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ABSTRACT: Salami is a ready-to-eat (RTE) product frequently
purchased at street fairs in Porto Alegre. Salmonella enterica,
Listeria  monocytogenes, and coagulase-positive Staphylococcus
(CPS) are important causes of foodborne disease and can be
transmitted through the consumption of RTE foods. The aim
of this study was to evaluate the presence of these pathogens
in salami sold at street fairs. Ninety salami samples from
three commercial brands available at street fairs were analyzed
by routine bacteriological methods for Salmonella spp. and
Listeria spp., as well as enumeration of CPS. In addition, two
samples from each commercial brand were analyzed for water
activity (a ). Samples of brand A showed a_ values (0.938 and
0.942) above those set by the legislation, while brand B (0.849
and 0.860) and brand C (0.826 and 0.854) were compliant.
Microbiological analyses showed that 67.7% were negative to
all investigated bacteria. Salmonella Typhimurium was isolated
from 4.4% (4/90) of salami samples, all from commercial brand
A. Listeria monocytogenes was detected in 3.3% (3/90) of samples,
from commercial brands B and C. Moreover, 7.7% (7/90) of
samples contained CPS populations non-compliant with
legislation. Although the great majority of salami sold at street
fairs of Porto Alegre was compliant with standards, S. enterica,
L. monocytogenes, and CPS 2 5 x 10° cfu.g’ could be found in
this RTE product. Therefore, control measures in the processing
industry and consumers education about foodborne illness
prevention should be maintained.
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RESUMO: Salame é um alimento pronto para o consumo frequen-
temente adquirido pela populagio em feiras livres de Porto Alegre.
Salmonella enterica, Listeria monocytogenes e Staphylococcus coagulase
positiva sio importantes causas de doengas transmitidas por alimen-
tos e podem ser veiculadas por alimentos prontos para o consumo.
O objetivo desse estudo foi avaliar a presenca desses patgenos em
salames vendidos em feiras livres. Noventa amostras de salame pet-
tencentes a trés marcas comerciais foram analisados por métodos
bacteriolégicos de rotina quanto A presenca de Salmonella spp. e
Listeria spp., bem como enumeracao de Staphylococcus coagulase
positiva (SCP). Além disso, foi determinada a Atividade de Agua
(aw) de duas amostras de cada marca comercial. Amostras da marca
A apresentaram valores de aw (0,938 e 0,942) acima do permitido
na legislagao, enquanto as amostras da marca B (0,849 ¢ 0,860) e C
(0,826 ¢ 0,854) nao violaram esse pardmetro. A andlise microbiolégica
demonstrou que 67,7% das amostras foram negativas para todas as
bactérias investigadas. Sa/monella Typhimurium foi isolada de 4,4%
(4/90) das amostras de salame, todas da marca comercial A. Listeria
monocytogenes foi detectada em 3,3% (3/90) das amostras das mar-
cas B e C. Além disso, 7,7% (7/90) das amostras apresentaram SCP
acima do nimero permitido pela legislacio. Apesar da grande maioria
dos salames comercializados em feiras livres estarem de acordo com a
legislacao, S. enterica, L. monocytogenes e SCP 25 x 10° cfu.g” podem
estar presentes nesse alimento pronto para o consumo. Dessa forma,
o controle nas industrias e a educagio dos consumidores sobre a pre-
vengio de doencas transmitidas por alimentos devem ser mantidos.

PALAVRAS-CHAVE: Carne suina; produtos prontos para o

consumo; estafilococos coagulase positiva.
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INTRODUCTION

Street fairs are considered one of the oldest and most tradi-
tional venues for the sale of agricultural products. Although
modern life has increased sales in supermarket chains, there is
still a substantial portion of the population that prefers to buy
farm products at street fairs. In a survey conducted at street
fairs in Toledo, Parand, the profile of consumers was charac-
terized by those = 55 years of age, those who sort the con-
venience of the market being close to their home, and those
searching for fresh produce, particularly fruits and vegetables
(CAZANE et al.,, 2014). In Porto Alegre, there are 35 street
fairs licensed by the municipal authority. The street fairs are
set up once a week in different boroughs of Porto Alegre, with
fruits, vegetables, and dairy and meat products available for
purchase (PORTO ALEGRE, 2019).

