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Abstract

Introduction

Mealie meal is a staple diet in Lusaka district of
Zambia. Bacteria associated with commercially
prepared mealie meal could be spoilage or pathogenic
bacteria. Thus bacterial contamination could result
from packaged mealie meal purchased from food
stores.

Material and Methods
Journal of Food Science and Nutrition Research

Cross sectional study was carried out from December
2019 - March 2020 for spoilage and pathogenic
bacteria associated with mealie meal bought from
selected retail outlet in Lusaka district. We performed
cell culture for the Mealie Meal Samples collected at
five study zones in Lusaka district viz: South,
Central, East, West and North. Food stores in each
zone were further stratified into sampling unit of

interest: mall, shop and street food vendor.
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Results

Preliminary laboratory findings revealed the
followings: Spoilage Bacteria - Candida Species,
Clostridium Species and Bacillus Species; Pathogenic
Bacteria Species-Clostridium perfringens,
Staphlococus aureus, Clostridium tetani, Bacillus,
Escherichia coli, Pseudomonas aeruginosa and

Yersinia pestis.

Conclusion

In conclusion, it can be established from the
aforementioned laboratory results that food borne
infections could evolve from bacteria associated with
commercially prepared mealie meal bought from

food stores in Lusaka district of Zambia.

Keywords: Maize flour; Bacterial contaminants;

Food stores; Lusaka district

1. Introduction

Despite Mealie Meal being of economic and nutrition
importance, some food borne infections have been
inevitably associated with some of the bacterial
species. Worldwide, maize and maize products have
been implicated to be among the important vehicles
of gastrointestinal infections. Nituli et al. noted that
some of the gastrointestinal infections caused by
various Bacteria species found in maize products
resulted in food poisoning that at times led to death.
Bacteria species infections vary from acute diarrhoea,
septicemia and gastroenteritis to primary sepsis and
necrotizing fasciitis and are increasing particularly in
developing and middle-income countries where
infectious diseases and poverty are endemic. Notable
bacterial isolates from Mealie Meal include the
Gram-positive and Gram-negative bacteria. They are:
I Gram-negative bacteria: are bacterial species

found in a wide range of habitats including the soil,
Journal of Food Science and Nutrition Research
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gastrointestinal tract of humans and animals by food
contaminations [1-3]. Examples are Escherichia coli,
Pseudomonas aeruginosa and Yersinia pestis: they
contribute significantly to the Food-Borne Disease
burden in Low and Medium Income Countries.

Il Gram-positive bacteria Notable food borne
pathogens within this group are Bacillus, Listeria,

and Staphylococcus.

These can tolerate harsh food storage and processing
conditions such as low temperature, low moisture
content, and high acidity and salinity. These
capabilities make them a major concern for food
safety [4-9]. The World Health Organization (WHO)
of the United Nations reported that LMICs,
particularly those in the African and South-East
Asian sub-regions, suffer significantly from the
burden of Food Borne Disease, sometimes resulting
to huge economic losses. To put this into proper
perspective, the World Bank estimates that the total
productivity loss associated with Food Borne Disease
in Low and Medium Income Countries is about
US$44.4 hillion per year, whereas the annual cost of
treating these diseases costs several billion dollars.
Food-Borne Disease constitutes a major impediment
to growth and development in the affected Low and
Middle-Income Countries because resources used in
treating these preventable diseases could be
redistributed into building other sectors of the
economy [9-11]. Also, Food-Borne Disease poses a
threat to several of the Sustainable Development
Goals of the United Nations in Low and Middle-
Income Countries. Currently, more than 2 million
deaths occur every year in developing countries due
to food borne diseases, which are more than the 13
zoo noses implicated in over 2 billion illnesses
worldwide. Those most affected are aged people,

infants, children, and people with
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immunocompromised immune systems due to a
weakened immune system. It is therefore important
that public health is taken into serious considerations
in developing countries. In Africa, over 91 million
people are affected according to a recent report by the
World Health Organization. It was also stated that 2.2
million children die of diarrhea every year in
developing countries, while  more  than
600,000children are reported to have died on yearly
basis as a result of consumption of unsafe food in

Southeast Asia [11-15].

