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Abstract

Many persons use to eat ready-to-eat meat products sold mostly on the street. The aim of our
study was to investigate the microbial contaminants profile of meat products sold on the streets
of 5 communes in Abidjan. To reach our goal, a survey was conducted to investigate on the type
of customer, meat, the selling points, and the probable causes of food poisoning. Forty samples
of each of the three kind of ready-to-eat meat (beef, pork and chicken) were collected in five
communes of Abidjan. The microbial quality of the collected meat was determined with
conventional methods and confirmed by matrix-assisted laser desorption ionization-time-of-
flight mass spectrometry. The results of the survey showed a health risk potentially related to the
method of cooking and the type of meat. Out of the 600 samples analyzed, 443 strains were
isolated. Among the microorganisms, there are Cocci’s (61.61%) mainly Staphylococcus strains,
Bacilli (37.28%) and yeast (1.11%). Staphylococcal strains and Enterobacteriaceae are the most
predominant and chicken meat is the most contaminated meat product. Also, some strains
(Alloiococcus otitis and Ochrobactrum intermedium) were rarely isolated. The meat products
contamination constitutes a health risk which could cause significant income loss for both
merchant and consumer.
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1. Introduction

Food safety remains a global concern despite the many efforts made by health and sanitation
organizations [1]. Foodborne infections are reported worldwide and it was estimates to be
involved in more than 2 million deaths per year, mainly children [2], due solely to food and
water inadequate sanitation and hygiene. Food contamination remains a real and permanent risk,
especially in cities where this risk is closely linked to the consumption of ready to eat street
foods [3-4]. Across the world and specifically in Africa, several countries have experienced
episodes of food poisoning without scientifically proofed of given food involvement.

Indeed, it is currently observe an anarchic creation of occasionally sale point mainly on the
principal or secondary roads near gutters, crossroads, markets, bus stations, etc. Among the street
food sold on such environment, embers meat or cooked in sauce occupies an important place.
Indeed, meat products are an important source mineral such as iron, zinc, magnesium and
selenium and also contain considerable concentrations of phosphorus and potassium, which are
important for human health [5]. Peoples around the selling site are potential customer for street
meat product traders [6]. Ingredients used for the confection of the street food are of diverse
origins including as well as legal sources and illegal ones [7]. Thus, several studies have shown
that street food use raw materials and ingredients of poor microbiological quality because non-
authorized person are involved in the sector of activity [8-11]. Street foods generate employment
opportunities, especially for low- or uneducated individuals [12-13]. The income obtained is
mainly used for the renewal of stocks and for certain expenditures at the household level [12].
Foodborne infections are linked to the ingestion of street meat containing bacteria and / or toxins.
Foods often contaminated include dairy products and meat [14]. They are characterized by the
presence of painful abdominal cramps, diarrhea, vomiting and absence of fever. All these
symptoms occur 1 to 6 hours after the ingestion of infected foods. The germs involved in food
poisonings are numerous and the most frequent are Salmonella, Escherichia coli and
Staphylococcus aureus [15]. Ingestion of bacteria or toxins may cause the digestive tract to
dysfunction in the body of the consumer [16]. Symptoms usually manifest in severe vomiting,
diarrhea and abdominal pain in humans. This contamination is also responsible for death in
young animals in livestock [17-18]. The bacteria involved in community food poisonings are
frequently isolated from the manufacturer's processing, transport and sales environment [12, 19-
20]. It should be noted that preventive treatment is generally neglected in favor of healing [21].
There is lack of reported scientific data on the prevalence, diversity, resistance and toxinotypy of
Staphylococcus strains, particularly in the food sector in Cote d'lvoire. Thus, the aim of this
study was to draw the microbial contaminants profile of meat products sold on the streets of 5
communes in Abidjan.

2. Materials and Methods

2.1. Study Area

Samples of meats sold in Cote d’Ivoire were collected in the study area for microbial analysis.
The ready-to-eat meat samples used for this study were collected from sales sites (in the vicinity
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of public catering establishments, markets, dwellings, schools and bus stations) of five
municipalities (Abobo, Yopougon, Adjamé, Treichville and Port-Bouet) in Abidjan (Figure 1).

