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ABSTRACT 
 
Currently, antibiotic resistance poses a serious threat as far as both animal and human therapies are concerned, and the 

monitoring of this problem plays an important role in sustainable development. It can affect anyone, anywhere.  The aim of 

this is to evaluate the risk of microbial resistant to pathogenic bacteria isolated from ground meat marketed in the eastern 

region of Morocco. The enumeration of pathogenic Staphylococcus aureus (S. aureus), Escherichia coli (E. coli) and Salmonella 

spp. were carried out using ISO 6888-2, ISO16649-2 and ISO 6579 methods respectively. Indeed, the study of antibiotic 

resistance was carried out using the Mueller-Hinton medium according to the method described by French society of 

microbiology. A total of 51 samples of ground meat collected in eastern Moroccan butchers throughout March-April 2015-

2017, were used to study the health risks of antibiotic resistance, 34 photogenic bacteria belonging to the following species 

Escherichia coli, salmonella and S. aureus were isolated. The antibiogram results showed that 100% of tested E. coli and 

salmonella strains are highly resistant to penicillin A, Nitrofurantoin, Erythromycin, Thiamphenicol, and Tetracycline. 

However, they are susceptible to Gentamicin and Colistin, and 100 % of E. coli and S. aureus strains are susceptible to Co-

trimoxazole. All tested bacterial strains (E. coli, Salmonella, and S. aureus) are susceptible to Gentamicin and have medium 

resistance to Streptomycin. These strong bacterial resistances largely explain the excessive and unsustainable uses of antibiotics 

in human and veterinary medicine, which calls for surveillance and vigilance against this global problem.  
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INTRODUCTION 

 Antimicrobial resistance is not only a risk for animal health, but it is also a risk for humans through the 

direct or indirect transfer of pathogenic and multi-resistant bacteria [1-3]. The international scientific 

community is disturbed by the impotence in the face of increasingly dangerous antibiotic multi-resistant bacteria 

strains. Several therapeutic practices (preventive and curative) favor the selection of resistant bacteria, 

specifically in intensive livestock production [4]. The spread of antibiotic resistance due to the excessive or 

uncontrolled use of antibiotics as far as both humans and animals are concerned remains a major problem for the 

health of consumers. The use of antibiotics either to cure or to prevent illnesses when raising livestock enables 
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bacteria to develop antibiotic resistance. Sometimes, these bacteria aren’t pathogenic, but they can transfer their 

resistance to other bacteria and become difficult to manage, it’s a natural phenomenon in the world of bacteria 

[5-7]. 

 Meat is considered as a food of choice due to its nutritional value, its richness in proteins, and the nature of 

those proteins make it necessary for a balanced diet. However, depending on its origins, meat can be 

contaminated by various antibiotic-resistant bacteria. In Morocco, red meat production is around 530000T [8]. 

Red meat consumption saw a light increase during the last 20 years, which went from 8.2 kg to 11.7 

kg/individual/year. Currently, due to the consumption rate of red meat in Morocco, it is necessary to ensure its 

safety since its contamination can present a significant health risk.  

The objective of this study is to evaluate the public health risk of antibiotic resistance of bacteria isolates from 

red meat sold in the Oriental Region of Morocco. 

 

MATERIAL AND METHODS 

Sampling site 

 The sampling was carried out from several markets and butcher shops of Oujda-Ahfir-Berkane-Zaiou cities 

during the years 2015 and 2017 between April-March. The analyses were conducted in the Laboratory of 

Analysis and Research of the National Office for Food Safety that works under quality assurance ISO 17025. 

 

Bacteria isolate collection 

 The collection of bacterial species originating from food is carried out during routine microbiological 

analyses. 51 ground beef samples sold in Oriental Morocco were used in this study. The enumeration of 

pathogenic Staphylococcus and E. coli was carried out using the ISO 6888-2 [9] and ISO16649-2 [10] methods, 

respectively. The ISO 6579 method [11] was used for the detection of Salmonella spp. The results’ 

interpretation was made according to the Order No 624-04 of 17 Safar 1425 (8 April 2004) related to the 

microbiological standards to be met by animal and animal-origin products, official journal No. 5214 of May 2, 

2004 [12]. For comparative purposes, we also included the regulation applied in Luxembourg  Table 1 [13]. 

The study of antibiotic resistance was carried out in 3 essential steps: 

 Culture of the purified bacterial strains (originally found in ground beef) in Mueller-Hinton broth which is 

used as a non-selective medium to grow a very large number of bacteria of various origins by transferring 

them in the broth using sterile inoculating loops and incubating at 37°C for 24 hours. 

