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Abstract

The aim of this work was to study the Lactobacillus spp. intra- and inter- species diversity in
a Piedmont hard cheese made of raw milk without thermal treatment and without addition of
industrial starter, and to perform a first screening for potential functional properties. A total
of 586 isolates were collected during the cheese production and identified by means of
molecular methods: three hundred and four were identified as Lactobacillus rhamnosus, two
hundred and forty as Lactobacillus helveticus, twenty six as Lactobacillus fermentum,
eleven as Lactobacillus delbrueckii, three as Lactobacillus pontis, and two as Lactobacillus
gasseri and Lactobacillus reuteri, respectively. A high genetic heterogeneity was detected
by using the repetitive bacterial DNA element fingerprinting (rep-PCR) with the use of
(GTG)s primer resulting in eight clusters of L. helveticus and sixteen clusters in the case of
L. rhamnosus. Most of isolates showed a high auto-aggregation property, low
hydrophobicity values, and a general low survival to simulated digestion process. However,

sixteen isolates showed promising functional characteristics.
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1. Introduction

In recent years, the consumption of cheese has increased rapidly owing to the fact
that this dairy product fulfils many of the current dietary needs. In addition, cheeses have
been described as potential probiotic food; it is hypothesized that they offer an excellent
food based delivery vehicle by providing increased cell protection (Boylston et al., 2004).
During recent years, numerous studies have been undertaken to obtain scientific evidences
for the beneficial effects of fermented foods containing probiotic bacteria (Renault, 2002;
Rafter, 2002). Semi-hard and hard cheeses, such as Cheddar (Darukaradhya et al., 2006;
Phillips et al., 2006; Ong et al., 2006, 2007), Canestrato Pugliese (Corbo et al., 2001) and
Gouda (Gomes et al., 1995), among others, have been tested as probiotic delivery vehicles.

The lactic acid bacteria (LAB) play an important role in the production of fermented
foods, above all in cheese production. The isolation and characterisation of LAB from
traditional dairy products have been carried out to obtain new industrially important cultures
(Zhang et al., 2008). Pogaci¢ et al. (2013) studied the microbiota during ripening of a long
ripened hard cheese showing high biodiversity. Dolci et al. (2013) used RT-PCR-DGGE, as
culture-independent method, to understand the microbial communities in Fontina PDO
cheeses.

It is known that starter LAB (SLAB) and non starter LAB (NSLAB) dynamically
evolve according to modification of environmental conditions and thus during cheese ageing
(Gala et al., 2008). They play a fundamental role in the acidification of the curd as well as in
physical and chemical transformation with the development of flavour in the final cheese.
The evaluation of LAB microbiota is important in the understanding of their role in sensorial
traits of the final cheese. For example, Piras et al. (2013) studied role of autochthonous
microbiota on sensorial differences of the traditional Fiore Sardo cheese. As determined in

previous studies, in Parmigiano Reggiano (Coppola et al., 1997; Gala et al., 2008; Neviani et



al., 2013) and Grana Padano (Giraffa et al., 1997; Zambonelli et al., 2002; Rossetti et al.,
2008; Monfredini et al., 2012; Pogaci¢ et al., 2013;) cheeses, Lactobacillus is the dominant
genus in the natural whey employed and during ripening.

Apart from their role in cheese production and ripening, LAB with probiotic
properties could confer an added value to the final product that is of interest to consumers
(Stanton et al., 2001). Strains intended to be used for production of cheeses with probiotic
characteristics have previously to be tested for some basic properties. Viability and survival
of probiotic bacteria are ones of the most important prerequisites in order to provide
therapeutic functions to the consumer (Godward et al., 2000; Godward and Kailasapathy,
2003), but also antibiotic resistance and the interaction with epithelial human cells. A
number of factors are known to affect the viability of probiotic bacteria in dairy foods such
as yoghurt and fermented milk, including low pH and refrigerated storage (Shah, 2000).
Moreover, the resistance to human gastric transit constitutes an important selection criterion
for probiotic bacteria (Bautista-Gallego et al, 2013; Saxelin et al., 2010). Bearing in mind
this fact, some probiotic cheeses have been produced (Abadia-Garcia et al., 2013; Albenzio
et al., 2013a, 2013b; Bergamini et al., 2010) but limited information about probiotic bacteria
in hard ripened cheeses is available. Grana type cheese could be considered an interesting
candidate as functional food due to the presence of viable lactic acid bacteria at the end of
the ripening (Coppola et al., 1997).