2. Material and Methods

Research Design

The cross-sectional descriptive study design was used
to detect the presence of Bacterial species in
packaged Mealie meal sold in Lusaka District. It was
a laboratory-based study in which Mealie Meal
samples from the field were analyzed for the

presence of Bacterial species.

Chongwe

DOI: 10.26502/jfsnr.2642-11000096

Study Sites

The study was conducted in Lusaka City, situated in
Lusaka Province of Zambia with central geographical
coordinates of 13° 24' 24" S and 28° 17' 13" E as
shown in figures 1,2 below. The city’s administrative
area covers approximately 420Km2 with a projected
population of 2,520,102 in 2018 as indicated by the
Central Statistics Office(2013). Lusaka District has
the largest share of 79.3 per cent of the urban
population in Lusaka Province, shares with other
three districts within the province and one district
from Central Province and accounts for 32 per cent of
the total urban population of the country (Central
Statistical Office, 2012). The study area was chosen
because of its history of the recurring food borne
disease outbreaks associated with bacterial infections.
Besides easy accessibility and convenience for
collection of samples required for the study was also
another factor for the choice of the district [16-18].

Figure 1: Map showing the study area- Lusaka District

Study population
In the Lusaka district of Zambia, food stores are
situated around the low, medium and high population

Journal of Food Science and Nutrition Research

density. Thus Lusaka district was mapped out into
five study areas namely: South, Central, East, West

and North. Food stores in each area were further
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randomly stratified into sampling units of interest:
mall, shop and street food vendor. Mealie Meal,
popularly known as Breakfast by Lusaka Household
dwellers, is all but available in every food store at
varying weight and sizes in a containing bag.
Intending consumers could also obtain ready to cook
size from plastic containers peddled by street food
vendors [18-21].

Sampling techniques

The study employed a probabilistic sampling
technique for an equal selection of sampling units.
Stratified random sampling was used for the selection
of both the sampling frame and units. Stratified
sampling "allows the researcher to obtain an effect
size from each stratum separately as if it was a
different study. The stratum for the sampling frame
was based on Lusaka District Health Office's
operational sub-Districts from which the sampling
stratum was selected based on simple random
sampling [22,23].

Sample size
The sample size was calculated based on Cochran’s

sample size formula;

z*.pq
11 — —
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Where, Z = value of the standard normal distribution
corresponding to a significance level ofa (1.96 for a=
0.05),p=0.5,q=1-pand d=0.05.

With p = 0.5 to yield the maximum value assuming
that, estimate required was to be within five (5) per
cent of the true value in either direction, Confidence
Interval (Cl) of 95 percent was used. Based on the
formula, the calculated sample size (n) was 143
packaged Mealie Meal samples from selected food
stores in Lusaka District.

Sample collection

143 Packaged Mealie Meal of different brands was
bought from selected food stores (Street food vendor,
Shops and Malls) of each study area. Samples were
obtained by a simple stratified randomly selection
from Food Stores in Lusaka District. Thus Mealie
Meal samples bought from Street food vendors were
96 (67%), Shops-30 (21%), Malls-17 (11.9%) [24-
27]. The representative samples were transported in
packaged plastic bags with a label and stored at
ambient temperature in the Biosafety Laboratory of
the Department of Disease Control, School of
Veterinary Medicine, University of Zambia, before

laboratory investigations.

Storage Lusaka Lusaka Lusaka
Facility Lusaka EAST CENTRAL souTH | LusakaNORTH WEST
Food Store Mtendere Soweto Chilenje Garden Apollo
Homes Streets Streets Streets Streets Streets
Shops Shops Shops Shops Shops Shops
Malls Malls Malls Malls Malls Malls
Kalingalinga Kabulonga Makeni Northmead Mungwi
Streets Streets Streets Streets Streets
Shops Shops Shops Shops Shops
Malls Malls Malls Malls Malls
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Ibex Hills Woodlands Hillview Olympia Matero
Streets Streets Streets Streets Streets
Shops Shops Shops Shops Shops
Malls Malls Malls Malls Malls

*Food Samples (Mealie Meal) bought from Streets, Shops and Malls.

