed and stored (Bhowmik
& Ahsan, 2019). Additionally, the total plate count (TPC) provides an estimate of the overall
microbial load in the fish, reflecting the potential for spoilage and the presence of spoilage
organisms (Onjong et al.,, 2018). Understanding the microbial quality of omena is crucial for
safeguarding public health. Pathogens in food can have life-threatening consequences, particularly
in vulnerable populations such as children, the elderly, and immunocompromised individuals
(Hernandez-Pastor et al., 2023).

Microbial limits for various food products have been established through microbial risk
assessment, and animal trials to guide safe consumption. For ready to eat omena, acceptable limits
include the absence of Salmonella spp. in 25 grams of fish, less than 0 CFU/g of Staphylococcus
aureus in stewed samples, and less than 0 CFU/g of E. coli (ICMSF, 2018). Additionally, the total
plate count for stewed omena should not exceed log 4 CFU/g, while coliform levels should remain
below 0 CFU/g (EAS, 2018). Adhering to these limits is crucial in reducing the incidence of
foodborne illnesses and ensuring the safety of this widely consumed fish.

The objective of this study was to determine the presence and levels of key pathogens, including
Salmonella spp., Staphylococcus aureus, Escherichia coli, total coliforms, and total plate count in
sun-dried deep-fried, and stewed omena samples.

2.0 Methodology

2.1 Study design and site

Purposive sampling technigue, a non-probability sampling method was employed in this study.
The technigue was used as it helps target specific sites which would inform on the various handling
and storage conditions across the sites. The study was done in 4 different counties (Figure 1).
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Omena samples were collected from suppliers/warehouses, market places, and in schools that
consumed omena. The schools were purposely selected to represent those chosen for the omena
schools project, while the selected markets were located within the region in the coverage of the
omena project. These suppliers were used to deliver Omena to the study schools in Homabay
county, a fish consuming region, and Muranga and Makueni counties, non-fish consuming regions.
The type of samples collected in the study schools, warehouses, and market places were as shown
in Table 1.

HOMABAY COUNTY MURANGA COUNTY
——l
MAKUENI COUNTY NAIROBI COUNTY

\

Figure 1: Map of Homabay, Makueni, and Muranga counties with a small modification. (Figure 1,
n.d.)
Key - Specific locations of the sample collection sites.
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TABLE 1. Sample collection sites.

Site of Collection Point of Collection Type of samples collected
Warehouses
A. Nairobi Warehouse 1 - Sundried omena
Warehouse 2 - Sundried omena
Warehouse 3 - Sundried omena
Schools
A. Homabay School 1 - Sundried omena
- Stewed omena
School 2 - Sundried omena
- Stewed omena
B. Muranga School 3 - Sundried omena
- stewed omena
School 4 - Sundried omena

- Stewed omena
Market Places

1. Homabay Market 3 - Sundried omena
2. Muranga Market 2 - Sundried omena
3. Makueni Market 1 - Sundried omena

2.2 Description of the samples

Omena samples were prepared and collected through three distinct methods. First, vendors
obtained omena and sun-dried them by placing the fish on racks or mats, allowing them to dry
naturally under direct sunlight. Secondly, stewed omena samples were prepared within the
selected schools, following a standardized procedure, (Final Kenyan Recipe Book 2018 (1), n.d.),
overseen by a trained chef. School cooks executed the preparation. They began with soaking the
omena in boiling salted water for twenty minutes, after which the water was discarded and the
fish left to dry. Subsequently, fried onions were combined with tomatoes to create a sauce, and
the pre-soaked omena was then added and thoroughly coated. Water and salt were added to the
mixture, which was then left to simmer for 10 minutes. Lastly, deep-fried omena samples were
collected directly from market vendors, these were pre-prepared samples by the vendors.

2.3 Sample size and sampling procedure
Sample size
Yamane's formula was used to determine the number of samples to be collected.

n=N/(1+N (e)?)
Where;
e =0.1(10% margin error)
N= 3 warehouses + 6 schools (2 per county) + 3 markets (1 per study county).

However, sundried and stewed samples were collected from schools and sundried and deep-fried
samples were collected from market areas. Therefore;

N=21

n=21/(1+21(0.1)?)

n=17.36
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however, it was noted that some market places had no deep-fried samples and some schools had
already cooked all their omena hence reducing the sample size to 14.