Deux-Plateaux

= Anono
Riviera
0CoDY
. " / . /
LE PLATEAU . n’{(;/gr)eml de Gaulle B

"= Pont Houphou#t-Boigny
- /

_ Lagune Ebrie

- & «B >
REICHVILLE = .
MARCORY —~

Ire Boul. - —

-~ P V /

=~y ~ p

Petit-Bassam
0 2 4 km —

— — : —— \/

— m— Canal de Vridi

Figure 1: Ready-to-eat meat sample collection area

Sampling sites selected for each commune: A (habitats), B (public buildings or schools), C
(market) and D (bus station), H (Hospital). ) Sampling communes

2.2. Sample Size and Data Collection

Sample size and kind of meat product

The sample size is calculated according to the following formula: n = p (1-p) / [e / 1.96]* (with n
= minimum sample size required; p = estimation of the expected proportion (prevalence); e =
tolerated margin of error (%) estimated here at 5%) [22].

Three kind of ready-to-eat meat (beef, pork and chicken) sold in cooked form in sauce or braised
on a rack were collected for their microbial analysis (Figure 2). Per commune, four (A, B, C and
D) different samples collection point were selected to collect 40 samples of each of the three
meat kind. Thus, a total of 120 samples were collected in each of the five investigated
communes. Once collected, the meat samples were transported within the hour following the
collection in ice container (4-8°C) for immediate microbial analysis in the laboratory.
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C. Chicken meat D. Mixed cooking of chicken, beef and
mutton
Figure 2: Picture showing the kind of meat collected

Investigation

A survey was carried out using the "snowball” survey technique [23-24]. It consists in having
other surrounding sales sites indicated from a reference point to the original site [25]. The survey
took into account the type of customer, the type of meat, the safety-related point of sale and
probable cases borne outbreaks associated and other parameters such as the consumer age, type
of meat, and form of cooking, consumption place and packaging type.

2.3. Microbial Analysis

For the microbiological analysis, 25 g of each meat sample was added to 225 mL of brain heart
broth in stomacher sachets (CM0941, Oxoid, Germany). After adding 0.01% potassium tellurite
(SR0030, Oxoid), the mixture was homogenized aseptically [19]. For the enrichment, the sachet
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and its contents was incubated at 37°C for 1 to 3 hours. From the incubated suspension, a
decimal dilution was made with peptone water (BioRad, Paris, France). Each dilution (0.1 ml)
was spread on Baird Parker agar (Biokar Diagnostics, France) with egg yolk [26-27] before it
incubation at 37°C for 48 hours for gram positive coccis. For Enterobacteriaceae, Hektoen agar
and EMB agar (Biokar Diagnostics, France) were used to seed the inoculum and incubated at
37°C for 24 hours. To end, Sabouraud Chloramphenicol agar (Biokar Diagnostics, France) was
used for yeasts.

Once isolated, the microorganisms were isolated using classical morphological (gram staining,
shape of bacteria, and Ziehl-Neelsen staining) and biochemical characters (sugar fermentation,
Oxidase, Methyl red-Voges-Proskauer, indole and Catalase test) related to the genus
identification techniques [28-29] (Janda and Abbott, 2002; Cowan and Steel, 2003). The
identification was then confirmed by matrix-assisted laser desorption ionization-time-of-flight
mass spectrometry (MALDI TOF/ MS) as previously described [30]. Briefly, from the previous
culture, a colony was removed and co-crystallized with a (3,5-dimethoxy-4-hydroxycinnamic
acid [sinapinic acid] and a-cyano-4-hydroxycinnamic acid (CHCA) matrix on a steel plate. This
strain-matrix complex is then bombarded by a laser beam emitting in the absorption zone of the
matrix. The ions thus generated in the ionization chamber are accelerated in an electric field
which directs them to an analyzer. The analyzer separates and classifies the accelerated ions
according to their free flight time (emission speed) according to the mass-to-load (m/z) ratio
allowing the smallest molecules to arrive first to the detector. Molecules that have very close m/z
ratios can be separated within a certain limit by an electrostatic mirror [30]. A detection and
identification phase which consisted of a detector to receive and transform the ions into electrical
current which is amplified and digitized. The interpretation is carried out using a recognition
algorithm which considers the positions of the peaks whose intensity is included in a scale of 1 to
1000 [31-33]. The MALDI software automatically generates a list of peaks from the spectrum
obtained after unknown sample analysis (Biotyper System, Bruker Daltonics TM). This list of
peaks is then compared to peak lists stored in a MALDI database for the bacterial identifications.