The main goals of this work were 1) the isolation, identification and molecular
characterization of Lactobacillus spp. isolated from a Piedmont hard cheese; and ii) a first in
vitro study of certain characteristics related to the functional properties of these

microorganisms.

2. Materials and methods



2.1. Sample collection

Three different cheese productions (D, E and F) of the same dairy plant, located in
the Piedmont region (North West of Italy), were studied from whey (starter) and raw milk
(Frisona cows) until the twelfth month of cheese ripening. The different samplings were
carried out for (Figure 1): whey (1°), raw milk (2°), milk plus whey (3°), cutting curd (4°),
curd after heating (5°), after pressing (6°), after storage room at 46 °C (7°), after salting (8°),
after thermostatic room (9°), and from the first to the twelfth ripening month (10-21°). At the
end of this process, the same in the last thirty years, the final product has the following
characteristics: an average weight of 32 kg, a diameter of 410 mm and a height of 215 mm.
Each sample was subjected to microbiological analysis not more than 2 h after collection.
Sampling on cheese loafs was carried out using a cheese trier, which was inserted

perpendicular to the centre of the cheese and then rotated 360°.

2.2. Microbiological analysis

Ten millilitre or gram of samples were homogenized with 90 ml of Ringer solution
(Oxoid, Milan, Italy) in a Stomacher machine (Savatec, Milan, Italy). Serial dilutions were
plated in duplicate onto Rogosa Bios agar (Biolife, Milano, Italy), incubated anaerobically in
jar, at 42 °C for 48 h. Rogosa medium was used as being selective for lactobacilli
population. Ten randomly selected colonies were collected from each sample, purified by a
streak on a new Rogosa agar plate, and finally stored at —80 °C with 20% glycerol.

After counting, data were subjected to one-way ANOVA and Duncan Test was used

to determine differences at P< 0.05, using the statistical software, Statistica 7.0 for Windows

(Statsoft, Tulsa, USA).

2.3. Molecular identification and characterization



LAB isolates were subjected to DNA extraction as previously reported (Mora et al.,
2000; Cocolin et al., 2001). The molecular identification of the isolates was performed by
PCR 16S-23S rRNA gene spacer analysis (RSA), and 16S rRNA gene sequencing. The
RSA was carried out with primers Gl (GAAGTCGTAACAAGG) and LI
(CAAGGCATCCACCGT) (Dolci et al., 2008). The variable V1 and V3 region of 16S
rRNA gene of representative isolates was amplified with primers P1V1 (5-GCG GCG TGC
CTA ATA CAT GC-3') and P4V3 (5'-ATC TAC GCA TTT CAC CGC TAC-3") (Cocolin et
al., 2001). PCR was performed in a final volume of 25 pl containing 10 mM Tris—HCI (pH
8.3), 25 mM MgCl,, 10 mM deoxynucleoside triphosphates, 1.25 U of Tag polymerase
(Eppendorf, Hamburg, Germany), and 10 pM of each primer. One hundred ng of template
DNA was added to the mixture. A PCR was performed in a MyCyler (BioRad, Hercules,
CA, USA). The annealing temperature was 45°C, and a denaturation of 95°C. was used. The
extension for each cycle was carried out at 72 °C for 1 min and the final extension was at 72
°C for 7 min. PCR products were analysed by electrophoresis in 1.5% Tris-acetate-EDTA
agarose gels.

The amplified and purified fragments were sequenced by Eurofins MWG Operon
(Ebersberg, Germany) and the sequences obtained were aligned with those in GenBank
using the Blast program (Altschul et al., 1997) to determine the closest known relatives of
isolates.

Then, rep-PCR fingerprinting was performed for molecular strain characterization
with the single oligonucleotide primer (GTG)s, following the protocol described by Gevers
et al. (2001). Products of rep-PCR were electrophoresed in a 2% agarose gel and the profiles
obtained were visualized under ultraviolet light using UVI pro platinum 1.1 Gel Software
(Eppendorf, Germany). The resulting fingerprints were analyzed with the BioNumerics 4.6

software package (Applied Maths, Belgium). The similarity among digitalized profiles was



calculated using the Pearson correlation and an average linkage (UPGMA) dendrogram was

derived from the profiles.

