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No additives, no preservatives, 
100% natural are the most prevalent 
trends that also guide the choices 
of consumers; safety and durability 
and high quality standard level of foods 
is as important as ever.
Sacco has the right ingredients for 
the success of your products and the 
satisfaction of your customers.

INTRODUCTION

4Protection Special Cultures help to 
enhance the quality and protect your brand 
image, allow the product to get to the 
end of shelf life ensuring a structural and 
sensorial stability, help to maintain 
freshness and do not change the taste, 
aroma and texture. 
Your ally for a much more genuine product 
till the consumer table.



WHAT IS  
4PROTECTION 
LINE AND  
WHY USE IT

Many of the selected strains used 
were chosen among probiotic 
microorganisms which has been 
studied and shown to be effective 
through specific studies, 
microbiological tests and sensorial 
analysis of the products.

Since 1998 Sacco has selected yeasts 
and bacteria for protection against 
spoiling unwanted microorganisms in 
dairy products such as yogurt, 
fermented milk, fresh cheese, 
semi-hard cheese, meat and fish.
The cultures of 4Protection Lines help to 
control and preserve the final  
product from alterations, fighting in a 
completely natural way any possible 
unwished bacteria and thereby 
maintaining a “clean label” product.
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The selected 
4Protection ferments 
do not acidify, nor 
alter the organoleptic 
characteristics of 
the product and 
are easily adapted 
even at refrigeration 
temperatures. 

Today it is known that microorganisms 
produce a diverse range of microbial 
defense molecules including exotoxins, 
lytic agents, metabolic by-products 
and bacteriocins (from EFFCA position 
PFC-2016).
The process is based on a competitive 
effect for space against 
microorganisms in general, including 
pathogens, on the production of 
anti-microbial metabolites such as 
organic acids and peptides with specific 
mode-of-action.

The different applications are studied 
as a function of the characteristics of 
the technological process and of the 
desired performance of the products.
Sacco’s technologists are committed 
to working alongside our customers to 
find the best solutions and production 
process, working together with clients 
offering a product and a customized 
service.
4Protection line is compatible and 
complementary to all the Sacco’s 
starter cultures, they are used
by direct inoculation or surface 
treatment.
Sacco is glad to help customers in 
finding the best solutions for their 
specific purpose, according with the 
characteristics of the products, the 
technological process and the activity 
needed from the use of our protective 
cultures.

HOW  
4PROTECTION  
LINE WORKS



 
The 4Protection Line 
helps to improve the 
products quality and the 
brand image, reducing 
non-compliant products, 
food waste and therefore 
business costs.

	 Anti	indigenous	yeasts	and	moulds		 	 AYM

	 Anti	Listeria	monocytogenes	 	 	 AL

	 Anti	Clostridia	 	 	 	 	 	 AC

	 Anti	Other	Spoilage	Microorganisms	 	 AOSM	

Sacco has 4 lines of products dedicated  
to the protection of dairy:

4PROTECTION 
LINE FOR  
DAIRY 



Product           Applications

LPR A 

LR B  

CLP C  

AYM  
ANTI YEAST 
AND MOULDS

4Protection AYM allows products to 
reach the end of their shelf life, ensuring 
structural and sensorial stability, helps 
to maintain their freshness and does not 
change their taste, aroma and texture.
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4Protection AL reduces the growth of Listeria monocytogenes, increasing the safety of the 
product throughout its shelf life.

Product           Applications

LPAL               Soft cheese

CNBAL           Cheese ripened at low temperature and without sugar, 
             like semi hard and hard cheese, gorgonzola, blue cheese

AL – Anti Listeria monocytogenes

Counts of Listeria monocytogenes in cheese
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Articles and studies:

- Evidence on inhibition of Listeria 
monocytogenes by divercin V41 action- Richard, 
Brillet, Pilet, Prévost, Drider (Letters in Applied 
Microbiology 2003)

- Triton X-114 phase partitioning for the 
isolation of a pediocin-like bacteriocin from 
Carnobacterium divergens – Métivier, Boyaval, 
Duffes, Dousset, Compoint, Marion (Letters in 
Applied Microbiology 2000)

- Delineation of key amino acid side chains and 
peptide domains for antimicrobial properties of 
divercin V41, a pediocin-like bacteriocin secreted 
by Carnobacterium divergens V41 – Bhugaloo-
Vial, Douliez, Mollé, Dousset, Boyaval, Marion 
(Applied and Environmental Microbiology, 1999)

- Enumeration of Carnobacterium divergens V41, 
Carnobacterium piscicola V1 and Lactobacillus 
brevis LB62 by in situ hybridization-flow 
cytometry – Connil, Dousset, Onno, Pilet, Breuil, 
Montel (Letters in Applied Microbiology 1998)

- Divercin V41, a new bacteriocin with two 
disulphide bonds produced by Carnobacterium 
divergens V41: primary structure and genomic 
organization – Métivier Pilet, Dousset, Sorokine, 
Angladem Zagorec, Piard, Marion, Cenatiempo, 
Fremaux (Microbiology 1998)

- Purification and Amino Acid Sequences 
of Piscicocins V1a and V1b, two class IIa 
Bacteriocins Secreted by Carnobacterium 
piscicola V1 that display significantly different 
levels of specific inhibitory activity –  
Bhugaloo-Vial, Dousset, Metivier, Sorokine, 
Anglade, Boyaval, Marion (Applied and 
Environmental Microbiology, 1996)

For a better understanding of the articles, the strains V41 and SF668 are present in CNBAL product
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AC – Anti Clostridia 
4Protection AC acts on Clostridia avoiding the altered aroma, unpleasant smell and ensuring 
a more consistent and elastic texture and thus a finished product without defects.

Product           Applications

LC 4P1              Semi soft, semi hard and hard cheese

LCP 4P2          Smear ripened cheese (typical flavour)

MO N4P01       Semi soft, semi hard and hard cheese

MO N4P02       Semi soft, semi hard and hard cheese

DY 4P13        Semi soft and semi hard cheese
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- Potential of anticlostridial Lactobacillus isolated from cheese to prevent 
blowing defects in semihard cheese –  
Christiansen, Vogensen, Nielsen, Ardö (International journal of dairy Technology 
2010).

- Anticlostridial activity of Lactobacillus isolated from 
semi-hard cheeses – Christiansen, M.H. Petersen, Kosk, Møller, M. Petersen, 
Nielsen, Vogensen, Ardö (International dairy journal 2005)

Articles and studies:
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4Protection AOSM reduces the growth of unwanted indigenous microorganism 
present in milk or coming from the environment, thus improving the milk storage stability 
and quality, allowing for a standardization of the production process, in terms 
of acidification, yield and overall sensory.

