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Abstract

The study of the ecology of fermented sausage is fundamental to understand the physical and chemical changes that happen during fermentation
and maturation. The aim of the present study was to determine the microbiological characteristics of sausages produced by spontaneous
fermentation. Fifty samples of sausages produced in the South of Brazil by different small manufacturers were analyzed for the following
microbiota: aerobic mesophilic bacteria; Micrococcaceae; mold and yeast; lactic acid bacteria; total and fecal coliforms; coagulase-positive
Staphylococcus, and Salmonella. In most samples (72%), the count of lactic bacteria was higher than 6 log,; cfu.g™, and the samples with
the highest counts were above 8 log, cfu.g™'. The counts of Micrococcaceae in most samples were between 5 log,  and 7 log,, cfu.g™'. With
respect to the presence of molds and yeasts, there was a significant variation among the samples with counts ranging from 2 log,  cfu.g™ and
6 log,, cfu.g™. From the data obtained, it was possible to conclude that 24% of the analyzed samples did not comply with the current law in
Brazil since the levels of fecal coliforms or coagulase-positive Staphylococcus exceeded the maximum limit allowed.
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Resumo

O estudo da ecologia de salames fermentados faz-se necessario para entender as mudangas fisicas e quimicas que ocorrem durante a fermentagao
e maturagao. O objetivo deste trabalho foi determinar as caracteristicas microbioldgicas de salames produzidos por fermentagao espontanea.
Foram analisadas cinquenta amostras de salames de diferentes pequenas industrias em relagdo a seguinte microbiota: bactérias aerdbias
mesdfilas; Micrococcaceae; bolores e leveduras; bactérias lacticas; coliformes totais e fecais; Staphylococcus coagulase positiva; e Salmonella.
Na grande maioria das amostras (72%), a presenca de bactérias lacticas foi superior a 10° ufc.g™', sendo que as amostras com as maiores
contagens tiveram quantidades acima de 10° ufc.g™. A concentragdo de Micrococcaceae, na maioria das amostras, ficou entre 10° e 107 ufc.g™".
Em relagdo a concentragao de bolores e leveduras, houve uma grande variagao entre as amostras, com quantidades proximas a 10* ufc.g™' até
10° ufc.g™*. Pelos dados obtidos, concluiu-se que, das amostras analisadas, 24% estdo em desacordo com as normas vigentes no Brasil, pois
apresentam quantidades superiores do maximo permitido para coliformes a 45 °C ou Staphylococcus coagulase positiva.

Palavras-chave: salame; caracteristicas microbioldgicas; qualidade microbioldgica.

1 Introduction
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A great variety of fermented sausages is produced and
consumed in large quantities in Brazil. These products are made
by both many small manufacturers as well as large companies in
the meat industry. Among the fermented sausages produced, the
colonial sausage, usually called ‘salami, stands out. The Technical
Regulation of Quality and Identity Standards defines sausage as
an industrialized meat product made of pork and beef or pork
alone, which is added with pork fat and ingredients, stuffed,
cured, fermented, smoked or not, and dried (BRASIL, 2000a).
Colonial sausages (salami), on the other hand, must be made
only of pork (BRASIL, 2000b).

The manufacturing of many fermented products is based
on the skill and experience of the meat manufacturer and not

on scientific and technological knowledge. The fermentation of
meat products is a complex biological process accelerated by the
metabolic activity of desirable microorganisms in the presence
of alarge variety of competitors or species with synergistic action
(BUCKENHUSKES, 1993; SAMELIS et al., 1998).

Lactic acid bacteria are essential in the manufacturing
process of different sausages. The ability of these bacteria to
lower the pH of the mixture by producing lactic acid from sugars
causes the development of desirable sensorial characteristics
and inhibit the growth of pathogenic and spoilage bacteria
providing more stable and safer final products (SAMELIS et al.,
1994; HUGAS; MONFORT, 1997; TERRA, 1998; OLIVEIRA;
MENDONCA, 2004).
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Microbiota of sausages obtained by spontaneous fermentation

Besides the lactic acid bacteria, representatives of the
Micrococcaceae family are commonly found in sausages. Species
of the genus Staphylococcus, such as S. carnosus and S. xilosus, are
usually accounted responsible for color formation and stability
due to the action of nitrate reductase and catalase enzymes.
The activity of these microorganisms also contributes to the
formation of flavor, reduces production time, prevents rancidity,
and reduces the development of deteriorative microorganisms
(PAPAMANOLI et al., 2002; SANZ et al., 1997).

