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PAPER

Effect of a novel starter culture and specific ripening conditions on
microbiological characteristics of nitrate-free dry-cured pork sausages

Beniamino T. Cenci-Gogaa , Musafiri Karamaa*, Paola Sechia, Maria Francesca Iuliettoa, Sara Novellia,
Roberto Selvagginib and Salvatore Barberac

aDipartimento di Medicina Veterinaria, University of Perugia, Perugia, Italy; bDipartimento di Scienze Agrarie, Alimentari e Ambientali,
University of Perugia, Perugia, Italy; cDipartimento di Scienze Agrarie, Forestali e Alimentari, University of Torino, Torino, Italy

ABSTRACT

This study evaluated the effect of a ‘formulation of selected dairy starter cultures and commercial
probiotics’, associated with ‘specific ripening conditions’ in the production of nitrite and nitrate-
free, low-acid, fermented pork sausage, produced in a small-scale plant in Umbria (Italy), and their
effect on microbiological, physico-chemical and sensorial properties of the products. The follow-
ing conditions were investigated throughout the experiment: (i) the use of the ‘formulation of
selected dairy starter cultures and commercial probiotics’ vs no starter; (ii) the use of ‘specific rip-
ening conditions’ vs ‘classic ripening conditions’; (iii) the use of nitrate vs nitrite and nitrate-free
sausages. Sensory properties were improved and pathogen control was greater in salami to
which a ‘formulation of selected dairy starter cultures and commercial probiotics’ had been
added, especially under ‘specific ripening conditions’. The proposed formulation, together with
the specific ripening conditions, greatly inhibited the growth of undesirable microbiota, reduced
the isolation rate of pathogens and preserved the acceptability of the salami.
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Introduction

Salame nostrano is a typical, dry, fermented sausage

from Umbria, Italy. The basic ingredients of salame nos-

trano are lean pork, pork fat, salt, pepper and garlic.

The production of salame nostrano is characterised by

the following steps: receipt and selection of raw meat,

storage, dissection and cutting, cooling, weighing and

pre-grinding, preparation and weighing of the ingre-

dients, starter culture addition (when applicable), prep-

aration of natural casing, grinding, blending and

sacking (sausage making), fermentation, drying, ripen-

ing and final storage. A series of well-known hurdles

(Leistner & Gorris 1994) have been associated with low

drying, ageing and ripening conditions and even the

fermentation phase did not exceed 12 �C. Over recent

years, there has been growing consumer interest in

salami produced with lower concentrations of addi-

tives, and salame nostrano is an example of how to

integrate locally made products with safer technologies

(Cenci Goga et al. 2008). If not carefully addressed, the

removal of nitrites and nitrates from salami production

can have two drawbacks: a lack of control over

Clostridium botulinum toxin and inconsistent colour for-

mation and stability (Zarringhalami et al. 2009). Several

alternatives to nitrite have been tested (Pegg &

Shahidi 2000) for their antimicrobial action and many

different methods have been proposed to enhance col-

our intensity and uniformity, including lactic acid bac-

teria (LAB) and natural colourant (Zhang et al. 2007;

Zarringhalami et al. 2009). The original recipe for sal-

ame nostrano does not include milk, milk powder, sug-

ars or additives. Safety is ensured by the low

fermenting and ripening temperature and colour is

improved by the decrease in redox potential, which is

a consequence of the multiplication of autochthonous,

lactic acid bacteria, especially the naturally occurring

cold-adapted microorganisms (Haga et al. 1994).

Nowadays, consumers prefer salami with a lower

acidity, because the speed of fermentation can nega-

tively affect the aroma in the product and the faster

the acidification, the fewer the colour and aroma-

enhancing enzymes produced (Marco et al. 2008;

Barbut 2010). The particular ageing and ripening condi-

tions for salame nostrano in Umbria, Italy, have been
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handed down for centuries. In our previous works, we

discovered that the unusual ageing and ripening con-

ditions are responsible for the selection and growth of

naturally occurring, cold-adapted microorganisms,

especially among the Lactobacillus, Lactococcus and

Enterococcus genus (Cenci Goga et al. 2008; Cenci

Goga et al. 2012). Since the 1980s, researchers have

postulated that enterococci may contribute to the

development of the typical sensory properties of cer-

tain fermented meat products, such as salami (Holley

et al. 1988). In the food environment, Enterococcus spp.

are mostly associated with dairy products and occa-

sionally with meat. Enterococcus strains have been iso-

lated from numerous, diverse non-dairy environments,

including fermented sausages (Cintas et al. 1997). In

fact, Enterococci are frequently detected at high levels

in several kinds of fully ripened salami with no alter-

ation in the sensorial properties (Dellapina et al. 1994).

Enterococci fit within the general definition of lactic

acid bacteria. Their association with the human envir-

onment and their beneficial interaction, both in food

and in the human intestinal tract, combined with the

long tradition of lactic fermented foods in many cul-

tures, has led to their incorporation in several probiotic

formulations, even though this genus is not ‘generally

recognized as safe’ (GRAS).

In this work, an association of cold-adapted microor-

ganisms (a commercial strain of E. faecium and three

strains of lactic acid bacteria of dairy origin), together

with low ripening conditions throughout fermentation,

drying and ripening, was studied to investigate the

effect on the microbiological, physico-chemical and

sensory characteristics of salame nostrano, an Italian

dry-cured sausage made of pork meat.

Materials and methods

Starter cultures

Bacterial strains used as starter cultures were taken

from the collection of the Laboratorio di Ispezione

degli Alimenti di Origine Animale: Lactococcus lactis

ssp. lactis, strain 340; L. lactis ssp. lactis, strain 16;

Lactobacillus casei ssp. casei, strain 208 and

Enterococcus faecium UBEF-41. Lactococci and lactoba-

cillus were isolated from traditional cheeses, manufac-

tured in small-scale dairy plants in Umbria, Italy,

whereas Enterococcus faecium UBEF-41 was isolated

from the dietary supplement Enterelle formulation by

Bromatech Srl. (Milan, Italy). The LAB of choice used in

this study are the result of previous investigations and

were chosen on the basis of an in vitro challenge test

with selected pathogens and after acidifying activity

tests, and growth-test at low temperatures (Cenci Goga

et al. 2012; Cenci-Goga et al. 2015). Characterisation of

Enterococcus faecium UBEF-41 is available at Unique

Biotech Ltd. (Anonymous 2014), moreover the strain

has been further studied before inclusion in the starter

formulation by sequencing (see below) and testing for

antibiotic susceptibility (see below). Before salami pro-

duction, freeze-dried strains of the starter cultures

were grown aerobically in Nutrient Broth (NB, Oxoid

CM0001, Basingstoke, UK) at 37 �C for 24 h. Each strain

was then sub-cultured in Skim Milk (BD Difco, Franklin

Lakes, NJ, 232100) at 37 �C for 24 h. The total viable

cells (TVC) count (on Nutrient Agar, NA, Oxoid CM0003,

incubated at 37 �C on air for 24 h) at 24 h was approxi-

mately 1� 109 cfuml�1.

Characterization of the commercial probiotic

strains enterococcus faecium UBEF-41

Identification by 16S rRNA sequencing

The universal primers for eubacteria P27f (50-GAG AGT

TTG ATC CTG GCT CAG-30) and P1495r (50-CTA CGG

CTA CCT TGT TAC GA-30) were used to amplify a 16S

rRNA gene segment. According to the amplification

protocol reported by Osimani et al. (2015), the PCR

conditions were 1 cycle at 95 �C for 50, 35 cycles at

94 �C for 3000, 50 �C for 4500 and 72 �C for 20, and final

extension of 72 �C for 100. The amplicons were sent to

Microgem Lab (University of Naples, Italy) for purifying

and sequencing. The 16S-rRNA sequencing around

1100 bp were analyzed through Sanger Sequencing

and then compared with the closest relatives of the

sequences obtained with those in the GenBank data-

base using the BLAST software (http://www.ncbi.nlm.

nih.gov/BLAST/) from National Center of Biotechnology

Information (NCBI). Isolates were allocated to a given

species on percentages of sequence identity and

on visual inspection of the concordance, using

DIALIGN software (http://dialign.gobics.de/chaos-

dialign-submission).

