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ABSTRACT

Viability of Staphylococcus xylosus isolated from artisanal sausages for application as starter cultures in
meat products Viability of Staphylococcus xylosus strains AD1 and U5 isolated from natural fermented
sausages was investigated as starter cultures in fermented sausages produced in the South Region of
Brazil. The study demonstrated that the Staphylococcus xylosus strains AD1 and U5 showed significant
growth during fermentation, stability over freeze-dried process, negative reaction for staphylococcal
enterotoxins and viability for using as a single-strain culture or associated with lactic acid bacteria for
production of fermented sausages.
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INTRODUCTION

Different microorganisms from raw materials and
environment are natural contaminants of dry sausage mixtures
(15). Micrococcaceae, as well as Lactic Acid Bacteria (LAB) are
important microorganisms used as starter cultures in meat
fermentation in order to improve safety and stability of the
product, extend shelf life and provide diversity, resulting in
new sensory properties (17).

Staphylococcus xylosus (Micrococcaceae) is one of the most
commonly staphylococci species found in many Italian and
Spanish sausages (2,6,13), in Slovak meat products (26) and in
Tunisian traditional salted meat (10). This species is used in
meat industry as starter culture in fermented sausages due to its
technological properties, once it ensures color development by
nitrite and nitrate reductase and catalase activities, contributing
to flavor development as a result of proteolytic and lipolytic
activities (18). Selection of autochthonous microflora may be
used in order to preserve typical characteristics of these products
(19). Besides, the most promising starter strains are those isolated

from naturally fermented meat products once they are the
dominant and the well adapted population (8).

However, to select a suitable strain for using as a starter
culture, technological properties and safety aspects must be
considered. So, the ability of coagulase-negative staphylococci
(CNS) to produce antagonistic substances against pathogenic
bacteria (23,26) may be important for the safety of sausages. On
the other hand, some strains of S. xylosus, S. saprophyticus
and Staphylococcus. spp from food can produce enterotoxins
(22,25). Staphylococcal enterotoxins (SE) belong to a family of
nine major serological types of heat stable enterotoxins that
cause gastroenteritis (14). According to McLauchlin et al. (20),
the presence of toxin genes confirmed by PCR (Polymerase
Chain Reaction) does not necessarily imply the capacity of a
microorganism in producing biologically active toxins enough
to induce clinical manifestations. Nevertheless, it should be
demonstrated that enterotoxins are not produced in CNS strains
selected to use as starter cultures (23).

Micrococcaceae strain might not present antagonistic
activity against LAB to be selected as starter culture, but a
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synergism between these two groups is essential. This group
contributes mainly to lactic acid production, which inhibits
growth of pathogens (17). Starter cultures consisting of a mix of
lactic acid bacteria and Micrococcaceae have been used in
industrial manufacture of dry fermented sausages (4).

In order to preserve these isolated bacteria for long periods,
methods to keep the viability of cultures are necessary.
Lyophilization (freeze-drying) is considered one of the best
processes to preserve the viability of microorganisms and
particularly of bacteria and moulds (11). The most important
advantages of freeze-dried starter preparations are the excellent
storage stability and the easy handling during storage,
distribution and application (4).

The aim of the present work was to investigate the viability
of Staphylococcus xylosus strains AD1 and U5, isolated from
naturally fermented sausages, for further use as starter cultures
in meat products, as well as safety aspects.

MATERIAL AND METHODS

Bacterial strains
Staphylococcus xylosus was the dominant species (42.8%)

among strains isolated from naturally fermented sausages in
the South Region of Brazil by phenotypical characterization.
Two strains (AD1 and U5) were confirmed as S. xylosus species
in molecular characterization. Both strains were selected for
this study regarding to its properties: catalase positive activity,
capacity to reduce nitrate and nitrite and lipolytic activity.

Reference strains used in tests were from the Collection
André Tosello Foundation (Brazil): Lactobacillus plantarum
ATCC 8014, Listeria monocytogenes NTC 098630, Escherichia
coli ATCC 25922 and Staphylococcus aureus ATCC 12598. One
strain of Lactobacillus plantarum isolated from naturally
fermented sausage produced in the South region (Brazil) was
also used in the tests.

Cultivation of strains
Cultivations were initiated from stock cultures plated on

BHI agar (Brain Heart Infusion, MERCK) and incubated (35ºC/
18h). A single colony was incubated in BHI broth (MERCK)
(35ºC/18h) and 1% inoculum of the cell suspension was
transferred to BHI broth (MERCK). Finally, 1% inoculum was
transferred to a fermenter (New Brusnswick Scientific, model
Bioflo 2000, USA) with 4.5 L of BHI broth (MERCK).
Fermentation was carried out under the following conditions:
35ºC±0.1ºC, with stirring of 100 rpm and aeration of 0.7 vvm (L
of air/L half/minute) for 24 h.

