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Abstract

Lactic acid bacteria (LAB) are Gram-positive cocci or rods from different genera and species
that synergistically coexist with yeasts in cereal sourdoughs. Although the production
and consumption of sourdough breads have increased in the last decade, there are still
few studies that identify the LABs present in sourdoughs of different origins. In this
study, we identified LAB strains isolated from wheat sourdoughs sourced from bakeries
in north-western Spain and from experimental sourdoughs developed by a baker with
four different cereal flours: wheat, rye, spelt, and tritordeum. Through a combination of
MALDI-TOF and pheS gene sequence analyses, we identified Lactiplantibacillus plantarum
and Levilactobacillus brevis in all analysed sourdoughs. Moreover, Lactiplantibacillus para-
plantarum, Lacticaseibacillus paracasei, Lactococcus lactis, Pediococcus pentosaceus, and Weissella
paramesenteroides were identified in different sourdoughs. These species were also isolated
from sourdoughs obtained in other European countries, although we did not identify the
other LAB genera identified in some of them. Our results demonstrate the need to identify
the LAB species from sourdoughs of different origins prior to designing suitable starters
for inoculated sourdoughs, particularly those produced with innovative flours. To our
knowledge, this is the first report on the identity of LABs present in tritordeum sourdoughs
in Spain.

Keywords: lactic acid bacteria; sourdough; cereals; MALDI-TOF MS; pheS gene; Spain

1. Introduction
The production and consumption of bread made with sourdoughs (called levain in

French, sauerteig in German, pasta madre or lievito madre in Italian, and masa madre in Spanish)
have increased considerably in the last decade. Sourdoughs can be developed with different
cereals, and traditionally, wheat and rye are the most common cereals used in Europe [1].
More recently, spelt, an ancient variety of wheat [2], and tritordeum, a hybrid of wheat
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and barley developed in Spain at the end of the last century [3], have also been employed.
Currently, tritordeum is cultivated in several European countries. The highest producers
are Spain, Italy, and Greece [4], where this cereal is already being used to produce bread as
a reliable alternative to wheat in the development of low-gluten breads [5–7] to improve
their digestibility [8].

Sourdoughs are characterized by very complex biological systems dominated by lactic
acid bacteria (LABs), which synergistically coexist with yeasts that are well adapted to this
acidic environment but are present at lower cell concentrations than LABs [9]. LABs isolated
from sourdoughs are generally accepted as safe microorganisms that play important roles in
food fermentation and preservation and therefore could be used to formulate novel starters
for the bakery industry [10]. LABs are Gram-positive cocci or rods belonging to different
families, genera, and species included in the order Lactobacillales [11]. They are ubiquitous
bacteria in different systems, such as cereals in which flours contain LABs responsible for
fermentation processes during food production [12]. The production and consumption
of sourdough bread have increased considerably in the last decade, and studies on the
identity and diversity of LABs in sourdoughs have been carried out in different countries,
demonstrating that they belong to more than 100 species from 25 genera [13].

The genera Lactobacillus, Leuconostoc, Lactococcus, Pediococcus, and Weissella have been
found in several European countries. They have been identified in wheat sourdoughs from
Italy [14–23], France [24–26] and Belgium [27–29], Lactobacillus, Leuconostoc, Pediococcus and
Weissella in Austria [30], Bulgaria [31], and Turkey [32–34], and Lactobacillus and Weissella
in Greece [35]. In rye sourdoughs, Lactobacillus, Leuconostoc, Lactococcus, and Weissella have
been found in Italy [17]; Lactobacillus in France [26]; Lactobacillus, Leuconostoc, Pediococcus,
and Weissella in Austria [30] and Belgium [36]; Lactobacillus, Pediococcus, and Weissella in
Estonia [37,38]; Lactobacillus and Pediococcus in Bulgaria [30,39]; Lactobacillus, Leuconostoc,
and Pediococcus in Lithuania [40]; Lactobacillus, Leuconostoc, Pediococcus, Lactococcus and
Weissella in Turkey [33,41]; and Leuconostoc and Weissella in Spain [42]. In oat sourdoughs
the genera Lactobacillus, Leuconostoc, Pediococcus, and Weissella have been identified in
Ireland [43]. In barley sourdoughs Lactobacillus, Pediococcus, and Leuconostoc have been
found in Turkey [44], and Lactobacillus, Leuconostoc, and Weissella in Belgium [45]. In spelt
sourdoughs Lactobacillus, Leuconostoc, Lactococcus, and Pediococcus have been identified
in Belgium [27], and Pediococcus, Leuconostoc, and Weissella have been found in Italy [46].
In broa, a traditional ancient breadfrom Portugal produced with maize and rye flours,
Lactobacillus, Leuconostoc, Lactococcus, and Pediococcus have been identified [47,48].