Table 1: Selected Sampling Sites

Bacteriological analysis of samples culture,
isolation and identification of packaged mealie
meal samples

All samples were processed in the Department of
Disease Control, Microbiological Laboratory at the
University of Zambia, Faculty of Veterinary
Medicine.25 grams of mealie meal was mixed with
fifty ml of distilled water in containing bottle, and
allowed to settle for 2 hours.l0 MLS of the
supernatant was centrifuged at 3000 rpm for 10
minutes. For Clostridia and Stapyloocous species,
eight ml of Brain heart infusion broth (BHIB) was
added to the precipitate, which was heated for
germination at 808C for 10 min [28-30]. This was
then subcultured to BHIB and
anaerobically in the BBL anaerobic jar at 378C for 48

incubated

h. For other organisms, serial dilutions (10 to 10®)
were prepared and plated in triplicate into each
specific medium. Aliquots, 0.1 ml and 1 ml, of each
dilution, were used for spread plating and poured
plating respectively, into the various media. To detect
and characterize other spoilage and pathogenic
bacteria, standard method ajar was employed and
incubated at 37 degrees centigrade for 24 hours.
Representative sample colonies based on cultural
characteristics were inoculated into the nutrient broth
(Merck HG000C42) at 37 °C overnight and streaked
into the nutrient slant for further analysis. Coli forms
were cultured on eosin methylene blue media,
incubated at 37 °C for 24 - 48h. Bacillus cereus was
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cultured using Macconkey agar, which was incubated
at 37 °C for 24 h [31-33]. The plates were incubated
at 25 °C for 7 days. Consequently, Gram-stained
smears of the different cell colonies were identified
from slides by Olympia light microscope. Only
Mealie Meal bought from selected street vendors,
shops and malls of Lusaka District were included in
this study. The brand names or the producers of
Mealie Meal were not taken into consideration [34-
36].

Data analysis

To answer the objectives of the study, data was
analyzed based on the generated laboratory results.
Experimental data collected were analyzed using
Chi-square. The statistical significance was defined at
P<0.05.

Ethical consideration

This study was undertaken by the ethical
recommendations of the University of Zambia and
Convergence Research Ethics Centre, Reference No.
All the Mealie Meals for the study were bought
directly from the street vendors, shops and malls in

the Lusaka district for local consumption.

3. Results
A total of One Hundred and forty-three (n=143)
mealie meal samples were sourced from Street

vendors, Shops and Malls. The total number of
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mealie meal samples collected for Bacterial analysis
is indicated in figure 1. A higher number of samples
were collected from the street sellers. In the shops
and malls, not so many sell mealie meal. The
collected samples were analyzed with results
provided in table 1,2. The results indicate a higher
percentage of contaminated mealie meal from streets
while the malls had the least contamination in terms
of bacteria isolated. The mealie meal samples from
all the sources had a bacterial isolation rate of more
than 50%. Mealie meal specimen from the streets
(75%) had a higher isolation rate, followed by mealie
meal from the shops (60%) and the least from the
malls at 53%. The overall isolation rate was 69%
(Figures 3-7).

Bacteria Species identified from the mealie meal sold
in the Streets of Lusaka District The Bacteria species
isolated and identified in the mealie meal sampled
from the street are indicated in table 3 as shown
below. The most common or predominant bacteria to
be isolated from mealie meal being sold by street
vendors  were: and

Staphyloccocus  aureus

Clostridium perfringens. The streets with more than

DOI: 10.26502/jfsnr.2642-11000096

10% samples identified for bacteria species were
Soweto (12.5%), Olympia (10.4%) and Hillview
(10.4%).

Bacteria Species identified from the mealie meal
sold in Shops of Lusaka District

Mealie Meal procured from the shops were found
with Bacteria indicated in table 2. The commonest
bacteria to be isolated from selected shops in Lusaka
district are Staphyloccocus aureus and Clostridium
perfringens. They were found mosttly in Kabulonga,
Libala and Chilenje Compounds. The shops with
greater than 10% samples identified were: Kabulonga
(26.7%), Chilenje (23.3%) and Libala (26.7%).

Bacteria Species identified from the mealie meal
sampled from the malls

The Bacteria Species isolated and identified from the
malls are indicated in tables 4,5. The predominant
bacteria isolated from the selected malls of Lusaka
Distrcit were Staphyloccocus aureus and Clostridium
perfringens. They were found mostly in Makeni area.
The shops with greater than 10% samples identified
were: Mutendere (17.6%) and Ibex Hill (58.8%).

