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ABSTRACT

The consumption of meat and meat products can pose consumers into risk due to the presence of biological hazards that can
cause foodborne diseases. Thus, this study aimed to compare the microbiological quality of illegal and inspected salami sold
in the state of Sao Paulo, Brazil. For this purpose, 80 salami samples (40 illegal and 40 inspected) were purchased and their
microbiological quality was assessed according to the protocol established by the Brazilian Ministry of Health. All samples were
considered as acceptable for consumption according to the Brazilian law. However, the samples of illegal salami were significantly
higher contaminated with bacteria belonging to the genus Staphylococcus (p = 0.002) and had a higher trend to be contaminated
with total coliforms (p = 0.08) and thermotolerant ones (p = 0.07) compared to inspected salami. Salmonella spp. and coagulase-
positive Staphylococcus were not detected. In conclusion, although all samples were considered as safe for consumption, illegal
salami had a worse microbiological quality when compared to inspected ones.
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Meat and meat products are excellent growth medium for bacteria and are commonly associated with foodborne
disease outbreaks, such as those caused by Salmonella spp., Staphylococcus spp., and Escherichia coli (OMER et al.,
2018). These microorganisms can cause a wide spectrum of clinical symptoms ranging from auto limiting intoxication
(Staphylococcus aureus) to severe disease, characterized by bloody diarrhea and hemolytic uremic syndrome (HUS)
(enterohemorrhagic E. coli [EHEC]) (FDA, 2012). These outbreaks result in high public health costs (MINOR et al., 2015)
and are not completely described in Brazil, even though at least 12,503 outbreaks involving 236,403 humans occurred
from 2000 to 2017 in this country (BRAZIL, 2018).

In Brazil, the hygienic and sanitary inspection of foods of animal origin has been mandatory for a long time
(BRAZIL, 1950), to prevent foodborne illness. However, in Brazilian street markets, meat and dairy artisanal products are
commonly produced and sold without proper inspection (BEHRENS et al., 2010) and their unsatisfactory microbiological
conditions have been reported, i.e., for salamis (GOTTARDO etal., 2011; SALVATORI et al., 2003). Artisanal production
of salamis usually involves natural fermentation without starter cultures, a wide range of spices and processes that
results in nonstandardized products (SCHMITT, 2017), which can present improper physical-chemical characteristics,
such as humidity or pH that allow bacterial survival and growth (GOTTARDO et al., 2011), which pose risks to public
health. Therefore, this study aimed to assess if illegal (not inspected) and industrial salami sold in the state of Sdo Paulo
attended to the minimum microbiological parameters established in the current legislation as well as to compare their
microbiological quality.
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For this, a set of 80 salami samples (40 illegal and 40 industrial) was purchased at local supermarkets and street markets
in the Mideastern region of the Sdo Paulo state during 2019. The illegal products were those without a sanitary inspection
service stamp on the packing and commercialized on street stalls. A set of five unities from the same lot (industrialized) or
street stall (illegal) was bought, totalizing eight brands for each group. The parameters established by the Brazilian Health
Regulatory Agency were used to assess samples microbiological quality, through counting coagulase-positive staphylococci,
Salmonella spp. detection and assessing the most probable number (MPN) for thermotolerant coliforms (BRAZIL, 2001).
All the microbiological analyses were performed according to DOWNES; ITO (2001) and BRAZIL (2003).

Briefly, initial dilution (10™!) was prepared by transferring 25 + 2 g of the sample to a sterile flask containing 225 mL of
0.1% peptone water (Difco). The 10~ dilution was then processed inside sterile bags in a stomacher. The remaining dilutions
(103,107, 104, 10~° and 107°) were prepared transferring 1 mL from the bags to tubes containing 9 mL of 0.1% peptone
water. Staphylococci selective plating was done using 0.1 mL of these dilutions in Baird Parker agar (Difco) using a Drigalski
spatula. Plates were incubated for 45-48 h under 35 + 1 °C. Two to five suggestive black colonies were transferred into two
tubes containing brain heart infusion broth (BHI) (Difco) and incubated for 24 h under 37 °C. One tube was used to perform
the coagulase test using rabbit plasma (Newprov) (DOWNES; ITO, 2001) and the other tube was used for DNA extraction
according to KURAMAE-IZIOKA (1997). A polymerase chain reaction (PCR), previously published by MARTINEAU
et al., (2001), was performed to confirm Staphylococcus spp. genus.

Salmonella spp. detection was performed according to the following steps: (1) pre-enrichment using 1.0% peptone water
at 37 °C for 18-24 h, (2) after time selective enrichment in Rappaport-Vassiliadis (Himedia) and selenite cystine (Himedia)
broths with a 0.4% novobiocin solution, (3) selective plating on Agar MacConkey (Kasvi) and brilliant green agar (Kasvi)
(BRAZIL, 2003; DOWNES; ITO, 2001). Since Salmonella spp. suggestive colonies were not detected, no additional steps
were performed. For the MPN of total and thermotolerant coliforms, the DOWNES; ITO (2001) method was used using
three sequential dilutions. The presumptive test for total coliforms used 1 mL of each dilution and Lauryl sulfate tryptose
broth (LST) (Acumedia) and incubation occurred using 35 °C during 24-48 h. Positive tubes were confirmed transferring
aloop to tubes containing brilliant green bile broth (2%) (Acumedia) (35 °C/24-48 h), while thermotolerant coliforms were
verified using EC broth (Acumedia) (45.5 °C/24-48 h using water bath). Hoskins table was used to determine the MPN for
these indicator microorganisms (DOWNES; ITO, 2001).

