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Abstract. Meat is known to be one of the vehicles for many diseases to humans. The aim of this study is the
comparison of the microbiological and hygienic quality of fresh turkey meat marketed in the most popular
districts of Kenitra city. Fresh meat samples were taken from stores localized in six different districts.
Microorganisms tests were conducted according to the appropriate standards. The Aerobic Mesophilic Flora
(AFM) was most counted in district five (7.69+0.212 logioufc/g), while the highest total and fecal coliform
charges were obtained in district six with rates of 7.68+0.160 and 6.89+0.132 logioufc/g, respectively. Cases
of Salmonella spp were observed in all districts, except district five with frequencies up to 10.71%.
Pseudomonas aeuroginosa charge was high in district five and its prevalence was high (21.42%) in districts
two, four and six. Regarding Clostridium perfringens, the charges were up to 2.1120.55 logioufc/g in district
six and a high prevalence of 42.85% was in district four. Escherichia coli showed dominance in all the districts
studied with a high prevalence in district four with a rate of 75% and a high charge in district five (4.37
logioufc/g). The presence of Staphylococcus aureus was significant in district four with a rate of 28.57% and
a high concentration in district five (4.47 logioufc/g). This study has shown great variability in the results
found between the different districts and the rate of contaminations affecting this product. In fact, this
microbiological and hygienic quality of raw turkey meat sold in these districts was judged marginal indicating
the need for improved hygienic standards.
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these pathogenic germs is responsible for the food-borne
diseases. According to an investigation into outbreaks of
collective foodborne disease (CBD) in Kenitra Provincial
Hospital during the period (2007 - 2009), they revealed 14
cases of CBD in the Gharb-Chrarda-Bnihsein region, with
the largest number of outbreaks reported in Kenitra city
with a percentage of 50%, including poultry meat which
is among the foodstuffs responsible for CBD with a rate
of 14% [4]. During slaughter and processing, all
potentially edible tissues are subjected to contamination
from a variety of sources within and outside the animal
[5]. The pathogenic microorganisms that are implicated in
contaminating meat and its products include; Salmonella
spp., Shigella spp., Campylobacter jejuni, Campylobacter
coli, Yersinia enterocolitica, verotoxigenic Escherichia
coli and Listeria monocytogenes [6]. Staphylococcus
aureus contaminates meat through unhygienic handling of
the meat and its products by butchery staff as this
organism is a normal flora of the human skin [7].
Contamination of meat with this microorganism is an
indication of poor evisceration [6] and poor hand hygiene
among the handlers [8]. Meat and their products when
contaminated can serve as vehicles of pathogens to

1. Introduction

The poultry sector constitutes one of the most dynamic
agricultural activities in Morocco, with an average growth
rate over the last four decades around 7.7% of poultry
meat production. Thus, the current production satisfies all
the national needs and covers 100% of the poultry meat
needs, representing 52% of the total consumption of meat.
Poultry products (meat and eggs) contribute 38% of the
protein intake of animal origin [1]. In fact, in 2019 the
consumption of turkey meat in Morocco reached 22.1
Kg/inhab/yr, of which the sector supplied an average of
964 384 tonnes of turkey meat [2]. This meat has just
taken an important place in the Moroccan diet because of
its relatively low prices compared to other animal
foodstuffs, poultry products are consumed by the whole
population and constitute the only recourse for the
improvement of food security in the country in terms of
proteins of animal origin [1]. However, the problems of
the poultry sector in terms of health remain dependent on
the conditions of rearing in general, and more particularly
on the hygiene of buildings [3]. This not only affects the

productivity of poultry workshops, but also presents a
threat to the public health [3]. Thus, food safety has
become a major issue to the public authorities, consumers
and professionals of the related products intended for
human consumption. Meat’s high amount of proteins
makes it very suitable for microbial proliferation and thus,
a large proportion of germs contaminate the carcasses
following the various stages of slaughter. The presence of
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consumers and also reduces the shelf life of the product.

In order to intensify and deepen the results of the
preliminary study [9], our objective is the comparison of
the microbiological quality of turkey meat marketed at the
most popular districts in Kenitra city (Morocco).
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2. Material & Methods
2.1. Sampling

The samples were taken from stores in six of the most
popular districts in Kenitra city, which differ in their socio-
economic levels. 180 samples were collected as 30
samples per district during the period of June-September
2018.

Table 1. Setting Word’s margins.