AOSM – Anti Other  
Spoilage Microorganism

Product           Applications

LR B            Raw or pasteurized milk
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LR B effect on mesophilic bacteria during milk maturation (48h)

Mesophilic growth during milk storage
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cheese
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BITTERNESS
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Lyocarni BXH-69      Fresh meat, cooked and sliced products with nitrite salt added  
    after cooking and cooling

Lyocarni BMX-37     Fresh meat, cooked and sliced products with nitrite salt added 
   and with anti-listerial properties after cooking and cooling

Lyocarni BOM-13     Fresh meat products without nitrite salt added or on  
              cooked and sliced meat products after cooking and cooling

Lyocarni BOX-74      Fresh meat products without nitrite salt added or 
   on cooked and sliced meat products after cooking and cooling, 
   and with anti-listerial properties

Lyoflora FP-18         Fresh meat, cooked and sliced products after cooking and 
Lyoflora FP-50         cooling only with anti-listerial properties

Product                 Applications

4PROTECTION 
LINE FOR MEAT  

Contamination of meat 
products with Listeria 
monocytogenes is an 
increasing problem. 
Therefore Sacco has 
developed a product 
range of protective 
cultures. Protection 
with Sacco cultures for 
meat application can be 
achieved by competitive 
exclusion, most efficient 
against spoilage bacteria, 
bacteriocin production 
efficiently killing Listeria 
monocytogenes and 
a combination of both 
principles.



ABSTRACT

Action Product
Competitive exclusion with Lactobacillus sakei Lyocarni BOM 13

Lyocarni BXH-12
Lyocarni BXH-69

Bacteriocin producing Carnobacterium culture Lyoflora FP-18
Lyoflora FP-50

Combination of both principles Lyocarni BOX-74
Lyocarni BMX-37

Articles and studies:

- Challenge test with Lyocarni BOX-74 used on cured, cold smoked filet (2015)

- Challenge test with Lyocarni BOX-74 used on emulsion sausage (2014)

- Challenge test with Lyocarni BOX-74 used on cooked ham (2014)

- Challenge test with Lyoflora FP-18 used on a meat emulsion sausage (2014)

- Application of bacteriocin producing lactobacilli for the control of Listeria in Italian salami – Andersen, Cislaghi, Coconcelli (2005)

Available on request



Ready-to-eat fish products and cold 
smoked salmon are products linked to 
listeriosis outbreaks.
The hurdles utilized in processing cold 
smoked salmon, such as salting, 
smoking and drying are not enough to 
ensure that Listeria monocytogenes can 
not develop.
Some lactic acid bacteria produce 
bacteriocins which are antimicrobial 
compounds to which Listeria 
monocytogenes is susceptible. 
Consequently application of a starter 
culture producing bacteriocin will be an 
additional hurdle enhancing safety 
of food products.
Sacco has protective cultures for seafood 
application, Lyoflora FP-18 and Lyoflora 
FP-50 consist of Carnobacterium strains 
producing bacteriocins (see scientific 
documentation from Ifremer and Oniris).
The application could be done by injection, 
dipping, after dry salting or spraying.

4PROTECTION 
LINE FOR  
FISH Articles and 

studies:
- Challenge test: Listeria monocytogenes on salmon with 
protective culture (2016)

- Effect of inoculation of Carnobacterium divergens V41, a 
biopreservative strain against Listeria monocytogenes risk, 
on the microbiological, chemical and sensory quality of 
cold-smoked salmon – Brillet, Pilet, Prévost, cardinal, Leroi 
(International Journal of Food Microbiology 2005)

- Specific molecular detection of Carnobacterium piscicola 
SF668 in cold smoked salmon – Pellé, Dousset, Prévost, 
Drider (Letters in Applied Microbiology 2005)

- Biodiversity of Listeria monocytogenes sensitivity 
to bacteriocin-producing Carnobacterium strains and 
application in sterile cold smoked salmon – Brillet, Pilet, 
Prévost, Boutterfroy, Leroi (Journal of Applied Microbiology 2004)

- Evidence on inhibition of Listeria monocytogenes by 
divercin V41 action - Richard, Brillet, Pilet, Prévost, Drider 
(Letters in Applied Microbiology 2003)

- Production of biogenic amines and divercin V41 in cold 
smoked salmon inoculated with Carnobacterium divergens 
V41, and specific detection of this strain by multiplex-PCR – 
Connil, Prévost, Dousset (Journal of Applied Microbiology 2002)

- Inhibition of Listeria monocytogenes by Carnobacterium 
spp. Strains in simulated cold smoked fosh system stored at 
4°C – Duffes, Loeroi, Boyaval, Dousset (International Journal 
of Food Microbiology 1999)

APPLICATION EXAMPLES

Dipping Injection Dry Salting Spraying

ABSTRACT



ABSTRACT DAIRY
Anti Listeria

monocytogenes

Evidence on inhibition of Listeria monocytogenes
by divercin V41 action

C. Richard, A. Brillet, M.F. Pilet, H. Prévost and D. Drider
Laboratoire de Microbiologie Alimentaire et Industrielle, ENTIAA, Rue de la Géraudière, Nantes cedex, France

2002/365: received 27 November 2002, revised 23 January 2003 and accepted 31 January 2003

ABSTRACT

C. RICHARD, A . BRILLET, M.F . P ILET, H. PRÉVOST AND D. DRIDER. 2003.

Aims: The aim of this study was to investigate the role of divercin V41 in inhibition and prevention of Listeria

monocytogenes.

Methods and Results: Carnobacterium divergens V41 deficient in bacteriocin production was isolated and

characterized by enzyme-liked immunosorbent assay, multiplex polymerase chain reaction and bacteriocin

diffusion test. Carnobacterium divergens V41 (divercin+) and Carnobacterium divergens V41C9 (divercin)) were grown

in the presence of L. monocytogenes in smoked salmon model medium. Carnobacterium divergens V41, but not

C. divergens V41C9, was able to inhibit growth of L. monocytogenes. The results indicate that inhibition of

L. monocytogenes in the presence of C. divergens V41 is because of the production of divercin V41 and not to a

nutritional advantage.

Conclusions: Carnobacterium divergens V41 may be a promising agent in food safety.

Significance and Impact of the Study: The study demonstrates a potential use of a bacteriocin producing lactic

acid bacteria in the area food protection.

Keywords: Carnobacterium divergens V41, divercin V41, class IIa bacteriocin, anti-listerial activity, growth

inhibition, food-borne pathogen.

