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Summary
In this work we evaluate the microbiological quality and the hygiene degree of meat foods consumed in the city of San Luis. A total of 515 meat 

food samples (315 from fresh sausages, 100 from hamburgers and 100 from ground beef) were processed, being the most of them non-industrial 
products. The microbiological quality was determined by counts of total mesophilic bacteria, coliforms, Escherichia coli, molds and yeasts, and 
Clostridium perfringens. The number of total mesophilic aerobes was within the 106 cfu/g limit set by the Argentinaan Alimentary Code (AAC). Two 
hundred seventy six samples exhibited E. coli levels between 101 and 103 cfu/g. The 58.26% of the samples with E. coli counts above > 101 cfu/g 
came from hamburgers and fresh sausages exceeding the AAC limits. Counts of molds and yeasts ranged between 103 and 105 cfu/g. From a total 
of 515 samples, 126 exhibited C. perfringens, out of which 80 (64.08%) gave counts > 102/g, exceeding the limits set by the AAC. Out of these 80 
samples, C. perfringens counts were above 105 cfu/g in 12 of them, and E. coli was also detected in 48 samples (38.10%).

The samples with counts > 105 C. perfringens/g are potentially responsible for alimentary intoxication. The results obtained indicate the need 
to improve the processing and handling conditions of these products.

Key words: meat foods, microbiological quality

Adress for correspondence: Ana M. Stefanini de Guzmán, Unit of Microbiology, Department of Biochemistry and Biological Sciences, Faculty 
of Chemistry, Biochemistry and Pharmacy. National University, Chacabuco y Pedernera, 5700-San Luis, Argentina.
E-mail: pvstag@unsl.edu.ar, blasmi@unsl.edu.ar

INTRODUCTION

Food safety depends on their adequate manipulation, trans-
portation and storage. Foods are not sterile, in the sense that they 
normally contain germs – bacteria, viruses, yeasts and molds –, 
some of which can lead to food intoxication and infections when 
present in elevated numbers (1).

Particularly susceptible to food infections are children, elderly 
and immunosupressed individuals. A number of procedures in 
food industry are applied to guarantee the microbiological safety 
of foods. Methods such as pasteurization, removal of surface germs 
by washing, limiting germ growth by cooling, freezing and irradia-
tion, kill some germs and limit the growth of others. Others, such as 
chemical products are used to control microbial growth.

Meat foods are sometimes contaminated with germs after 
leaving the manufacture plant. In most cases, contamination is 
due to inadequate manipulation. Usually, hygiene conditions are 
poor when foods are produced in non-industrial establishments, 
mainly due to the fact that the necessary infrastructure for tech-
nologically adequate processes is not available. 

On the other hand, the quality of foods depends not only on 
the storage and manipulation conditions, but also on the quality 
of raw materials (2, 3). The wide range of contamination sources 
leads to the presence of a  variety of microorganisms in food, 
among others, bacteria belonging to the genera Escherichia, 
Salmonella and Clostridium, in addition to various molds and 

yeasts that can come from the raw materials or by-cross conta
mination with man (4, 5). Coliforms and E. coli are used as 
contamination markers. 

Food quality control as a crucial way to prevent intoxications 
and infections constitutes a worldwide concern. In spite of the few 
statistic data available in Argentina, it is known that out of 533 
food intoxication cases in the city of Rosario, Santa Fe, during 
1990–1999, 26.2% were children younger 10 years.

In addition, food intoxications exhibited seasonal occurrence, 
with a 46.4% of cases in Summer (December-March) and 22.5% 
in the warm and cold seasons (May-August). The data from Rosa-
rio also indicate that 47.7% of the cases were symptomless and 
that 86.2% of the symptomatic patients exhibited only intestinal 
symptoms. There was one lethal botulism case in 1991; and there 
are no records of outbreaks affecting over 20 people (6). 

The System for Epidemiological Vigilance recently imple-
mented in Mexico has proved to yield beneficial results. Five 
food intoxication outbreaks have been recorded. Thirty affected 
individuals have been identified, distributed in three Sanitary 
Jurisdictions.

A further advantage of epidemiological vigilance systems is the 
possibility to identify, prevent and control bacterial food intoxica-
tions. During 1996, 5,158 cases were reported while only 1,316 
cases were recorded in 2001, indicating a 74.5% decrease (7).

The purpose of the present investigation was to study the pre-
valence of some bacteria and yeasts in meat foods, most of them 



142

from a non-industrial manufacture, widely consumed in the city 
of San Luis, Argentina, so as to furnish more information that 
may improve their quality. 

MATERIALS AND METHODS

Samples
A total of 515 meat food samples purchased in retail stores 

located in San Luis city were processed (1996–1997). They 
included 100 hamburger samples, 315 fresh sausage samples, 
most of them non-industrial manufactures, and 100 samples of 
ground beef. They were taken to the laboratory and immediately 
processed or stored at 4-6 ºC for less than 24 h. 