2.3.1 Procedure

At the sampling sites, sterilization of hands and serving spoons was done using 70% ethanol.
Disposable gloves were then worn, and sun-dried omena samples mixed using sterilized hands,
while sterilized serving spoons were used for mixing cooked omena. This was to ensure that the
samples were representative. Two kilograms each of the sun dried, stewed (without soup) and
deep fried omena were collected from each school, warehouse and market place. The samples
were then packaged in sterile, vacuum sealed plastic bags and transported in cooler boxes to the
Post-harvest Lab at Jomo Kenyatta University of Agriculture and Technology. They were stored at
-80 °C prior to analysis.

2.4 Assessment of microbial quality of omena samples
Omena samples were collected and analyzed for total plate count, total coli form count,
Escherichia coli, staphylococcus, salmonella, and shigella.

2.4.1 Total plate count

Total plate count was done using the plate count technique (AOAC 1989 966.23). Twenty-three
and a half grams of plate count agar (PCA) was weighed and mixed with 1000 ml of distilled water
in a conical flask. One gram of peptone water was placed in a conical flask containing 1000 ml of
distilled water and stirred to dissolve. The solutions were covered with aluminum foil. A total of
90 ml of peptone water was measured and transferred into a centrifuge tube. Four to ten milliliters
of peptone water were measured and dispensed into 4 test-tubes, which were then covered with
aluminum foil. The solutions were subsequently autoclaved at 121 °C at a pressure of 15 psi for 20
minutes. After autoclaving, they were allowed to cool to below 50 °C. To ensure a sterile working
environment, a mixture of ethanol and methylated spirit was used to disinfect, followed by a few
minutes of airflow. Petri dishes were placed in the clean bench, and 20 ml of PCA solution
dispensed into each dish. Ten grams of the omena sample was weighed and serially diluted tenfold
in a 1:10 ratio. From each dilution, 0.1 ml of inoculum was pipetted into petri dishes, prepared in
triplicates. The inoculum was spread evenly, and the petri dishes were incubated in an inverted
position at 37 °C for 24 hours. Triplicate plates from at least 1 of 3 dilutions, containing between
20 and 200 colonies, were used to compute the average colony count per gram. The results were
reported as log of total plate count per gram, expressed as log colony forming units per gram (log
CFU/g).

2.4.2 Total coliform count and Escherichia coli detection

This was done using the most probable number technique (AOAC 1971 966.24) (Feldsine et al.,
2005). A weighing scale was used to measure 41.53 grams of violet red bile agar (VRBA) and 38.53
grams of violet red bile glucose agar (VRBGA). Each agar was mixed with 1000 ml of distilled water.
The solutions were then placed on a hot plate and heated while stirring until a wet froth appeared.
Peptone water was prepared as described in the total plate count procedure. The solutions were
allowed to cool to below 50°C. A mixture of ethanol and methylated spirit was used to sterilize
the clean bench and air left to flow for a few minutes. On the clean bench, 20 ml of VRBA and 20
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ml of VRBGA solution were dispensed separately into petri dishes. Ten grams of omena sample
was weighed and serially diluted tenfold in a 1:10 ratio. From each dilution, 0.1 ml of inoculum
was pipetted into petri dishes, prepared in triplicates. The inoculum was spread evenly, and the
petri dishes were incubated in an inverted position at 37 °C for 24 hours. Triplicate plates from at
least 1 of 3 dilutions containing between 20-200 colonies were used to compute the average
colony count per gram. The results were reported as the log of total plate count per gram,
expressed as log colony forming units per gram (log CFU/g).

2.4.3 Salmonella and Shigella detection

This was done using AOAC 1999, 995.20. Pre-enrichment was conducted by inoculating 5 grams
of the sample into a non-inhibitory liquid medium (autoclaved lactose broth) to facilitate the repair
and growth of stressed salmonella resulting from exposure to heat or freezing. The mixture was
incubated at 37 °C for 24 hours.

Tetrathionate broth base was boiled until frothing and cooled to 45°C, after which 6 grams of
potassium iodide and 5 grams of iodine were added. Ten milliliters of the prepared solution were
dispensed into test-tubes, and 1 ml of the pre-enriched media inoculated into each. This step
served as selective enrichment. The test tubes were then incubated at 37°C for 24 hours. Selective
plating was done by streaking the enrichment cultures onto selective differential agars for the
isolation of Salmonella. Salmonella and Shigella Agar plates were used, and the plates were
incubated in an inverted position at 37°C for 24 hours.

