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Introduction

Starter cultures or their enzymes are used in the manufac-

ture of fermented sausages in order to ensure a more

controllable fermentation (Coppola et al. 1997; Hugas

and Monfort 1997), to shorten ripening (Blom et al.

1996; Hagen et al. 1996), to improve the safety of the

product (Geisen et al. 1992; Hernandez et al. 1993; Lücke

2000) and to enhance the flavour (Montel et al. 1996,

1998; Talon et al. 1998; Stahnke 1999; Lücke 2000; Luon-

go et al. 2001). Species used as starter belong to the gen-

era Pediococcus, Lactobacillus, Kocuria and Staphylococcus

(Toldrá et al. 1992; Hughes et al. 2002).

Coagulase-negative cocci (CNC), as well as lactic acid

bacteria, are the main group of technological interest in

the production of fermented meat.

Several CNC species have been isolated from fermented

sausages; Staphylococcus xylosus is always isolated (Cop-

pola et al. 1997; Papamanoli et al. 2002; Mauriello et al.

2004; Blaiotta et al. 2004; Rantsiou and Cocolin 2006)

whereas Staphylococcus carnosus, Staphylococcus equorum

and Staphylococcus simulans are isolated with lower fre-

quency. Staphylococcus saprophyticus and Kocuria spp. are

only isolated early from fermented sausages (Coppola

et al. 1997; Cocolin et al. 2001; Blaiotta et al. 2004).

The role of CNC in fermented sausages has been widely

studied (Coppola et al. 1997; Hammes and Hertel 1998;

Ordóñez et al. 1999; Stahnke 1999). During the ripening

process, their main metabolic activities consist in the reduc-

tion of nitrates to nitrites and in the prevention of rancidity

through peroxide decomposition. Moreover, CNC produce

flavour and aroma compounds through proteolysis and

lipolysis. It has been demonstrated that Staphylococcus spp.

commonly isolated from fermented sausage has proteolytic

activities on muscle sarcoplasmic proteins (Søndergaard

and Stahnke 2002; Nazzaro et al. 2004; Casaburi et al.
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Abstract

Aims: To evaluate the interactions of Staphylococcus xylosus on Kocuria varians

strains isolated from fermented meat products.

Methods and Results: Interactions were assessed in vitro by agar spot test, agar

well diffusion assay and spectrophotometric assay. The growth of K. varians

(five strains) alone was compared with that in the presence of growing cells of

S. xylosus (50 strains) or in the presence of heat-treated or untreated superna-

tants of S. xylosus. Sixteen strains stimulated the growth of K. varians K4, while

four strains inhibited the K4 strain. Heated cell-free supernatants of S. xylosus

did not have any effect on K. varians. The proteolytic activity of single strains

or their combinations was assessed in vitro and in vivo by sodiumdodecylsul-

fate-polyacrylamide gel electrophoresis of sarcoplasmic protein extracts. Combi-

nations of stimulatory strains of S. xylosus and K. varians showed a higher

proteolytic activity compared with that of S. xylosus or K. varians alone.

Conclusions: The interactions between strains may influence both the growth of

the co-cultured strains and proteolysis, technologically relevant characteristics.

Significance and Impact of the Study: The study of interactions between coag-

ulase-negative cocci may guide the formulation of mixed strain starters for the

production of fermented sausages.
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2005). The use of staphylococci as starter determines a

significant increase in nonprotein nitrogen and total free

amino acids, the main precursors of volatile compounds

(Bover-Cid et al. 2001). In particular, Tjener et al. (2004)

showed that the level of S. carnosus inoculum may influ-

ence the production of volatile compounds in dry sausages.

Several studies reported a correlation between the type

of starter culture used and the quality of fermented sau-

sages (Geisen et al. 1992; Lücke 2000; Luongo et al. 2001;

Aktas et al. 2005). The ability of certain strains to inhibit

spoilage or pathogenic bacteria has attracted much atten-

tion (Hammes and Hertel 1998; Papamanoli et al. 2002).

The potential antilisterial activity of S. xylosus, S. carnosus

and Kocuria varians was investigated by several authors

(Ryser et al. 1994; Papamanoli et al. 2002). On the other

hand, we are not aware of any study focusing on positive

interactions among CNC strains used as starters and on

the effects of interactions on the quality of the product.