Samples, in triplicate, were aseptically collected in sterile
flasks every 2 hours during the fermentation period. Counting
of viable cells was carried out by cultivation in plates, in BHI
agar (MERCK) and incubated (35ºC/48h). Optical density (OD)
readings of the fermentation medium were performed in

spectrophotometer (Hitachi U 2010) at 630 nm, according to
Kanasaki et al. (14).

Fermentation and freeze-drying
Staphylococcus xylosus cells (AD1 and U5) (initial inoculum

of 109 cfu.mL-1) were grown in a fermenter (New Brusnswick
Scientific, model Bioflo 2000, USA), as described above, for 10
to 12 h.

Cells were concentrated by centrifugation at 4000 x g, for 30
min at 4ºC (Novatécnica RC, model NT825, Brazil), resuspended
to 1/50 of the original broth volume in reconstituted skimmed
milk (10% w/w) as cryoprotectant and frozen at -20ºC. Freeze-
drying was performed in a freeze-dryer (Terroni Fauvel mod. LT
1000/8, Brazil) for 18 to 24 h. Freeze-dried cultures were stored
at -20ºC, until use. For each strain, fermentation and freeze-
drying experiments, as well as stability studies, were performed
in duplicate.

Storage stability
Freeze-dried cultures were stored at -20ºC for two different

periods: up to 1 month or 6 months. After the storage periods,
freeze-dried cultures were resuspended in sterile 0.1% peptone
water (MERCK) (10mg/100 mL and subsequent dilutions) and
grown on BHI agar (MERCK) plates (35ºC/48 h). Bacterial
population was determined by plate count analysis in order to
evaluate the stability of the cultures at -20ºC.

Enterotoxin detection
For enterotoxin measurement, a VIDAS autoanalyzer

(Biomerieux, Brazil) and a VIDAS® Staph enterotoxin SET kit
(Biomerieux, Brazil) were used. The principle of this measurement
system is an enzyme-linked fluorescent assay (ELFA) using
polyclonal anti-enterotoxin antibody and seven enterotoxin
serotypes (SEA, SEB, SEC1, 2, 3, SED and SEE) (3). Results
were expressed as relative fluorescence value (RFV). The RFV
obtained is analyzed by the VIDAS system as follows: when
Test Value (TV) < 0.13, negative result and TV ≥ 0.13, positive
result.

Antagonistic activity
Antagonistic effects of isolated Staphylococcus xylosus

(AD1, U5) were detected by ‘spot on the lawn’ method (16, 21).
Plates with tryptic soy agar supplemented with 0.6% yeast extract
(TSAYE, MERCK) as bottom agar, were spotted with 2 μL of
each overnight BHI broth (MERCK) cultures containing S.
xylosus strains (AD1, U5) and incubated anaerobically at 35ºC
for 48h. After incubation, an overlay of about 8 mL of BHI broth
(MERCK) containing 1% agar was added in each plate, which
were respectively seeded (105- 106 cfu mL-1) with L. plantarum
ATCC 8014, L. plantarum isolated from artisanal sausage, L.
monocytogenes NTC 098630, E. coli ATCC 25922, and S. aureus
ATCC 12598. Plates with the overlay and one control plate (no
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addition of the indicative culture) were incubated anaerobically
at 30ºC for 48h. A halo of inhibition around the microorganism
growth indicated the antagonistic activity.

RESULTS AND DISCUSSION

Strains confirmed as Staphylococcus xylosus by molecular
characterization (AD1, U5) were selected for further studies.
They were cultivated in BHI broth (MERCK), being monitored
by cell counting and by OD readings, during 24 h. Fig. 1 (a) and
(b) shows that, after 10 h of fermentation with strains AD1 and
U5, the relative absorbances of 1.346 and 1.702, respectively,
were observed when the cell counting was of 1011 cfu mL-1. The
pH of the fermentation medium presented a small reduction in
the initial period (2 - 6 h) remaining constant until the end of the
fermentation (Fig. 1 (c)).

Fermentation was monitored by OD readings and interrupted
at 10 h (logarithmic growth phase), when the values obtained
by spectrophotometric readings at 630 nm reached the relative
cell counting of 1011 cfu mL-1 - 1012 cfu mL-1.