INTRODUCTION

Lactic acid bacteria produce antimicrobial peptides referred

to as bacteriocins that have potential as natural food

preservatives. Over the last decade, a large variety of

bacteriocins have been isolated and characterized allowing to

gain insight into the mechanisms involved in self-protection,

membrane protein interactions, protein modification, secre-

tion and genetic organization (Ennahar et al. 2002). Two

main groups of bacteriocins have been established on the

basis of their chemical structure (Klaenhammer 1993). The

bacteriocins of class I named lantibiotics contain two

modified amino acid residues (lanthionine and methyllan-

thionine), which are formed post-translationally (De Vos

et al. 1995), whereas class II bacteriocins do not contain any

post-translational modifications. The class IIa bacteriocins, a

subgroup of class II bacteriocins, offer potential industrial

applications in the food protection area because of their

ability to inhibit the growth of the potentially pathogenic,

food-borne Listeria monocytogenes.

The class IIa bacteriocins are low-molecular-weight, heat-

stable peptides containing at least two cysteine residues in

the N-terminal region which form disulphides bridges. The

primary structure of class IIa bacteriocins is characterized by

the presence of a consensus sequence YGNGVxC(x)4 V(x)4
A (x denotes any amino acids) within the conserved

N-terminal region, whereas the C-terminal region is more

variable with respect to the amino acid sequence. Production

of class IIa bacteriocins seems to be affected by environ-

mental parameters such as pH (Ahn and Stiles 1990),

temperature (De Vuyst et al. 1996), NaCl (Uguen et al.

1999), ethanol (Mortvedt-Abildgaard et al. 1995) and acetate

(Nilsson et al. 2002).

The class IIa bacteriocin divercin V41 produced by

Carnobacterium divergens V41 has previously been isolated

Correspondence to: Dr D. Drider, Laboratoire de Microbiologie Alimentaire et

Industrielle, ENTIAA, Rue de la Géraudière, BP 82225. 44322 Nantes cedex 3,

France (e-mail: drider@enitiaa-nantes.fr).

ª 2003 The Society for Applied Microbiology

Letters in Applied Microbiology 2003, 36, 288–292
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Triton X-114 phase partitioning for the isolation of a pediocin-
like bacteriocin from Carnobacterium divergens

A. Métivier1,2, P. Boyaval2, F. Duffes2, X. Dousset3, J.-P. Compoint1 and D. Marion1

1I.NRA, Laboratoire de Biochimie et Technologie des Protéines, BP71627, Nantes, 2INRA, Laboratoire de
Recherches de Technologie Laitière, Rennes, and 3ENITIAA, Laboratoire de Microbiologie, rue de la Géraudière, Nantes,
France

2274/99: received 5 August 1999 and accepted 17 September 1999

A. METIVIER, P. BOYAVAL, F. DUFFES, CX. DOUSSET, J.-P. COMPOINT AND D. MARION. 2000.

A new procedure combining Triton X-114 phase partitioning and cation exchange
chromatography was developed to purify a bacteriocin from a complex culture medium.
This pediocin-like bacteriocin, secreted by Carnobacterium divergens and named divercin V41,
was entirely recovered in the lower detergent-rich phase whereas all other substances
(compounds from culture medium, bacterial metabolites) remained in the upper detergent-
poor phase. Subsequent cation-exchange chromatography of the TX-114-rich phase
allowed recovery of the pure active bacteriocin and also detergent removing. This
new purification method is versatile, fast (only two steps) and can be carried out on
whole broth.

INTRODUCTION

Increasing consumer interest for food preserved against
pathogenic bacteria has led to a considerable increase in the
number of scientific papers dealing with bacteriocins, natural
antimicrobial peptides and proteins produced by bacteria.
Most of these papers have focused on the in vitro inhibitory
activities, molecular and genetic characterization of new pep-
tides active against the pathogenic Listeria strains. Few
reports are related to the development of efficient methods
compatible with the large-scale production of these active
molecules, an essential key for their use to preserve foodstuffs
against microbial spoilage.
All bacteriocins have been purified by standard methods

with three, four or more steps including ammonium sulphate
precipitation, cation exchange or hydrophobic interaction
chromatography and C18 reversed-phase HPLC. At the end
of purification, the bacteriocin is pure to nearly 100% but
peptide recovery is generally low (about 100mg l−1 of culture
supernatant). With such small quantities of purified peptide,
the characterization of peptide is limited and, in any case, such
purification procedures cannot fulfil the quantities required to
validate the bacteriocin efficiency in food products.
Generally bacteriocins, as other antimicrobial peptides

Correspondence to: Didier Marion, INRA, Laboratoire de Biochimie et
Technologie des Protéines, BP71627, Nantes cedex 03, France
(marion@nantes.inra.fr).

© 2000 The Society for Applied Microbiology

induce drastic changes in the permeability of the cytoplasmic
membrane of sensitive cells creating the depletion of proton
motive force and the lost of small molecules such as minerals,
ATP, sugars and amino acids (Van Belkum et al. 1991; Bruno
andMontville 1993; Chikindas et al. 1993; Maftah et al. 1993;
Chen and Montville 1995). It is assumed that such effects are
due to the formation of pores in the membrane of sensitive
strains and, in a sense, bacteriocins can anchor in lipid bilayers
as transmembrane proteins (Bhugaloo-Vial et al. 1996).
Transmembrane proteins are generally extracted from their
lipid environment by non-ionic or zwitterionic detergent.
Bordier (1981) has shown for the first time that trans-
membrane proteins can be specifically and quantitatively
recovered by Triton X-114 (TX-114) phase partitioning.
Briefly, heating of aqueous solution of TX-114 above 22 °C,
a critical temperature called cloud point, leads to the for-
mation of large aggregates which deposit rapidly after low-
speed centrifugation. An upper detergent-poor phase and
a lower detergent-rich phase are formed. The latter phase
contains membrane lipids and transmembrane proteins. With
regard to its versatility and its performance, this technique is
now used commonly inmembranology (Pryde 1986; Sanchez-
Ferrer et al. 1994). Interestingly, this phase partitioning has
also been shown to be useful in isolating non-membrane plant
proteins which are capable of interacting spontaneously with
membrane lipids (Blochet et al. 1993; Dubreil et al. 1997).
In this work we have applied this phase-partitioning tech-
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Delineation of Key Amino Acid Side Chains and Peptide
Domains for Antimicrobial Properties of Divercin V41,

a Pediocin-Like Bacteriocin Secreted by
Carnobacterium divergens V41

PARWIN BHUGALOO-VIAL,1,2 JEAN-PAUL DOULIEZ,1 DANIEL MOLLÉ,3

XAVIER DOUSSET,2 PATRICK BOYAVAL,3 AND DIDIER MARION1*

Unité de Biochimie et Technologie des Protéines, INRA, 44316 Nantes Cedex 03,1

Laboratoire de Microbiologie, ENITIAA, 44072 Nantes Cedex,2 and Unité de
Recherches de Technologie Laitière, INRA, 35042 Rennes Cedex,3 France

