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Lactic acid bacteria and yeasts, representing the prevailing microbiota associated
with different foods generally consumed without any cooking, were identified and
characterized in vitro for some functional properties, such as acid-bile tolerance and
antigenotoxic activity. In particular, 22 Lactobacillus plantarum strains and 14 yeasts
were studied. The gastro-intestinal tract tolerance of all the strains was determined
by exposing washed cell suspensions at 37◦C to a simulated gastric juice (pH 2.0),
containing pepsin (0.3% w/v) and to a simulated small intestinal juice (pH 8.0), containing
pancreatin (1 mg mL−1) and bile extract (0.5%), thus monitoring changes in total
viable count. In general, following a strain-dependent behavior, all the tested strains
persisted alive after combined acid-bile challenge. Moreover, many strains showed high
in vitro inhibitory activity against a model genotoxin, 4-nitroquinoline-1-oxide (4-NQO), as
determined by the short-term method, SOS-Chromotest. Interestingly, the supernatants
from bacteria- or yeasts-genotoxin co-incubations exhibited a suppression on SOS-
induction produced by 4-NQO on the tester strain Escherichia coli PQ37 (sfiA::lacZ)
exceeding, in general, the value of 75%. The results highlight that food associated
microorganisms may reach the gut in viable form and prevent genotoxin DNA damage in
situ. Our experiments can contribute to elucidate the functional role of food-associated
microorganisms general recognized as safe ingested with foods as a part of the diet.

Keywords: Lactobacillus plantarum, yeasts, acid-bile tolerance, 4-nitroquinoline-1-oxide, antigenotoxicity, SOS-
chromotest

INTRODUCTION

Over the past decades, the food industry has been revolutionized toward the production of
functional foods due to an increasing awareness of the consumers on the positive role of food
in well-being and health. In general, the term refers to a food that has been modified in some way
to become “functional” (Noomhorm et al., 2014). One way in which foods can be modified is by
addition of probiotics, but also fermented foods containing “live or active bacteria” or yeasts that
provide benefits to gut health, might also qualify as health-promoting foods (Shenderov, 2013;
Hill et al., 2014). In this perspective, the ability of food-borne microbes to exert antigenotoxic
properties and to make a protective role at gastro-intestinal level by inhibiting the biological activity
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of genotoxic compounds is considered a functional property
(Raman et al., 2013). Recently, several studies are focusing on
food-associated microorganisms that, as a normal component
of the diet, can interact with the human host and can be
related to a reduced colon cancer incidence from environmental
factors, such as dietary and endogenous xenobiotics (Jeffery and
O’Toole, 2013; Raman et al., 2013; David et al., 2014). Currently,
the antigenotoxic and antimutagenic activities are considered
among the functional properties for characterizing probiotic
microorganisms (Cenci et al., 2008; Trotta et al., 2012) and lactic
acid bacteria (LAB) isolated from fermented foods have been
found to decrease the genotoxicity of some chemical compounds
(Burns and Rowland, 2000; Caldini et al., 2008; Novak et al.,
2015). An interesting aspect to be considered is the possible
contribution of traditional fermented foods and their microbial
components to the physiology of the gastro-intestinal tract (GIT)
and its protection from endogenous and exogenous risk factors.
In fact, fermented foods are considered rich sources of probiotics
or microorganisms with functional properties as antimicrobial
and antioxidant properties, fibrinolytic activity, poly-glutamic
acid, degradation of antinutritive compounds peptide and
vitamins production which may be important criteria for
selection of starter culture(s) to be used in fermented functional
foods (Capozzi et al., 2012; Walia et al., 2014; Tamang et al.,
2016). Actually, by considering the vast food-borne microbiota, it
is well-documented that lactobacilli and bifidobacteria may have
a role in prevention and protection from genotoxic compounds
using in vitro and in vivo models (Cenci et al., 2002; Burns
and Rowland, 2004; Caldini et al., 2005; Dominici et al., 2014;
Novak et al., 2015). The most widely studied strains belong
to the species Lactobacillus casei, Lactobacillus acidophilus,
Lactobacillus rhamnosus, and Lactobacillus delbrueckii and other
genera, such as Bifidobacterium and Bacillus (Caldini et al.,
2002; Cenci et al., 2002; Raipulis et al., 2005), but the ability
of Lactobacillus plantarum species to counteract genotoxic
compounds in the gut is still not well-investigated (Corsetti et al.,
2015).

