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Abstract

!
Most of the pathogen contaminants in meat produClsstridium botulinum Listeria

monocytogeneand Salmonellaspp. included, are ubiquitous in the environment and may
therefore be transmitted, from the raw material, along Ofarm todieak®In fermentedneat
products pathogens outgrowth is kept controlled by the addition of nitrite. Hitherto, nitrite is
the most efficient agent against t@e botulinumgerminationand proliferation. The nitrites
amount up to 150 mg/kg is allowed amount in the majority of the European Union countries,
whereas a more stringent restriction is in force in Denmark (100 mg/kg) as a maximal ingoing
amount in fermented meats. However, EFBAhe last reevaluation report on nitrites safety,
concluded that the maximal amount of 150 mg/kg, added in the meat products, is within the
safety limits. On the other hand, the conclusion drawn by the International Agency for Research
on Cancer (IARC)n the toxicity of nitrosamine was that Ounder conditions that result in
endogenous nitrosation, ingested nitrate or nitrite is probably carcinogenic to humans (Group
2A)0. Therefore, there is a general concern about the nitrite addition in meat @od is al
supported by the continuous consumers demand for chemical free prétbvetser, the aw

meat used for fermented meat production is an extremely perishable matrix and its ehemical
free conservation is a major nowadays challeBgapreservation is onef the most ancient
microbiatbased strategy to improve the product safety and extend itdihelfiroughthe

natural microflora and (or) their antibacterial products. Lactic acid bacteria have a major
potential for use in biopreservation because treysafe to consume due to their QPS/GRAS
status butlso,they naturally dominate the midiota of manyfermentedoods.

The present work explores the biopreservation as a potential alternative approach in a view of
nitrites elimination or reduction irefmented meats. In particular, on one hanfhctiseson

finding performant lactic acid bacteria strains, for their antimicrobial and tdcmetional

traits. On the other hand, the present work describes to what extent is safe to reduce the nitrites
in the fermented meat products. Therefore, the antimicrobial activity of selected stesns
tested through challenge tests, in nitfise and nitritereduced fermented salami, agai@st
botulinum L. monocytogenesndSalmonellaspp.

The observed outcoesdemonstrated that the biopreservation is a promising approach for the
pathogens outgrowth control a nitritereduced fermented salanhn particular, one of the
major outcomes is thahe combinatiorof 30mg/kg NaNQ@and bioprotective/starter cultures

is a safe approadbr Clostridiumspp. outgrowth controh fermented meat
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LONGLIFE - Food Fermentations for Purpose: Health Promotion and
Biopreservation, JPI Project

The present work was financed by the LongLife JPI Project from 2016 to 2019.

Fermentation is a traditional food processing method that stttesvtransformation of a raw
primary material as milk, meat and cereals in a naturally fermented product. Nowadays,
selection of food cultures is aimed in a tecHuactional characteristics improvement as
opposed to bidunctional capacity of the microld®used in the fermentation process. Also, in

an attempt to meet the consunt&smand for a clean label foods, the biopreservation features
of the microbial cultures represent important charactesigtat could guarantee the safety in
traditional fermeted foods.

LONGLIFE involved innovative processing of food substrates (milk, cereals and meat) into
fermentates, using novel strains of lactic acid bacteria (LAB) and yeasts to produce value
added fermentedproducts such asgrainderived foods and beveragelongfermented
sourdough bread and meat products with improved health benefits, organoleptic qualities and
extended sheliife.

Prescreening of starter and protective cultures was performed for their bioactive metabolites
as: exopolysaccharides, poly@nd antimicrobial compounds. Strains with demonstrated

vitro performances were used during fermentation of milk, cereals and meat together with the
fermentation process improvement by manipulating processing conditions and to finally
optimise food poperties for health and economic benefit.

Additionally, new prebiotic ingredients developed based on novel superheated steam
processing of bran substrates for enhancingumationality in food/beverageEx vivostudies

yield data on the validation okhlth effects (prebiotic and bioavailability/digestibility) of the

generated ingredients and products.



Textural characteristics comparison with a bemark product, from same type of newly
developed product within LongLife project, are going to be perédrm
The specific LongLife goals are aimed at:
¥ |dentification and characterization of food grade cultures with exopolysaccharides,
polyol antimicrobial and antifunggroducing properties,
¥ Develop natural biengineered fibréased ingredients and food puats capable of
releasing functional bioactive compounds,
¥ Develop a range of next generation foods with superior nutritional, health and-techno
functional properties,
¥l Evaluate the digestibility, bioavailability, bexccessibility and bioactivity of food
compounds and ingredients within the food matrix,
¥ Demonstrate retention of health promoting activity following gastric transit, based on
ex Vvivo studies to assess prebiotic activity and bioavailability/digestibility,

¥ Promote the scientific findings and tedhogical solutions to all relevant stakeholders.

The consortium consists of 7 partners from 6 countries (Ireland, Italy, Netherlands, New
Zealand, Poland and Romania). The partmerslved are: Teagasc, University College Cork,
University of Bologna, Néterlands Organisation for Applied Scientific Research, AgResearch
Limited, Institute of Animal Reproduction and Food Research of the Polish Academy of
Sciences and University of Agricultural Sciences and Veterinary Medicine Cluj Napoca. The
LONGLIFE proje¢ management is under the responsibility of a coordination team: Catherine
Stanton (IE) is the project coordinator.

The project will have a positive impact on both consumeokingfor healthier, nutritious and
safer productsand onthe food industry through the innovative processes development to

guarantee products safety and quality.



1. Introduction

1. 1 Foodborneoutbreaks

In the era where demand for ready to eat and preservative free products is constantly growing,
the microbological food safety has to be guaranteed, proportionally with this ongoing trend.
The last report (2002015) of WHO (World Health Organization) estimates the global burden

of foodborne disease to be caused by 31 hazards, with over 600,000,000 chsss péiimost
420,000 deaths and 27,000,000 Years of Life Lost (YLL) (Havelaar et al., 2015).

Focusing on the European Unioember countries, within the last EFSA foodborne outbreak
(FBO) summary for the year 2017, were reported 5,079 outbreaks, codegpto a 6.8%
decrease compared to 201Balmonella(S. enteritidis)was the most common bacterial
causative agent detected in foodborne and waterborne outbreaks in the EU (34.3% of all
outbreaks), followed by bacterial toxins (16.1%), viruses (7.8%éraausative agents (3.6%)

in particular histamine and parasites (0.6%), whereas for 37.6% of the outbreaks, the causative
agent was not reported. In the same re@atmonellacaused the highest number of cases,
hospitalisations and deaths, whereateriaandC. botulinumwere associated with the highest

case fatality, 5.1% and 7.7%, respectively, among the FBO cases.

Among 643 strongevidence FBO (12.7% of total outbreaks), 60% were associated with food
of animal origin; OMeat and meat productsO (i.e. including meat from poultry, pork, bovine,

sheep and other unspecibed red meats and their products) (EFSA, 2018).

1.2 Fermented meat

Fermented meat products represent a fingerprint of tradittafigary heritage and identity
thatis transmitted from generation to generation. Their origins date back from millennia
with the first fermented sausages manufacturinghey Ancient Romans and Greeks, that

spread throughout Europe in the Middle Age. The territorial environmental conditions led to



distinguish the processing conditions so that drying was applied in the Mediterranean area
while smoking in Northern European cedtes (Flores and Toldr”, 2011, Ojha et al., 2015). A
wide variety of semidryand dryfermented sausages is owed to the unique interactions
between the primary material, microbiota composition and the processing conditions (Leroy et
al., 2013; Tabanelet al, 2012).

The meat matrix is a great nutrients source for microbial proliferation, i.e. glycogen, proteins,
fats, amino acids, minerals and vitamins. Therefore, meat fermentation represents a complex
physical, biochemical and microbial interactidine initial enzymatic reactions are mostly
guided by the endogenous enzymes, as cathepsins, and is further completed by the microbial
ones (Flores and Toldr”, 2011). The microbial growth causes acidification of the meat batter
that leads to textural chargjethat include a solubilization and gelation of the muscular
proteins, proteolysiandlipolysis. In addition,the mass and volume loss thorough the drying
procesxontributesn a texture hardening and in aroma compounds development, typical for
fermented salami (Toldr”, 2010). Lactic acid together with the proteolysis related products, as
peptides, free amino acids, aldehydes, organic acids amines, volatile compoundsedenerat
during the proteolysis and lipolysis, are the main contributors for the typical fermented meat
taste. The safety of fermented salami is mainly guaranteed by the low pH. draver the
values, safer the hurdle barrier is, due to microbial pH sengiivit their inability to cope

when less water is available (Majou and Christieans, 2018, Toldr", 2010).

However, these products are not exempted from the foodborne pathogen outdrowth,
monocytogenesSalmonellaspp. andC. botulinumare some of the reped causative agents

(EFSA, 2018).



1. 3 Foodborne pathogens

1. 3. 1Clostridium botulinum

C. botulinumis a rodshapedGram-positive, spordorming, anaerobic bacteria. Botulinum
endospores are widespread in the nature and could be found in thdustilsediments,
mammals intestine (i.e. pigs, birds, and bshes), therefore, eventually in the foods.

Is a producer of botulinum neurotoxins (BoNTSs), the most lethal natural compound, among all
bacterial, animal, plant and chemical poisonous compounds (Poulain and PopoffB3268&8)

on different phenotypic (i.e carbohydrate utilization, proteolysis @mol\sis) and genotypic

(16S rRNA and Whole Genome Sequencing) markers comparison, neurotogitpesticlium

spp. belongs to at least six group&/(). Their metabolic flexibility in adaptation to different
substrates and/or to hosts defences, allowbadve a nowadays heterogeneityCofootulinum

types and subtypeBotulinum toxins are produced as singlein proteins, distinguished in a
seven BONT toxinotypes (A to G), based on the neutralization with corresponding specibc
antibodies, what list wasecently added with another two, not completely described toxins,
BoNT/H and BONT/X (Poulain and Popoff, 2019)Considering meat products, a low
prevalence of Group | and GroupQdl botulinumspores in meats has been described, whereas
A, B, E and rarelyF types were described in a foodborne c&saTimonen et al., 2012
Poulain and Popoff, 2019). However, regardless a botulinum toxins heterogeneity, their
neurotropism results in an identical clinical disease, therefore the identification of the
neurotxin type is important for the antitoxin therapy. Foodborne botulism symptoms dfart 12
96 h after eating contaminated food with predominant nervous rather than gastrointestinal
symptoms Symptoms areharacterized by the inhibition of cholinergic neurotraission in

the peripheral part of the nervous system, resulting in dysphagia, diplopia, ptosis, gland
secretion inhibition (dysautonomia), muscle fatigue, flaccid and respiratory paralysis. Clinical

signs usually develop within 6 days of ingestion andhénabsence of the antitoxin treatment,



death occurs within 8 days. Antitoxin therapy failure may also occur, therefore, treatments
including administration of intravenous fluids and supplemental oxygen administration or
mechanical ventilation are used,thvia potential prolonged recovery up to 3 to 4 weeks
(Mazzaferro and Ford, 2012). The intoxication severity depends on the amount of the ingested
toxins. The infectious dose of AW0 ng of preformed BoNT is sufpcient to induce botulism

in humans by the at route. Little is known about the minimum infective dose of botulinum
spores, but attention should be posed when conditions supports germination and vegetative
cells growth, meaning supportive toxin production environment. The drawbacks in the cell
detedion, prior their lysis in the direct plate counting, avoided to confirm the reliable toxins
detection, that was in one case reported to be detected when the initial inoculurbogas 2
CFU/g followed by 100 or 1000fold microbial increase, whereas otheeported BoNT
detection when -log or prior to any colony increase in the plate counts (Glass and Marshall,
2013)

Nowadays, this pathogen is reported in a canned faddanal food products with critical
physiochemical characteristics, as well as imeady to use foods, both, from animal and
vegetable origin, where temperature abuse mostly occurs. However, data collected. about
botulinumcases are mostly from highcome European countries, that also in certain cases is

misdiagnosedHavelaar et al2015 EFSA, 2018).

1. 3. 2Listeria monocytogenes

L. monocytogeness a rodshaped,Gram positive, mobile, noisporeforming, facultative
anaerobic microorganisnis another rare foodborne pathogen, but highly fatal &j480
infections estimated 2017 in Europe, with a mortality of 24%, prevalently in elderly patients
The target group includes alseonates, pregnant women and immunocompromised patients,

listeriosisis mostly attributable to severe central nervous system infections, septicaemia,



spontaneous abortions and neonatal listeriosis (EFSA, 2018pnocytogends ubiquitous

in the nature as well as in a fepdbcessing plants, due to its ability to form biofilms that, in
certain cases, possess toleraagainst commonly used disinfesta. Currently 13 serotypes

exist, classified by the somatic (O) and flagellar (H) antigens, butlé?2dy 1/2b, 4b serotypes

are more frequently associated to human listeriosis (Borucki and Call, . 2008)
microorganism s highly resistanto acid andsalt stressit is able to growat temperatures
between 0 and 45;C, and requires minimum water activity of 0.92. Thasacteristicallow

the bacteriumo contaminate different ready to eat foods, fish and meats products, soft and
semi soft cheese, fiigiand vegetables, blusteriacouldalsobe sampled in all sampling stages

and units in the production plants (Stoller et al., 2019, EFSA, 2018). Therefore, this pathogen
is nowadayshebiggest healtlielatedproblem and representhallengdor the faod industries
(DOOstini et al., 2016)

1. 3. 3Salmonellaspp.

Salmonellaspp. is a zoonotic pathogen, with 91,662 confirmed human cases reported in the
European countries in 2017, with a low mortality &@ESA, 2018) Is aGramnegative, rod
shaped, facultatively anaerobic enteric bacteria. Is commonly found in the intestinal tract of a
wide range of domestic and wild animals. Most commonly reported serov@reniteritidis,
S.typhimurium S.infantisandS.newport The salronellosis more often causes gastroenteritis,

but in a rare, severe cases enteric fever, septicaemia and death. From farm to fork is the main
route of transmission, that include, infecting the carcass during the slaughtering, handling
infected raw materiabr when foods are contaminated by infected individuals with scarce
hygienic practice (EFSA, 2018). Fermented foods as sausages are not exempted from
Salmonellaspp. outgrowth wher&almonellayphimurium was found in pork carcasses

(Christieans et al., 2@). The optimal growth range is atE8jC and at pH 68/.5, even

1C



though its wide range of potential growth goes fromb%22iC and the pH from 3E8.5

(Wirtanen and Salo, 2016).

1. 4 Nitrites in fermented meats

Curing with nitrites is an ancient preservation method that is still used in the salami production.
Its addition to a raw meat matrix enabled to strongly reduce the ri@kiaftulinumoutgrowth

and their spore germination inhibition, as well as of otbedborne pathogens outgrowth in
meat products (Hospital et al., 2016). It was reported that thelasiiiidial activity increases

with the increase of the added nitrite rather than with the residual amounts (Sindelar and
Milkowski, 2012). Nitrites addion is regulated due to the heaftated safety concern (IARC,
2010). The European Commission has recently approved a Danish national provision in setting
more stringent restrictions, allowing 100 mg/kg of nitrites as a maximal ingoing amount in
fermened meats, whereas the amount of 150 mg/kg remains unchanged in the rest of the EU
countries (European Commission, 2018; EFSA, 2014dditionally, with the ECRegulation

N° 889/2008for organic meat productajmost 50% reduction of the maximum amount was
established: 80 mg/kg for added nitrite and 50 mg/kg for residual nitrite (European
Commission 2008 However, EFSA in the last+@valuation of nitrites safety, concluded that

its addition and consumption is within the safety limits (EFSA, 2017a). Theesihealthy
related concern, relies on their interaction with a secondary amine in the human gastrointestinal
tract that leads to formation of a potentially carcinogenmathso compounds (EFSA, 2017a).

The genotoxic nature of nitrosamines is duéhtrt vivo enzymatic degradation into reactive
diazo compounds that can bind to DNA (de La Pomelie, 2018). In particular, IARC concluded
that Ounder conditions that result in endogenous nitrosation, ingested nitrate or nitrite is
probably carcinogenic toumans (Group 2A)O (IARC, 2010). This multifunctional additive is

known for its outstanding technological properties, as for its contribution for the typical

11



OcuredO flavour, the red meat colour development and as an antioxidant inhibits the lipids
rancidty (Majou and Christieans, 2018, Alahakoon et al, 2015). However, the current
consumers demand is for additifree products, challenges the industries in findingdaised

alternatives, while preserving products safety and quality.

1. 5 Biopreservationin fermented foods

Food preservation has been a historical and an ongoing challenge. The ancient preservation
methods as drying, salting and fermentation are still commonly used preservation methods.
The earliest foods fermentation was based on the spmmia fermentation of the raw
materials, naturally colonised with different microbial communities. A natural contamination

of the raw material, or during the fermentation process, with a spoilage microorganism or with
microbial pathogens, lead to look foew approaches for the fermented foods preservation
improvement. Therefore, ObacksloppingO was introduced and is referred to a raw materials
inoculation with a fermented one, where a successful fermentation has previously occurred.
The inoculation of theew matrix with already adapted dominant strains to the same matrix,
was an OunconsciousO introduction of a nowadays widelystastet cultures aimed at
reducing the process failure and to its shortening (Flores and Toldra, 2011).

However, with the graghl shift from a small scale to a largeale industrial foods production,

an intense use of a chemical preservatives, i.e. nitrites, were introduce to guaranty the foods
safety and quality. In parallel, with an increase consciousness of the foods cmmptist
consumers have proportionally increased the demand for healthier and cHeseipaibducts

(Hung et al., 2016b).

Therefore, biopreservation approach has started to be intensively studied over the last decades,
to fulfil the consumers and induistr need for a healthier and safer product. OBiopreservation

refers to extended storage life and enhanced safety of foods using the natural microflora and

12



(or) their antibacterial products. Lactic acid bacteria havgreat potential for use in
biopreservaon because they are sdi@ the consumeand during storage they naturally
dominate the microflora of many foods. In milk, brined vegetables, many cereal products and
meats with added carbohydrate, the growth of lactic acid bacteria produces a nprofomt

In raw meats and fish that are chill stored under vacuum or in an environment with elevated
carbon dioxide concentration, the lactic acid bacteria become the dominant population and
preserve the meat with a OhiddenO fermentation.O (Stiles, 1996).

By definition, lactic acid bacteria (LAB) are mostly employed organisms in foods fermentation.
LAB in foods carbe defined as startersasprotective culturesjependingn their application

goal. In particular, starters are characterized by their outstanding metabolic performances,
being of a great technological and quality insuring importance, whereas protective cultures
have a main aim to guarantee the products séfetthe growth and survival inhibition of
pathogenic microorganisms. The ideal strain candidate would fulfil both, the metabolic and
antimicrobial characteristics. In addition, bacteriocins, bacteriophages and bacteHophage
encoded enzymes are also takirgtpf the OgreenO biopreservation approach (Garcia et al.,

2010).

1. 6 Microbial food cultures

Food cultures as lactic acid bacteria are classified as safe by EFSA and are within Qualified
Presumption of Safety (QPS) list; whereas in the USA the samaparoved by FDA and
classified as Generally Recognised as Safe (GRAS). In both cases their safe use is due to the
history of safe consumption and a body of knowledge. The General EU Food Law relies on the
food cultures suppliersO obligations for a chrefifety assessment on the new released

products (Laulund et al., 2017). Therefore, beside the QPS/GRAS status, the safety of starter

13



and protective cultures should be guaranteed, and strains that have antibiotic resistance traits
and that produce biogenamines should be excluded (Herman et24119).

Fermented salami is restricted ecological niche, harbouring as main geaei@acillus
Staphylococcus, Debaryomyaasd Penicillium (Francioseet al., 2018) Microbial cultures

isolated from traditinal, spontaneously fermented salami, represent a good food cultures
candidate, due to their previous adaptation to the meat environment, that could lead to a further
microbiota control in the product where will be applied to (Cocconcelli and Fontana, 2008)
Lactic acid bacteria followed by coagulasegative staphylococci (CNS), yeasts or moulds,
alone or in a combination are commonly used cultures in meats fermentation (Gadez

2010).

In a view of nitrites reduction or elimination from fermentedatr@roducts, protective cultures

were studied over the last years as a promising Ogreen approachO in fermented meat products
(Oliveira et al., 2018). Among lactic acid bacteria, the mostly studied strains are belonging to
the genus:Lactobacillus Lactocc@us and Pediococcuswere most commonly explored
namely,L. sakej andL. curvatusas the mostly studied species due to their dominance in the
meat matrix (Jansen et al., 2018), followedLbylantarum L. fermentumLc. lactis andP.
acidilactici (Albanoet al., 2007, Benkerroum et al., 2005, Nikodinoska et al., 2019, Marcos et

al., 2007, NietdLozano et al., 2010).
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2. Scope of the thesis

Raw meat used for fermented sausage production is an extremely perishable matrix and its
chemicalfree conservatio is a major challengmowadays.In this view the scientific
community is challenged ifinding alternative for nitrites, the main chemical agents used for
pathogen control in the meat, that can give rise to toxic and harmful compouoptdtive

strains, with GRAS/QPS statusay have the potential effectively replace these chemical
additives.

With the final aimof finding alternatives for nitritegse or reducing their amount in fermented
meat productghe present work propostse combined use oow levels of sodium nitrite in
combination withthe use of bioprotective microbial cultures. Therefdre,rhain focusf the

present PhD study tbe isolation, characterization andeof microbial straingdo be used as
protective culturs in the meat and, as the same time, as starters for the fermentation process.
These strain should possesgimicrobial activity against meat pathogens along w&thnoe
functional properties iimeat fermentatianA particular focusis given to understandhe
effectiveness of the selected cultures, alone or in combination withiloies concentration,

as biopreseration method in a fermented meat product (salamipreover, since the
fermented meatsalami are an ecological nicheghat harbours a varietyof native
microorganisms, the characterization of microbial ecology and further isolation of dominant

strainswas alsqerformed

Considering tfs, the specific aimsf this studyare to:

1. study the possibility of using available LAB strainsagprotective cultures against meat
pathogens (Paper 1 and 2)

1.study the microbial ecology of artisan fermented nssdadmiprepared without the addition

of starter bacteria cultures and additiyaper 3)

15



2.isolate and screen LAB strains for theiriamtrobial and techndunctionalcharacteristics
(paper 3)

3. study the strain stability and dominance in the food matrix as well as the antimicrobial
activity in OchemicefreeQn carnismodel(Paper 4)

4. developpotential product prototype, fermentetth selectecbioprotective/starter cultures

(Paper 4).
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Lactic acid bacteria as protective cultures in fermented pork meat to
prevent Clostridium spp. growth

Diana Di Gioia,Giuseppe Mazzola, Ivana Nikodinoskeene Aloisio,Tomaz Langerholc,

Maddalena Rossi, Stefano Raimondi, Beatriz Melero, Jordi Rovira

International Journal of Food Microbiology 235 (2016)Eb3

Abstract

In meat fermented food€;lostridium spp. growth is kept under control by the addition of
nitrite. The growing request of consumers for safer products have led to consider alternative
bio-based approaches, the use of protective cultures being one of them. This work is aimed at
checking the pssibility of using twaLactobacillusspp. strains as protective cultures against
Clostridium spp. in pork ground meat for fermented salami preparation. [Battobacillus

strains displayed antlostridia activityin vitro using the spot agar test andeaftceculturing

them in liquid medium with eacBlostridiumstrain. Only one of them, however, namely
plantarumPCS 20, was capable of effectively surviving in ground meat and of performing
antimicrobial activity in carnis in a challenge test where meaas inoculated with the
Clostridiumstrain. Therefore, this work pointed out that protective cultures can be a feasible

approach for nitrite reduction in fermented meat products.
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1. Introduction

Food safety and preservation are major prioritiescimsumers and associated industry. In
spite of the introduction of advanced technologies and safety concepte{@ha015), the
reported number of foodborne illnesses and intoxications is still matter of concern (EFSA,
2015). Fermentation is a hledapproach which can potentially guarantee food sakeoy

et al, 2013. However, despite the rigorous hygienic measures and technological safety
standards, fermented meats are still not exempted from microbial héza&s, 2015).

