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1. Introduction

Food safety and preservation are major priorities for consumers and
associated industry. In spite of the introduction of advanced technolo-
gies and safety concepts (Ojha et al., 2015), the reported number of
foodborne illnesses and intoxications is still matter of concern (EFSA,
2015). Fermentation is a hurdle approachwhich can potentially guaran-
tee food safety (Leroy et al., 2013). However, despite the rigorous hy-
gienic measures and technological safety standards, fermented meats
are still not exempted from microbial hazards (EFSA, 2015).

Fermented meat products, such as salami, are partially dehydrated
to favor their preservation at ambient temperature. The acidic pH (in
the range 5.1–6.0) and water activities lower than 0.94 make microbial
growth difficult to occur. Among foodborne pathogens in meat prod-
ucts, a major concern is represented by Clostridium species, in particular
Clostridium perfringens and Clostridium botulinum (Akhtar et al., 2009;
Golden et al., 2009; Linton et al., 2014). Both can be isolated from raw
meat as well as from cooked or uncooked cured meat products
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ang, 2003). Spores and,
through contaminated
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food can survive the acidic conditions of the stomach. In the large intes-
tine, during sporulation and/or germination process, production and re-
lease of enterotoxins occur, respectively. Occasionally death may occur,
particularly in elderly patients (Songer, 2010). On the other hand, botu-
lism occurs after ingestion of a neurotoxin formed in food when spores
germinate and vegetative cells multiply. The toxins of C. botulinum are
relatively sensitive to heat and are inactivated by heating at 80 °C for
10min (Mataragas et al., 2008). In dry-processedmeat products, nitrites
and nitrates are commonly used as curing agents. Their addition in raw
meat processing enabled to strongly reduce the risk of clostridia and
other foodborne pathogen growth in meat products (Parthasarathy
and Bryan, 2012). In particular, the use of these preservatives still re-
mains the most efficient strategy to inhibit the spore germination of C.
botulinum (Linton et al., 2014). The first half of the 20th century brought
a gradual shift from nitrate to nitrite and research studies allowed then
to outline that nitrite could result in formation of carcinogenic N-nitro-
samines (DeMey et al., 2014; Honikel, 2008). Finally, the IARC (Interna-
tional Agency for Research on Cancer) in 2006 concluded that “Ingested
nitrate or nitrite under conditions that result in endogenous nitrosation
is probably carcinogenic to humans” (IARC, 2010).

Nevertheless, the adverse effects of nitrite on health aswell as the in-

creasing number of consumer demands for natural, chemical free prod-
ucts (Akhtar et al., 2009; Ojha et al., 2015), has stimulated the research
of new strategies to substitute or to reduce the nitrites and other addi-
tives, with alternative natural friendly and possibly bio-basedmethods.
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In this context, the approach of using protective cultures, in particular
lactic acid bacteria (LAB) against food pathogens appears particularly
interesting, as shown by the large number of research works and re-
views on the use of protective cultures in food (Chaillou et al., 2014;
Comi et al., 2015; Gaggia et al., 2011; Gálvez et al., 2010). A large num-
ber of LAB, including those used as protective cultures, are considered
safe for human consumption as they possess the GRAS (Generally
Recognised As Safe) and/or QPS (Qualified Presumption of Safety) sta-
tus from the US FDA and the EFSA, respectively. Certain protective LAB
strains can produce anti-microbial peptides such as bacteriocins, as
well as organic and metabolic compounds formed along the fermenta-
tion process, which can inhibit foodborne pathogens growth (Varsha
et al., 2015). In addition, a direct competition of protective cultures
with potential pathogens is another important mechanism to restrict
the growth of undesired organisms. Several works have focused on
the use of LAB against foodborne pathogens in meat such as Listeria
spp., Salmonella spp., Campylobacter jejuni, Escherichia coli (Baffoni et
al., 2012; Maragkoudakis et al., 2010; Melero et al., 2012; Osés et al.,
2015; Raimondi et al., 2014; Santini et al., 2010), but only a few studies
have been specifically focused on Clostridium spp. and the possibility of
combating this pathogen with the use of protective cultures, as
reviewed by Allaart et al. (2013). One of the most relevant application
in carnis of LAB against clostridia has been described by Nieto-Lozano
et al. (2010). This study showed that, during the storage period,
Pediococcus acidilactici MCH14 pediocin-producing strain was able to
reduce C. perfringens in Spanish dry-fermented sausages.