Moreover, only few information are available about the
possible antigenotoxicity of yeast strains, even though they are
commonly present in many traditional fermented foods as well
as in the gastrointestinal tract as commensals. However, yeasts
are considered as microorganisms that may improve human
health (Moslehi-Jenabian et al., 2010). Psani and Kotzekidou
(2006); Silva et al. (2011), and Botta et al. (2014), evaluated the
probiotic characteristics of table olive related yeasts. At present,
the functional properties of food-borne yeasts have been focused
especially for strains belonging to the genus Saccharomyces (Fleet,
2007), such as S. cerevisiae and S. boulardii (Czerucka et al., 2007;
Sourabh et al., 2011). Probiotic properties have been reported
also for the yeast species Kluyveromyces marxianus, frequently
isolated from dairy products (Lisotti et al., 2013; Tofalo et al.,
2014; Qvirist et al., 2016).

The question arises whether other yeast species possess
functional properties as well, considering that some strains
isolated from several sources (including tropical fruit and plants)
exhibited lipolytic and proteolytic activities, tolerated low pH and
survived to simulated gastric and intestinal fluids, so could be

considered probiotics candidates (Tamang et al., 2016). Thus, the
interest in using yeasts as a novel nutrient fortification is relevant
(Fleet, 2007; Kogan et al., 2008).

Based on the above premises, the aim of this work was to
evaluate the antigenotoxic activity of 22 strains of L. plantarum
and 15 strains of 10 yeasts species, isolated from various foods
against 4-NQO, a nitroaromatic genotoxin which produces
strand scission and formation of charge-transfer adducts on DNA
(Fann et al., 1999; Nair et al., 2000).

Moreover, in order to hypothesize if those microorganisms
should act against genotoxic compounds in the gut, their
capability to survive against the harsh conditions of the GIT, was
also evaluated by an in vitro acid-bile tolerance test.

MATERIALS AND METHODS

Origin of Bacteria and Yeasts Strains
All the microorganisms belong to the Microbial Collection of
the Bioscience Faculty (Teramo University, Italy). L. plantarum
WCSF1 and ATCC R©14917TM and two strains with documented
probiotic activities, L. plantarum IMC 510 R© and IMC 513 R©

(Synbiotec, Camerino, Italy), were used as reference strains for
lactobacilli and a probiotic S. boulardii (Codex R©, Zambon-Italia)
as a reference strains for yeasts.

All the food-borne microorganisms were isolated from
different foods, including various samples with different features
(brands, food origin, time of ripening, etc.). In particular, LAB
were isolated from three different fermented foods (table olives,
sourdoughs, and raw-milk cheeses) and yeasts were isolated
from different foods, mainly fruits and vegetables (Table 1).
The isolation procedures were performed as previously described
(Schirone et al., 2013). LAB and yeasts isolates were stored at
−80◦C in the Culture Collection of the Faculty of Bioscience and
Technology for Food, Agriculture and Environment (University
of Teramo).

Identification and Strain Typing
Genomic DNA was extracted from LAB and yeasts cultures
as reported by De Los Reyes-Gàlivan et al. (1992) and Querol
et al. (1992), respectively. The LAB isolates were identified by
sequencing the 16S rRNA gene according to Corsetti et al.
(2008), proved by recA gene multiplex PCR assay. Yeasts
were identified by the D1/D2 domain of the 26S rRNA gene
according to Kurtzman and Robnett (1998). LAB and yeasts
were differentiated at strain level by RAPD (Randomly Amplified
Polymorphic DNA)-PCR performed as previously described
(Andrighetto et al., 2000; Tofalo et al., 2009) using the primer
M13 (5′-GAGGGTGGCGGTTCT-3′).

