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Abstract
Traditional fermented foods are a significant source of starter and/or non-starter
lactic acid bacteria (nsLAB).Moreover, thesemicroorganisms are also known for
their role as probiotics. The potential of nsLAB is huge; however, there are still
challenges to be overcome with respect to characterization and application. In
the present review, the most important steps that autochthonous lactic acid bac-
teria isolated from fermented foods need to overcome, to qualify as novel starter
cultures, or as probiotics, in food technology and biotechnology, are considered.
These different characterization steps include precise identification, detection
of health-promoting properties, and safety evaluation. Each of these features is
strain specific and needs to be accurately determined. This review highlights
the advantages and disadvantages of nsLAB, isolated from traditional fermented
foods, discussing safety aspects and sensory impact.
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1 INTRODUCTION

Lactic acid bacteria (LAB) are food-fermentation agents
involved in the manufacturing of yogurt, cheese, cultured
butter, sour cream, sausages, cucumber pickles, olives,
sauerkraut, and cocoa, amongmany other foods (Ho et al.,
2018; Kazou et al., 2021; Mannaa et al., 2019; Nguyen et al.,
2015; Todorov et al., 2017; Touret et al., 2018). However,
some LAB species may spoil beer, wine, and processed
meats (Laranjo et al., 2017; Ray & Joshi, 2015;). According
to their specific roles, LAB involved in fermentation pro-
cesses can be divided into two groups: starter lactic acid
bacteria (sLAB) and non-starter LAB (nsLAB). sLAB may
be added as starters and adjunct cultures. According to
Medina-Pradas et al. (2017), a starter is a culture of liv-
ingmicroorganisms,which are used to begin fermentation,
producing specific changes in the chemical composition
and sensory properties of the food product. On the other
hand, nsLAB usually originate from the production and
processing environments as spontaneous/autochthonous
microbiota. There is some diversity in nsLAB, depending
for example, on cheese variety, processing, and duration of
ripening (Blaya et al., 2018). Any culture whose primary
role is not acid production can be named nsLAB. These
are bacteria that grow in fermented foods during ripen-
ing, but are not deliberately added and are not required
for acid production at the beginning of the manufacturing
process (Leeuwendaal et al., 2021). nsLAB are used to bal-
ance some of the biodiversity removed by pasteurization,
improve hygiene, and preserve natural foods. These cul-
tures have a significant impact on flavor and accelerate the
maturation process (Bintsis, 2018a). However, somensLAB
can act as sLAB, depending on the foodmatrix. One exam-
ple is Lactiplantibacillus plantarum (formerly classified as
Lactobacillus plantarum), which is used as a starter culture
in meat and wine (malolactic) fermentation, while it can
be considered as an nsLAB in the dairy sector (Brizuela,
Tymczyszyn, et al., 2018; Laranjo et al., 2017).
In traditionallymanufactured fermented foods, the pop-

ulation of nsLAB is often notmonitored; so, these products
are amain reservoir of unexploredmicrobial communities,
which can be a source of some new properties for applica-
tion in the food industry (Muruzovićÿ Mladenović, Petro-
vić et al., 2018; Todorov et al., 2017).
There are diverse geographical areas in theworld, which

are known for their artisanal way of producing fermented
foods. Traditional fermented foods are produced using
different manufacturing techniques, raw materials, and
microorganisms depending on the available raw materials
and local practices (Motahari et al., 2017). Some examples
of fermented foods include kimchi (Mannaa et al., 2019),
kombucha (Nguyen et al., 2015), sauerkraut (Touret et al.,
2018), lukanka (Todorov et al., 2017), cocoa (Ho et al., 2018),

and kefir (Kazou et al., 2021), among others. Most of these
fermentations are carried out without the addition of com-
mercial starter cultures (Muruzović, Mladenović, Petrović
et al., 2018; Petrović et al., 2019, 2020). Therefore, many
authors emphasize the importance of artisanal products
as valuable sources of nsLAB, with unique technological
and putative probiotic features, important both as a base
for scientific research as well as for the designing novel
starter cultures for functional foods (Hayaloglu, 2016;
Motahari et al., 2017; Muruzović, Mladenović, Đilas et al.,
2018; Muruzović, Mladenović, & Čomić, 2018; Settanni &
Moschetti, 2010).
Considering that many reports have highlighted the

importance of nsLAB in traditional fermented foods, the
aim of this review is to contribute to the understanding
of the following questions: (i) what are the major hur-
dles regarding the characterization of non-starter LAB? (ii)
what are the most commonly found nsLAB in fermented
foods and howdo they contribute to food preservation? (iii)
what is the contribution of nsLAB to specific organoleptic
features? (iv) what does it mean to have probiotic poten-
tial? (v) how can these isolates be used as new starter cul-
tures and/or as “probiotic enrichment"? and (vi) what is
their role in the improvement of food quality?
Overall, the present review highlights the role of

autochthonous nsLAB as novel starters, or probiotics, in
dairy and nondairy fermented foods.

2 CHARACTERIZATION OF LACTIC
ACID BACTERIA—IDENTIFICATION AND
SAFETY ASSESSMENT

Identification of beneficial microbes relied for decades
on phenotypic methodologies, which are often linked to
the ambiguous, limited characterization of the organisms
under study (Sharma et al., 2020). Those conditionings
increased the interest in finding a reliable classification
of relevant microorganisms and led to the development
and optimization of a panoply of molecular tools. This
review gathers information on themolecular identification
methodologies usually applied for the identification and
classification of bacteriawith high significance on food sci-
ence and related settings. A main obstacle continues to be
the lack of consistent identification systems to be applied
for all lactic acid bacteria, since distinct techniques may
work for one of the genera but show limited application
for others.
Although molecular-based techniques are compar-

atively superior to conventional microbiological pro-
cedures, each presents advantages and disadvantages,
either related to discrimination power, repeatability/
reproducibility, difficulties on the applicability, or results
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interpretation. Furthermore, the costs associated or the
time required for experimental performance and data anal-
yses must not be overlooked.
The present manuscript gathers information on the

application of identification and differentiation methods,
previously applied for the characterization of lactic acid
bacteria. To facilitate the overview, Table 1 compiles a
plethora of molecular tools and corresponding features.
Overall, criteria such as (i) discriminatory power,