The microbiologic stability of fermented sausages is
determined by low water activity and a maximum pH of 5.0.
The production of inhibiting substances by lactic acid bacteria
and by Micrococcaceae also contributes to their microbiological
stability and safety (LUCKE, 2000; PAPAMANOLI et al., 2002).
However, the hurdles in the microbial development in sausages
may not be enough to avoid the survival and multiplication of
some pathogens (TYOPPONEN et al., 2003).

The microbiological quality of a product offers information
that allows for the evaluation of its processing, storing and
distribution for consumption, shelf life, and risks to the
populationshealth (FRANCO etal.,2002; NASSU; GONSALVEZ;
BESERRA, 2002). Important pathogens such as Salmonella spp.,
Escherichia coli O157:H7, Listeria monocytogenes, and
Staphylococcus aureus have been isolated from colonial sausages
and accounted responsible for outbreaks of foodborne disease
(INCZE, 1998; PEREIRA, 2004; MOORE, 2004).

The aim of this study was to investigate the microbiota of
sausages obtained by spontaneous fermentation and produced
by small manufacturers in the South of Brazil.

2 Materials and methods

2.1 Samples

Samples of sausages traditionally produced by spontaneous
fermentation and manufactured by many different small sized
companies operating in the meat industry in the South of Brazil
were analyzed. The samples were purchased from street markets
and supermarkets, taken to the laboratory, and stored under
refrigeration until analyses.

2.2 Microbiological analysis

For the microbiological analysis, the sausage casing was
removed aseptically. Twenty-five grams were collected from
each sample were mixed with 225 mL of sterile peptone water
0.1 (v/w) and homogenized for two minutes. The necessary
decimal dilutions were made in the same diluent, and aliquots of
the adequate dilutions were inoculated in duplicates in different
culture media. The total count of aerobic mesophilic bacteria was
done on plates with Plate Count Agar (PCA) after incubation
for 48 hours at 35 °C; molds and yeasts were counted on plates
with Dichloran Rose Bengal Chloramphenicol agar (DRBC)
after incubation for 5 days at 25 °C; lactic acid bacteria on plates
with De Man, Rogosa and Sharpe Agar (MRSA) after incubation
for 48 hours at 35 °C; Micrococcaceae on plates with Mannitol
Salt Agar (MSA) after incubation for 48 hours at 35 °C; and
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coagulase-positive Staphylococcus on plates with Baird Parker
agar (BP) after incubation for 48 hours at 35 °C. The typical
colonies were submitted to the coagulase test using the Staphclin
system (LABORCLIN - Lab Products® Br); total coliforms
(multiple tubes technique) in Bile Brilliant Green broth at
2% (VB) and were incubated at 35 °C for 24-48 hours; fecal
coliforms (multiple tubes technique) in Escherichia coli broth
with 4-methylumbelliferyl-B-D-glucuronide (EC - MUG) and
incubated at for 24 hours at 44.5 °C; Escherichia coli (multiple
tubes technique) using the positive tubes from the fecal coliform
test; those with a phosphorescent culture in a dark chamber with
an ultraviolet lamp (365 nm) were considered positive for E. coli.

In order to determine the presence of Salmonella spp.,
pre-enrichment was carried out by adding 25 g of the sample to
225 mL of Lactose Broth and incubating at 35 °C for 18-20 hours.
From the selective enrichment, 1 mL was transferred to tubes
containing 10 mL of Tetrathionate Broth (TT) and Selenite-
Cistine Broth (SC), and after being incubated for 24 hours at
35 °C, the cultures were striated on plates with Xylose Lysine
Deoxychocolate agar (XLD), Bismuth Sulfite (BS), and Hektoen
Enteric (HE). After this period of incubation, the characteristic
colonies of Salmonella were biochemically identified by the
BACTRAY I and II system (LABORCLIN - Lab Products® Br).

3 Results and discussion

The microbiological quality of the raw material and the
presence of a native microflora capable of transforming the
raw material into the final product are fundamental factors to
produce good-quality sausage. In Brazil, a large majority of small
manufacturers produce sausages by spontaneous fermentation.
Therefore, fundamental factors to obtain good-quality sausages
using this method are the microbiological quality of the raw
material and the presence of a native microflora capable of
transforming the raw material into the final product.