Most of these studies were performed before the genus Lactobacillus was split into
several new genera, as proposed by Zheng et al. [49]. Several studies were conducted
afterwards identifying species from some of these new genera; particularly the genera Com-
panilactobacillus, Fructilactobacillus, Furfurilactobacillus, Lacticaseibacillus, Lactiplantibacillus,
Latilactobacillus, Lentiplantibacillus, Levilactobacillus, Limosilactobacillus, Loigolactobacillus, and
Paucilactobacillus were found in sourdoughs produced with different cereals in various
European regions [50–52].

Studies published in the last decade enabled the identification of some of these new
genera in wheat sourdoughs in Austria, Belgium, Bulgaria, France, Greece, Italy, Moldavia,
and Turkey; in rye sourdoughs in Austria, Belgium, Estonia, France, Lithuania, and the
United Kingdom; in spelt sourdoughs in Belgium and Italy; in triticale (hybrid of wheat and
rye) sourdoughs in Belgium; in mixed wheat and rye and/or spelt sourdoughs in Spain;
and in tritordeum sourdoughs in Italy [10,53–62]. A number of these new genera were also
identified in sourdoughs composed of different cereals in Belgium, France, and the United
Kingdom [63] and in traditional sourdoughs collected through a citizen science initiative in
Belgium, France, the Netherlands, and Spain as part of the HealthFerm project [64]. The
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identification of LABs in these European sourdoughs has been mainly achieved via the
sequencing of the 16S rRNA gene and in some studies via MALDI-TOF MS [30,34,57,58] or
pheS gene analyses [22,26–29,36]. Nevertheless, as far as we know, to date these methods
have not been used in combination to assess LABs in sourdoughs.

Despite the range of studies conducted during last decade that focused on the identifi-
cation of LAB species in sourdoughs worldwide, there is still a lack of data on the identity
of LABs present in sourdoughs in many European countries. Therefore, more studies
are necessary as the identification of LAB strains from sourdoughs produced in different
regions with different types of flours would likely contribute to discovering a greater LAB
biodiversity [39] and would enable the design of new starters to formulate new types of
breads. Therefore, the aim of this study was to identify the LABs isolated from different
cereal sourdoughs produced in north-western Spain via MALDI-TOF MS and pheS gene
analyses, which have been combined in previous works to identify LAB in fermented
foods [65,66].

2. Materials and Methods
2.1. LAB Isolation and Counting

LAB strains were isolated from wheat sourdoughs produced in different bakeries in
three provinces of north-western Spain—Ávila, Salamanca, and Zamora—which were used
to isolate yeasts in a previous study [67]. We also isolated LAB strains from experimental
firm and liquid sourdoughs produced by an expert baker (E. Mateos) with flours of wheat,
spelt, rye and tritordeum (Tables S1 and S2). These experimental sourdoughs were created
through spontaneous fermentation of the cereal flours and propagated for about one month
via daily back-slopping, as described by Chiva et al. [67].

To perform the isolation, 10 g samples from each sourdough were weighed, and 90 mL
of sterile peptone water (1 g/L peptone, 8.5 g/L NaCl) was added in 250 mL flasks. The
mixtures were incubated at 28 ◦C for 1 h with shaking at 200 rpm. Subsequently, 5 mL of
each mixture were centrifuged at low speed (3000× g) to remove the flour residue. Serial
decimal dilutions from the resulting supernatants were inoculated onto MRS agar plates
(Man, Rogosa and Sharpe medium, Sigma Co., Saint Louis, MO, USA). The plates were
incubated at 28 ◦C for 4 days under aerobic conditions. At this time, the colonies were
counted and transferred to new plates to obtain pure cultures for species identification.

2.2. MALDI-TOF MS and Data Analysis

Sample preparation and MALDI-TOF MS analysis were carried out as previously
described [68]. Briefly, bacterial biomass (5–100 mg) was prepared using a matrix solution
of saturated alpha-cyano-4-hydroxycinnamic acid (α-HCCA; Bruker Daltonics, Leipzig,
Germany) in 50% acetonitrile and 2.5% trifluoroacetic acid. Mass spectrometry measure-
ments were performed on an Autoflex III MALDI-TOF/TOF mass spectrometer (Bruker
Daltonics, Leipzig, Germany) equipped with a 200 Hz smart beam laser. Replicate analyses
were performed in triplicate for each sample from independent target spots. Spectra were
recorded in the linear, positive mode at a laser frequency of 200 Hz within a mass range of
2000 to 20,000 Da. The instrumental settings included an IS1 voltage of 20 kV, an IS2 voltage
maintained at 18.6 kV, a lens voltage of 6 kV, and an extraction delay time of 40 ns. For each
individual spectrum, a total of 500 laser shots were accumulated and analysed (10 × 50 laser
shots from distinct positions of the target spot). External mass calibration was validated
using the Bruker Bacterial Test Standard (BTS) (Bruker Daltonics, Leipzig, Germany) [69].
Microbial identification was performed according to the standard logarithmic score values
and thresholds recommended by the manufacturer. For cluster analysis, a dendrogram was
constructed based on the comparison of main strain-specific spectra using the statistical
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toolbox in Matlab 7.1 (MathWorks Inc., Natick, MA, USA) integrated within the MALDI
Biotyper 3.0 software (Bruker Daltonics, Leipzig, Germany), applying a correlation distance
measure and average linkage hierarchical clustering.