The isolates were further screened using determinant biochemical reactions on Triple Sugar Iron
(TSI) Agar slants. A loopful of colonies observed on the petri-dishes was streaked onto TSI agar,
and a hole pierced in the middle of the agar using the loop. A polyvalent or somatic grouping
antisera chart was used to tentatively identify isolates as members of salmonella species.
Salmonella was considered present when black centered colonies were visible, whereas shigella
was identified by the presence of colorless colonies.

2.4.4 Staphylococcus aureus detection

This was done using a modified method of AOAC 1976 975.55. The procedure followed was similar
to that used for total plate count determination, with the primary difference being the use of
Mannitol Salt Agar as the selective medium for the detection and enumeration of Staphylococcus
aureus.

2.4.4.1 Data analysis and statistics

Quantitative data was collected and analyzed using IBM SPSS (SPSS for Windows Version 20.0).
Descriptive statistics were applied, and the results were reported as mean * standard deviation.
Differences between means were determined using one-way analysis of variance (one-way
ANOVA), followed by Turkey’s highest significant difference test to compare groups with equal
variance.
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3.0 Results and discussion
3.1 Microbial quality assessment of selected omena samples
A) Sun-dried Omena samples
Microbial quality assessment of the samples was done and results tabulated as shown in table 2.

Table 2: Microbial analysis of sundried omena samples (log CFU/g).

Location Staphylococcus
Code Total Plate Count  Total coliforms  Escherichia coli  aureus
Warehouses
Warehouse
1R 7.154+0.09¢ 3.41840.04° 2.100+0.06° 6.969+0.02¢
Warehouse
3R 5.492+0.05° 1.000+0.00? 1.10040.25° 3.952+0.232
Warehouse
2R 5.975+0.09° 4.61620.22¢ 4.441+0.02¢ 5.360+0.21°
Schools
Homabay School 1R 7.87420.22° 2.360+0.09° 2.25940.22° 3.908+0.02°
School 2R 6.812+0.15°2 4.534+0.26° 4.01140.12° 6.757+0.19°
Muranga School 4R 6.644+0.32° 1.000+0.12° 0.000+0.002 4.15940.11°
Markets
Makueni Market 1R 6.004+0.02° 1.347+0.082 0.00040.58°? 5.685+0.21°
Muranga Market 2R 6.861+0.22° 2.00240.38° 1.002+0.07° 6.374+0.19°
Critical
limits log<5 log<3 log<3 log<3

Key: Values are means of three replicates. °°— means values with different superscripts in the
same column differ significantly (p<0.05). Warehouse R- Warehouses with sundried omena,
School R-Schools with sundried omena, Market R- Markets with sundried omena.

3.1.1 Total aerobic plate count (TPC) of sundried samples

Total aerobic plate count is the total number of aerobic bacteria present in a food sample. Table
2 shows the total aerobic bacterial load in sun-dried omena samples. All the samples exhibited TPC
levels above the recommended log < 5, as per (EAS,2018). TPC levels in omena from warehouses
differed significantly (p<0.05). Omena in warehouse 1 had the highest TPC, 7.154 CFU/g and
warehouse 3 the least, 4.49 CFU/g. Among the schools, omena from school 1 had the highest
levels of TPC at 7.87 CFU/g. TPC levels in omena from the markets were significantly different, with
omena from market 2 registering a higher count at 6.86 CFU/g compared to market 1 at 6.00
CFU/g. The higher levels of contamination may be attributed to inadequate drying of omena,
leading to multiplication of microbes during storage. These findings are consistent with those of
(Kigozi et al., 2020) who reported plate count levels of 5.7 to 7.7 CFU/g in silver cyprinid stored at
landing sites and markets.

3.1.2 Total coliform count of sun-dried samples

All omena from the sample collection sites differed significantly. Among warehouses, only omena
samples from warehouse 3 at 1.0 CFU/g met the coliform threshold of log < 3, as established in
the (EAS, 2018). Similarly, omena samples from school 1 at 2.36, school 4 at 1.0 CFU/g, and market
sites at 1.34 and 2.0 CFU/g for markets 1 and 2, respectively, were within established limits.
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However, school 2 and warehouse 2 had omena with high contamination levels of 4.53 and 4.61
CFU/g. The high coliform counts in School 2 could be attributed to poor hygiene in food stores,
where multiple food items are stored together, increasing the risk of cross contamination. Areport
by (Adams et al., 2009) reveals that poor hygiene in schools is caused by inadequate water supply.
These values are consistent with those reported by Onyango et al., (2015) but slightly lower than
those documented by Kigozi et al., (2020) who reported coliform counts ranging from 4.4 to 6.2
CFU/g. A study on contamination of omena due to handling at landing sites and retail markets
around Lake Victoria found total coliform counts ranging from 5.0 to 9.0 CFU/g (Okemo et al.,
2017).

