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A B S T R A C T   

The aim of this research was to identify lactic acid bacteria (LAB) that could be used as starter strains in sour
dough made with almond peel powder to create novel fermented functional bakery products. Physicochemical 
characteristics and LAB were analyzed from ten home-made sourdoughs used at the family level in western Sicily 
(Italy). The pH (3.57–4.80) and TTA (8.20–14.20 mL 0.1 N NaOH/10 g) were inversely correlated. LAB domi
nated all sourdoughs, and the highest cell densities (6.74–9.28 log cfu/g) were detected on the medium Sour 
Dough Bacteria, except for one sample. Among LAB groups, the lowest counts (4.92–6.19 log cfu/g) were ob
tained on M17 used for LAB cocci. Yeasts were lower than LAB from two to four orders of magnitude with values 
between 3.93 and 6.11 log cfu/g. Twenty strains belonging to the species Enterococcus gilvus, Fructilactobacillus 
sanfranciscensis, Lacticaseibacillus paracasei, Lactiplantibacillus pentosus, Lactiplantibacillus plantarum, Lactococcus 
lactis, Lentilactobacillus buchneri, Lentilactobacillus diolivorans, Leuconostoc citreum, Leuconostoc holzapfelii, Levi
lactobacillus brevis, Pediococcus pentosaceus, and Weissella cibaria were identified. Eleven out of the 20 strains 
identified showed the ability to grow in presence of 16 polyphenols characterizing the peel of almonds. Eight of 
these LAB strains dropped pH below 4.5 after 6–8 h of fermentation, and two strains showed a strong inhibitory 
effect against Listeria monocytogenes ATCC19114 with inhibition diameters around the wells >19 mm. Thus, all 
acidifying strains were selected to produce sourdough bakery goods enriched with almond skin powder.   

1. Introduction 

Sourdough has been experiencing a renewed era of application. 
Despite the long history of use, the interest in this leavening agent is still 
on the rise [1]. In the southern part of Italy, sourdough propagation is a 
common home practice [2]. In the past, sourdough propagation in Sicily 
was a weekly home practice performed by housewives and women who 
had been engaged in this activity since childhood [3]. Sourdough was 
considered a family treasure and was even given as a dowry from 
mothers to daughters. 

Sourdough contains lactic acid bacteria (LAB) and yeasts, but LAB 
populations are the most important groups that exert several positive 
properties of sourdough [4]. Sourdough LAB provide several advantages 
over baker’s yeast in terms of organoleptic, nutritional and safety 

aspects of the final bakery products [5]. Therefore, research groups and 
R&D units of industrial companies continuously select sourdough LAB to 
find strains with desired properties [6]. Recently, the National Recovery 
and Resilience Plan (NRRP) has aimed to design nature-based sustain
able solutions, explore microbial biodiversity, improve a clean and cir
cular economy, and sustain human health [7]. In this context, enriching 
cereal-based foods with fruit and vegetable wastes and by-products rich 
in polyphenols and using selected LAB strains as leavening agents 
represent a good strategy to improve the functional value of bakery 
products [8]. However, it is well known that phenolic compounds pre
sent in grape and oregano essential oils could negatively influence the 
development of starter LAB [9,10]. To our knowledge, no studies 
regarding the ability of LAB to grow in the presence of the main poly
phenols characterizing almond by-products are present in literature. 
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The purpose of this research is to select LAB that are resistant to 
almond peel polyphenols to develop ad hoc starter cultures for future 
applications in functional sourdough bread production in the presence 
of almond skin in powder form. 

The specific objectives of this study were to: (i) isolate, characterize, 
and identify LAB from home-made semolina sourdoughs; (ii) evaluate 
the resistance of LAB to growth in the presence of almond peel poly
phenols; and (iii) determine the bread technological potential of LAB. 
This study is part of a project aimed at producing novel healthy bakery 
products by reusing almond skin. 

2. Materials and methods 

2.1. Sample collection 

The sourdoughs analyzed in this study were primarily produced from 
semolina alone and rarely in combination with flour (Table 1). These 
sourdoughs were sampled in western Sicily, specifically among the 
provinces of Agrigento, Palermo and Trapani, and were all propagated 
at home level without the addition of baker’s yeast in any step of pro
duction. The collection was performed at the moment of the daily 
refreshment when the acidity level was at the maximum level. Two al
iquots of each sourdough, representing the technical repetitions, were 
collected on the same day, and a given sourdough was sampled twice, at 
a 1-week distance, to obtain two independent replicate productions. All 
sourdoughs were aseptically collected by means of a portable Bunsen’s 
burner and a sterile stainless steel spoon. Almost 100 g of sourdough 
were placed into sterile BagLight® 400 bags (Interscience, Saint Nom, 
France) and transported into a portable cooler. Once in the laboratory of 
Food and Agricultural Microbiology of Palermo University (Italy), all 
sourdough samples were immediately analyzed. 