Microbial activities in fermented sausages are the result

of complex interactions between various micro-organisms.

Amensalism, symbiosis or commensalism can drastically

affect the activities of each strain, influencing the quality

of final products. The objective of this work was to

investigate in vitro and in vivo the interactions occurring

between S. xylosus and K. varians, the two CNC species

which are more important in the ripening of traditional

fermented meat products of southern Italy (Coppola et al.

1997; Mauriello et al. 2004).

Materials and methods

Bacterial cultures

Fifty S. xylosus and four K. varians strains from Di.S.-

T.A.A.M. collection (University of Molise), isolated from

Soppressata molisana, Soppressata del Sannio and Ventrici-

na were used in this study. All strains were identified by

phenotypic and molecular methods (Coppola et al. 1997;

Di Maria et al. 2002; Tremonte et al. 2006). Strains were

maintained on slants of mannitol salt agar (MSA; Oxoid,

Basingstoke, UK) at 4�C. Before use, strains were propa-

gated twice for 16 h at 28�C in mannitol salt broth

(MSB) having the same composition of MSA with phenol

red and agar omitted. The type strain K. varians

DSM20033T (Deutsche Sammlung von Mikroorganismen

und Zellkulturen GmbH, Braunschweig, Germany) was

included for comparative purposes.

Detection of interactions

Interactions were individually assessed with the following

procedures: agar spot test, agar well diffusion assay and

spectrophotometric analysis.

The agar spot test was performed as described by Schil-

linger and Lüke (1989). Overnight cultures of each S. xy-

losus strain were spotted (75 ll) onto the surface of agar

plates (MSA; Oxoid) and incubated for 24 h at 28�C. A

maximum of four strains (spaced approximately 3 cm

apart) was spotted per plate (Fleming et al. 1975). Each

K. varians strain was inoculated (2% v ⁄ v) into 7 ml of

soft MSA (containing 0Æ7% agar) at a final concentration

of about 5 · 107 CFU ml)1. The content of the tubes was

gently mixed and poured over the plates on which the S.

xylosus strains were grown. After incubation at 28�C for

24–48 h, plates were checked for inhibition ⁄ stimulation

zones. Clear zones around the spot were described as

inhibitory reactions, while the increase in turbidity

around the spot was described as a moderate (between 5

and 8 mm) or a strong (>8 mm) stimulatory reaction

(Mante et al. 2003). Plates inoculated with each K. vari-

ans and with any S. xylosus strain served as control. Each

experiment was carried out in duplicate.

Assessment in using the well diffusion assay involved

MSA plates overlaid with 7 ml of soft MSA (0Æ7% agar)

(2% v ⁄ v) inoculated with an overnight culture of K. vari-

ans strains (final concentration of about 5 · 107

CFU ml)1). In the agar well diffusion assay, wells of

3Æ0 mm in diameter were bored into MSA plates and

75 ll of an overnight culture of S. xylosus in MSB (16 h,

28�C) were placed into each well. Prior to incubation,

plates were refrigerated at 4�C for 4 h (Corsetti et al.

2004). After 24–48 h of incubation at 28�C, plates were

investigated for zones of inhibition ⁄ stimulation as des-

cribed before. The well diffusion assay was also used to

evaluate the activity of cell-free supernatants: overnight

cultures, obtained as described before, were centrifuged

(17 000 g for 15 min at 4�C; Centrifuge 5415 R; Eppen-

dorf, Hamburg, Germany) and supernatant was filter-ster-

ilized (Filter Unit Red rim FP 30 ⁄ 0,2 CA-S, 0Æ22-lm pore

size; Schleider & Schuell, Dassel, Germany) before being

disposed in the wells. Plates inoculated with each K. var-

ians strain and with any S. xylosus culture or supernatant

were used as control. Each experiment was carried out in

duplicate.

Kocuria varians K4 and 50 S. xylosus strains were used

for the spectrophotometric assay on the basis of the

results previously obtained by the agar well diffusion

assay and the agar spot test.

Tubes containing 20 ml of MSB were inoculated with

K. varians K4 alone or in combination with untreated or

heat-treated (65�C for 5 min) cell-free supernatants of

each S. xylosus strain. MSB not inoculated was used as

blank. When K. varians was mixed with S. xylosus, a 1 : 1

proportion was used. In all cases, the inoculum was

adjusted to obtain an OD580nm value of 0Æ2. Cultures were

incubated at 28�C and the absorbance at k = 580 nm was
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read at 0, 24 and 48 h, using a CECIL 2501 2000 series

spectrophotometer (Cambridge, England). Results were

expressed as the ratio of OD580nm values with OD580nm

value of K. varians K4.

