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Abstract

In this work, a fermentation starter involving autochthonous strains obtained from an artisanal dry sausage from
Colonia Caroya (Cordoba, Argentina) was formulated, with the aim of preserving the typicity that characterizes
this artisanal meat product. Isolates of lactic acid bacteria (LAB) and coagulase-negative-cocci (CNC) were
obtained, identified and typified using 16S rRNA gene sequences and RAPD-PCR reactions. Some technological
and safety-related properties were also studied: 1-resistance to low pH and high salt concentration, 2-proteolytic
and lipolytic activities, 3-antibiotic resistance against tetracycline, kanamycin, vancomycin and ampicillin, and 4-
absence of histidine decarboxylase (hdc) gene. A bacterial consortium of one LAB (Latilactobacillus sakei
UNQLs16) and five CNC selected strains with the best features was used to formulate a meat fermentation starter
(UNQ-MEFS), which was compared with a commercial one (C-MFS), in a pilot-scale sausage production. Certain
technological parameters (pH and weight reduction, microbial counts, and final texture profiles) were assessed in
both batches to ensure the appropriate development of the process. The strains implantation was followed using
RAPD-PCR: L. sakei UNQLSs16 showeddominance throughout the process and its implantation was confirmed in
the batch inoculated with UNQ-MFS, whereas isolates obtained from the C-MFS were not detected in the batch
inoculated with this commercial starter. The fermentative starter design with native strains is not only relevant for
the regional producers, but also to expand the knowledge and increase the number and diversity of available strains

capable of leading the fermentative processes, contributing to safety and quality of foodstuffs.
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1. Introduction

Fermented dry sausages are meat products with stable microbial characteristics, a singular flavor, and a long
shelf life. They are prepared by mixing minced pork or beef with fat, sugar, salt, spices, and other ingredients,
which are then introduced into a casing, where the fermentation and the ripening process will take place [1,2]. Due
to the variety of combinations of types, amounts, and proportions of meats used, and raw materials, as well as

different drying conditions, the sensory characteristics of the final products are diverse [3].



Lactic acid bacteria (LAB) and coagulase-negative cocci (CNC) are the most microbiologically important
groups involved in the fermentation of dry sausages. The main function of LAB is to ferment sugars, leading to
the production of acid products (mainly lactic acid), which is the main cause of the decrease in pH during the
fermentation process [4-6]. This acidification is highly relevant since it is necessary for the fibrillar proteins to
coagulate, and this improves the cohesiveness and hardness of the final product, facilitating slicing [7]. The CNC,
especially Staphylococcus spp., contribute to the stabilization of the red coloration, and the devolvement of the
characteristic flavor and aroma through lipolytic and proteolytic activities [8-12]. However, it is worth mentioning
that the proteolytic activity of LAB through endopeptidases, proteinases, and exopeptidases has also been reported
in different food matrices, which may contribute to the organoleptic and texture profile of the final product [13,14].
Lipolysis causes the release of free fatty acids by the action of lipases, which, when oxidized, give tise to volatile
compounds such as alcohols, aldehydes, and aromatic hydrocarbons, responsible for the distinctive flavor of these
fermented products [15-17]. Proteolysis is directly related to the characteristic flavor of dry-fermented sausages
due to the formation of free amino acids, and it also contributes indirectly to aroma formation, since these free
amino acids are precursors of numerous aromatic compounds [15,18,19]. Proteolysis.is also extremely important
to determine the texture characteristics of the product, since the several low molecularweight components formed
are influenced by both muscle and microbial enzymes [20-23]. Additionally, the reduction in pH as a consequence
of the production of lactic acid during the LAB fermentation process, the decrease in the water activity of the meat
through the addition of salt, the antioxidant and antimicrobial role of nitrates and nitrites, and the elimination of
oxygen during chopping, constitute the main factors related to the safety and lifespan of fermented meat products,

avoiding the proliferation of pathogenic and deteriorating bacteria [4-6,24].

Latilactobacillus sakei strains seem to be the prevailing LAB in fermented meat products [25], and the most
competitive LAB representing half to two-thirds of all LAB isolates during an artisanal fermented sausage [12].
Latilactobacillus curvatus and Lactiplantibacillus plantarum are also LAB frequently found in meat fermentation
processes [26-28]. On the other hand; there is a greater diversity of CNC species, the most relevant being

Staphylococcus equorum, Staphylococcus saprophyticus and Staphylococcus xylosus [28-30].

The spontaneous meat fermentation process in artisanal sausages is led by a microbiota that depends on the
raw materials used, the manufacturing environment and the process conditions and, therefore, the final product
obtained is widely variable [26,31,32]. Alternatively, the use of a meat fermentation starter (MFS), which are
commonly @mployed by the sausage industry, can improve the quality and safety of its products when combined
with asstrict control of temperature and relative humidity conditions [33]. The MFS are composed of selected
strains‘'of LAB and CNC that can lead the fermentative process [34,35], and rapidly and persistently colonize the
meat batches [36,37]. Studying the viability of LAB and knowing their concentration at the end of the fermentation
process is interesting since strains with beneficial properties (for example probiotic strains) could be included in
the MFS, given that the consumer’s preference for healthier products has increased in recent years [38,39]. In
addition, an MFS could also be constituted by autochthonous strains isolated from a spontaneously dry-fermented

sausage, which could help to exacerbate the artisan-like flavors [26].