Fermented meat pdocts, such as salami, are partially dehydrated to favor their preservation
at ambient temperature. The acidic pH (in the rangé®)land water activities lower than

0.94 make microbial growth difficult to occur. Among foodborne pathogens in meat {s,0duc

a major concern is represented @pstridiumspecies, in particulaClostridium perfringens
andClostridium botulinun{Akhtar et al, 2009; Golderet al, 2009; Lintonet al, 2014). Both

can be isolated from raw meat as well as from cooked or ungd@oked meat products (Akhtar

et al, 2009; Lintonet al, 2014). Regarding. perfringensalmost all outbreaks are the result

of temperature abuse, allowing multiplication of clostridia, reachiig-6g CFU/g (Huang,

2003). Spores and, to a certain extent, vegetative cells ingested through contaminated food can
survive the acidic conditionsf the stomach. In the large intestine, during sporulation and/or
germination process, production and release of enterotoxins occur, respectively. Occasionally
death may occur, particularly in elderly patients (Songer, 2010). On the other hand, botulism
occurs after ingestion of a neurotoxin formed in food when spores germinate and vegetative
cells multiply. The toxins of. botulinumare relatively sensitive to heat and are inactivated by
heating at 80;C for 10 min (Mataragesal, 2008). In dryprocessé meat 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 (Parthasarattand Bryan 2012). In partular, the use of these preservatives still
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remains the most efficient strategy to inhibit the spore germinati@n lodtulinum(Linton et

al., 2014). The first half of the 20th century brought a gradual shift from nitrate to nitrite and
research studiesllowed then to outline that nitrite could result in formation of carcinogenic
N-nitrosamines@e Meyet al, 2014;Honikel, 2008). Finally, the IARC (International Agency

for Research on Cancer) in 2006 concluded that OOlIngested nitrate or nitritendititens

that result in endogenous nitrosation is probably carcinogenic to humansO0 (IARC, 2010).
Nevertheless, the adverse effects of nitrite on health as well as the increasing number of
consumer demands for natural, chemical free products (A&hthr 2009; Ojheet al, 2015),

has stimulated the research of new strategies to substitute or to reduce the nitrites and other
additives, with alternative natural friendly and possiblylised methods. In this context, the
approach of using protective twdes, in particular lactic acid bacteria (LAB) against food
pathogens appears particularly interesting, as shown by the large number of research works
and reviews on the use of protective cultures in food (Chall@l, 2014; Comket al, 2015;
Gaggiaet al, 2011; Galvezt al, 2010). A large number 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) stattisefr

US FDA and the EFSA, respectively. Certain protective LAB strains can produee anti
microbial peptides such as bacteriocins, as well as organic and metabolic compounds formed
along the fermentation process, which can inhibit foodborne pathogen$ dktarshaet 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 patsogemeat such dssteria spp.,
Salmonellaspp.,Campylobacter jejunEscherichia col(Baffoni et al, 2012; Maragkoudakis

et al, 2010; Melercet al, 2012; OsZst al, 2015; Raimondét al, 2014; Santinet al, 2010),

but only a few studies havedn specifically focused oflostridiumspp. and the possibility
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of combating this pathogen with the usepodtective cultures, as reviewed by Allaart et al.
(2013). One of the most relevant applicationcarnis of LAB against clostridia has been
descrbed by NieteLozano et al. (2010). Thistudy showed that, during the storage period,
Pediococcus acidilactidViCH14 pediociaproducing strain was able to reduCeperfringens

in Spanish dnfermented sausages.

Considering the exposed facts, the aim ho$ tstudy is to evaluate the capability of two
Lactobacillus strain, Lactobacillus plantarum PCS20 and Lactobacillus delbrueckii
DSM20074, chosen on the basis of their previously demonstratechiantbial activity
against several pathogens (Sargtmal, 2010; Savinet al, 2011), of being protective cultures
againstClostridiumstrains in ground meat used for fermented salami production in order to

reduce or eliminate the nitrite amount added to meat.

2. Material and Methods

2.1 Microorganisms andculture conditions

L. plantarumPCS20(deposited at Microbial Strain Collection of Latvia, accession numbers P
977) andL. delbrueckiiDSM 20074 were used as protective cultutesctobacillusstrains

were grown in Tryptone, Peptone, Yeast Extract meditRY] (Santiniet al, 2010) or in
deMan Rogosa Sharpe medium (deMRS, Oxoid, Ltd., Basingstoke, Hampshire, England)
incubated in anaerobic conditions, at 37 jC for 48 h, whereas for cell viability evaluation
deMRS solid agar (Oxoid) and same incubation ttaongs were used . Anaerobic conditions
were generated using amaerocult™ A (Merck, Darmstadt, GermanyyVhere indicated,
incubation was performed in aerobic conditions.

C. perfringendDSM 756 andClostridium spDSM 1985were used akrget microorganiss.

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/cultD&1-1985.htm), is

closely related t&lostridium botulinumype E, strain ATCC 23387; itog@s not produce a
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neurotoxin but a bacteriociike substanceBoth Clostridium strains were grown in TPY
medium supplemented with 20% (v/v) Chopped Meat broth (CM, Oxoid) under anaerobic
conditions at 37 jC for 24h or in Reinforced Clostridial Medium (RCM, Oxoid). For evaluation
of viable cell population Reinforced Clostridial AQ&CA, Oxoid) was used, using the same

incubation conditions described above.

2.2 Antagonistic activity of LAB strains againstClostridium spp. strains

2.2.1 Spot agar test

The procedure described in Savetal.(2011) was used with some modificatiossfallows.
EachLactobacillusstrain was grown in MRS broth for 24 h, the culture was neutralized to pH
7 with 1N NaOH, and centrifuged abD®0g for 10 minutes. Cells were washed and suspended
in saline at the concentration of 6 Log CFU/ml. TEM agar pates were inoculated with 50

pl of eachClostridiumeculture at 7 Log CFU/ml. Two sterile paper blank disks (diameter 6
mm) were placed on the agar plate and imbibed witl 60washed_actobacilluscells. After
incubation 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 interiieg with the growth ofClostridiumspp. was
evaluated by ceulturing 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 MCM medium with respect to TPY (data not shown), both the
LAB and theClostridium strains were prgrown on TP¥CM medium under anaerobic
conditions at 37 jC up to early stationary phase, corresponding to about 8 Log CFU/mI. Tubes
containing 10 ml of TPYCM medium (pH was set to 6.5 with NaON 1N) were inoculated

with: i) 1 ml of eacH_actobacillusstrain L. plantarumPCS20 oiL. delbrueckiDSM 20074),
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i) 1 ml of eachClostridiumstrain C. perfringendSM 756 andClostridium spDSM 1985),

iii) 0.5 ml of eachLactobacillusstrain and 0.5 ml of ead@lostridiumstrain (LAB-Clostridium
co-culture). Subsequently, tubes were incubated in anaerobic conditions at 37 jC. At 4 h
intervals, tubes containing cultures were centrifuged for 15 mir0805 and pétts were
resuspended in new sterile TRM 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 @haktridium spp. growth was
followed after 24 h, 48 h and 72 h of incubation period. TPY agar plates incubated in aerobic
conditions at 37 j@vas used to allow growth of only LAB strains and in RCA plus mupirocin
(100 pg/ml) in anaerobic conditions at 37 jC thoa growth of onlyClostridiumspp. Each

experimental condition was set up in triplicate.

2.3%tudy design in ground meat

This study was designed to evaluate the potential inhibitory activity plantarumPCS20

andL. delbrueckiDSM 2074 against@. perfringensstrain and £lostridiumsp. strairrelated

to C. botulinuntype Ein pork ground meat used for fermented sausage production (salami).
The pork ground meat was provided by a local butcher in Bologna (Italy), and contained:
ground pork meat coaining 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 ground meat upon inoculation
of the strains: with cantitative methods for total lactobacilli evaluation, both in the inoculated
and noninoculated meat at different incubation times, by traditional plate countealamne

PCR; randomly amplified polymorphic DN#&olymerase chain reaction (RAHECR)
analysis on MRS grown picked colonies were also performed with the aim to evaluate the

percentage of each protective cultures present in the meat, in comparison with native lactic acid
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bacteria; b) challenge test aimed at studyingcarnis, the antimicrobialactivity of the
protective cultures again§tlostridiumspp., inoculated in pork ground meat in the presence

and in the absence of NaN®50 mg/kg in meat.

2.4%urvival of the two protective cultures in pork ground meat

The inocula for théactobacillusstrains were prepared as follows: glycerinated frozen cultures
were pregrown in MRS broth as previously described, 10 ml MRS tubes were then inoculated
(2% v/v) and incubated overnight at 37;C under anaerobic conditions. The concentration of
overnight clture 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 iRingeOsolution (Oxoid) in order to achieeLog CFU/mL Aliquots of this
suspensiorwere 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 conditios were set up, each one in triplicate: 1) meat inoculated lwith
plantarumPCS20, 2) meat inoculated with delbrueckiiDSM 2074, 3) uninoculated control.
Each meat portion was placed in a synthetic casing (supplied by Morgan, Florence, Italy). The
meat fermentation was developed in 3 days in microaerophilic conditions generaterd 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 extractiondaFtime PCR.
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2.9%hallenge 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 eitheCwirfringens

DSM 756 orClostridium spDSM 1985 inthe presence and absence of NaNGostridium

inocula were prepared using the same procedure adopteddtobacillusstrains, except that

they were grown in RCM and that the final applied concentration was 4 Log CFU/g of meat.
Half of the batches weraaculated withL. 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. The amount of lactobacilli and @lostridiumspp. was

monitored at diférent incubation times (0, 2, 5 and 9 days).

Table 1.Experimental study design of the Challenge test
(

Control Batches Protective culture Clostridiumstrain NaNG, 150 ppm

1 - C. perfringens +

2 - C. perfringens -

3 - Clostridiumsp. +

4 - Clostridiumsp. -
Challenge Test  Protective culture Clostridiumstrain NaNG, 150 ppm

Batches

5 L. plantarum C. perfringens +

6 L. plantarum C. perfringens -

7 L. plantarum Clostridiumsp. +

8 L. plantarum Clostridiumsp. -

2.6®late 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.
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Serial dilutions (1:10 in BPW) of the meat homogenate were perforiri@dil aliquot from
different dilutions were transferred Retri dishes and subsequently MRS agar medium was

poured Plates were incubated in jars, for 48 h at 37;C under anaerobic conditions.

2. MQuantification of Lactobacillusspp. on meat samples withealtime PCR

200 mg of pork meat were used for the DNA extraction. The QlAamp DNA Stool Mini Kit
(Qiagen, WesBussexUK) 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
improve the bacterial cell rupture. Extracted DNA was storeeB@tjC. The purity ad
concentration of extracted DNA were determined by measuring the ratio of the absorbance at
260 and 280 nm (Infinite200 PRO NanoQuant, Tecan, Mannedorf, Switzerland). The primers
used were La€ and LaeR (Castilloet al, 2006). The assays were penfi@d in 20 pl PCR
amplification mixture containing 10 pl of Fast SYBRGreen Master Mix (Applied
BiosystemsFoster City, CA,USA), 0.2 mM of each primer, # molecular grade and 2 pl

DNA extracted from pork meat at a concentration of 2.5 ng/pl. The amplification was
performed usingtepOng reaktime PCR System#pplied Biosystems The concentration

of both primers was optimized through primer optimizatoatrices in a 48vell plate and
evaluating the best QRn ratio. The primers were also checked for their specificity using the
database similarity search program nucleetideleotide BLAST. Moreover, to determine the
specificity of amplification, analysiof product melting curve was performed after the last
cycle of each amplification. Thermal cycling consisted of an initial denaturation at 95;C for
20s, followed by 40 cycles at 95;C 3s and at 63.5;C for 30s, respectively for denaturation and
annealing eémperature. The data obtained from the amplification were then transformed to
obtain the number of bacterial Log CFU/g pork meat according to the rRNA copy number

available at the rRNA copy number database (teal, 2009). Standard curve was created
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using 16S rRNA PCR product af. brevisDSM 20054 PCR products were purified with a
commercial kit DNA purification system (NucleoSpin™ Extract Il kit, MACHERENAGEL
GmbH & Co. KG, Germany) and the concentration measured at 268ammal dilutions of
PCR poduct were performed and 40.C, 1¢, 1, 1C copies of the gene were used for

calibration.

2.8BAPD PCR

RAPD-PCR was carried out on DNA extracted from randomly selected colonies obtained on
MRS agar plates used for counting the total LAB in meat samples. This technique relies on
DNA amplification with an arbitrary primer followed by separation on agarosd-geleach
experimental conditions (meat inoculated witlplantarumPCS20 and meat inoculated with

L. delbrueckiiDSM 20074), about 100 colonies were pick&®NA extraction from pure
colonies was carried out by suspending one colony In Sterile TrisEDTA in a single well

of a 96 multiwell plate. The plate wasbjected to heat treatment aj®3or 10 min, cooled

at 4iC, centrifuged at 5,00pfor 5 min to pellet cell debriONA containing supernatant was
subjected to RAPEPCR amplification, usingrpmer M13 (5- GAG GGT GGC GGT TCT) as
previously reported in different studie€dcolin et al, 2009 Rossetti and Giraffa, 2005).
Reactions were carried out in a final volume ofiP€ontaining 1.24 MgCl, (1.5 mM) Sigma,
Madrid, Spaif, 10 pl HotStarTaq Master MixQiager) 2! M primer M13 (2! M), 3.8 ul
RNasefree water Qiagern and 3ul template DNA.The amplification cycle was as follows:

45 repetitions at 94;C for 1 min, 34{C for 1 min, ramp to 72;C for 2 min. An initial denaturation
at 94C for 3 min, and a final extension at 72;C for 7 min, was also carriedaodt,
subsequently the samples were held at 4;C Maatercycler gradient (Eppendorf, Madrid,
Spain) RAPD-PCR products were analyzed by electrophoresis on 2% (w/v) agarose gels
suplied with EtBr, in 1X Tris-BorateEDTA buffer (TBE, ThermeFisher Scientific,

Waltham, MA,USA) at 120V for 4 h.
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2. PBtatistical analysis

A oneway ANOVA was performed to determine significant differences among samples. All
the analyses obtained from t@ballenge tests were performed using the Statistica 8.0 StatSoft
Inc.USA. Differences among means were tested by DuncanOs multiple range test (significance
P<0.05).

3. Results

3.1%ntagonistic activity of LAB strains againstClostridium spp. strains

The reslts obtained from the spot agar test evidenced that washed cells dfdottbacillus
spp. strains were capable of inhibiting the growth of édstridiumstrains. The radius of the
halos obtained were in the range-3.5 cm for all the combinations IBXClostridiumassayed.
As an example, the inhibitory activity of the tvi@actobacillusstrainsassayedagainstC.

perfringensDSM756 strains is shown in Fig. 1 (inhibition halo of 3.0 cm).

Fig. 1 Spot agar text showing growth inhibition ©f perfringensDSM 756 byL. delbrueckiDSM 20074 (left) andl.

plantarumPCS20 (right) strains.

The results of the antnicrobial activity studies in liquid coultures are shown in Fig. 2 and

3, which also report the growth of thactobacillusand theClostridiumstrains as single
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Fig. 2 Antagonistic activity ofL. plantarumPCS20 in liquid cultures again€iostridiumsp. DSM 1985 (Fig. 2A): &).
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Fig. 3 Antagonistic activity ot. delbrueck DSM 20074 in liquid cultures againStostridiumsp. DSM 1985 (Fig. 3A): A)
L. delbrueckiiDSM 20074 single culture, B}lostridiumsp. single culture, Cl.. delbrueckiiDSM 20074 ceculture, D)
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Clostridiumsp. in ceculture; andC. perfringensDSM 756 (Fig. 3B): EL. delbrueckiiDSM 20074 single culture, RJ.
perfringenssingle culture; G).. delbrueckiDSM 20074 ceculture, H)C. perfringensn co-culture.

L. plantarumPCS20 growth in liquid cultures was not affected by the presencetlof bo
Clostridiumsp. DSM 1985 andC. perfringendSM 756, reaching a-8-Log increase after 24
hours of incubation and showing d.@g decrease at the end of 72 hour incubation time both
in the presence and in the absence of @hestridium strains (Fig. 2Aand 2B). Both
Clostridiumstrains were found to grow well as single culture, but their growth was drastically
inhibited by the presence of bdthctobacillusstrains (Fig. 2A and 2B). The results obtained
were quite similar with the othémactobacillusstrain. WhenL. delbrueckiiDSM 20074 was
cultivated with and without theClostridium strains, the inhibitory activityversus the
Clostridiumsstrains was displayed, although it was lower than that showeéd phantarum
PCS2(Fig. 3A and 3B). In conclusioih, plantarumPCS20 possess higher inhibitory activity
with respect td_. delbrueckiiDSM 20074and Clostridiumsp. DSM 1985 is more sensitive

amongClostridiumstrains used in this study.

3.2%urvival of the two protective cultures in pork meat batter

The survival of protective cultures in pork meat batter was evaluated in two batters obtained
by the same butcher at two different timééeat fermentation, developed in laboratory
conditions, was performed in microaerophilic conditions atC2Zhosen ashe closest
scenario compared to the realistic one. Plate counts on-&dRSof meat samples not

inoculated and inoculated with PCS20 or DSM 20074 are shown in Table
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Table 2.Microbial counts on MRS agar plates of the two meat batters consideredvnrthinoculated witth. plantarum
PCS20 or with_. delbrueckiiDSM 20074 and not inoculated with any culture (Control). Counts on meat batter 2 have also

been performed with reéime PCR using primers targeted to tlaetobacillusgenus

Sampling Conditions Log CFU/g
Day
Meat Batter 1 Meat Batter 2 reattime PCR
plate counts plate counts
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

Realtime PCR was also performed for the lactobacilli quantification in one of the two meat
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 theem Hs Log
CFUlg in the other one. After two days of incubation, the total count increased in all batches
(inoculated with the exogenolactobacillusspp. and not inoculated) in the range-2.6 Log
CFU/g. At the end of the study period (day 6), MRS agamts 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 fingerprintiagalyses were performed to better understand the
survival of each protective culture strain in pork ground meat. As an example, the RAPD

pattern profiles obtained from 20 out of the 100 colonies isolated from meat inoculatéd with
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plantarumPCS20, at the zero and after 6 days of incubation, are shown in Fig. 4A and 4B,

respectively.

100 M 1 2
bp

7 8 9 1011 1213 14 15 16 17 18 19 2

Fig. 4RAPD profiles of the DNA obtained from 18 and 20 picked colonies. Colonies were obtained from plates resulting from
microbial counts of the meat inoculated with protective culturetantarumPCS 20 (Fig. 4A) ant. delbrueckiDSM 20074

(Fig. 4B). Molecular weight ladder (100 bp); protective culture profile (M); the other lines indicate the profile oltamed f

the isolated colonies.

On the whole, the results obtained showed that about 70% of the colonies isolated abtime ze
had a RAPD profile which could be ascribed to the inoculated strain, whereas 47% had the

same profile of the PCS20 strain after 6 days. Conversely, 60% and 11% of the picked colonies
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could be ascribed th. delbrueckiiDSM 20074 at time zero and 6 dags incubation,
respectively (data not shown). RAPD analyses of the control sample did not show any colonies
with a profile typical of both.. plantarumPCS 20 andl. delbrueckiDSM 20074 strains (data

not shown)

3.3%hallenge tests on meat batter

The meat btter used for the challenge tests was checked for absence of detectable clostridia
before starting the experiments (data not shown). The effdct @intarumPCS20 on the
growth and survival oC. perfrigensDSM 756, both inoculated in pork meat batterthe

presence or absence of 150 mg/kg NaN©shown in Fig. 5A.

5 —t— C. perfringens
+ PCS20 + NO,

- @@= C. perfringens
+ PCS20

g « C. perfringens
+NO,

..@. C perfringens
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PCS20 + NO,

Clostridium sp.+
PCS20

Clostridium sp.+
NO,

Clostridium sp.

Clostridium sp. (log CFU/g)

012 3 456 7 8 9
B days

Fig. 5 Clostridiumcounts of pork ground meat challenged v@thperfringendDSM 756 (Fig. 5A) and witiClostridiumsp.
DSM 1985 (Fig. 5B) in the presence and absente pifantarumPCS20 and 150 mg/kg nitrite.
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The count of inoculate@. perfrigendSM756 in the meawas 4.2 Log CFU/g at the beginning

of the incubation. The inoculatégl perfrigensstrainwas found to survive well in the batter,
whereas a significant (p <0.08duction of its concentration was observed when NaM{3

added. Whe.. plantarumPCS20 (initial concentration 9 Log CFU/g, as determined by real
time PCR counts) was added to the batter without nitrite treatment, a significant reduction
(p<0.05) ofC. perfrigenswas observed between day 2 and 5 in comparison with the batch
containing only the pathogen. The results from the last sampling day showed that, after 9 days
of the fermentation process, perfrigengrowth was inhibited to 1.5 Log CFU/g in thatbhes
inoculated with the protective culture.

An initial increase of 1 Log CFU/g of the inoculat€tbstridiumsp. DSM 1985strain was
observed up to day 5, followed by a decrease of the strain counts at the last sampling time (Fig.
5B). The same trendag observed when nitrite was added. A reduction ofClbstridium

strain counts was observed after 5 days of incubation in the batches inoculated with the
pathogen and. plantarumPCS20 without nitrite treatment in comparison with the batch with
only thepathogen. The results from the last sampling day showe@libsttidiumcounts were
reduced to 1 Log CFU/g in meat samples inoculated withlantarumPCS20, both in the
presence and absence of nitrite.

Furthermore, at the end of the incubation timealRime PCR counts of lactic acid bacteria on

the eight batches was in the range B8Log CFU/g.

4. Discussion

Clostridiumspp. are a serious risk of disease in meat products (Adhédy 2009; Golderet
al., 2009; Lintonet al, 2014). However,hey are kept under control by the addition of nitrite
or nitrate as antimicrobial agents, which at present make the ri€ksstfidiumdiseases close

to zero (Toldr”, 2010). The growing request of consumers for safer products and the concern
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due to nitosamine formation have led to the consideration by the food industry of chemical
free alternative approaches (Akhedral, 2009; Ergonul, 2013; Ojhet al, 2015), the use of
protective cultures being one of them. However, although biopreservation studies have led to
reports of efficient protective cultures, some bottlenecks actually limit their application in meat
products. In particulann vitro observedantagonistic effects have often been described as
abolishedin carnis where the adaptation and metabolic activity of inoculated protective
cultures can be impaired (Chailletial, 2014; Jonest al, 2008, 2009; Lintowet al, 2014).

The aim of this wik is to study the possibility of usingactobacillusstrains as protective
cultures againsClostridium spp. in meat. The effectiveness of protective cultures in meat
products has been studied agalnshonocytogene€. jejunii (Meleroet al, 2013; Ranondi

et al, 2014), and, in meat sausage model systems, adainginocytogeneandE. coli(Diaz-

Ruiz et al, 2012; OsZst al, 2015) but, to the best of our knowledge, only one application
regarding the use of a bacteriocin produddagliococcustrain against ©stridiumspp. has

been described in fermented meat products.

Both Lactobacillus strains displayed high antimicrobial activity vitro against the two
Clostridiumstrains used in this study. However, RAPD analysis applied to coloniatedo

from meat allowed to outline the better adaptation of facultative heterofermentative
lactobacilli, such as the. plantarumPCS20 strain with respect to the homofermentdtive
delbrueckiDSM 20074 strain. The growth of the latter was overcome hbyenlaictic 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
optimal temperature fdr. delbrueckiigrowth (Arioli et al, 201§.

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 isreell-studiedL. plantarumstrain (Choeet al, 2010; Maragkoudakist
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al., 2010; Nisseret al, 2009; Dimitrovskiet al, 2014), known to possess thel gene for
plantaricin production and capable of survivingvitro to low water activity conditions and
starvation stresses (Samtet al, 2010). Moreover, it was also found to possess gut health
promoting action (Nisseat al, 2009). As Gaggi&t al.(2011) pointed out, foods inoculated

with LAB protective cultures may have additional functional and beneficial properties for the
consumersthus,the concept of Oprotective culturesO is a broad one and it is not strictly related
to food safety concept.