2.4. In vitro phenotypic tests related to probiotic potential

Autoaggregation assays were performed according to the methodology described by
Bautista-Gallego et al. (2013) with some modifications. Briefly, 4 ml of an overnight culture
containing ~8-9 log cfu/ml were homogenized by vigorous vortexing for 10 s and then
incubated at room temperature for 5 h. At the end, 0.1 ml of the upper suspension was
carefully removed, transferred to a new tube containing 3.9 ml of phosphate buffered saline
(PBS), and then the absorbance at 630 nm (Ag3) was measured in a microplate reader
(Biotek ELx808). The autoaggregation percentage was expressed as a function of time until
it was constant, using the formula 1—(As/A¢)*100, where As represents the absorbance at 5
h, and A, the absorbance at time t=0 h.

Bacterial cell surface hydrophobicity was assessed by measuring microbial adhesion
to hydrocarbons using the procedure described by Crow et al. (1995) with the modifications
of Bautista-Gallego et al. (2013).

Simulated digestion process was studied using the protocol described by Corcoran et
al. (2007) and Bautista-Gallego et al. (2013) with slight modifications. Survival was

evaluated by determining viable count on MRS agar.

3. Results and discussion
3.1. Lactobacilli counts and ecology

Milk transformation into cheese is a dynamic process in which microorganisms
intervene in a complex and coordinated manner. In the three productions investigated in this

study, a reduction trend in the lactobacilli counts was detected from the storage room until



the end of the monitoring period (Table 1). The mean count in milk upon addition of whey
was 6.33 log cfu/g and no significant changes were detected for the first three days. Then,
significant difference (P<0.05) between the storage room pause and the salting step was
detected, as reported in Table 1. Then the counts went down slowly until the first month of
ripening (3.78 £ 0.10 log cfu/g). Next, lactobacilli population increased until the fourth
month of ripening to 5.06 + 0.02 log cfu/g to then slowly decrease until the end of the study
(1.21 £ 0.23 log cfu/g). It should be noted that a weak increase was detected at the beginning
of ripening. This may be due to the moving of cheeses to a different room with better
humidity and temperature conditions. Standard deviations were always at low levels,
showing a very similar behaviour between the three different productions studied here.

LAB strains associated with traditional raw milk cheeses are one of the important
elements influencing the cheese characteristics and quality (Steele et al., 2013). The isolates
of this study were grouped on the basis of polymorphism of 16S-23S rRNA gene spacer
region, and an indication of the hypothetical genus they could belong to was obtained
(Coppola et al., 2001; Fortina et al., 2003). According to RSA results (Figure 2), 16S rRNA
gene sequencings were performed in order to determine the taxonomic positions of the
isolates. The evolution of the different lactobacilli species is presented in Figure 2. A total of
586 colonies were isolated, 200, 201 and 185 from productions D, E and F, respectively.
Seven species were identified through the whole manufacture and ripening process: L.
rhamnosus (51.88% of all isolates); L. helveticus (40.96%); L. fermentum (4.44%); L.
delbrueckii (1.88%); L. pontis (0.51%); L. gasseri (0.17%) and L. reuteri (0.17%). L.
helveticus was the only species isolated until the pressing step, and only in raw milk it was
accompanied by isolates of L. gasseri and L. rhamnosus. The predominance of L. helveticus
at the first stages of cheese production has been claimed already by others authors (Fortina

et al., 1998; Gatti et al., 2003). L. helveticus is relatively adaptable to different growth



conditions as a consequence of its ability to ferment a wide variety of different
carbohydrates and to metabolize a wide variety of proteins. The lactic acid and oxidative
tolerances of L. helveticus are also relatively high compared with other lactobacilli
(Dimitrov et al., 2005). This species has been identified in Grana Padano (Pogaci¢ et al.,
2013), Fontina (Dolci et al., 2013), Provolone (Giraffa et al., 1998) and Parmigiano
Reggiano cheeses (Gatti et al., 2003).

From the storage room and the use of salt until the fourth month of ripening, the
highest microbial diversity was detected. L. helveticus, L. delbrueckii, L. fermentum, L.
rhamnosus, L. reuteri and L. pontis were identified. The effect of salt in lactic acid bacteria
growth has been previously studied (Arroyo-Lopez et al., 2009).