Among the safety-related criteria used to select strains for MFSs, the absence of biogenic amines production
as well as the absence of transferable antibiotics resistance is desirable. Histamine is one of the most important

biogenic amines and one of the most studied due to its toxicological effects (vasoactive and psychoactive



properties) [40,41]. Histamine production depends on the histidine decarboxylase activity in the microorganisms
present in fermented foods. Since phenotypic detection could lead to false positives, the detection by PCR of the
histidine decarboxylase (dc) gene is preferable. On the other hand, resistance to antibacterial drugs has become a
global problem for both human and animal health, being the food chain one of the key routes of emergence and
spread of antimicrobial resistant bacterial populations [42,43]. In this context, screening tests to identify resistance

to antimicrobials should be included as a criterion for strain selection.

Artisanal dry-fermented sausages from Colonia Caroya are culturally and economically relevant food
products, which have obtained the quality certificate of Geographical Indication in Argentina [44-46]. Several
producers follow a series of ancient European recipes that have been handed down from generation to generation.
This important food is a coarsely-chopped sausage, with a length of 25 to 40 cm, and 4 to 6 cmuin diameter, with
a little salt and slightly spicy, usually stuffed in natural casings, matured in a cellar for at least 21 days, with a dark
red final color. Molds often grow on the surface of these fermented meat products; this fungal microflora is usually
dominated by Penicillium nalgiovense, which confers it a desirable white or whitish-grey surface color, contributes
to the formation of the flavor and prevents the development of other mycotoxigenic fungi. A greenish color can
be attributed to the presence of other, less desirable, though not deteriorating, molds [46-48]. Since the
fermentation process occurs spontanecously, sometimes the quality of the final products cannot be ensured, leading
to significant economic losses. Although a solution would be to use commercial fermentation starters that could
promote the fermentation process in the desired way, and contribute to the safety of the final product, these starters
have the disadvantage of reducing the typicity that characterizes a regional sausage [49]. In this work, we set out
to formulate a fermentation starter that would preserve the advantages of using a starter but avoiding the
disadvantages of the commercial ones, by developing a multi-strain starter of autochthonous LAB and CNC, tested
in a pilot-scale production under controlled conditions, with the goal of obtaining a final dry-fermented sausage
with characteristics similar to those from Colonia Caroya. We aim to achieve in the future a technology
transference that can increase the value of the product while widening the options of starter strains capable of

implantation.

2. Materials and methods

2.1. Strains isolation and identification

2.1.1. LAB and CNC isolation and growth conditions

Mechanical breaks (stomacher AES CHEMUNEX, Easy MIX, Quebec, Canada) were performed on 25 g of
samples of a Colonia Caroya sausage throughout the fermentation process. Serial dilutions were done and sown in
Mann-Rogosa-Sharpe (MRS, Biokar Diagnostics, Allonne, France) and Mannitol Salt (MS, Biokar Diagnostics,
Allonne, France) agar to isolate LAB and CNC respectively. Gram positive, catalase negative and non-sporulating
bacilli were selected as possible LAB, while Gram-positive, catalase positive, coagulase negative cocci were
selected as CNC candidates (according to Argentinian Farmacopea [50]). LAB were grown at 28 °C under

microaerophilic conditions for 2 days whereas CNC were grown at 37 °C under aerobic conditions.

2.1.1. Identification and typing of isolates



Genomic DNA from LAB and CNC was obtained according to Bravo Ferrada et al. [51]. Polymerase chain reaction
(PCR) amplification of a 16S rRNA gene fragment was carried out using the primers pA16SF and pH16SR [52].
The amplicons were purified using the QIAquick PCR purification kit (QIAGEN Corp. California, Redwood City,
USA) and sent to be sequenced (Macrogen Corp., Korea). Sequences were identified by comparing them with

those deposited in GenBank, using BLAST software.

The isolates typing was performed by Random Amplified Polymorphic DNA-PCR (RAPD-PCR) analysis
using primers Coc [53], M13 [54], and 1254 [55] according to Delfederico et al. [S6] and the PCR products were
resolved by electrophoresis in 1.5% (w/v) agarose gel. Primers were purchased from Genbiotech SRL (Buenos
Aires, Argentina). All the PCR amplifications were performed in an Eppendorf Mastercycler equipment

(Hamburg, Germany).