After the isolation and identification of the strains, the frequency of contamination was
calculated from the ratio of contaminated products on all the products. The prevalence was
obtained by the ratio of the strains isolated on all the biological products tested.

2.4. Data Analysis

The results of the survey were analyzed with the SPSS 19 (SPSS Inc., Chicago, USA).
Descriptive statistics such as prevalence, mean and standard deviation were calculated for the
guantitative variables. A significant difference between the mean was determined. The relative
risk (RR) of disease reported after consumption of meat was calculated for various hypothetical
risk factors. The mean probability of ready-to-eat meat contaminated at the level posing a risk to
human health was calculated as the proportion of meat multiplied by the proportion of sold meat.
The main parameter used were the age of the consumer, the type of meat, the form of cooking,
the place of consumption, the packaging type. The threshold of statistical significance was set at
p <0.05.
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The table 1 shows that a total of 443 strains were isolated including gram positive cocci’s (276),
gram negative bacilli (146), gram positive bacilli (16) and yeasts (5). The prevalence of

contaminants is higher in the communes of Port-Bouet (131), Abobo (119) and Adjamé (89).

Table 1: Prevalence of isolated germs in street meats according to commune

COMMUNE  SAMPLES Gram+ Gram - Gram + Yeast Total Rate
Cocci Bacillus Bacillus (%)
ABOBO 120 70 41 7 01 119 27
ADJAME 120 56 30 3 89 20
YOPOUGON 120 38 25 63 14
TREICHVILLE 120 29 12 41 09
PORT-BOUET 120 83 38 5 04 131 29
600 276 146 16 05 443

The use of MALDI TOF reveal 11 different species of Staphylococci with a predominance of S.
sciuri (32.8%). The chicken meat contained the large number of Staphylococci (128 strains).
Also, Alloiococcus otitis strains were found in chicken samples collected and analyzed (Table 2).

Table 2: Prevalence of cocci species and subspecies identified by MALDI TOF

Spices Sub spices Beef Pork Chicker Total Rate (%)
Staphylococcus
S aureus S. aureus ATCC 11 5 8 24 54
' S. aureus ssp aureus 16 4 10 30
S, sciuri S. sc!ur! ssp sciuri _ 23 14 31 68 90
' S. sciuri ssp carnaticus 8 5 9 22
S. simulans S. simulans DSM 9 12 19 40 40
S. xylosus S. xylosus DSM 6 9 17 32 32
' S. xylosus FIFLR 0 O 0 0
" S. cohnii ssp cohnii 0 O 6 6
S cohnii S. cohnii SSB urealyticus 0 3 5 8 14
S. lentus S. lentus DSM 0 5 7 12
. S. haemolyticus MB 4 0 0 4
S. haemolyticus S. haemoliticus ESL 6 0 0 6 10
S. saprophyticus S. saprophyticus ssp saprophyticus 4 2 2 8
S. capitis S. capitis ssp capitis 2 0 4 6
S. succinus S. succinus ssp succinus 0 O 6 6
S. equorum S. equorum ssp equorum 0 O 2 2
Other Cocci Gram+
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Alloiococcus otitis DSM 7252T DSM 0 O 2 2
Total 89 59 128 276

Among the Bacillus, a large number of Enterobacteriaceae with a predominance of Enterobacter
cloacae (29), Escherichia coli (27) and Proteus mirabilis (25) were identified (Table 3). Apart of
the above mentioned strains, Ochrobactrum intermedium, Bacillus cereus and Candida sorbosa
strain were also identified.

Table 3: Prevalence of species and subspecies of bacilli and yeasts identified by MALDI TOF