The study of the ecology of fermented sausages is
fundamental to understand the physical and chemical changes
that happen during fermentation and maturation. The
microflora that develops in sausages is responsible for defining
the final product’s characteristics. Studies on sausages obtained
by fermentation have been carried out in typical products from
Greece, Spain, and Italy. Those studies aim at identifying and
quantifying the microbial population that develops during the
different stages in the production or in the final product, as
well as identifying isolates of lactic bacteria, non pathogenic
Staphylococcus, and molds and yeasts in sausages produced by
spontaneous fermentation and selecting strains with adequate
metabolic and physiological characteristics to be used as starters
(SANZ et al., 1997; SAMELIS et al., 1998; SANTOS et al.,
1998; COPPOLA et al., 2000; PAPAMANOLI et al., 2002;
AMBROSIADIS et al., 2004; MORET TT et al., 2004; COMI et al.,
2005).

3.1 Total mesophilic aerobic bacteria

The total number of mesophilic aerobic bacteria in the
sausage samples analyzed was varied widely; in most of them
the count was above 6 log, ufc.g™' (Table 1). Ambrosiadis et al.
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Table 1. Results of the microbiological analysis of 50 sausage samples obtained by spontaneous fermentation and produced by different small
manufacturers operating in the meat industry in the South of Brazil.

PCA MRS MSA DRBC BP
M SD M SD M SD M SD M SD VB EC EC-MUG
1* 848 0,08 6,65 0,06 6,58 0,06 5,95 0,02 <1 na <3 <3 <3
2 836 0,07 6,64 0,08 7,57 0,03 6,20 0,09 <1 na 93 93 43
3 8,04 0,06 5,73 0,01 7,46 0,02 6,81 0,01 <1 n.a 23 <3 <3
4 752 011 649 0,07 7,40 0,02 4,56 0,04 <1 n.a 43 7 7
5 840 0,01 677 0,10 6,61 0,08 6,08 0,01 <1 na 9 <3 <3
6 595 001 424 0,34 6,61 0,08 3,68 0,09 415 0,20 <3 <3 <3
7 500 001 500 0,01 5,70 0,04 2,00 0,01 372 0,17 <3 <3 <3
8 776 001 6,95 0,04 7,72 0,02 6,54 0,08 613 0,16 4 <3 <3
9 814 0,08 7,52 0,06 7,40 0,04 6,51 0,04 <1 na 9 <3 <3
10 811 002 7,70 0,04 7,83 0,02 5,75 0,12 <1 na 9 <3 <3
11 723 0,08 734 0,01 5,76 0,05 3,78 0,08 <1 na 23 4 4
12 785 007 776 0,07 6,16 0,01 4,20 0,02 <1 na 23 <3 <3
13 776 013 764 0,05 7,33 0,02 4,12 0,03 548 0,01 23 4 4
14 833 0,02 697 0,03 7,59 0,04 5,71 0,06 <1 na 240 23 23
15 7,12 003 687 0,01 6,33 0,05 2,39 0,12 <1 n.a 23 <3 <3
16 68 002 599 0,02 6,81 0,09 3,27 0,27 <1 na 9 <3 <3
17 7,16 0,01 6,06 0,03 7,22 0,04 4,71 0,12 <1 na <3 <3 <3
18 613 0,12 424 0,34 6,35 0,10 4,19 0,06 <1 na <3 <3 <3
19 616 006 596 0,10 5,81 0,01 4,24 0,09 <1 na <3 <3 <3
20 822 0,01 8,02 0,06 5,00 0,08 3,66 0,26 <1 na <3 <3 <3
21 8,04 0,09 787 0,03 5,09 0,03 5,92 0,07 <1 na 9 9 9
22 8,01 0,01 7,73 0,07 7,40 0,07 5,56 0,12 <1 n.a <3 <3 <3
23 7,66 001 747 0,01 5,90 0,02 5,25 0,02 <1 na 23 4 4
24 807 0,12 760 0,17 5,67 0,01 4,89 0,01 <1 na 4 4 4
25 674 0,07 584 0,05 5,48 0,12 5,86 0,09 <1 na <3 <3 <3
26 7,58 0,08 4,00 0,01 7,22 0,03 5,42 0,05 <1 n.a <3 <3 <3
27 765 0,03 746 0,02 6,33 0,04 5,21 0,06 <1 na 23 23 23
28 841 0,02 7,98 0,09 7,05 0,04 4,94 0,07 <1 na <3 <3 <3
29 834 017 791 0,05 7,23 0,03 543 0,18 572 0,17 >2400 >2400 >2400
30 645 0,08 649 0,14 6,37 0,09 3,70 0,12 483 0,18 4 4 4
31 7,77 001 617 0,02 4,94 0,03 2,15 0,21 <1 na <3 <3 <3
32 787 003 728 0,04 4,78 0,06 3,01 0,23 <1 na <3 4 4
33 500 0,01 500 0,01 4,45 0,21 2,00 0,01 <1 na <3 <3 <3
34 834 0,1 835 0,04 7,16 0,02 4,93 0,04 369 0,12 43 23 23
35 500 0,01 670 0,02 4,06 0,03 2,00 0,01 <1 na 4 <3 <3
36 790 0,03 8,02 0,04 6,07 0,04 2,00 0,01 416 0,02 4 <3 <3
37 682 012 6,64 0,09 3,00 0,01 4,99 0,13 <1 na <3 <3 <3
38 800 0,02 786 0,1 6,15 0,01 3,67 0,13 4,00 0,01 150 20 20
39 677 032 546 0,04 7,08 0,04 3,77 0,10 <1 na 43 <3 <3
40 819 007 7,04 048 6,95 0,03 4,63 0,06 <1 na 240 43 43
41 645 0,08 6,57 001 6,47 0,05 3,17 0,08 3,66 0,26 <3 <3 <3
42 604 0,06 550 0,28 6,52 0,02 2,00 0,01 3,00 0,01 <3 <3 <3
43 669 0,11 718 0,02 6,81 0,04 2,00 0,01 565 0,07 <3 <3 <3
44 590 0,08 554 0,09 5,70 0,02 4,25 0,01 1,70 0,01 9 <3 <3
45 565 0,07 4,00 0,01 6,16 0,01 4,89 0,10 <1 n.a 23 <3 <3
46 722 0,02 586 0,08 5,20 0,02 3,77 0,05 <1 na >2400 >2400 >2400
47 752 0,06 725 0,02 7,29 0,04 2,00 0,01 470 0,01 240 240 240
48 767 001 774 0,01 7,15 0,04 3,97 0,05 <1 na 4 4 4
49 5,00 0,01 4,00 0,01 4,00 0,01 2,00 0,01 <3 <3 <3
50 696 0,02 634 0,06 6,96 0,08 4,26 0,07 426 0,01 93 93 93