Total coliforms are a group of bacteria that are naturally found in soil, surface water, vegetation,
and the intestines of humans and warm-blooded animals. They serve as indicators of potential
contamination by more harmful microorganisms such as Escherichia coli. VRBA is a selective media
used to detect and enumerate lactose-fermenting coliform microorganisms (Ferone et al., 2020).

3.1.3 Escherichia coli (E. coli) count of sun-dried samples

All omena samples had statistically different E. coli levels. All samples met the recommended
standard limit for raw omena of log < 3 according to (EAS, 2018). . However, this was not the case
for samples from warehouse 2 at 4.44 CFU/g and school 2 at 4.01 CFU/g. The high contamination
levels in warehouse 2 is due to poor handling practices, as all fish products are processed at a
single point by the same staff, increasing the likelihood of microbial cross-contamination.
Additionally, the warehouses sources omena from multiple vendors, some of whom may not
adhere to Good Manufacturing Practices, further increasing contamination risks. Banda et al,,
(2018) showed that open sundried omena is more prone to contamination than solar dried omena.
In warehouse 1, omena was stored in sacks in a corridor within an apartment, making it susceptible
to contamination from family members frequently accessing different areas of the house. The
omena was also handled and sold by any available family member, without the use of protective
gear, increasing the risk of microbial contamination. Warehouse 3 had omena on mats within the
warehouse, using translucent iron sheets to facilitate drying in a controlled environment thereby
minimizing contamination. The differences in bacterial count might be due to the various
operating procedure and omena handling in warehouses and schools (Sheng & Wang, 2021).

E. coli is a type of bacteria commonly found in the lower intestine of warm-blooded organisms.
While most strains are harmless and even beneficial, certain strains, such as E. coli 0157:H7, can
cause severe gastrointestinal illness, including stomach cramps, bloody diarrhea, and vomiting. E.
coli are expelled into the environment within fecal matter. Fecal-oral transmission is the major
route through which pathogenic (disease causing) strains of the bacterium cause disease
(Bhowmik & Ahsan, 2019).

3.1.4 Staphylococcus aureus (S. aureus) of sun-dried samples

According to table 2, omena samples from warehouse 1 (6.96 CFU/g) had the highest
Staphylococcus aureus contamination, followed by those from warehouse 2 (5.36 CFU/g), and
warehouse 3 (3.95 CFU/g). All warehouse samples exceeded the recommended contamination
limit of 3 CFU/g as established by FAQ, (2004).
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Omena samples from schools had staphylococcal contamination ranging from 3.9 to 6.7 CFU/g, all
above the recommended limit. Samples from school 2 recorded the highest contamination, while
school 1 had the lowest. Market 2 (6.37 CFU/g) had samples with high contamination levels than
Market 1 (5.68 CFU/g). These results agree with those of Sifuna et al., (2008), who determined the
presence of Staphylococcus species in omena retailed in Kisumu markets, and reported
staphylococcus levels ranging from 5.1 CFU/g to 7.4CFU/g. A study by Rowell et al., (2013) revealed
that more than 65% of foodborne illness outbreaks were linked to meals prepared or handled by
employees suffering from an infectious disease, while 35% were associated with direct or indirect
hand contact with food.

The high levels of staphylococcus aureus contamination can be attributed to poor personal
hygiene, as the bacterium naturally resides on the skin and nasal passages of approximately 30%
of individuals. It is spherical in shape and is a usual member of the microbiota of the body. While
usually harmless, S. aureus can sometimes cause infections and produce toxins that lead to food
poisoning (Ferone et al., 2020).