Antibiotic susceptibility profiles by disk diffusion sus-

ceptibility test

Antimicrobial resistance pattern was determined against

a panel of 10 antibiotics (Ampicillin 10 lg/disk;

Methicillin 5 lg/disk, Amoxycillin/Clavulanic Acid

20þ 10 lg/disk; Erythromycin 15 lg/disk; Vancomycin

30 lg/disk; Cyprofloxacin 5 lg/disk; Nalidixic acid 30 lg/

disk; Tetracycline 30 lg/disk; Kanamycin 30 lg/disk;

Gentamicin 10 lg/disk; Neomycin 30 lg/disk;

Streptomycin 10 lg/disk), using the disk diffusion

test with antimicrobial susceptibility disks
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(Thermo Scientific, Oxoid, Basingstoke, UK). The antibi-

otics used for this study were cell wall synthesis, nucleic

acid synthesis, folate synthesis and protein synthesis

inhibitors. The agar disk diffusion method was per-

formed on Mueller Hinton agar (Oxoid, CM0337),

according to Clinical and Laboratory Standards Institute

(CLSI 2011) guidelines and results were interpreted

according to CLSI standard criteria (CLSI 2011).

Sausage manufacturing and ripening conditions

Nine repetitions of the trials were made on nine differ-

ent days. Eight batches were produced at each repeti-

tion: with and without a ‘novel formulation of starter

cultures’, with and without the ‘addition of nitrates’,

under ‘specific ripening conditions’ and under ‘classic

ripening conditions’. All batches were prepared accord-

ing to a typical, local recipe by an experienced crafts-

man at the small-scale processing plant of the

Laboratorio di Ispezione degli Alimenti di Origine

Animale.

The meat for each repetition came from the same

farm and all animals were ‘suino pesante italiano tipico’

[typical Italian heavy pigs] with a live weight of over

150 kg, and an age of over 9 months.

The meat formulation consisted of pork shoulder

and boneless belly (80%) and back fat (20%). The meat

was minced and mixed with NaCl (30 g kg�1), pepper

(5 g kg�1), garlic (2 g kg�1), white wine (2ml kg�1),

sodium nitrate (E 251) (150mg kg�1), when applicable.

The formulation of selected dairy starter cultures and

commercial probiotics used for the inoculation of

salami batter, when applicable, was prepared as

described above. The formulation of selected dairy

starter cultures and commercial probiotics cultures was

added, where appropriate, to achieve initial levels of

107 cfu g�1, with a cocci:bacilli:enterococci ratio of

2:1:1. All added cultures had reached a stationary

phase of growth. For each of the nine repetitions, the

meat was chopped in a cutter and once all the ingre-

dients had been added, it was mixed in a blender and

divided into different batters according to the experi-

mental protocol. The batters were stuffed under vac-

uum into natural swine casing with a 30mm diameter,

commencing with the mixture without a starter culture

and without nitrates. Individual sausages were formed

by tying the casing at approximately 100mm intervals

to give sausages, which were 30mm in diameter and

10 cm in length. After stuffing, the sausages were sus-

pended in an ARC 180 cold storage chamber

(Frigoimpianti, Bastia Umbra, Italy) for fermentation

and the various ripening programmes were applied, as

shown in Table 1. Figures 1 and 2 show the actual

temperature and relative humidity recorded by the

chamber data-logger).

Sampling procedure

Samples for analysis were taken at time 0 (meat mix-

ture immediately after stuffing), day 3 (middle fermen-

tation), day 7 (end-fermentation), day 13 (middle

ripening) and day 21 (end-ripening process). At each

sampling time, three sausages per group were ana-

lysed and three subsamples were taken from each

sausage. All analyses were conducted within 30min

after sampling.

Microbiological analysis

For the analysis of salami, approximately 25 g of sam-

ple were aseptically transferred to 225ml of sterile,

buffered, peptone water (Oxoid, CM1049), and homo-

genised in a stomacher (PBI International, Milan, Italy)

for 1min at low speed and 1min at high speed at

room temperature. Serial decimal dilutions in buffered

peptone water were prepared and triplicate 1ml or

0.1ml samples of appropriate dilutions were poured or

spread on the total count and on selective agar plates.

The total aerobic mesophilic microbiota was deter-

mined on plate count agar (Oxoid), incubated at 30 �C

for 72 h; lactic acid cocci spp. on M17 agar (Oxoid,

CM0785) to which 10% v/v lactose was added, incu-

bated at 37 �C for 48 h; Lactobacillus spp. on de Man,

Rogosa, Sharpe (MRS) Agar (Oxoid) acidified to pH 5.5,

incubated at 30 �C for 72 h under anaerobic conditions

(Gas generating kit, Oxoid, BR0038); Enterococci on

Slanetz and Bartley (SB) Agar (Oxoid, CM0377), incu-

bated at 37 �C for 48 h; Enterobacteriaceae on Violet

Red Bile Glucose (VRBG) Agar (Oxoid, CM0485), over-

laid with 5ml of the same medium and incubated at

37 �C for 24 h; coliform organisms on Violet Red Bile

Lactose (VRBL) Agar (Oxoid, CM0107), overlaid with

5ml of the same medium and incubated at 30 �C for

Table 1. Fermentation and ripening conditions used for
salame nostrano production.

Classic ripening con-
ditions (NO SPEC)

Specific ripening
conditions (SPEC)

Time T, �C RH, % T, �C RH, %

Hour 0–5 6 65 6 65
Hour 5–10 12 65 12 65
Hour 10–15 22 80 20 80
Hour 15–20 20 85 18 90
Hour 20–24 18 90 18 90
Day 1–6 16 90 12 80
Day 7–21 15 85 11 85

T: temperature; RH: relative humidity.
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Figure 1. Temperature (- - -) and relative humidity (—) recorded throughout fermentation and ripening of salame nostrano under
specific ripening conditions (SPEC).

Figure 2. Temperature (- - -) and relative humidity (—) recorded throughout fermentation and ripening of salame nostrano under
classic ripening conditions (NO SPEC).
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24 h. For Enterobacteriaceae and coliform organisms, in

case of counts below the detection limit as described

in the analysis of results section, counts were repeated

with the most probable number (MPN) method with

brilliant green bile (2%) broth (Oxoid, CM0031).

Pseudomonas spp. was determined on Pseudomonas

agar base (Oxoid, CM0559) added with Pseudomonas

CFC supplement (Oxoid, SR0103), incubated at 25 �C

for 48 h. Staphylococcus spp. on Rabbit Plasma

Fibrinogen (RFP) Agar (Oxoid, CM0961), with RFP

Supplement (Oxoid, SR0122), incubated at 37 �C for

48 h, all black shining colonies were counted with and

without halo. Presence/absence (P/A) analyses were

conducted for sulphite reducing Clostridium spp.,

C. botulinum, Listeria spp, non-sorbitol-fermenting

Escherichia coli, Salmonella spp. Staphylococcus aureus.