*Sausages samples. The results of PCA (aerobic mesophilic cont), MRS (lactic acid bacteria), MSA (Micrococcaceae), DRBC (moulds and yeasts), and BP (coagulase-positive Staphylococcus)
are expressed in log | colony forming unit per gram (CFU.g™"). The results of VB (total coliforms), EC (fecal coliforms), and EC-MUG (E. coli) are expressed in more probably number
per gram (MPN.g™"). M - mean of two measurements; SD - standard deviation; n.a - not applicable.
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(2004), studying 67 samples of traditional sausages from Greece,
found average values of 8 log, ufc.g' of mesophilic aerobic
bacteria, with a minimum of 5 log  and a maximum close to
9log,, ufc.g™.

The mixture used in the production of sausages can have
a very diverse microbiota, and it can also differ in terms of size
of the initial population of the mixture. The initial differences
are not always observed in the final product. In studies carried
out to characterize typically Italian fermented sausages, the
total count increased during maturation reaching values close
to 7log, to 9log, ufc.g™ in the final product (MORETTT et al.,
2004; COMI et al., 2005). The microorganisms present in the
initial mixture come from the raw material, seasonings, utensils,
and the environment (HOLZAPFEL, 2002; COMI et al., 2005).

The processing conditions and the addition of starter
cultures result in final products with different microbial
concentrations. In sausages, the total count of mesophilic
aerobic bacteria was similar to the lactic bacteria counts,
confirming the predominance of this group of microorganisms
in the manufacture of these products (SANZ et al., 1997). On the
other hand, in studies that evaluate the effects of the addition of
starter cultures and additives on the quality of the sausage, the
total aerobic mesophilic bacteria count increased during the first
days of maturation and was around 8 log, ufc.g™' at the end of
maturation period. This treatment influenced the total quantity
of aerobic bacteria (BOZKURT; ERKMEN, 2002).