Each experiment was carried out in duplicate and

results were expressed as the mean of measurements and

standard error.

Assessment of the in vitro proteolytic activity

Kocuria varians K4 and S. xylosus X1, X7, X17 and X21,

representatives of groups showing different patterns of

inhibitory ⁄ stimulatory activity, were separately grown in

50 ml of MSB dispensed in 500-ml erlenmeyer flasks and

incubated at 28�C for 48 h. Cells were recovered by cen-

trifugation as described before, washed twice in 0Æ9%

(v ⁄ v) NaCl and re-suspended in the same diluent.

Suspensions of each S. xylosus strain, of K. varians K4

alone or of their combinations (1 : 1 proportion) were

added to a sarcoplasmic protein extract, prepared as des-

cribed by Basso et al. (2004) and filter-sterilized (0Æ2 lm

Millipore; Bedford, MA, USA), in order to obtain a final

OD580nm of 0Æ1. Extracts without cells were incubated

as control. The cultures were incubated for 10 days at

30�C. The electrophoretic profiles were determined by

sodiumdodecylsulfate polyacrylamide gel electrophoresis

(SDS-PAGE) (Basso et al. 2004). Gels were stained using

Comassie brilliant blue R 250 (Fluka, AG, Switzerland). A

molecular weight standard (97Æ0–14Æ4 kDa; Amershambio-

sciences, Milan, Italy) was used on all gels.

Calculation of similarities in the profiles of bands was

based on Pearson product-moment correlation coefficient.

Dendrograms were obtained by means of the Unweighted

Pair Group Method using Arithmetic Average (UPGMA)

clustering algorithm using the software package Gel Com-

par Version 4Æ1 (Applied Maths, Kortrijk, Belgium).

Assessment of the in vivo proteolytic activity

Staphyloccus xylosus X1, X21 and K. varians K4 were sepa-

rately grown in 50 ml of MSB dispensed in 500-ml

erlenmeyer flasks and incubated at 28�C for 48 h.

Cells were harvested by centrifugation as described

before, washed in sterile quarter strength Ringer’s solu-

tion and diluted to obtain a final concentration of

106 CFU g)1.

Six batches of Soppressata molisana were produced as

described by Nazzaro et al. (2004): in the first and in

the second batch S. xylosus X1 or X21 were used as sin-

gle strain starters; K. varians K4 was used as starter in

the third batch; batches four and five were respectively

inoculated with S. xylosus X1 or S. xylosus X21 in com-

bination with K. varians K4 (1 : 1 proportion). The

sixth batch was produced without starters and used as

control.

Proteolytic activity was measured, in duplicate, on sam-

ples of sausages from each batch immediately after filling

(time 0) and at the end of the ripening (28 days). For

this purpose, sarcoplasmic proteins were extracted directly

according to Toldrá and Verplaetse (1995) and electroph-

oretic profiles were examined using the procedures previ-

ously described in the in vitro assessment. Similarities in

the profiles of bands were calculated as described before.

Peptide profiles of protein extracts were analysed by

reverse phase high-performance liquid chromatography

(RP-HPLC) by using a Gold System 126 Apparatus

(Beckman, CA, USA). Treatment and chromatographic

conditions were performed as described by Nazzaro et al.

(2004). Peaks were expressed in terms of absolute areas.

Each experiment was carried out in duplicate and results

were expressed as the mean of measurements and stand-

ard error.

Results

Interactions

Different effects of S. xylosus on K. varians were assessed

by agar spot and agar well diffusion assays. In particular,

K. varians DSM 20033T, K1, K2 and K3 were not stimula-

ted nor inhibited by most of the strains of S. xylosus.