 Swab inoculation of the bacterial strains grown in Mueller-Hinton broth on Mueller-Hinton agar and 

depositing of antibiotic discs, then incubation of agar plates at 37°C for 24 hours. 

 Measurement of inhibition zones. 

 The following antibiotics were used: Ampicillin (10μg), Amoxicillin (25μg), nitrofurantoin (300μg), Co-

trimoxazole (1,25/3,75µg), Nalidixique Acid (30μg), Erythromycin (15μg), Tetracycline (30μg), Streptomycin 

(10μg), Gentamicin (15μg), Thiamphenicol (30μg), Colistin (50µg), Penicillin G (6µg).  For each antibiotic, the 

diameter of the inhibition zone is measured and the bacteria’s clinical category regarding each tested antibiotic 

(susceptible, intermediate, resistant) is determined.  

 

RESULTS 

 

 The results of the bacteriological quality of the analyzed samples are presented in table 2. 

Table 1: Acceptability threshold required in minced meat according to local standards in Morocco 

and Luxemburg  [12, 13]. 
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TPC: total plate count; S. Aureus: Staphylococcus aureus, SRC: Sulfite Reducing bacteria growing 

under anaerobic conditions). 

- The underlined values are the Moroccan standards  

- The values written in bold are the European standards 
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Table 2: Charge (CFU/g) of microorganisms in ground beef collected in 

Oujda city Morocco 

 Min. 
Mean 

Log (Mean) 
Max. Criteria (m) 

E. coli 
4.2x10

2
 1.5 x10

4 

(4.17) 

7.3x10
4
 1 x 10

2
 

S. aureus 
<10 4.1x10

2 

(3.61) 

1.4x10
3
 1 x 10

2
 

Salmonella spp. presence Absence in 10g 

(Min. : minimal value, Max. : maximal value, Mean: mean value, E. 

coli; S. aureus: Staphylococcus aureus,  

 

The results of the microbiological analysis of ground beef samples showed that 46.29% of samples are of 

satisfactory quality (below 3m), 18.51% are of acceptable quality (between 3m and M) and 35.18% are of 

unsatisfactory quality according to Moroccan and European standards (table 1). Salmonella spp is present in 

13% of the analyzed samples. 

 

 The evaluation of minced meat’s microbial quality was able to isolate 34 pathogenic bacteria, including 12 

strains of E. coli, 12 S. aureus, and seven salmonella spp to evaluate their antibiotic resistance. The study of 

susceptibility towards antibiotics was carried out using the diffusion in a solid medium method. Mueller-Hinton 

was the medium usedby the standards and the recommendations of the French society of microbiology’s 

antibiogram committee [14]. The 12 most used antibiotics in animal and human therapy in Morocco were tested. 

 The results of antibiotic-resistance of bacteria isolates are presented in the table below 

 

Table 3: Antibiotic-resistance of Escherichia coli, Salmonella spp. and Staphylococcus aureus strains isolated 

from minced meat in Eastern Morocco 

Antibiotic 
E. coli (%) Salmonella spp. (%) S. aureus (%) Criteria (mm) 

R I S R I S R I S S R 

Ampicillin 100 0 0 100 0 0 - - - ≥ 14 <14 

Amoxicillin 100 0 0 87.5 12.5 0 71.42 28.57 0 ≥21 <16 

Nitrofurantoin 85.71 0 14.28 100 - 0 100 0 0 ≥ 11 <11 

Co-trimoxazole 0 0 100 33.33 66.66 0 0 0 100 ≥ 16 <13 

Nalidixic acid  28.58 0 71.42 100 0 0 - - - ≥ 19 <14 

Erythromycin 100 0 0 100 0 0 50 0 50 ≥22 <17 

Tetracycline 75 0 25 100 0 0 75 0 25 ≥ 19 <17 

Streptomycin 57.14 0 42.85 83.33 0 16.66 14.28 0 85.71 ≥ 15 <13 

Gentamycin 0 0 100 0 0 100 0 0 100 ≥ 18 <16 

Thiamphenicol 100 0 0 100 0 0 100 0 0 ≥ 23 <23 

Colistin 0 0 100 0 0 100 100 0 0 ≥ 15 <15 

Penicillin G - - - - - - 57.14 0 42.85 ≥ 26 <26 

S: Higher critical diameter; R: Lower critical diameter; R: Resistant; I: intermediate; S; sensitive 

Inhibition Zones less than the indicated value (R) indicate the bacterial strain was resistant. 