In the next eight months of ripening L. rhamnosus was the sole species isolated and
identified. Its prevalence potentially offers very interesting possibilities by the point of view
of producing a cheese with probiotic microorganisms. This species has been previously
identified in Parmigiano Reggiano (Bove et al., 2011), Dambo (Antonsson et al., 2003),
Edam (Ahola et al., 2002) and Grana Padano (Pogaci¢ et al., 2013). L. rhamnosus has been
studied as a possible probiotic microorganism showing potential positive characteristics
(Tuo et al., 2013). Moreover L. rhamnosus sp. strain GG, originally isolated from healthy
human intestine, has most of the characteristics generally proposed for a good probiotic
strain, including excellent survival in the stomach and small intestine and transient
colonization of the gastrointestinal tract, which is based on its adhesion capacity to intestinal
cells (Saxelin, 2010).

L. delbrueckii has been identified as dominant species in Grana Padano whey and
cheese by Massoni et al. (1982). Its presence has also been described in Akawi cheese
(Ayyash et al., 2012). L. fermentum has been identified in Grana Padano (Pogaci¢ et al.,

2013), Feta (Rantsiou et al., 2008) and Parmigiano Reggiano cheeses (Solieri et al., 2012).
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3.2. Molecular characterization

The 586 isolates were then subjected to molecular characterization to define their
intra-species biodiversity, which was successfully accomplished by means of rep-PCR using
the (GTG)s primer (Gevers et al., 2001; Svec et al., 2005). To improve the understanding of
the diversity of lactobacilli in this cheese production, dendrograms for L. helveticus and L.
rhamnosus, the dominant species, were constructed. L. helveticus showed eight clusters with
a similarity coefficient of 60% (Figure 4) suggesting a high genetic variability already
demonstrated by a previous study (Rossetti et al., 2008). Cluster II had the largest proportion
of isolates (67.5%), but no special distribution can be emphasized. This cluster was formed
by 54, 60 and 48 isolates of productions D, E and F, respectively. Cluster I was mainly
characterized by isolates from "cutting curd" and "after heating" of all productions. Cluster
VI was formed by only isolates from production D.

In the case of L. rhamnosus, 16 clusters were detected with the same similarity
coefficient used before (Figure 5). Cluster XIII had 53.3% of all isolates and was formed by
39, 62 and 62 isolates of productions D, E and F, respectively. However, and as the main
cluster of L. helveticus, no specific correlation can be deduced. Furthermore, in clusters I, II,
III and IV there were isolates mainly from the eighth and ninth ripening months (all
productions) whereas isolates of sixth and seventh ripening months formed cluster XIV.

Based on the characterization results, there is a succession of strains belonging to the
two numerically more important species identified in this study according to their roles
during the cheese ripening. First, cluster II of L. helveticus was isolated from whey and raw
milk until the third ripening month. Then cluster XIII of L. rhamnosus was detected from the
thermostatic room until the end of this study. Bove et al. (2011) also suggested that biotypes

of L. rhamnosus related to specific moments of Parmeggiano Reggiano ripening may have
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specific roles linked to their peculiar technological properties. Furthermore Solieri et al.
(2012) also verified that in the case of L. rhamnosus and L. paracasei, ripening time appears

to play a role in composition of cultivable NSLAB in cheese.

3.3. Functional characterization

Auto-aggregating and hydrophobicity properties have been described previously as
very useful to select potentially probiotic bacteria (Meira et al., 2012; Xu et al., 2009). These
two properties are likely to be correlated with adhesion ability to epithelial cells and
mucosal surfaces (Xu et al., 2009). In this study, the results obtained from the sedimentation
assays showed that lactobacilli isolates had a strong auto-aggregating phenotype (Figure
6A). Isolates from all productions had the same behaviour and no differences could be
detected between them. The largest number of isolates (394, 67.24% of all isolates)
exhibited maximum values, from 90 to 100% of auto-aggregation. Three isolates (16E7,
14F4 and 11F6) showed the lowest values, below 10%. In general, this behaviour agrees
with the data presented by Bautista-Gallego et al. (2013), that determined the interval
between 50% and 80% as the most abundant and their selected strains were between 27.00
and 76.51%.