Microbiological Analysis
Meat samples (2,5 g) were homogenized in mortar with  

2.5 g of fine sand already sterilized in a stove for 1 h at 180 oC, 
and then resuspended in 22.5 ml of recently prepared sterile 0.1% 
peptone water (1:10 dilution). Then, ten-fold dilutions were made 
by adding 1 ml of the original suspension to tubes containing  
9 ml of 0.1% sterile peptone water (8). These suspensions were 
seeded in different culture media under incubation parameters 
which are shown in Table 1.

Counts of total mesophilic aerobes were done in plate count 
agar. Only those plates containing between 30 and 300 colonies 
were considered for the counts. The bacterial count was obtained 
multiplying the mean number of colonies in three plates by the 
inverse of the dilution. Results were reported as colony-forming 
units per gram of food (cfu/g) (9). 

The conventional method for counting the coliforms and 
Escherichia coli utilized lauryl tryptose broth. The broth compo-
nents were dissolved in distilled water and 10 ml of the medium 
were placed in assay tubes containing Durham tubes for detecting 
gas production. Gas formation in the Durham tube was considered 
positive. For confirmation of Escherichia coli, an aliquot from 
the tubes that were positive in the above medium was seeded 
in EC broth (Merck). Tubes with evident gas formation were 
considered positive. Results were reported as more probable 
number (MPN) (9).

The investigation of yeasts and molds was carried out in 
modified dichloran-rose bengal- chlortetracycline agar medium, 
substituting chlortetracycline with 20,000 UI/l of penicillin and  
40 mg/l of streptomycin. Results were informed as cfu/g (9).

C. perfringens counts were done in iron-milk medium (10) 
and tryptose sulfite cycloserine agar (TSCA). One ml of each 
dilution was seeded in three tubes containing the iron-milk 
medium. Those tubes exhibiting stormy fermentation, made 
evident by acid formation and breakage of the coagulum by gas 
production due to lactose fermentation, were considered positive 
(9). Results were presented as MPN, that was determined using 
Man’s Table (11).

Counts and isolation of C. perfringens were also carried out in 
TSCA. The TSCA medium was sterilized in autoclave at 121 oC 
for 20 min and D-cycloserine solution (Sigma) at a 500 mg/ml  
final concentration was added immediately before use (12). Diffe
rent dilutions of the samples were surface streaked in duplicate. 
The anaerobic conditions for incubation were obtained by evacua-
tion replacement with propane-butane. Those plates containing 

between 30 and 300 black colonies were considered for the count. 
Results were informed as cfu/g. Black C. perfringens colonies 
were due to the reduction of sulfite to sulfide and the formation 
of iron sulfide.

The isolated strains were purified by seeding on TSCA or 
by keeping them in cooked meat medium. The identification of 
suspected colonies was carried out by using the conventional 
tests (13, 14).

RESULTS

The prevalence of different microbial groups in meat foods 
is shown in Table 2.

Count of Total Mesophilic Aerobe Bacteria 
Total mesophilic aerobe counts in the 515 samples ranged 

between 103 and 106 cfu/g, within the 106/g limit accepted by 
the Argentina Alimentary Code (AAC) for mesophilic bacteria 
(15).

Count of Total Coliforms and E. coli
The counts of total coliforms in the 515 samples ranged 

between 101 and 103 cfu/g.
Out of the 515 samples, the counts of E. coli in 276 samples 

ranged between 101 and 103 cfu/g, the 58,26% of them exceeding 
the limit established by the AAC for enterobacteria (10 bacteria/g) 
(15). 

Counts of Molds and Yeasts
The counts of molds and yeasts in the 515 samples were 

103-105 cfu/g. The AAC (15) establishes no regulation for these 
microorganisms. 

Table 1. Culture media, incubation times and temperatures for 
microbiological analysis

Microbial group Culture medium
Incubation

Temp. (C) Time

Total aerobic counts plate counts agar 37 ºC 48 h

Total coliforms lauryl tryptose broth 37 ºC 48 h

Fecal coliforms EC broth 45 ºC 24 h

Yeast and moulds
modified dichloran rose 
bengal
chlortetracycline agar

20-24 ºC 3-5 days

C. perfringens 
counts iron-milk 45 ºC 16-18 h

TSCA 35 ºC 48 h
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C. perfringens Counts and Isolation 
A total of 126 C. perfringens strains were isolated and iden-

tified in the 515 samples. Twelve samples (9.52%) gave counts  
> 105 microorganisms/g by the MPN method. Of the 126 samples 
with C. perfringens isolations, 48 (38.1%) exhibited a MPN value 
of C. perfringens > 102, above the limit accepted by the AAC (up 
to 102 sporulated anaerobes/g) (15).

C. perfringens Phenotyping
The isolated strains exhibited the following C. perfringens 

phenotypical characteristics: grampositive, nonmotility, catala-
se-negative, lecithinase-positive, hemolytic, and positive for the 
CAMP reverse test. Also, they reduced the nitrates and hydrolyzed 
gelatin and starch (14).