Spices Sub spices Beef Pork Chicker Total 22;6
Enterobacteriaceae
ATCC 25922 THL 6 0 10 16 27
Escherichia coli DHb5alpha BRL 0O O 5 5
MB11464 1 CHB 2 4 6
MB_5277 05 THL 0 5 13 18 29
Enterobacter cloacae MB11506 1 CHB 0 2 7 9
13159 1 CHB 0 2 2
ssp ozaenae CCM 5792T CCM 5 0 3 8 25
Klebsiella pneumoniae  ssp ozaenae DSM 16358T HAM 2 0 4 6
ssp pneumoniae 9295 1 CHB 2 0 9 11
Proteus mirabilis 9482 2 CHB 8 O 0 8
(PX) 22086112 MLD 6 0 0 6
Citrobacter koseri 9553 1 CHB 0 7 0 7
Other Bacillus Gram -
Pseudomonas LMG 1874T HAM 1 11 6 18
pertucinogena
Acinetobacter LMG 1033 HAM 0 0 5 5
haemolyticus
Acinetobacter 13101 1 CHB 2 0 11 13 21
baumannii LMG 994 HAM 2 0 7 8
Ochrobactrum LMG 3301T HAM 0 0 1 1
intermedium
Bacillus Gram +
Bacillus cereus 4080 LBK 1 0 8 9 15
994000168 LBK 0 0 6 6
Yeast
Candida sorbosa [ana]  (Issatchenkia occidentalis 0 0 5 5
[teleo]#) CBS 1910
Total 37 25 105 167

Heath Risk Factors

The health risk survey reveals several types of information depending on the investigated
parameter (Table 4). The vendor’s ages mainly vary from 19 to over 50 years. Thus, the active
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population is exposed to the risk of food-borne illness. After streets meat consumption, the risks
of infection occurred varying from 1.04 to 1.10. Also, the highest intoxication risks were
recorded through the consumption of goat meat (OR: 2.25) and beef (OR: 1.04). The cooking
process is also one of the determining factors linked to the food poisoning risks. Except the meat
cooked on a grid or steak, all the other forms of cooking displays high (from 1.12 to 1.54)
contamination risk. In addition a supplement contamination factor is the selling place. Thus, our
data showed that the places with highest contamination rate are those close to schools and public
buildings (2.98). However, the rate of contamination at bus station remains the most significant
(p <0.05).

Table 4: Risk related to the age of the consumer, the type of meat, the form of cooking, the place
of consumption, the packaging type associated with the infection

Potential Risk Factor % Univariate OR R-1/R fraction P V of
Category Consummation (95% IC) etiologic expose Cramer
(95% 1C)
Consumers 2(15-18) | 3.3 0.35 (0.39-3.25) 0.32 | 0.339
age 3(19-25) |19.3 1.04 (0.45-2.36) | 0.038 0.55 | 0.931
4 (26-49) | 69.3 1.10 (0.54-2.23) | 0.090 0.47 | 0.799
5 (>50) 8.1 1.05 (0.32-3.46) | 0.047 0.58 | 0.941
Type of meat | Beef 70.0 1.04 (0.51-2.12) | 0.038 0.53 | 0.913
Chicken 62.7 0.97 (0.50-1.91) 0.54 | 0.938
Pork 42.7 0.89 (0.46-1.72) 0.43 | 0.730
Kid 3.3 2.25 (0.36- | 0.555 0.33 | 0.371
13.88)
Sheep 16.7 0.97 (0.40-2.32) 0.56 | 0.941
Cooking Wirerack | 67.3 0.87 (0.44-1.75) 0.42 | 0.704
Form Sauce 67.3 1.12 (0.56-2.26) | 0.107 0.44 | 0.743
Fried 18.0 1.15 (0.52-2.80) | 0.130 0.40 | 0.659
Oven 24.7 1.15(0.54-2.44) | 0.130 0.43]0.713
Pike 12.0 1.54 (0.57-4.13) | 0.350 0.27 | 0.390
Steak 8.7 0.89 (0.28-2.87) 0.55 | 0.849
Consumption | Home 4.0 0.72 (0.13-4.06) 0.42 | 0.709
places School 43.3 2.98 (1.51-5.86) | 0.664 0.01 | 0.001
Markets 32.7 0.78 (0.39-1.58) 0,42 | 0.495
Bus 20.0 0.87 (0.15-0.93) 0.02 | 0.031
stations
Package type. |Cement 51.3 0.55 (0.28-1.07) 0.55 | 0.077
ackage
Newspaper | 16.7 0.96 (0.40-2.32) 0.56 | 0.941
Attieke 2.7 1.47(0.20-10.76) | 0.319 0.53 | 0.700
leaves
Aluminum | 16.0 1.57(0.65-3.78) | 0.363 0.21 | 0.310
foil

RR (Relative risk); FEPe (etiological fraction in exposed population); PAF (fraction of
attributable risk in population) FEPe and PAF calculate only for risk cases.
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3.2. Discussion