(ii) repeatability/reproducibility, (iii) data analy-
sis/interpretation, and (iv) associated cost should be
considered for the selection of the most adequate tech-
nique for each study. No single technique provides all the
information on inter- and intra-species differentiation.
Therefore, reliable identification and differentiation of
lactic acid bacteria should follow a sequential polyphasic
approach.
Furthermore, it is well known that genus and/or species

allocation is often not enough to guarantee safety. Hence,
the selection of microbes to be used in food requires the
access to international databases that list safe microorgan-
isms. This concept, known as generally recognized as safe
(GRAS) in the United States or qualified presumption of
safety (QPS) in Europe, is fundamental while working in
food science.
In more detail, regarding Europe, a microorganism

must meet the following criteria to be granted the QPS sta-
tus: (i) its taxonomic identity must be well defined; (ii) the
available body of knowledgemust be sufficient to establish
its safety; (iii) the lack of pathogenic properties must be
established and substantiated; and (iv) its intended use
must be clearly described (EFSA et al., 2020). Thus, the
selection of microorganisms to be used as starter cultures
or probiotics must involve the detailed analysis of the
microorganism(s) of interest, regarding reliable identifica-
tion (usingmethodologies as the ones described in Table 1)
and safety assessment, that is, screening for antimicrobial
resistance (AMR) (Daniali et al., 2020; Fraqueza, 2015; Li
et al., 2020) and virulence factors (Semedo-Lemsaddek
et al., 2012), both at the phenotype and genotype levels.
Currently, the advent of high-throughput-sequencing sig-
nificantly has reduced the costs associated with vanguard
methodologies such as whole genome sequencing (WGS),
turning them affordable for numerous laboratories.
However, major disadvantages continue to be the large
amount of complex data analysis and the low quality of
the databases available for comparison.
WGS provides a comprehensive picture of all the

genome content, allowing the identification of viru-
lence, antibiotic resistance or probiotic/technological-
related determinants (Dong et al., 2019; Mannaa et al.,
2019; Nethery et al., 2019; Rodrigo-Torres et al., 2019; Tyson
et al., 2018; Waseem et al., 2017). The quick and reliable

identification of microbes responsible for foodborne out-
breaks (Gerner-Smidt et al., 2019) may lead to fast food
recalls, contributing to prevent further health risks for the
consumers. Moreover, genomic data can also be used to
achieve a reliable selection of strains with technologic or
probiotic potential.
Nevertheless, the major challenge continues to be deci-

phering bacterial potential from genetic information. The
progress of multi-OMIC technologies and application
of a systems biology approach (O’Donnell et al., 2020)
may shed light on food-related microorganisms and help
explore their full potentials.

3 USE OF NON-STARTER LAB AS
STARTER CULTURES—ACIDIFICATION
ACTIVITY

The major metabolic trait associated with LAB is the pro-
duction of lactic acid from the fermentation of carbohy-
drates, which is known as food acidification or primary
acidification process (Bintsis et al., 2018b). Acid produc-
tion by LAB generates stressful conditions for pathogenic
or spoilage microorganisms present in traditionally fer-
mented foods, by reducing pH values, thus improving the
hygienic properties and prolonging safe storage of the final
products (Papadimitriou et al., 2016). On the other hand, a
pH of 5.1–5.3 has a positive effect on the moisture of the
fermented foods since low pH induces a decrement in the
water retention; therefore, the maturation processes are
accelerated (Todorov et al., 2017).
Rawmilk is known to be a major source of nsLAB. Most

nsLAB are salt and acid tolerant, facultative anaerobes,
and therefore grow quite well in cheese and other dairy
products, where they are responsible for the ripening
process (Hayaloglu, 2016; Muruzović, Mladenović, &
Čomić, 2018). In raw milk, cheeses made without the
addition of starter cultures, nsLAB show a role in both
acidification and coagulation, as well as in cheese mat-
uration. In previous reports, Muruzović, Mladenović,
Petrović et al. (2018), Muruzović, Mladenović, Đilas et al.
(2018), and Grujović, Mladenović, Petrović, et al. (2019)
investigated the acidification and coagulation abilities
of nsLAB isolated from raw milk cheese. They demon-
strated the acidification ability, especially with respect to
lactobacilli and lactococci, which showed the ability of
curdle formation in pure and enriched milk. These results
suggest the potential of nsLAB to be used both as starter
cultures and for ripening and flavor development.
In contrast to starters, the initial number of nsLAB in

cheese is relatively low (approximately 100 CFU/g), but
they grow rapidly to high numbers (around 108 CFU/g)
within the first few days of ripening (Hayaloglu, 2016).
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Growth rate depends primarily on the strains present,
ripening temperature, and moisture content of the cheese
(Hayaloglu, 2016; Muruzović, Mladenović, Đilas et al.,
2018). nsLAB mainly comprise heterofermentative lacto-
bacilli, especially Lacticaseibacillus casei (formerly classi-
fied as Lactobacillus casei) and Lacticaseibacillus paracasei
(formerly classified as Lactobacillus paracasei), as well as
Pediococcus spp. and heterofermentative lactobacilli (Lev-
ilactobacillus brevis [formerly classified as Lactobacillus
brevis] and Limosilactobacillus fermentum [formerly clas-
sified as Lactobacillus fermentum]), which are occasion-
ally found (Hayaloglu, 2016;Muruzović,Mladenović, Đilas
et al., 2018b).
Meat products, mostly dry-fermented sausages, are

slowly cured through spontaneous fermentation by
autochthonous (non-starter) microbiota present in the
raw materials or introduced during manufacturing
(Semedo-Lemsaddek et al., 2016). nsLAB participate in the
coagulation of muscle proteins by acidifying the batter,
which results in increased slice stability, firmness, and
cohesiveness of the final product. They also contribute
to the flavor of the final product through formation of
noticeable acidic tastes. Furthermore, the existing acidic
conditions may increase the activity of cathepsin D, which
is responsible for muscle proteolysis (Laranjo et al., 2017).
In traditionally manufactured meat products, enterococci
and lactobacilli are the dominant nsLAB (Alfaia et al.,
2018; Fuka et al., 2020; Petrović et al., 2020; Santos et al.,
2017; Semedo-Lemsaddek et al., 2016).
Vegetables are also an important niche for the isola-

tion and selection of nsLAB for starter and probiotic appli-
cations. Naturally and actively present nsLAB in many
vegetable fermentations are Leuconostoc mesenteroides,
Pediococcus pentosaceus, P. acidilactici, L. brevis, L. plan-
tarum, and Lactiplantibacillus pentosus (formerly classi-
fied as Lactobacillus pentosus), but Weissella spp. can also
be present during the early stages of sauerkraut produc-
tion (Medina-Pradas et al., 2017). Many authors indicated
the acidification potential of nsLAB isolated from vegeta-
bles, such as fermented stink beans (sataw-dong) (Jampa-
phaeng et al., 2017). Sáez et al. (2018) indicated that nsLAB
of dairy origin and nsLAB from olives and pickles reached
the lowest pH after 24 h and had the highest acidifica-
tions rates. They suggest the potential use of nsLAB as
starter cultures for obtaining standardized, high-quality
fermented vegetables.
In winemaking, malolactic fermentation (MLF) can be