In typical sausages from Turkey (sucuks) obtained by
spontaneous fermentation, variations in the quantity of fat
added to the formulations and the processing temperature
changed significantly the total bacteria count, which was
around 8 log  ufc.g™ in the final product (SOYER; ERTAS;
UZUMCUOGLU, 2005).

3.2 Lactic acid bacteria

In the production of sausages, the rapid decrease in pH is
important in order to avoid the development of deteriorative
microorganisms and pathogens. The pH reduction depends
on the rapid development of lactic bacteria. The mixture to
produce sausages by spontaneous fermentation must contain a
sufficient quantity of lactic bacteria and Micrococcaceae, which
is necessary for the adequate development of the fermentation
process, thus resulting in a safe and good quality product.

In sausages produced with the addition of starter cultures,
the reduction in pH is more significant and stable, even when the
quantity of lactic bacteria in the final product is similar to those
produced by spontaneous fermentation. This is due to the higher
acidification capacity of the starter cultures in comparison to
that of native microbiota (SANZ et al., 1997).

The number of lactic bacteria at the beginning of
fermentation varies greatly. These microorganisms multiply
very fast and predominate during the first days of fermentation
reaching values around 8 log,, ufc.g™. This count remains
stable during maturation, with a possibility of decreasing
in viability during the dehydration stage (SAMELIS et al.,
1994; COPPOLA et al., 2000; PAPAMANOLI et al.,, 2002;
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MAURIELLO; CASABURI; VILLANTI, 2004; GRECO et al,,
2005; SOYER; ERTAS; UZUMCUOGLU, 2005; COMI et al.,
2005).

In the sausage samples analyzed, the number of lactic
bacteria varied considerably (Table 1). The samples with the
smallest levels had counts lower than 4 log  ufc.g™'. However,
in most samples (72%) the count of lactic bacteria was higher
than 6 log  ufc.g”, and the samples with the highest counts
were above 8 log,  ufc.g™. The results obtained in the present
study are similar to those found by Ambrosiadis et al. (2004),
who found counts around 4 log, to 8 log, ufc.g™ in the
characterization of traditional Greek sausages obtained by
spontaneous fermentation.

The final number of lactic bacteria depends on the
production conditions adopted, such as the binomial
temperature and relative humidity. Moretti et al. (2004),
studying the influence of these factors using two different
maturation conditions, obtained different results, with counts
ranging from 7 log to 8 log, ufc.g™'. In an experiment carried
out by Sanz et al. (1997) to evaluate differences in time,
temperature, and relative humidity during sausage maturation,
the lactic bacteria count obtained in the final product was
around 6 log  ufc.g™, and during fermentation the maximal
count was around 8 log ufc.g™.

In a study carried out by Soyer, Ertas and Uziimciioglu
(2005), the maturation temperature and the fat content affected
the lactic bacteria levels, and the sausages produced with 10%
fat presented the highest counts, followed by those with 20 and
30% fat.

The wide variation in the number of lactic bacteria among
the samples of the evaluated sausages can be justified by the
different production conditions adopted. In the Brazilian small
sized meat product companies, during the maturation stage,
these products are stored in non-controlled environmental
conditions. Factors such as variation in the content of the main
components in the formulations (fat and protein), the initial
microbiota of the raw material, and of the added spices can
also be the cause of these differences. Another important factor
that might influence the number of lactic acid bacteria is the
maturation time of fermented sausages. From the manufacturing
date of the sausages analyzed in the present study, differences
in the maturation time were observed. Some samples were
commercialized soon after production, which resulted in short
and inadequate maturation time, whereas other sausages at
more than 21 days of maturation time showed higher lactic
acid bacteria number.

The metabolic reactions caused by the growth of
microorganisms in fermented sausages, mainly lactic acid
bacteria, is the main responsible factor for the development of
the final characteristics that are peculiar to these products. High
numbers of lactic bacteria also contribute to the microbiological
stability and safety of sausages by inhibiting the growth of
pathogenic bacteria and deteriorative bacterial flora. The
suppression of competitors by lactic bacteria occurs mainly
due to changes in the substrate characteristics (pH and water
activity) caused by the production of organic acids. Additionally,
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some lactic acid bacteria produce certain substances such as
bacteriocines, which are able to inhibit the growth of some
microorganisms (HAMMES; BANTLEON; MIN, 1990;
SAMELIS et al.,, 1994; HUGAS; MONFORT, 1997; HANSEN,
2002; HOLZAPFEL, 2002; TERRA, 2003; PAPAMANOLI et al.,
2003; LEROY; VUYST, 2004).