Study area Nu.mb.e rof Numbgr O.f
districts sample/districts
30
2 30
Kenitra 3 30
4 30
5 30
6 30
Total 6 districts 180

Each sample was placed in a sterile plastic food bag and
transported to the laboratory in an insulated icebox that
has been properly cleaned and has a temperature not
exceeding +4°C+£1°C. At arrival, the samples were
immediately analyzed in three replicates.

2.2. Microbiological analyses

The search for microorganisms in the different samples
requires several steps. Starting with weighing, dilution,
isolation, enumeration and identification. 25g of each
sample was taken from each jar and mixed with 225ml of
buffered peptone water (Oxoid, England) to make the
stock suspensions.

2.2.1.Enumeration of the total mesophilic aerobic
flora (TMAF)

Enumeration of TMAF was performed by diluting the
sample in broth buffered peptone water, plating on Plate
Count Agar (PCA) (Oxoid, England) and incubating at
30°C for 72 hours [10] (NM 08.0.184, 2012). Petri dishes
with a colony count ranged between 30 and 300 CFU were
counted.

2.2.2.Enumeration of Fecal and Total Coliforms

Fecal and total coliform counts were made on the Violet
Red Bile Lactose Agar (VRBL) (Oxoid, England). The
Petri dishes were incubated at 37°C for 24 hours and at
44°C for 24 hours for total coliforms and fecal coliforms,
respectively.

2.2.3.Detection and enumeration of Escherichia
Coli

Colonies of fecal coliforms were isolated from the VRBL
medium (Oxoid, England) and transplanted into another
selective medium Eosine Methylene Blue (EMB) (Oxoid,
England). After incubation of the Petri dishes at 37°C for
24 hours. The presence of E. Coli was indicated by the
metallic sheen and the green color of the colonies [11]
(NM 08.0.127, 2012).

2.2.4. Detection and
Staphylococcus aureus

enumeration of

The count was carried out on Baird Parker agar agar
(Oxoid, England) with added egg yolk and tellurite. After
incubation at 37°C for 24 hours, colonies of
Staphylococcus aureus appear glossy black, domed and
surrounded by an opaque white border and a brightening
halo. Their presence is confirmed by catalase and
coagulase tests.

2.2.5. Detection for Salmonella. spp

Salmonella. spp testing of food is performed by taking 25
grams of homogenized food in 225 ml of buffered peptone
water (Oxoid, England) pre-enrichment diluent. After
incubation for 24 hours at 37°C, 1 ml of the resulting
culture is inoculated into a sterile test tube containing 9
ml of Rappaport-Vassiliadis selective (Oxoid, England)
enrichment broth and incubated for 24 hours at 43°C. The
initial color change of the broth indicates a positive
reaction. Isolation is carried out on the selective medium:
Hektoen agar (Oxoid, England), the plates were incubated
for 24 hours at 37°C. The characteristic Salmonella spp
colonies are smooth and green in color with black centers.

2.2.6. Detection and enumeration of Pseudomonas
aeuroginosa

Pseudomonas colonies were cultured on Pseudomonas
Agar medium (Oxoid, England) after incubation of the
plates at 44°C for 48 hours. The colonies were colored or
green with a light halo.

2.2.7. Detection and enumeration of Clostridium
perfringens

The Clostridium enumeration was carried out on the TSC
(Tryptone-Sulfite-Cycloserine) medium (Oxoid,
England). The inoculated Petri dishes were incubated at
46°C for 24 to 48 hours. The reading was taken quickly
after opening the Petri dishes, otherwise the colonies may
turn pale due to iron sulphide oxidation. The colonies are
surrounded by a black halo.

The microbial colonies formed were calculated based on
the Standard Plate Count (SPC) with the following
formula:
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N
(n1 + (0.1 xn2))xd

N = Number of different colonies in the count range (30-300 colonies).
nl = The number of the first cup whose colonies can be counted.

n2 = Number of second cups whose colonies can be counted.

d = The first dilution calculated

Total Population =

2.3. Biochemical confirmation and identification

All bacteria were tested for Gram stain and oxidase activity was
done for Escherichia coli, Pseudomonas aeuroginosa,
Clostridium perfringens, Salmonella spp, as well as a coagulase
test for Staphylococcus aureus. In addition, the identification of
isolates is carried out by biochemical profiling using the API
gallery (Bio Mérieux, Marcy 1'Etoile, France).

2.4. Statistical Analysis.

Data were expressed as mean values + standard deviation for
each measurement. The statistical study is performed using
GraphPad Prism 8 software. A probability of P<0.05 indicates
that the values are considered statistically significant.