2.3. Genomic DNA Extraction and Phylogenetic Analysis of pheS Gene

Genomic DNA of isolated strains was extracted with the Bacterial DNA Extraction
Kit (Sigma-Aldrich, Saint Louis, MO, USA) following the manufacturer’s instructions. The
amplification and sequencing of pheS genes were carried out as indicated by Doan et al. [65].
The sequences obtained were compared with those from the GenBank using the Blastn
programme [70]. The obtained sequences and those of related bacteria retrieved from
GenBank were aligned using the Clustal W program [71]. The phylogenetic distances
were calculated according to Kimura’s two-parameter model [72], and phylogenetic trees
were inferred using the neighbour joining model [73]. MEGA 7.0 [74] was used for all the
phylogenetic analyses.

3. Results
3.1. LAB Cell Counting and Strain Isolation

The number of LABs in the bakery sourdoughs (mBAL) and experimental firm or
liquid sourdoughs ranged from 2 (±0.04) to 9 (±0.1) × 107 CFU g−1 and 1 (±0.03) to
3 (±0.07) × 109 CFU g−1, respectively. A total of 213 and 166 strains were isolated from
the bakery sourdoughs produced with wheat flours (mBAL) and experimental (firm and
liquid) sourdoughs (one month old) formulated with wheat, rye, spelt, and tritordeum
flours, respectively (Table 1). All of these strains were identified via MALDI-TOF MS.

Table 1. Results of the identification via MALDI-TOF and pheS gene sequence analyses of LAB strains
isolated from fermented sourdoughs produced with different cereal flours.

Sourdough Codes
(Number of

Isolated Strains)

Cereal/Sourdough
Type Origin

Identified LAB
Species via

MALDI-TOF MS

Representative
Strain/MALDI-

TOF Group

pheS Gene
Similarity

Values (%) *

mBAL5 (1), mBAL11 (5),
mBAL12 (9)

mBAL13 (7), mBAL17 (1),
mBAL18 (20)

wheat/firm Ávila and Zamora
bakeries

Lacticaseibacillus
paracasei

mBAL11_1/III,
mBAL12_21/V
mBAL18_15/I,
mBAL13_7/II,

mBAL18_20/IV

99.7

mBAL4 (7), mBAL5 (4),
mBAL11 (8), mBAL12 (3)
mBAL1 (17), mBAL10 (2),

mBAL19 (23)
mBAL13 (1), mBAL14 (10),
mBAL15 (14), mBAL17 (10)

wheat/firm Ávila, Salamanca,
and Zamora bakeries

Lactiplantibacillus
plantarum

mBAL4_3/VI
mBAL4_20/V
mBAL1_4/IX,

mBAL19_15/IV

100

BARI (15), BMOL (13)
BPARi (14), BPMOL (13)

wheat/firm
wheat/liquid experimental Lactiplantibacillus

plantarum
BMOL_18/II

BPMOL_17/VIII 100

BCEN (14)
BPCEN (13)

rye/firm
rye/liquid experimental Lactiplantibacillus

plantarum
BCEN_10/VII
BPCEN_14/XI 100

BESP (9)
BPESP (12)

spelt/firm
spelt/liquid experimental Lactiplantibacillus

plantarum
BESP_5/III
BPESP_5/X 100

BTRi (9)
BPTRi (12)

tritordeum/firm
tritordeum/liquid experimental Lactiplantibacillus

plantarum
BTRi_13/I

BPTRi_13/XII 100

mBAL4 (3) wheat/firm Ávila bakery
Lactiplantibacillus

paraplantarum mBAL4_6/II 100

BESP (4)
BPESP (4)

spelt/firm
spelt/liquid experimental Lactiplantibacillus

paraplantarum

BESP_7/IV
BPESP_2/III,
BPESP_13/V

97.9

BTRi (1) tritordeum/firm experimental Lactiplantibacillus
paraplantarum BTRi_2/I 97.9
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Table 1. Cont.

Sourdough Codes
(Number of

Isolated Strains)

Cereal/Sourdough
Type Origin

Identified LAB
Species via

MALDI-TOF MS

Representative
Strain/MALDI-

TOF Group

pheS Gene
Similarity

Values (%) *

mBAL12 (2)
mBAL1 (5)

mBAL13 (16), mBAL17 (2)
wheat/firm Ávila, Salamanca,

and Zamora bakeries
Levilactobacillus brevis

mBAL12_11/IX
mBAL1_3/IV

mBAL13_8/VI
98.7–99.2

BMOL (3)
BPARi (2), BPMOL (4)

wheat/firm
wheat/liquid experimental Levilactobacillus brevis BMOL_20/I

BPARi_7/XI 98.7

BPCEN (2) rye/liquid experimental Levilactobacillus brevis BPCEN_1/X 99.2

BESP (5)
BPESP (3)

spelt/firm
spelt/liquid experimental Levilactobacillus brevis

BESP_10/VII,
BPESP_11/III
BPESP_14/V

98.7–99.2

BTRi (10)
BPTRi (4)

tritordeum/firm
tritordeum/liquid experimental Levilactobacillus brevis BTRi_3/VIII