Sulphite-reducing Clostridium spp. were determined on

Perfringens Agar (Oxoid, CM0543) to which Perfringens

selective supplement A (Oxoid, SR0076) and B (Oxoid,

SR0077) were added. The ISO 6579 method was used

(ISO 2007) to isolate Salmonella spp. The ISO 11290

method (ISO 1996) was used to isolate Listeria spp. and

particularly Listeria monocytogenes. C. botulinum was

determined on C. botulinum agar base with egg yolk

emulsion and C. botulinum antimicrobic supplement

(Biolife, Milan, Italy) incubated in anaerobic conditions

for 48 h at 35 �C. Non-sorbitol-fermenting E. coli was

determined on Sorbitol MacConkey agar with a cefix-

ime-tellurite supplement (Oxoid) incubated on-air at

35 �C for 24 h. For S. aureus, after incubation in Rabbit

Plasma Fibrinogen (RFP) Agar, all black, convex colo-

nies with an opaque halo were examined under the

microscope after Gram staining, and tested for thermo-

nuclease production. Thermonuclease determination

was performed according to the method described by

Ibrahim (1981).

Physico-chemical and chemical analysis

With the sampling scheme used for microbiological

analysis (eight salami productions, nine repetitions,

three sausages per group at each sampling point,

three subsamples per sausage), the salami were macer-

ated in a chopper and appropriate portions of the

homogenised sample were used for chemical analysis.

A Double Pore F electrode (Hamilton Company, Reno,

NV) hooked to an Eutech pH 2700 (Eutech Instrument

Europe B.V.) was used to measure the pH by mixing

10 g of sausage with 90ml of distilled water. Water

activity (aw), was measured with a HygroLab 3 dew-

point hygrometer (Rotronic, Huntington, NY) using the

method described by the Association of Official

Analytical Chemists (AOAC 1980). Calibration was

performed using five saturated solutions of known aw.

Chemical composition and NaCl content were deter-

mined according to AOAC methods (AOAC 2000). aw
and pH were determined through ripening, whereas

chemical composition and NaCl content were deter-

mined on the day of stuffing and at the end of the

ripening process.

Sensory evaluation

Few days after the end of ripening, Salame nostrano

was assessed for differences in odour and taste

between the groups. Comparisons included all batches,

except those positive for pathogens. Each comparison

was evaluated using a triangle test (ISO 2004).

Methods have already been described elsewhere

(Cenci Goga et al. 2008; Cenci Goga et al. 2012).

Briefly, samples (a 4mm slice of salami) were placed

on the day of testing into semi opaque plastic cups

with plastic lids, assigned a random 3-digit code, and

stored and maintained at room temperature until sen-

sory testing. Samples were allowed to stand for at least

20min before testing. All combinations of the two

samples were presented within each sensory session

for an equal number of times. Two sets of three sam-

ples were presented to each panelist, representing a

balanced order of presentation. Panelists were

instructed to identify the sample that smelled and

tasted different in each group of three. There was add-

itional space for comments, with instructions to

describe any odour or taste associated with the unique

sample. Thirty-six volunteers (�18 year) were recruited

from the school of Veterinary Medicine of Perugia, to

serve on each panel session. Each panelist contributed

one observation per testing session, for a total of

36 observations per triangle test (each observation

consisting of two sets of 3 samples). Testing was con-

ducted in individual booths in the Laboratorio di

Ispezione degli Alimenti di Origine Animale.

A descriptive sensory evaluation was also performed

at the end of the ripening process. The panel consisted

of six assessors selected among the staff at the

Laboratorio di Ispezione degli Alimenti di Origine

Animale, previously trained in descriptive analysis for

cured meat products. The tasters were asked to test the

dry-cured sausages for the following characteristics: col-

our uniformity, colour intensity, fat/lean connection, fat/

lean distribution, acid flavour, rancid flavour,

bitter flavour, salty flavour, mould flavour, spicy

flavour, flavour intensity, elasticity, hardness, cohesive-

ness, chewiness, juiciness, fattiness. Each assessor

was given sheets with a 7-point scale (non-numbered

to avoid biased assessment) for each
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characteristic: 7¼maximum intensity and 1¼minimum

intensity. The evaluations were held in individual booths,

built according to the criteria of the International

Standards Organisation (ISO 2003). Samples were taken

from the middle of the sausage by cutting off 2 cm from

each edge. The sausage slices were 4mm thick and

were immediately served on a plastic dish covered with

plastic film and coded with random, three-digit num-

bers. Water and unsalted bread were provided to

cleanse the palate between samples. Assessments were

carried out under natural light at a room temperature of

20 ± 2 �C. The individual scores for each assessor were

then averaged to give a score for the taste panel as a

whole. Three evaluations for each different sausage

were made. Each evaluation was carried out in different

test sessions at the same time of day, between 10 and

12 am. To reduce fatigue, assessors conducted no more

than three tests per day, lasting a maximum of 1 h. The

significance and the quantitative scale for each descrip-

tor were discussed during the training sessions. A pre-

paratory session was held prior to analysis, so that each

assessor could thoroughly discuss and clarify each attri-

bute to be evaluated.

Analysis of results

For bacterial counts the arithmetic means within

each sampling was computed, and all data (geometric

mean for microbiology) were subsequently elaborated

with GraphPad InStat (La Jolla, CA), 3.0b and GraphPad

Prism 6.0d for Mac OS X. The log10 of the arithmetic

means for all microbiological analysis was calculated

for each of the nine repetitions, following which all

log10 data were analysed with GraphPad InStat,

version 3.0b, for Mac OS X for the analysis of variance

followed by the Tukey–Kramer multiple comparisons

test.

For microbiological results statistical analysis com-

pared the eight production methods by the analysis of

variance (GLM) and canonical discriminant analysis

(CDA) with the software SAS/STAT SAS 9.4. CDA is a

dimension-reduction technique related to principal

component analysis and canonical correlation. CDA

finds linear combinations (canonical variables) of the

quantitative variables (different microbiota groups) that

have the highest possible multiple correlations with

the groups and provide maximal separation between

groups in much the same way that principal compo-

nents summarize total variation. The canonical variable

can show substantial differences between the groups,

even though none of the original variables do. The

GLM results are expressed as the estimated means

(LSMean and MSE) and then compared by the

Tukey–Kramer Test, adjusted for multiple comparisons.

The detectable colony limit was 102 cfu g�1 for

spread plate and 10 cfu g�1 for pour plate and the

confidence limit 95%, according to the classic formula

2s¼ 2�x. Only values between 30 and 300 cfu were

considered suitable for data analysis. When the count

revealed lower values at the lowest dilution, the results

were reported as<300 for pour plate and<3000 for

spread plate and these data were not included for the

calculation of general mean value. For MPN, when

applied, the detection limit was 30 cfu g�1. In case of

quantitative analysis, samples showing at least one typ-

ical colony in the lowest dilution were defined as posi-

tive, otherwise the result was considered negative

(Cenci Goga et al. 2005).

The data for each triangle test was analysed by the

number of correct responses vs the total number of

responses. Parameters were defined at n¼ 36, a¼ 0.01,

b¼ 0.10 and pd¼ 50%; the critical number of

correct responses for significance was 20 out of 36

(Anonymous 2004). One test was administered per

repetition, and tests were not replicated. One-way

ANOVA and the Tukey–Kramer multiple comparisons

test were used to analyse the data for descriptive sen-

sory analysis. A p value of <0.05 was considered to be

significant.

Results

Characterization of the commercial probiotic

strains Enterococcus faecium UBEF-41

The isolate subjected to sequencing and BLAST ana-

lysis was closely related to known species, with�97%

nucleotide sequence identity. It is commonly accepted

that if two organisms share a 16S rRNA gene sequence

identity higher than 97%, they have to be considered

closely related. From BLAST analysis the strain was con-

firmed as Enterococcus faecium.

Antibiotic susceptibility was evaluated using zone

diameter interpretive criteria after an average of two

readings. Isolates were expressed as susceptible (S),

intermediate (I) and resistant (R) according to CLSI

published breakpoint interpretations based on pharma-

cokinetic and pharmacodynamic data (CLSI 2011).