3. Results & Discussion

The results of the enumeration of TMAF, total and fecal
coliforms in the meat of the poultry from the different districts
studied are presented in Table 2.

Table 2: Enumeration of TMAFs, total coliforms and fecal coliforms in
samples from the six districts

Districts TMAF T CF
logioufc/g logioufc/g logioufc/g
Q1 6.44+£0.267  6.47£0.208  5.87+0.237
Q2 6.54+0.144  6.01+£0.318  5.75+0.301
Q3 7.32+0.176  6.46+£0.351  5.38+0.225
Q4 6.77£0.033  5.97+£0.792  5.12+0.965
Q5 7.69+£0.212  7.04+0.450  6.14+0.451
Q6 7.18£0.070  7.68+0.160  6.89+0.132
Standard* 6,7 - 4

Q : Districts; C.T : Total Coliforms; C.F : Fecal Coliforms; TMAF : Total Aerobic Mesophilic
Flora.

Standard*: Moroccan microbiological standard that must be met by animal foodstuffs or
foodstuffs of animal origin.

Q5 and Q1 have shown the highest and lowest TMAFs
values as 7.69 logoufc/g and 6.44 logoufc/g, respectively.
Similar results were found by Amara et al [12], Cohen et
al [13], and Chaiba and Filali [14], which their values
were around 7. 15 logioufc/g, 7.4 logioufc/g. and 7.45
logioufe/g, respectively. However, lower scores were
reported by Chu Thi Thanh Huong et al [15] and Abdellah
et al, [16] with a rate of 5.07 logoufc/g and 5.69
logioufc/g, respectively.

Regarding the total coliforms, the highest value was found
in Q6 samples 7.68 logjoufc/g followed by 7.04 logeufc/g

in Q5 samples. The minimum average value was found in
Q2 samples 6.01 logioufc/g. These values are higher than
those found in chicken carcasses from the traditional
slaughterhouses in the city of Meknes by Chaiba et al,
[14], where the abundance of total coliforms recorded was
around 4.4 log;eufc/g.

While for fecal coliforms, the highest average value was
recorded in Q6 samples as 6.89 logjoufc/g. The lowest
average value was found in Q4 samples 5.12 log;oufc/g.
These values are higher than the 3.9 logoufc/g and 1.25
logioufc/g found by Cohen et al [13] and Chu Thi Thanh
Huong et al [15], respectively.

Figure 1 illustrates the comparison of our TMAFs results
with the Moroccan microbiological standard to which
animal foodstuffs or foodstuffs of animal origin, which
shows that a variation in non-compliance from one station
to another. The non-compliance rates were 53.57%,
64.29% and 78.57% in the stations QIl, Q2 and Q4,
respectively, which are higher than the rate (48. 95%)
reported by Abdellah et al [16]. The Q3, Q5 and Q6 record
an average non-compliance rate. Thi Thanh Huong et al
[15], reported a higher rate which was around 69.77%.
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Figure 1: Compliance and non-compliance rates of samples from different districts
for Total Mesophilic Aerobic Flora (TMAF).

Figure 2 represents the compliance rates of fecal
coliforms with the Moroccan standards. It shows that Q4
and Q2 were higher than the norms as their values reached
60.71% and 57.14%, respectively. The rest of the stations
showed moderate rates, however, our results were higher
than the rate [13] Cohen et al (2007) which was 22.4%
except for Q5. Thi Thanh Huong et al [15] reported a
higher rate up to 72.09%.
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Figure 2: Compliance and non-compliance rates for fecal coliforms in samples
from different districts

These non-compliance rates for TMAF and fecal
coliforms could be explained by contamination of the
viscera’s germs during evisceration. Although the
majority of these germs are not pathogenic, they can be
responsible for foodborne illness in humans.

Results showed dominance of E. coli prevalence in Q4
with a rate of 75% with bacterial charge 2.15 logjoufc/g.
Q2 also had high E. coli prevalence with a rate of 71.4%
and a bacterial charge of 2.08 logjoufc/g. the rest of the
districts had moderate prevalence but with high bacterial
charges (Table. 3). However, our results were lower than
those of El Allaoui et al [3] with a rate of 83% and higher
than those reported by Zhao et al [17], Gupta and Gupta
[18] and Iroha et al [19], which were 11.60%, 22.5% and
2%, respectively. The E. coli prevalence found in our
study indicates a lack of good hygiene practices among
the staff responsible for sales and in their premises [20],
it could be also being due to a defect in the slaughter
process [21].

