UnissResearch

Universita deqli studi di Sassari

Osimani, Andrea; Zannini, Emanuele; Aquilanti, Lucia; Mannazzu, Ilaria
Maria; Comitini, Francesca; Clementi, Francesca (2009) Lactic acid bacteria
and yeasts from wheat sourdoughs of the Marche region. Italian Journal of
Food Science, Vol. 21 (3), p. 269-286. ISSN 1120-1770.

http://eprints.uniss.it/4256/

Documento digitalizzato dallo Staff di UnissResearch



Spedizione in ab. post. comma 26 - art. 2 - legge 549/95 n, 3/2009 - Torino

Rivista italiana
di scienza degli alimenti

1S
Volume XXI

Number 3
2009

CHIRIOTTI m, EDITORI




PAPER

LACTIC ACID BACTERIA AND YEASTS
FROM WHEAT SOURDOUGHS
OF THE MARCHE REGION

BATTERI LATTICI E LIEVITI DA MADRI ACIDE DI FARINA DI GRANO
TENERO DELLA REGIONE MARCHE

A. OSIMANI, E. ZANNINI, L. AQUILANTI*, I. MANNAZZU?,
F. COMITINI and F. CLEMENTI
Dipartimento di Scienze Alimentari, Agro-Ingegneristiche, Fisiche,
Economico-Agrarie e del Territorio (SAIFET),

Universita Politecnica delle Marche, Via Brecce Bianche, 60131 Ancona, Italy
'Dipartimento di Scienze Ambientali, Agrarie e Biotecnologie Agro-Alimentari,
Universita degli Studi di Sassari, Via De Nicola 2, 07100 Sassari, Italy
*Corresponding author: Tel. +39 071 2204959, Fax +39 071 2204988,
e-mail: Laquilanti@univpm.it

ABSTRACT

The need for a greater diversification
of baked products has given rise to the
on-going search for yeast and lactic
acid bacteria (LAB) strains with opti-
mal baking potential. Thirty-six yeasts
and 118 LAB, isolated from nine type I
sourdoughs that were sampled in bak-
eries located in the Marche region (cen-
tral Italy), were molecularly and pheno-
typically characterized. The polyphasic
approach used revealed the biodiver-
sity of the microbial communities in-

RIASSUNTO

La necessita di ampliare e diversifica-
re lofferta di prodotti lievitati da forno
ha portato alla ricerca di ceppi di lievi-
ti e batteri lattici con spiccate attitudi-
ni panificatorie. Trentasei lieviti ¢ 118
batteri lattici, isolati da 9 madri acide
di tipo I campionate in panifici situati
sul territorio della regione Marche (Ita-
lia centrale), sono stati caratterizzati a
livello molecolare e fenotipico. L'approc-
cio polifasico utilizzato ha evidenziato
la biodiversita presente nella comunita
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vestigated and two yeasts and ten LAB
cultures with the potential to be used
in sourdough bread-making processes
were identified.

microbica oggetto di studio ed ha per-
messo di identificare 2 colture di lievi-
to e 10 di batteri lattici potenzialmente
utilizzabili nei processi di panificazione.

INTRODUCTION

Yeasts and lactic acid bacteria (LAB)
are common inhabitants of sourdoughs
that originate from flour and bakery en-
vironments (DE VUYST and NEYSENS,
2005) as well as from the vegetable mat-
ter that can be added to the initial mix-
tures of flour and water (FOSCHINO et
al., 2004). A very complex ecological sys-
tem is established, where different mi-
crobial species co-exist and interact in
a dynamic equilibrium (GAROFALO et
al., 2008). This natural consortium is
constantly renewed in a recycling mode
under strict recipe and ripening condi-
tions (HAMMES and GANZLE, 1998), and
it is responsible for the so-called “sour-
dough fermentation” that leads to leav-
ened baked goods with distinctive tangy
or sour tastes (GANZLE et al., 1998).

Type I sourdoughs are known to be
colonized mainly by Lactobacillus sanfra-
ciscensis and Lact. pontis (VOGEL et al.,
1999). Recently, DE VUYST and NEYSENS
(2005) proposed a new classification of
type I sourdoughs that encompasses:
i) sourdoughs fermented by pasty pure
starter cultures, defined as type la; ii)
sourdoughs prepared through multiple-
stage fermentation processes that con-
tain spontaneously developed mixed cul-
tures, defined as type Ib; and iii) sour-
doughs fermented at high temperatures,
and typically used in tropical regions,
classified as type Ic.

In recent years, sourdough-based
bread-making has been the object of re-
newed interest, with the ever-increas-
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ing consumer demand for tasty, more
natural and healthier foods (PAGANI et
al., 2007). This consensus is explained
by the numerous benefits of sourdough
fermentation; namely, improved dough
properties, crumb structure and bread
texture; increased bread volume and fla-
vour; and slower staling and prolonged
mould-free shelf-life (ARENDT et al.,
2007). An examination of the current
scientific literature shows that most of
these benefits are greatly influenced by
the particular yeast and lactic acid bac-
teria (LAB) strains that carry out the fer-
mentation.

Commercial starters, made up of se-
lected strains, as either single or mixed
cultures, entered the market a few dec-
ades ago. The need for a greater diver-
sification of baked products has given
rise to the on-going search for strains
with peculiar traits and baking poten-
tial (VOGEL et al., 2002; DI CAGNO et al.,
2008). Although useful for maintaining
the advantages of the biological fermen-
tation process, while providing baked
goods with a stable quality, the use of
selected strains in sourdough biotech-
nology is still limited due to a generally
low persistence of starters during prop-
agation. Accordingly, the evaluation and
further selection of candidate starter
strains is a multi-step process that fo-
cuses on ecological, functional and tech-
nological aspects. Key criteria for this
selection are based on general aspects,
including origin and identity, technical
aspects (growth properties in vitro and
during processing, survival and viabil-



ity during transport, storage, etc.) and
eventual functional aspects (i.e. benefi-
cial features).

On the basis of these premises, an in-
depth investigation was carried out on
the microbial ecology of nine type-I wheat
sourdoughs that were sampled from one
semi-industrial and eight artisan bak-
eries of the Marche region (central Ita-
ly) using a culture-dependent approach.
The main technological traits of a select-
ed pool of yeasts and LAB were further
investigated, as a basis for a preliminary
selection of promising strains that could
be exploited by the local baking industry
for sourdough fermentation processes.