Susceptibility to inhibitors of cell wall synthesis: the

strain showed resistance towards ampicillin and methi-

cillin. Assays for b-lactamase inhibitors revealed partial

resistance to amoxicillin–clavulanic acid. The strain was

susceptible for vancomycin Susceptibility to inhibitors

of nucleic acid synthesis: concerning quinolones, the

isolate was resistant to nalidixic acid and cyprofloxacin.
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Susceptibility to protein synthesis inhibitors: all strains

were susceptible to tetracyclines, gentamicin and

resistant to streptomycin and to erythromycin. Finally,

intermediate resistance was observed to kanamycin

and neomycin.

Microbial analysis

Total aerobic mesophilic microbiota, LAB and

enterococci

Figure 3(a) shows the results. On the day of produc-

tion, salami without starter had very low levels of LAB,

while counts in salami made with starter were higher

than 106 cfu g�1. In fully ripened salami, LAB were

above 106 cfu g�1 in all starter added groups

(>107 cfu g�1 in salami made without added nitrates),

whereas counts were below 107 cfu g�1 (<107 cfu g�1

in salami with added nitrates) in all batches without

added starter. Enterococci were below 104 cfu g�1 in all

sausages made without starter, and above 106 cfu g�1

for all salami with added starter on the day of stuffing.

In fully ripened salami, Enterococci mean values were

above 106 cfu g�1 for all starter groups and below

106 cfu g�1 for all groups made without starter.

Figure 3(b) shows the results for Staphylococcus

spp., Pseudomonas spp., Enterobacteriaceae and coli-

form organisms. On the day of stuffing, mean

Staphylococcus spp. counts were between 103 and

104 cfu g�1 for all groups. Pseudomonas spp. levels

were between 105 cfu g�1–106 cfu g�1 in all groups

made without nitrates. Enterobacteriaceae were lower

than 102 cfu g�1 for salami made with starter and with-

out nitrates and below 103 cfu g�1 for other groups.

Coliform organisms were above 102 cfu g�1 in all

groups added with nitrates and between 10 cfu g�1 to

nondetectable in other groups. At the end of ripening,

Staphylococcus spp. were over 105 cfu g�1 for groups

made without nitrates and without starter and below

105 cfu g�1 for all groups made with added starter and

for the two groups without starter, but with added

nitrates. Pseudomonas spp. counts were above

104 cfu g�1 in all salami made without starter and

below 103 cfu g�1 in all groups made with added

starter. Enterobacteriaceae were higher than 102 cfu g�1

in salami made without starter and lower than

10 cfu g�1 in all starter-added salami. Coliform organ-

isms were never detected in salami made with starter

and above 10 cfu g�1 in all salami without starter.

Table 2 shows the counts and the statistical evalu-

ation data (analysis of variance followed by the

Tukey–Kramer multiple comparisons test) for all groups

at the end of ripening.

Pathogens

Table 3 shows sulphite-reducing clostridia, C. botu-

linum, Listeria spp., non-sorbitol-fermenting E. coli,

S. aureus and Salmonella spp. Sulphite-reducing clostri-

dia, C. botulinum, Salmonella spp. and non-sorbitol-fer-

menting E. coli were never found. Listeria spp. was

isolated up to day 7 in all salami, whereas at day 13,

isolation was negative only for salami made with

nitrate, starter and ripened under classic ripening con-

ditions. At the end of ripening, Listeria spp. was iso-

lated only from those groups of salami made without

nitrates and without starter. L. monocytogenes was

never detected. Staphylococcus aureus was isolated

from all groups at up to day 7, whereas at day 13, only

salami aged under specific ripening conditions were

negative (with and without starter in the case of salami

made with added nitrate and only with starter in the

case of salami produced without nitrate). At the end of

ripening, all groups were negative for S. aureus, except

the groups of salami made without nitrate and under

classic ripening conditions.

Physico-chemical and chemical analysis

Figures 4 and 5 show aw and pH. On day 13, aw
decreased to 0.84–0.86 in all groups ripened under spe-

cific conditions and was below 0.84 in all groups rip-

ened under classic ripening conditions. Fully ripened

salami was between 0.79 and 0.82. Mean pH values on

the day of stuffing were between 5.96–5.99 and reached

values between 5.61–5.80 on day 7 and values between

5.32–5.47 at the end of ripening for all batters. Table 4

shows the chemical composition: on the day of stuffing,

proteins were 39.73, fat 48.64, ashes 8.92, (g 100 g�1

total solids), and similar data were obtained at the end

of ripening. Moisture decreased from 60.68% (standard

error: 0.40) on the day of stuffing to 26.68% (standard

error: 0.72) in full ripened salami.

Sensory evaluation

Table 5 shows the results of the triangle test per-

formed for all production with nitrates and for the only

production without nitrates that was negative for

pathogens (i.e. salami made with starter and ripened

under specific conditions). For salami ripened under

classic ripening conditions, the panelists detected dif-

ferences (a¼ 0.01) between salami made with starter

and salami made without starter. For salami made with

starter addition, differences were detected between

salami ripened under classic vs specific ripening condi-

tions (a¼ 0.10). Differences were also detected
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Figure 3. Evolution of microbiota during (a) fermentation and (b) ripening of salame nostrano. (—�—: nitrate, no starter, classic
ripening; —�—: nitrate, no starter, specific ripening; —�—: nitrate, starter, classic ripening; —�—: nitrate, starter, specific ripen-
ing; � � ��� � �: no nitrate, no starter, classic ripening; � � ��� � �: no nitrate, no starter, specific ripening; � � ��� � �: no nitrate, starter,
classic ripening, � � ��� � �: no nitrate, starter, specific ripening).
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between all groups made with starter vs all groups

made without starter (a¼ 0.05). No differences were

detected for salami made without starter under classic

vs specific ripening conditions and for salami ripened

under specific ripening conditions in starter vs no

starter groups. All the results of the sensory analysis

for all groups are given in Figure 6 and Table 6: no

statistically significant differences were detected

among groups (p< 0.05).

Multivariate canonical discriminant analysis

A multivariate canonical discriminant analysis was per-

formed to synthesise the effect of ripening and the

use of starters and nitrites on the different microbiota

groups to aid the visual interpretation of the differen-

ces in group. The classificatory variable was the com-

bination of the three treatments at the end of the

ripening and quantitative variables were the related

Table 2b. Counts at the end of ripening for total Staphylococcus spp., Pseudomonas spp., Enterobacteriaceae and coliform organ-
isms (Log CFU g�1).

NIT NO NIT

NO STA STA NO STA STA

NO SPEC SPEC NO SPEC SPEC NO SPEC SPEC NO SPEC SPEC

Staphylococcus spp.
Mean 4.55b 5.02b 4.68b 4.79b 5.76a 6.08a 3.93 4.58b

SD 0.33 0.22 0.27 0.10 0.19 0.13 0.30 0.14
n 9 9 9 9 9 9 9 9
SE 0.11 0.07 0.09 0.03 0.06 0.04 0.10 0.05

Pseudomonas spp.
Mean 4.40a 4.53a 2.24b 1.46b 4.24a 4.83a 1.97b 2.22b

SD 0.19 0.45 0.21 0.59 0.26 0.29 1.15 0.98
N 9 9 9 9 9 9 9 9
SE 0.06 0.15 0.07 0.20 0.09 0.10 0.38 0.33

Enterobacteriaceae
Mean 1.67ab 2.52ab nd nd 1.88ab 2.23a nd 0.55b

SD 1.58 1.90 0.00 0.00 0.75 0.05 0.00 0.44
n 9 9 9 9 9 9 9 9
SE 0.53 0.63 0.00 0.00 0.38 0.02 0.00 0.15

Coliform organisms
Mean 1.88ab 2.57a nd nd 1.43ab 2.64a nd nd
SD 1.79 1.61 0.00 0.00 1.50 0.06 0.00 0.00
n 9 8 9 9 9 9 9 9
SE 0.60 0.57 0.00 0.00 0.50 0.02 0.00 0.00

Means values with different superscripts in the same row are significantly different (p< 0.001). SD: standard deviation; SE: standard error; n: number of
samples; nd: not determined.