facilitated by autochthonous LAB or be induced by inoc-
ulating with selected bacterial starters, such as Oenococ-
cus oeni and L. plantarum. However, in uninoculatedMLF
performed by autochthonous LAB, the conversion ofmalic
acid into lactic acid can be slow or incomplete, or unde-
sired volatile compounds and potentially hazardous com-

pounds can be produced. Therefore, the use of bacte-
rial starters can help minimize these risks (Virdis et al.,
2021). Efforts have been directed at exploring the bio-
diversity of wine-associated geographic areas, with the
aim of finding new nsLAB which to be used as starters
with a high degree of adaptation to each specific niche
(Miranda-Castilleja et al., 2016). For example, two poten-
tial new autochthonous MLF starters with interesting
β-glucosidase activity, Lacticaseibacillus paracasei (for-
merly classified as Lactobacillus paracasei) UVI-2 and
Lentilactobacillus hilgardii (formerly classified as L. hilgar-
dii) UVI-23, have been identified from Albariño grapes in
Val do Salnés, Spain (López-Seijas et al., 2020). This is espe-
cially interesting considering that the regional identity of
wines can be an important factor in increasing the value of
the final product (Bartowsky et al., 2015). In recent years,
mixed inoculation strategies have also been attempted. The
use of commercially available blended cultures of L. plan-
tarum andO. oeni asMLF starters can facilitate a rapid con-
sumption of malic acid, while contributing significantly to
the volatile profile of wine (Brizuela, Bravo-Ferrada, et al.,
2018). Therefore, the use of non-starter LAB as starter cul-
tures in winemaking shows great potential and gives evi-
dence for further research.

4 ROLE IN FOOD
PRESERVATION—ANTIMICROBIAL
POTENTIAL OF NON-STARTER LAB

Numerous studies have confirmed the antimicrobial
potential of nsLAB isolated from fermented foods. In addi-
tion, Cheong et al. (2014) showed that LAB isolated from
various herbs, fruits, and vegetables possess antifungal
and antimycotoxigenic activity. Cotelo et al. (2013) indi-
cated the antimicrobial activity of nsLAB isolated from
cheese against pathogens likeEscherichia coli,Staphylococ-
cus aureus, or Listeria monocytogenes. Several lactobacilli,
which include L. plantarum, L. fermentum, Lactobacillus
sakei, and L. curvatus, have been reported as bacteriocin
producers and have been used as protective cultures in
dairy and meat products (Casaburi et al., 2016; Fontana
et al., 2015; Fraqueza et al., 2021; Heredia-Castro et al.,
2015; Muruzović, Mladenović, Đilas et al., 2018; Muru-
zović, Mladenović, Petrović et al., 2018 ). Moreover, Lacto-
coccus spp. and Enterococcus spp. isolated from raw milk,
traditional cheeses, meat products, and some fermented
vegetables showed inhibitory activity against many Gram-
positive and Gram-negative species (Grujović, Mladen-
ović, Petrović, et al., 2019; Henning et al., 2015; Medina-
Pradas et al., 2017; Muruzović, Mladenović, Đilas et al.
2018; Muruzović, Mladenović, Petrović et al., 2018; Pisano
et al., 2015).
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Lactic acid and natural antimicrobial peptides, known
as bacteriocins and bacteriolysins produced by LAB, can be
used to improve the quality and safety of fermented foods,
by inhibiting the growth of pathogens (Laranjo et al., 2017;
Scatassa et al., 2017). Bacteriocins are antimicrobial pep-
tides or proteins that may suffer posttranslational mod-
ifications, with the ability to outcompete other bacterial
species (Alvarez-Sieiro et al., 2016). Bacteriocin classifi-
cation and description, including mechanism of action,
is given in Table 2. Besides bacteriocins, a new class of
antimicrobial peptides, bacteriolysins, have beendescribed
as hydrolytic polypeptides (Güllüce et al., 2013). Glycocin
F is the most studied bacteriolysin; it is produced by
Lactiplantibacillus plantarum and has bactericidal activity
against awide range ofGram-positive bacteria (Amso et al.,
2018).
Although results obtained from in vitro assays have

shown that several bacteriocins inhibit target organisms,
their application must be tested to confirm in situ effec-
tiveness. Many studies showed the putative application of
bacteriocins or bacteriocin-producing nsLAB strains into
foods, such as meat products, dairies, and fish, but only a
few of them have been commercialized as food preserva-
tives. These data were reviewed in detail by Settanni and
Moschetti (2010). It is crucial to emphasize that screening
for bacteriocins to be applied in food products requires the
fulfillment of some important criteria (Silva et al., 2018).
The produced strains should be of food grade value, exhibit
a broad spectrum of inhibition, harbor high specificity,
have no associated health risks, present beneficial effects
(e.g., improve safety, quality, and flavor of foods), display
heat and pH stability, and show optimal solubility and sta-
bility for a particular food (Silva et al., 2018). A list of com-
mercially available bacteriocins is shown in Table 3.

5 POTENTIAL USE OF NON-STARTER
LAB AS PROBIOTICS

According toHill et al. (2014), probiotics have been defined
as live microorganisms that, when administered in ade-
quate amounts, confer a health benefit on the host. They
are usually considered dietary supplements, and con-
tain viable nonpathogenic microorganisms, which inter-
act with the gastrointestinalmicrobiota or directlywith the
immune system (Kook et al., 2019). Probiotics are normally
included in food products, known as functional foods. Lac-
tic acid bacteria are the microorganisms most commonly
used as probiotics (Shokryazdan et al., 2014). However,
even though most LAB have a GRAS status, it is well
known that some LAB (including L. rhamnosus GG) may
act as infectious microorganisms, particularly in immuno-
compromised individuals (Kochan et al., 2011). On the

other hand, other microorganisms, such as yeast Saccha-
romyces cerevisiae and some Escherichia coli and Bacillus
sp. strains, can also be used as probiotics (Song et al., 2012).
Furthermore, the dual role of enterococci in food tech-