Considering the exposed facts, the aim of this study is to evaluate the
capability of two Lactobacillus strain, Lactobacillus plantarum PCS20 and
Lactobacillus delbrueckiiDSM20074, chosen on the basis of their previous-
ly demonstrated anti-microbial activity against several pathogens
(Santini et al., 2010; Savino et al., 2011), of being protective cultures
against Clostridium strains in groundmeat used for fermented salami pro-
duction in order to reduce or eliminate the nitrite amount added tomeat.

2. Material and methods

2.1. Microorganisms and culture conditions

L. plantarum PCS20(deposited at Microbial Strain Collection of Lat-
via, accession numbers P 977) and L. delbrueckii DSM 20074 were
used as protective cultures. Lactobacillus strains were grown in
Tryptone, Peptone, Yeast Extract medium (TPY, Santini et al., 2010) or
in deMan Rogosa Sharpe medium (deMRS, Oxoid, Ltd., Basingstoke,
Hampshire, England) incubated in anaerobic conditions, at 37 °C for
48 h, whereas for cell viability evaluation deMRS solid agar (Oxoid)
and same incubation conditions were used. Anaerobic conditions were
generated using an Anaerocult® A (Merck, Darmstadt, Germany).
Where indicated, incubation was performed in aerobic conditions.

C. perfringens DSM 756 and Clostridium sp. DSM 1985 were used as
target microorganisms. The latter is a surrogate strain, which, based on
partial 16S rDNA sequence and as reported on the DSMZ website
(https://www.dsmz.de/catalogues/details/culture/DSM-1985.html), is
closely related to Clostridium botulinum type E, strain ATCC 23387; it
does not produce a neurotoxin but a bacteriocin-like substance. Both Clos-
tridium strains were grown in TPYmedium supplementedwith 20% (v/v)
ChoppedMeat broth (CM, Oxoid) under anaerobic conditions at 37 °C for
24 h or in Reinforced Clostridial Medium (RCM, Oxoid). For evaluation of
viable cell population Reinforced Clostridial Agar (RCA, Oxoid) was used,
using the same incubation conditions described above.

2.2. Antagonistic activity of LAB strains against Clostridium spp. strains

2.2.1. Spot agar test
The procedure described in Savino et al. (2011)was used with some

modifications as follows. Each Lactobacillus strain was grown in MRS
broth for 24 h, the culture was neutralized to pH 7 with 1 N NaOH,
and centrifuged at 7000g for 10 min. Cells were washed and suspended
in saline at the concentration of 6 Log CFU/ml. TPY-CM agar plates were
inoculated with 50 μl of each Clostridium culture at 7 Log CFU/ml. Two
sterile paper blank disks (diameter 6 mm) were placed on the agar
plate and imbibed with 50 μl of washed Lactobacillus cells. After incuba-
tion for 24 h at 37 °C in anaerobic conditions, the presence of inhibition
zones was evaluated. Each assay was performed in duplicate.