Table 2a. Counts at the end of ripening for total aerobic mesophilic microbiota, LAB and enterococci (Log CFU g�1).

NIT NO NIT

NO STA STA NO STA STA

NO SPEC SPEC NO SPEC SPEC NO SPEC SPEC NO SPEC SPEC

Total aerobic microbiota
Mean 4.33a 5.47ab 6.25abc 6.74bc 5.95b 6.54bc 6.96bc 7.68c

SD 1.96 0.53 0.30 0.54 0.28 0.24 0.11 0.50
n 7 9 9 9 9 8 9 9
SE 0.74 0.18 0.10 0.18 0.09 0.08 0.04 0.17

Lactococci
Mean 4.78a 3.87a 6.78bc 6.07 b 6.09b 7.12bc 7.40c 7.73c

SD 0.46 0.59 1.05 0.62 0.27 0.22 0.27 0.61
n 9 9 9 9 9 9 9 9
SE 0.15 0.20 0.35 0.21 0.09 0.07 0.09 0.20

Lactobacilli
Mean 4.98a 5.45a 6.49bc 7.07c 6.13b 7.05c 8.38d 7.97d

SD 0.81 0.32 0.30 0.32 0.47 0.14 0.14 0.16
n 9 9 9 9 9 9 9 9
SE 0.27 0.11 0.10 0.11 0.16 0.05 0.05 0.05

Enterococci
Mean 3.33 5.03a 6.09 bd 6.34 bd 5.39ac 5.80bc 6.49de 7.06e

SD 0.54 0.33 0.12 0.31 0.39 0.17 0.17 0.36
n 9 7 9 9 9 9 9 9
SE 0.18 0.12 0.04 0.10 0.13 0.06 0.06 0.12

SD: standard deviation; SE: standard error; n: number of samples. Mean values with different superscripts in the same row are significantly different,
p< 0.001).
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counts of microbiota. Canonical Variable 1 (Can1) in

Figure 7 shows how to relate the groups to the use of

starters. More groups are far away from the centre and

most are related: sausages without starters are on the

right positive side; sausages with added starter and

free of nitrites are on the far negative left side;

sausages with added starter and nitrites are on the

near negative left side. The raw canonical coefficients

which best define the first canonical variable are

positive for Staphylococcus spp. (1.7863), Pseudomonas

spp. (0.9866) and coliforms (0.2730), and negative

for lactobacilli (�1.9095) and enterococci (�1.5283).

This means that the microbial groups mentioned

above are more correlated with the related groups in

the same sector as shown in Figure 8. Coliform and

Enterobacteriaceae were found only in the salami with-

out probiotics.

The Canonical Variable 2 (Can 2) axis best correlated

to the effect of nitrite and ripening. On the right side,

sausages made without added starter cultures need

nitrites to control microbial groups, and free nitrites

groups are in the upper right quadrant. Those with

nitrite are in the lower side. The importance to use

nitrites is shown by a greater dispersion along the

second axis. On the left side, groups are concentrated

along axis 1 to indicate the poor correlation with

nitrites and ripening due to the use of starters.

The raw canonical coefficients that most define the

second-canonical variable are positive for the

Staphylococcus spp. (3.7257) and Lactobacilli (2.0163)

and negative for lactic acid cocci (-0.4695).

The univariate statistics for classificatory variable

showed R2 values ranging from 0.5608 for

Enterobacteriaceae (EB) to 0.9524 for Lactobacilli (LB),

and each variable is significant below 0.001. Obviously,

the multivariate test is also highly significant. The R2

canonical correlation between Can1 and the class vari-

able, 0.9798, is not much larger than the correspond-

ing R2 for Can2, 0.9124. The Can1 discriminates 75% of

the variability and the Can2 16%. Therefore, it is pos-

sible to correlate 91% of the total variability with two

variables. This indicates a very strong contribution on

the two axes of the discriminatory variables used.

Discussion

The growth of Staphylococcus aureus, Pseudomonas

spp., Enterobacteriaceae and coliform organisms and

Listeria spp. was inhibited in salami made without the

addition of curing nitrate and with the proposed

starter culture formulation along with specific ripening

conditions. The pH value (5.96–5.99 on the day of

Table 3. Isolation of S. aureus, sulphite-reducing Clostridium spp., C. botulinum, Salmonella spp., Listeria spp. and non-sorbitol-fer-
menting E. coli from salame nostrano (positive samples/tested samples) during fermentation and ripening.

NIT NO NIT

NO STA STA NO STA STA

NO SPEC SPEC NO SPEC SPEC NO SPEC SPEC NO SPEC SPEC

Day-0
Sulphite-reducing Clostridium spp. 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9
C. botulinum 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9
Salmonella spp. 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9
Listeria spp. 5/9 5/9 5/9 5/9 6/9 5/9 5/9 6/9
Non-sorbitol-fermenting E. coli 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9
S. aureus 2/9 3/9 3/9 2/9 2/9 2/9 2/9 2/9

Day-7
Sulphite-reducing Clostridium spp. 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9
C. botulinum 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9
Salmonella spp. 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9
Listeria spp. 4/9 3/9 2/9 4/9 6/9 5/9 5/9 6/9
Non-sorbitol-fermenting E. coli 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9
S. aureus 2/9 3/9 3/9 2/9 2/9 2/9 2/9 2/9

Day-13
Sulphite-reducing Clostridium spp. 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9
C. botulinum 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9
Salmonella spp. 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9
Listeria spp. 2/9 3/9 0/9 1/9 5/9 5/9 2/9 2/9
Non-sorbitol-fermenting E. coli 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9
S. aureus 2/9 0/9 1/9 0/9 2/9 2/9 2/9 0/9

Day-21
Sulphite-reducing Clostridium spp. 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9
C. botulinum 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9
Salmonella spp. 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9
Listeria spp. 0/9 0/9 0/9 0/9 4/9 3/9 0/9 0/9
Non-sorbitol-fermenting E. coli 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9
S. aureus 0/9 0/9 0/9 0/9 2/9 0/9 1/9 0/9
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Figure 4. Changes of aw in salame nostrano during fermentation and ripening (average values of five replicates, sampled in tripli-
cate and standard error, SE). (—�—: nitrate, no starter, classic ripening; —�—: nitrate, no starter, specific ripening; —�—:
nitrate, starter, classic ripening; —�—: nitrate, starter, specific ripening; �������: no nitrate, no starter, classic ripening; � � ��� � �: no
nitrate, no starter, specific ripening; � � ��� � �: no nitrate, starter, classic ripening, � � ��� � �: no nitrate, starter, specific ripening).

Figure 5. Changes of pH in salame nostrano during fermentation and ripening (average values of five replicates, sampled in tripli-
cate and standard error, SE). (—�—: nitrate, no starter, classic ripening; —�—: nitrate, no starter, specific ripening; —�—:
nitrate, starter, classic ripening; —�—: nitrate, starter, specific ripening; � � ��� � �: no nitrate, no starter, classic ripening; � � ��� � �: no
nitrate, no starter, specific ripening; � � ��� � �: no nitrate, starter, classic ripening, � � ��� � �: no nitrate, starter, specific ripening).
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stuffing) inside the meat decreased to 5.36 in fully rip-

ened salami. Desirable colour formation was observed,

and the cohesiveness of the meat was slightly higher

in the NO NIT–STA-SPEC group when compared to NO

NIT–NO STA-SPEC. A decline in numbers of

Enterobacteriaceae was observed at the end of ripening

(day-21) for all groups of salami made with the add-

ition of starter cultures. At the end of ripening, in fact,

the counts of Enterobacteriaceae were lower than

10 cfu g�1 in all groups made with starter cultures,

whereas counts were consistently higher than

102 cfu g�1 for the groups made without starter cul-

tures. A more dramatic drop was observed for coliform

organisms, given that they were always undetectable

in all groups of salami made with starter addition,

whereas counts reached values up to 2.64 in all groups

of salami made without starter.