2.1. Technological properties

2.1.1. CNC and LAB growth

In order to emulate the environmental conditions during the fermentation process, LAB and CNC strains were
cultured at different pH (4.2 and 4.8) and salt concentrations (4% and 8% NaCl, Reagents S.A., San Lorenzo,
Argentina), in MRS and in Brain-Heart Infusion (Biokar Diagnostics, Allonne, France), respectively. The growth
was followed using OD600 values (spectrophotometer Bio-Rad, SmartSpec 3000, Hercules, CA, USA) at the
beginning and after 22 h. An arbitrary criterion regarding the control without salts or adverse pH was established,
wherein high resistance (value 3): decrease <2 log units; medium resistance (value 2): decrease <3 log units; and

low resistance (value 1): decrease >4 log units:

2.1.1. Proteolytic activity

Agar plates were prepared for CNC and LAB, supplemented with skimmed milk powder (Oxoid — Thermo Fisher
Scientific, Basingstoke, UK)20% (previously pasteurized for 5 min at 90 °C), and bacteriological gelatin (Oxoid
— Thermo Fisher Scientific, Basingstoke, UK) 10 g/L. The plates were inoculated with 10 pL of a bacterial
suspension (previously grown to OD=1.0 in their corresponding culture medium) and incubated under the adequate
conditions. The proteolytic activity was determined by measuring the radius of the halo generated according to:
“3” for a halo> 4 mm, “2” for a halo between 2 and 4 mm, “1” for a halo between 1 and 2 mm, “0” when no halo

was.detected [57].

2.1.1. Lipolytic activity

Lipolytic activity was measured by the agar diffusion technique in test tubes. The corresponding culture medium
for LAB and CNC was supplemented with 0.1% tributyrin (Sigma—Aldrich Company Ltd, Dorset, UK). The agar
surface was inoculated with 10 pL of a bacterial suspension of OD600=0.1, and then incubated for 5 days at 37
°C for CNC and 28 °C for LAB. Lipolytic activity was arbitrarily assigned “3” when was present, and “0” when

absent.

2.1. Strains safety-related properties



2.1.1. Determination of the presence of hdc (histidine decarboxylase) gene

The amplification of a 375 bp fragment of the histidine decarboxylase (sdc) gene was performed in the selected
colonies. For this, the JV16Hc and JV17Hc primers and the amplification conditions described by Marcobal et al.
[40,41] were used. In addition, the ST2A strain of L. buchneri was used as a positive control. Primers were

purchase from Genbiotech SRL (Buenos Aires, Argentina).

2.1.1. Determination of antibiotic susceptibility

The LAB and CNC strains with the best technological features were selected to be part of the UNQ-MES. For
these strains, resistance to antibiotics was determined by means of the minimum inhibitory concentration (MIC)
test; we assayed two inhibitors of protein synthesis: tetracycline (Stanton, CABA, Argentina) and kanamycin
(Sigma—Aldrich Company Ltd, Dorset, UK); and two cell wall inhibitors: vancomycin (Klonal Laboratories,
Quilmes, Argentina) and ampicillin (Sigma—Aldrich Company Ltd, Dorset, UK). First, the strains were grown
until the exponential phase. The cultures were washed twice with a sterile physiological solution, then the pellet
was resuspended in its corresponding culture medium. Subsequently, the DO600 (Spectrophotometer, Ultrospec
Amersham Biosciences SE-751-84, Amersham, UK) was measured to calculate the CFUs in each culture.
Dilutions were made until reaching 0.5 on the McFarland scale for €ach inoculum [58] (103 CFU/mL). On the
other hand, two-fold serial dilution for each antibiotic were realized ranging from 0.25 up to 256 pg/mL. Once the
96-well plates were prepared, DO600 was measured in a plate reader (RAYTO, RT-6000, Nanshan, China) at time
0. Then the plates were incubated at 30 °C and after 48 -h, DO600 was measured again. Cut-off values were taken
from the Clinical and Laboratory Standard Institute (CLSI, 2020) [59] for Staphylococci spp., and from the EFSA
Guidance (2008) [60] for the L. sakei. Since M. caseolyticus and Rothia sp. are of no clinical relevance, their cut-

off values for different antibiotics have not been reliably established, to the best of our knowledge.

2.2. Meat-batches preparation

2.1.1. Starters

The UNQ starter of meat fermentation (UNQ-MFS) was constituted by a LAB, Latilactobacillus sakei UNQLs16,
and five CNC: Macrococcus caseolyticus UNQMca2, Staphylococcus saprophyticus UNQSscb2, Rothia sp.
UNQReceblo; Staphylococcus equorum UNQSecol2, Staphylococcus xylosus UNQSxcol6, were all selected for
their technological characteristics. A commercial starter of meat fermentation (C-MFS) was used as a control, from
which two catalase negative cocci were isolated. In both cases, colony forming unit (CFU) and optical density
(OD) relation were determined according to Miles & Misra [61] in order to standardize the inoculum. The
microorganisms selected for UNQ-MFS were grown until the exponential phase, and manufacturer’s instructions

were followed for the C-MFS.