Foodborne diseases are an important cause of morbidity
worldwide, and the World Health Organization estimates that
almost one in 10 people fall ill every year from eating con-
taminated food (WHO, 2015). Among foods implicated in
outbreaks, those that are consumed without cooking (ready-
to-eat — RTE) have been gaining importance, particularly for
transmission of Listeria monocytogenes (EFSA-ECDC, 2017).
In Brazil, this pathogen has been reported in several food types,
including RTE foods (VALLIM etal., 2015), highlighting the
importance of improved monitoring and control measures.
In Porto Alegre, the isolation of L. monocytogenes and coagu-
lase-positive Staphylococcus (CPS) from colonial cheese pur-
chased at street fairs has been reported (AUSANI, 2018), rais-
ing the concern that other RTE foods sold at these fairs might
also be contaminated by pathogens. In particular, Sa/monella
enterica, which has been frequently reported in pig carcasses
in Southern Brazil (SILVA et al., 2012; CORBELLINI et al.,
2016), may be present in pork products.

Among RTE meat products, salami is one of the most
commonly consumed in the southern region. The designation
Salami covers a large number of food products, which differ
in ingredients and manufacturing processes. Among these
products, “salaminho” is a salami type containing pork or
a mixture of pork and beef, stuffed in an edible case with a
maximum diameter of 50 cm. It is subjected to fermentation
and drying processes; however, heat treatment is not included
in its manufacture (BRASIL, 2000). Therefore, food safety
will depend on the quality of meat, addition of ingredients
with antimicrobial activity, hygiene during production, and
reduction of pH and water activity (a ) during the manufac-
turing process. Although sausage fermentation and drying
duration is not regulated by Brazilian law, the final product
must achieve a_0f 0.90 and 35% moisture before being con-
sidered fit for consumption (BRASIL, 2000). Even so, it has
been demonstrated that pathogens, such as L. monocytogenes
and §. enterica, when in high concentrations in the ingredi-
ents, can survive processing and be present in RTE products

(NIGHTINGALE et al., 2006). Thus, the objective of this
study was to investigate the presence of L. monocytogenes and
S. enterica and to enumerate CPS in salami purchased at street
fairs in Porto Alegre.

MATERIAL AND METHODS

The sample size of salami purchased in street fairs of Porto
Alegre was calculated to have a probability of 90% of find-
ing one sample positive for S. enterica, based on an expected
prevalence of 2.6% among “salaminho” (henceforth referred
to as salami) (THRUSFIELD, 1986). To achieve represen-
tative sampling, the sample units were obtained from street
fairs in six boroughs of Porto Alegre (Bom Fim, Cidade Baixa,
Jardim Sio Pedro, Menino Deus, Passo da Mangueira, and
Vila Jardim). All purchases took place within a one week
interval. At each sampling event, 15 salami samples of the
available brands at the sale point were purchased. The col-
lected samples were kept refrigerated until the bacteriologi-
cal analysis.

From each sample unit, 25 g were aseptically collected and
added to 225 mL of sterile diluent specific to each microor-
ganism to be analyzed: University of Vermont broth (UVM;
BD Difco, Franklin Lakes, NJ) for Listeria spp., 1% Buffered
Peptone Water (BPW; Oxoid, Hampshire, UK) for S. enterica;
and 0.1% Peptone Water (PW; Oxoid, Hampshire, UK) for
the enumeration of CPS. All aliquots (25g / 225 mL) were
homogenized individually in a blender (BagMixer, Interscience,
Breda, NL) before further analysis.