2.2.2. Antimicrobial activity in liquid co-cultures
The capability of the two LAB strains of interfering with the growth

of Clostridium spp. was evaluated by co-culturing both strains in the
same tube and checking survival of both LAB and clostridium strains in
above mentioned selective agar plates. After verification that LAB
growth was not altered in TPY-CM medium with respect to TPY (data
not shown), both the LAB and the Clostridium strains were pre-grown
on TPY-CMmedium under anaerobic conditions at 37 °C up to early sta-
tionary phase, corresponding to about 8 Log CFU/ml. Tubes containing
10 ml of TPY-CM medium (pH was set to 6.5 with NaON 1 N) were in-
oculated with: i) 1 ml of each Lactobacillus strain (L. plantarum PCS20
or L. delbrueckii DSM 20074), ii) 1 ml of each Clostridium strain (C.
perfringens DSM 756 and Clostridium sp. DSM 1985), iii) 0.5 ml of each
Lactobacillus strain and 0.5 ml of each Clostridium strain (LAB-Clostridi-
um co-culture). Subsequently, tubeswere incubated in anaerobic condi-
tions at 37 °C. At 4 h intervals, tubes containing cultures were
centrifuged for 15 min at 5000g and pellets were resuspended in new
sterile TPY-CM medium, in order to exclude growth inhibition due to
pH variation or nutrient limitation. After this washing step, tubes were
incubated in anaerobic conditions as described above. Determination
of LAB and Clostridium spp. growth was followed after 24 h, 48 h and
72 h of incubation period. TPY agar plates incubated in aerobic condi-
tions at 37 °C was used to allow growth of only LAB strains and in RCA
plus mupirocin (100 μg/ml) in anaerobic conditions at 37 °C to allow
growth of only Clostridium spp. Each experimental condition was set
up in triplicate.

2.3. Study design in ground meat

This study was designed to evaluate the potential inhibitory activity
of L. plantarum PCS20 and L. delbrueckii DSM 20074 against a C.
perfringens strain and a Clostridium sp. strain related to C. botulinum
type E in pork groundmeat used for fermented sausage production (sa-
lami). The pork groundmeatwas provided by a local butcher in Bologna
(Italy), and contained: ground pork meat containing 30% pork fat, NaCl
2.5% (w/w), dextrose 0.5% (w/w) and no other preservatives. The study
was performed in the following sequence:

a) evaluation the survival of the two protective cultures in pork
groundmeat upon inoculation of the strains: with quantitativemethods
for total lactobacilli evaluation, both in the inoculated andnon-inoculat-
ed meat at different incubation times, by traditional plate counts and
Real time PCR; randomly amplified polymorphic DNA-polymerase
chain reaction (RAPD-PCR) analysis on MRS grown picked colonies
were also performed with the aim to evaluate the percentage of each
protective cultures present in themeat, in comparisonwith native lactic
acid bacteria; b) challenge test aimed at studying, in carnis, the antimi-
crobial activity of the protective cultures against Clostridium spp., inocu-
lated in pork ground meat in the presence and in the absence of NaNO2

150 mg/kg in meat.

2.4. Survival of the two protective cultures in pork ground meat

The inocula for the Lactobacillus strains were prepared as follows:
glycerinated frozen cultures were pre-grown in MRS broth as previous-
ly described, 10 ml MRS tubes were then inoculated (2% v/v) and incu-
bated overnight at 37 °C under anaerobic conditions. The concentration
of overnight culture growth was determined through plate counts after
serial dilutions and prior their inoculation in pork meat batter.



Subsequently, the cultures were centrifuged and cells resuspended in
Ringer solution (Oxoid) in order to achieve 8 Log CFU/ml. Aliquots of
this suspension were used to inoculate 30 g of meat, at the theoretical
initial concentration of protective culture of about 6 Log CFU/g. The
real concentration after inoculation in the meat was evaluated with
plate counts.

Three different conditions were set up, each one in triplicate: 1)
meat inoculated with L. plantarum PCS20, 2) meat inoculated with L.
delbrueckii DSM 20074, 3) uninoculated control. Each meat portion
was placed in a synthetic casing (supplied by Morgan, Florence, Italy).
Themeat fermentationwas developed in 3 days inmicroaerophilic con-
ditions generated by CampyGen™ Compact (Oxoid) at 22 °C. Meat was
sampled after inoculation and after 1, 2 and 3 days of incubation for
plate counts and DNA extraction for Real time PCR.