2.1.1. UNQ and commercial meat batches

In the pilot plant of the Center of Research and Industrial Technology of Meat, National Institute of Industrial
Technology (INTI), two meat batches of 10 kg each were prepared with the composition described in Appendix
1. One part of the processed meat was kept refrigerated in a chamber at 0-2 °C, while the other part was frozen at

-18 °C. Bacon (from a local supplier), which was cut with a knife, was used as pork fat and kept in a chamber at



-18 °C until use. The components were added in the following order: frozen meat, additives, ferments, bacon and
refrigerated meat. The two batches were differentially inoculated, one batch with UNQ-MFS (107 CFU UNQLs16,
108 CFU mix-CNC) and the other with C-MFS (107 CFU). The obtained meat batter was introduced into casings
and the pieces were closed with clips, obtaining sausages of approximately 15 cm long, and weighing between
250-300 g each. The dry-out was carried out at the conditions detailed in Appendix 2. During the fermentative

process, samples were taken after 0, 1, 2, 3, 4, 7 and 15 days.
2.2. Physicochemical characteristics
2.1.1. pH

The pH was monitored during the fermentation process (pH meter Testo, model 205, CABA, Argentina). The
measurements were made in triplicate and were carried out in the following time interval: 0, 1, 2, 3, 4, 8, 11, 15,

21 and 27 days.
2.1.1. Weight loss

The drying process was followed by monitoring weight loss by measuring three sausages of each batch (Ohaus
Balance model Explorer Pro EP 6102, CABA, Argentina) for each drying time (TS) (same time interval as pH).

The percentage of weight loss was calculated using the following equation [62]:
%of weightloss, . =(initial weight - TS weight )*100

%of weight loss
3

unit

% Average weight loss,,.. = é

2.1.1. Texture analysis

Final products from each batch (UNQ-MFS and C-MFS) were analyzed by 8 instrumental texture measurements
(texturometer TMS-Pro, FTC Food Technology Corp., Virginia, USA). Those were taken in a temperature range
between 15 and 20 °C, on 1-mm thick slices, using an aluminium plate of 10 mm in diameter. A texture profile
analysis was-carried-out (TPA: performance of two successive compression cycles on the sample, imitating the

action of the jaws), measuring the parameters: hardness, adhesiveness, elasticity, and chewiness.
2.2. Microbial monitoring
2.3.1 Counts and microscopy

The survival of microorganisms in both batches of meat (UNQ-MFS and C-MFS), was followed on samples taken
attimes 0, 1, 2, 3, 4, 7 and 15 days. Ten g were aseptically taken from the matrix and placed in a sterile stomacher
bag with 10 mL of physiological solution. After mechanical disintegration, serial dilutions were seeded on MRS
agar plates for LAB, MS for CNC, and eosin and methylene blue (EMB, Laboratorios Britania S.A., Buenos Aires,
Argentina) for Gram-negative bacteria. The MRS plates were incubated at 28 °C, and MS and EMB at 37 °C for



48 h. The CFUs for each culture media were counted, after which Gram tests and catalase activity assessments of

colonies were performed.

2.3.1 Implantation of the strains

The implantation analysis was carried out from twenty colonies randomly taken from MRS and MS plates at each
sampling time. The colonies selected from the UNQ batch were: Gram positive, catalase negative bacilli growing
on MRS, and Gram positive, catalase positive, mannitol fermenting cocci, growing in MS. From the commercial

batch, the selection was random to ensure a representative fraction of bacteria present.

Implantation ability was evaluated by RAPD-PCR method, with M13 primer. The electrophoretic profiles
obtained were compared between the strains comprising each fermentation starter with isolates recovered from
batches inoculated with UNQ-MFS and C-MFS, for each sampling time (0, 1, 2, 3, 4, 7 and 15 days) and each
culture medium analyzed (MRS and MS). From the twenty LAB and CNC previously selected, at least 5 were
randomly chosen for this analysis. The initial number of colonies for screening was increased only for those cases
where it was not possible to find a RAPD-PCR electrophoretic profile that matched the inoculated strain(s). To
consider that a strain was implanted, we established a cutoff at a minimum coincidence of 60% between the

electrophoretic profiles of the isolates analyzed and the strains constituent of a fermentation starter [63].

2.2. Statistical analysis

Variations in pH, weight loss and microbial counts through time were analyzed by means of Repeated Measures
ANOVA using the statistical software Infostat v2017. Texture analysis data was analyzed by means of an analysis
of variance (ANOVA) using the statistical software Infostat v2017 [64]. We set the significance level at 0.05 for

all analyses.

3. Results

3.1. Strains isolation and identification

Samples obtained through the fermentation process of an artisanal dry-fermented sausage from Colonia
Caroya (Cordoba, Argentina) were processed. We obtained and preliminarily identified 53 microorganisms
according to'the criteria established in 2.1.1 (Figure 1). For further assays, 12 autochthonous strains (5 LAB and
7 CNC) were chosen, based on genetic diversity analysis by RAPD-PCR, and identified by sequencing of a 16S
rRNA gene fragment.