On the contrary, the hydrophobicity showed an opposite pattern. Most of the isolates
(89.42%) had values between 0% and 5% (Figure 6B). This result indicates that most of the
lactobacilli isolated in this study were weakly hydrophobic, although some of them; namely
18ES, 18E10 and 21ES8 (all of them L. rhamnosus), showed levels higher than 40%. Some
studies have shown that the hydrophobicity values of some strains of lactobacilli (Léhteinen
et al., 2010; Lee and Poung, 2002; Kaushik et al., 2009) and bifidobacteria (Del Re et al.,
2000; Gonzélez et al., 2013) varied from 23 to 95% and from 20 to 70%, respectively.

However, Rehaiem et al. (2014) found that Enterococcus faecium MMRA had a high mean

12



value of hydrophobicity (74.06 £ 2.06%). They considered that this may contribute to
adhesion of bacterial cells to host tissues and favouring the bacterial maintenance in the
human gastrointestinal tract.

In this study and other studies (Bautista-Gallego et al., 2013), survival during transit
through the gastrointestinal tract has been considered as one of the most critical factors. The
sequential simulated gastrointestinal and pancreatic digestions have been applied to all
isolates. The protocol applied in this study should be considered more realistic than those
testing separately gastric and pancreatic digestion. Moreover, due to the characteristics of
this screening only robust strains may pass. The majority of strains revealed total inhibition
or very low survival, and the simulated gastric process resulted to be the most inhibitory step
(data not shown). Nonetheless, sixteen strains belonging to L. helveticus (6), L. rhamnosus
(9) and L. fermentum (1) exhibited the best survival behaviour (at least 3 log;o cfu/ml alive
after the digestion process) as determined by plating (Table 2). Although these results
(percentage, Table 2) are lower than reported by other studies, the residual populations are
similar. In addition, these survival rates are close or higher than data obtained for L. casei
Shirota and L. rhamnosus GG by Bautista-Gallego et al. (2013). These authors also reported
a survival ratio of 0.008% and 0.007 % (a reduction of =4 log) for selected strains, that it's a
residual population between 3 and 4.2 logio cfu/ml. In another study carried out with a
similar protocol, different strains of L. plantarum isolated from fermented food and from the
intestine were found to show tolerance to overall digestion, with a survival rate of between
0.003-10% (Haller et al., 2001).

Lactobacilli have been investigated previously for their probiotic properties. L.
helveticus species can display functional characteristics similar to those of L. acidophilus, L.
rhamnosus, and Bifidobacterium animalis subsp. lactis (Taverniti and Guglielmetti, 2012).

L. rhamnosus has been already isolated from Italian hard cheeses and studied for its

13



probiotic potentials, which were found to be analogous to L. rhamnosus GG (Succi et al.
2005). In this study, L. rhamnosus showed a good bile salt and acid tolerance as has been
previously described for this species. Ahola et al. (2002) studied the effect of probiotic
Edam cheese containing L. rhamnosus LC705 and L. rhamnosus GG ATCC53103 (LGG) on
the risk of dental caries. The authors concluded that eating probiotic cheese could reduce the
risk of dental caries in general, although no significant statistical difference was observed in
salivary microbial populations. Mikeldinen et al. (2009) showed that L. rhamnosus HNOO1
in cheese survives in the gastrointestinal tract and that the cheese matrix does not seem to
affect the probiotic survival. Pitino et al. (2012) described that the use of cheese as a
probiotic food carrier presents real advantages in the survival of probiotic bacteria especially

during gastric digestion.

4. Conclusion

The isolation, identification and characterization of Lactobacillus species involved in
this Piedmont hard cheese production provides the opportunity to study the functional
characteristics and to select the most suitable strains for a potential native starter. In
addition, the use of strains with functional properties can provide a higher value and
acceptability by consumers. From this study some strains of L. rhamnosus and one of L.
fermentum have been identified as the best candidates of this study to carry out more tests.
12D5 was the best candidate but also 10D9 and 11F9 (all of them L. rhamnosus), and 10F3
(L. fermentum) showed the best survival results in simulated transit through the
gastrointestinal tract. These strains had good autoaggregation values (higher than 52.75%),
hydrophobicity higher than 8% and at least a 3 log cfu/ml of residual population to the
simulated digestion process. The use of cheese as probiotic food carrier presents potential

advantages and it is a valuable alternative for the cheese industry. In the future, the survival
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of the selected functional strains during the ripening process, additional probiotic properties

and the effect in the sensorial characteristics of the cheese should be determined.
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Figure's captions