2.5. Challenge test on ground meat

Meat portions prepared as described above (30 g of pork ground
meat, added with NaCl at the final concentration of 2.5% and dextrose
0.5%)were challenged either with C. perfringensDSM756 or Clostridium
sp. DSM1985 in the presence and absence of NaNO2. Clostridium inocula
were prepared using the same procedure adopted for Lactobacillus
strains, except that they were grown in RCM and that the final applied
concentration was 4 Log CFU/g of meat. Half of the batches were inocu-
lated with L. plantarum PCS20. The batches prepared and conditions
used are described in Table 1. Meat fermentation was developed for
9 days in microaerophilic conditions at 22 °C. The amount of lactobacilli
and of Clostridium spp. was monitored at different incubation times (0,
2, 5 and 9 days).

2.6. Plate counts on meat samples

Meat samples of 2 g were removed aseptically from each tray and
homogenized in 18 ml of Buffer Peptone Water (BPW, AESlaboratoire,
Bruz, France) for 2 min in 50 ml sterile tubes. Serial dilutions (1:10 in
BPW) of themeat homogenatewere performed. 1.0ml aliquot from dif-
ferent dilutions were transferred to petri dishes and subsequently MRS
agarmediumwas poured. Plates were incubated in jars, for 48 h at 37 °C
under anaerobic conditions.

2.7. Quantification of Lactobacillus spp. on meat samples with Real time
PCR

200mg of porkmeat were used for the DNA extraction. The QIAamp
DNA Stool Mini Kit (Qiagen, West Sussex,UK) was used with a slight
modification of the standard protocol: an additional incubation at 95 °
C for 10 min of the meat sample with the lysis buffer was added to im-
prove the bacterial cell rupture. Extracted DNA was stored at −80 °C.
The purity and concentration of extracted DNA were determined by
measuring the ratio of the absorbance at 260 and 280 nm (Infinite®
200 PRO NanoQuant, Tecan, Mannedorf, Switzerland). The primers
used were Lac-F and Lac-R (Castillo et al., 2006). The assays were per-
formed in 20 μl PCR amplification mixture containing 10 μl of Fast
Table 1
Experimental study design of the Challenge test.

Control batches Protective culture Clostridium strain NaNO2 150 mg/kg

1 − C. perfringens +
2 − C. perfringens −
3 − Clostridium sp. +
4 − Clostridium sp. −

Challenge test batches
5 L. plantarum C. perfringens +
6 L. plantarum C. perfringens −
7 L. plantarum Clostridium sp. +
8 L. plantarum Clostridium sp. −
SYBR® Green Master Mix (Applied Biosystems, Foster City, CA,USA),
0.2 mM of each primer, H2O molecular grade and 2 μl DNA extracted
from pork meat at a concentration of 2.5 ng/μl. The amplification was
performed using StepOne™ Real-Time PCR Systems (Applied
Biosystems). The concentration of both primers was optimized through
primer optimization matrices in a 48-well plate and evaluating the best
Ct/ΔRn ratio. The primers were also checked for their specificity using
the database similarity search program nucleotide-nucleotide BLAST.
Moreover, to determine the specificity of amplification, analysis of prod-
uct melting curve was performed after the last cycle of each amplifica-
tion. Thermal cycling consisted of an initial denaturation at 95 °C for
20s, followed by 40 cycles at 95 °C 3 s and at 63.5 °C for 30s, respectively
for denaturation and annealing temperature. The data obtained from
the amplificationwere then transformed to obtain the number of bacte-
rial Log CFU/g pork meat according to the rRNA copy number available
at the rRNA copy number database (Lee et al., 2009). Standard curve
was created using 16S rRNA PCR product of L. brevis DSM 20054. PCR
products were purified with a commercial kit DNA purification system
(NucleoSpin®Extract II kit,MACHEREY-NAGELGmbH&Co. KG, Germa-
ny) and the concentration measured at 260 nm. Serial dilutions of PCR
product were performed and 102, 103, 104, 105, 106 copies of the gene
were used for calibration.