The detection of S. enterica was performed according to
ISO 6785/2007 (INTERNATIONAL ORGANIZATION
FOR STANDARDIZATION, 2007). Strains confirmed
as Salmonella were sent to the Fundacio Instituto Oswaldo
Cruz (FIOCRUZ), Rio de Janeiro, Brazil, for serotyping.
For salami samples containing Sa/monella spp., quantifica-
tion was conducted according to the most probable number
(MPN) method using the multiple tube technique (SILVA
et al., 2010). Briefly, from the homogenized sample (25 g /
225 mL 1% BPW), aliquots of 10 mL were distributed into
3 sterile tubes (10" dilution), aliquots of 1 mL were added
to 3 tubes containing 9 mL of 1% BPW (10 dilution),
and aliquots of 0.1 mL were added to three tubes contain-
ing 9.9 mL of 1% BPW (10 dilution). After incubation for
24 hours at 35°C, 0.1 mL from each tube were transferred to
9.9 mL Rappaport Vassiliadis enrichment broth (RV; Merck,
Darmstadt, DE) and incubated for 24 hours at 42°C. These cul-
tures were then seeded onto xylose-lysine-desoxycholate agar
(XLD; Oxoid, Hampshire, UK) and brilliant green agar (BG;
Oxoid, Hampshire, UK). After incubation for 24 hours at
35°C, positive colonies were confirmed by biochemical test
and agglutination with polyvalent serum. The number of tubes
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with Salmonella present in each dilution series was used for
MPN estimation according to SILVA et al. (2010).

The presence of L. monocytogenes was determined accord-
ing to the method of the United States Department of
Agriculture, Food Safety and Inspection Service (USDA/ESIS,
2017), using Listeria agar acc. Ottaviani and Agosti (ALOA;
Merck, Darmstadt, DE) as the solid medium for detection.
Colonies typical of Listeria spp. were transferred to trypti-
case soy agar (Oxoid, Hampshire, UK) supplemented with
0.6% yeast extract (HiMedia, Mumbai, India; TSA-YE) and
incubated at 37°C for 18 — 24 hours. Phenotypic confirma-
tion of suspected colonies was performed by the catalase test,
Gram staining, motility, the presence of B-hemolysis, xylose
and rhamnose fermentation and the Christie-Atkins-Munch-
Petersen (CAMP) test (SILVA et al., 2010).

For the quantification of CPS, serial dilutions (10 and
107) of the initial homogenate (10') were made in 0.85%
NaCl. From each dilution an aliquot of 0.1 mL was plated
on Baird-Parker agar (Oxoid, Hampshire, UK) and suspected
CPS colonies were confirmed as described in SILVA et al.
(2010). The results were expressed as colony forming units
per gram of salami (cfu g).

Two units of salami belonging to different batches of each
sampled commercial brand were sent to the Universidade do
Vale do Taquari, (UNIVATES), Lajeado, Rio Grande do Sul,
Brazil, for water activity analysis, following the methodology

of the AOAC (2005).

RESULTS

Ninety salami samples were collected of three commercial
brands, A (n = 23), B (n = 22), and C (n = 45), for sale
at six street fairs in Porto Alegre. All samples were pro-
duced under sanitary inspection by either federal (brand
C) or state authorities (A and B). All sampled salami units
were within their designated shelf-life period. The a_ for
two salami units of each commercial brand were: brand A
(0.938 and 0.942), brand B (0.849 and 0.860), and brand
C (0.826 and 0.854).

Salmonella enterica was isolated from 4.4% (4/90) salami
samples, all belonging to commercial brand A (Table 1).
AlL S. enterica belonged to serovar Typhimurium. The MPN
ranged from < 3 t0 3.6 MPN g in the . Typhimurium posi-
tive samples. Eight salami samples were positive for L. grayi
(n = 4), L. monocytogenes (n = 3), and L. innocua (n = 1).
None of the salami samples contained more than one Listeria
species or concomitant contamination with S. enterica. Listeria
monocytogenes was isolated from salami samples belonging to
brands B (n = 2) and C (n = 1). CPS was identified in 22
(24.4%) salami samples; however, only seven (7.7%) failed to
comply with the limits set by the legislation (BRASIL, 2001).