Chemicals
The direct-acting genotoxin 4-NQO (CAS no. 56–57–5) was
obtained from Sigma-Aldrich (St. Louis, MO, United States).
A stock solution (1 mg/ml) was prepared, for 4-NQO in
dimethyl sulfoxide (DMSO) and diluted in water before the tests.
The substrates o-nitrophenyl-β-D-galactopyranoside (ONPG)
and p-nitrophenylphosphate (PNPP), for colorimetric evaluation
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TABLE 1 | Lactic acid bacteria (LAB) and yeasts used in this study.

Species N Strains Source

LAB

Lactobacillus plantarum 22 05, 013, N14, C9O4, C9S2 21B, CF1 LAB1, LAB30, LAB32, LAB40,
LAB49, LAB62 LT21, LT52, LT53, LT99, LT100 ATCC R©14917TM WCSF1
IMC 510 R©, IMC 513 R©

Table olives Sourdoughs Raw-milk cheeses
Raw-milk cheeses Pickled cabbage Human
saliva Synbiotec s.r.l.

Yeasts

Debaryomyces hansenii 2 LG2, LG15 Raw-milk cheeses

Wickerhamomyces anomalus 2 LUL14 TO8 Lupins Topinambur

Pichia fermentans 2 TO1, TO10 Topinambur

Torulaspora delbrueckii 2 TO2, TO3 Topinambur

Hanseniaspora uvarum 1 TO5 Topinambur

Metschnikowia aff. fructicola 2 RIB1, RIB3 Currant

Metschnikowia raukaufii 1 LAM3 Salmon

Candida apicola 1 UV10 Grapes

Meyerozyma guilliermondii 1 PR1 Plum

Saccharomyces boulardii 1 Codex R© Codex R© (Zambon Italia)

of β-galactosidase and alkaline phosphatase respectively, were
purchased from Sigma Aldrich.

Simulated Gastro-Intestinal Conditions
Simulated gastric fluid (SGF) and simulated intestinal fluid (SIF)
were prepared fresh daily in order to evaluate the acid-bile
tolerance of all strains. Overnight cultures of LAB and yeasts
on MRS and YPD liquid medium respectively, were harvested
by centrifugation (6000 × g for 15 min). The pellets were
re-suspended in SGF (pH 2.0) containing pepsin (1 mg/ml), and
maintained at 37◦C for 2 h. After acid pre-incubation cells were
centrifuged again and re-suspended in SIF (pH 7.4) containing
pancreatin (1 mg/ml) and bovine bile (0.5% w/v) dissolved in
saline, and maintained at 37◦C for 3 h (Haller et al., 2001;
Cenci et al., 2006). Pepsin and pancreatin were obtained from
Sigma-Aldrich; bile extract, containing conjugated glycholate and
taurocholate sodium salts, from Oxoid (LP0055, Oxoid, Ltd.,
Basingstoke, United Kingdom). After acid-bile challenge samples
were removed, serially diluted, and plated on MRS and YPD
containing 2% agar (Oxoid, Ltd., Basingstoke, United Kingdom)
to determine cell viability. All the strains was tested in triplicate
and the survival rate of all the tested microorganisms was
estimated by evaluating the ratio between viable cells after
the acid or bile challenge and viable cells of the untreated
controls. The acid tolerance and acid-bile tolerance percentage
was calculated from the L. plantarum and yeasts survival rate.

Genotoxin-Cells Incubation
The cell-genotoxin interaction was evaluated using the following
co-incubation protocol. LAB and yeasts were cultured, in
triplicate, in MRS and YPD broth (Oxoid) at 37 and 30◦C for 24 h,
respectively. Bacterial and yeasts cultures were washed (6000× g
for 15 min) and resuspended in physiological saline until
108–109 cell/ml. The 4-NQO was added in a final concentration
of 0.1 mM and co-incubation was maintained at 37◦C for
150 min (under shaking) according to Caldini et al. (2002). After
co-incubation the residual genotoxic activity was determined

on filtered (0.45 µm Sartorius membrane) supernatants and
analyzed for residual genotoxic and mutagenic activity as for
UV-visible spectrophotometric profiles to evaluate genotoxin
modification.