Only growing cells or supernatants of strains X6 and X16

inhibited K. varians DSM 20033T, while K. varians K4

was more sensitive to stimulation or inhibition by several

cells or supernatants of S. xylosus strains (Table 1). In

particular, six cultures of S. xylosus or their cell-free sup-

ernatants (X1–X6) strongly stimulated the growth of K.

varians K4, 10 cultures or their cell-free supernatants

(X7–X16) showed a moderate stimulation, four (X17–

X20) produced clear inhibition zones while no interaction

Table 1 Interaction activities occurring among growing cells (C), cell-

free (S) or heated cell-free (H) supernatants of Staphylococcus xylosus

strains (X1–X50) and growing cells of Kocuria varians (K4) as detected

by agar spot test and well diffusion assay*

K. varians K4

S. xylosus strains C S H

X1–X6 ++ ++ N

X7–X16 + + N

X17–X20 – – N

X21–X50 N N N

*N, neutralism; –, inhibition; +, moderate stimulation (growth zone

around the spot or the well between 5 and 8 mm); ++, hyperstimula-

tion (growth zone around the spot or the well >8 mm) Mante et al.

(2003).
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was detected among the remaining 30 S. xylosus growing

cells or their supernatants (X21–X50) and K. varians K4.

In all cases, no effect on K. varians strains was produced

by heated cell-free supernatants of S. xylosus.

Spectrophotometric analysis confirmed at all the results

obtained by the agar spot test and the well diffusion

assay. Figure 1a evidences a group of six S. xylosus strains

(X1–X6) having a high stimulatory effect on K. varians

K4, as previously shown by the plate assay. In fact, the

combination of K4 with each supernatant of strains X1–

X6 resulted in OD580nm values higher than those showed

by K. varians K4 alone. In particular, after 24 and 48 h of

incubation, the OD580nm resulted more than twofold than

those ascertained on K4 alone.

The single supernatant of moderately stimulatory S. xy-

losus strains (X7–X16) (Fig. 1b) produced a lower stimu-

latory effect on K4. After 24 and 48 h of incubation,

OD580nm values of broths inoculated with combinations

of K4 and supernatants of separately tested strains X7–

X16 were 1Æ5-fold higher than those of K4 alone.

Figure 1c illustrates the effect of four S. xylosus strains

(X17–X20) which are inhibitory on K. varians K4.

OD580nm values of supernatants of separately tested S. xy-

losus strains X17–X20 in combination with K4 were lower

than those of K4 alone. Finally, supernatants of S. xylosus

strains X21–X50 did not produce any effect on K. varians

K4 (Fig. 1d).

In all cases, the stimulatory or inhibitory action exerted

on K. varians K4 by cell-free supernatants of S. xylosus

strains was suppressed by heat treatment at 65�C for

5 min. OD580nm values of combinations K4 ⁄ heat-treated

supernatants were always similar to those of K4 alone.

Proteolytic activity assessed in vitro

The electrophoretic pattern of the sarcoplasmic extract

inoculated with K. varians alone was very similar to that

of the control, as shown by cluster analysis (Fig. 2).

Whenever S. xylosus strains were used alone or in com-

bination with K4, a significantly different pattern was

observed (cluster I). In particular, stimulatory (X1, X7)

S. xylosus strains caused the disappearance of two bands

with molecular weight between 21Æ5 and 34 kDa.; inhibi-

tory (X17) or neutralistic S. xylosus (X21) strains

showed the disappearance of only one band of about

30 kDa.
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The electrophoretic patterns of sarcoplasmic proteins

inoculated with mixtures of K. varians K4 and high (X1)

or moderately (X7) stimulatory S. xylosus strains showed

a higher proteolytic ability than that showed by single

strains. In the pattern of protein extract inoculated with

K4 and high stimulatory strain X1 the total disappearance

of four protein bands, two with molecular weight of

about 96 and 66 kDa and two between 34 and 30 kDa,

was found and a significant decrease was observed for all

bands between about 60 and 45 kDa. Moreover, the con-

current appearance of two low molecular weight bands

(about 14 kDa) was observed. In particular, cluster analy-

sis (Fig. 2) highlighted that sarcoplasmic extracts inocula-

ted with mixtures of K4 and X1 (subcluster IA) had band

profiles with a very low similarity from those individually

inoculated with K4 (cluster II) and X1(subcluster IE)

alone.

The combination of K4 and moderately stimulatory S.

xylosus strain X7 (subcluster IB) showed a lower proteo-

lytic activity than that observed with the combination K4

and X1 (subcluster IA). In fact, the combination K4–X7

caused the disappearance of only three protein bands with

molecular weight of about 96, 66 and 30 kDa, respect-

ively, while bands between 60 and 45 kDa were only

slightly decreased. The concurrent appearance of only one

low molecular weight band was observed.