B) Stewed omena samples
Table 3: Microbial analysis of stewed omena from schools (log CFU/g)

Table showing microbial contamination levels in stewed omena from various schools:

Key: Values are means of three replicates. 2°°— means values with different superscripts in the
same column differ significantly (p<0.05). Microbial count of omena samples from School C-

Location Code Total Plate Count Total coliforms Escherichia coli Staphylococcus aureus
Schools
Homabay  School 1C  0.000+0.00° 0.000+0.00° 0.000+0.00° 0.000+0.00°
School 2C  3.170+0.15° 1.10040.06° 1.583+0.07° 1.215+0.17°
Muranga School 4C  3.167+0.09° 0.000£0.00? 0.000+0.00? 1.120+0.21°
School 3C  0.000+0.002 0.000£0.00? 0.000+0.00? 0.000£0.00?
Critical
limits log<4 log<0 log<0 log<0

Schools with stewed omena.

3.1.5 Total plate count of stewed omena samples

All stewed omena samples had total plate counts (TPC) below the recommended limit of log < 4
as per the East African Standards (EAS,2018). Stewed samples from schools had TPC levels ranging
from 0 to 3.17 CFU/g with school 2 recording the highest levels compared to schools 3 and 1.
These results agree with those of OMAGOR et al, (2020) who depicted low microbial
contamination levels in heat processed fish. He further noted that cooking temperatures
effectively destroy microorganisms, significantly reducing their total count.

3.1.6 Coliform count of stewed omena samples

All stewed omena samples from schools, except for those from school 2, (1.1 CFU/g), were within
the recommended coliform count limits for cooked samples log < 0 as per (EAS,2018). Fecal
coliforms are indicator microorganisms, and their presence suggest poor hygiene practices during
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handling. High levels of coliform in school 2’s omena samples indicate possible post-cooking
contamination, as coliforms are eliminated at temperatures above 65°C (Sanjee and Karim, 2016).
These results concur with those of Sampels, (2015) who observed a reduction in microbial load in
fish to acceptable levels following smoking, frying and cooking. He also suggests a heat treatment
of 10 minutes for every 2.5 cm of fish thickness to ensure microbial safety.

3.1.7 Escherichia coli count

Escherichia coli levels in omena samples from schools 1, 3 and 4 were within the cut off limit for
E. coli at log <0 as guided by the Kenya Bureau of Standards and East African Standard (EAS,2018).
However, omena samples from school 2 showed the highest levels of E. coli contamination. A study
by Adams et al., (2009) highlighted that contaminated utensils are a major cause of foodborne
illness. Escherichia coli do not naturally occur in omena; therefore, presence indicates omena
exposure to fecal material, posing an immediate health risk to consumer. Given this, there is zero
tolerance for E. coli in ready to eat foods (Baniga et al., 2017).

3.1.8 Staphylococcus aureus

Staphylococcus aureus levels in omena samples from schools ranged from 0 to 1.2 CFU/g, with
School 2 having omena with the highest contamination levels. According to literature, S. aureus
levels ranged from 0 to 2 CFU/g being slightly higher than the samples from schools (Amuna,
2014). Low levels of Staphylococcus in schools 1 and 3 (0 CFU/g) may be attributed to processing
temperatures which destroy microbes (Hussein et al., 2019). Conversely, contamination in schools
2 and 4 might be due to poor personal hygiene and handling after preparation of the omena.

C) Deep-fried omena samples
Deep-fried omena samples were analyzed for their contamination levels and were tabulated as

below:

Table 4: Microbial analysis of deep-fried samples from market places (log CFU/g)

Location coliform

Code TPC count e-coli count staphylococcus
Markets
Homabay Market 3F  7.768+0.28%  4.616+0.15°  5.261+0.09° 4.552+0.17°
Muranga Market 2F  7.766+0.29°  2.000+0.07° 0.000+0.00° 5.277+0.13°
Critical limits log<4 log<0 log<0 log<0

Key: Values are means of three replicates. 2°°— means values with different superscripts in the
same column differ significantly (p<0.05). Microbial count of omena samples from Market F-
Markets with deep-fried omena.

