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ESTIMATION OF MOST PROBABLE NUMBER OF SALMONELLA IN MINCED PORK SAMPLES
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ABSTRACT

The quantification of microorganisms present in food samples is an important step to assess the risk to
consumers. The number of salmonellae in 20 positive samples of minced pork was determined by the Most
Probable Number method. Counts ranging between <3 and 240 cfu.g-1 were found in the analyzed samples.
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Salmonella sp. is one of the most important contaminants
of food products and an important cause of food borne disease
in many countries (10,12). In Brazil, most salmonellosis outbreaks
have been related to the consumption of eggs or salad prepared
with homemade mayonnaise (5,11). Of 75 food samples involved
in salmonellosis outbreaks in the State of Rio Grande do Sul
between 1999 and 2000, only four were pork products (11). In
contrast, studies carried out in the same region reported a high
prevalence of Salmonella on pig farms, at slaughter and in pork
(3,4). For this reason, it is important to evaluate the risk which
pork products pose to consumers. According to the Codex
Alimentarius, risk analysis includes hazard identification and
quantification (14). Currently, food samples are submitted to
methods for detection of Salmonella, but quantification
protocols are not routinely used in food microbiology. Thus,
the aim of this study was to enumerate salmonellae in samples
of minced pork used for fresh sausages production in
slaughterhouses in Southern Brazil.

Two previous studies (6,8) have used Most Probable
Number (MPN) methods to estimate the number of Salmonella
in naturally contaminated food samples, but adapted different
protocols for sample preparation: rinsing or homogenization
of the food sample, respectively. Therefore, we first compared
the two methods in artificially contaminated pork samples.
Raw pork sausage samples were obtained from supermarkets
in Porto Alegre, Brazil, and submitted to a screening for
Salmonella as previously described (13). Only Salmonella-
negative samples were included in the study. Portions (25 g)

of raw minced pork removed from the sausages were spiked
with 101, 102 or 103 cfu.g-1 of Salmonella Typhimurium
ATCC14028 or two strains of S. Typhimurium (ST1 and ST2)
isolated from pork in Southern Brazil. Spiked samples were
then submitted to Salmonella quantification, using method A
(6) and method B (8). In method A, each artificially inoculated
sample was rinsed with 225 mL of buffered peptone water
(BPW) and the rinsing fluid was divided into three aliquots of
50 mL, 5 mL and 0.5 mL. The three 0.5 mL-aliquots were added
to three 5 mL fresh BPW. In method B, triplicate tubes for each
of the three dilutions were used. The first decimal dilution
(10-1) was prepared by adding a 25-g portion of contaminated
pork sausage, prepared as described above, to 225 mL of BPW.
After homogenization of the mixture, subsequent dilutions
(10-2 and 10-3) were prepared in BPW. In both methods, the
BPW aliquots were submitted to pre-enrichment at 37ºC for
18h, and a 0.1 mL volume of each pre-enrichment tube was
subcultured to 9.9 mL of Rappaport-Vassiliadis Broth (Merck).
After incubation at 42ºC for 24h, aliquots of the broth were
streaked onto Xylose-Lysine-Tergitol 4 Agar plates (XLT4,
Merck). After a 24h incubation at 37ºC, suspected colonies
were picked, tested for agglutination using polyvalent O
antiserum (Probac do Brasil - Produtos Bacteriológicos Ltda,
São Paulo, Brazil) and confirmed by biochemical tests. The
number of Salmonella-positive plates in each dilution was
used to calculate the Most Probable Number (MPN) of
Salmonella in the inoculated pork sausage samples, using
MPN tables (1,7).
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Thirty samples (200 g) of minced pork used in pork sausage
production were collected at abattoirs in southern Brazil. A 25-
g portion of each sample was submitted to Salmonella isolation
as previously described (13), whereas the remaining samples
were stored at -18ºC for up to 90 days. Positive samples were
submitted to method A and method B of Salmonella
quantification as previously described.

From a total of 45 artificially inoculated samples analyzed by
the two methods, MPN values (95% confidence interval) were
in accordance with the amount (cfu.g-1) of Salmonella inoculated
in 38 and 41 samples analyzed by methods A and B, respectively.
No statistically significant differences (P=0.5216) were found
between the agreement of MPN classes determined by either
method A or method B considering the amount of Salmonella
inoculated in the pork sausage samples.

In previous studies, both methods were considered
effective for enumeration of Salmonella in naturally
contaminated foods (6, 8), but variations in the distribution
pattern of the frequencies within MPN classes obtained from a
single sample analyzed by different laboratories in a ring-trial
were reported (15). Variations were explained by the low number
of Salmonella in pork and by the heterogeneous distribution
of microorganisms on solid foods (15).

Salmonella was isolated from 28 (93.3%) minced pork
samples collected from abattoirs. Twenty Salmonella positive
minced pork samples submitted to both MPN protocols
presented counts ranging between <3 and 240 cfu.g-1 (Table 1).
In 12 samples Salmonella counts were below the detection
limit of both methods. Freezing probably caused cell stress and
reduced the number of viable cells to a not-detectable level. A
progressive decrease of cell viability were reported in raw pork
and frozen meat (2,9). In a previous study, Salmonella counts
in artificially inoculated minced pork were also reduced after a
period of 180 days of frozen storage (15).

The high number of minced pork samples positive for
Salmonella observed in this study is in accordance with
previously reported results. In Germany, 73.3% of minced pork
samples were positive for Salmonella (15), while Salmonella
could be isolated from 91.8% of raw pork samples taken from
butcher shops in Mexico (8). In both cases and in the present
study, estimated MPN values were low (<100g).

The low number of salmonellosis outbreaks related to pork
in Southern Brazil might be explained by the low Salmonella
counts reported for these products and by the fact that pork is
traditionally eaten well-done in this region. On the other hand,
cross-contamination of ready-to-eat products directly via raw
pork or indirectly via contaminated kitchen surfaces may
represent a potential health hazard. Further studies evaluating
the contamination level of pork sausages at the retail level and
in food samples involved in salmonellosis outbreaks in southern
Brazil might contribute to a better estimation of the hazard that
pork might pose to consumers in this region.
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RESUMO

Estimativa do número mais provável de Salmonella sp.
em amostras de carne suína moída

A identificação de risco inclui uma etapa de quantificação
do microrganismo no produto avaliado. O número de Salmonella
sp. em 20 amostras de carne suína moída previamente
identificadas como positivas foi determinado pelo método do
Número mais Provável. Contagens entre <3 e 240 ufc.g-1 foram
encontradas nas amostras analisadas.
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