This study shows that the activity bf plantarumPCS20 againsClostridium strains was
retainedn carnis The reduction of thewvo Clostridiumstrains is not as efficient as the use of

the chemical agents; however, an import@iustridiumreduction (2.0 and 1.5 Log CFU/g of

C. perfringensandClostridiumsp., respectively) was observed after 9 days of fermentation.

The obtainedesults 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 in meat products, a single compound that performs all its functism®hbeen found

yet (Marcoet al, 2006; Alahakoomet al, 2015). Considering that nitrite is also used to maintain

a bright red colour in the meat and to obtain the typical Ocured meatO taste (etospital
2015), a reduced amount of nitrite with respto the traditionally used 150 mg/kg of meat is,
hitherto, a more feasible approach for the food processing industry point of view than the
complete elimination. Further studies will be therefore focused on a combined approach based
on the use of a redad amount of nitrite plus the addition of targeted microbial cultures.

This paper also pointed out that real time PCR is an effective anesaviteg method for
Lactobacilluscounts in fermented meat products, allowing to obtain results comparable to the
officially used plate count procedures. There are several ongoing debates regarding the

accuracy of gPCR based approach versus traditional count methods in food matrixés (Cast
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et al, 2006; Rantsiou and Cocolin, 2006). However, the study here described confirms that
gPCR is a reliable method for this purpose.

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

meat products.
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Abstract

In the present work, a combined hurdle approach for fermented meat preservasion w
investigated.In situ challenge tests were performed @horizo sausage model using the
maximum allowed NaN@amount (150mg/kg)a reduced amoun?% mg/kg) ancho nitrite,

with and without protective cultures inoculation. Cocktail straing.ofmonocytogeneand
Salmonellaspp. were used as indicator strains. The reduced amount of nitrites did not change
the L. monocytogenegrowing trend in the sausage model when compared with those
containing 150 mg/kg NaNOThe combined approach, 75mg/kgMM>; andL. plantarum
PSC20, was capable of lowering the monocytogenesounts up to 2.62 log cfu/g when
compared with sausages without protective cultufdsne of the protective cultures
demonstrateth situantagonistic activity again§almonellaspp

This work pointed out that the reduction of nitrites with the combined use of a protective culture

could be a feasible approach to contromonocytogenegrowth in fermented meat foods.
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1. Introduction

In the era where demand for ready to eat apdgwative free products is constantly growing,

the microbiological food safety has to be guaranteed, proportionally with this ongoing trend.
In the recently publisheBuropean Food Safety Authorifg FSA) foodborne outbreak report,
referred to 2016Salmmella spp. human infections had the same high level of the previous
year 04.530 confirmed cases), whereas human listeriosis, caused mainliidbgria
monocytogenesshowed9.3% increas€2.536 confirmed casesjEFSA 2017. Despite the
relatively lowincidence of listeriosis, compared with the number of campylobacteriosis and
salmonellosis cases, its importance is due to the severity of the disease and the higher case
fatality rate (Baffoni et al., 201 DOOstuni et al., 201BFSA,2017).

Curing with nitrite is the most used approach to control foodborne pathogens in the meat
(Honikel, 2008). Nitrites have additional functions in the meat, as they help to prevent lipid
oxidation and rancidity, guarantee a bright red color and a typical OcuredOS&branék

and Bacus, 2007). Although nitrites are widely used in the meat industry, they are classified by
International Agency for Cancer Research as potentially carcinogenic agents (IARC, 2010),
due to their ability to react with amines in the gastrotitaktract, resulting in Mitrosamines
formation. Nitrites, hitherto, are the most effective solution ag&ndiotulinumgrowth in

meat products (EFSA, 2008pspital et al., 2014ospital et al., 2006 Therefore, 150 mg/kg
NaNQG:and 300 mg/kg NaNgare authorized as maximum added levels in meat and other food
products (EFSA, 2003; European Commission, 20Ih¢. Danish authorities proposed more
stringent national regulations related to nitri(@80 mg/kg of nitrite as maximum allowed
amount in fermented sausages), which were approved by the European ConBissipean
Commission, 2016 Specifically, Denmark will collect data regarding nitrite added/residual
level to correlate them withcceptable heditrisks and benefits for 3 yearsdditionally, with

the ECRegulation N 889/2008for organic meat productglmost 50% reduction of the
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maximum amount was established: 80 mg/kg for added nitrite and 50 mg/kg for residual nitrite
(European Commission, 28

Therefore, meat industries are challenged to employ healthier and safer approaches for meat
preservationln the attempt of finding alternatives to nitrites for fermented food preservation,
several authors suggested the use of lower nitrite levetsnmiination with other compounds

or processing technologies, in a way that antimicrobial properties against the common
foodborne pathogens could be guaranteed without alteration of sensory qualities (Alahakoon
et al., 2015; Cavalheiro et al., 201bactic acid bacteria (LAB)with demonstratedh vitro
antimicrobial activity against a wide spectrum of foodborne pathogemnsy( et al., 2013as

well as the addition of natural extracts or phytochemicals are the mostly studied approaches
for the developmentfannovative processed meat products (Alahakoon et al., Zeddgia et

al., 2011 Oliveira et al., 2018). However, several natural extracts may contain even more than
the allowed nitrate amount, thus the nitrosamine formation is questioned (Bedal2Gt&)l.,

LAB strains with demonstrated sensorial or health promoting properties are approved by FDA
as Generally Recognized as Safe (GRAS) and by EFSA witQuladéfied Presumption of
Safety (QPS) status

In the present work, we studied the effectiversdsa combined hurdle approadle. a 50%
reduction of nitrites plus the addition of previously characterizadtobacillus strains
(Lactobacillus plantaruniPCS20 oiLactobacillus delbrueckibSM 20074), against common

foodborne pathogens fDhorizq a dryfermented sausage produced in Spain.
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2. Material and methods

2.1 Bacterial strains

L. plantarumPCS20 (MSCL P977) and delbrueckiiDSM 20074 were used as protective
cultures for theidemonstrated anthicrobial activity against several pathogébs Gioia et

al., 2016;Savino et al., 2001 Theywere grown in de Man Rogosa Sharpe medium (MRS,
Oxoid Ltd., Basingstoke, England) in anaerobic conditid¢imaérogen, ANOO25A, Oxoigdhat

37 {C for 48 h.

A cocktail of Listeria monocytogenestrains (serovar 4a and 46ECT 5366, CECT 934,
CECT 4032 and LTA0020) and a cocktail @almonellastrains (isolated from different
sources at the Department of Biotechnology and Food Science, Burgos), \Bere used in
the challenge tests (Melero et al., 20&lero et al., 2013 The strains were grown at 37;C
in Brain Heart Infusion Broth (BHI, Oxoid).

For viableL. monocytogenesounts, Chromogenitisteria agar (Oxoid) supplemented with
OCLA (1SO) Selective Supplement (SR 0226E, Oxoid) and Brillabisteria Differential
Supplement (SR 0228E, Oxoid) was used. BrilliaBaémonellaagar (Oxoid) supplemented
with SalmonellaSelective Supplement (SR 0194, Oxoid) was use®&&monellaspp. viable

cel counts.

2.2 Study design

Two Challenge tests in sausage prototypes were designed, referred to as 1 and 2. Challenge
test 1 aimed at studying the effect lof plantarumPCS20 against. monocytogeneand
Salmonellaspp. in fermented sausages, both withdtrite addition and with 150 mg/kg of
nitrite. Challenge test 2 was focused on the effects of two protective culturg@antarum
PCS20 and.. delbrueckiiDSM 20074, againdt. monocytogenesrains in pork meat batters
treated with 75 mg/kg and 150 fg of nitrite. Challenge test protocols are detailed below

(2.3 and 2.4).
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2.3 Inocula preparation

2.3.1 Pathogen strains

EachL. monocytogeneandSalmonellaspp strain was grown at 37jC overnight in BHI broth

up to 9 log cfu/ml. Cells were washed and suspended in sterile Ringer solution (Oxoid). For
Challenge test 1, dilutions were performed in order to obtain a final concentration of 4.5 log
cfu/g in the meat badr (Figure 1), whereas for Challenge test 2, meat batter was inoculated

with L. monocytogenesocktail strains in order to obtaihe final concentration of 3 log cfu/g

(Figure 2).
Batches without NaNO, Batches with 150 mg/kg NaNO,
& ct Ctr-N
r s . r- * 150 mg/kg NaNO,

§ 333g No addition 3339
5 1 kg batter - 150mg/kg NaNO,
2 1kg L +4.51og cfu/g L. +150 mg/kg N+L .4 500q cfu/gL.
-‘é batter 333g monocytogenes NaNoO, 333g monocytogenes
o s N+s
::9 333g *4.5 log cfu/g Salmonella spp. 333g + 150 mg/kg NaNO,
© * 4.5 log cfu/g Salmonella spp.
(1]

+No NaNO, . * 150 mg/kg NaNO,
§ %t;?g «6-7 log cfu/g PCS20 1 kg batter 35'39 +6-7 log cfu/g PCS20
= +PCS 20 ps, 07 log cfulg PCS20 NaNO, NpsL 07 log cfulg PCS20
= =45 log cfu/g L. +PCS 20 3339 4.5 log cfu/g
i 3339 monocytogenes L.monocytogenes
)
£ NP+$ « 150 mg/kg NaNO.
[ :;32 *6-7 log cfu/g PCS20 333g e Ioggcf?l e 8220
g 4.5 log cfu/g Salmonella spp. *4.5 log cfu/g Salmonella spp.

Figure 1. Challenge test 1- Batch: Ctr, control; N, 150mg/kg NaNO2; P, L. plantarum PCS20; L, L. monocytogenes; S, Salmonella
spp.

2.3.2 Protective cultures
L. plantarumPCS20 and.. delbrueckiiDSM 20074 were grown at 37;C overnight in MRS
broth up to 9.510 log cfu/ml. Cells were washed and suspdrtdea final concentration of 6

7 log cfu/g (Figure 2).
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Batches with 150 mg/kg NaNO, Batches with 75 mg/kg NaNO,
1%]
g NCtr  +150 mg/kg NaNO, ZNCtr .75 mg/kg NaNO,
> 333g 333g
£ 1 kg batter + 1 kg batter +
Q 150 mg/kg
o 75 mglkg 1,N+P « 75 mg/kg NaNO,
P NaNO N+P =150 mg/kg NaNO 2
] 2 2 NaNO +6-7 log cfu/g PCS20
g 333g  +6-7 log cfu/g PCS20 2 3339 R
-
5 V2N+D .75 mg/kg NaN
g o TR 333g -6—57ng gfu/; D%ZM 20074
£ 333g «6-7 log cfu/g DSM 20074
=

« 75 mg/kg NaNO,
“» NL Ctr +150 mg/kg NaNO, “NL Ctr *3log cfu/g L.
= 333g *3 log cfu/g L. 3339 monocytogenes
§’ 1 kg batter + L monocyiogenss Ll o
2 m 0?) oc . + 150 mg/kg NaNO, monocytogenes *75 mg/kg NaNO,
S s+ 150ynt| kg *P -6-7log cfu/g PCS20 +75mglkg VNL#P +6-7 log cfu/g PCS20
s 9'K9 3339 .31910g cfuigL. NaNO, 333g -3log cfu/g L.
£ NaNoO, monocytogenes monocytogenes
3 Y.NL+D
= NL+D + 150 mg/kg NaNO, 333g  *75mg/kg NaNO,
E 333g *6-7 log cfu/g DSM 20074 *6-7 log cfu/g DSM 20074
*3 log cfu/g L. monocytogenes *3 log cfu/g L. monocytogenes

Figure 2. Challenge test 2Batch: Ctr, control# N, 75 mg/kg NaNO2; N, 150mg/kg NaNO2;LP plantarumPCS20; L, L monocytogenes;
D, L. delbrueckiDSM20074

2.4 Challengetests

The batter was composed of grounded pork meat and fat (70% and 30%, respectively) supplied
by a meat processing company in Burgos (Sp&pices were not used not to interfere with

the results obtained.

For Challenge test 1, the ground meat (4\Wg3$ divided in 2 trays of 2 kg meat each. In one
tray 2% NaCl was added whereas, in the other tray, meat was supplemented with 2% NaCl
plus 150 mg/kg NaNg(Figure 1). After homogenization in a vacuum mixer, each 2 kg portion

of batter was divided in twoaots 1 kg was inoculated with. plantarumPCS20 and
aseptically mixed by hand. The other kg was not inoculated. Subsequently, each kg was divided
in 3 batches (333 g), one inoculated with the cocktabaimonellastrains, the second one

with the L. morocytogenesstrains and the last one was not inoculated with any pathogen
(control). The 12 conditions and the relative acronyms are shown in Fig. 1.

For Challenge test 2, the ground meat (4 kg) was divided in 2 trays of 2 kg meat each. 2 kg

were treated wh 2% of NaCl, 0.5% dextrose and 75 mg/kg Nald@d 2 kg with 2% of NaCl,
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0.5% dextrose and 150 mg/kg Napl@&ach tray was divided in two (1 kg each one): one
inoculated withL. monocytogeneand aseptically mixed by hand and the other not inoculated.
Then each kg of meat was divided in three batches (333 g each) and submitted to different
treatments: inoculated with PCS 20, with DSM 20074 and not inoculated. The 12 conditions
and the relative acronyms are shown in Fig. 2.

Each batch containing 333 g ofeat batter was used to produce two sausages, each one
containing 166.5 g of batter, which were stuffed in collagen casings (45 mm diameter)
(Viscofan, Navarra, Spain). For Challenge test 1, the fermentation was performed for 2 days at
23iC, 95% humidity ad followed by a short ripening of 6 days at 15;C and lower humidity
(80-75%). pH evaluation and microbiological analyses were performed at the following days:
DO, D1, D2, D4, D6 and D8. For Challenge test 2, the fermentation was studied for 2 days
followed by 5 days of short ripening in the same conditions as for the Challenge test 1. pH
evaluation and microbiological analyses were performed at the following days: DO, D3, D5
and D7.

For each Challenge test, the meat was also analyzed for the present®obcytogenesnd
Salmonellabefore inoculation at DO.

2.5 pH analysis

pH was measured with a pin electrode of a pHmeter (micropH2001, Crison, Barcelona, Spain)
inserted directly 3 times into the sample.

2.6 Microbiological Analysis

Meat samples (10 g) were aseptically removed from €hdrizoand homogenized in 90 ml

of Buffered Peptone WatéBPW,; AES Laboratoire, Combourg, France) for 2 min in a sterile
plastic bag using a Smasher (AES Laboratoire). For cell counts, decimardilti:10 in

BPW) of the meat homogenate were prepared and aliquot of 100 ul were inoculated onto solid

agar plates. The counts were performed in duplitaigtobacilluswas counted on MRS agar
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plates, incubated anaerobically for 48 h at 31jGnonocybgenesvas enumerated according

to 1ISO 11296P:1998 (ISO, 1998) for artificially contaminated samples, on Chromogenic
Listeria agar plates supplemented as previously descrilieel presence or absence of viable
Salmonellacells in the initial dilution wasnvestigated by enrichment according to ISO
6579:2002 IS0, 2002.

ISO protocols were used for the detection of natural contamination in not artificially inoculated
batches: ISO 112%0:1996 (ISO, 1996) an&O 6579:2002 (ISO, 200&)r L. monocytogenes

and Salmonellaspp, respectively

2.7 Statistical analysis

The results of microbiological analysis were obtained from two chorizo per treatment, for each
sampling point and subjected to emay ANOVA analysis. Differences among means were
tested by Duncan@uiltiple range test (significance P<0.05). All the analyses obtained from
the Challenge tests were performed using the Statistica 8.0 (StatSoftinc., USA). Results of

statistical analysis are presented as mean value + standard deviation.

3. Results

3.1 Challenge test 1

3.1.1 pH analysis

No differences in pH were observed during the fermentation and short ripening process (data
not shown). Considering the slight decrease of pH observed, 0.5% of dextrose was added in
pork meat batter in Challenge test 2 with the aim of stimulatingahtbacillusgrowth and
acidification.

3.1.2 Microbiological analysis
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The growing trend of.. monocytogenesnd Salmonellaspp. in Challenge test 1 is shown in

Figure 3. Both pathogens demonstraébility to survive and colonize the pork meat in the

sausagenodel.
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Figure 3. Antimicrobial activity of L. plantarum PCS20 against L. monocytogenesSafaonellaspp. in dry fermented
sausage with and without 150 mg/kg NaNO2.LAmonocytogenesounts; B)Salmonellaspp. counts within the ripening
period. N=150 mg/kg NaNO2.; L= monocytogeneR=L. plantarumPCS20; S=Salmonellaspp.

RegardingL. monocytogenegrowth, a significant reduction (p<0.05) of 0.95 and 2.78 log
cfu/g, was observed at day 4 and 6, respelgt in the batch with 150 mg/kg NaN@nd
PCS20 (NLP) with respect to the batch with nitrite but without PCS20 (NL) (Figure 3A).
Moreover, in batch NLL.. monocytogenesounts increased 3.55 log cfu/g at the last sampling
time (D8) compared with the il inoculum, whereas this increase was of 1.96 log cfu/g in
batch NL+P (Figure 3A). Lower, but significant reduction (p<0.05) of 0.60 and 0.52 log cfu/g
in L. monocytogenesounts was observed at day 4 and 6, respectively, in batches P+L
compared to L tat are without nitrite addition, whereas no significant differences were

observed at D8.
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Lower Listeria counts were obtained in batches where NaM@s added (NL/NL+P) in
comparison with batches without additives (L/P+L). A significant reduction (p<0fQ&B7

log cfu/g was obtained comparing NL+P and P+L batches and a significant reduction (p<0.05)
of 0.58 log cfu/g was observed at the last sampling day (D8) comparing NL Ctr and L.
Salmonellaspp. counts within the study period are shown in Figurd_3BlantarumPCS20

did not show antimicrobial activity again§almonellaspp growth. However, nitrites
demonstrated a significant reduction (p<0.055afmonellaspp. growth (1.23 log cfu/g) in
batch N+S in comparison with batch S at D8.

Initial countsof LAB in the meat without protective culture were betweeh33log cfu/g. The
level of PCS20 inoculum was 559 log cfu/g. After 3 days, when the fermentation conditions
were settled, LAB counts increased in all batches ef3%30g cfu/g, reachingalues in the
range 79 log cfu/g in batches with protective culture ar8lldg cfu/g in uninoculated batches,
at the end of the study (data not shown).

3.2 Challenge test 2

3.2.1 pH analysis

pH trend in the meat subjected to different treatments is shown in Table 1.

Table 1 Challenge test 2The trend of pH during the fermentation and ripening period

Batches** Days *
0 3 5 7

N Ctr 5.96 +0.08 5.78+0.08 6.12 +0.06 6.03 +0.08
%N Ctr 5.90+0.08  5.99 +0.08 6.11 +0.04 5.90 +0.0%
%NL Ctr 5.77+0.08  5.89+0.02 5.92+0.02 5.91+0.02
NL Ctr 5.85+0.03  5.99+0.0% 6.10+0.04* 5.85+0.02
N+P 5.86+0.08°  5.44+0.02 5.23+0.0F 5.02+0.04
%N+P 5.85+0.07*  5.28+0.06° 5.21+0.02 5.05+0.0F
NL+P 5.77+0.08" 5.31+0.018 5.14+0.04 5.09+0.04
NL+P 5.83+0.0¥*  5.30+0.01 5.16+0.01° 5.02+0.0°
N+D 5.87+0.03*  5.93+0.04' 5.93+0.08 5.89+0.04*
%N+D 5.80+0.048  5.93+0.02 5.93+0.02 5.89+0.08
NL+D 6.05+0.0¥*  5.94+0.03 6.0410.08* 5.97+0.03
1,NL+D 6.17+0.04 5.91+0.01 5.94+0.04 5.80+0.04

" Data are expressed as mean of n=3 measurements.
"Batch: N Ctr=meat batter added with 150mg/kg NalN@N Ctr=75 mg/kg NaN@added:NL Ctr =75mg/kg
NaNQy+L.monocytogenesdded NL Ctr =150mg/kg NaN@+L.monocytogenesdded N+P=150mg/kg NaN@-PCS20
added}sN+P=75mg/kg NaNG+PCS20 addedyL+P=150mg/kg NaN@+L.monocytogene$CS20 added;
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1LNL+P=75mg/kg NaNG+L.monocytogenesPCS20 addedy+D=150mg/kg NaN@+*DSM 20074 added;
%N+D=75mg/kg NaN@+DSM 20074 added\L+D =150mg/kg NaN@+L.monocytogengSM 20074 added,;
%NL+D=75mg/kg NaN@+DSM 20074 added.

"AB.C.D: Mean values in the same row (corresponding to the same batch) differ significan@y0§).

As expected, the addition of 0.5% dextrose caused a significant pH reduction at D7 (from 5.80
to 5.05; p<0.05), in all batches whdreplantarumPCS20 was inoculated. Differently, the
addition ofL. delbrueckiDSM 20074 did not lead tosagnificant pH reduction (p>0.05).

3.2.2 Microbiological analysis

Figure 4 shows the trend bf monocytogendasoculated at 3 log cfu/g in all batches.
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Figure 4. Antimicrobial activity of L. plantarum PCS20 (A) and L. delbrueckii DSM20074 (B) against L. monocytogenes in
dry fermented sausage added with 75 or 150 mg/kg NaNO2. A) L. monocytogenes counts within the ripenidig\sefiod.
mg/kg NaNO2; N=150 mg/kg NaND) L=L. monocytogenes; P=L. plantarum PCS20; B) L. monocytogenes counts within
the ripening period? N=75 mg/kg NaNO2; N=150 mg/kg NaNO2.; L=L. monocytogenes; D=L. delbrueckii DSM20074

Comparing batches containing 75 mg/kg NaN@th and without PSC20 éiches# NL+P
and# NL Ctr, respectively, Fig. 4A a significant reduction (p<0.05) of 2.20 and 2.62 log cfu/g
of the inoculated.. monocytogenewas observed at day 3 and 5, respectively, in the batch

where PCS20 was inoculatedNL+P); this reduction was maintained until D7.
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Interestingly, considering the initial inoculum, the pathogen counts increased of only 1.61 log
cfu/g in the batch# NL+P compared with a 3.99 log cfu/g increase in the batdh Ctr, at

D7. On the other hand, lmatches with higher nitrites concentration a significant reduction of
L. monocytogeng®<0.05) of 3.93 log cfu/g was observed at D5, in batch containing PCS20
as protective culturdNL+P) in comparison with batch without PCS20L( Ctr), with a final
redudion of 3.84 log cfu/g at D7. In summary, it is possible to observe that the pathogen
growing trend, without PCS20, was the same when the meat was treated with 75 or 150 mg/kg
of nitrites ¢ NL Ctr andNL Ctr batches), while with PCS20,

L. monocytogenasounts were higher i# NL+P compared witiNL+P (difference of 1.49 log
cfu/g).

Figure 4B shows thie. monocytogenegowth in pork meat batter with 150 mg/kg or 75 mg/kg
NaNQ, with or withoutL. delbrueckiiDSM 20074 inoculum. At the end of the study, no
significant differences ih.. monocytogenagowth were observed among batches.

Counts of LAB growth were under the detection limit (<2 log cfu/g) in the control batches
without protective culture inoculum at DO; whereas LAB counts were in the rangmgafu/g

in the batches inoculated with PCS20 at DO (Table 2).
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Table 2.Challenge test 2LAB counts (log cfu/g) within the 7 days of fermentation and ripening period

Batches** Days *
0 3 5 7

N Ctr <2 +0.0® 6.63 £0.25 7.82 +0.1% 7.89+0.12
%N Ctr <2 +0.0¢ 7.18 +0.46 7.60 +0.17% 7.09 +0.34
NL Ctr <2 +0.0% 6.59 +0.28 8.15 +0.0% 7.38 +0.28
%NL Ctr <2 +0.0¢ 6.89 +0.27% 7.15 +0.5% 7.43 +0.28
N+P 6.34 £+0.15 8.87 +0.26 9.09+0.128  9.13+0.16
%N+P 6.34+0.1 9.06 +0.18 9.26 +0.06 8.03 +0.18
NL+P 6.59 +0.1¥ 8.86 +0.18 9.10 +0.0% 9.14 +0.09
%NL+P 6.61+0.18 9,04 +0.07 9.04 +0.08 9.17 +0.08
N+D 5.71+0.26 6.49 +0.28 7.29 +0.38 5.89 +0.37
%N+D 5.84+0.1% 6.98+0.19 7.44 +0.18 6.36 +0.18
NL+D 5.98 +0.1? 6.52+0.12 7.69 +0.28 7.19 +0.08
%NL+D 6.09 £+0.15  6.35 +0.08 7.44 +0.18 7.58 +0.13

" Data are expressed as mean of n=3 measurements.