nology, as producers of bacteriocin or potentially haz-
ardous food contaminants, is well known. Their limited
use as probiotics is due to their AMR (especially van-
comycin resistance) and horizontal gene transfer (HGT)
events. Enterococci can easily incorporate several genes,
such as AMR determinants or virulence factors, which can
be considered hazardous (Grujović et al., 2021; Suvorov,
2020). However, these bacteria are commonly used in the
food industry for preservation because they are natural
lactate producers and can produce bacteriocins. In addi-
tion, they can survive in different compartments of the
intestinal system and normally inhabit the human gut
(Suvorov, 2020). Nevertheless, enterococcal strains have
been used as probiotics in Europe. Successful commercial
examples coming from different countries include Linex
(LEK, Slovenia), Symbioflor 1 (Symbiopharm, Germany),
and Laminolakt (Avena, Russia) (Suvorov, 2020). The
Enterococcus faecalis strain (Symbioflor R©, Symbiopharm,
Herborn, Germany) has been sold as a pharmaceutical pro-
biotic for more than 50 years, without any report or docu-
mentation of infections or adverse effects (Baccouri et al.,
2019; Fritzenwanker et al., 2013). Therefore, generally rec-
ognized safety guidelines for probiotics need to be care-
fully established. Furthermore, a case-by-case assessment
is mandatory for each enterococcal isolate, since there is no
universal strain that would provide all probiotic benefits,
as highlighted by Solieri et al. (2014).
For probiotics to be successful, a strain should be able

to show health-promoting metabolic activity and colonize
the gastrointestinal tract (GIT), although the latter is not
crucial for delivering beneficial effects. The safety and
functional properties of strains, such as AMR and adher-
ence to the intestinal mucosa cells, as well as the possibil-
ity of immunomodulation, are very important factors in
the selection of potential probiotics and should be stud-
ied using reliable in vitro screening methods (Kook et al.,
2019).

5.1 Safety evaluation

As mentioned earlier, investigation regarding safety
aspects must include an evaluation of the ability of
nsLAB to synthesize extracellular protein toxins and pose
resistance to antimicrobials, both at the phenotypic and
genotypic levels.
The common protein toxins identified in LABs are of the

hemolysin protein family, which causes damage to various
cellular elements, especially the lysis of erythrocytes and
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TABLE 3 Bacteriocins used for commercial purposes

Bacteriocin Commercial name Application Target microorganisms References
Nisin A Nisaplin R© Danisco Dairy, culinary, meat, bakery

products, and beverages
Listeria spp., Bacillus spp.,
Clostridium spp.

Abriouel et al. (2011); Grande
et al. (2014)

Nisin A, Nisin Z Nisin A R© Nisin Z R© Dairy products, bakery,
beverages, delicacies, meat

Listeria spp., Clostridium spp.,
Bacillus cereus

Dicks et al. (2011); Schneidera
et al. (2011)

Nisin Chrisin R© Meat, sausages, and
spore-forming bacteria in
cheese

Clostridium botulinum,
Listeria monocytogenes

Aymerich et al. (2008)

Natamycin Natamax R© Cheese, fresh dairy products,
processed meat, and
beverages

Yeasts and molds Pintado et al. (2010)

Pediocin ALTA R© 2351 2341 Meat products Listeria monocytogenes Abriouel et al. (2011)
Pediocin Fargo 23 R© Meat products Listeria monocytogenes Aymerich et al. (2008)
Pediocin PA1 Microgard™ Meat products Listeria monocytogenes Simha et al. (2012)
Pediocin, sakacin Bactoferm FLC R© Meat products Listeria monocytogenes Jofré et al. (2008); Abriouel

et al. (2011);

the release of hemoglobin. Hemolysin and hemolysin-III
are commonly found in many closely related organisms,
such as L. casei, L. paracasei, L. rhamnosus, Lacticaseibacil-
lus zeae (formerly classified asLactobacillus zeae), andLac-
ticaseibacillus saniviri (formerly classified as Lactobacillus
saniviri) (Surachat et al., 2017). Lactobacilli can grow nor-
mally without iron, which is an ecological advantage in the
natural environment,where they competewith pathogenic
bacteria. That advantage could imply that the hemolysin
protein family found in lactobacilli does not cause the lysis
of human erythrocytes, which has been confirmed by dif-
ferent studies (Grujović, Mladenović, Nikodijević, et al.,
2019; Songisepp et al., 2012; Surachat et al., 2017). Never-
theless, hemolysis assays using blood agar plates are a cri-
terion to be considered for establishing the safety aspect
of the potential probiotic strain and cannot be overlooked
(Yasmin et al., 2020).
The European Food Safety Authority (EFSA) has estab-

lished the updated guidance document on the assessment
of AMR in LAB (EFSA, 2018). Determination of AMR pro-
files is based on: (1) phenotypic testing and determination
ofminimum inhibitory concentrations (MIC) and (2)WGS
with the analysis of both chromosomal and extrachromo-
somal genetic elements for the detection of known AMR
determinants. Bacterial strains carrying mobile genetic
elements (MGEs) harboring AMR should not be used
in food, feed, or as probiotics (EFSA, 2018). In fact, it
is well documented that AMR is often associated with
MGEs, which promote their mobility, enabling a rapid
spread throughout the bacterial community (Fraqueza,
2015). Tóth et al. (2021) also indicated that numerous AMR
determinants are associated with integrated MGEs (trans-
posons, integrons, or insertion elements), conjugative plas-
mids, or phages, thus promoting HGT. The intrinsic AMR,

caused by nontransferable resistance genes, does not raise
such concern, as it exhibits a low risk of AMR genes’ dis-
semination, opposite to the acquired resistance caused by
determinants located on MGEs (EFSA, 2018).
Previous reports have described LAB AMR profiles in

detail (Anisimova & Yarullina, 2020; Das et al., 2020;
Dušková et al., 2020; Flórez et al., 2016; Guo et al., 2017;
Jaimee & Halami, 2016; Moračanin et al., 2017; Ojha
et al., 2021; Thumu & Halami, 2019; Yasir et al., 2020;
Zarzecka et al., 2020; 2022). There is a wide collection
of data reporting intrinsic resistances toward different
classes of antimicrobials, namely beta-lactams, tetracy-
clines, macrolides, quinolones, aminoglycosides, and gly-
copeptides (Moračanin et al., 2017). Regarding acquired
AMR determinants, some of themost frequently identified
correspond to tetracycline (encoded mainly as tetM, tetS,
tetW, tetK, and tetO), macrolides (encoded as ermA, ermB,
and ermC), and chloramphenicol (encoded as cat) (Das
et al., 2020; Dušková et al., 2020; Ojha et al., 2021). Fur-
thermore, Anisimova and Yarullina (2020) have indicated
that resistance to erythromycin, tetracycline, and chloram-
phenicol be the most closely monitored, due to the fre-
quent association with specific MGEs, namely with the
Tn916-Tn1545/Tn917 transposon family, which is responsi-
ble for the widespread occurrence of those traits (Thumu
& Halami, 2019).
The food chain can be considered a main disseminator