3.1. Technological and safety-related properties

From these twelve autochthonous strains, 1 LAB and 5 CCN exhibiting the best performance in growth assays
under stressful conditions of pH and salt concentrations were selected: L. sakei UNQLs16 (Accession Number
MK478379), M. caseolyticus UNQMca2 (MK478377), S. saprophyticus UNQSscb2 (MK478378), Rothia sp.
UNQRcblo (MK478385), S. equorum UN-QSecol2 (MK478384) and S. xylosus UNQSxcol6 (MK478387).
Further characterization assays (proteolytic and lipolytic) were performed on these 6 selected strains, and the
results are shown in Figure 2. Safety-related properties were also assayed, idc gene on genomic DNA, and

antibiotic susceptibility tests, which are summarized in Table 1.



3.2. Pilot scale evaluation of autochthonous strains as starter culture

To study the effectivity of the UNQ-MFS in a fermentative process, two meat batches were prepared at pilot-
scale at the National Institute of Industrial Technology (INTI), Argentina. One of them was inoculated with a
starter involving autochthonous strains (UNQ-MFS), and the other one with a commercial starter (C-MFS, see
2.2.1), for comparison purposes. Both batches were monitored over time, evaluating the modifications of
physicochemical parameters, changes of macroscopic and textural characteristics, and bacterial counts of LAB and

CNC, as well as potentially harmful Gram-negative bacteria. The results obtained are described below.

3.2.1. Physicochemical characteristics

The pH and weight loss evolution for both batches did not show significant differences (Figure 3A and B,
respectively). In both, a minimum pH value lower than 5 was reached 72 h after inoculation, and then took place
a subsequent restoration to values close to neutrality (between 6.6 and 6.8). The weightdoss reached values close
to 30% in the final product for each batch studied. Among the variables measured in-texture profiles analysis, the
chewiness and hardness parameters of the sausages obtained with UNQ-MFS were statistically lower than those
obtained with C-MFS at the end of the process (Figure 3-C), whereas there were no significant differences for
adhesiveness and elasticity. Regarding the qualitative characteristics of the final sausages, an intense and pleasant
aroma stood out. The surface of sausages obtained with the UNQ-MFS had a predominance of white mycelium,

while the one obtained with the C-MFS was mostly greenish (Online Resource 1).

3.2.2. Microbial counts throughout the fermentation process

Figure 3 shows the counts of LAB, CNC and Gram-negative bacteria throughout the fermentation process of
two batches studied (UNQ and commercial). The BAL count for the batch inoculated with UNQ-MFS was slightly
but significantly higher during the first 72 h than the obtained with the C-MFS (Figure 4A). Then, LAB counts
reached values close to 10 log CFU/g in both cases, which remained until the end of the ripening (differences
between UNQ and C-MFS treatments: F (1, 12) =21,13, p=0.0006; time: F (5, 12) = 309.4, p<0.0001; interaction:
F (5, 12) = 16.57, p<0.0001). Counts obtained for CNC indicate that growth of this group was similar in both
batches until the 4th day (Figure 4B). Then, counts remained stable for the C-MFS batch, whereas it decreased
significantly in the UNQ-MFS batch (differences between UNQ and C-MFS treatments: F (1, 12) = 20.71, p =
0.0007; time: F (5, 12) = 124.0, p<0.0001; interaction: F (5, 12) = 30.89, p<0.0001). Finally, as a criterion of
quality and safety of the final products, the Gram-negative flora was monitored, and its counts became negative

by the 7th day (Figure 4C).

3.2.3. Implantation of the strains

To evaluate the implantation ability of the strains inoculated in each batch, colonies isolated throughout the
fermentation process were analyzed by RAPD-PCR (see section “Microbial monitoring”). Most RAPD patterns
obtained from LAB colonies (UNQ-MFS batch, for example electrophoretic profile 1, 2 and 3) matched the pattern
(P) of L. sakei UNQLs16 (Figure 5A). At the end of the ripening, other electrophoretic profiles non-matching to
L. sakei UNQLs16 were also detected; however, these profiles were sporadic and not repeated over time. In the
implantation analysis of the CNC for the same batch, none of the electrophoretic profiles of the isolates matched
those obtained for the strains included in UNQ-MFS formulation (data not shown). In the batch inoculated with

C-MFS, none of the electrophoretic profiles matched those obtained from isolates of this commercial starter (b



and c patterns, Figure 5D). However, we detected one electrophoretic pattern consistently repeated over time

(electrophoretic profile 4) (Figure 4C).