MATERIALS AND METHODS
Micro-organisms

Nine yeast (Table 1) and seven LAB
(Table 2) reference strains were pur-
chased from: (i) the Deutsche Sammlung
von Mikrorganismen und Zellkulturen
(DSMZ, Braunschweig, Germany); (ii)
the American Type Culture Collection
(ATCC, Manassas, VA, USA); (iii) the
Industrial Yeasts Collection of the De-
partment of Applied Biology, Univer-
sity of Perugia (DBVPG, Perugia, Ita-
ly); (iv) the National Collection of Yeast
Cultures (NCYC, Norwich, UK); and (v)
the Centraalbureau voor Schimmelcul-
tures Fungal and Yeast Collection (CBS,
Utrecht, The Netherlands). All of the
strains were revitalized as indicated by
the culture suppliers.

Sourdough sampling
and pH measurements

Nine mature type I sourdoughs that
had been propagated daily by back-slop-
ping at room temperature with wheat
flour were sampled in one semi-indus-
trial (referred to as C) and eight artisan
bakeries (referred to as A, B and D to
I) located in the Marche region (central

Italy) (Table 3). The length of the sour-
dough fermentation time and temper-
ature varied considerably among the
nine bakeries, according to the partic-
ular cycle of production. During ripen-
ing, the sourdoughs were bound tight-
ly with canvas (bakeries A and C) or left
to ripen in plastic containers (bakeries
B, and D to I).

In the semi-industrial bakery C, com-
pressed bakers’ yeast had never been
used before. In bakeries A, G and H, it
was routinely used in the production
lines that are different from those con-
sidered in the present study, while in
bakeries B, D, E, F and I, the sourdoughs
sampled had been prepared with trace
amounts of this leavening agent. The
compressed bakers’ yeast used by bak-
eries A, B, and D to [ were sampled and
used for the isolation of the industri-
al yeast strains, referred to as the con-
trols in both the molecular typing and
the technological characterization. All of
the samples were kept under refrigerat-
ed conditions and analysed within 24 h.
Only the sourdough samples collected
from bakeries A, C, G and H were used
further for the isolation of sourdough
yeasts because their preparations did
not include the addition of compressed
bakers’ yeast.

The pH measurements of the sour-
dough samples were carried out in du-
plicate with a model 300 pH meter (Han-
na Instruments, Padova, Italy) equipped
with an HI2031 solid electrode (Hanna
Instruments).

Microbial counting and isolation
of yeasts and LAB

Approximately 10 g of each sourdough
sample were diluted in 90 mL of a ster-
ile peptone water solution (1 gL! pep-
tone, 8.5 gL' NaCl) and homogenised
for 2 min at 260 rpm using a Stomach-
er apparatus (400 Circulator, PBI Inter-
national, Milan, Italy). The homogenates
were serially diluted and aliquots (100
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Table 3 - Type I sourdough samples collected in one semi-industrial and eight artisan bakeries of the

Marche region (central Italy).

Bakery  Location (District) Ripening Ripening pH* Log cfu g

time temperature

(h} (°C) Yeasts LAB
A Ancona 20 20 3.80+0.02 70 8.3
B Pesaro-Urbino 22 Troom 3.15+0.01 74 8.6
C Pesaro-Urbino 24 Troom 3.85+0.01 77 9.2
D Ancona 4-5 20-25 3.80+0.01 76 8.4
E Macerata 15-17 8-10 4.20+0.02 8.0 8.5
F Macerata 24 Troom 4.27+0.02 74 8.6
G Ascoli Piceno 20 Troom 4.45+0.01 6.9 8.6
H Ascoli Piceno 48 25 3.80+0.02 71 9.0
I Ascoli Piceno 7-8 25 3.90+0.01 8.0 9.0
* Mean value + standard deviation.

uL) of each dilution were streaked onto
the agar media listed below.

The yeasts were counted and isolated
on Wallerstein Laboratory Nutrient (WLN)
agar (Oxoid, Basingstoke, UK) with 250
mg L' chloramphenicol added (GOBBET-
TI et al., 2000) and incubated at 25°C for
96 h. Up to three colonies were selected
according to each morphology and col-
our on the WLN plates, and they were
streaked to purity onto the same medi-
um. For each isolate, the cell morphology
was examined using a light microscope
under oil-immersion (100x). The yeast
isolates were stored frozen (-80°C) in a
mixture of glycerol and YPD (Oxoid) (1:1).

The LAB were counted on: (i} De Man,
Rogosa and Sharp (MRS) agar (DE MAN
et al., 1960), modified by the addition of
1% maltose and 5% fresh yeast extract
(mMRS) (GOBBETTI et al., 1996) (ii) sour-
dough medium (SDB) (KLINE and SUGI-
HARA, 1971); and (iii) GM17 agar (HORN
et al., 1999). To inhibit the yeast growth
250 mg L' cycloheximide were added to
these three media. The incubations were
carried out at 30°C under anaerobic con-
ditions (Anaerogen GasPak System, Ox-
oid, Basingstoke, UK) for 48-72 h. After
counting, LAB colonies were random-
ly selected and picked from the last di-

lution plates; the bacterial isolates were
tested for Gram and catalase reactions,
and stored frozen (-80°C) in a mixture of
glycerol and mMRS (1:1).

Molecular identification
of yeasts and LAB

The yeast isolates were initially iden-
tified by restriction fragment length pol-
ymorphism (RFLP) analysis. To widen
the existing 5.8S-ITS restriction pattern
database that is available for the iden-
tification of food-borne yeasts, in-silico
restriction of nucleotide sequences re-
trieved form the GenBank DNA database
was performed with three endonucleas-
es Cfol, Haelll and Hinfl and the TACG
software, which is available at http://
bioweb.pasteur.fr/seqanal/interfaces/
tacg.html.