Genotoxicity Evaluation by the
SOS-Chromotest
4-NQO genotoxicity and its residual activity after cell co-
incubation were carried out using SOS-Chromotest (Quillardet
and Hofnung, 1985, 1993). This method is a useful, rapid
screening for genotoxicity and has several advantages including
sample preparation, short analysis time and agreement with other
biological assays for mutagenicity and genotoxicity (Rosenkranz
et al., 1999; Cenci et al., 2005). The SOS-Chromotest was
performed using Escherichia coli PQ37 (sfiA::lacZ, uvrA, rfa,
Phoc) as tester strain, which carries a sfiA::lacZ gene fusion
and has deletion of the normal lac region. E. coli PQ37,
supplied by the Institute Pasteur (Paris, France), was grown
in L-broth (10 g/l tryptone, 5 g/l yeast extract, and 10 g/l
NaCl) and LA-broth (supplemented with 20 µg/ml ampicillin).
Genotoxicity in samples was detected measuring the activation
of SOS-response of tester organism by evaluating β-galactosidase
(BG) induction and alkaline phosphatase (AP) constitutive
expression. The constitutive AP production of E. coli PQ37 is
an indicator of protein synthesis in the presence of sub-lethal
doses of genotoxin. The SOS induction factor (IFsos) is defined
as the BG/AP ratio of the sample under analysis, divided by the
same ratio of negative control. Positive and negative controls
were prepared in saline solution, with or without genotoxin,
respectively. The enzyme activities were detected colorimetrically
according to details given in a previous study (Caldini et al.,
2002). The genotoxicity inhibition (GI) produced by different
strains was also given in percentages considering the IFsos of
positive controls (genotoxin without lactobacilli co-incubation)
as 100%. The threshold for strain antigenotoxicity was fixed as
follows: GI 75% high active, GI between 25 and 75% moderately
active, GI 25% inactive (Corsetti et al., 2008). The experiments
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were carried out in the absence of exogenous metabolic activation
of genotoxins.

Physico-Chemical Analysis
Supernatants of genotoxin-treated cultures were examined by
absorbance profiles in the range 230–400 nm obtained by a
microplate reader (Infinite 200 Pro, Tecan icontrol), in order to
prove chemical-biological interactions.

RESULTS

Identification and Strain Typing
Twenty-two strains were identified as L. plantarum by sequencing
the 16S RNA gene and by recA multiplex PCR assay (data
not shown), having the PCR amplicons of 318 bp (Torriani
et al., 2001). Regarding yeast isolates, 14 food-associated
yeast strains were selected for this study. From the D1/D2
domain of 26S rRNA analysis, they belong to nine different
species: Debaryomyces hansenii (2), Wickerhamomyces anomalus
(2), Metschnikowia aff. fructicola (2), Pichia fermentans (2),
Torulaspora delbrueckii (1), Candida apicola (1), Meyerozyma
guilliermondii (1), Hanseniaspora uvarum (1), and Metschnikowia
raukaufii (1). All the isolates were differentiated at strain level by
RAPD-PCR assay (data not shown). Strains used in the study and
their relative species are reported in Table 1.

Tolerance to Gastro-Intestinal Transit
Lactobacillus plantarum and yeasts tolerance toward gastro-
intestinal transit was as follows. The viability of the L. plantarum
strains showed an appreciable reduction (Figure 1A), ranging
from 20 to 65% after exposure to SGF. For most strains, a clear
recovery was observed after incubation in SIF, reaching 30 to
90%. The yeasts viability (Figure 1B) in SGF resulted higher
(55–90%) compared with that of lactobacilli and the same level
was almost maintained in SIF. The results obtained showed a
significant correlation (p < 0.01) between acid tolerance and
combined acid bile tolerance in both L. plantarum (Figure 2A)
and yeast (Figure 2B) strains.