2.8. RAPD PCR

RAPD-PCR was carried out on DNA extracted from randomly select-
ed colonies obtained onMRS agar plates used for counting the total LAB
inmeat samples. This technique relies on DNA amplificationwith an ar-
bitrary primer followed by separation on agarose gel. For each experi-
mental conditions (meat inoculated with L. plantarum PCS20 and meat
inoculated with L. delbrueckii DSM 20074), about 100 colonies were
picked. DNA extraction from pure colonies was carried out by
suspending one colony in 50 μl sterile Tris-EDTA in a single well of a
96 multiwell plate. The plate was subjected to heat treatment at 95 °C
for 10 min, cooled at 4 °C, centrifuged at 5000g for 5 min to pellet cell
debris. DNA containing supernatant was subjected to RAPD-PCR ampli-
fication, using primer M13 (5′- GAG GGT GGC GGT TCT) as previously
reported in different studies (Cocolin et al., 2009; Rossetti and Giraffa,
2005). Reactions were carried out in a final volume of 20 μl containing
1.2 μl MgCl2 (1.5 mM) (Sigma, Madrid, Spain), 10 μl HotStarTaq Master
Mix (Qiagen) 2 μM primer M13 (2 μM), 3.8 μl RNase-free water
(Qiagen) and 3 μl template DNA. The amplification cycle was as follows:
45 repetitions at 94 °C for 1min, 34 °C for 1min, ramp to 72 °C for 2min.
An initial denaturation at 94 °C for 3 min, and a final extension at 72 °C
for 7min, was also carried out, and subsequently the samples were held
at 4 °C in a Mastercycler gradient (Eppendorf, Madrid, Spain). RAPD-
PCR products were analyzed by electrophoresis on 2% (w/v) agarose
gels supplied with EtBr, in 1× Tris-Borate-EDTA buffer (TBE, Thermo-
Fisher Scientific, Waltham, MA, USA) at 120 V for 4 h.

2.9. Statistical analysis

A one-way ANOVA was performed to determine significant differ-
ences among samples. All the analyses obtained from the Challenge
tests were performed using the Statistica 8.0 StatSoft Inc. USA.

3. Results

3.1. Antagonistic activity of LAB strains against Clostridium spp. strains

The results obtained from the spot agar test evidenced that washed
cells of both Lactobacillus spp. strains were capable of inhibiting the
growth of both Clostridium strains. The radius of the halos obtained
were in the range 2.5–3.5 cm for all the combinations LAB-Clostridium
assayed. As an example, the inhibitory activity of the two Lactobacillus



Fig. 1. Spot agar text showing growth inhibition of C. perfringensDSM 756 by L. delbrueckii
DSM 20074 (left) and L. plantarum PCS20 (right) strains.
strains assayed against C. perfringens DSM756 strains is shown in Fig. 1
(inhibition halo of 3.0 cm).

The results of the anti-microbial activity studies in liquid co-cultures
are shown in Figs. 2 and 3, which also report the growth of the Lactoba-
cillus and the Clostridium strains as single culture. L. plantarum PCS20
growth in liquid cultures was not affected by the presence of both
Fig. 2. Antagonistic activity of L. plantarum PCS20 in liquid cultures against Clostridium sp.
DSM 1985 (Fig. 2A): a) L. plantarum PCS20 single culture, b) Clostridium sp. single culture,
c) L. plantarum PCS20 co-culture, d) Clostridium sp. in co-culture; and C. perfringens DSM
756 (Fig. 2B): e) L. plantarum PCS20 single culture, f) C. perfringens single culture, g) L.
plantarum PCS20 co-culture, h) C. perfringens in co-culture.
Clostridium sp. DSM 1985 and C. perfringens DSM 756, reaching a 3–4-
Log increase after 24 h of incubation and showing a 1-Log decrease at
the end of 72 h incubation time both in the presence and in the absence
of the Clostridium strains (Fig. 2A and B). Both Clostridium strains were
found to grow well as single culture, but their growth was drastically
inhibited by the presence of both Lactobacillus strains (Fig. 2A and B).
The results obtained were quite similar with the other Lactobacillus
strain.When L. delbrueckii DSM 20074 was cultivated with andwithout
the Clostridium strains, the inhibitory activity versus the Clostridium
strains was displayed, although it was lower than that showed by L.
plantarum PCS20 (Fig. 3A and B). In conclusion, L. plantarum PCS20 pos-
sess higher inhibitory activity with respect to L. delbrueckii DSM 20074
and Clostridium sp. DSM 1985 is more sensitive among Clostridium
strains used in this study.
3.2. Survival of the two protective cultures in pork meat batter