In the experimental RFLP analyses,
the nine reference yeast strains listed in
Table 1 were used as controls. The DNA
was extracted from YPD broth cultures
as described by MAKIMURA et al. (1999).
Aliquots (1 pL) of the template DNA were
amplified according to ESTEVE-ZARZOSO
et al. (1999). Twenty uL of the PCR prod-
ucts were digested separately in 30 pL
reaction volumes with 2 U of Cfol, Hael-
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IT and Hinfl (Roche Diagnostics, Germa-
ny). The digests were analysed by elec-
trophoresis in 2.5% (w/v) agarose gels
at 3.5 V cm'! constant voltage for 3 h. A
50-bp DNA size marker (Amersham Bi-
osciences, Amersham, UK) was used for
size standards.

The LAB isolates were initially identi-
fied by amplified rDNA restriction anal-
ysis (ARDRA). An in-silico restriction
analysis similar to that performed with
the 5.8S-ITS nucleotide sequences was
carried out on the 16S rRNA gene se-
quences retrieved from the GenBank
DNA database and ascribed to LAB spe-
cies commonly found in flour and sour-
dough. '

In the experimental ARDRA assays,
seven reference strains (listed in Table
2) were used as controls. The bacterial
DNA was extracted from the SDB broth
cultures as described by DE LOS REYES-
GAVILAN et al. (1992). Quantity and pu-
rity of the DNA were assessed by opti-
cal reading at 260 and 280 nm, respec-
tively (SAMBROOK et al., 1989). An ap-
proximately 360-bp portion of the 16S
rRNA gene was amplified using univer-
sal primers for eubacteria, and separate-
ly digested with Fokl, Haelll and Alul
(Roche Diagnostics, Mannheim, Germa-
ny), as previously described (AQUILANTI
et al., 2007).

The gels were stained with ethidium
bromide and photographed under UV
light. The electronic images of the gels
were visualized with the ImageMaster
VDS apparatus (Amersham Pharmacia),
captured with LISCAP software v.1.0
(Amersham Pharmacia), and stored as
TIFF files. The digitalized images were
normalized with the 50-bp DNA size
marker (Amersham Pharmacia), and an-
alyzed with GelCompar, v. 4.0 (Applied
Maths, Kortrijk, Belgium).

The isolates were grouped by compar-
ing their restriction patterns to those in-
cluded in published RFLP (GUILLAMON
et al., 1998; DLAUCHY et al., 1999; ES-
TEVE-ZARZOSO et al., 1999; ARIAS et al.,
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2002; GULLO et al., 2003; PULVIRENTI
et al., 2004) and ARDRA (AQUILANTI et
al., 2007) databases, as well as those of
the databases built specifically for the
present study. The diagnosis of species
was verified by sequencing of the ampli-
cons (600-800 bp for yeasts, 360 bp for
LABSs) from one or more isolates selected
within each RFLP and ARDRA group. The
PCR products were purified using mi-
cro-columns (GFX purification kit, Am-
ersham Biosciences), according to the
manufacturer’s instructions, and sent to
MWG Biotech (Milan, Italy) for sequenc-
ing. The closest relatives of the sequenc-
es obtained were determined through
searches within the GenBank DNA da-
tabase using the BLAST algorithm (ALT -
SCHUL et al., 1990).

The 54 bacterial isolates assigned to
Lact. plantarum sensu latu underwent
recA multiplex PCR assay, as described
by TORRIANI et al. (2001), for a finer dis-
crimination at the species level. The 11
bacterial isolates for which the geno-
type-based identification led to an am-
biguous diagnosis underwent the follow-
ing phenotype-based tests: fermentation
of sucrose, melibiose, L-arabinose, tre-
halose, raffinose and lactose (evaluated
using a miniaturized assay in microtit-
er plates) and hydrolysis of arginine, in
modified MRS broth medium (AQUILAN-
Tl et al., 2007).

Molecular typing of yeasts

Three pL of the total genomic DNA ex-
tracted from the sourdough and com-
pressed bakers’ yeast isolates were used
in the PCR reactions, as described by
MAKIMURA et al. (1999). Inter-delta se-
quences were amplified as described by
CIANI et al. (2004).

Technological characterization
of the isolates

The LAB were sub-cultured in SDB
medium and incubated at 30°C for 24



h, while the yeasts were sub-cultured
in YPD broth (Oxoid) and incubated at
25°C for 24 h.

For the assessment of the LAB acid-
ifying activities and the CO, produc-
tion from yeasts and LAB, an inoculum
standardisation was required. Accord-
ingly, stationary phase cells were har-
vested by centrifugation at 4,200 x g,
washed twice, and resuspended in ster-
ile distilled water. The cell suspensions
were diluted to an optical density at 620
nm (OD_,) of 1.25 which, according to
CORSETTI et al. (1998), corresponded to
yeast and LAB counts of 107 and 10° cfu
mL!, respectively. The standardised sus-
pensions were used as a 4% (v/v) inoc-
ulum in the first two assays, following.

LAB acidifying activity

The acidifying activity of the 118 LAB
isolates were determined in SDB broth
(initial pH, 5.6), incubated at 30°C under
aerobic conditions. After 6 and 24 h of
fermentation, 1 mL samples were asep-
tically withdrawn for pH assessment us-
ing a model 9224 pH meter (Hanna In-
struments, Padova, Italy) equipped with
a microtube electrode (Hamilton, Reno
Nevada, USA). For the 34 pre-selected
LAB isolates ascribed to species of tech-
nological interest for the baking indus-
try, the amount of lactic acid and ace-
tic acid produced after a 24 h incuba-
tion was determined spectrophotometri-
cally, using two commercially available
enzymatic kits (Kit Nos. 11112821035
and 0148261, respectively; Boehringer
Mannheim/ R-Biopharm, Darmstadt,
Germany).

Yeast and LAB CO, production

The amount of CO, produced by 36
sourdough yeasts and 34 pre-select-
ed heterofermentative LAB isolates was
evaluated by inoculating the cell suspen-
sions into 100 mL flasks containing 70
mL SDB broth. After the inoculation, the
flasks were aseptically sealed with Miller
valves, which allowed the CO, to escape

the system (CIANI and ROSINI, 1987].
The flasks were weighed immediately af-
ter inoculation and after 24 h incubation
at 25°C for yeasts, and at 30°C for LAB,
using an analytical balance (Analytical
Plus, Ohaus, New Jersey). The CO,, pro-
duced was expressed as the weight loss
of the fermented broths after this 24 h
fermentation.