of antimicrobial-resistant bacteria or determinants, allow-
ing the spread of AMR from food-related microorganisms
to potentially pathogenic bacteria, or other commensals
present in the gut microbiota (Ojha et al., 2021). There-
fore, it is essential to perform a careful case-by-case eval-
uation to determine the AMR. In fact, previous stud-
ies have indicated that AMR genes detected in food-LAB
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can be transferred to commensal bacteria or pathogenic
bacteria through HGT, which may pose a serious threat
to food safety and public health. The most frequently
occurring transfer is that of tetracycline- and macrolide-
resistance determinants (Flórez et al., 2016; Ojha et al.,
2021; Thumu & Halami, 2019; Zarzecka et al., 2020, 2022),
but the transference of other resistance genes (aminogly-
cosides, quinolones) has also been reported (Anisimova &
Yarullina, 2020; Jaimee & Halami, 2016). In a recent study
by Yasir et al. (2020), a total of 36 ARGs and the trans-
posase, integrase, and recombinase genes were detected in
LAB isolated from pasteurized and unpasteurized Arabian
laban. In addition, some authors point out to the possi-
bility of HGT from microorganisms of starter cultures to
pathogens present in food, especially during fermentation
(Thumu&Halami, 2019). On the other hand, some authors
have indicated the nontransferability of AMR genes in
vitro or in food models (Flórez et al., 2016; Guo et al., 2017)
suggesting, once again, the strain-dependent nature of the
event.
Moreover, some LAB are also known for their ability

to exhibit decarboxylase activity, which may lead to the
production of biogenic amines from available amino acids
(Alfaia et al., 2018; Özogul & Hamed, 2017).
Therefore, the complex safety evaluation of LAB

requires a wide multidisciplinary approach to predict and
avoid undesirable public health consequences along the
entire food production and distribution chain. Whole
genome sequencing or a multi-OMICs approach may be
relevant tools for this assessment.

5.2 nsLAB in synbiotics

One of the major interests in using nsLAB as probiotics is
driven by the fact that upon consumption, these microor-
ganisms can be beneficial to the host by boosting the
good microbiota of the GIT (Leeuwendaal et al., 2021).
Moreover, since many health-promoting microorganisms
belong to LAB, it makes sense to use traditional fermented
foods as the main source of LAB. In fact, fermented foods
are well suited to promote health benefits associated with
probiotic bacteria, considering that fermented cereals and
dairy products are already popular for imparting positive
health attributes. Consumers are familiar with the fact
that fermented foods contain microorganisms. Addition-
ally, probiotics used as starter cultures can deliver the com-
bined benefits of being fermented products and possessing
probiotic traits (Mokoena et al., 2016). However, although
consumption of probiotics usually has a beneficial effect on
consumers, we must not overlook the fact that a constant
introduction of prebiotics and probiotics may increase cer-
tain genera of gut microbiota, leading to decreased micro-

bial diversity. Therefore, as suggested byKhan et al. (2020),
research should focus on understanding the mechanistic
interactions between prebiotics/probiotics and gut micro-
biota.
Research on probiotics suggests a range of potential

health benefits to the host organism (Moreno et al., 2018;
Song et al., 2012), either humans, animals, or plants (Song
et al., 2012). The International Dairy Federation recom-
mended that probiotic dairy foods should contain at least
106 to 107 CFU/ml of probiotics at the time of consump-
tion to guarantee corresponding beneficial effects (Halim
et al., 2017). Probiotic nondairy foods are recommended to
contain between 104 and 1010 CFU/ml or CFU/g of probi-
otics, depending on the type of product (Ranadheera et al.,
2017). The viability of themicroorganisms throughout pro-
cessing and storage plays an important role in transfer-
ring the claimed health properties. The effect of probi-
otics on human health depends on the strain, dose, and
components used to produce a given probiotic product.
Nevertheless, although there are many positive effects on
human health, some researchers have indicated that pro-
biotics can impair human health. For example, probiotic
microorganismsmay cause systemic infections, disturb the
metabolism, or participate in the HGT of AMR or viru-
lence genes. Although probiotic bacteria usually have a
beneficial effect on the digestive system, in the case of
overdosing or usage by immunocompromised individuals,
infections may occur. Hence, considering the existence of
reports on the adverse effects of probiotics, it is necessary
to fully explore andunderstand theirmechanisms of action
and interaction with the host’s microbiota (Markowiak &
Śliżewska, 2017).
Food products that simultaneously contain probiotics

and prebiotics are known as synbiotics. Prebiotics have
recently been defined as substrates with beneficial health
effects that are selectively used by the host microbiota
(Gibson et al., 2017). This combination ensures the sur-
vival of probiotics in the gut and facilitates delivery into
the large intestine. Prebiotics also stimulate the growth
and activity of probiotics in the intestinal microbiota.
Most traditional fermented foods, such as cereal-based fer-
mented porridges, beverages, fermented fruits, and vegeta-
bles (including roots or tubers), fermented milk products,
and fermented meat products, fit the synbiotics definition
perfectly, as they comprise residual stomach-indigestible
polysaccharides, together with LAB responsible for both
fermentation and health benefits. Hence, the use of nat-
ural probiotics offers an innovative approach for develop-
ing formulations that can be applied as functional foods,
aiming at the management of chronic inflammatory gas-
trointestinal disorders and many other lifestyle diseases
(Mokoena et al., 2016). Nevertheless, the major prob-
lem with the application of nsLAB as probiotics in food
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matrixes is the reduced growth and biomass concentration,
owing to product inhibition, further emphasizing the need
for model food systems (Aguirre-Ezkauriatza et al., 2010).
Moreover, the use of nsLAB as probiotics together with

prebiotics, such as inulin, has been shown to have an
impact on sensory analysis. In fact, inulin is often used
as prebiotic, also for its well-known role of affecting taste,
texture, and moisture in many foods (Illippangama et al.,
2022). Some studies have reported the possibility of obtain-
ing similar, or even better, performance with probiotic
products, in comparison to conventional products, such
as functional yogurt with Limosilactobacillus reuteri RC-
14 (formerly classified as Lactobacillus reuteri RC-14), L.
rhamnosus GR-1, and 0.4% of inulin (Hekmat & Reid,
2006), chocolate mousse with added inulin and L. paraca-
sei (Aragon-Alegro et al., 2007), curdled milk with inulin
and L. acidophilus (Rodrigues et al., 2011), and milk fer-
mented with B. animalis and L. acidophilus La-5, and sup-
plemented with inulin (Oliveira & Jurkiewicz, 2009). In
the production of fruit yogurt, sucrose, or some other
sweeteners, are often added to milk. It is important to
assure that the amount of sugar does not exceed 10% since
this affects consumers’ acceptance (Chollet et al., 2013;
McCain et al., 2018). It is well known that the addition
of sugar to yogurt decreases the sour taste, which is due
to the production of acids and acetaldehyde in yogurt by
bacteria. However, high sugar content has a limited effect
on water availability for proper microbial growth. More-
over, the relatively high acidity, the high concentration
of organic acids, and the presence of hydrogen peroxide
(at low concentrations) lead to a significant decrease in
aroma and taste, as well as consumer’s acceptance (Chol-
let et al., 2013; Routray & Mishra, 2011). Hoppert et al.
(2013) reported that many consumers rated the regular-
sugar yogurt as being too sweet and low in flavor. Cruz
et al. (2013) also proved that the addition of prebiotics has a
negative influence on the rheological properties of yogurt,
leading to consumer’s rejection.
Yogurt production depends on the synergism between