"BatchN Ctr=meat batter added with 150mg/kg NalN@N Ctr =75 mg/kg NaN@addedN+P=150mg/kg
NaNOG+PCS20 addedszN+P=75mg/kg NaN@+PCS20 addedy+D=150mg/kg NaN@-DSM 20074 added;
11N+D=75mg/kg NaN@+DSM 20074 addedyIL Ctr =150mg/kg NaN@+L.monocytogenesdded

1%NL Ctr =75mg/kgNaNO+L.monocytogeneadded NL+P=150mg/kg NaN@+L.monocytogene$CS20 added;
NL+P=75mg/kg NaNG@+L.monocytogenesPCS20 addedyL+D=150mg/kg NaN@+L.monocytogeneDSM 20074
added}4NL+D=75mg/kg NaN@+DSM 20074 added.

"*AB.C.D: Mean values in the samewdcorresponding to the same batch) differ significantly (p < 0.05).

At the end of the study, LAB counts reachefl Ibg cfu/g in batches without PCS20, and 8
9.2 log cfu/g in batches with PCS20. Batches inoculated with DSM 2did7dot reach the
samelLAB count level as PCS20. In particular, 5.89 log cfu/g were obtained in the control
batch with 150 mg/kg NaN£and 6.36 log cfu/g in that with 75mg/kg Nai@t D7. These
counts are almost 3 log lower than those obtained for PCS20.

Similarly to the prevous experiment, significant differences (p<0.05) were observed between
D1 and D3, i.e. in the final part of the fermentation pericéiday). At the end of the short

ripening period, LAB reached counts in the rangel@g cfu/g.

4. Discussion
The aim ofthe present work was to evaluate the possibility of using protective cultures to
eliminate or reduce nitrite amount in fermented meat products. For this purpose, the

biopreservative activity of previously characterized LAB strdinglantarumPCS20 and..
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delbrueckiiDSM 20074, was studied agairhsstmonocytogenesnd Salmonellaspp. in a dry
fermented sausage model without nitrite, with half (75 mg/kg) and maximum (150 mg/kg)
allowed nitrite amount.

The results showed that the additioh.oplantarumPCS20 as protective culture in nitritee
sausages inoculated with the pathogen is capable of significantly reducing the pathogen load
after 4 and 6 days from the beginning of the fermentation, although the same effect was not
observed at D8. On the doary, the antimicrobial activity of PCS20 was not observed against
the cocktail ofSalmonellastrains, whereas their growth was significantly (p<0.05) reduced in
the presence of 150 mg/kg nitrites. Interestingly, Hospital et al. (2014) obtained complete
Salmonellainactivation using a halved nitrite amount (75 mg/kg or) in fermented sausages at
the end of the storage period. Other works showed the ineffectiveness of commercial protective
cultures, as well as of memblated Lactobacillusstrains, againsBalmonellaspp., when
inoculated in different meat modeBiés et al., 201.3Kotzekidouand Bloukas, 1998). The
outcomes of this study support the Hugas (1998) consideration on the hurdle effect strategy.
Our study also shows that it is possible to redusteria counts by inoculating the meat with

L. plantarumPCS20 and a halved amount of nitrite (75 mg/kg). This result is particularly
important considering the EC decision of adopting more stringent criteria for potential
carcinogenic additives. Theretgithe combination of a protective culture with a reduced nitrite
amount is an effective hurdle approach in fermented sausage production that may allow both
to reduce pathogen load and to have the known positive effects of nitrites, such as the bright
color.

The antiListeriaactivity observed is in agreement with a receotk (Giello et al., 2018that
showedthe effectiveness of the bacteriogroducingLactobacillus curvatu§4M16 strain in
fermented sausages. Several authors pointed out that bacteriocin action can be imndered

carnisby bacteriocin binding to food matrixes or degradation by proteases or their production
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can be prevented by nitrite&dlvez et al.,, 2007Kouakou et al, 2009. Therefore, non
bacteriocin producing strains showing didferial activity can be of great importance in
fermented meat production, in particular in the presence of nitrites. This is the dase of
plantarumPCS20 strain, that doestrproduce bacteriocin€ho et al., 2010and exerts anti
microbial activity in the presence of a reduced amount of nitrites. Itgréerobial activity
againsL. monocytogeneasan be attributed teell-to-cell contact mechanisms or the production

of organic acidic metabolitegn additional strength of our study is the use of four diffekent
monocytogenestrains, belonging to different serovars (Lianou ladtsoumanis2013; Scott

et al., 2005).

Moreover, our work confirmed that dextrose is an ingot pH lowering agent, allowing to
reach pH values between 4.5 and 5.5, a range in which nitrite is mainly in the undissociated
state, possessing the greatest antibacterial activity. Moreover, a rapid pH drop below 5.1 is
considered as a desirable adthtion rate for protective cultures in fermented meat products
(Ammor and Mayo, 2007 On the other hand, the inability lofdelbrueckiDSM 20074 strain

to demonstrate a significant pH lowering, resulted in an antagonistic failure abainst
monocytogeesat the end of the study.

Our study supports the outcomes of a recent survey (Hung et al., 2016), in which meat industry
stakeholders expressed interest in the development of innovative and healthier processed meat
products but asked the scientific coommty to provide additional evidences of the
microbiological safety of developed approaches. Consumers are important players in industrial
innovation shaping, thus the taste and the microbiological safety are the most important criteria

for the novel foodormulations (Bedale et al., 2016; Hung et al., 2016).
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5. Conclusions

This work pointed out that a combined approach based on half of the allowed nitrite amount
and of protective culture may be effective in a-iynented meat produath{orizg to reduce

the growth ofL. monocytogenes pathogen with high case fatality incidence and causing
severe diseases. This study has also shown that the effectiveness of nitrites against this
pathogen is not related to their amount; the inoculation waticlacid bacteria contributing to

pH lowering and to reach the effective dissociation state of nitrite is probably a crucial factor
for their effectiveness. However, further studies aimed at better elucidating theaobial
mechanisms against pathogean food matrix need to be pursued.

Additionally, this study can provide additional scientific evidence that the combined hurdle

approach is promising for an innovative fermented meat development.
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Characterization of lactic aclthcteria isolated from artisanal salami
for their bioprotective and tech#anctional properties

Ivana Nikodinoska.

Manuscript to be submitted

1. Introduction

Fermented meat products, such as salami, represent a cultural fingerprint datifigorinack
millennia. Traditional salami production in Italy is often run in a sis@dle familybased
environment, with an Hmouseproduction of all primary material (Roccato et al., 2017). The
artisanal products bring the Otaste of traditionO where indgyericrobiota, raw materials and
production conditions are the main protagonists (Tabanelli et al., 2012). Spontaneous
fermentation in artisanal smaltale salami production is led by environmental and meat
indigenous biota whereas the industsehle fementation is standardized with starter cultures
employment (Franciosa et al., 2018). Fermented salami is a restricted ecological niche,
harbouringLactobacillus Staphylococcus, Debaryomycasd Penicillium as main bacterial

and fungi genertarter culires for fermented meat are Opreparations which contain living or
resting micreorganisms that develop the desired metabolic activity in the meatO (Hammes,
1996). Lactobacillusis the most employed bacterial genus as a starter for several matrixes
including meat, due to its tech+#ianctional and safety performances (Franciosa et al., 2018).
The high genetic diversity with the over 28actobacillusspecies reported in thast of
Prokaryotic names with Standing in Nomenclatu®LPSNO (September 20109,
www.bacterio.net) can explain the adaptation in different environments. The limited carbon

availability and the rich amino acid and lipid content in the meat matrix, are the shaping
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parameters of thieactobacillusmetabolic behaviour during the fermentation &atd ripening
process. The initial lactic acid production followed by amino acid catabolism have a significant
impact on the hygienic and sensory quality of the {opgned fermented meat&$nzle,

2015.

Fast microbial growth together with a rapid ptdglare the most desirable teckHnactional

and hygienic characteristic of meat starter cultures. The fast acidification in salami
manufacturing mainly leads to the inhibition of spoilage pathogens, product shelf life stability,
textural stability of theihal product, due to the coagulation of muscle proteinsvandsensory
properties of the final product (LYcke, 2000).

Nitrites are widespread multifunctional additives used in the fermenteduded salami.
Beside their remarkable chemical propertieg tmamtributes to the red colour stability, lipid
oxidation prevention and a typical cured flavour, nitrites represent the most efficient
anticlostridial agent. Howevethe use of nitrite in the meat industry is being questioned due
to their involvement imitrosamine formatioflARC, 2010). There is a general tendency in

the EU to reduce nitrite amount in the meat with respect to the current allowed amount (150
mg/kg of meat) (European Commission, 2018) and meat industries are challenged in finding
alterndives for nitrites, also considering the additional increased consumers demand for
OchemicalreeO foods.

Biopreservation is one of the most ancient micrebaded strategy to improve the product
safety and extend its shdiffe (Stiles, 1995). The prodtion of antimicrobial compounds such

as organic acids, hydrogen peroxide and lytic agents are some of the antagonistic mechanisms
employed by these bioprotective bacteria (Galvez et al., 2010). Protective cultures used in
fermented foods, might also barers aimed in controlling both the native microbiota and the
pathogens outgrowth (Zagorec and Champomier, 2017). The mostly studied antagonistic

mechanisms is through the production of bacteriocins, peptides of few aminoacids, known for
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their bactericideeffects at a certain concentration, prevalently ag&mnatmpositive bacteria
(Chikindas et al., 20)8Antagonistic activity of released bacteriocins generally considers pore
formation or cell wall synthesis inhibition in a target cell (Collins et24117; Inglis et al.,

2013). Recently, the antagonistic potential of a®uficentrations of bacteriocins have been
investigated as a novel quorum quenching mechamhan et al., 2019vathur, 2018) that

might lead to a revaluation of bacteriocins gioyment.

The safety assessment of a food grade cultures in Europe is regulated by EFSA that defines the
species having the Quality Presumption of Stafety staus. The General EU Food Law relies on
the food cultures suppliersO obligations for a carefulysassessment on the new released
products (Laulund et al., 2017)herefore the safety of the new microbial candidate strains
should be guaranteed by the study of antibiotic resistance traits and biogenic amines production
(Herman et al., 2019). Howeventibiotic resistant strains and biogenic amines producers
isolated from foods have been reported (Jaimee and Halami, 2016; Coton et al., 2018).
Considering thisdespite the low healthselated risks associated with fegdade microbial
strains, a moreficient safety characterization is required.

In this work we used comparativa-vitro phenotypic andn-silico genomic analysis to
characterize newly isolated medsdrived lactic acid bacteria (LABpr their bioprotective
function, safety assessment cartechnefunctional performances. The final objective is to
obtain a number of LAB strains that could be used as starters for salami production and have

at the same time bioprotective activity.

2. Materials and methods

2.1. Isolation of new lactic acidbacteria (LAB) strains and DNA extraction

Three artisanal, homemade, staftee salami produced in different Italian regioSalgme
Romagnolofrom the Emilia Romagna Regiddalame Bresciandrom the Lombardia region;

Salame Basilicatafrom the Badicata Region) were the source of new LAB strains isolation.
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25g of fresh meat from each salami were homogenised with 225 ml BPW (Oxoid, UK),
followed by 10fold dilutions and plating on MRS (WVR, USA) agar. Plates were incubated

at 30jC for 48h. Coloniesere randomly picked with sterile loop and single colony lines were
streaked onto new MRS agar plates, obtaining enumerated bacteria stock libraries for the
further steps. Each selected colony was then inoculated in 10ml MRS broth and incubated at
30iC for 24h. Therefore, 1 ml overnight culture was submitted to DNA extraction with the
Wizard™ Genomic DNA Purification Kit (Promega Corporation). The remaining bacterial
culture was centrifuged and from the obtained pellet single strain skim milk stocks were
prepared and kept aB0jC. Manufacturer's instructions for Isolating Genomic DNA from
Gram Positive Bacteria were followed, except for the use of an additional lysis step (100mg/ml
of lysozyme were added followed by an overnight incubation at 37;C).

2. 2 Fingerprinting based clustering and 16S rRNA identification of isolated LAB strains
Clustering of 209 isolated LAB strains was performed by Random Amplipcation of
Polymorphic DNA (RAPD)PCR as described by Di Gioia et al. (2016). Cluster analysis of
obtainel RAPD profiles was carried out with GelCompar Il, 6.6 (Applied Maths;8artens

Latem, Belgium) using Dice's Coefficient of similarity with theweighted pair group method
arithmetic averages clustering algorithm (UPGMA). Based on the genotypieriigst
amplification of 16S rRNA gene region of representative isolates was performed, according to
Gaggia et al. (2018) and then sequenced (MWG, Eurofins gesjofiie obtained forward

and reverse sequences were edited, and consensus sequences wesadliite BioEdit
sofware package. Sequences assignment to species or genera was achieved with the genomic
data available on NCBI by BLASTn procedure (http://wavebinim-nih-

gov.ezproxy.unibo.it/genbank/).
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2.3 Whole Genome SequencinVGS)

DNA from 5 meatisolated LAB strains was extracted again as described before except for the
final elution in 20mM TrieHCI solution. Sequencing of extracted genomes was outsourced at
MicrobeNG withlllumina platform, using 2x250bp paireshd reads, obtainingraft genome
sequences annotated with PROKKRhe obtainedienomes were further annotated using the
web-based software RAST (Rapid Annotations using Subsystems Technology) (RAST)
(http://rast.nmpdr.org/), in particular RASTtk annotation scheme and defaultgsettin
automatically fix errors (Aziz et al., 2008). Putative bacteriocin genes were searched with
BAGEL4, whereas antibiotic resistance relagethes were analysed with CARD and manually

by using BLASTp and Artemis as a genome viewer for tracking thsitigo and the flanking
genes. The output from this software and sequences of interest were double checked in NCBI
Protein BLAST and in UniProt blast (https://www.uniprot.org/). Multigegjuence Alignment

of genes of interest was performed with Clustal Omega
(https://lwww.ebi.ac.uk/Tools/msa/clustalo/). Whole genome sequenced strains were aligned
with progressive MAUVE software that allows the visualization of the conserved genomic
regions and largsecale rarrangements (Darling et al., 2010).

2.4 Determination of antibiotic susceptibility

Antibiotic susceptibility profiles of 42 LAB strains were phenotypically determined, using
Lact1l and Lact2 VetMIC microplates purchased from th&lational Veterinary Instute

(SVA, Sweden). Briefly, individual colonies were suspended in a sterile glass tube containing
4 ml Maximum Recovery Diluent (Biolofe, Italy) to a turbidity of 1 in the McFarland scale
(%x1@ CFU/ml). 2Qul from the bacterial suspension were dilutedlOml ISGMRS broth

(90% Isesensitest IST broth, Oxoid + 10% MRS broth) to obtain a final inoculureai.(®

cfu/ml. After filling with 100ul of the final suspension (5Xtfu/ml), VetMIC plates were
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sealed with provided clear film and incubate®@tC for 24h48h, depending on the growth

of the strain in the control wells.

Inverted light microscope was used for results interpretation. MIC was considered as the lowest
concentration completely inhibiting visible growth. The resistance was scragaetst the
following antibiotics: Gentamicin, Kanamycin, Streptomycin, Neomycin, Tetracycline,
Erythromycin, Clindamycin, Chloramphenicol, Ampicillin, Penicillin, Vancomycin,
Quinupristindalfopristin, Linezolid, Trimethoprim, Ciprofloxacin, Rifampicin. tr&n
susceptibility and resistance were interpreted according the FEEDAP Panel and adopted by
EFSA EFSAFEEDAP, 2012

2.5 Antimicrobial activity assay

The potential antagonistic activity of isolated LAB strains was evaluated using different
indicatorstrains (listed in Table 1). The activity of the whole cells was tested with spot on the
lawn assay, whereas the potential production of antimicrobial compounds present in the cell
free supernatant was tested with the Vieffusion Assay (WDA). For theitect antagonistic
activity, 10! L of fresh cell pellet, from previously overnight grown LAB strains, were spotted
onto MRS agar plates and incubated for 24h at 30 jC. Then, plates were overlaid with 10 mL
of 0.8% BHI or RCM soft agar containing lGFU/mL Listeria spp. orClostridium spp.,
respectively, and incubated as indicated in Table 1. Supernatants frofinaneat AB strains,

grown in MRS broth for 24h at 30;C, were obtained by centrifugation at 50009 at 4 jC for 10
min. Unmodified and neutralizedigernatants at pH 6.-B2 with 0.21M NaOH were used for

the WDA. After solidifying of the MR&gar, BHA (BHI+1.5% agar) and RCA (RCM+1.5%
agar) plates inoculated with AGFU/mL of the indicator strajrb0 ! L of supernatant were
inoculated into preforme6-mm diameter wells. The plates were initially placed for 2h at 4;C
and further incubated as indicated in the Table 1. Both assays were performed in duplicate and

the presence of inhibition zones around the spotted cells or around the wells were analysed.
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Table 1 Indicator strains used for thewitro antimicrobial activity

Indicator strains used in the assays Cultivation conditions Strains used in a Strains

Well-diffusion used in a
assay (WDA) Spot test
Clostridium sporogenes RCM, 37;C, 2448h, + +
anaerobic
Listeria innocuaDPC 3572 BHI, 37iC, 24h +
L. monocytogend3PC 1768 BHI, 37iC, 24h +
E. coliDPC 6054 BHI, 37iC, 24h +
S.entericassp.typhimuriumDPC 6046 BHI, 37iC, 24h +

L. curvatusDSM 20019T

L. sakeissp.sakeiLMG 13558t
L. delbrueckiissp.bulgaricusLMG 6901

L. plantarumDPC6124
L. paracasessp.paracaseiDPC 6130
L. brevisLMG 6906

L. fermentunDPC 6193

MRS, 30jC, 2448h
MRS, 30jC, 2448h
MRS, 37C, 2448h,
anaerobic

MRS, 37C, 2448h,
MRS, 30;C, 2448h
MRS, 37{C,24-48h,
anaerobic

MRS, 37C, 2448h,

++ 4+ + + + +

+ +

anaerobic

2. 6 Purification of lactocin 705 variant

Lactobacillus sakei E23B was grown aerobically at 30;iC in 1L MRS. The culture was
centrifuged at 82809 for 20 minutes. The cell paled supernatant were retained. The cells
were resuspended in 250 ml of 70%r@panol 0.1% TFA, stirred at room temperature for 3

4 hours and the suspension was centrifuged as described above. Culture supernatant was
applied to an Econo column containing @ Amberlite XAD16 beads prewashed with MQi

water. The column was washed with 400 ml of 30% ethanol and the antimicrobial peptides
were eluted in 400 ml of Isopropanol (IPA) (Sigiddrich, Wicklow, Ireland). IPA was
removed by rotary evaporator (Buclhnd the sample was applied to ar6D10-g StrataE

C18 SPE column (Phenomenex, Cheshire, UK)epralibrated with methanol and water. The
column was washed with 60 ml of 30% ethanol and the inhibitory activity was eluted in 60 ml
of IPA. The C18 SPEPA eluent was concentrated using rotary evaporation before separation
of the peptides using RRPLC. Aliquots of approximately #l were concentrated to 2 ml

through the removal of IPA by rotary evaporati®he concentratedliquots were applied to
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a Ph@omenex (Phenomenex, Cheshire, UK) Proteo JupiterKRRL column (250« 10.0

mm, 44, 90e,) previously equilibrated with 27.5% acetonitrile, 0.1% trifluoroacetric acid
(TFA). Peptides were eluted in a gradient of 27.5% acetonitrile 0.1% TFA to 75% adetoni
0.1% TFA over 35 minutes at a flow rate of 2.5 ml/min. The peptides of interest were collected,
subjected to rotargvaporation to remove the acetonitrile and fredized. The purity of the
peptide was analysed by MALEIOF Mass Spectrometry.

2.7 Biogenic amine production (BoverCid and HPLC)

The identification of biogenic amines production was performed with the use of the medium
BoverCid-Holzapfel and further confirmed by HPLC analysis of the culture media used to
study the competition as dedwd by Tabanelli et al. (2014). Briefly, for the first assay, strains
were streaked onto MRS agar added with 0.1% biogenic amines precursors, namely tyrosine,
histidine, ornithine, lysine and phenylalanine, and the colour modification was evaluated after
incubation for 48h at 30{C. For the HPLC analysis, MRS broth containing the same precursors
was used, inoculated with an overnight LAB strains suspension and incubated as previously
described.

2. 8 Kinetic modelling of microbial growth and acidibcation

Growth and acidibcation kinetics of isolated LAB strains were tested in MRS broth at 30 C.
Frozen stock isolates were streaked on MRS agar plates, incubated for 48h and colonies
propagated overnight in MRS broth at 30 jC. Then, 1% of strain suspensi@spoording to

final concentration of TOCFU/mL, was inoculated in 10mL of MRS containing 0%, 2%, 4%,

6% and 8% (w/v) of NaCl. Cell turbidity was recorded after O, 4, 6, 8, 12, 14, 17, 19, 21, 24,
30, 48, 52, 72h with DENB McFarland densitometer (Biosdrgtvia) and pH was monitor

for the same time points witHFurthermore, 10 strains were studied for their growth
performance at 23 jC for 24h, recording the microbial turbidity after O, 4, 6, 8, 10, 12, 14, 17,

20, 21, 24, whereas pH was measured at thmbmg and end of the experiment. Experiments
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were performed twice. McFarland values obtained from microbial growth at different % of
NaCl and different temperatures were fitted with the Gompertz equation as modified by

Zwietering et al. (1990).

y=Aexp (-exp(( maxe/A)&t)+1))

For microbial growth kinetics, y is the McFarland values at time (t), A represents max growth
(log reached after 72H)max is the maximal increase of the growth rate (generations/h) in the
exponential phase arddis the lag timgh). Differently, acidification kinetic considers the pH
decrease with respect to the initial value; therefore, A represents maximum acidification at time
(t), ! max is the maximum velocity of pH decrease in exponential phase (pH unit/B)isind

the lag tme duration (h).

3. Results and discussion

3. 1 Clustering of isolated LAB strains and 16S rRNA sequencing

97 colonies were picked from plates deriving from Salame Romagnolo, 50 from Salame
Bresciano, and 62 from Salame Basilicata. After purificatiZA was extracted from each
obtained strain. RAPD fingerprinting and a clustering analysis were performed. 12 clusters and
8 single strains were obtained from Salame Romagnolo, 6 clusters and 5 single strains from
Salame Bresciano and 5 clusters and Saisigain from Salame Romagnolo (results are shown

in the Supplementary materis$).

One or few representative strains for each group were subjected to 16S rRNA sequencing and

results are shown in Table 2.
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Table 2. Identification of LAB isolated fronthree artisanal salami

Isolation Strain Closest match % identification Accession
source NCBI Number

C3B L. sakei 99.857 MN120894

8 C10B L. sakei 99.786 MN173305

© C14B L sakei 99.929 MN173306

8 C16B L. sakei 99.929 MN173307

o C17B L. sakei 99.857 MN173308

0 C21B L. sakei 99.930 MN173309

GE’ C22B L. sakei 99.859 MN173310

®© E3B L. sakei 99.860 MN173311

(‘,)5 E7B L. curvatus 99.786 MN173312

E15B L. sakei 99.930 MN173313

E23B L. sakei 99.616 MN215967

C10G L. sakei 99.858 MN173314

C12G L. sakei 99.929 MN173315

C16G L. sakei 99.721 MN173316

C22G L. sakei 99.857 MN173317

o C26G L. curvatus 99.785 MN173318

g C27G L. sakei 99.929 MN173319

% C45G L. sakei 99.786 MN173320

= C48G L. sakei 100.000 MN173321

o E1G L. sakei 99.786 MN173322

% E3G L. sakei 99.929 MN173323

= E8G L. curvatus 99.645 MN173324

o] E13G L. sakei 99.857 MN173325

(c,)s E15G L. sakei 99.929 MN173326

E17G L. sakei 99.786 MN173327

E18G L. curvatus 99.856 MN173328

E19G L. sakei 100.000 MN173329

E26G L. sakei 99.929 MN173330

E28G L. sakei 99.929 MN173331

© BC1 Leuconostoc mesenteroid{ 99.930 MN173332

= BC6 L. sakei 99.930 MN173333

Q BC20 L. sakei 99.930 MN173334

‘n BC33 L. sakei 99.930 MN173335

ES BC35 L. sakei 100.000 MN173336

Q BC50 L. sakei 99.929 MN173337

% BE2 L. curvatus 99.788 MN173338

Ko BE16 L. sakei 100.000 MN173339

n BE23 Leuconostoc mesenteroid¢ 100.000 MN173340

BE28 L. curvatus 99.861 MN173341

The results showed thht sakeiwas the dominant species with great strain specific variability
(Table 2). L. curvatuswas the second most abundant species among the isolates, with an
abundance of 11.3 % in Salame Romagnolo (R), 11.4 % in Salame Bresciano (B) and 14.5 %
in Salame Badttata (BAS), whereag,actococcus mesenteroideas detected only in Salame

BAS, representing 4.5% of the isolates. On the whole, 85% of isolates from 3 different artisanal

salami belongs th. sakej confirming the stron@daptation of strains of thisexges to meat
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matrix and their wide use as starter cultures in a small and indissiaial salami production
(Tremonteet al., 201Y.