DISCUSSION

The evaluation of certain microbial groups can be a  good 
indicator of the microbiological quality of meat foods. In par-
ticular, mesophilic aerobe flora has been used as a criterion to 
predict the mean life of a product. These microorganisms can be 
used as indicators of inadequate product manufacturing and/or 
handling. The microbial levels present in the raw meat food can 
increase during processing, cutting, transportation and storage 
(16). In our study, most of the samples analyzed were from non-
industrial origin. Even though high contamination levels with 
mesophilic aerobes have been reported for meat foods (17), the 
total mesophilic aerobe counts found in this work were below 
the 106 cfu/g limit established by the AAC (15). The short life 
of meat limits the possibility of fungal contamination, however, 
molds and yeasts are widely distributed in the environment and 
can easily reach the meat product through contaminated equip-
ment or air, thus leading to alterations of the meat product that 
can provoke infections or allergic reactions. As the AAC (15) 
does not establish safety limits for molds and yeasts, it cannot 
be stated whether the values obtained here (103–105 cfu/g) imply 
a risk to human health.

Most of the enterobacteria present in meat come from faecal 
contamination. Elevated numbers of enterobacteria can be an indi-
cator of poor hygienic conditions during handling or inadequate 
storing (18-27). Counts of E.coli that exceed the limits estab
lished by regulations have been frequently reported throughout 
the world. In a study of meat foods carried out in Johannesburg, 
over 90% of the samples were found to be contaminated with E. 
coli, with values above 103 cfu/g in 18% of the samples (17). In 
Australia, counts above 106 cfu/g have been reported for meat 
foods (27). In this work, a high percentage (58.26%) of samples 

were found to have counts of total coliforms and E. coli above 
102 cfu/g, mostly in hamburgers and fresh sausages. This result 
strongly suggests the need to improve hygienic conditions in the 
manufacturing of these products. It is also recommended that 
consumers should eat these products well-cooked.

Numerous studies have tried to determine the microbiological 
quality of meats by means of C. perfringens investigation (3, 
4, 28-31). 

Out of the 214 outbreaks reported in Australia (1995–2000), 
bacterial disease was responsible for 61% of outbreaks. The most 
frequently implicated vehicles were meats. C. perfringens was 
the aetiological agent in 14% of the cases (32). Many meat-based 
foods are cooked at temperatures high enough to inactivate vege-
tative cells of C. perfringens, but spores of this bacterium can 
survive, germinate, and grow in these products whenever adequate 
time, temperature, and other variables concur. Because ingestion 
of large numbers of vegetative cells can lead to concomitant 
sporulation, enterotoxin release in the gastrointestinal tract, and 
diarrhea-like illness, it becomes necessary a food safety objective 
so as to ensure that the levels of C. perfringens present in finished 
products are within the limits established (33).

In this study, counts above 105 C. perfringens/g were ob-
tained in 12 (one from hamburger and the remaining ones from 
fresh sausages) of the 126 C. perfringens positive samples, 
indicating a potential hazard of alimentary intoxication (5). In 
addition, 64.08% of 126 samples with C. perfringens counts 
> 102 MPN/g also presented E. coli, suggesting that the poor 
sanitary condition of the samples may be associated with the 
presence of C. perfringens. The highest E. coli and C. perfringens 
counts were obtained in fresh sausage samples, probably due to 
the fact that this food includes a number of different ingredients 
and is exposed to much more manipulation. In a study carried out 
in Venezuela, on seafood, it was found that the levels of E. coli 
and C. perfringens in the products after handling duplicated the 
values obtained during collection (34). Similarly, high levels of 
E. coli, C. perfringens, Staphylococcus aureus and Pseudomonas 
aeruginosa were detected in samples of meat foods studied in 
Spain. Raw materials and food handlers were the principal sources 
of microbial contamination (2). From the results here obtained, it 
can be concluded that fresh sausage bring about the highest risk 
of intoxication, followed by ground beef and hamburgers.

High microbiological quality is associated with premises where 
the personal is trained in food hygiene and those that had hazard 
analysis in place.

In contrast, low microbiological quality is associated with 
storage above 8 ºC, presliced meats, infrequent cleaning of slic-
ing equipments and poor control of practices that likely lead to 
cross contamination (35).

Table 2. Prevalence of different microbial groups in meat foods

Meat food No. of samples Total mesophilic 
aerobes (%)

Total coliforms 
(%) E. coli (%) Yeast and molds 

(%)
C. perfringens 

(%)

Fresh sausages 315 100 100 62.20 100 26.35

Hamburgers 100 100 100 56.00 100 19.00

Ground beef 100 100 100 24.00 100 24.00
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Personal hygiene precautions can prevent traveler’s diarrhea, 
but poor restaurant hygiene in most developing countries con-
tinues to create an insurmountable risk of acquiring traveler’s 
diarrhea (36). The effectiveness of food hygiene training for 
groups of retail butchers and supervision of activities may be 
necessary to maintain behavioral changes (37).

This study provides very usefull information about the mi-
crobiological quality of some meat foods consumed in San Luis, 
Argentina, and could help caterers, retailers, enforcement officers 
and policy retailers understand the role played by food safety 
practices on the microbiological quality of food.
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