Initial statistical analyses were performed calculating means, variances and standard deviation for both groups for
MPN of total and thermotolerant coliforms and Staphylococcus spp. counts. Kolmogorov-Smirnov (KS) test was used to
assess data normality. Significant differences between sets of nonparametric data were assessed through Kruskal-Wallis
test. All analyses were performed using 5% significance level (p < 0.05) and, in addition, trends were considered when
0.1 > p > 0.05. All analyses were performed on Software R v.3.5.1 (R CORE TEAM, 2018).

A set of 35 illegal salamis presented Staphylococcus spp. contamination, while total and thermotolerant coliforms were
detected in 11 and 7 samples, respectively. Staphylococcus spp. plate counts ranged from 1.5 x 10° to 9.0 x 10’ CFU-g,
while the most probable number (MPN) for total and thermotolerant coliforms ranged from 3.6 to 43 MPN-g™! and 3 to
43 MPN-g, respectively. Staphylococcus spp. was detected in 30 industrialized salamis (1.3 x 10* to 5.2 x 10° CFU-g™),
and total and thermotolerant coliforms in five and two samples, respectively. Their counts ranged from 3.6 to
23 MPN-g! for total coliforms and reached a maximum value of 3.6 MPN-g! for thermotolerant coliforms. In addition,
164 suggestive colonies of Staphylococcus spp. were analyzed through PCR, which 161 (98.2%) were genus confirmed. All
Staphylococcus spp. colonies tested in this study were not coagulase producer and all samples could be considered safe for
consumption by Brazilian law (BRAZIL, 2001).

A significant statistical difference (p = 0.002) was detected between the mean counts of Staphylococcus spp. in illegal
(1 x10” CFU-g" [SD + 2.4 x 107]) and industrialized salamis (3.5 x 10° CFU-g™! [SD * 8.9 x 10°]). The first group had a trend for
higher counts of total (4.31 MPN-g™! [SD + 10.57]) (p = 0.08) and thermotolerant coliforms (3.07 MPN-g™ [SD + 9.99]) (p = 0.07)
compared to industrialized ones that showed a trend for lower means for total (1.42 MPN-g™! [SD + 5.0]) and thermotolerant
coliforms (0.18 MPN-g™! [SD + 0.79]).

The higher counts detected in this study for Staphylococcus spp. and total and thermotolerant coliforms are probably
related to differences in the physical-chemical characteristics among the salami groups. However, physical-chemical parameters
were not evaluated in this study. Artisanal and illegal salami production occurs through natural meat fermentation and the
use of a wide variety of manufacturing processes and spices. Thus, resulting in nonstandardized salamis, which can present
a variation in pH, humidity and water activity that can allow for bacterial survival and growth (GOTTARDO et al., 2011;
SCHMITT, 2017), differing from industrialized meat products.

Staphylococcus spp. counts were high in all positive samples from both groups. The significantly higher count
(p = 000.2) mean in illegal salamis does not necessarily indicate a higher public health risk, but probably the higher
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contamination on artisanal salamis occurred due to unsatisfactory handling conditions during its production.
Coagulase-positive staphylococci were not detected and the main species found on the salamis was Staphylococcus
xylosus, a nonenterotoxigenic specie used as fermentation starter culture in meat products to extend shelf life and
improve sensory characteristics (FIORENTINI, 2008). In addition, these starter cultures are also used to control meat
products pathogens, such as Salmonella spp. (BRAGA et al., 2013), which were not detected in this study. However,
the potential of coagulase-negative staphylococci in producing enterotoxins has been discussed (NASCIMENTO et
al., 2020), and the antimicrobial resistant strains of staphylococci have been detected in starter cultures and had the
capacity to transfer antimicrobial resistance-related gene during meat fermentation, contributing to risks for public
health (LEROY et al., 2019; RESCH et al., 2008).

The trend of higher total and thermotolerant coliform detection in illegal salamis indicates worse hygienic and sanitary
practices during manufacturing and/or handling. The presence of thermotolerant coliforms in meat and meat products may
occur due to improper decontamination of equipment and utensils or the hands or contaminated ingredients (MATOS
et al,, 2012). OLIVEIRA et al. (2014) compared the microbiological quality of artisanal and industrialized salamis. These
authors detected a better quality in industrialized salami and a set of samples of artisanal in disagreement with the humidity
and protein levels parameters established in Brazil, highlighting the importance of hygienic and sanitary practices to avoid
foodborne illness due to the consumption of illegal meat products.

In conclusion, all samples of illegal and industrial salamis attended to the microbiological parameters established in
Brazil, however, a trend for a worse microbiological quality was detected in illegal samples. These findings highlight the
importance of sanitary inspection of meat products to protect consumers’ health and promote public health.
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