Figure 1. Diagram of cheese production. Different samplings are shown in circle.
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Figure 2. RSA profiles obtained from the LAB isolated from the cheese productions. Lanes
1 and 10: 1 Kb DNA Ladder (Promega); Lanes 2 to 9: amplification profiles obtained by
RSA analysis. Lane 2: L. gasseri; Lane 3: L. helveticus; Lane 4: L. rhamnosus; Lane 5: L.
pontis; Lane 6: L. delbrueckii; Lane 7: L. fermentum; Lane 8: L. reuteri.
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Figure 3. Diversity and evolution of species through the Piedmont hard cheese production,
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Figure 4. Dendrogram generated after cluster analysis of the digitized rep-PCR fingerprints
of L. helveticus isolates (with a 60% coefficient of similarity). Clusters are indicated with

roman numerals.
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Figure 5. Dendrogram generated after cluster analysis of the digitized rep-PCR fingerprints
of L. rhamnosus isolates (with a 60% coefficient of similarity). Clusters are indicated with
roman numerals.
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Figure 6. Histograms showing the distribution in each production of the auto-aggregation

(a) and hydrophobicity (b) characteristics.
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Table 1. Microbial sampling and counts during artisanal hard cheese production. Average

and standard deviation (SD) of the counts determined for the three productions are

presented.
Average
Sampling Average time .Average time Lactobacilli SD
of each phase in total (days) counts (logjo
cfu/g)*
1-Whey starter 7.54° 0.31
2-Raw milk 3.70%" 0.29
3-Milk + whey 12 min. 6.33" 0.17
4-Curd after cutting 15 min. 1 6.17 0.20
5-Curd after heating 20 min. 6.20° 0.06
6-After pressing 24 h 2 6.51° 0.27
7-After storage room 4d 5 5.79¢ 0.09
8-After salting 21d 26 423" 0.28
9-After thermostatic room 1d 27 421" 0.14
10-First ripening month 30d 57 3.78"" 0.10
11-Second ripening month 30d 87 4.01%" 0.15
12-Third ripening month 30d 117 4.42°* 0.22
13-Forth ripening month 30d 147 5.06¢ 0.02
14-Fifth ripening month 30d 177 3.50" 0.37
15-Sixth ripening month 30d 207 4.05%" 0.79
16-Seventh ripening month 30d 237 4.93% 0.57
17-Eighth ripening month 30d 267 3.61¢" 0.09
18-Nineth ripening month 30d 297 2.72' 0.74
19-Tenth ripening month 30d 327 2.66' 0.62
20-Eleventh ripening month 30d 357 1.24' 0.05
21-Twelveth ripening month 30d 387 1.21" 0.23

* Results of variance analysis and Duncan test performed on parameters obtained by Lactobacilli counts during
the different sampling points. Values with different superscript letters are significantly different, P < 0.05.
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Table 2. Viable counts through simulated digestion process for 16 strains that exhibited
good survival. Average and standard deviation (SD) of the counts determined in duplicate

are presented.

Initial concentration After digestion process Overall

Strains Specie Average counts Average counts SD survival rate
(logyo cfu/ml) (logio cfu/ml) (%)

2D5 9.57 0.03 3.68 0.33 0.00013
4D5 9.54 0.02 3.71 0.15 0.00015
5D10 I helveticus 9.54 0.09 4.12 0.26 0.00038
6ES8 ' 9.38 0.10 3.61 0.29 0.00017
1F4 9.02 0.12 3.53 0.44 0.00032
1F8 9.30 0.08 3.45 0.31 0.00014
10D9 9.49 0.11 3.56 0.16 0.00012
12D5 9.19 0.04 3.72 0.25 0.00034
17D10 9.15 0.16 3.48 0.30 0.00021
13E7 9.19 0.09 3.37 0.16 0.00015
14E4 L. rhamnosus 9.56 0.12 3.49 0.34 0.00009
21El 9.47 0.10 4.63 0.11 0.00145
11F9 9.69 0.07 3.58 0.42 0.00008
15F9 9.65 0.09 3.19 0.26 0.00003
15F10 9.53 0.03 3.13 0.19 0.00004
10F3 L. fermentum 9.55 0.07 3.32 0.27 0.00006
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