A similar pattern was observed for Pseudomonas

spp., when all groups of salami made without starter

had counts higher than 104 cfu g�1 and all groups

made with starter were below 103 cfu g�1.

At the end of ripening, S. aureus and Listeria spp.

were only isolated from sausages made without

nitrates, with the exception of the batches made with

starter and ripened under specific conditions.

At the end of ripening (day 21), counts for lactic

microbiota, total mesophilic microbiota and entero-

cocci in all salami made with starter, without nitrate

and ripened under specific ripening conditions were

higher than any count in the groups made with added

nitrates, even in the two groups to which the starter

cultures had been added. This might be linked to a

known and described sensitivity of certain strains of

lactic acid bacteria to nitrite or nitrate (Verluyten et al.

2003). On the other hand, given that our strains had

been selected on the basis of their growth at low tem-

perature (Cenci-Goga et al. 2015), generally, salami rip-

ened under specific ripening conditions had counts

consistently higher than their counterparts ripened

under classic ripening conditions.

Statistically significant differences for Staphylococcus

spp., Pseudomonas spp., Enterobacteriaceae and coli-

form organisms were less evident, given that a natural

decline for these microbial groups is usually also

observed in home-made salami, produced neither with

a starter culture nor additives (Cenci Goga et al. 2008;

Al-Zeyara et al. 2011; Forzale et al. 2011; Tasic et al.

2012; Cenci Goga et al. 2012).

The final pH for all groups of salami was similar,

ranging from 5.32 to 5.47 at day21, with a similar

decrease pattern for all groups. This demonstrates that

the formulation used as starter does not cause a sud-

den drop in acidity, as observed in fast-fermented sau-

sages (Feiner 2006). A similar pattern was recorded for

aw drop, although in this case, a different decrease

was observed, especially at the end of fermentation,

when all groups of salami ripened under specific ripen-

ing conditions had slightly higher values, due to the

higher fermentation humidity of the protocol. At the

end of ripening (day21), however, all groups reached

very similar values, ranging between 0.79 and 0.82.

The starter formulation used in this experiment,

together with the ripening conditions, was able to

maintain pH just above 5, which is a good compromise

for the hygienic and the organoleptic characteristics

(Cizeikiene et al. 2013). The addition of the proposed

formulation, together with the specific ripening condi-

tions, did not modify the characteristics of the final

products, when compared with the characteristics of

salami produced according to the traditional proced-

ure. Moreover, salami of the groups made without

nitrates were less rancid and all groups made with

starter had a lesser bitter flavour (Table 6). This is pos-

sibly related to the incorporation of the Enterococcus

faecium strain in the starter formulation. In fact,

throughout fermentation and ripening, counts of enter-

ococci were consistently higher in salami made with

the addition of starter cultures, when compared to

salami produced without starter addition. Enterococci

are, in fact, capable of modulating the aroma by con-

verting amino acids and free fatty acids (Gonz�alez-

Table 4. Chemical parameters on the day of stuffing and at
the end of ripening salame nostrano.

Day of stuffing Mean SE n

Proteins g 100 g�1 total solids 39.73 0.66 9
Fat g/100 g�1 total solids 48.64 1.51 9
Ashes g/100 g�1 total solids 8.92 0.10 9
Moisture 60.68 0.40 9
End of ripening

Proteins g/100 g�1 total solids 42.67 1.17 9
Fat g/100 g�1 total solids 47.34 1.56 9
Ashes g/100 g�1 total solids 9.23 0.26 9
Moisture 29.68 0.72 9

Average values of nine replicates sampled in triplicate and standard error
(SE).

Table 5. Sensory analysis, triangle test for salame
nostrano.

a: 0.01

STA NO SPEC vs NO STA NO SPEC s
STA NO SPEC vs STA SPEC ns
NO STA NO SPEC vs NO STA SPEC ns
STA SPEC vs NO STA SPEC ns

Alpha (a): probability of concluding that a perceptible dif-
ference exists when one does not; Beta (b): probability of
concluding that no perceptible difference exists when one
does; pd: the proportion of assessments in which a percep-
tible difference is detected between the two products.
b¼ 0.10, pd¼ 50%; s: statistically significant (p< 0.05); ns:
statistically nonsignificant.
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(a)

Figure 6. Sensory descriptive analysis of salame nostrano (a: appearance attributes; b: basic tastes; c: texture attributes). (—�—:
nitrate, no starter, classic ripening; —�—: nitrate, no starter, specific ripening; —�—: nitrate, starter, classic ripening; —�—:
nitrate, starter, specific ripening; � � ��� � �: no nitrate, starter, specific ripening).
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Fern�andez et al. 2006; Leroy et al. 2006; Corbiere

Morot-Bizot et al. 2007; Garc�ıa Font�an et al. 2007). The

E. faecium strain used in this study showed resistance

to ampicillin, quinolones (nalidixic acid and ciprofloxa-

cin) and erythromycin, which are known to be trans-

missible through the so-called horizontal gene transfer

(HGT) (Kristich et al. 2014). The strain was indeed sus-

ceptible to glicopeptides and tetracycline, even if those

antibiotics are frequently related to HGT. Some con-

cerns can be raised to the resistance to ampicillin, but

it is known that Enterococcus spp. may present an

intrinsic tolerance towards the achievable concentra-

tions of beta-lactams commonly used.

The use of the starter strains described in this study,

together with the specific ripening conditions applied

mainly based on lower temperatures, is a great tool for

limiting the growth and survival of undesirable micro-

biota, yet maintaining sensory properties of dry salami

produced in Umbria, Italy. The use of cold-adapted

microorganisms in food biotechnology has been

very limited. In the area of food biotechnology, cold-a-

dapted microorganisms, i.e. psychrophilic, psychrotro-

phic and psychrotolerant microorganisms, have

generally been regarded as food-spoilage rather than

as potentially useful organisms, although several cold-

active enzymes have been isolated from cold-adapted

microorganisms. These enzymes include lipases, pro-

teases, galactosidases, alkaline phosphatases, triose-

phosphate isomerase and amylase (Okuyama et al.

1999).

This research proved that the use of cold-adapted

strains (a commercial strain of E. faecium and lacto-

cocci and lactobacilli of dairy origin), together with fer-

mentation and ripening based on low temperatures,

achieve a statistically significant inhibition of patho-

gens without any detrimental effect on sensory assets

of salami. Several techniques have been proposed to

obtain low-acid salami, yet preserving the safety of

these meat products, including low-temperature fer-

mentation, but none of them proved to be worthwhile

when applied alone (Moore 2004). The formulation of

selected LAB used in this study is the result of previous

investigations carried out on farm-manufactured

cheeses and on the properties of autochthonous LAB.

This formulation has been chosen on the basis of

growth at low temperatures and acidifying activity

tests, previously conducted on several different associ-

ations of LAB, using a fourth degree polynomial as an

empirical model to fit the experimental data so that

the formulation of choice was the association with the

Figure 6. Continued.
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maximum acceleration and instantaneous acidification

rate (Clementi et al. 1998; Cenci-Goga et al. 2015).