Antigenotoxic Properties
The genotoxic effect of 4-NQO in the SOS-Chromotest was
strongly reduced under in vitro co-incubation with L. plantarum
and yeasts. Figure 3 shows that all the L. plantarum strains,
with one exception (LT53), were effective in reducing 4-NQO
activity, exhibiting more of 75% genotoxicity inhibition. A similar
behavior was observed for yeasts: only three strains (LG2, TO10,
and RIB3) that had lower effect against genotoxin as shown in
Figure 4.

Moreover, the results obtained with reference probiotic strains
(L. plantarum IMC 510 R©, L. plantarum IMC 513 R© and S. boulardii
Codex R©) were similar to those obtained with the majority of food-
borne lactobacilli and yeasts.

Genotoxin Modification
Evident modifications of spectroscopic properties of 4-NQO were
observed in the co-incubation supernatants after the exposure

of the genotoxin to live cells of L. plantarum and yeasts with
antigenotoxic activity (Table 2). In particular, the spectroscopic
analysis revealed that the typical maximum absorbance peak of
4-NQO (365 nm) is moved to a lower wavelength (hypsochromic
shift). The maximum absorbance was on average decreased
of 17.3 ± 2.1 nm (range: 15–21) for L. plantarum strains.
Similarly, for strains of the different yeast species the average
absorbance decrease was 13.8 ± 3.2 nm (range: 7–19) showing
shifts lower than those of lactobacilli. The different wavelength
of peaks recorded after 4-NQO-L. plantarum and yeasts co-
incubation supports species and strain dependent behaviors,
suggesting the possible involvement of different genotoxicity
inhibition mechanisms. In the case of food-borne lactobacilli,
the hypsochromic shifts and the inhibition of 4-NQO activity
were analogous to those found in probiotic and collection strains
used as a reference. Relative to yeasts, although the absorbance
shift produced by the probiotic S. boulardii was much lower than
that of other strains, the levels of genotoxicity inhibition were
equivalent to those of other yeasts.

DISCUSSION

Some fermented foods and beverages are well-known to possess
health benefits due to presence of functional microorganisms
(Ross et al., 2002; Tamang et al., 2016). LAB mostly Enterococcus,
Lactobacillus, Lactococcus, Leuconostoc, Pediococcus and
Weissella species, are widely used in food fermentation
production, including dairy-products, fermented meats, and
vegetables (Holzapfel and Wood, 2014). In addition, many
yeasts species from fermented foods, alcoholic beverages and
non-food mixed amylolytic starters have been characterized
in both their technological and beneficial role (Tamang and
Fleet, 2009). Bacteria and yeasts in fermentation processes
could also enhance the bioavailability of nutrients, the
organoleptic and sensorial quality of food other than impart
the preservation with the production of antimicrobial and
antioxidant compounds (Tamang et al., 2016). Moreover, some
of these microorganisms from traditional fermented foods
could improve the food safety and quality by degrading toxic
components such as genotoxic and mutagenic substances
(Farhad et al., 2010; Bourdichon et al., 2012). Therefore, it is
well-known that fermented foods, especially dairy products
(i.e., fermented milks and yogurt) may constitute a good
reservoir of microorganisms for the production of functional
foods with probiotic activity, but nowadays the necessity
for novel and non-dairy probiotics products is increasing,
as reported for table olives (Argyri et al., 2013; Botta et al.,
2014).

In this work, the ability of 36 microorganisms, 22 lactobacilli
belonging to the L. plantarum species and 14 yeasts from different
species mainly isolated from table olives, cheeses, sourdoughs,
and fruits were studied for their antigenotoxic effects. We
confirmed that all the strains possessed high inhibitory activity
against 4-NQO, as previously reported for LAB species isolated
from milk-based fermented foods (yogurt and fermented milk)
(Caldini et al., 2005; Trotta et al., 2012).
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FIGURE 1 | Viability of Lactobacillus plantarum (A) and yeast (B) strains after consecutive exposure to simulated gastric fluid (SGF) and simulated intestinal fluid (SIF).