Received 5 August 1998/Accepted 12 April 1999

Divercin V41 (DV41) is a class IIa bacteriocin produced by Carnobacterium divergens V41. This antilisterial
peptide is homologous to pediocin PA-1 and contains two disulfide bonds. To establish the structure-activity
relationships of this specific family of bacteriocin, chemical modifications and enzymatic hydrolysis were
performed on DV41. Alteration of the net charge of this cationic bacteriocin by succinylation and acetylation
revealed that, in a certain range, the electrostatic interactions were surprisingly not necessary for the activity
of DV41. Cleavage of DV41 by endoproteinase Asp-N released two fragments N1[1–17] and N2[18–43]
corresponding to the conserved hydrophilic N-terminal and the variable hydrophobic C-terminal sequences,
respectively. Inhibitory assays showed that only the C-terminal fragment was active, and after trypsin cleavage
at Lys42 or disulfide reduction it lost its inhibitory activity. These results suggested that both hydrophobicity
and folding imposed by the Cys25-Cys43 disulfide bond were essential for antilisterial activity of the C-terminal
hydrophobic peptide. Chemical oxidation of tryptophan residues by N-bromosuccinimide demonstrated that
these residues were crucial for inhibitory activity since modification of any one of them rendered DV41 inactive.
On the contrary, only the modification of all the three tyrosine residues caused a total loss of antilisterial
activity. These latter results strengthened previous results suggesting that the N-terminal domain containing
the YGNGV consensus sequence was not involved in the binding of DV41 to a potential specific receptor on
listerial cells.

Lactic acid bacterium (LAB) bacteriocins are antimicrobial
peptides which could be useful as natural and nontoxic food
preservatives. These compounds could also be considered for
other applications in human health and may provide new ap-
proaches for dealing with antibiotic-resistant bacteria (22).
LAB bacteriocins can be generally divided in two main classes,
the lantibiotics and nonlantibiotic peptides. Among the latter,
the class IIa bacteriocins (17) are cationic heat-stable and
membrane-active peptides, containing one or two disulfide
bonds. Members of this group are amphiphilic with a hydro-
philic conserved NH2-terminal domain and a hydrophobic
variable COOH-terminal of equivalent size. The structure of
leucocin A, a class IIa member with one disulfide bond, has
been recently obtained by nuclear magnetic resonance (12).
The hydrophilic domain forms a three-strand antiparallel
�-sheet stabilized by an intramolecular disulfide bond, while
the C-terminal domain forms an amphipathic helix in lipid
micelles. This structure is compatible with the pore-forming
properties of pediocin-like bacteriocins (5).

If it is now accepted that the membrane is the primary target
of bacteriocins, it is still not known how the peptide inserts into
membrane to form a structured pore. In the first step of ad-
sorption onto membranes, the necessity of a specific receptor is

still discussed (4, 5). As for other membrane active peptides
and proteins (8, 9, 19, 29), this process could only require the
highly hydrophobic and cationic character of the bacteriocin. A
preliminary response can be done by changing chemically, en-
zymatically, or genetically the chemical structure of some
amino acid side chains. For example, Fleury et al. (11) and
Quadri et al. (24) have recently shown from synthetic mesen-
tericin Y105 and recombinant carnobacteriocin B2 mutants,
respectively, that changing just a residue in both the N- and the
C-terminal domains induces important and often complete loss
of the inhibitory activity of the corresponding bacteriocins.
Chen et al. (3) in studies with synthetic peptides have sug-
gested that the N-terminal is involved in the electrostatic in-
teraction of class IIa bacteriocins with anionic membrane
phospholipids of target cells.

As a part of these structure-function studies we have per-
formed, for the first time, different chemical and enzymatic
modifications on divercin V41 (DV41), a class IIa bacteriocin
containing two disulfide bonds. DV41 is a 43-amino-acid pep-
tide of 4,509 Da with two disulfide bonds, produced by Car-
nobacterium divergens V41 (21, 23) (Fig. 1). The results high-
lighted the respective roles of the conserved N-terminal and
variable C-terminal domains, as well as of some amino acid
side chains.

MATERIALS AND METHODS

Chemicals and enzymes. Tetranitromethane (TNM), dithiothreitol (DTT),
hydroxylamine, and trifluoroacetic acid (TFA) were purchased from Sigma-
Aldrich Fine chemicals (St. Quentin Fallavier, France). Iodoacetamide, succinic

* Corresponding author. Mailing address: Unité de Biochimie et
Technologie des Protéines, INRA, B.P. 71627, 44316 Nantes Cedex 03,
France. Phone: (33) (0) 240-67-50-56. Fax: (33) (0) 240-67-50-25. E-
mail: marion@nantes.inra.fr.
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Divercin V41, a new bacteriocin with two
disulphide bonds produced by Carnobacterium
divergens V41: primary structure and genomic
organization
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Divercin V41 is a new bacteriocin produced by Carnobacterium divergens V41,
a lactic acid bacterium isolated from fish viscera. The amino acid sequence of
divercin V41 showed high homologies with pediocin PA-1 and enterocin A. Two
disulphide bonds were present in the hydrophilic N-terminal domain and in the
highly variable hydrophobic C-terminal domain, respectively. A DNA probe
designed from the N-terminal sequence of the purified peptide was used to
locate the structural gene of divercin V41. A 6 kb chromosomal fragment
containing the divercin V41 structural gene (dvnA) was cloned and sequenced.
The results indicate that divercin V41 is synthesized as a pre-bacteriocin of 66
amino acids. The 23-residue N-terminal extension is cleaved off to yield the
mature 43-amino-acid divercin V41. In addition, the fragment encodes putative
proteins commonly found within bacteriocin operons, including an ATP-
dependent transporter, two immunity-like proteins and the two components
of a lantibiotic-type signal-transducing system. The genetic organization of the
fragment suggested important gene rearrangements.

Keywords : bacteriocin, Carnobacterium, lactic acid bacteria, anti-Listeria

INTRODUCTION

Lactic acid bacteria (LAB) are extensively used in
fermented foods not only to improve their flavour and
texture, but also to extend their shelf-life. Many LAB are
capable of inhibiting growth of some Gram-positive
bacteria and pathogenic species such as Listeria mono-
cytogenes, by secreting different antimicrobial com-
pounds, including peptides and proteins. These pro-
teinaceous molecules, also called bacteriocins, have
promising potential as food grade preservatives to

.................................................................................................................................................