3.3 Micrococcaceae

The results of the number of Micrococcaceae in the fermented
sausage samples analyzed are shown in Table 1. Like the total
mesophyl aerobic bacteria and lactic acid bacteria counts,
the Micrococcaceae count varied greatly among the studied
samples. Most of the samples have counts ranging from 5 log |
to 7 log, , ufc.g™. Factors such as processing conditions, initial
concentration of Micrococcaceae in the mixture, maturation
time, number of lactic acid bacteria, and pH of the product
can influence the final size of the Micrococcaceae population.

In general, the Micrococcaceae concentration reaches its
maximum at the end of fermentation (SANZ et al., 1997).
Data reported in the literature are controversial not only terms
of the stage of maturation but also the Micrococcaceae final
count in different kinds of sausage. In a study carried out by
Papamanoli et al. (2002), the number of Micrococcaceae at the
beginning of fermentation ranged from 3 log, to 4log  ufc.g”,
and this count did not change during maturation, remaining
below 2 log  ufc.g™ in the final product. In some studies on the
characterization of spontaneously fermented sausages, the initial
count of Micrococcaceae was 3-4 log,  ufc.g™' reaching around
6 log,, ufc.g™ in the final product (COPPOLA et al., 2000;
MAURIELLO; CASABURI; VILLANTI, 2004; COMI et al., 2005).

The maturation temperature affects significantly the
final concentration of Micrococcaceae. During the period of
fermentation, for sausages produced at temperatures between
24-26 °C, the Micrococcaceae count was around 7 log,, ufc.g™,
whereas at 22-24 °C, the count was below 6 log  ufc.g™.
Under both conditions there was a decrease in the number
of Micrococcaceae following the maturation period. The low
number of Micrococcaceae during the production of fermented
sausages, or the decrease during the maturation period may be
due to the inhibition caused by a strong pH decrease, which
was caused by the development of lactic acid bacteria (SOYER;
ERTAS; UZUMCUOGLU, 2005). Sanz et al. (1997) found the
highest count of Micrococcaceae in sausages with lower final
count of lactic acid bacteria and, consequently, higher pH values.

In various studies on the characterization of fermented meat
products, it was observed a predominance of Staphylococcus
over other members of the Micrococcaceae family. The species
of S. saprophyticus, S. xylosus e S. carnosus are predominant,
and the last two are components of the starter cultures used in
the preparation of fermented meat products. These species are
used due to their metabolic reactions produced during their
development, which contributes to the flavor and color formation
in these products (MIRALLES; FLORES; PREZ-MARTINEZ,
1996; COPPOLA et al., 2000; GARCIA-VARONA et al., 2000;
PAPAMANOLI et al., 2002; MAURIELLO; CASABURI;
VILLANI, 2004; CASABURI et al., 2005). The ability to produce
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antimicrobial compounds increases the interest in the use of
these microorganisms in foods since they reduce deterioration
and inhibit the growth of the pathogenic microorganisms, such
as Listeria monocytogenes (PAPAMANOLI et al., 2002).

3.4 Molds and yeasts

Some of the sausage samples analyzed presented mold and
yeast counts below 2 log ufc.g™', and highest counts found were
above 6 log ufc.g™ (Table 1). There was a predominance of
yeast growth compared to that of the molds in all samples, and
the latter developed mainly on the sausage surface as a natural
consequence of the manufacturing technological process.

Various studies focused on the use of molds and yeasts
or their enzymes in the production of sausages, the resulting
metabolic reactions can contribute to the formation of aroma
and to the final sensorial quality of sausages (ZALACAIN etal.,
1995; 1996; SUNESEN; STAHNKE, 2003; ZAPELENA;
ASTIASARAN; BELLO, 1999; CASTRO; LUCHESE; MARTINS,
2000; BRUNA et al., 2003; FLORES et al., 2004; DURA; FLORES;
TOLDRA, 2004).