 

Escherichia coli 

 According to the table above, the majority of the tested E. coli strands is resistant to antibiotics. 100% of 

tested E. coli strands are resistant to penicillin A family (Amoxicillin, Ampicillin), Erythromycin and 

Thiamphenicol. However, all tested E. coli strands have shown a susceptibility to Co-trimoxazole, Gentamicin, 

and Colistin.  Concerning Nitrofurantoin, Tetracycline, Streptomycin, and Nalidixic acid, the tested E. coli 

strands have shown a resistance to these antibiotics with percentages varying between 85.71%, 75%, 57.14% 

and 28.58% respectively. 

Salmonella spp 

 According to table 3, 100 % of the studied Salmonella isolates are resistant to Ampicillin, Amoxicillin, 

Nalidixic Acid, Erythromycin and Tetracycline. 83.33% of salmonella spp have shown a resistance to 

Streptomycin. However, 100% of the isolates have shown a susceptibility to Gentamicin and 66.66% are 

intermediate to Co-trimoxazole 
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Staphylococcus aureus 

 The results show that 100% of S. aureus isolates are resistant to Nitrofurantoin, Thiamphenicol and 

colistin.71.42%, 75% and 57.14% are resistant to Amoxicillin, Tetracycline and Penicillin G respectively. 

However, 100% of S. aureus isolates are susceptible to Co-trimoxazole and Gentamicin, 85.71% are susceptible 

to Streptomycin and 50% are susceptible to Erythromycin. All the tested bacterial strands have shown a 

resistance to multiple antibiotics at once (8 antibiotics or less). It’s a case of multi-drug resistance. 

 

DISCUSSION 
 Widespread antibiotic resistance is a serious threat to the global population. This problem exists 

everywhere, especially in third world countries due to self-medication.  

According to our investigation, almost all tested E. coli strands are highly resistant to Penicillin, 

Tetracycline, Nitrofurantoin, and Phenicol. The obtained results are higher than those previously reported in 

Morocco and elsewhere (table 4). These percentages have increased throughout the years; it is a development of 

antibiotic resistance [15-18]. However, resistance to Gentamicin and Colistin has decreased, this result can be 

explained on the on hand by, the fact that they’re the first ones to be forbidden by Moroccan law since 2001 and 

on the other hand by, their effect on bacteria (action mechanism) makes it difficult for them to develop a 

resistance. The results of resistance to Penicillin A, Tetracycline and Phenicol are higher than those reported by 

Meng, Zhao [19] the USA, Diouf [20] in Senegal, Van, Chin [21] in Vietnam, Benameur, Glamour [22] in 

Algeria and Ravaonindrina, Razanajatovo [23] in Madagascar.  

Moreover, our results show that the tested Salmonella strains are multi-resistant to antibiotics. This result is 

disturbing in the case of phenicols and Nitrofurantoin since the former is considered carcinogenic, and the latter 

causes cardiac degenerescence or nervous diseases in poultry [24]. As for aminoglycosides, the studied 

salmonella spp strains are susceptible to Gentamicin, and 83.33% of them are resistant to Streptomycin. Our 

results are higher than those reported by Fofana [25] and Diouf [20] in Senegal and Ravaonindrina, 

Razanajatovo [23] in Madagascar (table 5). Our results are by the World Health Organization’s announcement 

about multi-resistant salmonella strains to Ampicillin, Chloramphenicol, Streptomycin, Sulfonamides and 

Tetracycline (table 4, 5 and 6). 

The S. aureus bacteria used in this research are resistant to multiple antibiotics (Nitrofurantoin, Penicillin A, 

Thiamphenicol, and Colistin). The high resistance of S. aureus to the formerly mentioned antibiotics and 

susceptibility to Nitrofurantoin and Co-trimoxazole is because the former ones have replaced the latter ones 

considering the developed antibiotic-resistance [26, 27].  Similar results were reported by Hanson, Dressler [28] 

about S. aureus isolated from meat sold at retail in Austria. Furthermore, our results are lower than those 

reported by Achi and Madubuike [29] in Nigeria. However, they are higher than those found by Aydin, 

Muratoglu [30] in turkey (table 6).  

This high rate of antibiotic resistance is mainly due to self-medication, as well as the use of broad-spectrum 

antibiotics, which cause the development of direct and indirect antibiotic resistance. The excessive and 

unreasonable use of antibiotics on farms contributes to the modification of bacterial resistance. 