Bacteria Street Shop Mall Total
Presence n % N % n % n %
Present/Positive 72 75 18 60 9 53 99 69
Absent/ Negative 24 25 12 40 8 47 44 31
Total 96 100 30 100 17 100 143 100

n means number of mealie meal samples.

Table 2: Mealie meal analysed for bacteria from selected food stores in Lusaka District

Journal of Food Science and Nutrition Research
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Mizale Meal Samples Bought
from the Fireets

Mealie Meal Sampies Bought from
Malls.

Meslie Meal Samples Bought
froem the Shops

Enrichment with 30mis of
distilled weter in 10mis of each
tube and aliow settling far
Zhrz.

Enriched Mealie Meals

.

| Lz Streak on Blood Agar
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» Cenimifoge at 3000 rpm 10 min
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l
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x
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Figure 2: A Flowchart for detection of Spoilage and Pathogenic Bacteria from Mealie Meal
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Figure 3: Total number of samples collected for this study

Journal of Food Science and Nutrition Research

Vol. 5 No. 2 - June 2022. [ISSN 2642-1100] 535



J Food Sci Nutr Res 2022; 5 (2): 529-542

W Present  mAbsent  w Total
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Figure 4: Samples analyzed for Bacteria from Selected Food Stores in Lusaka District
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Name of Clostridium Clostridium | Clostridium | Staphylococ Bacillus No Total Percentage
Street perfringens tetani CUS aureus Growth (%)
Kalingalinga 0 1 0 7 0 0 8 8.3
Mtendere 1 4 0 3 1 0 9 9.4
Ibex Hill 0 0 1 4 0 1 8 8.3
Kabulonga 0 1 0 0 5 0 6 6.3
Woodlands 0 0 0 5 0 0 5 5.2
North mead 4 0 0 0 2 1 7 7.3
Olympia 0 4 3 0 0 3 10 10.4
Garden 0 0 3 3 2 0 6 6.3
Soweto 2 3 0 4 0 3 12 12.5
Libala 0 0 0 0 0 6 6 6.3
Chilenje 3 0 0 1 1 4 9.4
Hillview 3 0 0 0 1 6 10 10.4
Total 13 13 78.3 27 12 24 96
*Name of the street where the mealie meal was purchased
Table 3: Bacteria Species identified from the Selected Street of Lusaka District
100%
90%
80%
70% m No Growth
60%
50% M Bacillus
40%
30% m Staphylococcusaureus
20% L _
10% m Clostridium tetani
0% B Clostridium perfringens
m Clostridium
Figure 5: Bacteria identified from mealie meal sampled from the streets
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Figure 6: Bacteria Species Identified from Selected Shops in Lusaka District
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Figure 7: Bacteria Species Identified from Selected Malls in Lusaka District

Mall/Species | Clostridium | Clostridium Tetani | Staphylococcus Aureus | No Growth | Total | Percentage
Kalingaliga 0 0 1 0 1 5.9
Mutendere 1 0 2 0 3 17.6

Ibex Hill 0 0 1 8 10 58.8
Northmeads 0 1 0 0 5.9

Makeni 1 0 0 0 5.9

Chelenje 0 0 1 0 5.9

Total 2 1 6 8 17
*Malls where mealie for sampling was collected
Table 4: Bacteria Species Identified from Selected Malls in Lusaka District
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Hill view Garden

Olympia Total

Figure 8: Causal Organisms identified from Mealie Meal after boiling.

Mealie Meal Spoilage and Pathogenic Bacteria
Species identified after Boiling in Water Bath
These are casual organisms may cause Food
Poisoning intoxication as a result of their toxic
products and survival at higher temperature. In this
study, they include Bacillus and Clostridium
(perfringens and tetani) Species. The Bacillus cerus
was isolated from Soweto, Chilenje and Hillview
markets, Clostridium perfirngens from Soweto and
Olympia markets and Clostridium tetani from Garden
(Figures 8,9).

Mealie Meal Pathogenic Bacteria Species
identified from the study

The International Commission on Microbiological
Specification for Foods (ICMSF) devised a scheme
for sampling which incorporates a 2-class plan and 3-
class plan. The 2-class plan provides presence or
absence criteria for an intestinal pathogen. The 3-
class plan is based on enumeration levels (Colony
counting) of the general bacterial flora. It takes into
account maximum and minimum levels. For this
research; we adopt the 2-class plan and also grouped
the food borne pathogens into three categories
according to the degree of hazard (Table 5).