FIGURE 2 | Relationship between acid-tolerance and combined acid-bile tolerance in L. plantarum (A) and yeast (B) strains.

In particular, L. plantarum is considered a flexible and versatile
species and has been found as dominant in several environmental
niches and it is frequently encountered as a natural inhabitant of
the human GIT (Corsetti et al., 2015). Despite the importance of
this species in fermented foods as a starter culture, recently the
potential use of L. plantarum as a probiotic is also increasingly
gaining attention. In this respect, L. plantarum species could be
preferred above other LAB, for high performance in the GIT,
high-level genetic accessibility and low-cost production (Ahrne
et al., 1998; Holzapfel et al., 1998; Cunningham-Rundles et al.,
2000; de Vries et al., 2006).

Focusing on yeasts, this work gives the opportunity of carrying
out a research on functional properties of yeasts, whereas recently
the question arises whether other yeast species not belonging
to Saccharomyces genus possess functional properties. Psomas
et al. (2001) and Tiago et al. (2009) isolated from non-dairy
sources (i.e., tropical fruit and plants) some strains of D. hansenii
and P. kluyveri able to exhibit lipolytic and proteolytic activities,

tolerate low pH and survive to simulated gastric and intestinal
fluids, so as to be considered probiotics candidates. Moreover,
Trotta et al. (2012) investigated the inhibition of 4-NQO
by yeasts strains from wine and cheeses among which some
strains of D. hansenii, confirming evidences about functional
properties of food-borne yeasts. Acid and bile tolerance, miming
gastro-intestinal transit, represent basic in vitro selection criteria
for probiotics and a primary prerequisite of strains to exert
in situ presumptive functional features, such as antigenotoxicity
(Mishra and Prasad, 2005; Morelli, 2007). Simulated gastro-
intestinal conditions carried out in this study, clearly showed
that the exposure to low pH caused a relevant stress both in
L. plantarum and yeasts strains. However, according to other
studies concerning lactobacilli and yeast acid-bile tolerance
(Corsetti et al., 2008; Trotta et al., 2012), a rapid viability recovery
after the subsequent treatment with bile at pH 7.0 in SIF was
observed. This result underlines the capability of a great number
of cells to recover from viable-but-non-cultivable condition
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FIGURE 3 | In vitro antigenotoxicity of L. plantarum strains toward 4-NQO in
the SOS-Chromotest. Percent genotoxicity inhibition was calculated from
residual activity (SOS induction factor) evaluated on supernatants in relation to
that of a positive control. The dashed lines show the threshold levels for
antigenotoxicity. Data are shown as means from three replicates. Bars indicate
the standard deviation (SD).

caused by SGF exposure and confirmed by high acid-bile
tolerance percentage that reach in some cases 90%. The combined
acid-bile tolerance observed after the in vitro simulation of GI
conditions showed a good tolerance to endure the harsh GIT
conditions, related to the ability of food-microorganisms to
recover viability in the gut, as expected by selection criteria for
probiotics, even if it has been reported that also dead cells can
exert beneficial effects (Mottet and Michetti, 2005).

Regarding antigenotoxic activity, all the tested L. plantarum
strains resulted active, according with Caldini et al. (2005), that
found a similar high in vitro inhibition (>75%) of 4-NQO in
strains of the same species from mozzarella cheese. In general,
a similar behavior in the antigenotoxic activity was observed
among the different nine yeast species. However, in three strains
belonging to D. hansenii, P. fermentans, and M. aff. fructicola
a lower antigenotoxic effect and strain dependent results were
recorded, in accordance with Trotta et al. (2012) that found a
similar behavior in D. hansenii food-borne strains.