DISCUSSION

The sampling strategy adopted in this study analysed “sala-
minho,” a specific type of salami available for sale at street fairs
in Porto Alegre. The sample profile demonstrated that only a
limited number of commercial brands were available, and at
five fairs only one commercial brand was sold (data not shown).
All salami samples were in compliance with sanitary regula-
tions in having been inspected by the sanitary authority and
being offered for sale within their shelf-life period. Both these
pieces of information were given on the packaging of the prod-
ucts, representing valuable facts for the consumer at time of
purchase. However, other factors related to the food process-
ing also influence the quality and safety of the product. In the
salami manufacturing, the duration of the fermentation and
drying processes is of great importance with regard to flavour,
while diminishing the pH and a_ has a positive effect on the
elimination of pathogenic bacteria (JAY et al., 2005). Among
the three commercial brands analysed in this study, brand A
presented with a_> 0.90, suggesting that the manufacturing
process had not been long enough to achieve the standards
set by the legislation. In contrast, the other two commercial
brands were in compliance with a_ standards. The non-com-
pliance of salami from some commercial brands has previously
been reported (CACCIOPPOLI et al., 2006), suggesting this

manufacturing flaw was not uncommon.

Table 1. Results of the microbiological analysis of salami samples collected at six street fairs in Porto Alegre.

Salami commercial brands

A (n=23)
Negative to all investigated bacteria 17 (73.9%)
Listeria monocytogenes o
Salmonella Typhimurium 4 (17.4%)
Coagqulase-positive Staphylococcus 2(8.7%)

>5 x 10° cfug’

*all samples were negative.

Total (n = 90)
B (n = 22) C(n=45)
14 (63.6%) 30(66.6%) 61(67.7%)
2\ERED) 1(2.2%) 3 (3.3%)
- - 4 (4.4%)
2(9.1%) 3 (4.4%) 7 (7.7%)
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Microbiological analysis showed that 67.7% of samples
in the current study were negative for all investigated bacte-
ria; from a minority (4.4%) though Salmonella Typhimurium
was isolated. This serovar in turn is among the most preva-
lent causing gastroenteritis in humans (FERNANDES et al.,
2006; EFSA-ECDC, 2017), and outbreaks related to RTE
foods, including salami, have been reported (COWDEN et al.,
1989; CDC, 2018; FORD et al., 2018). In Brazil, there are
relatively little epidemiological data on Salmonella outbreaks
(TAVECHIO et al., 2002; GEIMBA et al., 2004), although
this pathogen ranks first in terms of official data (BRASIL,
2016). Notably, S. Typhimurium has been frequently isolated
from slaughter pigs, their carcasses, and pork in Brazil (SILVA
etal., 2012; CORBELLINI et al., 2016). The presence of S.
Typhimurium in raw pork intended as an ingredient of fresh
sausages has also been reported (CASTAGNA et al., 2004).
Moreover, Salmonella contaminated fresh sausages have been
identified at the retail level in several studies (SPRICIGO
ctal., 2008, MURMANN et al., 2011; SOUZA etal., 2014).
While fresh sausages are cooked before consumption, salami
can be eaten without any preparative steps that could inac-
tivate contaminating Salmonella spp. Therefore, the quality
of the manufacturing process is crucial for the safety of this
product. In our study, S. Typhimurium was only isolated from
salami samples belonging to commercial brand A, in which
thea_was not in compliance with standards (BRASIL, 2000).
Although the sample units sent for a_ analysis were not the
same subjected to microbiological investigation, the similar
results obtained from different salami units suggested that
there might have been an inherent problem with shorter dry-
ing times for brand A. Although Salmonella has been shown
to survive in low-moisture food (JIN et al., 2018), a_ values
around 0.96 seem to be needed for its growth, and a | values
< 0.94 inhibit its growth (JAY et al., 2005). In this regard,
a reduction of ripening time was identified as the main risk
factor in a S. Typhimurium outbreak associated with salami
consumption in Northern Italy (PONTELLO et al., 1998).
The hazard poised by a given food to consumers is related to
the population of pathogens in the food, thus information
about the number of Salmonella is important for the con-
duction of a future risk assessment. Therefore, besides the
Salmonella qualitative investigation its quantification in posi-
tive samples was conducted. As reported in fresh pork sausage
(SPRICIGO etal., 2008; MURMANN et al., 2011), the num-
ber of viable S. Typhimurium (< 3 to 3.6 NMP g"') was much
below the estimated infective dose (10% cfu) for this serovar
(BOLLAERTS et al., 2008); however, the infective dose for
humans may be influenced by the susceptibility of host and
Salmonella strain, and can be as low as 10! cfu for less resis-
tant consumers (VOUGHT; TATINI, 1998).