Degree of Hazard

Foodborne Pathogens

Severe, often fatal

Clostridium perfringens

Moderate with potential for spread

Gram negative rods ( E coli and Pseudomonas aeuroginosa )

Moderate with limited spread

Bacillus cereus and Staphylococci aureus

Table 5: Mealie Meal Food borne Bacteria Species identified

4. Discussion

Isolation of Bacteria species from selected Food
Stores in Lusaka District

One hundred and forty-three mealie meal samples
from different brands were collected from selected
food stores in Lusaka District. Randomly sampled

mealie meals from various producers after buying
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were subjected to bacteriological analysis that
includes aerobic and anaerobic culture. To achieve
this set objective, Mealie meals of 143 samples were
suspended in the water bath following brain heart
infusion, blood agar and nutrient agar. Bacteria
colonies growing in the above media were identified,
and the DNA extract was further subjected to
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molecular analysis. The preliminary laboratory
findings revealed the followings: Spoilage organisms
- Clostridium Species and Bacillus Species;
Pathogenic Bacteria Species-Clostridium perfringens,
Staphylococcus aureus, Clostridium tetani, Bacillus,
Escherichia coli, Pseudomonas aeruginosa and
Yersinia pestis. Therefore, it can be established from
the aforementioned laboratory results that food
poisoning outbreak could evolve from food stores in

Lusaka district apart from water contamination.

Public Health Significance of the results

Mealie Meal Microbial contaminants could invade
the Food Stores as illustrated by the schematic
diagram shown:

Therefore proper environmental sanitation and
hygienic practice of the household dwellers of
Lusaka District must be enhanced, especially during
the rainy season, as shown from the above diagram. It

would serve as determinants of food safety and

DOI: 10.26502/jfsnr.2642-11000096

culminate invariably in the prevention of food borne

diseases from microbial contaminants.
Microorganisms may be introduced from food
handlers in the restaurant, canteen, shops and malls
or at home during the preparation of the Mealie meal.
Raw foods can also bring food poisoning organisms
into kitchens may contaminate processed foods
directly or by transfer of the microorganisms via
hands, surfaces and equipment. Poisonous substances
may be produced by the growth of bacteria and
moulds in food. Other sources of harmful substances
must not be overlooked. Therefore food should be
nourishing and attractive. It must be visibly clean,
and it must also be free from noxious material. These
harmful substances may be poisonous chemicals and
even chemical harmless in small amounts, but
damaging in large quantities. They may enter the
food accidentally during preparation or accumulate in

the food during storage in metal containers.

Food Safety

Hygiene

Contamination

Environment-Street, Shop and Mall

Sanitation

Contamination

Cross Contamination

Figure 9: Schematic Diagrams for Food Safety & Microbial Contaminants

5. Conclusions

The study demonstrated the presence of Bacteria
species in Mealie Meal sold at retail points in the
selected food stores of Lusaka district.Vibrio cholera
and salmonellae were not detected but others bacteria
species were isolated. These are Spoilage Organisms:

Clostridium and Bacillus Species; Pathogenic

Journal of Food Science and Nutrition Research

Bacteria Species-Clostridium perfringens,
Staphylococcus aureus, Clostridium tetani, Bacillus,
Escherichia coli, Pseudomonas aeruginosa and
Yesinia pestis.The food safety aspect of Mealie Meal
sold in Lusaka District is contaminated with Bacteria

species that may be of public health significance.
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Recommendations
More extensive research on the prevalence of
Bacteria species in all types of Mealie Meal sold at
the retail level in the country is needed for an overall
risk assessment of consuming undercooked maize
products. It is important to start documenting
Bacteria species distribution on the country’s food
stores environments for epidemiological linkages
with sporadic gastroenteritis and other bacteria like
infections. Development of educational messages
targeting Mealie Meal producers and traders on the
importance of proper hand hygiene and adequate
Meal

consumption. Continuous monitoring of antibiotic

cooking of Mealie flours for human
resistance patterns of Bacteria strains as there could
be an emergence of drug-resistant bacteria from

mealie meal.
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