FIGURE 4 | In vitro antigenotoxicity of yeasts species and strains toward
4-NQO in the SOS-Chromotest. Percent genotoxicity inhibition was calculated
from residual activity (SOS induction factor) evaluated on supernatants in
relation to that of a positive control. The dashed lines show the threshold
levels for antigenotoxicity. Data are shown as means from three replicates.
Bars indicate the standard deviation (SD). Saccharomyces boulardii Codex R©

was used as reference strain and different column patterns show different
species (LG2, LG15 Debaryomyces hansenii; LUL14, TO8 Wickerhamomyces
anomalus; UV10 Candida apicola; TO1, TO10 Pichia fermentans; RIB1, RIB3
Metschnikowia aff. fructicola; TO2, TO3 Torulaspora delbrueckii; PR1
Meyerozyma guilliermondii; TO5 Hanseniaspora uvarum; LAM3 M. raukafii).

In general, the ability to inhibit genotoxic compounds
confirms that probiotic properties are features of many strains
associated with foods (Holzapfel et al., 2001).

Many authors hypothesized that genotoxin deactivation
was caused by interactions with microbial metabolism and
structures, suggesting several possible mechanisms. However,
these interactions could not be simple absorption or binding on
cell wall components (Sharma and Shukla, 2016).

Lactobacillus plantarum and yeasts strains co-incubation
with genotoxin produced evident modifications of spectroscopic
properties, shifting the maximum absorbance peak of 4-NQO
to lower wavelengths, as previously reported by Caldini et al.
(2002, 2005) and Trotta et al. (2012). Verdenelli et al. (2010)

TABLE 2 | Relationship between 4-NQO spectroscopic modifications and genotoxicity inhibition after its co-incubation with L. plantarum and yeast strains.

Strains 4NQO spectroscopy after strain co-incubation

λmax (nm) 1 λmax
a (nm) Genotoxicity inhibition (%)b

Lactobacilli (n = 22)

LAB1 ATCC R©14917TM, WCSF1, IMC 510 R©, LAB49, LT21 352 350 13 15 99.9 94.7

C9S2, CF1, LAB40, LAB62, LT52, LT53, LT99, LT100 348 17 78.3

IMC 513 R©, 013, N14, C904, LAB30, LAB32 346 19 87.9

O5, 21B 344 21 92.9

Yeasts (n = 15)

Codex R© 358 7 93.6

LG2, TO8 354 11 75.2

LUL14, TO1, TO10, TO5, RIB1, LAM3, PR1 352 13 73.3

UV10 350 15 88.1

LG15, TO2 348 17 96.3

TO3, RIB3 346 19 84.7

a4NQO λmax without cell co-incubation corresponds to 365 nm.
bMean value.
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reported that the antigenotoxic process promote the appearance
of 4-amino-quinoline (an inactive compound) as a lactobacilli
bioconversion product, with decrease in the content of 4-NQO.
Furthermore, a recent study (Bocci et al., 2015) carried out
with GC-MS and IR-Raman analyses, showed the bacterial
conversion of 4-NQO in non-genotoxic conversion metabolites,
mainly phenyl-quinoline and its isomers. All the above evidences
confirm the hypothesis of a possible pattern of microbial
conversion, that may be assumed as a bio-protective mechanism
used by microorganisms to potentially prevent the DNA
damage by inhibiting either inactivating the genotoxic effect
of 4-NQO.

CONCLUSION

The results of this study suggest for all the studied food-borne
microorganisms (lactobacilli and yeasts) a good compatibility
with the gut environment. In particular, many of these
microorganisms show the potentiality to persist alive in the
hard gut condition, and, consequently, they might have a role
to express their probiotic functions. About this, antigenotoxic
activity have to be considered a widespread characteristic of many
food-borne L. plantarum and yeasts. The functional activities
investigated in this paper are thought important for reducing
gut pathologies and colon cancer incidence, and fermented
foods commonly consumed in different types of diets could
be considered to represent a vehicle for microbiota possessing

potential functionality. Further studies are in progress in order
to evaluate other functional and technological characteristics
of the most interesting strains selected in this study for
developing foods with new health-promoting properties. The
information generated on food-associated potential probiotics
will be helpful in improving the fermented foods and in selecting
and maintaining this microbial resource.
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