The characterization of the microbial composition of spontaneous fermentation in artisanal
salami is a valuable apprdator gaining insights for new isolates history and performances.

In a recent study, microbial assertiveness and competition was monitored in a meat
fermentation process guided by a cocktail of different starter cultlaeg¢n et al., 2018)

Two main scearios were observed: i) a single strain specific competitiveness, resulting in
strain dominance that outgrows the autochthonous microbiota and-ddnemance or
cooperation betweadtifferent strains where more than one strain make up the major pagt of t
microbiota.

From the RAPD clustering (Fig.1S), different scenarios in the spontaneously fermented salami
were observed: i) dominance of a specific strain in Salame Basilicata, represented in the cluster
containing more than 80% of all isolates; ii) abb0% single strain dominance in Salame
Brescia; iii) a cedominance of two clusters that comprises more than 50% of the isolates in
Salame Romagnolo.

3.2 Whole Genome Sequencing

Five L. sakeistrains, namely E23B, C21B, C22G, E13G and E28G, were rthHos&VGS
analysis in order to study in depth or compare some of the studied phenotypic features. In
particular, E23B and C21B were chosen due to theirlakBi in-vitro activity, C22G due to

its phenotypic antibiotic muliesistance, E13G and E28G dudheir absence of antibiotic
resistances.

General genome features of sequenced strains are shown in the Table 3. The G+C content was
quite similar among the strains, being ~41% and with a coding sequences rangin@86ém 1

to 2054. Lactobacillus sakeE13G possess the smallest genome .608827 bp, whereas

E28G genome showed the greatest or@&L 405 bp).
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Table 3.Whole genome sequences and genomic features ofomea isolates used in the genomic comparisons

Strain Genome Size(bp) GC% | CDS Source Accession
coverage (X) Number

Lactobacillus 34.80 2.011454 40.9 | 2029 | Salame CP043730

sakeiC21B Bresciano

Lactobacillus 40.25 1.973255 41.0 | 1.932 | Salame CP043731

sakeiE23B Bresciano

Lactobacillus 63.39 1.908827 41.0 | 1.896 | Salame VSTE0000000(

sakeilE13G Romagnolo

Lactobacillus 54.77 1976826 41.0 | 1.934 | Salame CP043729

sakeiC22G Romagnolo

Lactobacillus 77.44 2.012405 40.9 | 2054 | Salame CP043728

sakelE28G Romagnolo

With the genome evolution, different magnitude of adaptive process modificetipnsted

on sequences. Locally collinear blocks (LCB) identified upon the whole chromosome
alignments from the fiveactobacillusgenomes are shown in Figure 1. C21B wasehas a
reference strain for the present alignment. LCBs number of a contiguously coloured matching
regions, represents a high homology among the strains genomes. However, a large number of
prevalently short blocks, shown below a genome's centre lineatach frequent chromosomal
rearrangement. In particular, strains E23B and C21B showed the highest homologues, followed
by a mosaic rearrangement in E28G genome. Additionally, C22G and E13G showed a larger
sequence blocks rearrangement, possibly becdube @resence of specific mobile genetic
elements. Interestingly, regardless the smallest genome size and lowest CDS number, E13G
genome has a high CG% content that suggests a loss of the genes due to the evolutive or

environmental adaptatigiduang etal., 2019.
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Figure 1. MAUVE alignments of five whole genome sequentadtobacillus sakestrains

To date, 50.. sakeigenome sequences are available (NCBI Microbial genomes, 2019), with
size ranging from 1.88466 to 2.10357 Mb for the complete genomes. Intraspecies chromosome
size variation from ~1.8 to ~2.3 Mb is reported, that explains its wide phenotypic diversity and
adaptation to different environmetgorec and Champomier, 2017

3. 3 Determination of antibiotic susceptibility (MIC) and detection of genes for antibiotic
resistance in selected genomes

The WHO reports the alarming increase of the antibreststance (AMR) including a wide

range of infective agents (WHO, 2014). AMR is responsible for an estimated 33,000 deaths
per year in the EU and AMR spread leads to a reduced antibiotics effectiveness toward diseases
transmitted from animals to humansgclsias salmonellosis and campylobacteriosis (EFSA,
2019). In addition, the farfio-fork chain is reported as one of the routes that contributes to
their dissemination. Resistant strains from the animal intestinal tract are found in the
unprocessed meat wktor the salami production, even when proper manufacturing conditions
are applied (Fraquezat al, 2015). Although LAB are known for some intrinsic, non

transmissible resistances, such as for vancomycin, -nagitant strains with a transferable
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resisance were also found in spontaneously fermented salami (Federici et al, 2014). Being a
complex, multidisciplinary approach, food microbiologists are also challenged in providing
data for observed antibiotic traits in febdrne bacteria, but also in filgnthe gap in
knowledge about microbial resistant genetic traits.

Antibiotic resistance mechanisms are complex and involve drug expulsion by efflux
mechanism, presence of immunity proteins and target bypass, target modification, production
of enzymes thahactivates drugs. Genes coding for these complex mechanisms could also be
transmitted with mobile elements like plasmids or transpo@e&shun and Levy, 2007).

In the present study, minimal inhibition concentration of 16 antibiotics was examinkd2n a

LAB strains and results of strains with a phenotypical resistance, are shown in Figure 2. Table

1S (Supplementary Material) reports detailed MIC value for each studied strain.

Quinupristin:
dalfopristin

Isolation source Species Strain | Gentamicin | Kanamycin | Streptomycin | Neomycin Ye(ra:ycline‘ ‘clmdamycin cl .‘Llnemhd

Ampicillin | Penicillin | Vancomycin Trimethoprim | Ciprofloxacin | Rifampicin

Brescia
L.sakei
<]
I
I
®

L. curvatus E23B

L. sakei
Ie)
N
N
o)

Cesena

L. curvatus E18G

L.sakei
®
a
@
]

Basilicata

L. curvatus

Leuconostoc
mesenteroides |BE23

Figure 2. Phenotypic characterization of the antibiotic resistant@Bimeat borne isolates. Black colour indicates a single
antibiotic resistance whereas the red one stays for a multiple resistance.

Antibiotic resistant strains were isolated from all artisanal salami. 20 out of 42 isolates showed
phenotypic resistanceamcomycin, followed by trimethoprim resistance were found as the
most distributed phenotypes. Trimethoprim resistance, in most of the cases, was coupled with
vancomycin resistance. Multesistant strains were only observed in Salame Romagnolo.
Penicillin and ampicillin resistance were found in 2 strains (C22G and E3G), whereas

additional resistance to tetracycline was observed in one of theresi#iant strain (C22G).
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In order to study in depth these phenotypic features, five strains, listed in tlee2T akere
further analysed for phenotypgenotypic comparisorPhenotypical characterization of the

five selected isolates, is reported in Table 4.

Table 4. Antibiotic resistance phenotypes of five whole genome sequenced strains

Strains Antibiotic with the MIC (ug/mL)
Gm Km Sm Nm Tc Em cl Cm Am Pc Va Qda Lz m Ci Ri
€226 1(5) 16 (S) 32(5) 4(5) >64 (R) | 0.12(S) | 0.25(S) 4(5) >16(R) | >16(R) | 128(S) 4(S) 4(S) >64 (R) 16 (5) 2(5)
E13G 1(5) 8(S) 64 (S) 1(5) 8(S) 0.12(S) | 0.06(5) 8(S) 2(9) 1(5) 64 (S) 1(5) 4(S) 2(5) 4(5) 0.25(S)
E28G 0.5(S) <2(9) 4(S) 0.5(5) 8(S) 0.12(S) | 0.03(5) 4(S) 1(5) 0.5(5) 32(S) 1(5) 2(9) 1(5) 2(5) 0.25(S)
C21B <0.5(S) 4(S) 16(S) 8(S) 4(S) 0.12(S) | 0.12(5) 2(S) 4(S) 1(5) >128 (R) 1(S) 2(9) 32(5) 8(S) 0.5(S)
E23B | 05(5) 2(5) 8(S) 0.5(S) 8(s) | 0.12(5) | 0.06(5) | 4(5) 2(9) 1(5) | >128R) | 2(9) 4(5) >64(R) | 8(5) 1(5)

All isolates, excepE28G and E13G, showed phenotypic antibiotic resistance for one or more
antibiotics. Vancomyecin resistance, with MIC higher than 1@8nL, was found in C21B and
E23B strains, whereas C22G was sensitive with a MIC 128/aiL. Trimethoprim resistance,

with MIC higher than 64 g/mL, was observed in strains E23B and C22B.

Literature reports that vancomycin resistance is due-fda-D-Ala ligase ¢dl)- substrate
aspecificity.Vancomycin is a glycopeptide that has high affinity feAR-D-Ala C-terminus

of the growing peptidoglycan and binding leads to a sterical occlusion of the nascent bacterial
cell wall. The generation of a modified dipeptide precursor, whefdaDn a Gterminus is
replaced byD-Lac, is a well described resistance mechanismLactobacillus spp.
(Kleerebezem et al., 20L.0vancomycin resistant (V&nand sensitive (Vah Lactobacillus
strains are generally distinguished based on the presence?df (PHgpe, resistant) or Ty
(Y-type, sensitive), in the active site ofAla-D-Ala ligasedd! (Campedelli et al., 2018

The multiple alignment analysis dfll amino acid sequences, from the five whole genome

sequenced isolates are shown in Figure 3.
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E28G  VNDGWYDFEHKFVTGNTTKFVTPPNNLPDNVHEAMKQMALDAMHALGLTNYARIDFFWSP 300
C21B  VNDGWYDFEHKFVTGNTTKFVTPPNNLPDNVHEAMKQMALDAMHALGLTNYARIDFFWSP 300
E23B  VNDGWYDFEHKFVTGNTTKFVTPPNNLPDNVHEAMKQMALDAMHALGLTNYARIDFFWSP 300
C22G  VNDGWYDFEHKFVTGNTTKFVTPPNNLPDDVHEAMKQMALDAMHALGLTNYARIDFFWSP 300
E13G VNDGWYDFEHKFVTGNTTKFVTPPNNLPDDVHEAMKQMALDAMHALGLTNYARIDFFWSP 300

E28G  ETGLYVIEGNTLPGMTPLSLIPQESEVLGISYPDLCEMIVNGKLALLNEK 350
C21B  ETGLYVIEGNTLPGMTPLSLIPQEAEVLGISYPDLCEMIVNGKLALLNEK 350
E23B  ETGLYVIEGNTLPGMTPLSLIPQEAEVLGISYPDLCEMIVNGKLALLNEK 350
C22G  ETGLYVIEGNTLPGMTPLSLIPQEAEVLGISYPDLCEMIVNGKLALLNEK 350
E13G  ETGLYVIEGNTLPGMTPLSLIPQEAEVLGISYPDLCEMIVNGKLALLNEK 350

Figure 3.ddl amino acid sequencatignmentfrom five L. sakeistrains

The Ftype was observed in all sequences, regardless their different phenotypic behaviour.
Similar divergence in phenotypic and genotypic antimicrobial resistance traits was recently
reported byCampedelli et al. (2018) where @peO was observed in a pbypically resistant

strains and GfypeO in vancomycin sensitiieactobacillus type strains.A susceptible
phenotype with a resistant genotype might be explained by the presence of a silent and
potentially dowrregulated gene, whereas, an unknown regigiane might account for the
resistant phenotype and susceptible genotype (Fraqueza et al., 2015). However, a OsilentO
genotype could still be a potential hazard in AMR spreading.

Interestingly, DOCosta et al. (2011) investigated the modern rpleon of antibiotic
resistance through metagenomic studies on ancient DNA from 30¢@@0ld Beringian
permafrost sediments, concluding that is a natural mechanism that predates the clinical
antibiotic use.

Findings in our study showed that the spontaiséy fermented salami are harboured with a
vancomycin and trimethoprim resistant and sensitive LAB strains.

Trimethoprim is a widely used antibiotic for veterinary and clipizpose. It belong$o
diaminopyrimidines category and inhibits dihydrofolagductasedhfr) that catalyses the last

step of bacterial folic acid synthesis. Trimethoprim resistance in lactobacilli could be explained
by their limited folic acid biosynthetic abilityKétla et al., 2001 Campedelli et al.2018.
However, sensitivity to this antibiotic was observed in the present study. An attempt for

explanation of this bias was given by Danielsen et al., 2004 who questioned the adequateness
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of the MRS medium for trimethoprim susceptibility studies. In padicthymidine or thymine
presence in the MRS media, due to beef extract and peptones, stimulates alternative metabolic
pathway in thymine requiring bacteria, leading to trimethoprim insensitivity due to the absence
of the drugs target.

Betalactam resistace is commonly referred to the production dé&amase enzymes and/or

in a modification inPenicillin Binding Proteins (PBP). PBP are group of transglycosylase and
transpeptidases that are involved in peptidoglycan dirdgag of microbial cell wallsthus

having a vital function in the cefrowth, division and rest (King et al., 2018)so, they are

target proteins fog-lactam drugs, therefore their sequence modification prevents the drug from
binding. Among PBP proteins, PBP2 and PBP1A are ma#tigied in pathogenic bacteria
whereas limited information is available about LAB foodborne str&ebrfiard et al 2019;

King et al., 201% In the present studin silico elaboration of the sequenckdsakeigenomes
showed modification in PBP1A protesequence, whereas modifications in PBP2 sequence
were not observed. Alignment of PBP1A obtained from five genomes showed a substitution of

lysine in a position 53 with arginine only in the penicillin resistant strain C22G (Figure 4).

C21B  MSANQTGNTRVTRHQKPAKKRTKSLFGRIIKWGLLALLALIIAGIGLFAYYAKDAPEITQ 60
E23B  MSANQTGNTRVTRHQKPAKKRTKSLFGRIIKWGLLALLALIIAGIGLFAYYAKDAPEITQ 60
E13G  MSANQTGNTRVTRHQKPAKKRTKSLFGRIIKWGLLALLALIIAGIGLFAYYAKDAPEITQ 60
C22G  MSANQTGNTRVTRHQKPAKKRTKSLFGRIIKWGLLALLALIIAGIGLFAYYARDAPEITQ 60

E28G  MSANQTGNTRVTRHQKPAKKRTKSLFGRIIKWGLLALLALIIAGIGLFAYYAKDAPEITQ 60

(CCCCCccteeee(Higuee 4. PBP 1A gene alignment from five sakeistrains
The present substitution might not fully explain the resistance, since the mutations in a C
terminal in PBP1A are the most studied critical resistance spetsn{ard et al., 2019).
However, in a majority of betlmactams resistances, a mosaic PBPs genes were found, which

ones evolved by the accumulation of point mutations in genes of a sensitive commensal strains,
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thus encodes for proteins with decreased anidsiaffinity. The same mosaic PBP genes were
described in a streptococci penicillin resistant isolate (Sibold et al., 1994).

Multi-resistance is attributed to strains that are showing more than three phenotypical
resistance to antibiotics, which is mositserved in sensitive strains upon horizontal
acquisition of resistance island3gvirgiliis et al., 201}

The obtained output from CARD, UniProt and BLASTp database showed the presence of the
TetM gene in the phenotypically resistant C22G strain. Téreua genome browsing, viewed

by Artemis, showed genes for plasmid encoding cassette in the up and downstream of the TetM
gene in the C22G genome, suggesting the potential horizontal transferability of this resistance.
Most of the genes correlated with fhlasmid genome organization belonged to the conjunction
proteins and repA, in line with a previous observati@tiveira et al., 201 The same
resistance was not observed in the rest of sequenced strains.

3. 4 Determination of biogenic amines

All identified isolates were tested for the amino acid decarboxylation potential using the Bover
Cid medium. In particular, the ability of decarboxylating tyrosine, histidine, ornithine and
lysine was investigated.actobacillus curvatu€C26G was the only strain lgenic amine
producer. Purpkeolored culture Bove€id was the indicator of putrescine production (data
not shown). The HPLC analysis of C26G supernatant for biogenic amine production confirmed
the production of putrescinbeingé00 mg/lout of 1000 mg/I of the precursorhe production

of putrescine by.. curvatusisolated from cheese, dairy products, meat and sausag®een
observed in the range of -IMO00 mg/L in different studies (Wunderlichova et al., 2014).
Genome analysis dhe sequenced strains confirmed the lack of decarboxylase related genes:
tdc/tyrdc (tyrosine decarboxylase)hdc (histidine decarboxylase)agdi/aguA (agmatine
deiminase) anadc (ornithine decarboxylase). The present genotypic approach for biogenic

aminesproduction in the sequenced LAB strains confirmed the strain phenotypic traits.
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3.5 Antimicrobial activity assay and bacteriocin genes prediction

Cell to cell interactions, interference of molecular actors, potential quorum sensing signalling
or quaum-qguenching are some of the mechanism that describes the complexity of the direct
antagonism (Melian et al., 2019). In the present sttidy direct antagonistic activity of the

LAB isolates against foodborne pathogens showed that all strains were alfiiit at least

one strain, with a different magnitude. Some strains, namely C10B, C12G, E13G and E15G,
were shown as the most performant antagonistic strains against the four screened pathogens
(Figure 5). Conversely, the same effect against pathogessnot observed when the

antimicrobial activity of nomeutralized and neutralized LAB supernatants were tested.

Pathogen indicator strain

C. sporogenes L. monocytogenes  Salmonella spp. E. coli

C3B
c10B8
C14B
C16B
C17B
C21B
Cc228
E3B
E7B
E158
E238
C10G
C12G
C16G
C21G
C22G
C26G
C27G
C45G
C438G
E1G
E3G
E8G
E13G
E15G
E17G
E18G
E19G
E22G
E 26G
E 28G
BC1
BC6
BC17
BC20
BC33
BC35
BC50
BE2 noinhibi tion
1-2mm|wesk)
ot i

BE28

LAB meat-bome isolates

71



Figure 5. Direct antagonistic activity of me@brne LAB against foodborne pathogens, based on spot test assay

Despite these resulteyGS analysis showed that three out of the sequenced five strains were

found to possess the genes for bacteriocin production. However, dnABn#ctivity was

observed in some strains. In particular, each of the strains E23B and C21B, isolated from the
sane source but belonging to different RAFIZR cluster, possessed the genes for two

bacteriocins: alfa and beta lactocin_705 variant and a putative bacteriocin belonging to the

class lic (Figure 6.). The BAGEL4 outputs related to bacteriocin related games ifothe

sequenced genomes are listed in the Takled Figure 6.

Table 5. Bacteriocins encoded in thactobacillusgenome sequences

Strain Core proteins Class | Similarity with protein | % of identity Flanking
(BAGEL4) with accession number| protein with mobile
accession element
number
L. curvatus CRL705| 100.000% (54/54
Lactocin_705_alfa IIb (GCA_000235705) - FX989_09480 | RepA,
Lactocin_705_beta (NP_542216.1) alfa 98.214% (55/56} | Rep_3,
E23B (NP_542217.1) beta FX989_09475 integrase,
Putative bacteriocin lic L. sakei23K 100.00% (44/44) | -
inducing peptide (WP_011374266.1) FX989 04935
L. curvatus CRL705| 100.000% (54/54] RepA,
Lactocin_705_alfa lIb (GCA_000235705) - FXV74_09250 | integrase,
Lactocin_705_beta (NP_542216.1) alfa 98.214% (55/56} | Rep_3
(NP_542217.1) beta FXV74_ 09245
C21B Putative bacteriocin lic L. sakei23K 100.00% (44/44} | -
inducing peptide (WP_011374266.1) FXV74_ 05195
C22G | - - - - -
Putative bacteriocin L. sakei23K 100.00% (44/44) | -
E28G inducing peptide lic (WP_011374266.1) FX990 05045
E13G - - - - -
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Figure 6. Schematic representation of lactocin 705 variant bacteriocin and putative bacteriocin clusters in E23B and C21B

When the supernatant activity of E15B dactocin_705 variant strains (E23B and C21B) was
testedagainst the indicator type straibscurvatusDSM 20019 andL. sakeissp.sakeiLMG
13558, an inhibitory activity was observed (Figure 7). The first step of salami fermentation is
held at about 22;C, whereas 30;C is the optimalitro temperature for LAB growth. In the
attempt to understand whether the production of the antimicrobial cosp@itemperature
dependent, E15B, E23B and C21B strains were gro@gj&tand30;C. Figure 7 shows that

the inhibitory activity of the three isolates is not affected by growth at both temperatures.
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Figure 7. Anti-LAB activity of lactocin 705 variant producers
When bacteriocin sequencedoturvatusCRL705, E23B and C21B strains were aligned, one
amino acid substitution in W26G subunit alpha was observed also in E23B and C21B. In
addition, flanking mobile elements next to the bacteriocin genes, as reported in5Table
suggests that lactocin_705 vantias potentially encoded by a plasmid. The mass of the purified
lactocin_705 variant components was also confirmed with MALDI TOF MS:

Peptide1 GFGGGLGYIAGRVGAAYGHAQASANNHHSPING MW =3179.38 Da

Peptide 2:  GMSGYIQGIPDFLKGYLHGISAANKHKKGRLGY MW = 3578.11 &

L. curvatus CRL705 is widely studied as meat bioprotective agent and recently as an
antimicrobial compound in an active food packaging coating (Melian et al., 2019). The two
component plasmid encoded lactocin_705 is one of the two bacteriocins prbyuleescstrain

with demonstrated antagonistic activity against closely related species sucltasei, L.
plantarumand Leuconostcspp. The lactocin_705 variant found in E23B and C21B strains,
shares 98.214% identity with the one isolated fronitheinvatusCRL705 strain. When anti

LAB activity was tested, the purified peptides are inactive when used alone, meaning that both

are required for activity (Figure 8). This observation agrees with Cuozzo et al. (2000), who
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described the two component lactod5 activity when both subunits are present at equimolar

concentration, as commonly find in a class Ilb bacteriocins.

Figure 8. Purified lactocin 705 variant

Therefore, despite the amino acid substitution, the bacteriocin variant described in this work is
still able to inhibit the growth of the closely related species (Figure 8).

Interestingly, Jan8en et al. (2018) described anLa producer strain, namelL. curvatus

TMW 1.624, as a dominant strain in the meat microbiota, with a total of 81.6% of the
microbiota. This suggests that the doAB bacteriocins, produced by starters/bioprotective
cultures, might be a strain specific strategy in the occupafidthe meats ecological niche
(Jan8en et al., 2018). The positive outcome from this strategy, might be also the control of the
aminobiogenic LAB, as reported by Tabanelli et al. (2014).

For comparison purposes, when the genonte afirvatusCRL705 with the accession number

GCA 000235705 was screened for bacteriocins production with BAGEL4, three bacteriocins
with high homology with SakacinQ, SakacinP and Enterocin_MKI® were found. The
production of these three bacteriocins might alsda@xphe antilisterial activity observed in

a food model by Castellano et al. (2006), highlighting the importance of the additional
information that can be obtained from the whole genome sequences, that cannot be revealed

only with the phenotypic and ametargeted analysis.
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Interestingly, among the sequenced strains in the present study, E13G, a strain without
bacteriocin genes detected, was the most performant strain in a direct inhibition antimicrobial
assay. Moreover, this strain belongs to a clusiar counts 21.6% from all isolates in Salame
Romagnolo, being one of the two -dominant clusters that suggests its competitive
performances in such a complex environment. In addition, this strain showed a short lag phase
as well as one of the highestdification performances among all the tested strains (data not
shown). These observations are in kvith bioprotective cultures characteristics, that include
performant starter stiress possessing antimicrobial activity without bacteriocin producing
geneqOrihuel et al., 2018).