S. thermophilus and L. delbrueckii subsp. bulgaricus. As
mentioned earlier, probiotic bacteria can be added to the
yogurt. However, before this kind of probiotic fermented
product is manufactured, the interaction between starter
cultures and added probiotic culture(s) needs to be fully
investigated, in order to detect possible antagonistic effects
(Jørgensen et al., 2019). Therefore, the selection, process-
ing, and inoculation with nsLAB must be well considered.

5.3 Health benefits

Health benefits attributable to nsLAB involved in the pro-
duction of functional food as probiotic cultures are numer-

ous. Strains able to survive acid stress and bile toler-
ance usually show the ability to deconjugate bile via bile
salt hydrolase (BSH) enzymes and have also been linked
to reduced serum cholesterol levels in the host organ-
ism (Leeuwendaal et al., 2021). Furthermore, the bacterial
adhesion ability prevents immediate elimination of bac-
teria by intestinal peristalsis and provides a competitive
advantage in this ecosystem. However, many authors indi-
cate that there is no correlation between hydrophobicity,
auto-aggregation, and co-aggregation ability among poten-
tial probiotic strains. Previous studies have indicated that
auto-aggregation of probiotics is strain specific (Jampa-
phaeng et al., 2017; Ramos et al., 2013). According to Han
et al. (2017), several factors may influence the aggregative
ability of probiotics, including cell surface charge, cell sur-
face components, the size of the bacterial cell, and environ-
mental conditions. Leeuwendaal et al. (2021) pointed out
that probiotic nsLAB, in addition to the ability to colonize
the human intestine can also increase the concentration of
secreted antimicrobial substances in the process of coag-
gregation, leading to the control of pathogens much more
efficient. Indeed, the presence of probiotic nsLAB in fer-
mented food also contributes to normal functioning of the
GI tract (Leeuwendaal et al., 2021), anti-virucidal activity
(Garneau & Moineau, 2011; Whaling et al., 2012), antitu-
mor properties (Aragón et al., 2014), andmany other health
benefits (Mokoena et al., 2016).
The positive health effects of probiotic nsLAB are

achieved by specific metabolic traits, including bioac-
tive peptide production (bacteriocins, hormones, enzymes,
peptides with angiotensin-converting enzyme (ACE)-
inhibitory activity, etc.) and γ-aminobutyric acid (GABA),
as a nonprotein amino acid (Settanni & Moschetti, 2010).
For example, Ong et al. (2007) studied the ACE-inhibitory
activity of L. casei strains, previously selected as probiotics,
in Cheddar cheese. The authors found out that the IC50
(concentrations ofACEneeded to inhibit 50% ofACEactiv-
ity) of 24-week ripened cheese obtained with non-starter
L. casei inoculation was lower than the IC50 of 36-week
ripened cheese processed without adjunct cultures. Cho
et al. (2007) indicated that Lb. buchneri MS, isolated from
kimchi, showed the ability to produce GABA inMRS broth
with monosodium glutamate. The culture extract of Lb.
buchneri MS partially or completely protected neuronal
cells against neurotoxicant-induced cell death, showing its
high potential in human health.
In addition, some bacteria, including specific nsLAB

strains, are also capable of producing exopolysaccharides
(EPS), high molecular-weight polymers produced from
sugars, which can affect the host by modulating immune
responses (Ryan et al., 2015). EPS also show antioxidant,
anticancer, and antiulcer activities (Abid et al., 2018), can
be used to inhibit pathogen growth and can function as
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antibiofilm agents (Patten & Laws, 2015). EPS also shows
beneficial impact on blood glucose (Oleksy & Klewicka,
2018) and cholesterol levels (Korcz et al., 2018), as well as
antihypertensive activity (Harutoshi, 2013).

6 ENZYMATIC ACTIVITY AND THE
ROLE OF ENZYMES IN FOOD AROMA,
FLAVOR, AND TASTE

Lactic acid bacteria exhibit a set of enzymatic activities that
have a role in the development of aroma, flavor, and taste
of fermented foods. nsLAB, which are naturally present
in several foods, contribute to the fermentation processes
and can eventually be added as starter cultures to enhance
color, reduce ripening time, and improve sensory charac-
teristics, including flavor and aroma (García-Cano et al.,
2019). In fact, LAB represents the majority of modern
starter cultures (Laranjo et al., 2017).
Flavor can be defined as a combination of aroma and

taste induced by a compound and perceived in the mouth.
Flavor results from the perception of the taste compounds,
associated to the five basic tastes (sweet, salty, bitter, sour,
and umami) and the aroma volatile compounds. Together,
they are responsible for the diversity of flavors that may be
found in fermented foods (Thierry et al., 2015).
Aroma development is a two-step process, which

includes the formation of precursormolecules, followed by
the conversion of these into the actual aroma compounds.
Different food metabolites associated to taste arise in

LAB fermented foods and are responsible for four of the
five basic tastes or sensory qualities, namely sweetness and
umami (amino acids), bitterness (oligopeptides), and sour-
ness (simple organic acids).
Three main enzymatic pathways have been identified

in the metabolism of lactic acid bacteria, leading to the
generation of flavor, namely the conversions of sugars
(glycolysis), proteins (proteolysis), and lipids (lipolysis)
(Figure 1).
Amylases, glycosidases, and other polysaccharide-

degrading enzymes are responsible for the breakdown
of sugars. Regarding proteolysis, different proteases and
peptidases intervene. Moreover, glutamate dehydroge-
nase, aminotransferases, and ketoacid decarboxylase are
some of the key lactic acid bacteria enzymes for flavor
formation (Yvon, 2006). Glutamate dehydrogenase and
aminotransferases are twomain types of enzymes involved
in the initial steps of amino acid catabolism, which plays a
key role in the development of flavor. Ketoacid decarboxy-
lase is a key enzyme in the Ehrlich pathway, converting
branched-chain amino acids to branched-chain acids or
alcohols. Regarding the catabolism of lipids, esterases are
lipases that hydrolase esters into an acid and an alcohol.