Abbreviations: AU, activity units ; HPK, histidine protein kinase; LAB,
lactic acid bacteria; RR, response regulator; TFA, trifluoroacetic acid.

The EMBL accession number for the sequence reported in this paper is
AJ224003.

increase safety of fermented products. The great struc-
tural diversity of LAB bacteriocins (Klaenhammer,
1993; Jack et al., 1995) is an opportunity to overcome
the problems of resistance, which generally occur with a
single bacteriocin, and also provides biotechnologists
with differentmodels for the design of new antimicrobial
peptides. Among bacteriocin peptides, lantibiotics have
been extensively studied and are used as preservatives in
some food products (Schillinger et al., 1996). These
bacteriocins contain modified amino acid residues,
lanthionine and methyllanthionine, which are formed
post-translationally (de Vos et al., 1995). Another group
of peptides which do not have a modified amino acid
residue form a subclass of peptides called the anti-
Listeria bacteriocins, class IIa bacteriocins (Klaen-
hammer, 1993) or cystibiotics (Jack et al., 1995). It
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Enumeration of Carnobacterium divergens V41,
Carnobacterium piscicola V1 and Lactobacillus brevis LB62 by
in situ hybridization–flow cytometry

N. Connil1, X. Dousset1, B. Onno1, M.F. Pilet1, M.F. Breuil1 and M.C. Montel2
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N. CONNIL, X. DOUSSET, B. ONNO, M.F. PILET, M.F. BREUIL AND M.C. MONTEL. 1998. The specific
detection and enumeration of Lactobacillus brevis LB62, Carnobacterium divergens V14 and
Carnobacterium piscicolaVI were studied by in situ hybridization–flow cytometry. The method
was performed on the exponential growth phase with three probes targeting 16S rRNA
labelled with fluorescein isothicyanate (FITC) : EUB338 probe universal for Eubacteria, Lb
probe specific for Lact. brevis and Cb probe specific for the genus Carnobacterium. EUB338
was used to determine the permeabilization and hybridization conditions for the cells. The
Lb probe gave no hybridization signal whereas the Cb probe allowed the detection and
quantification by flow cytometry at 520 nm of the two Carnobacterium strains in pure culture
or in mixtures with Listeria innocua F.

INTRODUCTION

Flow cytometry (FCM) and epifluorescent microscopy
coupled with in situ hybridization are new techniques which
answer the requirement for rapid and specific enumeration
in the food industry, either in microbiological analysis or in
the fermentation process. In situ hybridization is a powerful
tool for the specific detection of micro-organisms without
previous culture (Amann et al. 1996). It has been successfully
applied for the detection of Candida albicans and C. tropicalis
with 18S rRNA specific probes. Moreover, Fibrobacter intes-
tinalis was detected in pure culture and in mouse caecum
samples (Amann et al. 1990a) whereas Lactococcus lactis,
Enterococcus faecalis and Streptococcus salivarius were identi-
fied in milk in 24 h with specific probes (Beimfohr et al.
1993). The specificity of detection can be increased by the
application of multiple probes (Amann et al. 1990a, 1995).

As flow cytometry uses only ‘scatter’ analysis (FSC/
SSC ; forward light scatter/side light scatter) it is sometimes
possible to distinguish two populations in a mixture (Allman
et al. 1993 ; Davey et al. 1996). However, specific detection
of bacteria in mixed cultures requires indirect labelling of the
cells with a fluorescent marker linked to an antibody or a
nucleic probe. Therefore, coupling FCM with in situ hybrid-

Correspondence to : X. Dousset, Laboratoire de Microbiologie Alimentaire et
Industrielle, ENITIAA, rue de la Géraudière, BP 82225, 44322 Nantes Cedex
03, France (e-mail : dousset@enitiaa-nantes.fr).

© 1998 The Society for Applied Microbiology

ization (ISH) may allow rapid enumeration of hybridized
micro-organisms. For example, Bertin et al. (1990) used
ISH/FCM to detect yeasts, and Escherichia coli/Desulfovibrio
gigas were distinguished in a mixed culture (Aman et al.
1990b) ; marine nanoflagellates were also enumerated (Rice et
al. 1997). In this context, the present long-term objective is to
quantify specifically in cereal, meat or fish products, without
culture, useful bacteria such as lactic acid bacteria. For exam-
ple, someCarnobacterium strains (C. divergens andC. piscicola)
which produce bacteriocins should be enumerated among the
wild flora of the product or pathogenic bacteria (Listeria).
The first aim of this study was therefore to enumerate C.
divergens V41, C. piscicola V1 and Lact. brevis LB62 in pure
culture or in a mixed culture with L. innocua F by in situ
hybridization-flow cytometry.

MATERIALS AND METHODS

Bacterial strains and media

The bacteria used were : Carnobacterium divergens V41, C.
piscicola V1 (Pilet et al. 1994), Listeria innocua F (ENITIAA
collection) and Lactobacillus brevis LB62 (HANSEN strain).
Carnobacterium strains and Lact. brevis LB62 were grown,
respectively, in Elliker and MRS broth at 30 °C. Listeria
innocua F was grown in BHI at 37 °C. The four strains were
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Purification and Amino Acid Sequences of Piscicocins V1a and V1b,
Two Class IIa Bacteriocins Secreted by Carnobacterium piscicola

V1 That Display Significantly Different Levels
of Specific Inhibitory Activity
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Two bacteriocins produced by Carnobacterium piscicola V1 were purified and characterized. Piscicocin V1a
(molecular mass � 4,416 Da) and piscicocin V1b (molecular mass � 4,526 Da) are nonlantibiotic, small,
heat-stable antibacterial peptides. Piscicocin V1b is identical to carnobacteriocin BM1, while piscicocin V1a is
a new bacteriocin. Its complete sequence of 44 amino acid residues has been determined. Piscicocin V1a
belongs to the class IIa bacteriocins having the consensus YGNGV motif. These peptides inhibit various
gram-positive bacteria, including Listeria monocytogenes. Piscicocin V1a is approximately 100 times more active
than piscicocin V1b against indicator strains. However, the antagonistic spectrum is the same for both
piscicocins. Comparison of these results with the analysis of the amino acid sequence and secondary structure
predictions suggests that (i) the conserved N-terminal conserved domain is involved in the receptor recognition
and therefore in an “all-or-none” response against target bacterial cells and (ii) the C-terminal variable and
hydrophobic domain determines membrane anchoring and therefore the intensity of the antagonist response.