Yeast and LAB amylase activity

The amylase activities of 36 sour-
dough yeasts and 34 pre-selected LAB
isolates were qualitatively determined
using the method described by SEELEY
et al. (1995). Starch hydrolysis was re-
vealed by the appearance of clear halos
surrounding the colonies exposed to a
0.25% iodine solution (DUNGA et al.,
2006). For the LAB isolates that could
hydrolyse starch, the amylase activities
were quantitatively determined as fol-
lows: twenty uL of the standardised cell
suspensions were inoculated into 180
uL of 0.1 mol L! phosphate buffer (pH
7.0) containing 10 g L' soluble starch
(Sigma-Aldrich, Milan, I[taly). After in-
cubation at 30°C for 3 h, the residu-
al concentrations of starch were deter-
mined using an enzymatic kit (Kit No.
207748 Boehringer Mannheim/R-Biop-
harm), according to the manufacturer
instructions.

Statistical analysis

Three replicates of each technological
assay were performed. Arithmetic means
and standard deviations were calculat-
ed. One-way analysis of variance (ANO-
VA) and the Tukey Kramer honestly sig-
nificant difference (HSD) based on three
replicates were carried out using the JMP
software package (version 3.15, S.a.s. In-
stitute Inc. Carry, NC, USA), with the fol-
lowing variables: VARI1, species, VAR2,
isolates within the same species; VAR3,
acidifying activity at 6 h fermentation;
VAR4, acidifying activity at 24-h fer-
mentation; VARD, lactic-acid production;
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VARG, acetic-acid production; VAR7, CO,,
production; and VARS8, amylase activity.

RESULTS

Sourdough pH measurements,
microbial counting and isolation

Nine mature type I sourdough sam-
ples were collected from nine bakeries
in the Marche region (central Italy). For
the sourdough acidification, the pH val-
ues ranged from 3.15 to 4.45 (Table 3).

The viable microbial counts showed
that the sourdough samples contained
yeasts and LAB in ratios that varied from
about 1:100 (samples collected from bak-
eries C, G and H) to 1:10 {samples col-
lected from bakeries A, B, D to F) (Table
3). The yeast cell numbers ranged from
log 6.9 to log 8.0 cfu g !, while those of the
LAB varied from log 8.3 to log 9.2 cfu g!.

The yeasts were isolated only from the
sourdough samples collected from bak-
eries A, C, G and H, the refreshment of
which did not include the direct addition
of compressed bakers’ yeast, while the
LAB were isolated from all of the sour-
dough samples. The isolation campaign
yielded 36 sourdough yeast and 118 bac-
terial isolates. Eleven yeast cultures were
isolated the compressed bakers’ yeast,
that is commonly used in bakeries A, B,
D to I. Remarkable morphological differ-
ences in colony colour, elevation, surface
and edge were seen in the yeast colonies
grown on WLN agar (data not shown). All
of the bacterial isolates were Gram posi-
tive and catalase negative.

Yeast and LAB molecular identification

For the RFLP analysis, the amplifica-
tion of the 5.8S-ITS region from the ref-
erence strains and the isolates yielded
PCR products that were characterized
by a high degree of length variation. The
sizes of the PCR amplicons and of the
Cfol, Haelll and Hinfl digests are shown
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in Table 2. For all of the yeast reference
strains, the experimental patterns were
comparable to those obtained through
the in-silico simulation. For the 36 yeast
isolates, 33 were characterized by restric-
tion patterns identical to those produced
by the two S. cerevisiae reference strains,
CBS1171T and CBS4054. The remaining
three isolates were ascribed to a different
group, since they showed restriction pro-
files that were not comparable to those
collected in the present and other pub-
lished databases (FOSCHINO et al., 2004;
ARIAS et al., 2002; GULLO et al., 2003;
PULVIRENTI et al., 2004). Consequent-
ly, the 5.8S-ITS amplicons had to be se-
quenced in order to have an unequivo-
cal identification of these isolates. The
alignment of these sequences with those
published for the species Candida humi-
lis (Acc. no. AY188851) resulted in identi-
ties that exceeded 98%, thus confirming
the identification of these yeasts. For the
ARDRA analysis, PCR products of the ex-
pected sizes were obtained from both the
LAB reference strains and the isolates.
The sizes of the Fold, Haelll and Alul di-
gests are shown in Table 2. The restric-
tion profiles generated by the LAB refer-
ence strains were consistent with those
obtained through the in-silico simulation
(Table 2). A large proportion of the most
abundant LAB species in the sourdoughs
was readily differentiated from each oth-
er. On the other hand, two species, Weis-
sella confusa and W. viridescens, could
not be differentiated after digestion with
Fokl, Haelll and Alul.

Restriction profile comparisons, par-
tial sequencing of the 16S rRNA gene,
and recA multiplex PCR assays allowed
107 isolates to be unambiguously identi-
fied at the species level. For the remain-
ing 11 isolates, further phenotype-based
analyses were performed, thus allowing
their definitive assignment to species.

The microbial map of the nine sour-
doughs is shown in Fig. 1. A high degree
of biodiversity was seen across the eco-
systems investigated. Lact. plantarumand



. Bakery No.
e A B ¢ D _ E_F 6 _H 1 isolates
Lact. plantarum wt) w3 w) w@E) w@d) = =@ =@ wll) |54
Lact cuwrvatus n(2) wm(2) u(3) 7
Lact. sakei n(l) :
Lact. rhamnosus u(l) 1
Lact. helveticus u(2) 2
Lact. gallinarum a(l) |1
Lact. sanfraiciscensis w3 w4 ul) g8
Lact. par alimentarius u(7) u(3) a(l) w(l) |12
Lact. brevis u(5) 5
Lact casel ssp. carnosus u(l) 1
Lact paracaseil ssp. paracasel u(l) wm(l) 2
Lact. fermentum n(l) w2 3
Lact. casei sensu lafu u(l) 1
S salivarius n(l) u(l) 2
Lewe. cifreum u(l)  m(l) 2
Lews. pseudomeserteroides n®  wm(D) 10
W. confiusa u(l) wm@) =l 4
W.cibaria u(l) 1
E. faecalis al) |1

Total 118
Yeasts
S cerevisiae u(6) u(10) n7) w(l0) 33
C. honilis n3) 3
Total 36

Fig. 1 - Microbial map of the nine sourdoughs from the Marche region (central Italy) under study. For each
sourdough sample, the number of isolates ascribed to yeast and LAB species are reported in brackets.