The survival of protective cultures in porkmeat batterwas evaluated
in two batters obtained by the same butcher at two different times.
Meat fermentation, developed in laboratory conditions, was performed
in microaerophilic conditions at 22 °C, chosen as the closest scenario
compared to the realistic one. Plate counts on MRS-agar of meat sam-
ples not inoculated and inoculated with PCS20 or DSM 20074 are
shown in Table 2. Real time PCR was also performed for the lactobacilli
quantification in one of the twomeat batters. The initial counts of native
bacterial strains capable of growing on MRS was very different in the
two meat samples, being 4 Log CFU/g of meat in one of them and
7.15 Log CFU/g in the other one. After two days of incubation, the total
count increased in all batches (inoculated with the exogenous
Fig. 3. Antagonistic activity of L. delbrueckii DSM 20074 in liquid cultures against
Clostridium sp. DSM 1985 (Fig. 3A): A) L. delbrueckii DSM 20074 single culture, B)
Clostridium sp. single culture, C) L. delbrueckii DSM 20074 co-culture, D) Clostridium sp.
in co-culture; and C. perfringens DSM 756 (Fig. 3B): E) L. delbrueckii DSM 20074 single
culture, F) C. perfringens single culture; G) L. delbrueckii DSM 20074 co-culture, H) C.
perfringens in co-culture.



Fig. 4. RAPD profiles of the DNA obtained from 18= colonies isolated from batch inoculated w
DSM 20074 picked colonies. Colonies were obtained from plates resulting from microbial cou
delbrueckii DSM 20074 (Fig. 4B). Molecular weight ladder (100 bp); protective culture profile (

Table 2
Microbial counts onMRS agar plates of the twomeat batters considered in thework inoc-
ulatedwith L. plantarum PCS20 orwith L. delbrueckiiDSM 200074 and not inoculatedwith
any culture (Control). Counts on meat batter 2 have also been performed with real time
PCR using primers targeted to the Lactobacillus genus.

Sampling day Conditions Log CFU/g

Meat batter 1 Meat batter 2

Plate counts Plate counts Real time PCR

0 +PCS20 6.10 ± 0.20 7.00 ± 0.35 6.70 ± 0.15
0 +DSM 200074 6.20 ± 0.15 7.05 ± 0.20 6.80 ± 0.30
0 Control 4.00 ± 0.10 7.15 ± 0.32 6.80 ± 0.15

2 +PCS20 8.40 ± 0.35 9.15 ± 0.10 8.80 ± 0.25
2 +DSM 200074 8.50 ± 0.45 8.90 ± 0.25 8.45 ± 0.30
2 Control 8.60 ± 0.25 8.95 ± 0.20 8.70 ± 0.15

4 +PCS20 8.70 ± 0.25 9.20 ± 0.25 8.50 ± 0.40
4 +DSM 200074 8.30 ± 0.45 8.80 ± 0.35 7.50 ± 0.30
4 Control 8.40 ± 0.35 8.10 ± 0.20 8.40 ± 0.25