The amount of inoculum to be used for sausage
manufacturing depends on the potential of microorganisms to
grow in the product, being necessary around 106 -108 cfu.g-1 of
product (17). Therefore, when using AD1 and U5 strains as
starter cultures in sausages, it was necessary a period of about
10 h of fermentation in order to obtain the desired number of
cells (1011 cfu.mL-1).

Desirable storage conditions for freeze-dried starters are:
freezing temperatures below -15°C and absence of oxygen and
humidity. Under these conditions, the optimal activity of the
starter culture will be guaranteed for 8 months (4). In this study,
cultures of S. xylosus strains AD1 and U5 stored for 1 month
and 6 months at - 20ºC presented good stability by freeze-drying
process (Table 1). A small decrease in the number of cells was
observed during storage, remaining at 1011cfu mL-1. This stability
is probably due to the positive effect of storage conditions and
also the cryoprotectant used (skimmed milk). According to
Carvalho et al. (5), skimmed milk is able to prevent cellular injury

by stabilizing the cell membrane and providing a protective
coating for the cells.

Staphylococcal enterotoxins were not found in S. xylosus
strains AD1 and U5 once it showed negative result for this
analysis. This is an important characteristic of the species used
in starter cultures because several studies have demonstrated
the capacity of negative coagulase staphylococci (CNS) in
producing enterotoxins (7,27), a feature related to positive
coagulase species. However, few studies have been performed
in order to determine enterotoxigenic capacity of CNS in foods.
Ninety samples of industrialized salamis were analyzed by Pereira
(24), where none out of 266 CNS strains produced enterotoxins
and 252 out of 266 were identified. About 90% were S. xylosus
and S. carnosus.

The isolated strains of S. xylosus (AD1 and U5) did not
exhibit antimicrobial activity against the following pathogenic
strains in the tested conditions: L. monocytogenes NTC 098630,
E. coli ATCC 25922, and S. aureus ATCC 12598, once an
inhibitory halo around the analyzed colony (Table 2) was not
observed. Similar results were reported by Drosinos et al. (9),
where no Staphylococcus spp. presented antimicrobial activity
against L. monocytogenes NCTC 10527, S. aureus NCBF 1499,
and E. coli O157:H7 NCTC 12079. Tested strains (AD1 and U5)
did not present inhibitory activity against L. plantarum ATCC
8014 and an isolated strain of L. plantarum.

The majority of S. xylosus strains presented technological
properties allowing their use as starter cultures for fermented

Table 1. Countings of the S. xylosus AD1 and U5 strains after
the freeze-dried (initial) and during the period of storage at
-20ºC.

Initial 1 month 6 month
(cfu.mL-1) (cfu.mL-1) (cfu.mL-1)

S. xylosus AD1 2.9 x 1011 2.5 x 1011 1.0 x 1011

S. xylosus U5 4.1 x 1011 3.9 x 1011 3.4 x 1011

Figure 1. Fermentation of Staphylococcus xylosus AD1 and U5 in BHI broth at 35ºC. a) Counting of viable cells at the time of
fermentation; b) Curve of absorbance relative at the time of fermentation; c) Variation of the pH of the medium of fermentation.
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meat products (12,19). In particular, strains AD1 and U5 were
able to grow during fermentation in BHI broth, showed stability
in the freeze-dried process and presented good activity in the
studied properties such as absence of antagonistic activity
against lactic acid bacteria and negative reaction of
staphylococcal enterotoxins.

The study demonstrated the viability of Staphylococcus
xylosus AD1 and U5 strains for using as a single-strain culture
or associated with lactic acid bacteria (LAB) for the production
of fermented sausages.
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RESUMO

Viabilidade de Staphylococcus xylosus isoladas de
embutidos artesanais para aplicação como cultivos

iniciadores em produtos cárneos

Investigamos a viabilidade de cepas de Staphylococcus
xylosus (AD1 e U5) isoladas de embutidos com fermentação
natural, para aplicação como cultivos iniciadores em embutidos
fermentados produzidos na Região Sul do Brasil. O estudo
demonstrou que cepas de Staphylococcus xylosus (AD1 e U5)
apresentaram crescimento significativo durante a fermentação,
estabilidade no processo de liofilização e conservação, ausência
de produção de enterotoxinas e viabilidade para aplicação como
cultivo iniciador simples ou associado com bactérias lácticas
na elaboração de embutidos fermentados.

Palavras chave: Staphylococcus xylosus, cultivos iniciadores,
embutidos cárneos
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