Saccharomyces cerevisiae were present in
all of the sourdough samples, followed by
Lact. paralimentarius (4 samples), Lact.
curvatus (3 samples), Lact. sanfranciscen-
sis (3 samples) and W. confusa (3 samples).

Yeast molecular typing

The amplification of the inter-delta se-
quences from the 36 sourdough and 11
bakers’ yeast isolates allowed the identi-
fication of seven fingerprints, referred to
as «a to n (Fig. 2). The first four amplifi-
cation patterns (a, f3, y, 8) were obtained
from the sourdough isolates, while the
latter three (¢, T, ) were obtained from
the industrial strains. Comparative eval-
uation of these fingerprints showed the
genetic diversity of the sourdough iso-
lates (Table 4). For nine isolates, the am-
plification of the inter-delta sequenc-
es did not allow the visualization of any
PCR products. This is not unusual for
S. cerevisiae (EGLI et al., 1998; CIANI et

- Emme
- deeingt _

Fig. 2 - Inter-delta amplification profiles generat-
ed by PCR from the 36 sourdough and 11 indus-
trial Saccharomyces cerevisiae isolates.

L- Molecular weight marker (100 bp DNA Ladder,
M-Medical, Milan, Italy).

al., 2004; MARINANGELI et al., 2004). Re-
garding the sources of the isolates, the
sourdough sample collected in bakery C
was characterised by the highest strain
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Table 4 - Technological characterization and molecular typing of the 36 sourdough yeast isolates.

Bakery Isolate Species Amyl. CO,(gL Inter-delta fingerprint
A PL1 C. humilis - 0.01 0 (0.00) N.D.
PL12 + 0.20 o (0.00) N.D.
PL13 - 0.50 n {0.01) N.D.
PL15 S. cerevisiae - 1.35 ! {0.01) *
PL16 ++ 317 ef (0.01) *
PL17 ++ 3.18 ef (0.02) *
PL18 + 2.30 hi (0.01) *
PL19 ++ 3.13 f (0.02) *
PL20 ++ 2.54 g (0.03) *
C PL31 + 3.63 de (0.01) *
PL32 - 3.72 de (0.02) a
PL33 +++ 450 b (0.04) a
PL34 4 2.67 fg (0.02) o
PL35 ++ N.D. N.D. N.D. o
PL36 + 3.63 de (0.03) *
PL37 - 4.08 c (0.04) *
PL38 ++ N.D. N.D. N.D. o
PL39 - N.D. N.D. N.D. o
PL40 + 3.29 e (0.02) B
G PL76 +/- N.D. N.D. N.D. ¥
PL77 +- 0.65 n (0.00) ¥
PL78 +- N.D. N.D. N.D. Y
PL79 +++ 2.69 fg (0.01) S
PL80 +++ 2.77 fg (0.01) d
PL82 ++ 3.25 e (0.02) d
PL83 +++ 2.38 gh (0.02) o
H PL94 +++ 413 b (0.05) o
PL95 +++ N.D. N.D. N.D. o
PL96 ++ 2.73 gh (0.01) a
PLI7 +4++ 4.70 a (0.04) a
PL98 +++ N.D. N.D. N.D. «
PL99 +- 2.49 g (0.01) a
PL100 +- 2.16 hi (0.02) a
PL101 +- 3.76 de (0.02) a
PL102 +- N.D. N.D. N.D. a
PL103 +++ N.D. N.D. N.D. o
For CO, production, the mean values are expressed in g L of gas released after 24 h. Standard deviations () are
reported in brackets, while different letters denote significant differences (P<0.05). * no amplification; N.D. Not Deter-
mined; - no hydrolysis; + low hydrolysis; ++ medium hydrolysis; +++ high hydrolysis.

diversity (two fingerprints and three iso- Technological characterization
lates that did not generate any amplifi-
cation products), while apparently ge- LAB acidifying activity

netically homogeneous populations of S. The LAB acidification kinetics were
cerevisiae were seen for the sourdough assessed after 6 and 24 h of fermenta-
samples from bakery A and H. tion (data not shown). For each sour-
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dough sample, the isolate showing the
highest acidifying activity among those
ascribed to the same species was cho-
sen and taken through further techno-
logical assays. This preliminary screen-
ing allowed 34 isolates to be pre-select-
ed (Table 5). Although the ability to rap-
idly decrease the pH of the SDB medi-
um significantly varied among the iso-
lates, the majority of them showed pH
values lower than 5.00 after only 6 h of
fermentation. Among these, the isolates
Lact. plantarum PB11 and Lact. sakei
PB14 stood out as having significantly
greater acidifying velocities.

Production of L/D-lactic acid

and acetic acid

The amounts of L/D-lactic acid and
acetic acid produced by the 34 pre-se-
lected LAB isolates are shown in Table
5. As it has emerged from the statisti-
cal evaluation of these two chemometric
parameters, the isolate Lact. plantarum
PB11 differed significantly from the oth-
ers; it had the highest lactic acid pro-
duction (6.28 gL''). On the other hand,
the isolates Lact. plantarum PB210 and
PB46, as well as Lact. sanfranciscensis
PB211 and Leuc. citreum PB220, had the
highest acetic acid production values.

CO, production

The CO, production from the 36 sour-
dough yeasts and 34 pre-selected heter-
ofermentative LAB was evaluated (Tables
4 and 5). For the majority of the LAB, the
amount of CO, produced was between
0.20 and 1.90 g L', although it ranged
from 3.5 g L'! (detected for Lact. plantarum
PB11) to 0.2 g L'! (detected for Lact. par-
alimentarius PB94). For the yeasts, the
isolates belonging to Candida humilis
showed CO, production between 0.01 and
0.50 g L'!, while for those ascribed to S.
cerevisiae, this ranged from 0.65t04.70 g
L'. Within this latter group, values com-
parable to those shown by the 11 S. cer-
evisiae strains isolated from the bakers’
yeast (2.6-5.0 gL'!) were seen in 17 cul-

tures. Two isolates (S. cerevisiae PL97 and
PL33) showed the best performance, re-
leasing 4.70 and 4.50 g L' CO,, respec-
tively. Both these genera had high varia-
bilities as noted by ANOVA (Table 5).