The original formulation (without the probiotic

strain) has already proven to be effective in reducing

Enterobacteriaceae, S. aureus, Listeria spp. and

Salmonella spp., both in cheeses and in fermented sau-

sages (Cenci Goga et al. 1995; Cenci Goga & Vizzani,

1998; Clementi et al. 1998; Cenci Goga et al. 2008;

Cenci Goga et al. 2012). Previous studies conducted by

the authors demonstrated that this starter formulation

greatly inhibited the growth of S. aureus together with

enterotoxin and thermonuclease production, in both

field trials and in controlled in vitro conditions. Results

were demonstrated on both selective and non-select-

ive media (Cenci Goga et al. 1994; Cenci Goga &

Vizzani 1998; Miraglia et al. 2002). With this research

the experience was further developed with the inclu-

sion of the probiotic strain and with the use of low

temperature throughout fermentation and ripening.

Table 6. Sensory descriptive analysis of salame nostrano.

NIT–NO STA–NO
SPEC NIT–NO STA–SPEC NIT–STA–NO SPEC NIT–STA–SPEC NO NIT–STA–SPEC

Mean SEM n Mean SEM n Mean SEM n Mean SEM n Mean SEM n

Colour intensity 4.5 0.5 8 4.38 0.32 8 4 0.71 5 4.25 0.56 8 4.53 0.47 15
Colour uniformity 4.5 0.57 8 3.38 0.46 8 3.6 0.68 5 4.38 0.26 8 5 0.43 15
Fat/lean connection 4.75 0.59 8 3.63 0.42 8 4.4 0.51 5 4.14 0.59 7 4.47 0.42 15
Fat/lean distribution 4.13 0.58 8 3.43 0.3 7 4 0.55 5 3.86 0.67 7 4.87 0.43 15
Odour (overall intensity) 3.38 0.5 8 3.88 0.3 8 3.6 0.81 5 3.5 0.6 8 4.53 0.35 15
Mould odour 1.75 0.25 8 3 0.53 8 2 0.32 5 2 0.5 8 2.47 0.38 15
Salty taste 4 0.5 8 5.5 0.27 8 3.2 0.8 5 4 0.53 8 3.53 0.32 15
Acid flavour 2.63 0.6 8 3.13 0.58 8 2.6 0.4 5 3.25 0.53 8 2.6 0.35 15
Bitter flavour 2.25 0.41 8 2.75 0.53 8 1.6 0.4 5 2.25 0.37 8 2.33 0.3 15
Rancid 2.63 0.65 8 2.13 0.35 8 2.6 0.81 5 3.25 0.7 8 1.73 0.21 15
Spicy flavour 4.13 0.3 8 4 0.53 8 2.4 0.6 5 3.88 0.55 8 3.07 0.4 15
Mould taste 2 0.5 8 2.5 0.6 8 1.6 0.24 5 1.75 0.25 8 2.2 0.34 15
Flavour intensity 4.5 0.33 8 5.38 0.32 8 3.2 0.66 5 4.88 0.23 8 4.47 0.4 15
Elasticity 4.38 0.32 8 3.88 0.64 8 4.6 0.68 5 3.13 0.3 8 3.27 0.42 15
Hardness 3.13 0.48 8 2.5 0.57 8 3.2 0.58 5 4.25 0.49 8 3.87 0.36 15
Cohesiveness 4.13 0.35 8 4.63 0.68 8 4.6 0.4 5 4.13 0.52 8 4.93 0.34 15
Chewiness 4.88 0.23 8 5.13 0.52 8 4.4 0.81 5 4.63 0.5 8 4.33 0.39 15
Juiciness 3.63 0.42 8 4 0.27 8 4.4 0.68 5 3.25 0.59 8 3.33 0.37 15
Fattiness 4.13 0.35 8 4.5 0.53 8 3.4 0.51 5 4.13 0.35 8 3.27 0.3 15
Overall acceptability 5.38 0.42 8 5.29 0.42 7 3.6 0.51 5 4.63 0.42 8 4.87 0.35 15

SEM: standard error. n is the samples tested.

Figure 7. Axis 1-2 by canonical discriminant analysis for use of
starters, nitrites and type of ripening at the end of ripening.

Figure 8. Axis 1-2 by canonical discriminant analysis with the
means of treatments and microbial groups. (ST: Staphylococcus
spp.; LB: lactobacilli; EC: enterococci; LC: lactic acid cocci; TA:
total aerobic; CL: coliform organisms; EB: Enterobacteriaceae; PS:
Pseudomonas spp.).
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The combination of the two hurdles described in this

study is an additional tool for preventing the growth

and survival of potentially pathogenic bacteria, and

contribute to sensory qualities of low acid, nitrite and

nitrate-free, fermented sausages.

Acknowledgements

The authors wish to express sincere appreciation to members

of Polyglot, Perugia for a careful reading and comments on

the manuscript.

Disclosure statement

The authors report no conflicts of interest. The authors alone

are responsible for the content and writing of this article.

Funding information

This research was supported by a grant from the

Sviluppumbria SpA, iStart programme 2014, prot. 28.

ORCID

Beniamino T. Cenci-Goga http://orcid.org/0000-0002-3993-

6258

References

Al-Zeyara SA, Jarvis B, Mackey BM. 2011. The inhibitory effect

of natural microflora of food on growth of Listeria mono-

cytogenes in enrichment broths. Int J Food Microbiol.

145:98–105.

Anonymous. 2004. Sensory analysis – methodology – triangle

test. ISO 4120:2004. G. Geneva, Switzerland: ISO –

International Organization for Standardization.

Anonymous. 2014. Enterococcus faecium UBEF-41. Vol. 2015.

Unique Biotech Ltd (UBL); [cited 2016 Jun]. Available from:

http://uniquebiotech.com/products/animal_healthcare/

enterococcus_faecium.

AOAC. 1980. Water activity: 32.004-32.009. 13th ed., 1980. In:

Official methods of analysis of the AOAC. Washington (DC):

Association of Official Analytical Chemists. p.

32.004–32.009.

AOAC. 2000. Official Methods of Analysis of AOAC

International. 17th ed. Washington (DC): Association of

Official Analytical Chemists.

Barbut S. 2010. Color development during natural fermenta-

tion and chemical acidification of salami-type products.

J Muscle Foods. 21:499–508.

Cenci Goga BT, Clementi F, Di Antonio E. 1995. Behaviour of

lactic and non lactic microflora during production and rip-

ening of farm manufactured Pecorino cheese. Ann

Microbiol. 45:219–236.

Cenci Goga BT, Clementi F, Latini M, Rea S, Di Antonio E.

1994. Behaviour of Staphylococcus spp. and Staphylococcus

aureus during production and ripening of pecorino cheese

manufactured in Umbria. Proceedings of the 48th Congr.

SISVet, Giardini Naxos, Italy. p. 833–837.

Cenci Goga BT, Ortenzi R, Bartocci E, Codega de Oliveira

A, Clementi F, Vizzani A. 2005. Effect of the implemen-

tation of HACCP on the microbiological quality of meals

at a university restaurant. Foodborne Pathog Dis.

2:138–145.

Cenci Goga BT, Ranucci D, Miraglia D, Cioffi A. 2008. Use of

starter cultures of dairy origin in the production of Salame

nostrano, an Italian dry-cured sausage. Meat Sci.

78:381–390.

Cenci Goga BT, Rossitto PV, Sechi P, Parmegiani S, Cambiotti

V, Cullor JS. 2012. Effect of selected dairy starter cultures

on microbiological, chemical and sensory characteristics of

swine and venison (Dama dama) nitrite-free dry-cured

sausages. Meat Sci. 90:599–606.

Cenci Goga BT, Vizzani A. 1998. Valutazione dell’attivit�a anti-

batterica nei confronti di Staphylococcus aureus di stipiti

di batteri lattici isolati da produzioni lattiero-casearie

umbre. Proceedings of the 8th Congr. AIVI, Sorrento, Italy.

p. 285–288.

