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This study was conducted to determine the bacteriological quality of retail raw meat. Twenty one raw 
meat samples were randomly collected from four administrative towns: Bure, Debre-Markos, Dejen and 
Fenoteselam meat-stalls of Gojjam area. Samples were collected and transported kept in cold sterile 
screw cap bottles with ice contained icebox. It was cultured on plate count agar and mannitol salt agar 
plates for enumeration of aerobic and pathogenic staphylococci bacteria respectively. Bacterial 
isolation was identified by culturing on selective medium and biochemical test. The mean total aerobic 
plate count (APC) ranged 6.325 to 6.477 log cfu/g was not significantly different (P<0.05); but 
enumeration of pathogenic Staphylococci ranged 3.588 to 4.251 log cfu/g was significantly different 
(P<0.05) between places. According to international standards microbial quality acceptability of ready-
to-eat food and raw meat aerobic plate and pathogenic staphylococci count of almost all samples were 
categorized in borderline and unsatisfactory quality. A total of 65 gram positive cocci isolates were 
identified. The dominant bacterial pathogens isolates were Staphylococcus epidermidis, 
Staphylococcus aureus and Streptococcus pyogenes in a ratio of 0.86, 0.71 and 0.71 respectively. The 
high bacteria count and isolates of aerobic plate count and pathogenic Staphylococci is an indication of 
higher risk for retail raw meat consumption. Hence needs improved hygienic practice at all levels in the 
raw meat production industry. 
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INTRODUCTION  
 
Foodborne diseases are an important cause of morbidity 
and mortality in worldwide but the full extent  and  cost  of 

unsafe food, and especially the burden arising from 
contaminants in food, is still unknown. Foodborne 
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bacterial pathogens are any bacteria in food with the 
potential to cause an adverse health effect (WHO, 2015). 
Normally bacterial pathogens associated with meats can 
pose risks with food poisoning; and contamination may 
be associated with the animals themselves, or be 
introduced to a clean carcass through cross 
contamination (FSA, 2015). 

To supply healthy food for the consumer’s 
microbiological quality guidelines of food have been 
developed. Microbiological quality of ready-to-eat food in 
general has limits for consist of aerobic colony count; 
hygiene indicator organisms; and specific foodborne 
pathogens (CFS, 2014). According to Commission 
Regulation EC (2014) and FSANZ (2016), the aerobic 
colony count of beef of more than 10

5
 cfu/cm

2
, and ready-

to-eat sliced meat of more than 10
7
 cfu/g, respectively 

has unsatisfactory quality standard and also hazards for 
consumption. In general the aerobic colony count of raw 
meat microbiological quality is classified into three 
classes: Satisfactory, if the test results indicating good 
microbiological quality; borderline or marginal, if the test 
results are not unsatisfactory and also not satisfactory; 
and unsatisfactory, if the test results indicate high 
bacterial count (FAO, 2007; CFS, 2014; Commission 
Regulation EC, 2014; FSANZ, 2016). 

In addition testing pathogenic microorganisms 
associated with food is significantly important from public 
health point of view. From these Gram Positive Cocci 
(GPC) like Staphylococcus aureus, Staphylococcus 
epidermidis, Streptococcus pneumonia, Streptococcus 
pyogenes and Enterococcus faecalis are pathogenic 
microorganisms and responsible for human infections 
(Todar, 2008; CFS, 2014; FSANZ, 2016). According to 
CFS (2014) and FSANZ (2016) count of S. aureus in 
ready-to-eat food is more than 10

4
 and 10

3
 cfu/g 

respectively has unsatisfactory microbiological quality. In 
Ethiopia the passion for eating raw meat is at highest and 
the way it is eaten is sometimes shocking. Meat-stalls are 
often packed with people who come to eat raw meat; but 
there is no microbiological standard and also monitoring 
system for retail raw meat products. On the other hand 
food consumers in Ethiopia suffer from food-borne 
bacterial illnesses with the likes of Staphylococcus 
aureus (Ayana et al., 2015). 

The trend of raw meat consumption in administrative 
towns of Gojjam area is known. However there has no 
microbial quality standard finding of retail raw meat in the 
study area. Therefore this research was undertaken to 
check microbial quality of raw meat in meat-stalls; and 
isolation of S. aureus and other pathogenic gram-positive 
cocci.  
 