Converting sugars into organic acids by lactic acid bacteria
(LAB) is a well-known fermentation process to improve the
flavor and texture of some food products. LAB are also inter-
esting for their ability to inhibit the growth of undesirable
bacteria. This inhibitory activity is due to numerous metabolic
events, including production of organic acids, hydrogen perox-
ide and carbon dioxide, nutrient depletion, decrease in redox
potential, and synthesis of bacteriocins (22). The mechanism of
bacteriocin secretion has attracted attention for potential ap-
plications in the preservation of food products. In this regard,
it has been shown that LAB or their isolated bacteriocins may
be useful in extending the shelf life of fish, meat, and dairy
products (20, 22).

More interesting, LAB bacteriocins could provide, with
other peptides from animal and plant sources, original prop-
erties in the search for new antimicrobial agents usable in
human health care (18) or in plant breeding (4, 24). In this
regard, LAB bacteriocins can serve as models in the design of
new analogs and chimeric peptides (28) or in the elaboration of
new noncovalent synergistic associations with other proteins
and peptides (26, 37) in order to generate drugs with broader
and improved antimicrobial activities or plants with enhanced
resistance to microbial pathogens.

Bacteriocins are bacterial proteins or peptides acting against

related bacterial strains, some of which are associated with
food spoilage and food-borne illness, such as Staphylococcus
aureus and Listeria monocytogenes (31). Four main types of
proteinaceous compounds can be produced by LAB (23):
membrane-active and heat-stable peptides, including lantibiot-
ics (class I) and nonlantibiotics (class II), and higher-molecu-
lar-weight polypeptides, including proteins (class III) and lipo-
and glycoproteins (class IV). Some nonlantibiotic membrane-
active peptides display a narrow antibacterial spectrum, with
always an antagonist effect towards Listeria spp. so that these
peptides are often designated as anti-listerial bacteriocins
(class IIa). Structure-function relationships of class IIa bacte-
riocins are worth studying, since the molecular features that
provide such a narrow antagonistic activity are still obscure.
Finally, such studies are also required to develop applications
of LAB bacteriocins in food and in nonfood technology. Sev-
eral class IIa bacteriocins have been fully sequenced, namely,
leucocin A, produced by Leuconostoc gelidum (13); mesenteri-
cin Y105, produced by Leuconostoc mesenteroides (14); sakacin
P (38) and sakacin A (15), produced by Lactobacillus sake;
pediocin PA1, produced by Pediococcus acidilactici (27); and
carnobacteriocin BM1 and carnobacteriocin B2, produced by
Carnobacterium piscicola LV17B (33). These bacteriocins are
characterized by a highly conserved half N-terminal domain
flanked by a nonconserved hydrophobic C-terminal peptide of
variable length. In a first attempt, it might be suggested that
the N-terminal conserved amino acid sequence is involved in
Listeria strain recognition. In this paper, we report on the
isolation and characterization of two class IIa bacteriocins pro-
duced by C. piscicola V1, a LAB strain isolated from fish (32).

* Corresponding author. Mailing address: Unité de Biochimie et
Technologie des Protéines, Institute National de la Recherche
Agronomique, B.P. 1627, 44316 Nantes Cedex 03, France. Phone: (33)
02 40 67 50 56. Fax: (33) 02 40 67 50 25. Electronic mail address:
marion@nantes.inra.fr.
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Five anticlostridial Lactobacillus strains isolated from cheese were selected for a mixed adjunct culture.
Cheese with the mixed adjunct culture (experimental) and without (control) was made in triplicate and

ripened as vacuum-packed and surface-ripened cheese. Cheese gross composition was similar. Excessive
gas formation occurred only in control cheeses. In contrast to control cheeses, the experimental cheeses

were dominated by the added adjunct Lactobacillus strains (repetitive-PCR). Casein breakdown was not
influenced, however, the total amount of amino acids and pH was slightly lower in the experimental

cheeses. Anticlostridial nonstarter Lactobacillus strains have potential as protective adjunct cultures
against blowing defects in cheese.

Keywords Cheese, Blowing defects, Clostridium, Lactobacillus, Antimicrobial activity.

INTRODUCT ION

The growth of Clostridium species, particularly
Clostridium tyrobutyricum, may cause serious late
blowing defects in semihard cheeses during ripen-
ing, ultimately resulting in economic losses for the
dairy industry. Contamination of raw milk with
Clostridium spores is associated with silage feed-
ing of dairy cows. The spores can survive pasteuri-
sation of cheese milk, and subsequently growth of
clostridia in cheese can result in production of
CO2, H2 (extensive gas production) and butyric
acid (off-flavour) from lactic acid. (Klijn et al.
1995; Driehuis and Oude Elferink 2000).
Lactic acid bacteria, which have been shown to

possess anticlostridial activities, may have the
potential to reduce blowing defects in cheese
(Korhonen et al. 1978; Mäyrä-Mäkinen and Suom-
alainen 1996). Anticlostridial activities of lactic
acid bacteria have mainly been studied among star-
ter strains (Delves-Broughton et al. 1996). Some
problems may occur when using anticlostridial
starter bacteria, because early production of bacte-
riocin may have detrimental influence on acidificat-
ion as well as composition and activities of the
microflora in cheese during ripening.
Nonstarter lactic acid bacteria (NSLAB) grow to

high numbers and dominate the microflora in semi-
hard cheese during the main part of ripening with-
out being added during cheese manufacture. They
may affect cheese quality by competing with detri-
mental bacteria using up nutrients or producing
antimicrobial substances. The NSLAB have been
shown to mainly belong to the facultatively

heterofermentative lactobacilli (FHL) and to con-
tribute to cheese ripening (Peterson and Marshall
1990; Fox et al. 1998; Beresford et al. 2001). A
large number of Lactobacillus strains have been
isolated from Danish semihard cheese of high qual-
ity, and several of these strains were shown to have
anticlostridial activities in laboratory screening
experiments (Christiansen et al. 2005).
The objective of the present work was to investi-

gate the effect of adding a mixture of anticlostridial
Lactobacillus strains to semihard cheese on blow-
ing defects, which are due to extensive gas produc-
tion during ripening. Cheesemaking experiments
were performed in industrial scale at an organic
cheese production facility with a mixture of
selected anticlostridial Lactobacillus strains. The
milk was collected from farms that were selected
for generally having a low number of spores in the
milk.

MATER IALS AND METHODS

Selection of anticlostridial bacterial strains
Fourteen anticlostridial Lactobacillus strains [Lac-
tobacillus casei 4H1, 4H4, 4R4, 42M2, 61H4,
61R3, 7R1, 8I2, 8R2, 162M6, 171R2, 171R4,
171R7 (previously named L. paracasei) and Lac-
tobacillus plantarum 41M1] isolated from Danish
semihard cheese made from pasteurised milk
(Christiansen et al. 2005) were evaluated. The 14
strains were selected because of their broad and
different anticlostridial profiles against 15 Clostrid-
ium spp. strains isolated from cheese, milk and
silage studied by agar well diffusion assay
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Abstract

Non-starter lactic acid bacteria grow to high numbers in semi-hard cheeses during ripening, and may suppress harmful bacteria.