4. Discussion

Since both LAB and CNC are relevant microorganisms for the fermentation process, genetically diverse
autochthonous LAB and CNC strains, obtained from sausages of Colonia Caroya, were subjected to screening to
select those that exhibited the best technological characteristics. It has been widely reported that CNC, particularly
Staphylococcus spp., are involved in stabilizing the red color and producing compounds that contribute to flavor
and aroma through their lipolytic and proteolytic activity [8-12]. These findings are consistent with ours, which
show proteolytic and lipolytic activities on different substrates for S. saprophyticus UNQSscb2, S. equorum
UNQSecol12 and S. xylosus UNQSxco16. Furthermore, M. caseolyticus UNQMca2 and Rothia spp. UNQRcblo
were positive for these metabolic activities using the same substrates. S. xylosus_and S. equorum are the most
commonly CNC species found in dry-sausages, followed by S. saprophyticus, also frequently isolated from this
type of meat product [28-30]. Three strains belonging to these species were selected as the most significant
representatives of the CNC group in the starter formulation. On the other hand, M. caseolyticus and Rothia spp.
are less abundant in meat fermented products, or they are not frequently included in meat fermentation starters.
However, given that the strains belonging to these species showed proteolytic and lipolytic activities similar to the
staphylococci, and with the aim of trying to reproduce the complex microbial consortia of the food matrix from
which they were obtained, these CNC strains were also selected to formulate a multi-strain fermentation starter
(UNQ-MFS). Other authors have demonstrated that M. caseolyticus could contribute to accelerate the degradation
and oxidation of lipids and proteins, and improve the flavor characteristics of Cantonese sausage [65].
Additionally, the potential of M. caseolyticus-to generate diverse volatile flavor compounds has also been
demonstrated [66].

Despite other authors reported L. sakei strains with proteolytic and lipolytic activities [3,67,68], UNQLs16
did not show this behavior under the in vitro conditions tested.

In addition to the'technological characteristics that make the strains successful in leading a fermentation
process, it is also_important to evaluate the safety aspects of the strains to be used in a food product. Although
autochthonous_starters have been claimed to lead sausage production with desirable sanitary and sensory
characteristics [32,42], there are some concerns about their safety, since some LAB have been recognized as
reservoirs.of antibiotic resistant genes that could be horizontally transmissible to pathogens through the food chain
[69,70]. There are several reports describing the antibiotic resistance of LABs [71-75]. Intrinsic resistance is
estimated to pose a minimal potential risk of horizontal transfer between different bacterial species, and could be
shown mainly for aminoglycosides, quinolones, and glycopeptides [42,72,76]. Most Lactobacillus species are
intrinsically resistant to vancomycin [60,77]. Additionally, the transfer of antibiotic resistance within LAB from
food has been studied [78,79]. In previous reports about antibiotic resistances profiles and related genetic
determinant of LAB from dry-sausages, the most assessed antibiotics were tetracycline and erythromycin,
followed by chloramphenicol, streptomycin, ampicillin, and vancomycin [42]. Our results show that L. sakei
UNQLSs16 is inhibited by all the antibiotics tested at a concentration lower than the established cut-off value. For
screening purpose, we chose some of the antimicrobials relevant to human and veterinary health, according to

EFSA [60].



The MIC values observed, for all the antibiotics assayed, were low, except for S. saprophyticus UNQSscb2,
resistant to vancomycin, and S. xylosus UNQSxco16, resistant to both vancomycin and kanamycin, according to
cut-off values stablished by CLSI [59]. Since dry-sausages provide an environment where close contact among
bacteria could facilitate horizontal genetic transfer [42], further assays at molecular level would be required to
assess the potential of these CNC strains to serve as hosts for antibiotic-resistance genes.

Additionally, the histidine decarboxylase (hdc) gene, involved in the histamine synthesis, the most important
biogenic amine from the toxicological and hygienic aspects in dry-sausages [80], was absent in all the strains
studied here. Some authors have suggested that the use of decarboxylase-negative starters and the low water
activity might reduce the biogenic amines formation in dry-fermented sausages [81]. Further studies should be
performed to search for genes involved in the synthesis of other biogenic amines, such as tyramine and cadaverine.

The strains that showed the best technological and safety characteristics, summarized ‘in. Table 1, were
selected to formulate the UNQ-MFS starter: L. sakei UNQLs16 (MK478379), as representant of the LAB group,
and M. caseolyticus UNQMca2 (MK478377), S saprophyticus UNQOSscb2 (MK478378), Rothia sp. UNQORcblo
(MK478385), S. equorum UNQSeco12 (MK478384) and S. xylosus UNQSxcol6 (MK478387), as representatives
of CNC group.

UNQ-MFS was compared with a commercial starter (C-MFS), evaluating two meat batches (each with one
of the starters) on a pilot scale (INTI, Argentina). Both fermentative processes were followed through
physicochemical (pH and weight loss), microbiological (counts), and molecular (implantation analysis)
parameters.