 
MATERIALS AND METHODS 
 
Sampling  

 
The study was conducted in selected four administrative towns of 
Mirab-Gojjam and Misraq-Gojjam  Zones.  In  each  of  these  zones 

Birhanu and Menda          1539 
 
 
 
two administrative towns; Debremarkos and Dejen towns from 
Misraq-Gojjam zone and Bure and Finoteselam towns from Mirab-
Gojjam zone were selected. Twenty-one meat-stalls: Four from 
Bure, eight from Debremarkos, four from Dejen and five from 
Fenoteselam were randomly selected. From each meat-stall 
subsamples were taken from different parts of the available 
carcass; butchers comminute the subsamples with them knife and 
thoroughly mixed to form a composite sample. Samples were 
collected cross-sectionally between April and August 2014; and 
transported kept in cold sterile screw cap bottles with ice contained 
icebox to DebreMarkos University College of Agriculture and 
Natural Resource Management Animal Science Laboratory for 
analysis.  

 
 
Preparation of test sample and serial dilution   
 
Blended 25 g of comminuted composite meat sample with 225 ml of 
peptone water (HIMEDIA) solution. Further decimal dilutions were 
carried out at 1:10 ratios with peptone water diluents according to 
EAS (2008). 
    

 
Aerobic plate counts  
 
Inoculated 0.1 mL of 4

th
 to 2

nd
 (the highest to the lowest dilution) 

consecutive serial dilutions in duplicate at the center of accordingly 
labeled pre dried Petri dishes of aerobic Plate Count Agar (PCA) 
(HIMEDIA) plates. The inoculum spread using sterilized hockey 

glass spreader and incubated at 35 to 37°C for 48 2 h. Then plates 
containing 30 to 300 colonies were selected and recorded average 

of the colonies counted as number of colony forming units per gram 
(cfu/g) for each sample.  
 
 
Enumeration of pathogenic Staphylococci  
 
Inoculated 0.1 mL of 3

rd
 to 1

st
 serial dilutions at the center of 

accordingly labeled pre dried Petri dishes of Mannitol Salt Agar 

(MSA) (HIMEDIA) plates into duplicate and incubated at 35 to 37°C 
for 48 2 h. Then plates containing 20 to 200 colonies were 
selected and recorded average of the colonies counted as number 
of colony forming units per gram (cfu/g) for each sample. 
 
 
Identification and conformation of gram positive cocci species 
 
From the last dilution inoculum of PCA plates 5 to 10 different 

colonies were sub-cultured separately on labeled nutrient agar (NA) 
plates (HIMEDIA) and incubated at 35 to 37°C for 28 to 48 h. 
Grown colonies on NA plates were subjected for potassium 
hydroxide test according to PHE (2010) to identify gram positive 
organisms, and catalase test according to PHE (2014) to identify 
catalase positive and negative reaction. Only gram positive and 
catalase negative colonies were sub-cultured on 5% sheep blood 
enriched Azide Blood Agar Base (HIMEDIA) plates and Bile Esculin 

Agar (HIMEDIA) slanted test tube medium. Species identifications 
were undertaken regarding hemolytic and esculin fermentation 
activity of the inoculum. In addition other gram positive cocci 
species were isolated on the mannitol fermention character from 
MSA plates. 
   
 
Method of data analysis 

 
Microbial count of log10 transformed value was analyzed with 
mixed procedure using Statistical Analysis Software (SAS) 9.2 to 
determine the difference between fixed effect of places and random  
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Table 1. Least squares means difference in log CFU g
-1

 of aerobic plate counts and pathogenic Staphylococci . 
 

Place 
Aerobic plate counts Enumeration of pathogenicStaphylococci 

Estimate SE Estimate SE 

Bure 6.477 0.113 3.588 0.152
c
 

DebreMarkose 6.352 0.080 4.251 0.107
a
 

Dejen 6.477 0.113 3.788 0.152
bc

 

Fenoteselam 6.477 0.102 4.063 0.136
ab

 

Effect F Value Pr > F F Value Pr > F 

Intercept 15655.6 <.0001 3242.2 <.0001 

Place 0.5 0.6899 5.01 0.0225 
 

*Means in a column with the same letter are not significant different (P≥0.05). 

 
 
 

Table 2. The covariance parameter estimate of random effects. 

 

Parameter Estimate  SE CI (lower, upper) Z Value Pr > Z 

Aerobic plate 
counts 

Meat-stall  0.000  (0.010) *, * 0 0.5 

Residual 0.051 (0.020) 0.027, 0.135 2.53 0.0057 
      

pathogenic 
Staphylococci 

Meat-stall  0.000 (*) *, * * * 

Residual 0.092 (0.032) 0.058, 0.207 2.92 0.0018 
 

CI = 95% confidence interval; * = cannot be computed. 

 
 
 
effect of meat-stalls. For the fixed effect (administrative town), least 
square difference was used to separate means when the parameter 
tests were significantly different at P< 0.05. The PROC MIXED 
estimates the variance components for the meat-stalls and the 
residual by default used Restricted Maximum Likelihood Estimation 
(REML). The convergence criteria of colony forming unit bacterial 
count of PCA plates and MSA plates were met at the first and 

second iteration respectively. In addition standardization of colony 
counts and isolates were analyzed with a descriptive statistics.  