The occurrence of L. monocytogenes is less affected by
a, since this pathogen is recognized to grow at a_ values
of 0.93 (JAY et al., 2005). Listeria monocytogenes is not

included among the microbiological standards for salami
(BRASIL, 2001); therefore, contaminated samples could
not be considered non-compliant. The enumeration of
L. monocytogenes in positive samples was not performed in
this study, which could have contributed to show the actual
hazard of the positive salami samples for the exposed con-
sumers. Although the current legislation (BRASIL, 2001)
does not include the enumeration of L. monocytogenes in
positive food samples, it is known that a low dose (< 100 cfu)
of L. monocytogenes is a hazard only for susceptible groups,
such as pregnant women and the elderly. However, in these
groups listeriosis is a serious disease and may result in hos-
pitalization and death (VAZQUEZ-BOLAND etal., 2001).
Therefore, even the isolation of L. monocyrogenes may still
pose a risk for consumers of street fairs. Considering the way
salami is served in southern Brazil, such as in sandwiches
and other cold dishes, it can be assumed that consumers
may be exposed to potential infection, especially those more
susceptible. The association of strains of L. monocytogenes
resistant to environmental conditions, its wide dissemina-
tion in animal sources and its ability to form biofilms are
serious problems for the food industry (VALLIM et al.,
2015). Since eradication of L. monocytogenes in foods and
the processing environment is difficult, it is important to
promote strong microbiological surveillance and monitor-
ing of food processing. In addition, information should be
provided for consumers regarding listeriosis, particularly
among the more susceptible groups.

Taking into account the bacteria investigated in this
study, besides the four salami samples positive for Salmonella,
seven other samples were non-compliant with the legislation
regarding the limit of CPS < 5 x 10° cfu g! (BRASIL, 2001).
Staphylococcus aureus is the most important CPS involved in
food poisoning outbreaks, and is frequently introduced into
food due to poor hygiene during handling (SILVA et al.,
2010). Enterotoxin is produced by S. aureus when it grows
on food and this cannot be reliably inactivated by cook-
ing (LE LOIR et al., 2003). Although estimation of staph-
ylococcal food poisoning risk is commonly based on the
S. aureus population present in the food, the evaluation of
enterotoxin expression in the food matrix has been gaining
prominence (SCHELIN et al., 2017). For instance, the pro-
duction of staphylococcal enterotoxin A (SEA) under food-
related stress conditions present in processed pork products,
demonstrated that toxin levels sufficient to cause food poi-
soning were achieved one day after inoculation of 107 cfu of
S. aureus (WALLIN-CARLQUIST et al., 2010). Moreover,
levels of SEA were obtained in boiled and smoked hams, and
it was not detected in salami. Therefore, variation in S. aureus
growth behavior and enterotoxin production must be taken
into account by food processors in tailoring and evaluating
the manufacturing process of specific products to maximize
food safety (SCHELIN et al., 2017).
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CONCLUSIONS

Although the great majority of salami sold at street fairs in Porto
Alegre is in compliance with the legislation, S. Typhimurium
and L. monocytogenes and CPS 2 5 x 10° cfu.g”! could be found
in this RTE product. Therefore, control measures in the pro-
cessing industry and consumer’s education about foodborne

illness prevention should be maintained.
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