Pseudomonas aeuroginosa showed dominance in Q2, Q4
and Q6 with the same prevalence of 21.42% with bacterial
charges of 3.27 logioufc/g, 2.83 logioufc/g and 4.96
logioufc/g, respectively. Our results are inferior to those
reported by Boudouika and Ghiat [22], with a
predominance up high to 61.53% (Table. 3). Regarding
the bacterial charges, our results varied between 2 and 5
logioufc/g, which is similar to the finding of Hutchison et
al [23] . The average bacterial charges should be around
4.5 logioufc/g according to Ghafir et al [24].

results are lower than those found by Van Immerseel et al
[28] in poultry meat which detected a prevalence of 84%.
Results from Q2, Q3 and Q4 were higher than those found
by Lindblad et al [29], with a rate of 18%. However, Q1,
Q5 and Q6 showed lower rates compared to the results
reported by Cohen et al [13] and Wen and McClane [30],
with rates of 1.6% and 2%, respectively. Even though
Clostridium perfringens have relatively lower rates than
E. coli and Pseudomonas aeuroginosa, it causes severe
intoxication with various symptoms and even could lead
to fatal outcomes.

The dominance of Staphylococcus aureus was found in
Q4 with a rate of 28.57% and a bacterial charge of 2.80
logioufc/g, followed by Q3 with a rate of 25% and
bacterial charge of 3.11 logjoufc/g (Table. 3). with the
exception of Q2, all our results are higher than the 10.4%
reported by Cohen et al [13]. However, only the bacterial
charge of Q5 was higher than the acceptable limit of the
microbial flora in poultry meat set by the Moroccan
standards (3.7 logioufc/g). In Spain, S. aureus was
detected in 60% of wings and giblets and in 40% of
chicken legs [31]. The source of contamination could be
the animal itself as well as the environment [32; 33], and
its presence in food products represents a risk to public
health because of its ability to cause food poisoning or
foodborne illness [34].

Salmonella spp was dominant in Q3 and Q4 with a
prevalence of 10.71%, low rates were found in Q2, QI
and Q6 while the bacteria were absent in Q5 (Table. 3).
These results were higher than those found by Cohen et al
[13] and Zhao et al [17] with rates of 1.56% and 2.6%
respectively. However, other studies have reported higher
rates either on chicken or turkey meat [15; 35; 36].
Salmonella is a serious threat to human health and
considered a major cause of foodborne illness in humans.
It indicates fecal contamination and it can persist on

Table 3 Prevalence of E. Coli, P. aeuroginosa, C. perfringens, S. aureus and Salmonella spp. In the six different districts with their
bacterial charges.

Escherichia Coli P. aeuroginosa C. perfringens S. aureus Salmonella Sp

p BC p BC P BC P BC p
Q1 60,7  2,27+0,186 17,85  3,016+0,32 14,28 2,09+0,28 17,85  2,363+0,32 3,57 -
Q2 71,4 2,08+0,27 21,42 3,276+0,05 25 2,50+0,28 7,14 1,923+0,05 7,14 -
Q3 | 6428  3,69+0,06 14,28  5,43+0,35 32,14  1,8740,26 25 3,11740,35 10,71 -
Q4 | 75 2,15+028 21,42 2,83+0,34 42,85 1414040 2857  2.807+0,34 10,71 -
Q5 | 4642  4,370,14 714 6,68+0,15 10,71 1,7140,53 10,71 4,477+0,15 0 -
Q6 | 524  336+031 21,42 4,96+0,19 10,71 2,11+0,55 14,28 2,840+0,19 3,57 -

P (%): Prevalence; BC: Bacterial Charge (Logioufc/G); Q: District
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equipment after hygiene operations and could
contaminate other batches and poultry [37; 38].

4. Conclusion

The present study was carried out on six different districts
of Kenitra city and it revealed that the district Q3 and Q4
showed higher prevalence of almost all the studied
bacteria and thus the most contaminated sites. The studied
districts showed signs of contamination with bacterial
charges higher than the tolerated limit of the Moroccan
standards besides. Regarding Salmonella spp, only the Q5
district showed no contamination. Our results suggest the
need of the increase of hygiene protocols and practices.
Further studies targeting different steps from slaughter to
local stores on the same chain lines most preferably those
corresponding to Q3 and Q4 to investigate at which point
the contaminations occur and thus suggest the proper
precautions to increase the quality of the turkey meat and
minimize any threat to the consumers.
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