Recently, an alternative approach of protective cultures applications was reported. In particular,
when suboptimal concentrations of Lactocin AL705 was used, a successful inhibition of
monocytogenebiofilm formation was obseed, hypothesizing due to the signal molecule
inactivation, different than a known autoinducers22duorum sensing moleculglélian et al.,

2019. Differently, whenLactobacillusstrains were caultured with class Ilb plantaricin A,

an increased biofilmofrmation byL. plantarumDC400 was observediving us an opportunity

to reevaluate the bacteriocins applications in an undesired microbial outgommtiol
(Calasso et al., 20184athur, 2018). Also, molecular fundaments in microbial interactions is
nowadays reconsidered when the antagonistic activity is shown in the absence of bacteriocins

production (Orihuel et al., 2018).

3. 6 Growth and acidibcation kinetics

The growth and acidification performances of new starter cultures are important parameters
for safety and quality ensuring in fermented meats. Lag phase is an indicator of the duration of
the strainOs adaptability in a new environment. The shorter the lag phase, the faster is the starter
colonization of the food matrix, resulting in a potenitiddibition of pathogens or undesirable

microbial outgrowth (Swinnen et al., 2004). In addition, high acidification performances,
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expressed as a high delta pH in a certain amount of time as well as the pH units lowered per
hour, represent another hurdlerrfor a pathogens outgrowth as well as an improvement of
the product quality (Ammor et al., 2005).

In the present study, the growth and acidification behaviour of isolated LAB strains was
monitored through the strain turbidity increase and pH vanatthe kinetic data were
modelled with the Gompertz equation (Zwietering et al., 1990). The growth of new isolates at
different % of NaCl, over 72h, was evaluated by comparison of the parameters for their a)
growth kinetics: growth rate (umax, MF unit/kgg phase& h) and max growth (A, MF units

after 72h) and b) acidification kinetics: acidification rate (umax, pH unit decrease/h), lag phase

(& h), max acidification (A, pH units after 72h).

Table 6. Acidification and growth performances of LAfBrains isolated from three artisanal salami

Isolation source % NaCl A Mmax ApH

0 6.88(1.36° 0.73(+0.12)2  1.83(+0.31)
8.26 (+2.14)  0.60 (+0.07)>  1.77(+0.28)?
12.00 (£2.97)> 0.52 (+0.06)>  1.56(0.29)b
19.55 (£3.08)c 0.37 (+0.07)c  1.36(+0.26)c
32.85 (£9.68)¢ 0.15 (+0.06)°
7.01 (043 0.97 (:0.22)c  1.92(+0.08)?
7.58 (+0.54)° 0.99 (+0.20)°  1.95(+0.05)
10.07 (ir2-54)zb 0.60 (+0.03)F  1.72(0.13)%
14.90 (£3.35) 0.33(+0.09)c  1.48(0.16)°
24.72 (+6.06) 0.13 (+0.03)¢
5.98 (£0.72)°  0.96 (+0.12)¢  1.73(+0.06)?
6.41 (£0.22)° 0.85(+0.27)°  1.72(+0.08)?
10.28 (£3.39)" 0.65 (£0.06)  1.54(20.27)°
14.88 (£6.02)° 051 (£0.05)>  1.54(+0.14)°
23.73 (£7.36)° 0.23 (£0.11)«

Salame
Romagnolo (R)

Salame
Bresciano (B)

Salame
Basilicata (BAS)

O OO A N OO AN OO AN

Growth kinetic of selected Lactobacillus strains in 5 different NaCl %: 0%,2%,4%,6%,8%, 72h. Statistical analysis: ipteesattidns
between factors (%NaCl and Isolation source) were explored by theagkmear model (GLM) procedure using tm@ay ANOVA of
Statistica (StatSoft Italy srl, Vigonza, Italy) on growth parameters of Gompertz equation. FisherOs Least Significane Difipg test
was used to identify significant differences (p< 0.05). Mewitts the same letter in the column are not statistically different (p>0.05).
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Table 6 summarises growth and acidification properties of LAB strains, based on the source of
isolation. The values of standard deviation highlight a great variability in tiaén s
performances, especially at the highest NaCl %, both, within the same species and among
different isolation source. Best growth performances&fand the greatest pH decrease was
observed between 0 and 2 % NaCl without significant differences @F®vith &comprised
between 8h and pH drop being between LT85 units. When considered pmax, strains
isolated from Salame Bresciano (B) showed overall significantly lower growth rates. Strains
isolated from Salame Romagnolo (R) and Salame BasiliB#8) showed significantly (p >

0.05) higher growth rates at 0 and 2 % NaCl with respect to those isolated from B, being
between 0.8®.99 gen/h, whereas BAS strains showed significantly better (p <0.05) growth
performances at higher NaCl concentration aftd 8%) The growth and acidification
parameters in 4% of NaCl showed no significant difference among the isolates, except for BAS
strains that showed significantly higher growth rates. Significant differences in acidification
performances were observedwbeén 02% group and 4% group, with the exception for

strains from R that had a lower performance.
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Figure 9. In-vitro acidification performances of LAB isolates. A) variation of pH after 72h, B) acidification rates of LAB

strains (umax)
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The two plots in Figure 9 show the acidification performances of the isolated bacteria under
different osmotic stress (NaCl%). With the increase of the osmotic stress (6% and 8% of NaCl)
the strains showed a decreased acidification capability compagetbteer osmotic stress.
However, some of the strains under higher osmotic stress (8% NaCl) are more performant as
shown in the upper extreme of the same boxplot. Strains under lower salt stress are able to
decrease pH with different magnitude after 72haiS¢ placed in the upper extreme, on the

box and whiskers plot, are considered as the more performant under different salt conditions.
It is interesting to observe that the physiological diversityAB isolates correlates to the

great inter and intraspecies diversity shown with RARPCR.
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Figure 10.Growth performances of LAB isolates (lag phase)

The plot in Figure 10 shows different adaptation properties of the isolated strains (lag phase

expressed in hourshn particular, when increased osmotiess conditions are applied (6%
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and 8% of NacCl), the strains require more time to adapt to the culture conditions (long lag
phase). However, highly performant strains could be observed at 6% of NaCl with a short lag
phase of 7.5 hours. A high heterogepeiinong strains can be observed when higher osmotic
stress is applied, with a lgghase ranging from 16.92 to 53.55 hours. This confirms again a
high physiological inter and intraspecies heterogeneity and potential technological traits of the
indigenous mat-borne strains. When the salami fermentation process is considered, the first
phase is run in a lower salt concentration that allows a selection of strains that are more
performant under this condition. As the ripening process proceeds, the mosesatt &itains
become more performant. In this view, the NaCl tolerance is one of the major factors for
starters and bioprotective cultures selection (Toldra, 2010). In a similar study, the
autochthonous. sakeistrains have shown a higher growth lag plihaewas shown between

14 and 22 h of incubation at 2.5% of NaCl (Ammor et al., 2005) in SB media. In accordance
with the observations from the WGS Iof sakei23K, all of the present sequenced strains
possessed the genes that allow coping withodraott stress (Chaillou et al., 2005). In
particular, in all genomes, genes encoding products belong to three ABC uptake systems that
are involved in the accumulation of osmoprotectant molecules, like betaine, werk foun
(Supplementary Material Table 1S).

The inhibition of pathogens outgrowth is important to be set at the very beginning of the
fermentation process, considering that meat is a highly nutritious and perishable matrix. Also,
some of the pathogens have short growth lag phase, as for inSemomellaspp. (Birk et

al., 2016) Listeria monocytogenemdE. coli(Pragalaki et al., 2013).
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4. Conclusion

The present study allowed to select autochthonousipoeaé lactic acid bacteria, that are safe

for their utilization in fermented meat praztion. Also, different number of strains were able

to perform, both, as bioprotective as well as starter culturesviro conditions. Considering

the phenotypigenotypic bias in bacteriogenic producers detection, further studmgeted

food modés will elucidate better this aspect. However, the most performant strains from the
present study will be further used in a development of bioprotective/starter cultures cocktalil,

and tested as a potential biopreservation approach in fermented salamtiprodu
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Supplementary material

Figure 1S. RAPD-profiles of 209 authoctounous lactic acid bacteria, isolated from three
artisanal Italian salami.

A). RAPD-PCR fingerprinting: Salame Bresciano
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B). RAPD-PCR fingerprinting: Salame Romagnolo
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C). RAPD-PCR fingerprinting: Salame Basilicata

§J§ RAPD BASILICATA

RAPD BASILICATA 85.720%
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85



Table 1S. Salt resistance related genes in Wi@@ome Sequenced strains

Genes related to a salt toleranceosmoprotectant transport

C21B

C22G

E13G

E28G

E23B

glycine/betaine ABC transporter

proline/glycine betaine ABC transpor{ggrmease

glycine betaine/tproline ABC transporter ATBinding
protein

FXV74_03700

FXV74_03705
FXV74_03710

FX991_04745

FX991 04750
FX991 04755

FX992_07275

FX992_07280
FX992_07285

FX990_03615

FX990_03620
FX990_03625

FX989_03440

FX989_03445
FX989_03450

betaine/proline/choline family ABC transporter AT
bindingprotein

ABC transporter permease

osmoprotectant ABC transporter substiziteding protein

ABC transporter permease

FXV74_02030

FXV74_02035
FXV74_02040

FXV74_02045

FX991_06710

FX991 06715
FX991_06720

FX991_06725

FX992_03135

FX992_03130
FX992_03125

FX992_03120

FX990_01810

FX990_01815
FX990_01820

FX990_01825

FX989_02415

FX989_02420
FX989_02425

FX989_02430

3 | glycine/betaine ABC transporter

FXV74_07140

FX991_07905

FX992_08350

FX990_06985

FX989_06880

4 | amino acid ABC transporter permease

FXV74_01545

FX991_07905

FX992_01955

FX990_06985

FX989_01545

Genes related to a salt toleranceN+/H+antiporters

C21B

C22G

E13G

E28G

E23B

sodium:proton antiporter

FX991_03405
FX991_08035

FX992_04270
FX992_05735
FX992_08220

FX990_00425
FX990_06315
FX990_07510

FX989_04520
FX989_07010
FX989_08410

cation:proton antiporter

FXV74_03460;
FXV74_04780
FXV74_07270;
FXV74_08670;
FXV74_09540

FX991_04790

FX992_07320;

FX990_03580
FX990_03875

FX989_03200
FX989_09150

Na+/H+ antiporter NhaC

FXV74_03965

FX991 07495

FX992_09485

FX990_04365

FX989_03705
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Role of biopreservation in a nitrileducedermented salami:
microbial impact orClostridiumspp. outgrowth control and on

salamiquality attributes

lvana Nikodinoska, E

Manuscriptto be submitted

Abstract

The biopreservation approach, that considers a performant microbial cultures utilization, is a
promising approach for a nitrieduced fermented salami production. Nitrates amount of 150
mg/kg is the maximal allowed amount in foods, currently regulatdeeifcuropean countries

due to their health safety concerns. In the present study we investigated the impact on the
Clostridiumspp. outgrowth control as well as on the fermented salami quality related aspect,
of three nitrite concentrations: 0 mg/kg, 3@/kg and 75 mg/kg of NaN©Q fermented
spontaneously or with bioprotective/starter cultures addition. The combined approach that
considers the bioprotective/starters used in the present study, together with 30 mg/kg is a
promising approach irClostridium spp. outgrowth control. Also, the cultures addition
improved the product proteolysis as well as the proteins digestibility in-eitro gastre

intestinal digestion model.
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1. Introduction

Intoxications and infections caused upon the consumptionrméiconated meat products by
clostridia are rare but severe and potentially fatal (Carter and Peck, 20d&tyidiumspp
sporesoccurs in soil, dust and in the animalOs intestinal tract, and may eventually contaminate
meat during slaughter or itgrocessing (Kto-Timonen et al., 2012). The lowxygen
conditions stimulate spores germination and microbial proliferation, resulting in a neurotoxins
release in the foods (Carter and Peck, 2015). Meat reldpstridiuminfections outbreaks are
generallycaused by homemade meat products whereas rarely are ascribed to commercial meat
products (KetoTimonenet al., 2012; Carter and Peck, 2015).

Raw meat is a great substrate for microbial growth due &bitedance of proteinfats and
fermentable glycogerthat together with the high moisture content may affect the microbiota

of fermented meat productddglck et al., 2017). The microbial composition of fermented meat
products such as salami has a great impact on the products quality and safety. A efige vari

of fermented salami is owed to the unique interactions between the primary material,
microbiota composition and the processing conditidresdy et al., 2013; Tabanelli et al,
2012). Considering the perishable nature of fermented meat, differene Istnategies are
adopted. Lowering of thieurdle parameters as pH, water activity and the weight loss, is directly
impacted by the medtorne microbial proliferation and drying process. To control the meat
microbiota composition, starter cultures are comiyaised.Lactobacillusis mostly used

genus for this purpose, due to its remarkable metabolic performances, where the lactic acid
production from sugars is among them (Franciosa ,e2@18). The initial highwater activity

of the meat batter allows matsial proliferation, whereas the latey lmwering by drying, is
contributing for their inhibitioras well as for theroducs hygienic stability (Leroy et gl2006,

Toldr", 2010).
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Curing with nitrites is an important hurdle barrier adopted in the sgieoduction to prevent
pathogen proliferationMajou and Christieans 2018,Alahakoonet al, 2015). This additive,
besides its contribution to the flavour development, the red meat colour, and antioxidant
activity that inhibits the lipids rancidity, is tmeost efficient preservative for tl@@ostridium
spp.outgrowth control (Hospital et al., 2016). It was reported that theckrstiridial activity
increases with the increase of the added nitrite amount rather than with the residual one
(Sindelar andMilkowski, 2012). Nitrites concentration to be added in meat products, is
regulated due to the health safety concern of nitrosamine formation in the meat (IARC, 2010;
EFSA, 2017a). The amount of 150 mg/kg of meat is the allowed anmotln@mayjority of the

EU countries (European Commission, 2018; EFSA, 2017a), whereas a more stringent
restriction is in force in Denmark (100 mg/kg) as a maximal ingoing amount in fermented
meats. However, EFSA, in the lasteealuation report on nitrites safety, concludieat the
maximal amount of 150 mg/kg, added in the meat products, is within the safety limits (EFSA,
2017a). However, the conclusion drawn by ltiternational Agency for Research on Cancer
(IARC) on the toxicity of nitrosamine wabkat Ounder conditiorisat result in endogenous
nitrosation, ingested nitrate or nitrite is probably carcinogenic to humans (Group 2A)O (IARC,
2010.

Therefore, there is a general concern about the addition of nitrite addition in meat and the
residual nitrite concentration ihé product. This concern is also supported by the continuous
consumers demand for chemical free products.

A recent study investigated the impact of six starters on the residual nitrite content, concluding
that when sausages were added Widllliococcus peasaceusand Staphylococcus carnosus
starter culturedowest residual nitrite amount was observed. In addition, significant lowering
of the residual nitrite was observed in the gastrigitro phase, that was further loweredby

coli and/orL. caseiin the large intestine (Kim and Hur, 2018).
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Over the last years, different studies were focused on a potential strategies of nitrite reduction.
A biopreservation withLactobacillusstrains was recently described as a promising approach
for Clostridiumspp.outgrowth controin vitro and inin carnismodel as well as againsisteria
monocytogere in a sausage model (Di Gioia et al.,, 2016, Nikodinoska .et28(19).
Furthermore, several studies have reported the 75 mg/kg as efficient amount for the control in
a dryfermented sausages model (Nikodinoska.et@ll9) as well as againSt botulinumin

meats productsKeto-Timonen et al., 2012). Literature also reports that different amounts of
nitrites are required for a specific quality related purpW$e-{cik et al, 2019). In particular,
around 25 mg/kg is required for the typical cured meat colindélarandMilkowski, 2012)
whereas 50 mg/kg for the cured flavour and oxidative stability (Toldr™ et al., 2010).

The present study aims at understanding the effectiveness of a new developed
bioprotective/starters cultures cocktail agail@bstridium spp. outgrowth control in a
fermented salami, without or added with different nitrites levels (i.e. 30 mg/kg and/K§ mg

of NaNQ,). Along with the safety impact of the addition of microbial cultures and nitrites, the
impact on the product quality, proteolysis, the degree of hydrolysis as well as on the proteins
in-vitro digestion was also investigated. The obtained ooés will contribute in
understanding the antiostridia activity of the present bioprotective/starter cocktail and to

what extent is possible to reduce the nitrites level in a fermented salami.

2. Material and methods

2.1 Bacteria preparation
2.1.1 Sarter culturestactobacillusspp. andstaphylococcuspp.

Starter cultures cocktail was prepared using haotobacillusstrains,L. plantarumPCS20
andL. sakeilE13G, and two commercially availat#¢aphylococcustrains:S. carnosuandsS.

xylosug(Salun30, Probiotec, Italy).. plantarumPCS20 possesses anticlostridial activity in a
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meatbased model and antilisterial activity in salami prepared with a low nitrite am@int (
Gioia et al. 2016, Nikodinoska et al. 2019)sakelE13G is an indigenous meaorne isolate,
selected from an artisanal OSalame RomagnoloO, and chosen due to its desirable techno
functional properties, as a short lag phase and high acidification rates in-airmdated
environment.

Lactobacillusstrains were separately grown at 30;C in 10 mL MRS bMWIR, Radnor PA,
USA). Bacterial cells, harvested after overnight growth, were washed twice with 0.9% (w/v)
sterile physiological solution and finally resuspended in 10mL distille®@ HIHO) at a
concentration of 10cfu/mL. Regarding staphylococci inoculation, an aliquot of lyophilized
mixed cultures was resuspended in a 0.9% sterile physiological solution with a final
concentration of 10cell/ml, stored overnight at 4;C, as recommended by theufaaturer.

An aliquot of lactobacilli and staphylococci suspension containing) cf0/mL was
resuspended in 150 mL sterile #¥) obtaining a final concentration of1OFU/g in the meat
batter. Batches not inoculated with starter cultures were treatedmyt 150 mL sterile diD.
2.1.2Clostridiumspore production and purification quantification

Clostridium sporogeneis a nontoxic Group |IC. botulinumequivalent, commonlused as a
surrogate organisngdue to its similar metabolic requirement¢Carter ad Peck, 2016
Sporulation ofClostridium sporogeneBSM532 strain was obtainestcording Yang et al.
(2009) with some modifications. Briefly, 1 mL of actively growir@@y sporogenesn TSB
media (Oxoid, UK) wasransferred in 75 mL of sporulation mediuontaining 3% trypticase
peptone, 1% peptone and 1% (NE8D4. The inoculated medium was placed in a jar under
anaerobic conditions generated with Anaeroddierck Millipore, USA) and incubated at a
suboptimal temperature of 30;jC for one week. The spa@gesnsion was centrifuged13g

for 10 min and the obtained pellet washed twice with sterile distilled water and resuspended in

a Phosphate Buffer Solution. Ultrasonication of 5 min was performed, to enhance spore release
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from the cells, and centrifugesibsequently. After washing the pellet twice withb@Hthe

final re-suspension in d#D was considered as a stock solution and was stored at 4;{C. The final
spore purification step was performed each time before the experiment was performed. For
this, 5 mLof the stock solution were washed 3 times with@tdt1413gfor 5 min. The pellet

was resuspended in an ethanob@H.:1 (v/v) solution and incubated for 1h and 30min at 4{C.
Afterwards, the pellet was washed 3 times as previously describagsrmsbended in 2mL
dH2O. Spore suspension quality was checked by optical microscope. Also, the viable
Clostridiumcounts were determined by plating-fodd dilutions in RCA agar and incubated
anaerobically at 37;C.

2. 2 Study design

The OSalame Cacciat@r@rototype was prepared according to the traditional recipe and the
ingredients were purchased from a local butcher. Meat for salami production consisted of 50%
pork shoulder, 30% coppa (mixture of upper pork neck and pork shoulder) and 20% of pork
fat. NaCl (2%) and dextrose (0.5%) wezlso added to the batter

As shown in Figure 1, four meat batters were prepared: 1. Blank (B), without starters; 2. Starter
(S), inoculated with starters; &lostridium(C), inoculated withC. sporogene¢CS) and 4.

Challenge (C), inoculated both with starters &dporogenes
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Figure 5. Schematic representation of the batches composition for the Challenge test and prototype fermented salami
development

Each of the four batters was dividedtimee batches, with different amount of NaiN&) no

nitrites (B, S, C and CS); b) 30 mg/kg NaNB30, S30, C30 and CS30); ¢) 75 mg/kg NaNO
(B75, S75, C75 and CS75) (Figure Rjiter mixing the ingredients, the meat batter was
homogenised anthen placed in a horizontal manual salami filler machiméatural swine
casings, with a diameter of 40 mm, were used for each salami preparation. All steps of the
salami trial were monitored by an experienced craft salami manufacturer. Three salami for each
of the R treatments and for each sampling point were prepared.

The salami ripening process was performed in a temperature and humidity (%RH) controlled
chamber, under the following processing conditions:

- Fermentation23;jC for 48 h(Day 0-2) DRH <75%

- Ripening, 15;C for 20/22 day¢Day 360) DRH 8590%

Temperature (jC) and humidity were recorded every 15 min during the entire experiment with

a datalogger.
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Samplings were performed at a Time 0 (before placing the homogenized meat batter in the
filling maching, Time 2 (after 48h when the fermentation was finished); Time 3 (after 10 days)
and Time 4 (after 60 days corresponding to the end of the ripening process). For each of the 12
different treatments (Table 1), 3 salami for each sampling point were analyseditial

weight of each salami was recorded before their placement in the chamber.

Table 1. Microbial cultures and nitrites amount, added to Challenge test and prototype fermented salami batches

Treatment Starter cocktail Clostridium sporogenes Nitrite (NaNO2)
suspension(log cfu/g) (log cfu/g)®
B - - -
B30 - - 30 mg/kg
B75 - - 75 mg/kg
S 100 - -
S30 1¢° - 30 mg/kg
S75 1¢° - 75 mg/kg
C - 104 -
C30 - 10t 30 mg/kg
C75 - 10 75 mg/kg
Cs 100 104 -
CS30 100 104 30 mg/kg
CS75 100 104 75 mg/kg

* the cells number corresponds to the number of viable spores count, detamviihexbefore the trial

2. 3 DNA extraction and gPCR microbial quantification

Quantification of totaLactobacillusspp. andClostridiumspp. (Group ) counts was performed

with gPCR, for each salami biological replicate, per each treatment (n=3). Sampling was
performed from different parts of the salami and the meat was homogenized. 250 mg were
weighted for each sample in Egoplorf tubes, the weight was recorded and samples were stored
at -80jC. DNeasy PowerSoil Kit (Qiagen) was used for DNA extraction, following
manufacturerOs instructions. Modifications were introduced in the first step, with the
transferring of the PowerBda to already weighted meat samples. Also, after the
homogenization step in a bead beater, samples were centrifuged for 5 min. The centrifugation
for 1 min and speed1.952gwas used for all further steps. Extracted DNA concentration and

its purity were deermined (NanoQuant, Tecan, Switzerland) and all samples were diluted to
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5ng/ul. Lactobcillusspp. quantification was performed as describedsdia et al., 2016.
Group IClostridiumspp. quantification was performed usingfll and CIR2 primers (Song

et al., 2004) The enzymatic reaction was performed in 20pl final volume, using Fast SYBR"
Green Master Mix chemistry (Applied Biosystems, USA), primers at a concentration of 0.2mM
each and 2ul DNA obtained from the salami samples. Standard curve wad osatel6S
rRNA PCR product o€. sporogeneBSM532 as a result of serial dilutions of pathogens PCR
product, using 1) 1, 104, 1, 1 for the qPCR reaction. The same reactions were performed
for each run. Quantification was performed using StepGrad Rme PCR Systems (Applied
Biosystems) with a program as described Di Gioia et al., 2016, with a modification for
Clostridium spp. annealing temperature, being 60iC for 30s. The obtained data were

transformed to log cfu/g meat, considering the 16S rRidpy number of each quantified

genus lattps://rrndb.umms.med.umich.gdu
2.4 Preparation of DNA Libraries for lllumina MiSeq Sequencing and NGS data analysis

DNA samples were subjected to lllumisaquencing. The V¥4 region of the 16S rRNA

gene was amplified and sequenced. One sample was excluded as it did not pass the established
guality threshold. The amplicons, approximately 460 bp in length, were generated using the
forward and reverse primergespectively: 50CTACGGGNBGCASCAG3O and 50
GACTACNVGGGTATCAATCG30 (Gaggia et al., 2015). The assays were performed using

a previously published protocol with some modifications (Quagliariello et al., 2016). The
sequencing process was outsourced atrdfgmn Inc. (Next Generation Sequencing Division),

Seul, Republic of Korea, using a 2x300 pamd protocol.