The LAB’s main role is to reduce the pH of the matrix; by consumption of sugars, which leads to the
production of some acid products (mainly lactic acid) [4-6]. This is consistent with the fast LAB growth and the
decrease in pH observed at the beginning of fermentation process. The subsequent restoration of pH observed is
related to proteolytic activity. Proteolysis is initially carried out by endogenous exopeptidases, whose activity is
favored at low pH. In the advanced stages of the fermentation process, proteolysis is mainly due to microbial
enzymes, especially attributed to CNC metabolism. Thus, it increases the bioavailability of small peptides, free
amino acids, and basic compounds such as ammonium, all of which raise pH [15,19,82]. Furthermore, the increase
in free amino acids and non-protein nitrogen has been related to other effects, such as favoring the drying process
during sausage maturation [5,83]. In relation to this, in both meat batches studied, a gradual decrease in weight
was observed, reaching final values of around 30%. Additionally, both the decrease in pH at the beginning of the
process and the'loss of weight are important parameters related to the safety of the final product, since under such
conditions, pathegenic and spoiling microorganisms are not capable of growth [4-6,84]. In this sense, no counts
of the Gram-negative bacteria and companions were obtained from the 7th day of the process for both meat batches
which contributes to the safety of the final products.

For comparative purposes, the texture profile of the final products resulting from both fermentation starters
(UNQ and Commercial) was analyzed. Since the physicochemical characteristics that are relevant for the
development of the texture profile, such as pH and drying [7, 18, 19, 77, 78], were similar for both fermentation
meat batches studied, and considering that the elaboration, ripening, and ingredients used for each meat batch were
the same, we could attribute the differences found for the parameters of chewiness and hardness to a differential
microbial metabolic activity introduced by the fermentation starters used. In addition to the pH and drying, the
other factor that greatly contributes to the development of the texture profile, are the proteolytic activity and the

formation of low molecular weight molecules [20-23]. In addition, the mold observed on the surface of the
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sausages seems to come from the work area since fungal starters were not used and both batches of meat were
dried in the same place. However, the batch inoculated with the UNQ-MFS developed more whitish fungal
colonization than the one inoculated with the C-MFS. Therefore, we could infer that the metabolites produced by
the microorganisms present in the UNQ-MFS may have favored the growth of a better fungal microflora. However,
further studies should be carried out in the future to address these aspects.

Other authors have compared autochthonous and commercial meat fermentation starters that included
different species of LAB and CNC, using a similar inoculum (approximately 107 CFU/g), and their results partially
agree with ours. Franciosa et al., 2022 did not find significant differences in pH between the commercial and
autochthonous batches. In addition, they carried out sensory analysis, determining a consumer preference for
autochthonous batches compared to the commercial one, attributed to significant differences in parameters such
as tenderness and firmness. Although a sensory analysis was not included in the present work, we found significant
differences in texture parameters between the commercial and autochthonous batches, that could influence the
consumer’s perception. On the other hand, Frece et al., 2014 studied the same autochthonous and commercial
starters in different fermented meat products and demonstrated significant differences between autochthonous and
commercial starters in some of them, in terms of pH and the drying process. Their autochthonous starter cultures
also yielded better results in the organoleptic evaluation.

The implantation analysis of LAB strains from the UNQ-MFS starter was performed by RAPD-PCR, like in
previous studies [85-89], and the implantation of L. sakei UNQLs16 strain was confirmed. Its electrophoretic
profile was the only one repeated over time, suggesting the ability of L. sakei UNQLs16 to lead the fermentation
process, and that no other native LAB (from raw ingredients or working surfaces) was able to be implanted.
Regarding the CNC strains included in the UNQ-MFES starter, they were not able to implant in the meat matrix,
since none of the electrophoretic profiles observed matched those corresponding to inoculated CNC strains. Nor
did we find any native electrophoretic profiles (native strains from the raw materials) that were repeated over time.
The failure of CNC inoculated strains. to. dominate the process may be due to an insufficient inoculum
concentration, since they were inoculated-in a 1-5 ratio with respect to L. sakei UNQLs16. It is also possible that
the low water activity and the teduced pH have limited the growth of this microbial group. This finding correlate
to the decrease in CNC counts observed in the meat batch inoculated with UNQ-MFS. Other authors have shown
a successful CNC implantation in fermentation processes of dry-sausages, the most relevant species being S.
equorum, S. saprophyticus and S. xylosus [28-30,88]. Interestingly, Frece et al. 2014 showed the presence of an
inoculated S:earnosus after 180 days of storage. These authors speculated that the autochthonous starter cultures
applied (S. carnosus and L. plantarum) prolonged the shelf-life of the final product.

On the other hand, the implantation of the strains from C-MFS was also evaluated. Profiles of isolates
obtained from meat batch inoculated with C-MFS did not show implantation or dominance of any of the strains
obtained from it; however, a repeated profile was found throughout time. We believe that the implanted strain in
this meat batch could come from some of the raw elements used in the formulation, such as meat, spices, utensils,
etc. Alternatively, the strain could have been found at the state of viable-non-cultivable (VNC) at the time of

isolation from the C-MFS and been reactivated during the fermentation process.