Cenci-Goga B, Karama M, Sechi P, Iulietto MF, Novelli S,

Selvaggini R, Mattei S. 2015. Growth inhibition of selected

microorganisms by an association of dairy starter cultures

and probiotics. Ital J Anim Sci. 14:246–250.

Cintas LM, Casaus P, Håvarstein LS, Hern�andez PE, Nes IF.

1997. Biochemical and genetic characterization of entero-

cin P, a novel sec-dependent bacteriocin from Enterococcus

faecium P13 with a broad antimicrobial spectrum. Appl

Environ Microb. 63:4321–4330.

Cizeikiene D, Juodeikiene G, Paskevicius A, Bartkiene E. 2013.

Antimicrobial activity of lactic acid bacteria against patho-

genic and spoilage microorganism isolated from food and

their control in wheat bread. Food Control. 31:539–545.

Clementi F, Cenci Goga BT, Trabalza-Marinucci M, Di

Antonio E. 1998. Use of selected starter cultures in the pro-

duction of farm manufactured goat cheese from thermized

milk. Ital J Food Sci. 10:41–56.

CLSI. 2011. Performance standards for antimicrobial suscepti-

bility testing. 21st informational supplement CLSI

M100–S21 ed. Wayne, PA, USA.

Corbiere Morot-Bizot S, Leroy S, Talon R. 2007. Monitoring of

staphylococcal starters in two French processing plants

manufacturing dry fermented sausages. J Appl Microbiol.

102:238–244.

Dellapina G, Blanco D, Pancini E, Barbuti S, Campanini M.

1994. Microbiological evolution in Italian Felino, Milan and

Hungarian-style salami. Industria Conserve. 69:85–92.

Feiner G. 2006. Meat products handbook: practical science

and technology. Abington Hall, Abington, Cambridge (UK):

Woodhead Publishing Limited.

Forzale F, Nuvoloni R, Pedonese F, D’Ascenzi C, Giorgi M.

2011. Biogenic amines content in Tuscan traditional prod-

ucts of animal origin. Med Wet. 67:110–114.

Garc�ıa Font�an MC, Lorenzo JM, Parada A, Franco I, Carballo J.

2007. Microbiological characteristics of ‘‘androlla’’, a

Spanish traditional pork sausage. Food Microbiol. 24:52–58.

Gonz�alez-Fern�andez C, Santos EM, Rovira J, Jaime I. 2006. The

effect of sugar concentration and starter culture on instru-

mental and sensory textural properties of chorizo-Spanish

dry-cured sausage. Meat Sci. 74:467–475.

ITALIAN JOURNAL OF ANIMAL SCIENCE 373

http://uniquebiotech.com/products/animal_healthcare/enterococcus_faecium
http://uniquebiotech.com/products/animal_healthcare/enterococcus_faecium


Haga S, Kato T, Kotuka K. 1994. Effects of curing and ferment-

ing time on the quality of hams fermented with psychro-

trophic lactic acid bacteria. Nippon Shokuhin Kogyo

Gakkaishi. 41:797–802.

Holley RA, Lammerding AM, Tittiger F. 1988. Occurrence and

significance of streptococci in fermented Italian type dry

sausage. Int J Food Microbiol. 7:63–72.

Ibrahim GF. 1981. A simple sensitive method for determining

staphylococcal thermonuclease in cheese. J. Bacteriol.

51:307–312.

ISO. 1996. Microbiology of food and animal feeding stuff.

Horizontal method for detection and enumeration of

Listeria monocytogenes. Detection Method. ISO 11290-

1:1996. Geneva, Switzerland: International Organization for

Standardization.

ISO. 2003. Sensory analysis – Guidelines for the use of quanti-

tative response scales, ISO 4121:2003. Geneva, Switzerland:

International Organization for Standardization.

ISO. 2004. Sensory analysis – Methodology – Triangle test,

ISO 4120:2004. Geneva, Switzerland: International

Organization for Standardization.

ISO. 2007. Microbiology of food and animal feeding stuffs –

Horizontal method for the detection of Salmonella spp.

ISO 6579:2002/Amd 1:2007. Geneva, Switzerland:

International Organization for Standardization.

Kristich CJ, Rice LB, Arias CA. 2014. Enterococcal infection-

treatment and antibiotic resistance. In: Gilmore MS, Clewell

DB, Ike Y, and Shankar N, editors. Enterococci: from com-

mensals to leading causes of drug resistant infection.

Boston (MA): Massachusetts Eye and Ear Infirmary. p.

87–134.

Leistner L, Gorris L. 1994. Food preservation by combined

processes. European Commission – Directorate General XII,

Science, Research and Development, Final Report, FLAIR

Concerted Action No. 7, Subgroup B.

Leroy F, Verluyten J, De Vuyst L. 2006. Functional meat starter

cultures for improved sausage fermentation. International J

Food Microbiol. 106:270–285.

Marco A, Navarro JL, Flores M. 2008. The sensory quality of

dry fermented sausages as affected by fermentation stage

and curing agents. Eur Food Res Technol. 226:449–458.

Miraglia D, Vizzani A, Cenci Goga BT. 2002. Staphylococcal

growth and enterotoxin production in the presence of lac-

tic acid bacteria. Proceedings 12th Congr. AIVI, Marsala,

Italy, p. 163–167.

Moore JE. 2004. Gastrointestinal outbreaks associated with

fermented meats. Meat Sci. 67:565–568.

Okuyama H, Morita N, Yumoto I. 1999. Cold-adapted microor-

ganisms for use in food biotechnology. In: Margesin R and

Schinner F, editors. Biotechnological applications of cold-

adapted organisms. Heidelberg, Germany: Springer Berlin.

p. 101–115.

Osimani A, Garofalo C, Aquilanti L, Milanovic V, Clementi F.

2015. Unpasteurised commercial boza as a source of

microbial diversity. Int J Food Microbiol. 194:62–70.

Pegg R, Shahidi F. 2000. Nitrite curing of meat. The N-

Nitrosamine Problem and Nitrite Alternatives. Trumbull

(CT): Food & Nutrition Press, Inc.

Tasic T, Ikonic P, Mandic A, Jokanovic M, Tomovic V,

Savatic S, Petrovic L. 2012. Biogenic amines content in

traditional fermented sausage (Petrovsk�a klob�asa) as pos-

sible indicator of good manufacturing practice. Food

Control. 23:107–112.

Verluyten J, Messens W, De Vuyst L. 2003. The curing agent

sodium nitrite, used in the production of fermented sau-

sages, is less inhibiting to the bacteriocin-producing meat

starter culture Lactobacillus curvatus LTH 1174 under

anaerobic conditions. Appl Environ Microbiol.

69:3833–3839.

Zarringhalami S, Sahari MA, Hamidi-Esfehani Z. 2009. Partial

replacement of nitrite by annatto as a colour additive in

sausage. Meat Sci. 81:281–284.

Zhang X, Kong B, Xiong YL. 2007. Production of cured meat

color in nitrite-free Harbin red sausage by Lactobacillus

fermentum fermentation. Meat Sci. 77:593–598.

374 B. T. CENCI-GOGA ET AL.


	Effect of a novel starter culture and specific ripening conditions on microbiological characteristics of nitrate-free dry-cured pork sausages
	Introduction
	Materials and methods
	Starter cultures
	Characterization of the commercial probiotic strains enterococcus faecium UBEF-41
	Sausage manufacturing and ripening conditions
	Sampling procedure
	Microbiological analysis
	Physico-chemical and chemical analysis
	Sensory evaluation
	Analysis of results

	Results
	Characterization of the commercial probiotic strains Enterococcus faecium UBEF-41
	Microbial analysis
	Physico-chemical and chemical analysis
	Sensory evaluation
	Multivariate canonical discriminant analysis

	Discussion
	Acknowledgements
	Disclosure statement
	Funding information
	References