BPTRi_5/II 99.2

mBAL4 (1), mBAL12 (5)
mBAL9 (1), mBAL10 (5) wheat/firm Ávila and Salamanca

bakeries
Pediococcus
pentosaceus

mBAL4_8/III,
mBAL12_24/II
mBAL10_7/I

99.7–100

mBAL9 (22), mBAL10 (2) wheat/firm Salamanca bakeries Lactococcus lactis
mBAL9_4/I,

mBAL9_16/III,
mBAL10_23/II

100

mBAL10 (7) wheat/firm Salamanca bakery Weissella
paramesenteroides

mBAL10_8/II
mBAL10_18/I 100

* These values are calculated with respect to the strain type of each species.

3.2. MALDI-TOF MS Analysis

For sourdoughs baked in different provinces of north-western Spain with wheat flours,
the results of the LAB analysis revealed that these strains matched with scores higher than
2.0 with respect to Lacticaseibacillus (Lc.) paracasei, Lactiplantibacillus (Lt.) plantarum, Lactiplan-
tibacillus (Lt.) paraplantarum, Levilactobacillus (Lv.) brevis, Lactococcus (L.) lactis, Pediococcus (P.)
pentosaceus, and Weissella (W.) paramesenteroides (Table 1 and Table S3). The most abundant
species in the wheat fermented sourdoughs from Ávila bakeries was Lt. plantarum, with
46% of the isolated strains, followed by Lc. paracasei with 31%, P. pentosaceus with 13%,
Lt. paraplantarum, and Lv. brevis with less than 10% for each one (Figure 1 and Table 2).
In Salamanca bakeries, the most frequently isolated species was Lt. plantarum, with 50%
of strains, followed by L. lactis with 29% of strains and Lv. brevis, P. pentosaceus, and W.
paramesenteroides with less than 10% in each case. In Zamora bakeries, Lt. plantarum was
the most frequently isolated species, with 43% of strains, followed by Lc. paracasei with 35%
of strains and Lv. brevis with 22% (Figure 1 and Table 2).

Table 2. Percentages of the LAB species isolated in this study.

Sourdoughs 1 2 3 4 5 6 7

Fermented wheat sourdoughs from bakeries in different provinces

Ávila
mBAL4, mBAL5, mBAL11, mBAL12 31% 46% 6% 4% 13%

Salamanca
mBAL1, mBAL9, mBAL10 50% 29% 6% 7% 8%

Zamora
mBAL13, mBAL14, mBAL15, mBAL17, mBAL18 35% 43% 22%

Firm and liquid sourdoughs formulated with different cereals

wheat 86% 14%
rye 93% 7%

spelt 56% 22% 22%
tritordeum 58% 3% 39%

1: Lacticaseibacillus paracasei, 2: Lactiplantibacillus plantarum, 3: Lactiplantibacillus paraplantarum, 4: Lactococcus lactis,
5: Levilactobacillus brevis, 6: Pediococcus pentosaceus, and 7: Weissella paramesenteroides.
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Figure 1. Pie charts showing the distribution of the different species of LAB strains isolated from
wheat sourdoughs produced in bakeries from different provinces of north-western Spain.

The LAB strains isolated from liquid and firm sourdoughs formulated with different
cereal flours matched with scores higher than 2.0 with respect to Lt. plantarum, Lt. para-
plantarum, and Lv. brevis (Tables 1 and S3). The most abundant species (more than 50%
of strains) in all these sourdoughs was Lt. plantarum—particularly in those elaborated
with wheat and rye, where more than 85% of the isolated strains belonged to this species.
Lv. brevis was also identified in all sourdoughs, although in smaller amounts with less
than 40% of the isolated strains. In wheat and rye sourdoughs, Lt. paraplantarum was not
found, representing its only proportion lower than 25% in sourdoughs baked with spelt
and tritordeum (Figure 2 and Table 2). Although we found some differences between firm
and liquid sourdoughs from the same cereal, this was the case for the minority of species,
such as Lv. brevis in the case of rye and Lt. paraplantarum in the case of tritordeum (Figure 2
and Table 2).

Figure 2. Pie charts showing the distribution of the different species of LAB strains isolated from
one-month-old experimental sourdoughs formulated with different cereal flours.