6 +PCS20 8.50 ± 0.20 9.30 ± 0.35 8.45 ± 0.30
6 +DSM 200074 8.30 ± 0.35 9.20 ± 0.35 8.80 ± 0.25
6 Control 8.40 ± 0.30 9.15 ± 0.30 9.00 ± 0.45
Lactobacillus spp. and not inoculated) in the range 1.5–2.0 Log CFU/g. At
the end of the study period (day 6), MRS agar counts reached the same
value of about 9 Log CFU/g in all batches, with and without protective
culture inoculation. The morphology of the colonies on MRS plates
was variable both in inoculated and not inoculated plates. Therefore,
molecular fingerprinting analyseswere performed to better understand
the survival of each protective culture strain in pork groundmeat. As an
example, the RAPD pattern profiles obtained from 20 out of the 100 col-
onies isolated from meat inoculated with L. plantarum PCS20, at time
zero and after 6 days of incubation, are shown in Fig. 4A and B, respec-
tively. On the whole, the results obtained showed that about 70% of the
colonies isolated at time zero had a RAPD profile which could be as-
cribed to the inoculated strain, whereas 47% had the same profile of
the PCS20 strain after 6 days. Conversely, 60% and 11% of the picked col-
onies could be ascribed to L. delbrueckii DSM 20074 at time zero and
6 days of incubation, respectively (data not shown). RAPD analyses of
the control sample did not show any colonies with a profile typical of
both L. plantarum PCS20 and L. delbrueckii DSM 20074 strains (data
not shown).
ith L. plantarum PCS20 to 20 = colonies isolated from batch inoculated with L. delbrueckii
nts of the meat inoculated with protective cultures L. plantarum PCS 20 (Fig. 4A) and L.
M); the other lines indicate the profile obtained from the isolated colonies.



3.3. Challenge tests on meat batter

Themeat batter used for the challenge testswas checked for absence
of detectable clostridia before starting the experiments (data not
shown). The effect of L. plantarum PCS20 on the growth and survival
of C. perfrigens DSM 756, both inoculated in pork meat batter in the
presence or absence of 150 mg/kg NaNO2, is shown in Fig. 5A. The
count of inoculated C. perfrigens DSM756 in the meat was 4.2 Log CFU/
g at the beginning of the incubation. The inoculated C. perfrigens strain
was found to survive well in the batter, whereas a significant
(p b 0.05) reduction of its concentration was observed when NaNO2

was added. When L. plantarum PCS20 (initial concentration 9 Log CFU/
g, as determined by real time PCR counts)was added to the batterwith-
out nitrite treatment, a significant reduction (p b 0.05) of C. perfrigens
was observed between day 2 and 5 in comparison with the batch con-
taining only the pathogen. The results from the last sampling day
showed that, after 9 days of the fermentation process, C. perfrigens
growth was inhibited to 1.5 Log CFU/g in the batches inoculated with
the protective culture.

An initial increase of 1 Log CFU/g of the inoculated Clostridium sp.
DSM 1985 strain was observed up to day 5, followed by a decrease of
the strain counts at the last sampling time (Fig. 5B). The same trend
was observed when nitrite was added. A reduction of the Clostridium
strain counts was observed after 5 days of incubation in the batches in-
oculated with the pathogen and L. plantarum PCS20 without nitrite
treatment in comparisonwith the batchwith only the pathogen. The re-
sults from the last sampling day showed that Clostridium counts were
reduced to 1 Log CFU/g in meat samples inoculated with L. plantarum
PCS20, both in the presence and absence of nitrite.

Furthermore, at the end of the incubation time, Real time PCR counts
of lactic acid bacteria on the eight batches was in the range 6.8–
7.5 Log CFU/g.
Fig. 5. Clostridium counts of pork ground meat challenged with C. perfringens DSM 756
(Fig. 5A) and with Clostridium sp. DSM 1985 (Fig. 5B) in the presence and absence of L.
plantarum PCS20 and 150 mg/kg nitrite.
4. Discussion

Clostridium spp. are a serious risk of disease in meat products
(Akhtar et al., 2009; Golden et al., 2009; Linton et al., 2014). However,
they are kept under control by the addition of nitrite or nitrate as anti-
microbial agents, which at present make the risks of Clostridium dis-
eases close to zero (Toldrà, 2010). The growing request of consumers
for safer products and the concern due to nitrosamine formation have
led to the consideration by the food industry of chemical-free alterna-
tive approaches (Akhtar et al., 2009; Ergonul, 2013; Ojha et al., 2015),
the use of protective cultures being one of them. However, although
biopreservation studies have led to reports of efficient protective cul-
tures, some bottlenecks actually limit their application in meat prod-
ucts. In particular, in vitro observed antagonistic effects have often
been described as abolished in carnis, where the adaptation and meta-
bolic activity of inoculated protective cultures can be impaired
(Chaillou et al., 2014; Jones et al., 2008, 2009; Linton et al., 2014).