The mold and yeast counts in the sausage samples analyzed
are in accordance with those was found by Ambrosiadis et al.
(2004). In a study carried out by Comi et al. (2005), the maximal
count observed was around 3 log ufc.g™', and in some cases,
the presence of molds and yeasts was not detected. Bozkurt
and Erkmen (2002), in studies aiming at evaluating the effects
of the addition of starter cultures and additives, observed
that there was an increase in the number of molds and yeasts
during the first days of maturation, reaching concentrations
around 4 log, ufc.g™' in treatments without the addition
of additives. These numbers decreased during the further
stages of maturation and storage. Other studies found molds
and yeasts counts around 6 log  ufc.g" in the final product
(SAMELIS et al., 1994; COPPOLA et al., 2000).

3.5 Total coliforms, fecal coliforms and E. coli

High quality meat is of great importance in the production
of sausages in order to obtain a final product with low counts
of pathogenic bacteria, which reflects its sanitary conditions.
Usually the number of Enterobacteriaceae decreases with
maturation (SAMELIS et al., 1998; MORETTI et al., 2004), but
in some cases, there is an increase in their number (COMI et al.,
2005).

As for the fecal coliforms, 31 samples had <3 NMP.g™
values, 17 samples had values ranging from 3 to 240 NMP.g"},
and 2 samples had values above 2.400 NMP.g™ (Table 1). The
Brazilian legislation establishes a maximum of 3 log,  NMP.g™!
for fecal coliforms (BRASIL, 2001), and thus, two samples
were considered unsafe for consumption. High counts of
these microorganisms indicate inadequate processing and/or
recontamination after processing, and the most frequent causes
are contamination by raw materials, dirty equipment, or poor
hygiene in handling practices (TILDEN JUNIOR et al., 1996).

The presence of E. coli was confirmed in 38% of the samples.
Higher values have been found in other studies, in which it was
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found that 84% of the samples were contaminated with E. coli
(MAGNANTI et al., 2000; VIOTT; STOLBERG; PELISSER,
2006). The presence of E. coli in foods must be evaluated
considering two aspects. First of all, it is an Enterobacteriaceae,
which means that this food has a fecal origin contamination,
and the other aspect to be considered is that various strains of
E. coli have been proven pathogenic to humans (INCZE, 1998;
FRANCO; LANDGRAE, 2003; MOORE, 2004).

3.6 Coagulase-positive Staphylococcus

The results of the coagulase-positive Staphylococcus
quantification in the 50 sausage samples analyzed are shown in
Table 1. The presence of coagulase-positive Staphylococcus was
confirmed in 15 samples (30%), and 11 had counts above the
maximum allowed by the current legislation (3.7 log,  ufc.g™),
thus reflecting unsafe sanitary conditions for consumption
(BRASIL, 2001). Even in samples with quantities lower than
the allowed limit, it does not mean that there is total absence of
enterotoxins since initially, they could be present in sufficient
number to produce toxins, and their population decreased during
the fermentation process (MOORE, 2004). In another study, the
presence of coagulase-positive Staphylococcus in sausages was
observed in counts higher or equal to 6 log,  UFC.g™" in 45% of
the samples analyzed (LOBO et al., 2001).

3.7 Salmonella spp.

All sausage samples analyzed in the present study
showed an absence of Salmonella spp. in 25 grams, complying
with the current legislation (BRASIL, 2001). In studies
carried out by Lobo et al. (2001), and Hoffman et al. (1997),
aiming at evaluating the quality of sausages, the presence of
Salmonella spp. was observed in 5% and 13.3% of the analyzed
samples, respectively.

4 Conclusions

From the data obtained in the present study, it can be
concluded that 24% of the samples analyzed do not complying
with the legal requirements in Brazil since the counts of fecal
coliforms or coagulase-positive Staphylococcus are above the
maximum limit established. These results indicates the need for
the implementation of programs aiming at sanitary condition
improvement in small sausage manufacturing industries, as
well as a more eflicient government inspection focusing on
eliminating potential health risks to the consumers.

The sausages produced by spontaneous fermentation and
manufactured by small meat product producers in Brazil have
a technologically important population of microorganisms
(lactic bacteria, Micrococcaceae, molds, and yeasts) similar to
that of other types of fermented sausages already described in
the literature.

The use of controlled environmental conditions of
production, as well as the standardization of the maturation
time can contribute to the production of sausages with less
characteristic variation and better final sanitary quality, reducing
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the possibility of occurring foodborne disease outbreaks
associated to these products.
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