 
 
RESULTS AND DISCUSSION 

 
Bacterial counts and standardization  
 
The mean aerobic plate count was not significantly 
(P≥0.05) different; but the mean count of pathogenic 
staphylococci was significantly (P≥0.05) different 
between places. The least square mean differences 
indicate that the highest pathogenic staphylococci count 
(4.251log cfu/g) was found from Debremarkos but it was 
not significantly (P≥0.05) different from the mean count 
(4.063 log cfu/g) of Fenoteselam. On the contrary the 
least count (3.588 log cfu/g) of pathogenic staphylococci 
was found from Bure however statistically there was no 
significant (P≥0.05) difference with Dejen (3.788log cfu/g) 
samples. On the other hand there was no significant 
(P≥0.05) difference between Fenoteselam and Dejen 
(Table 1).            

The variance estimate of meat-stalls and residual are 
presented in Table 2. It indicates that both variance 

components are significantly (P≥0.05) equals to 0. These 
estimates suggested that no difference in their mean 
aerobic plate counts and pathogenic Staphylococci 
among meat-stalls between and within places.   

Generally the aerobic plate counts and pathogenic 
staphylococci were standardized in to three category: 
Satisfactory, borderline and unsatisfactory illustrated in 
Figure 1. According to FAO (2007) recommonded 
microbial criteria for fresh meat, and Commission 
Regulation EC (2014) process hygine criteria of aerobic 
colony count for cattle carcass, of all  meat samples were 
categorized in unsatisfactory quality. On the other hand 
according to aerobic colony count levels in ready-to-eat 
foods, most (95.24%) of the meat samples were 
categorized in borderline microbial quality of aerobic 
colony count; while only few (4.76%) samples had 
satisfactory quality. In addition according to CFS (2014), 
S. aureus and other coagulase-positive staphylococci 
criteria in ready-to-eat foods, 47.62 and 52.38% of the 
samples were categorized in unsatisfactory and 
borderline quality respectively; but regarding FSANZ 
(2016), S. aureus in ready-to-eat food, all meat samples 
were categorized in unsatisfactory quality.  

Even if, similarly with this finding the mean viable count 
4.52×10

6
 cfu/cm

2
 was found from raw meat displayed for 

sale at Sokoto, Sokoto State, Nigeria (Danlami et al., 
2013). Jahan, Mahbub-E-Elahi and Siddique (2015) also 
found 1.6 × 10

7
 to 4.23 × 10

7
cfu/g mean viable count 

from fresh raw beef samples collected from seven major 
markets of Sylhet  Sadar. In  addition  1.73 × 107 cfu/g  of  
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Figure 1. Percentage of the aerobic plate count: according to FAO, 2007 if the count <10
4
 cfu/cm

2
 = satisfactory,  between 

10
4
 and 10

5 
cfu/cm

2
 = borderline, and >10

5
 cfu/cm

2
 = unsatisfactory; CFS, 2014 if the count  10

6
 cfu/g = satisfactory, 

between 10
6
 and 10

7
 cfu/g = borderline, and  10

7
 cfu/g = unsatisfactory; and Commission Regulation EC, 2014 if the count 

 3.5log cfu/cm
2
 = satisfactory, between 3.5log and 5log cfu/cm

2
 = borderline, and >5log cfu/cm

2
 = unsatisfactory. Count of 

pathogenic Staphylococci: according to CFS (2014) if the count <20 cfu/g = satisfactory, 20 < to  10
4
 cfu/g = borderline, and 

>10
4
 cfu/g = unsatisfactory; and   FSANZ, 2016 if the count <10

2
 cfu/g = satisfactory, 10

2
 to <10

3
 cfu/g = borderline, and >10

3
 

cfu/g = unsatisfactory. 
 
 

 

Staphylococcal count was found from spice used for 
traditionally dried and grilled meat product at Dandalin 
Fagge,  Kano State, Nigeria (Shamsuddeen, 2009). In all 
these findings in lined and catagorized in unsatisfactory 
microbial quality regarding of international standardes. 

The most probable reasons of unsatisfactory quality of 
aerobic plate count and pathogenic staphylococci count 
in retail raw meat might be transferred from butcher’s 
hands, tools, working surfaces, equipment, water, pests, 
cleaning equipment, packaging or other meat and/or 
offal. In addition, the inadequate temperature contro can 
enhance the microbial load during transportation and 
storage(Melngaile et al., 2014; FSA, 2015). 
 