In this study, about 400 Lactobacillus isolates from Danish semi-hard cheeses were identified to species level using internal

transcribed spacer-polymerase chain reaction (ITS-PCR) analysis. The majority of isolates belonged to the Lb. paracasei complex

and were classified into approximately 135 types using pulsed field gel electrophoresis (PFGE). Lactobacillus isolates representing all

the different PFGE types were screened, using an agar well diffusion assay, for antimicrobial activity against 15 single-strain

Clostridium cultures. Almost half of the isolates possessed anticlostridial activity, and 10% possessed a broad and consistent activity.

Nine strains were further investigated for properties of importance for use as mixed cultures in cheese and silage. The results showed

that anticlostridial non-starter Lactobacillus growing in high quality semi-hard cheeses could be useful as protective adjunct cultures

against the growth of Clostridium.

r 2005 Elsevier Ltd. All rights reserved.

Keywords: Cheese; Lactobacillus paracasei; Antimicrobial activity; Clostridium

1. Introduction

Lactic acid bacteria that possess antimicrobial activ-
ities may have the potential to reduce the blowing
defects in cheese that are caused by Clostridium species,
particularly Cl. tyrobutyricum (Korhonen, Ali-Yrkkö,
Ahola-Luttila, & Antila, 1978; Christiansson, Ogura, &
Alfredsson, 1993; Casla, Requene, & Gomez, 1996;
Rodriguez, Gonzales, Gaya, Nuñez, & Madina, 2000).

Numerous strains of lactic acid bacteria that are
associated with food systems produce bacteriocins,
defined as proteinaceous compounds with activity
against related species (Lindgren & Dobrogosz, 1990;

Rodriguez et al., 2000). These antimicrobial peptides or
bacteriocins are diverse in terms of structure, mode of
action, spectrum of antimicrobial activity and potency
(Klaenhammer, 1988, 1993; Jack, Tagg, & Ray, 1995).
Bacteriocins were first discovered in 1925 in strains of
Escherichia coli, and it is now known that they are
produced by many genera of microorganisms including
lactic acid bacteria. The non-starter lactic acid bacteria
(NSLAB) of raw milk have been suggested as a source of
new strains of lactic acid bacteria, with the potential to
inhibit undesirable microflora, for use in the biopreser-
vation of cheese (Rodriguez et al., 2000).

The anticlostridial activities of lactic acid bacteria
have mainly been studied among starter strains. Nisin,
which is produced by certain strains of Lactococcus

lactis, was the first bacteriocin from lactic acid bacteria
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Introduction 
All over the world Listeria contamination is a potential hazard in fermented, dry sausages 
produced without heat treatment. As heat treatment alters the meat structure such a product is not 
perceived as a traditional fermented, dry sausage by consumers. Normally, if present, the level of 
Listeria in fermented, dry sausages is relatively low and should not cause health problems when 
fermented sausages are consumed. Nevertheless, regulation in food requirements, as safety 
criteria, calls for absence of Listeria monocytogenes in 25 g food, and consequently, efforts are 
accomplished to prevent Listeria being present in traditionally produced fermented sausages. 
Commercial bacteriocin producing lactic acid bacteria (LAB) have successfully been tested on 
applied L. monocytogenes in fermented sausages (Andersen, 1999) but few data on effect on 
indigenous Listeria with such LAB strains are available (Hugas et al, 2003).  

Some of the characteristics of Italian salami are high final pH, moulded surface, and pronounced 
meaty flavour. It is well-known that staphylococci enhance the development of meaty flavour but 
also that they are inhibited by lowering in pH (Tjener, 2003). Therefore, an adequate anti-listerial 
LAB starter culture should not lower pH so much that it influences the development of required 
flavour compounds and the sensory assessment.      

Objectives 
The aim of this work was, in commercially manufactured sausages, to test the inhibition of 
indigenous Listeria by a class II bacteriocin producing Lactobacillus plantarum BG-112 (called 
Code 2) in parallel with a non-bacteriocin producing culture blend consisting of Lactobacillus 
sakei Ls and Pediococcus pentosaceus Pp MIX (called Code 3). Both cultures were applied with 
Staphylococcus xylosus (called SX) as well. Additionally, a control product without bacteria 
cultures applied was followed (called Code 1). The growth of staphylococci, LAB, pH, weight 
loss, and the presence of indigenous Listeria were monitored.  

Methodology 
As the experiment was conducted at a commercial manufacture all details in composition of the 
ingredients used were not revealed. Neither were the details in the production procedure. The 
sausages were produced with the normal recipe and processing procedure used for production of 
big calibre Milano type salami. 
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ABSTRACT

E. PELLÉ , X . DOUSSET, H. PRÉVOST AND D. DRIDER. 2005.

Aims: To establish a rapid and reliable multiplex PCR (mPCR)-based method allowing specific identification of

Carnobacterium piscicola SF668 during storage of cold smoked salmon (CSS).

Methods and Results: CSS was inoculated with C. piscicola SF668 and stored at 4�C. Samples were withdrawn at

regular time intervals and analysed by counting the number of viable cells. About 25–100% of colonies grown on

Elliker plates were subjected to mPCR amplification. The results show that strains presumably identified as

C. piscicola SF668 were predominant over the test period.

Conclusions: mPCR is a powerful tool to study competitiveness of C. piscicola SF668, which inhibits the growth of

Listeria monocytogenes.
Significance and Impact of the Study: The present study demonstrates the importance of molecular methods in

studying competitiveness of strains with potential food applications.

Keywords: Carnobacterium piscicola SF668, cold smoked salmon, lactic acid bacteria, multiplex PCR.

INTRODUCTION

Studies on microbial ecology of cold smoked salmon (CSS)

during storage have revealed the existence of a rich Gram-

positive microbiota, which is composed of lactic acid

bacteria (LAB; Lactobacillus curvatus, Lactobacillus sakei,
Lactobacillus plantarum, Lactobacillus farciminis, Lactobacillus
alimentarius, Carnobacterium piscicola, C. divergens) and

Brochotrix thermosphacta (Truelstrup Hansen 1995; Leroi

et al. 1998). To this intrinsic microbiota can also be added a

spoilage microbiota rendered putatively pathogenic for

human health by the presence of Listeria monocytogenes
(Farber and Peterkin 1991; Johansson et al. 1999). The

coexistence of natural and spoilage microbiota within CSS

leads to antagonistic interactions and food competition

allowing the development of one microbiota at the expense

of the other one. Several reports pointed out listeriosis

outbreaks caused by elevated number of Listeria monocyto-

genes, a hardly, pathogenic bacterium common in the

environment and difficult to control in foods. The effect-

iveness of C. piscicola SF668 to control growth of Listeria
monocytogenes in CSS has been recently examined (Brillet

et al. 2004). Increasing applications of strains producing

bacteriocins as natural food preservatives could be facilitated

by the development and use of powerful molecular tools

allowing specific detection of such type of strains. Thus, the

aim of this study was to determine the competitiveness of

C. piscicola SF668 among intrinsic LAB associated with the

storage of CSS using a specific multiplex PCR (mPCR) set

up in this work.