Starch hydrolyses

The 36 sourdough yeasts and 34 pre-
selected LAB were first screened on
MRS-starch plates for qualitative assess-
ment of their amylolytic abilities. For the
yeasts, the ability of the isolates ascribed
to S. cerevisiae to hydrolyse starch varied
from (-) to (+++), while a negative amy-
lolytic ability was seen for all of the iso-
lates belonging to Candida, except for the
isolate PL12 (Table 4). For the LAB iso-
lates that showed a positive activity (from
+ to +++), a quantitative determination
of the starch hydrolysis was conduct-
ed (Table 5). Among the LAB, only nine
isolates were able to hydrolyse starch.
When the amounts of hydrolysed starch,
which ranged from 1.10t02.13 gL'}, was
statistically evaluated, a wide inter- and
intra-specific variability was seen (Table
5). While several Lact. plantarum isolates
were characterized by a high amylolytic
capacity, the W. confusa PB150 isolate
had the best performance.

Definition of LAB and yeast biotypes

By considering the species, the source
of isolation and the results of the tech-
nological characterization (plus the mo-
lecular fingerprinting, when available),
almost all of the 36 yeast and 34 pre-
selected LAB isolates were bio-diverse,
except for two clones (S. cerevisiae PL79
and PL80) identified among the yeasts.

DISCUSSION

The industrialization of the baking
process has led to an increased de-
mand for defined single-strain and mul-
ti-strain culture preparations for stand-
ardised sourdough fermentations (GOB-

Ital. J. Food Sci. n. 3, vol. 21 - 2009 279



sapiosajuasawopnasd

e 90 (1000 9 voo (100) 6 8Ll ‘aN ‘aN - (loo) s o0sc (1000 do 606 "one7  8829d
sapjossjuasawwopnasd
p oL (100) ae goo (100) Jo 19T ‘an ‘an - (ob0) ® sre (v00) u 8V ‘one7  2/18d
po ge1  (100) g S00 (900) P esE ooy B 221+ (2o0) PO 0GE (B00) 4 €Ly sisusosouenuesoe]  9/28d
o 0 (00 a4 §00 (200) ep zee {r00) a 861 +t (00) & e (o) d ZbS wnueyueid 1087 /829d
2 091 (e00) e oro (100 ° 0z pu pu - (2000 o e (800) 4  ¥8¢€ wnieugid 087 1/29d
1aseoesed
a 0 (0000 9 €00 (800) B w2l ‘aN ‘anN - (oo p 9se (1000 B  ¥O¥ ‘dss joseorsed 1087 $828d 9
8 590 (000 B 20 (00) 6 zoe (loo) u o1l + (€000 o zye (€000 U i wnuelued 1087 89284
p oot (000) 9 S00 (200 o 1T ‘aN ‘aN - (z00) ® 99¢ (€00) u 90¥ snueuswie/ed 1087 $928d
po Gt (100) ae 800 (100) op ObE ‘an ‘aN - (c00) PO sye (0O 1 €TV wmnusuus)Joe7 29184
p 060 (1000 ®B 20  (00) o ere ‘aN anN - (loo) Po 9pe (100) 4 e8¢ sineiq 1087 SS 8d 4
P Okt (2000 98 00 (00) o 292 (€00) ® gz A+t (000 4y 62y (c00) u 98 BSMuod M 0618d
p 260 (2000 B ¢€l'o (€00 o 2T (zoo) u ov1 + (00} a s8ze (1000 ep &€ wnieugid 087 999d 3
p w1 (000) a 900 (100) o 26T aN ‘anN - (loo) po gge (e00) P 29¢ eleqo M 2e8d
p 080 (00) e o0 (100) © 64 (so0) o €81 et (00) po wwe (€000 4 €8¢ wgueld 1087 €¥28d
8 050 (000) 9 €00 (1000 B syl ‘aN ‘anN - (€00 Po 05t (2000 4 ¥8¢€ wnieueid 1087 2yz8d
p ot  (000) g 200 (100) °p 962 ‘AN ‘aN - (c00) qe 1zt (G000 PO 89¢€ wnieued 1087 tzad
2 6,0 (000) 9 00 (100) B 012 (€00) U Ivt +H+ (loo) @ ¢9e (00) 6 zeE smeanooe] €684 a
o gyt (000) 9 00 (90°0) ep Qo€ ‘aN ‘aN - (600) @ gae (100 1| kY snsouweyl19eT  £62ad
po 0zt {0000 A 900 (¥00) 9p 88T ‘aN ‘aN - (loo) po g€ (100) 9o €6¢E sniejuawyeied 1087 £28d 2
8 0.0 (00) e g0 (e00) B zoe ‘anN ‘anN - (goo) ® 89e (200) 1 &Y wnaiio-ona]  0229d
p 980 (1000 e 00 (100) 0 172 aN ‘anN - (€00) P 9p'e (c00) B SOp  sisusdsouesuesIoR]  £228d
p 2t (000) ae 800 (v00) ep g€ (! aN - (o) a ge (00 aq e§¢ ieyes 1087 ¥l8d
e 05t (2000 g8 o0 (200 e 829 ‘aN ‘aN - (so0) ' wie (1000 e epe wnigjueid 1087 118d
a o6t (1000 g8 600 (100) #© 2€G ‘aN ‘aN - (o} o 11e @O U et snjennd 1087 Gligd g
p 00+ (00 @& oro  (100) o gge @000 o peL i (loo) P pge (1000 8 18%€ wnaiyo-ong]  £4d
P S0 (00) ' €0 (100) 4 /8% (100) + &1 +t (t0o) 4 e8e (200) b sgg  sisusosioueyuesjoeT  Lizad
p 260 (2000 e €0 (¥00) 8p 29¢ (l00) w 2 + (o) po spe (1000 B vov wreugid 1087 0l28d
po 021 (0000 4 00 (e00) P g€t ‘an ‘anN - (loo) 6 av o 1 ver smennajoe]  iad
p okt (000) 9 900 (200) ep O2¢€ ‘anN aN - (o0 a ze (1000 9 69¢ nje| nsuas 9580 1087 Gad ¥
‘00 ajejeoy ajeloe (,76) peshjoiphy Upe ug
—— Aungoe
(1:76) sayjogejew Arewid Yorels ‘Awy uoleaIpIY saadg  aejos| Aleyeg

*(A1e3] Te1Ua0) uolgal AYDIRIA 2U) Jo sysnopnos | ad£) woly sajeost gyl $E 9U) Jo uonezuajoereys [eardojouyda] - g s|qel,

280 1tal. J. Food Sci. n. 3, vol. 21 - 2009



Continued tab. 5.