Resulting 300 bp paireend reads were assembled using QIIME tools (Caporaso et al., 2016)
with the script Ojoined_paired_ends.pyO. Further sequesteprocessing was performed
using QIIME ver. 1.9.1 (Caporaso et al., 2010) and ChimeraSlayer (Haas et al., 2017),

including quality filtering based on a quality score of >25 and removal of mismatched barcodes
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and sequences below length thresholds. Bamgi chimera detection and clustering into
operational taxonomic units (OTUS) (97% identity) were performed using USEARCH version

7 (Haas et al., 2011). OTU sequences were aligned using PyNAST (Edgar et al., 2010) and
taxonomy assignment was determinedngsthe SILVA SSU Ref database release 111
(Caporaso et al., 2010). Biodiversity indices analysis was performed using QIIME tools, in
particular the script Ocore_diversity analysis.pyO; the phylogenetic classification of OTUs was
carried out with the scripOmake phylogeny.pyO (fasttreeXiversity was evaluated
considering Chao, Observed OTU and PD whole tree metfds;ersity was evaluated using
Oweighted_unifracO method (Quast et al., 2013). Taxonomic analysis at family and genus level
were manuallyannotated for bar charts and boxplot data presentation. OTUs accounting below
0.05 relative abundance have been grouped in OotherO.

2. 5 pHdetermination

pH was measured in all biological replicates per treatment (n=3) and with a pin electrode of a
pHmetr insertedrandomly three times into each sample.

2. 6 Water activity (aw)

AqualLab Aqualab CX3TE (LaboScientifica, Parma, Itajywas used for the water activity

(aw) determination in the same replicates as previously described. Before measurémaents,

calibration was performed with standard solutions of known a
2. 7 Weight loss

The weight of all salami samples was recorded at the beginning of the trial and at each sampling

point. For this parameter determination the following formula was used:

Weight loss (%) #Initial weight (kg)) weight after ripening(kg)) x100

Initial weight (kg)
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2. 8 Protein content analysis

This analysis was outsourced at the Massey University, Palmerston North, New Zealand, what
% of aude proteircontent was angsed according tAOAC 968.06 (Dumas method).

2. 9 Visual colour analysis of the salami samples

Triplicate of each salami treatment, was visually analysed for the colour differences.

2. 10Degree of Hydrolysis (%DH) determination: Peptide extraction and QPA assay

Peptide extraction from the salami samples was performed in order to perform thesaRA a

For this purpose, 1g salami sample was homogenise with Ultraturex in 4mL 0.25% acetic acid
and subsequently centrifuged at 20.000g; & #r 30 min. The btained supernatantg ml)

was filtered through glass woahd collected in an Eppendorf tupel.5-2 ml). The obtained
sample was diluted i8.25% acetic acidndthe% of Degree of Hydrolysis determinatiomas
performed as described biyelsen et al.2001

2. 11In vitro digestion of salami prototypes

2.11.1 Digestion fluids preparation

In vitro digestion study was aimed to understand the impact of starters and nitrite level of
salami digestibility. Threesubsamples ofeach treatment were submitted ttee in-vitro
digestion. Then-vitro digestion statienode| comgising simulatedmouth, gastric and small
intestinedigestionwas used Compositios of the simulated juices of simulated saliva fluid
(SSF), simulated gastrfluid (SGF) and simulated intestine fluid (SIF) are described in the

Table?2.
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Table 2. Composition of 1.25x electrolyte stock digestion fluids (SSF, SGF and SIF) is described in the table. Distilled
water was used for adjustment to 400mL final volume. All the stock solutions were stored at 4iC. The addifibn of Ca
corresponds to the cortdmal concentration in the digestion mixture of simulated fluid and food.

Digestion phase (concentration in the fluid in mmol L)

Constituent SSF SGF SIF
KCI 15.1 6.9 6.8
KH 2PO4 3.7 0.9 0.8
NaHCO3 13.6 25 85
NacCl - 47.2 38.4
MgCI2(H20)s 0.15 0.1 0.33
(NH4)2COs 0.06 0.5 -
CaClz(H20)2 1.5(0.75%) 0.15(0.075%) 0.6(0.3%)

pH adjustment with:

HCI (1 mol L% pH 7 pH 2 -

NaOH (6 mol L?) - - pH 7
*Ca?* concentration in the final digestion mixture in the gastric and intestinal phase

Enzymesolutions were prepared before their addition in the simulated digestion step. Pepsin
32004500 U/mgprotein (P6887, Sigmawas resuspending in SGF whereas Pancreatin
(P8096, Sigmpin SGF.

2.11.2 Procedure and sampling points

All digestion phases wereedormed by incubation at 37{C in a shaking water batre
digestive fluids were pravarmed to 37{C. Freezgdried salami samplewere weighted, to
approximate amount of 877mg protein, into a Schott bottle. 5SmL gD dtths mixed with the
sample, to rehydta, plus 5mL of SSF phase. Samples were homogenized with Ultraturex.
a)l Mouth phase: Schott bottles were incubated for 10 min. The first sampling was
performed before starting the gastric phase, safple.
b)! Gastric phase: 7.5 mL of simulated gastric fluid plus 1.6 ml of 1.969 mg/ml pepsin
solution were added to all samples when finished the mouth phase. Samples were

incubated for 2h. Samplings were performed aftémin and 120min from the

beginning of the gstric digestion.
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c)! Small intestine phase: the gastric chime was added with 11ml simulated intestinal fluid
plus 5ml of 1.6mg/ml pancreatin (Acros, enzyme/substrate w/w in SIF). The samples

were incubated for 2h and samplings performed at the end of thsticig240min.

2. 12 Samples treatment for SD®AGE

200 L were sampled for each sampling poidtdin, 10 min, 120min and 240mifor SDS

PAGE analysis. All samples were mixed by vortexing with 2x Sampling loading buffet. 2.5

6M NaOH were added to thasgfric phase samples (10 min and 120min) andl2HECI to

ones from the intestinal phase. All samples were incubated for 5min in a 95;C water bath
followed by sonication for 10 min. Subsequently, dilutions were performed with to with 1X
Sampling Buffer inorder to be loaded in the gel !39 proteins, based on the estimated
concentration introduced into the digestion model. Diluted samples were centrifuged for 2min
at 3000g before loadinmto ready Novex NUPAGE 10% Bidris midi gels (#WG1202)
NuUPAGE MES S[3 (#B0002) was used as running buffer with NUPAGE antioxidant
(#NPO0O0O05) added to the upper chamber. After running the gels%t035D40%hin, staining

in Coomassie Blue @50 (Invitrogen #LC6060) overnight was perform8@S PAGE gels

were scanned wita CS900 densitometer and the bands intensity analysed by Image Lab

software (BieRad).

2. 13 Statistic analysis

Significant effects of starters and nitrite additiondofferent parameterand their interactions
were assessed by mditictor analysiof variance (ANOVA). Onavay ANOVA was also
performed separately for each of the phyahemical parameters. Differences among means
were tested by Fisher's Least Significant Difference (LSD) (significafge<0.05 was

assumed where not indicated in thgtt Statistica 8.0 (StatSoftinc., USA) was used and the
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data are presented as mean value * standard Emeorelative digestibility and the proteolysis

of the salami samples, was calculates as reportdeabyuk et al(2019). Briefly, relative
digestbility was calculated by summing the line density abod¥Da, and further
normalizing by subtracting the summaensity ofline corresponding to the timepoin{ior

the digestion). Also, the same approach was used for the analysis of the treatments impact of
the salami proteolysis. In this case, the time point O was considered as the end of fermentation,
thus the normalized relative line densities were compbhetdeen treatment#nalysis of
variance (ANOVA) was performetbr the obtained data interpretation of n=3 biological

replicates, using the above indicated software.

3. Results

3. 1 Challenge test results

3.1.1Clostridiumspp. growth in the salami different nitrite concentrations (0, 30 and 75
mg/kg) with or without starters addition

Clostridium sppgrowth in the presence of nitrite and bioprotective/starter cultures, observed
at different time points, is shown in Figure 2. The inGé&bstridiuminoculum level was not
significantly different among all the batches, being 3191 4 log cfu/gConsidering the end

of the fermentation (T2), an overall low€lostridiumcounts were observed in batches added

with starters (CS).
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Figure 2. Effect of the bioprotective/starter cultures and different nitrites concentration addition@ostrediumspp.
growth. The mean and the standard error values are reported. Letters indicates the addition of microbial stG#as: only
sporogenesCS=C. sporogenes bioprotective/starter cultures; numbers indicatdNGBO, concentration: 0 mg/kg, 30
mg/kg, 75 mg/kg.

Table 3. TheClostridiumspp. growth in Clostridium and Challenge fermented salami batch at different time points.

Timepoint Batch
Clostridium Challenge
C C30 C75 CS CS30 CS75
TO 4.37+0.03* 4.17+0.14* 3.97+0.23* 4.49+0.1¢4 4.07+0.36" 4.39+0.2¢4
T2 7.74+0.28° 5.43+0.278 6.18+0.05° 6.28+0.218 5.21+0.16°8 5.25+0.10"%8
T3 8.32+0.0%¢ 8.01+0.08° 6.14+0.42° 6.60+0.078 5.72+0.0%8¢ 5.77+0.045¢
T4 8.15+0.16°¢  7.59+0.26°C  5.68+0.49° 6.81+0.178 5.95+0.08°¢ 6.16+0.04°C

The mean and the standard error values are reported in the table. Nitrite, time point and treatment; nitrite x tinhgtgoint; ni
X treatmentfreatment x timepoint interactions are significant according to multifactorial ANO\A7§#40.97, p<0.0001

(for nitrite factor); ks, 727120.26, p<0.0001 (for time factor)yF2=49.32, p<0.0001 (for treatment factory, F>5=5.6, p<0.05
(nitrite x time); ke, 7279.17, p<0.05 (nitrite x treatment)sF2=9.55, p<0.0001 (time x treatment)s F>=3. 47, p<0.05 (nitrite

x time x treatment). Letters indicates the addition of microbial strains: ©nly. sporogenesCS=C. sporogenest
bioprotective/starter cultures; numbers indicateNB&IO, concentration: 0 mg/kg, 30 mg/kg, 75 mg/kgvalues followed

by different small letter @ in the sameaow and different capital letter @) in the samecolumn indicates signibcant
differencesccording td_SD test.

In particular, in the absence of nitrites, significant loa@untswereobtained in the CS batch

compared to the batch withostiarterculture (C), at T2. The pathogen growth rates were not
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significantly changed in the batch CSytilithe end of the ripening (T3 and T4), whereas a
significant increase was observed in the batclt &, however, important to highlight the
bioprotective cultures effectiveness that was observed at the end of the ripening (T4) when a
significantly lower Clostridiumcounts (1.34 log cfu/g) was obtained in CS batch compared to
the C batchThe addition of 30 mg/kg NaNgfficiently controlled the clostridia outgrowth at

the end of théermentation(T2). In particular, clostridizount ranging from 5.25.43,were

not significantly different between batches C30, CS30 and CB#secounts were about 1

log cfu/g lower tharthosein C75 and CSand2.31 log cfu/glower than the counts C.
However,30 mg/kgnitrite was not able to control tl@ostridium outgrowth in the batches
without startercultures addition (@0), observing 2.58 and 2.16 log cfu/g significardrease
(p<0.05)in T3 and T4, respectively, compared to T2. Contrarily, the cultures addition (CS30)
enabled more successful clostridia oatgth control until T3, while a significant increase of
0.75 log cfu/g was observed in the same batch at the end of the ripening (T4), compared to T2
and T3. However, clostridieounts were 2 log cfu/g lower @S30 batclcompared taC30,
whereas the sanmeuntswerenot significantly different when higher nitrite amount was used
(C75 and CS75)at T3 and T4. The addition of 75 mg/kg Nad€lgnificantly lowered the
Clostridiumspp., both in the batches with and without starters addition (CS75 and C75) at the
end of the ripening process T4.

3.1.2 pH anda analysis in the Challenge test salami samples

The pH and theatrend in salami inoculated witGlostridium sporogeneswith or without
bioprotective cultures addition and with different nitrite concemmnais shown in the Figure

3 and Table 4, respectively. The initial pH in the meat batter, after the treatments, was in the
range between -8 pH units, whereas theyavas 0.97. The \adata obtained from the
multifactorial ANOVA analysis (Table 3) showedigrsficant impact when different nitrites

concentrations were used, whereas the starters addition did not impact this parameter. Also,
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significantly (p<0.0001) lowersawas obtained at the T4<T3<T2, regardless starters or nitrite
addition. However, excepins were observed comparing different treatments, especially when
nitrites were added. In particular, C30 and C75 at T2 showed a significantly lpoenpared

to C, whereas the CS75 was significantly lower than CS and CS30 at T3, but, contrarily,
without starters, C75 showed significantly highgcampared to C and C30 at T3. At the end

of the trial, all treatments in a clostridium batch showed significantly loweomapared to
challenge batch. However, challenge batches added with nitrites (CS305abyl showed
significantly lower & compared to CS batch at T4.

Considering the pH rates, significantly lower pH, being @, was observed in the
challenge batches compared to 55681 pH units in clostridium batches. at the end of the
fermentation T2). The addition of nitrites, did not significantly impacted the pH lowering in
the challenge samples. Contrarily, the clostridia batches were impacted by both nitrites
concentrations at T2, observed by the significantly higher pH imakeh C30 and C7h
comparison with the batch C. However, clostridium batches added with Nak@wved
significantly lower pH at T3 compared to the same treatments at T2. Considering the same time
points comparison, the pH value of 5.02 was not significantly changed @SBO, whereas
significantly increased to 5.08 in the CS and significantly decreased to 5.05 in the CS75 batch.
At the end of the ripening pH uniformly increased in all challenge batches, for a significant 0.3
pH units, compared to the T3. Also, the pHween 5.365.39 observed in the challenge
batches, was significantly lower than the clostridium batches. In addition, the C75 was not

significantly different from the CS30 batch at T4.
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pH trend in the Challenge test salami samples
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Figure 3. pH trend in salami inoculated with Clostridium sporogenes, with or without bioprotective cultures addition and with
different nitrites concentrations. The mean and the standard error values are reported. Legend: letters indicates tife additio
microbial strains: onlyC=C. sporogenesCS=C. sporogenes bioprotective/starter cultures; numbers indicateNadIO,
concentration: 0 mg/kg, 30 mg/kg, 75 mg/kg

Table 4. The g trend in salami inoculated witblostridium sporogenesvith or without bioprotective cultures addition and
with different nitrites concentrations

Treatment Clostridium Challenge
NaNO:z (mg/kg) NaNO2 (mg/kg)
Timepoint
(days) C C30 C75 Cs CS30 CS75
T2 (2) 0.971+0.08° 0.967+0.08°  0.964+0.00°¢® 0.961+0.00° 0.963+0.00°° 0.965+0.06°°

T3 (10) 0.961+0.00°° 0.961+0.00%° 0.963+0.08° 0.965+0.06° 0.963+0.08°® 0.960+0.06°

T4 (60) 0.923+0.00%%  0.920+0.00*  0.925+0.00%¢@ 0.932+0.08* 0.926+0.08°@ 0.929+0.06°2

The mean and the standard error values are reported. Nitnigepoint and treatment; nitrite x time point; nitrite x treatment;
treatment x timepoint interactions are significant according to multifactorial ANOVs4585.25, p<0.05 (for nitrite factor);
F(2,5471733.94, p<0.0001 (for time factor)y F4=2.15, p>0.05 (for treatment factor)isFs2=1.49, p>0.05 (nitrite x time);
F,5470.21, p>0.05 (nitrite x treatment)2Fs4723.25, p<0.0001 (time x treatment) £&5=7.18, p<0.05 (nitrite x time x
treatment). Legend: letters indicates the additionmidrobial strains: onlyC=C. sporogenesCS=C. sporogenest+
bioprotective/starter cultures; numbers indicateNb&IO, concentration: 0 mg/kg, 30 mg/kg, 75 mg/kgvalues followed

by different small letter @ in the sameolumnand different capital letter @) in the sameow indicate signibcant fferences
according td_SD test.
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3. 2Lactobacillusspp. counts in the challenge test and in a prototype fermented salami
TheLactobacillusspp. growth under different conditions is shown in Table 5. After 48h of

the fermentation process (T2), a significantly higher 2 log cfu/g counts were observed in all
batches, compared to ones at the beginning of the trial (TO).

Observing all treatmentger a single NaN@®concentration (0, 30 or 75 mg/kg), at a single
sampling point (TO, T2, T3 or T4),actobacillusspp. counts were significantly higher in
batches added with starters (S and CS) respectively the ones without starters addition (B, C).
The sme differences were not observed between batches added with starters, S vs CS.
However, a single exception was observed comparing all treatments at T3: regardless the
starters addition and when 75 mg/kg NaN@ere added, nesignificant differences were
obtained. At the T2 and T3, the lactobacilli growth rates were not significantly impacted by
nitrites addition in the CS and S batches, with the exception of the S75 batch at the T2, where
the counts were significantly lower than in the batches S. Howtndractobacilluscounts

were not significantly impacted by nitrite addition at the end of the ripening (T4) when only
starter was added (S).

In batches without starters addition (B), significantly higher lactobacilli counts were observed
at time point T3and T4 with respect to T2actobacillusincrease was significantly higher
when 30 and 75 mg/kg nitrites were added with respect to no nitrite added.

A similar impact of the nitrites addition was observed also in the batches @hsperogenes

was inocudited. At the end of fermentation (T2pctobacillusspp. counts were significantly
higher in treatments when 0 and 75 mg/kg Nall©and C75) were added when compared
with 30 mg/kg NaNQ@addition (C30). At the end of the ripening, all level of nitriteseveot

found to have any impact on the lactobacilli growth.
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Table 5.Lactobaillusspp. counts in the challenge and the prototype fermented salami trials

Timepoint TO (0) T2 (2) T3 (10) T4 (60)
(days)
NaNO:z (mg/kg) NaNO2z (mg/kg) NaNO2z (mg/kg) NaNO2z (mg/kg)
Treatment 0 30 75 0 30 75 0 30 75 0 30 75
C 3.88+ 4.14+0.18 5.15+0.19° 7.36:0.34** 6.70+0.28" 7.82+0.36"  7.24+0.0%%A 8.03+0.26' 8.21+0.26 7.78+0.14°® 7.72+0.18"  8.26+0.2%
0.184 A A
CS 6.34+ 6.07+0.18 6.24+0.37C 8.53+0.06°%B  8.62+0.07™¢ 8.20+0.02°® 8.29+0.06°¢® 8.35+0.04°*® 8.11+0.02 8.24+0.1%¢ 8.77+0.24°® 8.71+0.26°
O.llaB B B A C
B 3.94+ 4.04+0.22 3.78+0.22" 6.93+0.16° 6.70+0.08* 6.91+0.26A  7.31+0.4%A 8.09+0.46"  8.22+0.55 6.54+0.18*  7.81+0.38*" 8.49+0.52*
0.224 A A B
S 6.48+ 6.18+0.06 6.38+0.2%C 8.73+0.56° 8.31+0.34® 8.10+0.18°  8.60+0.08® 8.47+0.06°®  8.12+0.02 8.82+0.07® 8.56+0.16®® 8.61+0.18°
0.068 B A

Nitrite, time point and treatment; nitrite x time point; nitrite x treatment; treatment x timepoint interactions aresigeiftording tonultifactorial ANOVA. Ry, 10876.23, p<0.05 (for nitrate);
F(2, 10s717.04, p<0.0001 (for time);d 1085 63.51, p<0.0001 (for treatment)i Fos=5.99, p<0.05 (for nitrite x time); & 10s79.01, p<0.0001 (for nitrite x treatment)s fosi 5.90,p<0.0001
(for time x treatment); ¢, 10s72.13, p<0.05 (for nitrite x time x treatmenf=C. sporogene<S=C. sporogeneshioprotective/starter cultureB=no microorganisms added,
S=bioprotective/starter cultures; numbers indicatdNhBO, concentration: 0 mg/kg, 30 mg/kg or 75 mg/kgvalues followed by different small letterf{an the same row and different
capital letter (AD) in the same column indicate signibcdreminces according to LSD test.
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3. 3 NGS data results

3.3.1 Metric analysis of NGS results

The ! -diversity analyses of the bacterial communities in salami samples, in the presence of
different nitrite levels and with or without bioprotective/starter cultures, were performed
considering tree different metrics: the abundance-based indexes of species richness (Chaol),
observed OTU and PD whole tree (Figure 4).

Based on the Chaol and observed OTU estimators, the ! -diversity showed the same trend at
the end of the fermentation (T2) and the end of the ripening (T4) in Clostridium spp. inoculated
salami. In particular, batches inoculated with starters showed significantly (p<0.002) lower
indexes compared to the uninoculated batches, when lower nitrite levels were used (CS, CS30
vs C, C30). Contrarily, the addition of 75 mg/kg of NaNO; allowed to obtain the same Chaol
and observed OTU scores compared to batches inoculated with starters. The cultures addition
brought to an almost identical Chaol and observed OTU indexes reduction at all nitrite levels
addition, both at T2 and T4. This reduction is due to starter addition and not to the nitrite level
considering that there are not significant differences between nitrite concentrations
(CS=CS30=CS75; T2 and T4). In uninoculated batches (C, C30, C75) a significant difference
can be observed comparing low and high nitrite levels (C, C30 vs C75) confirming in this case
the effect of 75 mg/kg nitrite addition in reducing the microbial diversity. This observation
highlights the starters impact on the native microbial population reduction at the end of the
fermentation and consequently at the end of the ripening. A similar scenario was also observed
with the Phylogenetic Diversity (PD) whole tree estimator. In fact, the phylogenetic diversity
in spontaneous fermented salami was significantly higher (p<0.002) respect to the fermentation
driven by the added cultures, comparing CS vs C and CS30 vs C30 at T2. In addition, the PD

estimator of C75 batch confirmed the same phylogenetic biodiversity of CS75. On the other
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hand, the diversity of the PD whole tree index was not impacted by the nitrites level in the
batches C and CS.

The Figure 4. shows also the microbial community "-diversity between salami samples
treatments based on the weighted UniFrac estimator. Considering Clostridiumtreated batches,
the different nitrite levels impacted the microbial community, contributing to the formation of
defined clusters. However, the C75 cluster tends to group with the CS, CS30, CS75 clusters,
confirming the ! -diversity observations. In addition, nitrite levels did not impact on the "-
diversity index within CS treatments, highlighting that cultures addition is the main contributor,

shaping the matrix microbial ecology.
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Figure 4. Box-plot shows the ! -diversity and " -diversity indexes obtained from the NGS analysis on salami samples. The factors interactions are significant according to multifactorial
ANOVA, using the Bonferroni correction for the 18 interactions considered. The letters indicate significant differences within the same batch (i.e. C vs C30 vs C75), whereas the asterisk
represent significance between batches (i.e. C vs CS). The data are not significantly different where letters and asterisk are not used
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3.3.2 Taxonomic analysis of the microbial diversity in fermented salami, inoculated with Clostridium sporogenes
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Figure 5. Genus relative abundances, expressed as a ratio between the sum of a single OTU reads and the total reads number, in salami samples inoculated with C. sporogenes, added with (A)

or without bioprotective cultures (B) and nitrites at different level, at different time points.

110



High-throughput sequencing was used for the microbial diversity analysis in the salami
prepared in different conditions. Figure 5 shows the microbial diversity observed in the salami
samples, expressed as relative abundance (%) of microbial families and genera. For the present
analysis, groups with a relative abundance higher than 5% were considered. Considering the
major aim of the present study, i.e. the Clostridium spp. reduction using a bioprotective
approach, the microbial diversity in the salami samples where this pathogen was inoculated
were considered. The majority of the analysed OTUSs, in the batches inoculated with the starter
cultures, belonged to Lactobacillaceae and Staphylococcaceae at the family level and
Lactobacillusand Staphylococcust the genus level, regardless the amount of added nitrite.
Lactobacillusand Staphylococcusccount for 98% of the obtained reads in all the treatments
of the challenge batches (CS) at T2 and T4; whereas in C batches the highest number of reads
(75-80% of obtained reads) belonged to Lactobacillusonly in C75 treatment, differently from
C0 and C30, irrespectively of the timepoint. Possibly, the addition of 75 mg/Kg of nitrite,
reducing OTUs and internal competition, favours the development of the autochtonous

Lactobacilluspopulation that reached high values as in batches inoculated with starter culture.
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The relative Clostridiaceae abundance is shown in the Figure 7.
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Figure 7. Box plots shows the relative OTU Clostridiaceae abundance observed in the Challenge and Clostridium batch. C=C.
sporogenes, CS=C. sporogenes + bioprotective/starter cultures; numbers indicate the NaNO2 concentration: 0 mg/kg, 30
mg/kg, 75 mg/kg; T=Time point. The letters indicate significant differences within the same batch (i.e. C vs C30 vs C75),
whereas the asterisk represent significance between batches (i.e. C vs CS).