The combination of K4 with inhibitory (X17) or with

neutral (X21) S. xylosus strains had sarcoplasmic proteins

pattern similar to that of S. xylosus strains alone. In fact,

only one protein band with molecular weight of about

30 kDa disappeared and some bands between about 96

and 45 kDa showed a lower intensity resulting from a

weak proteolysis. Cluster analysis highlighted a very high

similarity in band profiles of sarcoplasmic extracts inocu-

lated respectively with mixtures of K4 and X17 or K4 and

X21, and those inoculated with X17 or X21 alone (sub-

clusters IC and ID, respectively).

Proteolytic activity in vivo

Figure 3 shows the dendrogram regarding electrophoretic

profiles evaluated by SDS-PAGE on sarcoplasmic extracts

obtained from samples of sausages. Profiles of bands detec-

ted at time zero, i.e. immediately after filling showed high

similarity (cluster II), while substantially differed upon

maturation. After 28 days of ripening, independently from

the type of inoculum used, one protein band with mole-

cular weight between 21Æ5 and 14Æ4 kDa disappeared, some

bands between about 94Æ6 and 34 kDa diminished in

intensity and two low molecular weight bands appeared.

However, the electrophoretic pattern of sarcoplasmic

proteins extract from sausages inoculated with the combi-

nation of K. varians K4 and stimulatory S. xylosus strain

X1 showed the highest proteolysis and was different from

all the other profiles. In particular, cluster analysis high-

lighted that the sarcoplasmic extract from sausages inocu-

lated with this combination (cluster III) had band profiles

with a very low similarity from those inoculated with K4

or X1 alone (subclusters IC and IB, respectively). Specific-

ally, five bands with molecular weight between 94Æ6 and

45 kDa and four bands with molecular weight between 40

and 14Æ4 kDa completely disappeared, and three new

bands, characterized by a low molecular weight (about

14Æ4 kDa), were detected.

On the other hand, the electrophoretic patterns of sar-

coplasmic proteins extract from sausages inoculated with
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the combination of K. varians K4 and neutral S. xylosus

strain X21 evidenced a low proteolytic activity, almost

similar to that of sausages inoculated with X21 alone.

This result was confirmed by cluster analysis, evidencing

a very high similarity in band profiles of sarcoplasmic

extracts from sausages inoculated with the combination

K4 and X21 and that inoculated with X21 alone (cluster

IA).

Peak 1 (eluted within the third and the eigth minutes)

and peak 2 (eluted within the 28th and the 33rd minutes)

have been selected to highlight the most important chan-

ges in peptidic profiles found during the ripening of the

different batches of sausages. In particular, peak 1 com-

prised peptides with molecular weight lower than those of

peak 2. Peptidic extracts prepared by using sausages from

batches not inoculated or produced with single strains

K4, X1, X21, or with the combination K4 and X21, did

not show remarkable variations between the initial and

the final phases of the ripening, highlighted by area values

of peaks 1 and 2 substantially constant until 28 days of

ripening (data not shown). On the other hand, in the

batch produced by using the combination K4 and X1 a

variation in peptide chromatographic profiles during the

ripening was observed (Fig. 4). In particular, peak 1 area

showed a strong increase at 28 days of ripening, whereas

peak 2 area for the same batch showed a remarkable

decrease.

Discussion

This work aimed to investigate stimulatory or inhibitory

activities of S. xylosus on K. varians strains from tradi-

tional southern Italy fermented sausages. Moreover, a cor-

relation between the type and the intensity of interactions

and the strength of proteolytic activities was established.

The results obtained by the agar well diffusion assay

agreed with those showed by the well diffusion assay,

even if other authors (Schillinger and Lüke 1989; Çon

and Gökalp 2000; Nieto-Lozano et al. 2002) evidenced

different responses depending on the use of the two tech-

niques.

The actions of stimulation, inhibition or neutralism

produced by S. xylosus growing cells or cell-free superna-

tants on K. varians K4, highlighted the possibility of dif-

ferent interactions between CNC strains of technological

interest. On the basis of these results we can suppose that

S. xylosus strains produce unidentified compounds able to

positively or negatively affect the growth of K. varians.