Primary metabolites (gL.")

Starch

Amy.
activity

Acidification

Species

Bakery Isolate

Acetate o,

Lactate

hydrolysed (gL")

24h

6h

046 e (0.00)

(0.01)

006 b

g (0.07)

1.31

N.D.

N.D.

o (001) 343 ¢ (003)

5.05

Lact. paracasei ssp.

PB294
paracasei

H

020 e (0.01)
)
)
)

(0.00)
(0.01)
(0.00)
(0.01)

004 b

(0.01)

9
289 ef (0.01)

1.03

N.D.
N.D.

- N.D.

(0.01)
(0.04)
(0.02)
(0.02)

cd
be

3.50
3.36
333
3.48

(0.04)
(0.01)
(0.01)
(0.01)

9
r
0
9

4.02
5.38
4.97
4.02

Lact. paralimentarius

Lact. plantarum
Lact. plantarum

Leuc.

PB94

110 d (0.01

006 b

N.D.
N.D.
N.D.

PB193
PB202
PB295

100 d (0.01

004 b

290 ef (0.06)
ef

2.56

N.D.
N.D.

b
cd

110 d (0.01

005 b

(0.01)

pseudomesenteroides

For the quantitative assays, mean values are expressed as: pH measured after 6 and 24 h; gL' of hydrolyzed starch; gL of lactate and_a}cetate' produced after 12 h;
gL of CO, produced after 24 h. Within each dataset, standard deviations (+) are reported in brackets, while different letters denote significant differences (P < 0.05).

N.D.: not detected.

-2 no hydrolysis; +: low hydrolysis; +: medium hydrolysis; ++: high hydrolysis; +++: very high hydrolysis.

BETTI et al., 1995). The strain selection
for industrial applications relies greatly
on the evaluation of distinctive microbial
activities for improved sourdough bread
quality (GOBBETTI and GANZLE, 2007).
Each sourdough is a unique ecosystem,
where a balanced population of yeasts
and LAB interact in a dynamic equilib-
rium. Accordingly, the selection of the
resident sourdough strains to be used
as starters requires prior knowledge of
the complexity and structure of this ec-
osystem. Indeed, the successful use of
starters largely depends on competition
with autochthonous strains as well as
on strain robustness during sourdough
back-slopping.

In the present study, the microbial
ecology of nine wheat flour sourdoughs
sampled in the Marche region was as-
sessed in order to identify candidate
yeast and LAB starter strains for the lo-
cal baking industry. High loads of yeasts
and LAB were seen in all of the sour-
dough samples analysed. These data
are in agreement with those reported for
wheat flour sourdoughs (DE VUYST and
NEYSENS, 2005). The viable counts for
the yeasts were lower than those record-
ed for the LAB for all of the sourdoughs
under study.

With the restriction analysis of the
5.85-ITS rRNA region, the results of
this study fully confirm the usefulness
of this analysis as a routine, fast tech-
nique for identifying yeasts from sour-
dough. However the published restric-
tion pattern databases must be contin-
uously updated. Indeed, new and atyp-
ical profiles can be generated by both
reference and wild strains, as has been
shown by the RFLP trials. The produc-
tion of these atypical profiles could re-
sult from single mutations in the 5.8S-
ITS region, which, in turn, are known to
be responsible for the loss or gain of re-
striction sites. Accordingly, an intra-spe-
cific variability in the large subunit rDNA
sequences of yeast species was previous-
ly seen with C. lipolytica (KURTZMAN and
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ROBNETT, 1997) and Clavispora lusitani-
ae (LACHANCE et al., 2003).

As far as the yeast ecology of our sour-
dough samples is concerned, S. cerevi-
siae was shown to dominate, and it was
the only species detected in three out of
four bakeries; namely, C, G and H. This
finding confirms the high competitive-
ness of this species in wheat flour sour-
dough ecosystems (ROCHA and MALCA-
TA, 1999; SUCCI et al., 2003; PULVIREN-
TI et al., 2004). Interestingly, in all four
of the sourdoughs evaluated, the colo-
ny morphology of isolates of S. cerevisiae
was different on WLN agar. According to
CAVAZZA et al. (1992), this finding sug-
gests the presence of a heterogeneous S.
cerevisiae population. The presence of
a biodiverse pool of S. cerevisiae strains
among our isolates was confirmed by the
visualization of different inter-delta am-
plification patterns. The 81 and 82 prim-
ers were previously used to successful-
ly investigate the genetic polymorphism
of yeasts from wheat flour sourdoughs
(PULVIRENTI et al., 2004). Interestingly,
none of our yeast isolates showed finger-
prints that were similar to those yielded
by the S. cerevisiae strains isolated from
the four compressed bakers’ yeasts. This
finding confirms the presence of a wild
heterogeneous population of S. cerevisiae
in the sourdough sample collected from
bakery C, where the compressed bakers’
yeast had never been used; at the same
time, it suggests the exclusive presence
of a wild S. cerevisiae community in the
sourdough samples collected from bak-
eries A, G and H, where the compressed
bakers’ yeast was used in production
lines different from those that were con-
sidered in the present study.

While C. humilis was previously iden-
tified as one of the prevalent species in
wheat flour (GULLO et al., 2003) and
sourdoughs (FOSCHINO et al., 2004), in
the present study it was only isolated
from one bakery. This suggests that this
species was poorly adapted to the sour-
dough ecosystems analysed.
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Similar to the RFLP, the restriction
analysis of the amplified 16S rRNA gene
proved to be a useful tool for identifying
the sourdough LAB species. One of the
main advantages of the techniques that
rely on the restriction analysis of DNA
sequences is that comprehensive restric-
tion pattern databases can be built up
and easily updated when new species,
or even new profiles, are described. Giv-
en the availability of sequences of suf-
ficient quality, the prediction of restric-
tion patterns of deposited nucleotide se-
quences by applying computer-aided di-
gestion helps to increase the discrimina-
tion power of these techniques.