 

Prevalence of Gram positive cocci isolates 
 

From the total meat samples S. epidermidis (0.86), S. 
aureus (0.71) and S. pyogenes (0.71) were found in 
higher ratio and followed by Streptococcus species (0.48) 
other than S. pyogenes and S. pneumonia; E. faecalis 
(0.24) and S. pneumonia (0.10). The occurrence of gram 
positive cocci bacterial isolate per sample size of the 
study area, Finoteselam was the leading with 4.20 ratios; 
and tailed by Bure, DebreMarkos and Dajen with ratio of 
3.25, 2.63 and 2.5 respectively. From the total 65 isolates 
equivalently a ratio of 0.32 was found from DebreMarkos 
and Fenoteselam; when 0.20 and 0.15 ratios isolated 
from Bure and Dajen respectively (Table 3). 

In line with this finding S. epidermidis (Gundogan and 
Ataol, 2013; Igbinosa et al., 2016; Jackson  et  al.,  2013), 

S. aureus (Danlami et al., 2013; Gundogan and Ataol, 
2013; Jackson et al., 2013; Adzitey, 2016; Igbinosa et al., 
2016; Raji et al., 2016; Martinez, 2017) and 
Streptococcus species (Danlami et al., 2013) were found 
from retail raw meat and/or meat products. Isolate of S. 
epidermidis in higher ratio of DebreMarkos might be 
contaminated with skin, conjunctiva, nose, pharynx, 
mouth, lower intestine, and anterior urethra; because it is 
highly adapted to the diverse environments of human 
body (Todar, 2008). 

Isolated bacterium might be transmitted from the 
animals during dressing and/or butcher’s hands (FSA, 
2015). Concerning the bacteriological culture of the nose 
and skin of normal humans invariably yields 
staphylococci. S. pyogenes is estimated that between 5 
and 15% of normal individuals harbor, usually in the 
respiratory tract; S. pneumoniae also a normal inhabitant 
of the human upper respiratory tract. E. faecalis is a 
regular component of the intestinal flora, that many 
European countries use it as the standard indicator of 
fecal pollution (Todar, 2008). 

Staphylococcal food-borne disease is one of the most 
common food-borne disease and is of major concern in 
public health programs worldwide (Kadariya et al., 2014). 
S. aureus causes a variety of supportive (pus-forming) 
infections and toxinoses in humans. In food it causes 
food poisoning by releasing enterotoxins into food, and 
toxic shock syndrome by release of superantigens into 
the blood stream (Todar, 2008; USDA, 2012). S. 
pyogenes  is  introduced   or   transmitted   to   vulnerable 
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Table 3. Gram positive cocci bacteria species isolates and ratio of isolates occurred from meat samples.  
 

Isolates   Bure (n=4)
c
 DebreMarkos (n=8)

c
 Dajen (n=4)

c
 Finoteselam (n=5)

c
 Ratio of I/N 

Staphylococcus aureus 3 5 3 4 0.71 

Staphylococcus epidermidis 3 8 3 4 0.86 

Enterococcus faecalis 1 1 - 3 0.24 

Streptococcus species 4 1 - 5 0.48 

Streptococcus pyogenes 1 6 4 4 0.71 

Streptococcus pneumonia 1 - - 1 0.10 

Ratio of a/n  3.25 2.63 2.50 4.20  

Ratio of a/total isolates 0.20 0.32 0.15 0.32  

Total isolates  65 
 

n, sample size per place; 
c
, number of isolates occurred per n; I, is total isolates per N; which is total sample size (N=21). 

 
 
 

tissues, a variety of types of supportive infections can 
occur. S. pyogenes is the leading cause of uncomplicated 
bacterial pharyngitis and tonsillitis commonly referred to a 
strep throat. Other respiratory infections include sinusitis, 
otitis, and pneumonia. S. pneumonia can cause 
pneumonia, usually of the lobar type, paranasal sinusitis 
and otitis media, or meningitis which is usually secondary 
to one of the former infections. It is currently the leading 
cause of invasive bacterial disease in children and the 
elderly. In recent years, E. faecalis has emerged as a 
significant, antibiotic-resistant, nosocomial pathogen 
(Todar, 2008). 
 
 

CONCLUSION AND RECOMMENDATION 
 

High aerobic plate and pathogenic Staphylococci count 
beyond international microbial standards indicates poor 
production and handling practices of retail raw meat. 
Moreover the isolates of S. aureus in a higher 
concentration could result in public health risk for raw 
meat consumers. This suggests the need for improved 
hygiene practices at all levels in the raw meat production 
industry. In addition the responsible body of 
governmental and non-governmental organizations 
should strengthen awareness campaigns on improved 
hygiene practices and the rate of microbial infections with 
food poisons. 
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