The spectrophotometric analysis showed some light on

the nature of the interaction. In fact, the absence of activ-

ities of heated cell-free supernatants of S. xylosus may

indicate the presence of thermolabile compounds able to

stimulate or inhibit the growth of K. varians. Moreover,

the absence of stimulatory ⁄ inhibitory actions of S. xylosus

on K. varians type strain would indicate that the expres-

sion of possible interactions is more common among

CNC strains isolated from the same habitat, e.g. fer-

mented meat.

Literature reports inhibitory activities exerted by

micro-organisms isolated from fermented sausages against

pathogenic or undesirable bacteria, primarily through the

production of bacteriocins and ⁄ or thermolabile com-

pounds (Schillinger and Lüke 1989; Lücke 2000; Mataragas

et al. 2002; Papamanoli et al. 2002; Mahoney and Henriks-
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son 2003). On the other hand, few reports deal with the

production of stimulatory agents and their nature. On the

basis of our knowledge, studies on interactions between

strains utilized in fermenting processes are rare. (Addis

et al. 2001; Narvhus and Gadaga 2003). Aktas et al. (2005)

investigated the effects of different commercial starter

cultures (S. carnosus, S. carnosus plus Lactobacillus pentosus

and S. xylosus plus Lactobacillus sakei) on myofibrillar pro-

teins during the processing of pastirma (a Turkish dry meat

product), resulting in a pronounced degradation of the

myofibrillar fraction by using S. carnosus plus L. pentosus.

However, no correlation was established between the inten-

sity of the proteolytic activity and the presence of interac-

tions between strains used as starter.

In our work, the results obtained confirmed the pres-

ence of a significant relationship between the proteolytic

activity assessed in vitro and in vivo and the composition

of starter cultures consisting of combinations of K. vari-

ans K4 and S. xylosus strains.

In fact, a high stimulatory interaction assessed in vitro

by using mixtures of K. varians K4 and certain S. xylosus

strains, resulted in a strongly proteolytic activity on sarco-

plasmic proteins, whereas a moderate stimulatory interac-

tion, found between K. varians K4 and other S. xylosus

strains, corresponded to a lower proteolytic activity.

Results obtained in vivo showed behaviour substantially

similar to those detected in vitro. Few differences could

be ascribed to a large number of variables, not reprodu-

cible in vitro. In fact, proteolytic phenomena during

sausage fermentation are a complex of processes

strongly influenced by different parameters such as added

ingredients, temperature, pH, drying conditions and

fermentation time (Stahnke 1995, 1999; Mateo and

Zumalacàrregui 1996; Misharina et al. 2001; Olesen et al.

2004). However, the fundamental confirmation obtained

in vivo represents a useful result for the possible applica-

tion in the fermented meat production.

Peptidic profiles and electrophoretic patterns of sarco-

plasmic proteins analysed in vivo suggest the presence of

bacterial peptidases able to express their activity when a

starter culture consisting of strains with positive inter-

actions is utilized. These peptidases may significantly

contribute to the release of free amino acids and, conse-

quently, to the enhancement of the flavour improving the

quality of the final products. Specifically, peptidic extracts

of sausages inoculated with mixtures consisting of strains

with stimulatory interactions revealed the increase in

hydrophilic peptides, which are associated with desirable

flavours (Verplaetse 1994; Hughes et al. 2002), and a sim-

ultaneous decrease in hydrophobic peptides, which give

rise to off-flavours.

Data obtained in our work highlight the importance to

test strains not only individually but also in combination

for their selection as multiple strain starter cultures. In

fact, possible interactions could influence not only the

growth of one or both the co-cultured strains but also

some features of technological interest expressed by single

strains, e.g. proteolytic activities. The greater the stimula-

tory interaction between strains, higher is the intensity of

the proteolytic activity in terms of sarcoplasmic protein

and peptide modifications. In-depth analyses are needed

to establish the nature and the role of compounds pro-

duced by S. xylosus and able to stimulate the growth of

the strain K. varians K4.
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Berdagué, J.L. (1998) Production of esters by staphylo-

cocci. Int J Food Microbiol 45, 143–150.

Tjener, K., Stahnke, L.H., Andersen, L. and Martinussen, J.

(2004) Growth and production of volatiles by Staphylococ-

cus carnosus in dry sausages: influence of inoculation level

and ripening time. Meat Sci 67, 447–452.
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