The aim of this work is to study the possibility of using Lactobacillus
strains as protective cultures against Clostridium spp. inmeat. The effec-
tiveness of protective cultures in meat products has been studied
against L. monocytogenes, C. jejunii (Melero et al., 2013; Raimondi et
al., 2014), and, inmeat sausagemodel systems, against L.monocytogenes
and E. coli (Diaz-Ruiz et al., 2012; Osés et al., 2015) but, to the best of our
knowledge, only one application regarding the use of a bacteriocin pro-
ducing Pediococcus strain against Clostridium spp. has been described in
fermented meat products.

Both Lactobacillus strains displayed high antimicrobial activity in
vitro against the two Clostridium strains used in this study. However,
RAPD analysis applied to colonies isolated frommeat allowed to outline
the better adaptation of facultative heterofermentative lactobacilli, such
as the L. plantarum PCS20 strain with respect to the homofermentative
L. delbruecki DSM 20074 strain. The growth of the latter was overcome
by native lactic bacteria, which are one of the predominant microbial
groups in fermented sausages (Rantsiou and Cocolin, 2006). In addition,
the temperature used for salami fermentation is not in the range of op-
timal temperatures for L. delbrueckii growth (Arioli et al., 2016).

Meat for salami production is a harsh environment, as it contains a
high amount of fat and an initial amount of 2.5% NaCl which increases
during the ripening process due to water evaporation. PCS20 is a well
studied L. plantarum strain (Cho et al., 2010; Maragkoudakis et al.,
2010; Nissen et al., 2009; Dimitrovski et al., 2014), known to possess
the pnl gene for plantaricin production and capable of surviving in
vitro to low water activity conditions and starvation stresses (Santini
et al., 2010). Moreover, it was also found to possess gut health promot-
ing action (Nissen et al., 2009). As Gaggia et al. (2011) pointed out, foods
inoculated with LAB protective cultures may have additional functional
and beneficial properties for the consumers; thus the concept of “pro-
tective cultures” is a broad one and it is not strictly related to food safety
concept.

This study shows that the activity of L. plantarum PCS20 against Clos-
tridium strains was retained in carnis. The reduction of the two Clostrid-
ium strains is not as efficient as the use of the chemical agents; however,
an important Clostridium reduction (2.0 and 1.5 Log CFU/g of
C.perfringens and Clostridium sp., respectively) was observed after
9 days of fermentation.

The obtained results are important in the perspective of reducing or
eliminating the amount of nitrite added to meat products. Even though
a number of studies have focused on alternatives to nitrite inmeat prod-
ucts, a single compound that performs all its functions has not been
found yet (Marco et al., 2006; Alahakoon et al., 2015). Considering
that nitrite is also used to maintain a bright red colour in the meat and
to obtain the typical “curedmeat” taste (Hospital et al., 2015), a reduced
amount of nitrite with respect to the traditionally used 150 mg/kg of
meat is, hitherto, a more feasible approach for the food processing in-
dustry point of view than the complete elimination. Further studies
will be therefore focused on a combined approach based on the use of



a reduced amount of nitrite plus the addition of targeted microbial
cultures.

This paper also pointed out that real time PCR is an effective and
time-saving method for Lactobacillus counts in fermented meat prod-
ucts, allowing to obtain results comparable to the officially used plate
count procedures. There are several ongoing debates regarding the ac-
curacy of qPCR based approach versus traditional count methods in
food matrixes (Castillo et al., 2006; Rantsiou and Cocolin, 2006). How-
ever, the study here described confirms that qPCR is a reliable method
for this purpose.

In conclusion, this work has primarily pointed out that a
biopreservative approach, based on the use of protective cultures, can
be a feasible solution for the reduction of nitrite in fermented meat
products.
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