3.3. pheS Gene Analysis

The analysis of partial sequences of pheS gene of strains isolated from different sour-
doughs and representative of different MALDI-TOF MS groups revealed that they clustered
with the type strains of the LAB species identified with this methodology (Figures S1–S7,
Table 1). The results of the pheS analysis confirmed the identification obtained after MALDI-
TOF MS analysis at genus and species levels for all strains isolated in this study, with
similarity values of pheS gene sequences ranging from 97.9% to 100% (Figure 3 and Table 1).

https://doi.org/10.3390/fermentation12080367

https://doi.org/10.3390/fermentation12080367


Fermentation 2026, 12, 367 7 of 15

All strains identified via MALDI-TOF MS as Lt. plantarum, W. paramesenteroides, or L. lactis
exhibited 100% similarity with respect to the type strain of this species. In the case of
Lc. paracasei, all strains demonstrated 99.7% similarity with respect to the type strain. In
the case of Lv. brevis, the strains clustered into two separate groups, one of them with
98.7% similarity and other with 99.2% similarity with respect to the type strain. In the
two remaining cases, the strains clustered into two separate groups, one of them with 100%
similarity with respect to the type strain of the species identified via MALDI-TOF MS and
the one exhibiting different similarity values with respect to those of the type strains. This
was the case for Lt. paraplantarum, with 97.9% similarity, and P. pentosaceus, with 99.7%
similarity, with respect to the type strains of these species (Table 1).

Lactiplantibacillus plantarum LMG 6907T (AM087714)

BPCEN_14 ( PZ446582)
BTRi_13 (PZ446580)
BMOL_18 (PZ446579)
BESP_5 (PZ446578)
BPMOL_17 (PZ446577)
mBAL1_4 (PZ446576)
mBAL4_20 (PZ446575)
mBAL4_3 (PZ446574)
mBAL19_15 (PZ446573)
BCEN_10  (PZ446572)

mBAL4_6 (PZ446570)
Lactiplantibacillus paraplantarum LMG 16673T (AM087727)
BESP_7 (PZ446567)
BPESP_13 (PZ446568)
BPESP_2  (PZ446569)
BTRi_2 (PZ446571)

mBAL10_7 (PZ446586)
mBAL4_8 (PZ446588)
mBAL12_24 (PZ446587)
Pediococcus pentosaceus LMG 11488T (AM749815)
mBAL13_8 (PZ446552)
BMOL_20 (PZ446553)
mBAL1_3 (PZ446555)
BPARi_7 (PZ446559)
BPESP_11 (PZ446560)

Levilactobacillus brevis LMG 6906T (AM087680)
mBAL12_11 (PZ446551)
BESP_10 (PZ446554)
BPESP_14 (PZ446556)
BPCEN_1 (PZ446557)
BPTRi_5 (PZ446558)
BTRI3 (PZ446561)
mBAL10_8 (PZ446584)
mBAL10_18 (PZ446585)
Weissella paramesenteroides LMG 9852T (FM202111)

mBAL9_4 (PZ446590)
mBAL10_23 (PZ446591)
mBAL9_16 (PZ446589)
Lactococcus lactis subsp. lactis LMG 6890 (JN226442)

Lactococcus lactis subsp. hordniae LMG 8520 (JN226485)
mBAL18_20 (PZ446563)
mBAL13_7 (PZ446564)
Lacticaseibacillus paracasei subsp. tolerans LMG 9191T (AM087711)
mBAL18_15 (PZ446565)
mBAL12_21 (PZ446566)

mBAL11_1 (PZ446562)
Lacticaseibacillus paracasei subsp. paracasei LMG 13087T (AM087710)

88

99

99

55

64

99

73

72

99

88

92

9954

99

98

99

99

99

0.05

BPESP_5 (PZ446583)
BPTRi_13 (PZ446581)

Figure 3. Neighbour joining phylogenetic unrooted tree based on pheS partial gene sequences (400 nt),
showing the taxonomic location of representative strains from different groups of MALDI-TOF MS
found in this study. Bootstrap values calculated for 1000 replications are indicated. Bar, 5 nt substitution
per 100 nt. Accession numbers from Genbank are presented in brackets.
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4. Discussion
LABs isolated from sourdoughs are generally considered safe microorganisms that

play important roles in food fermentation and preservation and could be used in the for-
mulation of novel starters for the bakery industry [10]. In Europe, the EFSA (European
Food Safety Authority) has updated the list of “qualified presumption of safety (QPS)
recommended microbiological agents intentionally added to food or feed”, including the
current names of species of lactic acid bacteria [75]. To date more than 100 species belong-
ing to more than 25 LAB genera have been isolated in sourdoughs [13], but few studies
have been performed on the LAB species present in sourdoughs from specific countries.
Therefore, the identification of LAB strains isolated from unstudied fermented matrices
elaborated in different geographical locations would likely enhance our knowledge of their
diversity and biotechnological potential [39]. LAB identification has been achieved using
different approaches, but the MALDI-TOF MS methodology combined with pheS gene
analysis has not been previously used for LAB identification in sourdoughs. However,
these two methodologies have been used to identify LABs in some fermented foods [36,38]
as the resolution of pheS gene analysis for the differentiation of LAB species is higher than
that of the 16S rRNA gene and other housekeeping genes, such as rpoA [76]. Therefore, in
the present study we used these two methods to identify LAB strains isolated from sour-
doughs from 11 bakeries (Table S1) and in 10 one-month-old sourdoughs, experimentally
formulated with four different cereal flours (Table S2). The results we obtained confirmed
that MALDI-TOF MS and pheS gene analyses constitute a reliable combined approach for
LAB identification, as has been demonstrated previously in other fermented foods [65,66].