Different food products, namely cheese and other dairy
foods; kefir (Leite et al., 2015); and meat products (Laranjo
et al., 2019), are fermented through the action of LAB,more
specifically due to the activities of the bacterial enzymes.
Several classes of chemical compounds are accountable

for food aroma, namely alcohols, aldehydes, ketones, fatty
acids, esters, and sulfur compounds, among others (Smid
& Kleerebezem, 2014). Some examples of fermented foods,
LAB, aroma compounds and processes by which they are
formed are shown in Table 4.
LAB fermented foods harbor characteristic flavors that

can be attributed to different aroma and taste compounds,
mainly volatiles, specific for each kind of fermented food,
depending on the raw materials as well as on their
autochthonous and added starter microbiota.

7 OPTIMIZATION OF PROCESSING
CONDITIONS FOR USAGE OF nsLAB AS
STARTER CULTURES AND/OR AS
PROBIOTIC AND CORRESPONDING
ROLE IN THE IMPROVEMENT OF
PRODUCT’S QUALITY

Fermentation confers certain advantages to foods: (i) food
preservation due to the changes in pH and the pres-
ence of antimicrobials, such as organic acids, ethanol, and
bacteriocins; (ii) changes in taste and texture, enriching
organoleptic properties; (iii) specific benefits depending on
the food matrix and type of fermentation, such as increas-
ing the bioavailability of nutrients or removal of undesir-
able compounds, like toxic components and antinutrients.
In traditionally manufactured products, fermentation

is done without the addition of commercial bacterial or
fungal starter cultures. In most cases, fermentation is
performed recurring to enzymes originating from fungi
(Muruzović, Mladenović, Petrović, et al., 2018; Vitorino
et al., 2017) or with naturally present bacterial cultures
(Medina-Pradas et al., 2017; Nkhata et al., 2018). Therefore,
traditional food products are a source of nsLAB, which
can potentially be used as starter cultures and/or as puta-
tive autochthonous probiotics. However, processing condi-
tions, such as from the raw milk or meat to final dairy or
meat products as well as the production of fermented veg-
etables, constitute a challenge those bacteria need to over-
come, in order to survive and achieve optimal growth and
development. Those conditions include pH values, water
activity, salt concentration, temperature, and food matrix
composition.
Starter and non-starter lactic acid bacteria, both com-

mercial and autochthonous, are fundamental in tradi-
tional foods due to rapid acidification of the raw materials
through the production of organic acids, primarily lactic
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F IGURE 1 Microbial metabolic pathways leading to the generation of flavor in nsLAB fermented foods

acid, and other important byproducts, such as acetic acid,
ethanol, aroma compounds, bacteriocins, EPS, and several
enzymes. These byproducts effectively enhance the prod-
ucts’ shelf life, ensure microbial safety, improve texture,
and ultimately contribute to the pleasant sensory profile
of the product.
Milk, as a substrate for fermentation, is subjected to

various treatments during manufacturing. One of the
most important regarding the development and growth
of nsLAB is optimal temperature (i.e., heat treatments),
which will result in significant denaturation of whey pro-
teins. Denatured whey proteins and casein are incorpo-
rated into the cheese curd and have a significant effect on
cheese yield and composition, as well as in the develop-
ment of nsLAB (Vitorino et al., 2017).
Moreover, the buffering capacity of milk products is

also an important physicochemical characteristic that
corresponds to the ability of the product to be acidified or
alkalinized, which depends on several compositional fac-
tors, including small constituents (inorganic phosphate,
citrate, organic acids) and milk proteins (casein and whey
proteins). As the pH of cheese is reduced by lactic acid
fermentation, both the buffer capacity and dry matter
content increase (Salaün et al., 2005). The initial number
of nsLAB and the extension of the logarithmic phase,
as well as the amount of nutrients, moisture content,
and salt concentration, are the most important factors
for optimal development of nsLAB in dairy products
(Vitorino et al., 2017).

Vitamin content in fermented milk depends on the
autochthonous microbiota. Most vitamin B groups,
especially riboflavin, thiamine, and nicotinamide, are
increased twofold, whereas vitamins B1, B2, and ascorbic
acid decrease, via utilization by LAB present in milk
(Sharma et al., 2020; Yoshii et al., 2019).
LAB-induced fermentation and acidification are known

to increase the bioavailability of minerals in fermented
milk, especially calcium, potassium, zinc, magnesium,
potassium iodide, and phosphorus (Garcia-Burgos et al.,
2020; Sharma et al., 2020).
As aforementioned, processing conditions by which the

traditionally food is manufactured are important for the
activity of nsLAB or probiotics. For example, fermenta-
tion temperature crucially affects the characteristics of the
final product. Probiotics have their optimum growth con-
ditions at around 37◦C, the usual normal human body
temperature. Since fermentations during yogurt produc-
tion usually occur at approximately 43◦C, the application
of lower temperatures associated with prolonged fermen-
tation times can contribute to higher probiotic concentra-
tions in the final product (Lengkey & Balia, 2014).
Water activity (aw), the duration of fermentation, and

temperature have effects on the growth of nsLAB and
on the pH of meat products. Sausage incubation at opti-
mum temperature, with facultative anaerobic conditions,
causes rapid LAB growth, conversion of simple sugars
into lactic acid, and pH reduction. A postmortem range of
4.5−7 µmol/g is not sufficient to lower the pH; thus, simple
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TABLE 4 Lactic acid bacteria, fermentations, and resulting aroma and taste compounds

Lactic acid bacteria Foods Processes/enzymes
Flavor compounds
(aroma/taste) References

Lactococcus chungangensis Dairy products Lipolysis/lipases Methylketones
Secondary alcohols
Esters
Lactones

Konkit and Kim (2016)

Lactobacillus spp. Proteolysis/proteinases
Amylases

Lactobacillus spp. Meat products Maillard
reaction–Strecker
degradation

Pyrroles
Pyrazines
Oxazoles
Thiophenes
Thiazoles

Flores (2018); Flores and
Toldrá (2011); Laranjo et al.
(2017); Laranjo et al. (2019)

Lipid oxidation Aldehydes
Ketones
Alcohols
Aliphatic hydrocarbons
Acids
Esters

Lactiplantibacillus plantarum Table olives Alcoholic and
heterolactic
fermentations

Methanol
Ethanol
Acetic acid
Other alcohols
Esters

Hurtado et al. (2012)

Leuconostoc mesenteroides
Lactiplantibacillus plantarum
Levilactobacillus brevis

Sauerkraut Lactate
Acetate
Ethanol
Carbon dioxide

Marco et al. (2017); Touret
et al. (2018)

Leuconostoc mesenteroides
Lactiplantibacillus plantarum

Pickles Homolactic and
heterolactic
fermentations

Lactic acid
Acetic acid
Ethanol

Mao and Yan (2019)

Oenococcus oeni
Lactobacillus spp.