Enterobacteriaceae can pass on their resistance genes to pathogenic bacteria that become refractory to 

conventional treatments despite being commensally flora [31]. Human contamination or infection by microbial 

resistant bacteria can have serious health consequences. Thus, monitoring and controlling antibiotic resistance 

remains a vital tool to preserve public health. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Table 4: Comparative study of E. coli antibiotic resistance of analyses carried out in Morocco, Algeria, Senegal, 

Madagascar and Vietnam 
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Table 5: Comparative study of different Salmonella spp antibiotic resistance analyses 

 

Antibiotic 
Our study 

[25] 

in Senegal 

[20] 

in Senegal 

[23] 

in Madagascar 

Ampicillin 100 35.48 53.52 - 

Amoxicillin 87.5 - - 2.7 

Nitrofurantoin 100 - - - 

Co-trimoxazole 33.33 36.56 64.78 - 

Nalidixic Acid 100 - - 1.4 

Erythromycin 100 - - - 

Tetracycline 100 46.24 73.24 - 

Streptomycin 83.33 - - - 

Gentamycin 0 - - 0 

Thiamphenicol 100 - - 10 

Colistin 0 - - 0 

 

Table 6:  Comparative study of different S. aureus antibiotic resistance analyses  

Antibiotic Our study [29] in Nigeria [28] in Austria [30]  in Turkey 

Ampicillin - - - - 

Amoxicillin 71.42 42 - - 

Nitrofurantoin 100 - - - 

Co-trimoxazole 0 4.2 0 13 

Nalidixic Acid - - - - 

Erythromycin 50 4.2 14.8 18.2 

Tetracycline 75 70 66.7 15.6 

Streptomycin 14.28 75  - 

Gentamycin 0 70.8 0 6.5 

Thiamphenicol 100 0 - 15.6 

Colistin 100 - - - 

Penicillin G 57.14 - 77.7 71.4 

 

  

 

 

 

Antibiotic 

Our 

study 

[15] 

in 

MA 

[16]  in MA 
[18] 

in 

MA 

[32] 

in 

MA 

[33] 

in 

BEN 

[22] 

in 

DZ 

[21] 

In 

VN 

[25] 

in SN 

[20] 

In SN 

[23] 

in 

MDG 

1985 

- 

1986 

1991 

- 

1992 

A 10 100 20 20 14 75.4 - 87.77 - 50.5 55.56 41.61 - 

A 25 100 - ND ND - 90.1 - - 50.5 - - 22.80 

N 300 85.71 - 64 1 - - - - - - - - 

Cot 5 0 8 8 61 68.3 - 58.99 70.2 51.5 73.33 90.76 - 

Na 30 28.58 - 4 25 - - 41.73 - 34.3 54.44 50.75 0 

E 15 100 - - - - - - - - -  - 

T 30 75 82 82 65 - 100 - 90.4 77.8 88.89 90.76 - 

S 10 57.14 - 44 32 - - - - 39.4 56.67 52.3 - 

G 15 0 0 0 7 25 - 1.44 - 24.2 3.33 - 0 

T 30 100 42 42 41 - - 30.94 - 43.4 - 6.15 17.5 

C 50 0 0 0 0.4 3.3 2.9 - 31.6 - - - 7 

Comparative study of E. coli antibiotic resistance of analyses carried out in Morocco (MA), Algeria (DZ), Senegal 

(SN), Madagascar (MDG) and Vietnam (VN) 

A10: Ampicillin (10μg); A25: Amoxicillin (25μg); N 300: nitrofurantoin (300μg); Cot 5: Co-trimoxazole 

(1,25/3,75µg): Na 30: Nalidixique Acid (30μg); E 15: Erythromycin (15μg); T 30: Tetracycline (30μg); S 10: 

Streptomycin (10μg): G 15: Gentamicin (15μg); T 30: Thiamphenicol (30μg); C 50: Colistin (50µg). 
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CONCLUSION 

 This study has revealed that minced meat sold in eastern Morocco is contaminated with pathogenic bacteria 

such as E. coli and salmonella spp. These results are mainly due to poor hygiene conditions found throughout 

the production chain. Antibiotic resistance is a global concern due to its health and economic impacts. It can 

touch anyone, regardless of his/her age or location.  The consequences of antibiotic resistance include reducing 

the available choices of antibiotics for the treatment of bacterial infections or even a limitation to a single class 

of antibiotics. In some extreme cases, no antibiotic has any effect. The increase of antibiotic resistance over the 

years is due to the irrational and/or excessive use of antibiotics. Thus, the best way to reduce the selective 

pressure of antibiotics on bacteria is to reduce their use. In veterinary medicine, a measure of this kind has been 

the prohibition of a few antimicrobial drugs in order to decrease this issue. This study remains a first step, as 

part of raising public awareness about antibiotic-resistance and the risks caused by this crucial issue. 
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