MATERIALS AND METHODS

Bacterial strains, media and growth conditions

The specificity of the mPCR based on intergenic spacer

region (ISR) and DNA coding for piscicolin 126 was tested

on DNA isolated from the strains listed in Table 1.

Carnobacterium strains were cultivated in Elliker broth

(Biokar Diagnostics, Beauvais, France) or Elliker agar

Correspondence to: D. Drider, Laboratoire de Microbiologie Alimentaire et

Industrielle, ENTIAA, Rue de la Géraudière, BP 82225, 44322 Nantes cedex 3,
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Biodiversity of Listeria monocytogenes sensitivity to
bacteriocin-producing Carnobacterium strains and application
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ABSTRACT

A. BRILLET , M. -F . P ILET , H. PREVOST, A. BOUTTEFROY AND F. LEROI . 2004.

Aims: The aim of this study was to demonstrate the inhibitory capacity of Carnobacterium strains against a

collection of Listeria monocytogenes strains in cold-smoked salmon (CSS).

Methods and Results: Three bacteriocin-producing strains, Carnobacterium divergens V41, C. piscicola V1 and C.
piscicola SF668, were screened for their antilisterial activity against a collection of 57 L. monocytogenes strains
selected from the French smoked salmon industry, using an agar spot test. All the Listeria strains were inhibited but

three different groups could be distinguished differing in sensitivity to the three Carnobacterium strains. However,

C. divergens V41 always had the highest inhibitory effect. The antilisterial capacity was then tested in sterile CSS

blocks co-inoculated with Carnobacterium spp. and mixtures of L. monocytogenes strains. C. divergens V41 was the

most efficient strain, maintaining the level of L. monocytogenes at <50 CFU g)1 during the 4 weeks of vacuum

storage at 4 and 8�C, whatever the sensitivity of the set of L. monocytogenes strains.

Conclusions: C. divergens V41 may be a good candidate for biopreservation in CSS.

Significance and Impact of the Study: A biopreservation strategy for CSS against the risk of L. monocytogenes
was investigated using bacteriocin-producing lactic acid bacteria.

Keywords: bacteriocin, biopreservation, Carnobacterium, cold-smoked salmon, Listeria monocytogenes.

INTRODUCTION

Listeria monocytogenes is the pathogenic bacterium respon-

sible for listeriosis, which is a food-borne disease. Listeriosis

is generally associated with a high mortality rate (20–40%)

and is regarded as the most fatal food-borne infection

(Feldhusen 2000; Rocourt et al. 2000). Populations at

greatest risk are pregnant women, newborn infants, the

elderly and people with a weak immune system. However, it

has recently been established that L. monocytogenes may

cause febrile gastroenteritis in healthy adults not associated

with the above-mentioned risk groups (Miettinen et al.
1999).

A whole range of food categories have been linked to

listeriosis outbreaks, including fish and ready-to-eat fish

products (Rocourt et al. 2000). Lightly preserved fish

products, such as cold-smoked salmon (CSS), are classified

as high risk merchandise. Indeed, the raw material is

frequently contaminated by L. monocytogenes and the

processing conditions, i.e. salting, drying, smoking and

vacuum packaging, are insufficient to inactivate the bacter-

ium or to prevent growth during chilled storage. Thus,

contamination during or after processing can occur. As this

product has an extended shelf-life and is consumed without

further cooking, it represents a health risk for consumers.

Although no listeriosis outbreak due to consumption of CSS

has been reported in France, the detection of L. monocyto-
genes in CSS has led to recalls, destruction, cleaning, adverse

publicity and sometimes the closure of factories. In France
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Inhibition of Listeria monocytogenes by Carnobacterium spp.
strains in a simulated cold smoked fish system stored at 48C
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Abstract

Preservation of smoked salmon from bacterial spoilage, and especially from Listeria monocytogenes, by bacteriocin
producers is a promising challenge. Over a hundred lactic acid bacteria, isolated from commercial vacuum packaged cold
smoked salmon, were screened for their antagonistic activity against L. innocua. Twenty-two strains were able to produce
bacteriocin-like proteinaceous substances. These strains were characterized physiologically and biochemically as Carnobac-
terium strains. Three different groups were determined by pulsed-field gel electrophoresis after Sma I and Apa I DNA
digestion. Peptidoglycan hydrolases patterns completed the characterization of these strains. All were confirmed as being
Carnobacterium piscicola. Growth and bacteriocin production of three strains of each group and two well known bacteriocin
producers (C. divergens V41 and C. piscicola V1) were tested in a simulated cold smoked fish system at 48C. These strains

8 21were able to reach 10 cfu ml in 21 days and to produce as much bacteriocin activities in the cold smoked fish system as
in the rich media. Carnobacterium divergens V41 and C. piscicola V1 were the most effective strains in co-culture
experiments, inhibiting L. monocytogenes as early as day 4, whereas C. piscicola SF668 inhibiting effect was observed at
day 13. The potential for using such biopreservation treatments on whole smoked salmon is discussed.  1999 Elsevier
Science B.V. All rights reserved.

Keywords: Listeria monocytogenes; Carnobacterium; Bacteriocin; Salmon

1. Introduction decrease in the cost of the raw material, smoked
salmon is no longer a luxury product and its con-

The smoked salmon industry has been expanding sumption has become more frequent. Smoked sal-
constantly in France (13 000 t in 1992 and 24 000 t mon is also an export product and import regulations
in 1995). Because fish farming has permitted a of some countries are very severe (e.g., ‘‘zero

tolerance’’ of Listeria monocytogenes in 25 g in the
USA) forcing manufacturers to improve plant sanita-*Corresponding author. Tel.: 1 33-2-5178-5522; fax: 1 33-2-
tion. In France, no additive (preservative, antioxi-5178-5520.

E-mail address: duffes@enitiaa-nantes.fr (F. Duffes) dant, stabilizer) are allowed in smoked salmon.

0168-1605/99/$ – see front matter  1999 Elsevier Science B.V. All rights reserved.
PI I : S0168-1605( 98 )00206-2
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