5. Conclusions

We proved the feasibility of formulating a native starter, able of successfully carrying out a pilot scale
fermentative meat process, using autochthonous strains obtained from artisanal dry-sausages. These traditional

products, which have obtained the quality certificate of Geographical Indication in Argentina, are both culturally
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and economically relevant food products. The autochthonous L. sakei UNQLs16 strain was able to implant and
dominate the fermentation process, resulting in dry-fermented sausages with similar characteristics to those from
which it was isolated. On the other hand, the need to adjust the CNC inoculum in future assays was evidenced,
given that the CNC strains did not survive throughout the fermentative process. This adjustment could favor the
implantation of these strains, which would be beneficial because of their relevance during fermentation of meat
products. Although none of the strains obtained from C-MFS seems to have been implanted in the meat batch used
for comparative purposes, the physicochemical and microbiological characteristics of sausages show that the
fermentation process occurred spontaneously, probably due to the microbiota having been present in or on the raw
materials or equipment used. We can conclude that L. sakei UNQLs16 has adapted better to the specific meat
matrix and to the manufacturing process compared to the commercial starter. This autochthonous strain has
survived until the end, leading the fermentation process, and is, therefore, a strong candidate to be included in a
technological transference to the productive sector as an MFS. We believe that the design of a fermentative starter
with native strains is not only relevant for the regional producers, but also to expand the knowledge and to increase
the number and diversity of available strains capable of leading the fermentative processes, contributing to the

safety and quality of fermented foodstuffs.
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Fig. 1 Species diversity of total BAL and CNC isolated. The strains diversity was determined by the RAPD-PCR
technique.
Fig. 2 Radar chart of the technological properties assayed. Proteolytic activity was assayed using either
casein (Proteolysis 1) or bacteriological gelatin (Proteolysis 2) as substrates. Lipolysis activity with 0.1%
tributyrin. Resistance to pH and NaCl were performed upon 22h of growth, and then compared to controls
without salts or adverse pH. For more details see Materials and methods (section “Technological properties”).
Fig. 3 Physicochemical characteristics during (A, B) and at the end of the fermentation process (C).
A pH evolution of UNQ-MES and C-MFS, while the vertical line shows the lowest pH point obtained for
both batches. B Weight loss during the time for both batches (UNQ and Commercial). C Texture
indicators for the final products obtained with UNQ-MFS and with C-MFS. **p= 0.0095; **p<0.0001.

Foods, (2021). 10(8): p.. 1916. DOl

Fig. 4 CFU counts throughout time obtained for C-MFS and UNQ-MFS, in MRS agar for LAB (A), MS for
CNC (B), and EMB for Gram-negative flora (C).

Fig. 5 Implantation analysis followed by RAPD-PCR throughout time for sausages obtained with UNQ-MFS (A,
B) and C-MFS (C, D). A and C show the growth of LAB over time and pictures of gels with representative
RAPD-PCR profiles. B and D correspond to an analysis of repeated profiles found over time. References of the
electrophoretic profiles: M, marker; P, L. sakei UNQLs16; b and c, strains from C-MFS; 1-3, native strains from
batch inoculated with UNQ-MFS; 4, native strain from batch inoculated with C-MFS.

Table 1 Absence of hdc gene and minimum inhibitory concentration (MIC) against tetracycline (Tet), kanamycin

(Kan), vancomycin (Van) and ampicillin (Amp).

Safety-related L. sakei M. caseolyticus | S. saprophyticus Rothia spp. S. equorum S. xylosus
properties UNQLs16 UNQMca2 UNQSscb2 UNQRcblo UNQSecol2 UNQSxcol6
(MK478379) (MK478377) (MK478378) (MK478385) (MK478384) (MK478387)
hdc gene Negative Negative Negative Negative Negative Negative
MIC ABR
Tet (mg/mL) 0.5 <0.25 <0.25 <0.25 <0.25 <0.25
Kan (mg/mL) 32 1 128 2 8 128
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Van (mg/mL) *128 1 64 1 1

Amp (mg/mL) 1 <0,25 1 0.5 1

0.5

Average values of MIC duplicates obtained from strains belonging to the UNQ-MFS.

*L. sakei has intrinsic vancomycin resistance reported by EFSA [52]

Table 2 Components of both meat batches.

Raw material: additives, and ingredients | Percent base (%)
Lean frozen bull meat 38.000
Refrigerated bull meat 38.000

Frozen bacon 19.500
Salt 2.670
Sugar 0.350
Dextrose 0.350
Phosphates (Rexfos H, Amerex) 0.290
Ground white pepper 0.290
Ground Coriander 0.190
Garlic powder 0.100
Ground nutmeg 0.100
Sodium erythorbate 0.100
Sodium nitrate 0.040
Sodium nitrite 0.020

Table 3 Parameters of the drying process.

Time (h) Core temperature (°C) Relative humidity ambient (%)
24 Environment without control | Environment without control
36 24 85/90
24 24 80/85
12 22 80
12 20 75
A* 16/18 70/75

A*: up to a weight loss of more than 30%. The temperature measurement was controlled by the equipment: Data

logger of temperature, Testo, model 176. Temperature at sampling times was measured with a Mini
Thermometer, Testo, model 511.
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