We found differences in the LAB composition between the bakery and experimental
wheat sourdoughs, since some species isolated in the bakery sourdough were not found in
experimental ones, as was the case for L. lactis, Lc. paracasei, P. pentosaceus, W. paramesen-
teroides, and Lt. paraplantarum (Figures 1 and 2, Table 2). This may be attributed to different
back-slopping practices (the use of fermented sourdough from previous batches) in the dif-
ferent Spanish bakeries and to the microorganisms naturally present at each bakery. Some
researchers have already observed that higher numbers of reinoculation cycles in bakeries
facilitates a high level of biodiversity and microbial stability in their sourdoughs compared
to experimental breads, which are produced de novo or under restricted conditions that
fail to replicate real-life environments [13,15,16].

In this study, the LAB species identified in sourdoughs from north-western Spain—
Lv. brevis, Lt. plantarum, Lt. paraplantarum, Lc. paracasei, L. lactis, and P. pentosaceus—are
included in the updated list of EFSA [75], and they have also been isolated in other European
countries in sourdoughs formulated with the cereals analysed in this study: wheat, rye,
spelt, and tritordeum [50–52]. Among these cereals, wheat is most traditionally used for
bread-making in Europe [1], and rye is the second most used cereal after wheat [77]. Spelt
is currently a trendy crop in some areas of Europe [78], and tritordeum is a promising
cereal, which is already being used in some European countries’ bakeries [79].

In Europe, studies on the LABs isolated from sourdoughs formulated with these cereals
have demonstrated that Lv. brevis and Lt. plantarum are common in wheat sourdoughs in
countries such as Belgium in northern Europe; Austria, France, and Moldavia in central
Europe; and Bulgaria, Greece, Italy, Spain, and Turkey in southern Europe. To date,
the remaining species identified in this work have been identified in fewer countries:
Lc. paracasei was found in France, Italy, and Turkey; L. lactis was found in France, Greece,
Italy, and Moldavia; P. pentosaceus was found in Bulgaria, France, Italy, and Turkey; Lt.
paraplantarum was found in Bulgaria, France, Italy, and Turkey; and W. paramesenteroides
was found in Italy and Turkey (Table 3).
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Table 3. LABs identified in the cereal sourdoughs in this study in European countries where they
have been found.

LAB Species Country Cereal References

Lactobacillus brevis (currently
Levilactobacillus brevis)

Austria wheat and rye [30]
Belgium wheat [28]
Belgium spelt [27]
Belgium rye [36,63]
Bulgaria wheat [31,60]
Bulgaria spelt [60]
Estonia rye [37,58]
France wheat [24,25]
Greece wheat [35,54]

Italy wheat [14–16,20–23,56]
Italy spelt [46]

Lithuania rye [40]
Moldavia wheat [61]

Spain wheat, rye, spelt, and tritordeum this study
Turkey wheat [10,32,34,53,55]

United Kingdom rye [63]

Lactobacillus plantarum (currently
Lactiplantibacillus plantarum)

Austria wheat and rye [30]
Belgium wheat [27–29]
Belgium spelt [27]
Belgium rye [36]
Bulgaria wheat [31,60]
Bulgaria spelt [60]
Estonia rye [37,38]
France wheat and rye [24–26]
Greece wheat [54]

Italy wheat [14–18,20,21,23,56]
Italy rye [17]
Italy spelt [46]
Italy tritordeum [62]

Lithuania rye [40]
Moldavia wheat [61]

Spain wheat, rye, spelt, and tritordeum this study
Spain wheat and rye [59]

Turkey wheat [10,32–34,53,55]
Turkey rye [41]

United Kingdom rye [63]

Lactobacillus paraplantarum
(currently Lactiplantibacillus

paraplantarum)

Belgium spelt [27]
Bulgaria wheat and spelt [60]
France wheat [25]
Italy wheat [23]
Italy spelt [46]
Spain wheat, spelt, and tritordeum this study

Turkey wheat [32,34]

Lactobacillus paracasei (currently
Lacticaseibacillus paracasei)

Austria wheat and rye [30]
Belgium wheat [28,29]
Belgium rye [63]
Estonia rye [38,58]
France wheat [24,25]
Italy wheat [23]
Spain wheat and rye [59]
Spain wheat this study

Turkey wheat [10]
United Kingdom rye [63]

Lactococcus lactis

Belgium wheat [27]
Belgium spelt [27]
Belgium rye [36]
France wheat [25]
Greece wheat [54]

Italy wheat [14–17]
Lithuania rye [40]

Spain wheat this study
Turkey rye [41]
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Table 3. Cont.