Similar to other ecological investiga-
tions carried out on wheat sourdoughs
(DE VUYST and NEYSENS, 2005), in the
samples studied the LAB species with
heterofermentative metabolism were
prevalent. Remarkable differences in
species richness were also found; in two
sourdoughs considered (collected from
bakeries C and E), only three species
were isolated, while in the remaining
samples, mixed LAB populations were
detected that included up to six species.
This high heterogeneity is probably due
to the differences in the technological
parameters (SALOVAARA, 1998) and/or
to contamination from the raw materi-
als and bakery environments (DE VUYST
and NEYSENS, 2005).

Among the facultative heterofermen-
tative species, Lact. plantarum was the
most frequently isolated, while within
the obligate heterofermentative group,
W. confusa and Lact. sanfranciscensis
prevailed; each was isolated from three
sourdoughs. The frequent isolation of
Lact. plantarum in wheat flour sour-
doughs, as well as the association with
Lact. sanfranciscensis and Lact. breuvis,
has been described (GOBBETTI et al.,
1994; GOBBETTI, 1998) and tentative-
ly ascribed to the high adaptation of
these micro-organisms to plant materi-
als (e.g. maize and rye) (ROCHA and MAL-
CATA, 1999}



Although type [ sourdoughs are dom-
inated by Lact. sanfraciscensis and Lact.
pontis (VOGEL et al., 1999) the composi-
tion of the microbial communities in the
sourdoughs analyzed was closer to those
usually detected in type-III sourdoughs,
according to the classification proposed
by VOGEL et al. (1999). A similar dis-
crepancy was detected by RICCIARDI et
al. (2005) in type-I sourdoughs used to
manufacture Altamura bread in Apulia
(southern Italy).

Based on the new classification of
type-I sourdoughs proposed by DE VUYST
and NEYSENS (2005}, all of the sour-
doughs analyzed in this study fall with-
in the type-Ib group because they were
prepared through multiple steps and
characterized by extremely heteroge-
neous LAB populations, including spe-
cies groups that were previously isolated
from sourdoughs, i.e. Lact. casei, Lact.
plantarum, Lact. sakei, Lact. sanfrancis-
censis, Lact. gallinarum (VOGEL et al.,
1999; EHRMANN and VOGEL, 2005). To
our knowledge, representatives of the
Lact. salivarius species have never been
isolated from sourdoughs, but lactobacil-
li ascribed to Lact. salivarius were found
in the samples collected from bakeries
B and D.

The selection of micro-organisms
with suitable functional properties
and the establishment of optimized
and controlled processing conditions
in breadmaking are the key issues for
the production of breads with the lev-
el and uniformity of quality currently
required by the European consumer.
Overall, the ecological investigations
performed here have allowed both wild
yeasts and LAB with baking potential
to be found.

It is known that a good yeast strain
for the sourdough process must possess
definite properties, such as fast leaven-
ing of the dough and high amylolytic ac-
tivity (LINKO et al., 1997). With regard to
the pool of S. cerevisiae isolates consid-
ered in this study, there was a high het-

erogeneity in both CO, production and
amylolytic activity.

For the LAB, the high acid production
during the first hours of the sourdough
fermentation process is a desired trait of
starter strains used in baking applica-
tions (CLARKE et al., 2002). Based on this
parameter, two isolates decreased the pH
more rapidly, namely Lact. plantarum
PB11 and Lact. sakeiPB14, and are thus
potential starter cultures.

Other microbial traits affect the sta-
bility of leavened baked goods, such as
the type of organic acids produced dur-
ing sourdough fermentation (DAESCHEL
et al., 1987). Lactic acid accounts for a
more elastic gluten structure (LORENZ,
1983), while acetic acid positively af-
fects the sensory properties of baked
goods, and has anti-ropiness and anti-
mould activities. To date, many efforts
have been made to increase the concen-
tration of acetic acid in sourdoughs, es-
pecially through the selection of start-
er strains ascribed to obligately hetero-
fermentative species, like Lact. sanfran-
ciscensis (GOBBETTI, 1998). When the
amount of lactic acid and acetic acid pro-
duced by the isolates in this study were
compared, the best performances were
seen for Lact. plantarumPB11, PB46 and
PB210, Leuc. citreum PB220 and Lact. sa-
franciscensis PB211.

The amount of fermentable carbohy-
drates in flour largely depends on the
extent of starch hydrolysis performed
by the endogenous and microbial amy-
lases and xylanases (MARTINEZ-ANAYA,
1996). Accordingly, a further criterion
for selecting LAB starter strains is a high
amylolytic ability, because this increas-
es the availability of energy sources for
non-amylolytic LAB and yeasts (SANNI
et al., 2002). Based on the results of the
agar plate assays, the Lact. plantarum
PB287 and W. confusa PB150 strains
would provide the greatest hydrolysis of
soluble starch.

The CO, released by the lactic acid
bacteria has been reported to enhance

Ital. J. Food Sci. n. 3, vol. 21-2009 283



yeast metabolism, and consequently
the yeast-leavening ability (GOBBETTI et
al., 1995). Accordingly, Lact. plantarum
PB11 and PB 277, as well as Lact. cur-
vatus PB115 could be candidates for
starter strains, since they had the great-
est gas production, together with S. cer-
evisiae PL97 and PL33. Although Lact.
plantarum s a facultative heterofermen-
tative species, which is not expected to
produce high amounts of CO,, under
aerobic conditions, it can ferment lac-
tate to acetate and CO, through a path-
way which involves NAD+dependant
and/or NAD+independent LDH, pyru-
vate oxidase and acetate kinase (MUR-
PHY et al., 1985).

The overall results obtained in this
study demonstrate the high biodiversi-
ty of the sourdough ecosystem and the
effective possibility of exploiting this
source of wild yeasts and LAB to find
strains with baking potential. The yeast
and LAB strains selected in the present
study were included in a defined multi-
species starter culture, which was used
to prepare sourdoughs destined for in
bread-making with barley flour (ZANNI-
NI et al., 2009).
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