3.1.9 Microbial load in deep fried samples

Omena samples from markets 2 and 3 had higher levels of contamination with total plate count at
7.76 and 7.77 CFU/g respectively. These levels were higher than the cut off for total plate count in
deep-fried omena at log < 4 as recommended by (EAS, 2018). Total plate count in deep fried
omena from market places was statistically similar. Coli forms in deep fried samples ranged from
2.0 to 4.61 CFU/g for markets 3 and 2 in that order. These levels were above the standard limits
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for coliform contamination in deep fried samples at log < 0 as advised by the Kenya Bureau of
Statistics. Escherichia coli in samples from market 3 at 5.26 CFU/g were above the recommended
limit for E. coli contamination. However, that from market 2 at 0 CFU/g was within limit of log < 0.
Staphylococcal contamination in deep fried omena samples from markets were significantly
different. Contamination ranged from 4.55 to 5.27 CFU/g for markets 3 and 2, respectively. These
levels were above the recommended limit of log < O for staphylococcus aureus contamination in
deep fried samples (EAS,2018). The high contamination in omena samples from market areas
might be attributed to contamination through contact with fecal material through flies that acted
as a vehicle for transmission during processing (Sheng & Wang, 2021). This study agree with that
from Johari et al., (2022) who detected the presence of Escherichia coli from fish obtained from
lake Victoria.

3.1.10 Salmonella and Shigella species
The table below shows Salmonella typhi, Salmonella typhimurium, and shigella flexneri present in

omena samples:

Table 5: Salmonella and Shigella spp in omena from various sites (CFU/g)

LOCATION Salmonella typhi Shigella flexneri  Salmonella typhimurium
WAREHOQOUSES Warehouse 3R Not detected Not detected Detected
Warehouse 2R Not detected Not detected Detected
Warehouse 1R Not detected Not detected Not detected
SCHOOLS
HOMABAY School 1R Not detected Detected Not detected
School 2R Not detected Not detected Detected
School 1C Not detected Not detected Not detected
School 2C Not detected Not detected Not detected
MURANGA School 4R Not detected Not detected Detected
School 3C Not detected Not detected Not detected
School 4C Not detected Not detected Not detected
MARKET PLACES
HOMABAY Market 3F Not detected Detected Not detected
MURANGA Market 2F Not detected Not detected Not detected
Market 2R Not detected Not detected Detected
MAKUENI Market 1R Not detected Not detected Detected

Key: Warehouse R- Warehouses with sundried omena, School R-Schools with sundried omena, Market R-
Markets with sundried omena, School C- Schools with stewed omena, and Market F- Markets with deep-
fried omena.

Salmonella typhi and Shigella flexneri were not detected in samples from the warehouses.
Salmonella typhimurium was detected in samples from warehouse 2 and 3. No Sa/monella species
were detected in stewed omena samples from schools, but sun-dried samples from schools 2 and
4 tested positive for Salmonella typhimurium, while school 1 had traces of Shigella flexneri. In
market samples, Shigella flexneri was detected in deep fried omena from market 3, while
Salmonella typhimurium was found in sun-dried samples from markets 1 and 2.
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Cooked samples should not contain Shigella or Salmonella as these bacteria are heat labile and
therefore are to be destroyed during the cooking process (Fernandes et al., 2018). However, there
presence in market samples suggests post-processing contamination. Possible sources of
contamination include flies, contaminated surfaces, and poor hygiene (Pere et al., 2021). Other
studies have also confirmed the occurrence of these pathogens in fish sourced from Lake Victoria,
with seasonal variations influenced by stormy weather conditions (Okemo et al., 2017, Sheng &
Wang, 2021).

Salmonella bacteria, commonly found in the intestinal tract of humans and animals, can be spread
through contaminated food or water. Notably, Salmonella typhi causes typhoid fever, while
Salmonella typhimurium causes salmonellosis. Shigella is a bacterium that causes shigellosis.
Shigella is very contagious and is usually spread through direct or indirect contact with human
feces (Onmaz et al., 2015).

4.0 Conclusion

The findings of this study indicate that raw omena samples were highly contaminated due to
exposure to various environmental contaminants during harvesting, drying, storage, and
transportation. Conversely, stewed omena sourced from schools exhibited significantly lower
levels of microbial contamination, making them safe for consumption. However, omena collected
from market sites were found to be highly contaminated, rendering them of poor quality and unfit
for human consumption. This compromises the role of omena as a nutrient-dense, affordable
source of animal protein that can be incorporated into diets to enhance food security and
nutrition.

The high contamination levels observed in market samples underscore the urgent need for
stringent policies and regulations to enforce proper sanitary conditions along the entire omena
value chain. Implementing adequate and timely post-harvest handling measures, including
improved drying techniques, hygienic storage, and adherence to food safety standards, would be
essential in minimizing contamination risks. By ensuring safer handling practices, omena can
maintain its nutritional integrity and serve as a reliable protein source, contributing to improved
dietary diversity and public health.
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