Wine Sugar breakdown Cappello et al. (2017)

Lactobacillus spp. Beer Sugar breakdown Dysvik et al. (2020)
Lacticaseibacillus casei and
Lactiplantibacillus plantarum

Kombucha Sugar breakdown Nguyen et al. (2015)

Lactiplantibacillus plantarum
Limosilactobacillus fermentum

Cocoa Sugar breakdown Organic acids (e.g., lactic
acid)

Ho et al. (2018)

sugars are added as substrates for LAB, bringing pH values
to 4.6−5. For example, Mastanjevic et al. (2017) used 0.62 g
glucose/kg of meat to reduce the pH by 0.1. Lactobacilli,
as well as genera Streptococcus, Pediococcus, Leuconostoc,
Lactococcus, and Enterococcus, perform three simultane-
ous functions in fermented sausages: they produce nitric
oxide by reducing nitrate and nitrite, are responsible for
the cured color when combined with myoglobin, and lead
to pH reduction by producing dl-lactic acid from glucose
through anaerobic glycolysis (Bintsis et al., 2018b).
In many industries, vegetable fermentation still occurs

spontaneously. Thus, the process is not fully predictable
and sometimes can lead to spoilage. However, traditional
vegetable fermentation is in line with the demand for nat-

ural, healthier foods. The production of acid and the pH
decrease, togetherwith the presence of salt, are the essence
of the production of stable and safe fermented vegetables.
Enterobacteriaceae, aerobic spore-formers, LAB, and other
groups of bacteria and yeastsmay be active for several days,
or weeks, depending on factors such as temperature, dis-
solved oxygen, salt (mainly sodium chloride), and carbo-
hydrates concentration used in the cover brines. The main
carbohydrates used during the fermentation of vegetables
are fructose and glucose (about 1%–5%) and malic acid,
depending on the type of vegetables used (Medina-Pradas
et al., 2017).
Mbye et al. (2020) indicated that microorganisms can

survive under extreme environmental conditions. They
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pointed out that a comprehensive knowledge of themolec-
ular machinery, which facilitates such environmental
stress adaptation, would enable the usage of natural LAB
as starter cultures and probiotics. Thus, proteomic stud-
ies of probiotics under different processing conditions can
provide clues regarding the molecular basis of this stress
adaptation. For example, heat shock proteins (HSPs) may
improve probiotic heat tolerance during food processing
and increase the survival rate during freeze-drying. Starter
and non-starter LAB can activate the cold tolerance genes
that induce cold-shock proteins (CSPs) and antifreeze
protein expression, thereby enhancing cryotolerance. The
expression of hsp genes by LAB is known to be stimulated
by stresses occurring during food processing. Some strains
can use the arginine deiminase pathway and glutamate
(GABA system) as an energy source, as well as to overcome
acid stress. These protein markers have been exploited for
biotechnological applications, since they can help in the
selection of robust strains able to survive under such harsh
conditions.
Overall, the use of nsLAB, as both starter cultures

and probiotics, has several advantages over spontaneous
fermentation: better control of the fermentation itself,
reduction of ripening time, reduced growth possibility for
pathogenic microorganisms, and improved quality preser-
vation between batches (Laranjo et al., 2017). However,
selecting adequatemicroorganisms for the development of
functional fermented foods is a challenging task, due to the
complexity of each step and the numerous assays required
(Munekata et al., 2020). Selection screening involves (i)
evaluation of probiotic potential, in this stage, the influ-
ence of digestion stressors (body temperature, pH, gas-
tric juice, and bile salt resistance), intestinal coloniza-
tion (auto- and co-aggregation, antimicrobial activity, and
adherence to enterocytes), and safety aspects (suscepti-
bility to antimicrobials, biogenic amine production, and
virulence factors) are decisive to define the probiotic via-
bility of an isolate; (ii) species and strain identification
of potential candidates using reliable methods and (iii)
selection of starter candidates through the evaluation of
indicators, like fast and persistent colonization of fermen-
tation raw materials, production of organic acids (espe-
cially lactic acid), inhibition of competitive microbiota
(both spoilage and pathogenic microorganisms), prevail-
ing under reduced water activity (aw < 0.90), and also
preserving or enhancing the sensory attributes of the fer-
mented food.

8 CONCLUSIONS

Non-starter LAB have often been neglected as no recent
studies have addressed them as a group; they are usually

seen only as the cheese bacteria interacting with starters.
The current review has focused on nsLAB as a group
and discussed their potential role in traditional dairy and
nondairy fermentations.
Traditionally fermented foods are natural sources of

non-starter LAB. These autochthonous bacteria have a
multifunctional role in food fermentations and are associ-
ated mainly with safety and desirable metabolic features,
such as production of acid and bacteriocins. Due to such
traits, nsLAB contribute to improving the product’s shelf
life, to establish specific/characteristic organoleptic fea-
tures, as well as to the microbial enrichment on puta-
tive probiotics. Hence, fermentation achieved with nsLAB
leads to the improvement of texture, taste, and nutritional
value of the final product.
In this review, nsLAB have been comprehensively char-

acterized and dealt with for their potential as probi-
otics and in the development of organoleptic features
relevant to dairy and nondairy fermented foods. Sev-
eral investigations have shown the health benefits of
probiotics associated with the consumption of milk or
other dairy products. However, health and sensory impact
of probiotic bacteria in nondairy foods is challenging
and further research in this aspect is still needed. This
review highlights the pros and cons of nsLAB as novel
starters or probiotics, discussing safety aspects and sensory
impact.
Nowadays, consumer’s demand for safe, high-quality

functional foods is increasing. Progress in molecular biol-
ogy, physiology, and biochemistry of nsLAB enhances the
possibility of producing safe, high-value nutritive prod-
ucts, with health-promoting properties, which makes the
research on the topic of Food Quality and Safety both chal-
lenging and demanding.
The potential of nsLAB is huge; however, there are still

challenges to be overcome with respect to characteriza-
tion and application. The different steps in their character-
ization process include precise identification, detection of
health-promoting properties, and safety evaluation. Each
of these features is strain specific and needs to be accu-
rately determined. The challenge, however, is to confirm
the claims of the health benefits of each potential probiotic
strain.
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