LAB Species Country Cereal References

Pediococcus pentosaceus

Austria wheat and rye [30]
Belgium wheat [27–29]
Belgium spelt [27]
Belgium rye [36]
Bulgaria wheat [31]
Estonia rye [37,58]
France wheat [24,25]
Italy wheat [15,16,18,20,21]
Italy rye [17]
Italy spelt [46]

Moldavia wheat [61]
Spain wheat this study

Turkey wheat [33]

Weissella paramesenteroides

Italy wheat [15,16]
Italy tritordeum [62]
Spain wheat this study

Turkey wheat [32]

In rye sourdoughs, Lv. brevis and Lt. plantarum were also found in more countries than
the other species identified in this study. They were found in Belgium, Estonia, Lithuania,
and the UK, whereas Lc. paracasei was isolated in Estonia and the UK; L. lactis was found in
Estonia, Lithuania, and Turkey; and P. pentosaceus was identified in Estonia (Table 3).

Regarding spelt sourdoughs, Lt. plantarum and Lv. brevis were also the most commonly
identified LABs in European countries, including Belgium, Bulgaria, and Italy. In Italy Lt.
paraplantarum and P. pentosaceus were also isolated, whereas L. lactis was found in Belgium
(Table 3).

Finally, the LAB species present in tritordeum sourdoughs have only been analysed in
Italy to date [48]. In agreement with our results, Lt. plantarum and Weissella paramesenteroides
were identified in Italian tritordeum sourdoughs, but Lt. paraplantarum and Lv. brevis were
absent in these sourdoughs, which in turn contained strains of Weissella confusa, Weissella
cibaria, and Leuconostoc mesenteroides, which were not found in this study (Table 3).

According to our results and those of studies performed in other European countries,
the LAB species that are most widely distributed in this continent in wheat, rye, spelt, and
tritordeum sourdoughs are Lv. brevis and Lt. plantarum, and Lc. paracasei and P. pentosaceus
as well as L. lactis, Lt. paraplantarum, and Weissella cibaria are less common (Table 3).

5. Conclusions
Through the use of MALDI-TOF MS and pheS gene sequence analyses, we identified six

genera of LABs—Lactiplantibacillus, Levilactobacillus, Lacticaseibacillus (all of them previously
included into the genus Lactobacillus), Lactococcus, Pediococcus, and Weissella—in sourdoughs
experimentally formulated with wheat, rye, spelt, or tritordeum by a baker in north-
western Spain. Lt. plantarum and Lv. brevis were identified in all experimental sourdoughs
(liquid and firm). These species have also been isolated in different cereal sourdoughs
produced in European countries, confirming that they could be used in starters for bread
production. It is remarkable that Lt. paraplantarum was identified in the sourdoughs
formulated with tritordeum—a cereal developed in Spain and increasingly incorporated
into bread production in other countries, such as Italy— in addition to Lt. plantarum and
Lv. brevis. Our results agree with previous studies that have examined LABs in cereal
sourdoughs from other European countries.

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/fermentation12080367/s1: Table S1. Sourdoughs produced in bakeries from
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different Spanish provinces. Table S2. Cereals used for sourdoughs created by the baker Enrique Mateos-
Horganero from “Repostería Enrique Mateos” bakery in Entrala (Zamora province). Table S3. Results
of the MALDI-TOF MS analysis. Figure S1. Cluster analysis of MALDI-TOF MS spectra of the strains
belonging to the species Lacticaseibacillus paracasei identified in this study. Distance is displayed in relative
units. Figure S2. Cluster analysis of MALDI-TOF MS spectra of the strains belonging to the species Lacti-
plantibacillus plantarum identified in this study. Distance is displayed in relative units. Figure S3. Cluster
analysis of MALDI-TOF MS spectra of the strains belonging to the species Lactiplantibacillus paraplantarum
identified in this study. Distance is displayed in relative units. Figure S4. Cluster analysis of MALDI-TOF
MS spectra of the strains belonging to the species Lactococcus lactis identified in this study. Distance
is displayed in relative units. Figure S5. Cluster analysis of MALDI-TOF MS spectra of the strains
belonging to the species Levilactobacillus brevis identified in this study. Distance is displayed in relative
units. Figure S6. Cluster analysis of MALDI-TOF MS spectra of the strains belonging to the species
Pediococcus pentosaceus identified in this study. Distance is displayed in relative units. Figure S7. Cluster
analysis of MALDI-TOF MS spectra of the strains belonging to the species Weissella paramesenteroides
identified in this study. Distance is displayed in relative units.
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41. Ispirli, H.; Demirbaş, F.; Yüzer, M.O.; Dertli, E. Identification of lactic acid bacteria from spontaneous rye sourdough and
determination of their functional characteristics. Food Biotech. 2018, 32, 222–235. [CrossRef]

42. Llamas-Arriba, M.G.; Hernández-Alcántara, A.M.; Mohedano, M.L.; Chiva, R.; Celador-Lera, L.; Velázquez, E.; Prieto, A.; Dueñas,
M.T.; Tamame, M.; López, P. Lactic acid bacteria isolated from fermented doughs in Spain produce dextrans and riboflavin. Foods
2021, 10, 2004. [CrossRef] [PubMed]