The study shows that meat sold on the street has many hygiene problems. In particular, meat
products such as beef, chicken and pork have been contaminated by numerous germs such as
staphylococci and enterobacteria. The level of contamination of these meat products varies from
a kind of meat product to another. Thus, the prevalence of Staphylococcus strains in meat
products is 62% with 28% in chicken and 20% in beef. Among the isolated bacteria, the
predominant strains were Staphylococcus aureus, S. sciuri, Escherichia coli, Enterobacter
cloaca and Klebsiella pneumoniae, on chicken meat (52.60%) and beef (28.22%). The
predominance of contaminants in chicken meat may be explained by the fact that this meat is
sold with its skin, which is the most contaminated part of the consumed meat [34-35], while beef
(particularly the analyzed portions) is generally separated from the skin. Thus, it appear that meat
are good thank of Staphylococcus strains. In the same, several studies reported the varieties and
high contamination rates (10-72%) of Staphylococcus strains isolated from meat [36-39]. Fang et
al. [35] found that Staphylococcus was found to be 88% stable in beef sandwiches in Thailand. In
addition, Shale et al. [39] identified Staphylococcus species as contaminants of beef meat during
slaughter. However, our results are different from those reported by Barro et al. [15] who
founded that fecal peril germs as major contaminants of street foods with a predominance of
Escherichia coli. Our results suggest that the consumption of beef and goat meat sold as ready to
eat are at risk focusing to the large number of food-borne outbreaks cases with respective risks of
1.04 and 2.25. The prevalence of contaminants in these meat products varies according to the
commune with the highest rate of contamination of products from Port-Bouet (29%) followed by
Abobo (27%), Adjame (20%), Yopougon (14%) and finally Treichville (9%). The presence of
contaminants in meat (from 10 to 72%) products has been demonstrated to varying degrees, [37,
38, 39] and sausage [40-42]. The prevalence of Staphylococcus and Escherichia coli isolated in
meat products sold in Abidjan is similar to the one obtained on traditional beer made from dried
beef (Kilishi) in Cameroon by Fonkem et al. [43]. In Cameroon, a variation in contamination rate
was observed from a district to another but the infection risks are not linked to the communes.
Thus, the reported risks are linked to sales sites near schools and public buildings. However, the
rate of infection at bus station level remains significant (p<0.05). The high level of meat
contamination from commercial buildings, public buildings and railway stations could be
explained by the high number of passengers, customers and traders at these sites. In such sites,
the atmosphere heavily overburdened with smoke and dust, the multiplication of all kinds of
garbage, the proximity of sellers with the pipes which are generally open pit and added to this,
the lack of hygiene of the sellers. These sites are the preferred selling points for fixed, semi-
stationary and mobile vendors because of the large number of people visiting these places. The
high contamination of meat may be due to food handling. Indeed, several unhygienic behaviors
such as the use of hands, packaging of old newspaper sheets, and the absence of an appropriate
device for cleaning utensils during its high levels of contamination. Similar observations have
been reported in Burkina Faso [15] and in Benin [44] in their studies on the quality of street
foods. In addition, the exposure of this meat to the microflora of actors involved in transport,
processing and sale would be one of the main sources of contamination. The state of disrepair in
marketing and preservation channels added to unhygienic behavior could also be one of the
causes of high contamination level. It is therefore very important, for the consumer, to be sur that
the ready-to-eat meat are well prepared. Also, it is better to buy and consume such food when
they are hot. One of the best way to carry the product once bought remain the use of clean
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implement such as aluminum foil and single use dishes. The sellers are invited to have better
hygienic behavior.

4. Conclusions

This work shows that meat sold on the street of Abidjan are ready to eat are highly contaminated
by microorganism such as Staphylococcus ssp. and Enterobacteriaceae. These germs are for
most of them involved in food poisoning. However their presence does not justify the occurrence
of food poisoning. In addition, there is a lack of hygienic behavior among the persons involve in
the production of this food. All the risk factors contribute to a health risk for consumers
depending on the place of sale, the type of meat, the type of packaging and many other factors
related to the lack of hygiene. Brown & Jennings (1989) in the article on “Outperformance of
Technical analysis” showed that technical analysis has value in a model in which prices are not
fully revealing and traders have rational speculation about the relation between prices and
signals.
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