A significant (p<0.002) impact on this group was observed in batches where
bioprotective/starter cultures were added compared to not inoculated batches (CS vs C). In
particular, within the challenge batches, Clostridiaceae abundance was not significantly
different at different nitrite levels, whereas in the C treatment it was significantly (p<0.002)
higher compared to C30 and C75. Considering batches where nitrites were not added, the

starter cultures addition significantly lowered Clostridiaceae relative abundance in challenge
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batch compared to the clostridium batch (CS vs C), at both, T2 and T4. The same results have

been obtained for Clostridium spp. relative abundance (Figure 8).
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Figure 8. Box plots shows the relative OTU Clostridium spp. abundance observed in the Challenge and Clostridium batch.
C=C. sporogenes, CS=C. sporogenes + bioprotective/starter cultures; numbers indicate the NaNO, concentration: 0 mg/kg,
30 mg/kg, 75 mg/kg; T=Time point. The letters indicate significant differences within the same batch (i.e. C vs C30 vs C75),
whereas the asterisk represent significance between batches (i.e. C vs CS).

Figure 9 and Figure 10 show the Lactobacilaceae and Lactobacillus sakei relative abundance

in batches added with C. sporogenes as well as with different treatments. Lactobacilaceae and

Lactobacillus sakei relative abundances were significantly higher in batches inoculated with

the starter cultures compared to not added ones, both at T2 and T4. Also, the addition of nitrites,

positively impacted the same genus and family increase, observing higher abundance at 30 and

75 mg/kg nitrites in the Clostridium batches at both timepoints (T2 and T4), probably nitrites
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reducing internal competition of autochthonous populations favour the development of

Lactobacillus/Lactobacillaceae OTUSs.
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Figure 9. Box plots shows the relative OTU Lactobacillaceac abundance observed in the Challenge and Clostridium batch.
C=C. sporogenes, CS=C. sporogenes + bioprotective/starter cultures; numbers indicate the NaNO, concentration: 0 mg/kg,
30 mg/kg, 75 mg/kg; T=Time point. The letters indicate significant differences within the same batch (i.e. C vs C30 vs C75),
whereas the asterisk represent significance between batches (i.e. C vs CS).
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Figure 10. Box plots shows the relative OTU Lactobacillus sakei abundance observed in the Challenge and Clostridium batch.
The data are not significantly different where letters and asterisk are not used. C=C. sporogenes, CS=C. sporogenes +
bioprotective/starter cultures; numbers indicate the NaNO, concentration: 0 mg/kg, 30 mg/kg, 75 mg/kg; T=Time point. The
letters indicate significant differences within the same batch (i.e. C vs C30 vs C75), whereas the asterisk represent significance
between batches (i.e. C vs CS).
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Figure 11. Box plots shows the relative OTU Staphyloccocaceae abundance observed in the Challenge and Clostridium batch.
The letters indicate significant differences within the same batch (i.e. C vs C30 vs C75), whereas the asterisk represent
significance between batches (i.e. C vs CS). The data are not significantly different where letters and asterisk are not used.
C=C. sporogenes, CS=C. sporogenes + bioprotective/starter cultures; numbers indicate the NaNO, concentration: 0 mg/kg,
30 mg/kg, 75 mg/kg; T=Time point.
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Figure 12. Box plots shows the relative OTU Staphylococcus abundance observed in the Challenge and Clostridium batch.
The data are not significantly different where letters and asterisk are not used. C=C. sporogenes, CS=C. sporogenes +
bioprotective/starter cultures; numbers indicate the NaNO, concentration: 0 mg/kg, 30 mg/kg, 75 mg/kg; T=Time point. The
letters indicate significant differences within the same batch (i.e. C vs C30 vs C75), whereas the asterisk represent significance
between batches (i.e. C vs CS).

The analysis of Staphylococaceae related OTUs did not show significant differences between
the starter non-inoculated and inoculated batches (C vs CS) and also within batches at different
nitrites concentration. The same trend could be observed for Staphylococcus, a significant
difference could be observed (p<0.0001) only comparing C30 and CS30 at T2 because
Staphylococcus displayed the highest number of reads in that batch (CS30) also compared to
all the other batches (>8%). The Staphylococcus population seems to scarcely compete in the
meat matrix both in the presence of the autochthonous population and with the addition of

starter cultures, maintaining values between 0.5 and 2.5%.

3.3.3 Taxonomic analysis of the microbial diversity in a prototype model of fermented salami

Figure 13. shows the L. sakei and Lactobacillaceae relative abundance in a fermented salami

prototype model.
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Figure 13 Box plots shows the relative OTU A) L. sakei and B) Lactobacillaceac abundance observed in the Starter batch.
S=batch added with starter, T2,T4=Time, numbers indicate the NaNO2 concentration: 0 mg/kg, 30 mg/kg, 75 mg/kg.
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Figure 14. shows the Stephylococcus spp. and Staphylococcaceae relative abundance in a
fermented salami prototype model.

Considering the L. sakei relative abundance in batch ‘Starter’, nitrites level showed a
significant (p=0.0003) impact on its behaviour. In particular, 75 mg/kg NaNO- lowered the L.
sakei relative abundance respect to the 0 mg/kg and 30mg/kg. The observed dynamic was the
same comparing after the salami fermentation (T2) and at the end of the study (T4). In addition,

the Lactobacillaceae relative abundance results showed the same behaviour as L. sakei.
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Figure 14 Box plots shows the relative OTU A) Staphylococcus spp. and B) Staphylococcaceae abundance observed in the
Starter batch. S=batch added with starter, T2,T4=Time, numbers indicate the NaNO2 concentration: 0 mg/kg, 30 mg/kg, 75
mg/kg.

Considering the Staphylococcus spp. relative abundance in batch ‘Starter’, nitrites level
showed a significant (p=0.04) impact on its behaviour. In particular, in the batch containing 75
mg/kg NaNOz, Staphylococcus spp. relative abundance was significantly increased respect to
the 0 mg/kg and 30mg/kg. The observed dynamic was the same comparing after the salami
fermentation (T2) and at the end of the study (T4). In addition, the Staphylococcaceae relative

abundance results showed the same behaviour as Staphylococcus spp.
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3. 4 Quality parameters of the nitrite reduced prototype of fermented salami
3.4.1 Physio-chemical characteristics in the fermented salami
The pH, aW, weight loss and protein content data, obtained from the finished fermented salami

prototype, with and without starters and different nitrite concentrations are shown in the Table 6.

Table 6. Physio-chemical characteristics and factors interactions in fermented salami

Batch pH aw Weight loss (%) Protein content (%)
B 6.09 £0.01° 0.89 £0.00* 41.60 + 2.44% 45.07 £ 0.64*
B30 6.09 +0.02°¢ 0.89 £ 0.00* 44.87 + 0.44° 45.33 + (0.392
B75 5.54+0.06" 0.90+£0.01% 38.79+1.712 47.30 +0.75
S 5.65+0.06" 0.90 + 0.00% 4231 +1.19% 46.87 + 0.392¢
S30 5.48 £0.04® 0.91+0.01° 39.14 £ 1.43? 48.03 +£0.30°
S75 5.38 £0.04* 0.92 £ 0.00° 37.29 £1.922 4770+ 1.11¢
Source

Starters (A) <0.0001 0.0005 0.131

Nitrites (B) <0.0001 0.123 0.052

Interactions

A*B 0.00076 0.639 0.181

The mean and the standard error values are reported. Nitrite, starters and starters X nitrite interactions are significant according to
multifactorial ANOVA. Letters indicates the addition of microbial strains: B=no microorganisms added, S=samples added with
bioprotective/starter cultures; numbers indicate the NaNO, concentration: 0 mg/kg, 30 mg/kg or 75 mg/kg. Means with the same
letter in the column are not statistically different (p>0.05).

Considering the interactions between starters and nitrite addition, the pH values were impacted by
both factors. (p=0.00076) (Table 6). A significantly higher pH values, being 6.09, in the batches
fermented without starters (B) and with 30mg/kg of nitrites (B30) in comparison with the ones added
with 75 mg/kg. As expected, starter cultures showed a significantly higher acidification property in a
salami samples (S), ranging from 5.38-5.65 to pH units, compared to samples without starters addition
(B). Also, the different amount of added nitrites (30 mg/kg and 75 mg/kg), did not significantly
impacted the pH decrease in salami fermented with starters. However, the addition of NaNO> at 75
mg/kg also significantly lowered pH (B75 and S75) compared with samples not added or with 30
mg/kg of nitrites. On the other hand, there were no differences on pH reduction in salami fermented

with starters between the difference levels of nitrites added (i.e. 30 mg/kg vs 75 mg/kg).
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When considered the water activity, the addition of starter was the main factor that influenced this
parameter (Table 6). A significantly lower aw reduction was observed in spontaneously fermented
salami (batches B), when compared with the ones added with starters. Proportional with the ay
behaviour was the salami weight loss parameter, where a significantly higher loss was observed in
batches with lower ay parameter, i.e. 44.87% in B30 versus 39.14% in S30. The visual colour
evaluation of the salami samples, at the end of the ripening, showed equally intense red colour in
samples treated with 30 mg/kg or 75 mg/kg NaNO> compared to samples not added with nitrites

(Figure 15).

SO

S30

S75

Figure 15. Photos are showing the colour of salami samples with starter cultures and different nitrite concentration (left) and salami
prototype (right)

123



3.4.2 Salami proteolysis and degree of hydrolysis

Figure 16. Protein patterns in salami, fermented with and without cultures addition and with a and without nitrites additives. Letters
indicates the addition of microbial strains: B=no microorganisms added, S=samples added with bioprotective/starter cultures;
numbers indicate the NaNO, concentration: 0 mg/kg, 30 mg/kg or 75 mg/kg.

In the Figure 16 are shown the protein profiles at the end of the salami ripening (profiles taken from
time 0 from in vitro digestion model). It can be observed that proteins and polypeptides profiles are
similar in the samples added with starters (S, S30, S75) whereas a slight difference in bands intensity
were observed in samples without starters. In the spontaneously fermented salami (B, B30 and B75)
can be observed an overall less polypeptides bands and more intense bands in the samples added with

nitrites (B30 and B75), in particular at the range between 160 kDa and 110 kDa.

3.4.3 Degree of hydrolysis in salami samples with or without addition of starters and/or nitrites

The Figure 17. shows the results obtained from the degree of hydrolysis of the fermented salami

prototype.
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Figure 17. Degree of hydrolysis (%) in a fermented salami. Letters indicates the addition of microbial strains: B=no microorganisms
added, S=samples added with bioprotective/starter cultures; numbers indicate the NaNO; concentration: 0 mg/kg, 30 mg/kg or 75
mg/kg. The letters indicate significant differences within the same batch (i.e. B vs B30 vs B75); ns=not significant.

When considered salami fermented with starters (S, S30 and S75), no significant differences were
observed in the proteins hydrolysis whereas significant differences were observed in spontaneously
fermented salami (B, B30 and B75). Although not significant differences were observed when
different nitrite concentrations are concerned (B30 and B75), a significantly higher % DH was
observed in spontaneously fermented salami without nitrites (B) with when compared with nitrites
batches.

3.4.4 In-vitro digestion

Differences in salami samples proteolysis, after ripening and upon in-vitro digestion was evaluated
using SDS-PAGE and the results are shown in the Figure 18. In-vitro digestion sampling point (0

min) was considered as an indicator of salami proteolysis after ripening process.
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Figure 18. Comparison of protein digestibility of salami fermented with (B) and without starters (S) at the end of the ripening (T4)
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When compared batches with and without starters addition (S and B, respectively), at time 0 min,
more intense bands were observed in the sample fermented without starters (B), suggesting a better
proteolysis when starters were used.

Some differences between the B and S samples were also observed during the two gastric phase
sampling points (10 min and 120 min) in the range between 110-60 kDa. At the protein bands between
30-40 kDa, the intensity of bands belonging to tropomyosin complex (e.g. tropomyosin-! -chain and
"-chain, 33%Da and 37 kDa respectively) and troponin T (35 kDa) was more pronounced in the
sample fermented without starter cultures. Proteins in the range of 30-10 kDa were digested in both
samples at the end of the gastric phase.

In the intestinal phase, a pronounced resistant band, ~40kDa was observed in both samples. The same
band was previously identified as a complex of a fragments belonging to myosin isoforms 1, 2 and 7

(Farouk et al., 2019). In both samples a high molecular weight protein was digested whereas
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pronounced bands, at different level from 60kDa to ~25kDa, were observed in sample fermented

without starters, compared when the same were added.
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Figure 19. In-vitro digestion of meat batter and fermented salami without and with different nitrite addition. Letters indicates the
addition of microbial strains: S=samples added with bioprotective/starter cultures; numbers indicate the NaNO, concentration: 0

mg/kg, 30 mg/kg or 75 mg/kg.

Salami samples before fermentation (TO), with different nitrite concentration, were also subjected to
in vitro digestion for the assessment of nitrates impact on the digestion. Figure 19 shows the SDS-
PAGE protein profiles of salami samples with or without starter cultures, containing 0, 30 and 75
mg/kg NaNO», before the fermentation (TO) and at the end of the ripening (T4). It can be observed
that nitrites have not impacted the digestibility of the non-fermented meat batter. The results show
that there were no differences between the protein digestion profiles of salami samples without starter

cultures at different levels of nitrite addition. Interestingly, with the increase of the nitrite
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concentration, a slight decrease intensity of two bands was observed, at the level of ~160 kDa at the
end of the gastric phase (120min) in salami samples: in the order of S-T4<S30-T4<S75-T4. The same
was not observed in the samples before the fermentation (T0O samples). These results suggest that

nitrite addition influences the protein digestibility of fermented meat.

4. Discussion

In this study, meat fermentation for salami production was performed with the use of targeted
protective/starter cultures, at low nitrite dosages, with and without Clostridium inoculation. The
salami microbiota in the different experimental conditions was studied as well as physio-chemical
parameters of the salami and in-vitro digestion products.

The fermentation is one of the crucial moment for the pathogens outgrowth control and the meat
microbiota has a key role in pathogen inhibition. However, to ensure safety, nitrites are usually added.
Some studies have focused on the use of protective cultures as a feasible solution for the reduction of
nitrite in fermented meat products. (Nieto-Lozano et al., 2010, Nikodinoska et al., 2019). Acidic pH
and low water activity are additional parameters for both, safety and quality aspects (Majou and
Christieans, 2018, Toldra, 2010). The results in the present work showed that the combination of two
hurdles approaches, bioprotective/starters cultures addition with a reduced nitrite concentration with
respect to the currently maximum allowed amount of 150 mg/kg, have a strong impact on the
Clostridium spp. outgrowth in fermented salami. In particular, it was observed that the combination
of microbial cultures plus 30 mg/kg or 75 mg/kg NaNO; (CS30 or CS75) as well as the addition of
only 75 mg/kg NaNO, (C75) were equally effective on Clostridium outgrowth. Keto-Timonen et al.
(2012) reported that C. botulinum type B toxigenesis could be observed in nitrite-free products during
storage at 8°C, whereas the spores germination was inhibited in the presence of 75 or 120 mg/kg
nitrite, concluding the same group of pathogens can be controlled with a lower NaNO> concentration
with respect to the maximum allowed amount. In addition to the effect on Clostridium, we also

investigated to what extent different nitrite concentration impacts the meat native microbiota and the
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added bioprotective/starter cultures. The obtained results from the challenge and clostridia batches,
showed that nitrites addition inhibited the total autochthonous Lactobacillus spp. population in the
spontaneously fermented salami (C30 and C75), at the end of the fermentation period (T2), whereas
the same growth was not inhibited when the starter cultures were added (CS vs CS30 and CS75). This
was supported also by pH results, which were the highest in C30 and C75 batches at T2. Differently,
only in C30 but not in C75 a low ay, was measured. It is important to highlight that the pH was lowered
to around 5.05 in batches inoculated with bioprotective cultures, the reason why these cultures are
also referred to ‘bioprotective/starters’ in the present work. At pH 5 nitrites are in undissociated state
that can exert their antimicrobial activity (Majou and Christieans, 2018). Among all treatments, the
highest Lactobacillus spp. counts were obtained when starters were used with 30 mg/kg NaNO; (batch
CS30), whereas the lowest when only 30 mg/kg NaNO> were added in the meats (C30), at T2. This
observation might explain the same clostridia inhibition when 30 mg/kg of nitrites were used (C30
and CS30 batches), at T2, whereas at the end of the ripening, 1.64 log cfu/g higher clostridia counts
were obtained in C30 compared to CS30. The lower ay value measured in C30 compared to CS30
was not sufficient for clostridia inhibition that might also suggest the greater antimicrobial impact of
the lower pH compared to ay parameter, as observed in CS30 at T4. Interestingly, with the lactobacilli
increase in C75, the clostridia counts efficiently decreased as in C75 batch at T4. The hereby reported
starters and the nitrites interaction (p<0.001) is in line with the hurdle technology concept, where the
reduction of an individual component concentration, in a combined treatment, may cause synergistic
effects in reduction of pathogenic bacteria in food products (Zhou et al., 2010). Similarly, Ghabraie
et al. (2016), reported that the anti-clostridial effect of reduced nitrite, 100 mg/kg, as more efficient
compared to 200 mg/kg, only when combined with the essential oils or with organic acid salts, in a
sausage model.

The study of microbial composition in a Clostridium added batches with NGS approach, confirmed
the observations regarding the Clostridium spp. and Lactobacillus spp. dynamic in different

treatments. In fact, it could be speculated that the addition of 75mg/kg NaNO; in uninoculated batches
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(C) in some way “simulate” the bioprotective/starter culture effect in reducing the diversity of the
microbiota. The lactobacilli dominance in the meat matrix in C75 treatment, confirmed the anti-
clostridia activity observation, i.e. 30mg/kg NaNO; are not as efficient as when combined with
cultures; whereas the 75 mg/kg NaNO; are able to control the Clostridium spp. outgrowth.

From the technological point of view, acidification has a strong impact on the muscle proteins
denaturation and their coagulation that along with the proteolysis contributes to the flavour and
texture development. In addition, during the drying process, the removed water from the products,
contributes to decrease of the mass and volume, resulting in a harder texture and in aroma compounds
development typical for fermented salami (Toldra, 2010).

In the present study both variables, starters and nitrites, showed an impact on the physio-chemical
salami parameters. The addition of cultures contributed to an important pH decrease to reach the value
5.05 during the fermentation, regardless the nitrite level, followed by final pH increase to 5.38-5.65,
as a consequence of the accumulation of proteolysis compounds (Hospital et al., 2015). Regarding
the nitrites impact on the physio chemical parameters, the concentration of 75 mg/kg NaNO» showed
a higher pH lowering activity both in B75 and S75 treatments.

A recent study reported that the increased nitrite content could stimulate and/or inhibit a certain
microbial population (Cardinali et al., 2018). However, in the same study the same pH lowering
ability of the cocktail starters composed of Pediococcus pentosaceus and Staphylococcus xylosus was
not observed. Interestingly, in the present study, pH was significantly lower in B75 and in S75
compared to the respective lower nitrite level batches (B0, B30 and SO0, S30, respectivelly). In B75
and S75 the Lactobacillus spp. counts were also higher, showing that lactobacilli are the main
contributors in pH lowering in the meat fermentation. In particular, L. sakei was attributed as a
dominant species irrespectively of nitrate/nitrite concentration (Cardinali et al., 2018).

The significantly higher pH and lower ay, observed in spontaneously fermented salami (batches B),
when compared with salami additioned with starters, are in line with previous observation showing

that lactic acid addition in salami fermentation determined lower pH and higher aw values (Toldra,
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2010). The salami weight loss was consistent with the a values, increasing the former when the latter
diminished.

Literature reports that some traditional dried salami, usually manufactured without cultures addition,
as well as some salami types, have a pH around 6.0 and ay, lower than 0.9 (Toldra et al., 2010; Cenci-
Goga et al., 2012). This evidence is in line with our observations when considered batches
spontaneously fermented (B) and when low nitrite concentration was added (B30). This suggests that
microbiota development is different when 30 mg/kg or 75 mg/kg nitrites are added. However,
naturally selected microbiota in a reduced nitrite environment (B and B30), will have more diversity
compared to the one shaped on the bases of the nitrite resistance.

The microbiota diversity, with their specific metabolic requirements, has an impact on products final
characteristics. Interestingly, batches that are spontaneously fermented showed a lower protein
content and a significantly higher degree of hydrolysis, compared to ones where starters and nitrites
were added. The meat proteolysis in fermented salami is guided by the meat proteases (chatepsins),
prevalently during the first stage, and further by microbial proteases. It should be however stressed
that the higher pH values can be result of proteolysis, resting in an increased safety hazard, due to the
pathogens and histidine decarboxylase-positive strains like Pseudomonas spp., staphylococci,
micrococci and enterococci (Hospital et al., 2015, Cenci-Goga et al., 2012).

In a previous study it was hypothesized that a chemical or conformational change in proteins could
be influenced by the nitrite addition, resulting in a decreased proteolysis. In addition, amino acids
modifications in a digestive proteolytic enzymes cleavage site, might be influenced by the nitrite
derivates (de La Pomélie et al., 2018). However, the present study showed that, overall, the protein
digestion was not impacted by the nitrite addition what was confirmed with the not significant results
from relative density analysis.

It is known the fact that the nitrites dissociate in acidic condition and further react with secondary
ammines, resulting in nitrosamine formation (Kim and Hur, 2018). Considering this, nitrites might

have quite short time as a free compound and a low affinity for gastric enzymes. Also, Alahakona et
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al. (2015), reported that only 10-20 % of nitrites might be detected after processing and the highest
loss is upon the bond with proteins that is 20-30%. However, residual 0.2 mg/kg of nitrites were found
only in the salami sample fermented with 75 mg/kg (data not shown), whereas in the digested juices
this was not detected (data not shown).

Considering the overall in-vitro digestion of the samples, it can be concluded that the high-molecular-
mass proteins (260-110kDa), including myosin heavy chain (MHC) and a-actinin (~100kDa) were
completely digested at the end of the two-stages enzymatic digestion, in all samples, whereas, myosin
light chains (~15-25kDa) were completely digested at the end of the gastric phase, indicating
physiological relevance of the in-vitro conditions. The hereby used bioprotective/starter cultures
contributed to the improved digestibility, that was especially evident at the end of the digestion, with
a number of bands, ranging from 60kDa to ~25kDa, respectively, without and with
bioprotective/starter culture addition. Ge et al. (2019) have recently described that the addition of
Lactobacillus plantarum NJAU-01 enabled a reduction of protein oxidation during the fermentation
and ripening of fermented sausages, suggesting its potential use as an antioxidant starter. Many
factors such as protein oxidation may lead to a reduced digestibility and a reduced nutritional products
value, it is possible to speculate that added cultures may possess antioxidant activity that prevents

protein oxidation, as observed by Estevez, 2011.
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S. Conclusion

The present study showed that is possible to lower the nitrites level of the described fermented pork
meat salami model to 30 mg/kg when combined with a bioprotective/starter cultures cocktail, as a
valid anti-clostridia outgrowth control. The addition of 75 mg/kg is able to control Clostridium spp.,
regardless the cultures addition.

Considering the proteolysis feature, hereby used cultures were more performant and were not
impacted form the nitrite addition, that was not the case in spontaneously fermented salami where the
proteolysis was impacted by the nitrite amount. Also, in vitro digestion study showed that protein
digestibility of fermented salami was not impacted by ingoing nitrite level.

Findings in our study suggests that careful selection of bioprotective/starter cultures combined with
a low nitrite amount can contribute to a successful lowering of nitrites content within the quality and

safety limits.
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