43. Hüttner, E.K.; Dal Bello, F.; Arendt, E.K. Identifcation of lactic acid bacteria isolated from oat sourdoughs and investigation into
their potential for the improvement of oat bread quality. Eur. Food Res. Technol. 2010, 230, 849–857. [CrossRef]

44. Çakır, E.; Arıcı, M.; Durak, M.Z. Biodiversity and techno-functional properties of lactic acid bacteria in fermented hull-less barley
sourdough. J. Biosci. Bioeng. 2020, 130, 450–456. [CrossRef] [PubMed]

https://doi.org/10.3390/fermentation12080367

https://doi.org/10.1007/s00217-018-3100-x
https://doi.org/10.1016/j.ijfoodmicro.2016.07.034
https://www.ncbi.nlm.nih.gov/pubmed/27539249
https://doi.org/10.1016/j.ijfoodmicro.2009.07.006
https://www.ncbi.nlm.nih.gov/pubmed/19651455
https://doi.org/10.1128/aem.00315-07
https://www.ncbi.nlm.nih.gov/pubmed/17557853
https://doi.org/10.1128/aem.00894-07
https://www.ncbi.nlm.nih.gov/pubmed/17675431
https://doi.org/10.1111/j.1365-2672.2008.04094.x
https://www.ncbi.nlm.nih.gov/pubmed/19187144
https://doi.org/10.1016/j.lwt.2020.109358
https://doi.org/10.3390/microorganisms9071346
https://www.ncbi.nlm.nih.gov/pubmed/34206198
https://doi.org/10.1016/j.lwt.2016.03.030
https://doi.org/10.1515/pjfns-2015-0041
https://doi.org/10.17221/56/2021-cjfs
https://doi.org/10.1128/aem.68.12.6059-6069.2002
https://www.ncbi.nlm.nih.gov/pubmed/12450829
https://doi.org/10.1016/j.fm.2010.06.005
https://www.ncbi.nlm.nih.gov/pubmed/20832677
https://doi.org/10.1371/journal.pone.0095449
https://www.ncbi.nlm.nih.gov/pubmed/24748058
https://doi.org/10.1371/journal.pone.0148325
https://www.ncbi.nlm.nih.gov/pubmed/26849134
https://doi.org/10.3390/microorganisms8010064
https://www.ncbi.nlm.nih.gov/pubmed/31905993
https://doi.org/10.1080/08905436.2018.1507913
https://doi.org/10.3390/foods10092004
https://www.ncbi.nlm.nih.gov/pubmed/34574114
https://doi.org/10.1007/s00217-010-1236-4
https://doi.org/10.1016/j.jbiosc.2020.05.002
https://www.ncbi.nlm.nih.gov/pubmed/32782196
https://doi.org/10.3390/fermentation12080367


Fermentation 2026, 12, 367 14 of 15

45. Harth, H.; Van Kerrebroeck, S.; De Vuyst, L. Community dynamics and metabolite target analysis of spontaneous, backslopped
barley sourdough fermentations under laboratory and bakery conditions. Int. J. Food Microbiol. 2016, 228, 22–32. [CrossRef]
[PubMed]

46. Korcari, D.; Ricci, G.; Quattrini, M.; Fortina, M.G. Microbial consortia involved in fermented spelt sourdoughs: Dynamics and
characterization of yeasts and lactic acid bacteria. Lett. Appl. Microbiol. 2020, 70, 48–54. [CrossRef] [PubMed]

47. Rocha, J.M.; Malcata, F.X. On the microbiological profile of traditional Portuguese sourdough. J. Food Prot. 1999, 62, 1416–1429.
[CrossRef] [PubMed]

48. Rocha, J.M.; Malcata, F.X. Microbial ecology dynamics in Portuguesse broa sourdough. J. Food Qual. 2016, 39, 634–648. [CrossRef]
49. Zheng, J.; Wittouck, S.; Salvetti, E.; Franz, C.M.A.P.; Harris, H.M.B.; Mattarelli, P.; O’Toole, P.W.; Pot, B.; Vandamme, P.; Walter, J.;

et al. A taxonomic note on the genus Lactobacillus: Description of 23 novel genera, emended description of the genus Lactobacillus
Beijerinck 1901, and union of Lactobacillaceae and Leuconostocaceae. Int. J. Syst. Evol. Microbiol. 2020, 70, 2782–2858. [CrossRef]
[PubMed]

50. da Rocha, J.M.F.; Russo, P.; Capozzi, V.; Fragasso, M.; Malcata, F.X. Sourdough Microbiota Diversity in Southern Europe. In
Sourdough Microbiota and Starter Cultures for Industry; Ceresino, E.B., Juodeikiene, G., Schwenninger, S.M., Rocha, J.M.F., Eds.;
Springer Nature: Cham, Switzerland, 2024; pp. 21–60.
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