2.2. Physicochemical analysis and microbiological investigation 

The pH values were determined using a pH-meter HI98165 (Hanna 
Instruments, Villafranca Padovana, Italy). Each sourdough (10 g) was 
suspended in 90 mL of distilled H2O, homogenized by means of a Bag
Mixer® 400 (Interscience) at the highest speed for 2 min, and subjected 
to total titratable acidity (TTA) measurement using 0.1 N NaOH (results 
expressed as mL of 0.1 N NaOH). 

Another 10 g aliquot of each sourdough was homogenized as pre
viously described, but Ringer’s solution (Sigma-Aldrich, Milan, Italy) 
was used instead of distilled H2O. The initial concentrated cell suspen
sion was serially diluted (1:10) in Ringer’s solution, and the highest 
dilutions were plated on the following media: plate count agar (PCA) 
incubated for 72 h at 30 ◦C for total mesophilic microorganisms (TMM); 
mMRS [11] and M17 incubated at 30 ◦C for 48 h for LAB rods and cocci, 
respectively; Sour Dough Bacteria (SDB) [12] incubated at 30 ◦C for 48 h 
for sourdough LAB; San Francisco Medium (SFM) [13] incubated for 48 
h at 30 ◦C for presumptive Fructilactobacillus sanfranciscensis; yeast 

peptone dextrose (YPD) incubated at 25 ◦C for 48 h for yeasts. mMRS, 
M17, SDB and SFM were supplemented with cycloheximide (10 mg/mL) 
to inhibit fungal growth, while YPD was added with chloramphenicol 
(0.1 mg/mL) to inhibit bacterial growth. mMRS and M17 plates were 
inserted into hermetically sealed jar added with the AnaeroGen AN25 
system (Oxoid, Milan, Italy) to create anaerobic conditions during in
cubation. PCA, M17 and YPD were purchased from Oxoid. Microbio
logical analyses were performed in duplicates. 

2.3. Isolation, typing, and identification of LAB 

Presumptive LAB were isolated at the highest cell densities from all 
media used for plate count (mMRS, M17, SDB and SFM) of this bacterial 
population. To collect the highest LAB biodiversity, at least four colonies 
sharing the appearance in terms of shape, size, colour, edge, charac
teristics of the surface and elevation were isolated. All isolates were 
preliminary characterized by Gram determination applying the method 
described by Gregersen [14] and catalase test determined as reported by 
Koneman et al. [15]. Since all LAB species are characterized by a single 
thick peptidoglycan layer and are not able to convert oxygen peroxide 
into water and oxygen, only Gram-positive cultures negative for catalase 
expression were purified by successive sub-culturing and stored in 
glycerol stocks at − 80 ◦C. 

A phenotypic grouping was performed to analyze the morphological, 
physiological, and biochemical characteristics of LAB per group. To this 
purpose, all presumptive LAB isolates were microscopically investigated 
to distinguish their cell morphology type and the arrangement of the 
cells. Furthermore, they were evaluated for the growth at 15 and 45 ◦C, 
NH3 production from arginine, aesculin hydrolysis, metabolism type by 
testing the ability to produce CO2 from glucose and acid production from 
several carbohydrates [16]. 

A representative group of isolates (approximately 30%) within each 
phenotypic group was genetically characterized. LAB cultures were 
grown overnight in their optimal growth media at 30 ◦C and their 
genomic DNAs were extracted from pelleted cells with the InstaGene 
Matrix kit (Bio-Rad, Hercules, CA, USA) following manufacturer’s in
structions. Crude cell extracts were directly used as templates for PCR. A 
random amplification of polymorphic DNA (RAPD)-PCR analysis was 
performed to differentiate the isolates at strain level. To this purpose, 
three single primers (M13, AB111, and AB106) were used as previously 
described by Settanni et al. [17] and the resulting amplicons were 
separated and visualized as reported by Ventimiglia et al. [18]. RAPD 
profiles were analyzed by Gelcompar II software, version 6.5 
(Applied-Maths, Sint-Martens-Latem, Belgium). 

All different strains were identified at the species level by 16S rRNA 
gene sequencing performing PCR reactions with the primers fD1 (5′- 
AGAGTTTGATCCTGGCTCAG-3′)/rD1 (5′-AAGGAGGTGATCCAGCC-3′) 
as described by Weisburg et al. [19]. The molecular size of about 1600 
bp for the PCR products was confirmed on agarose gels and the ampli
cons were purified using the QIAquick purification kit (Quiagen S.p.a., 

Table 1 
Characteristics of sourdoughs.  

Samples City (province)a Final product Years from first propagation Type of flour DY Fermentation temperature (◦C) Fermentation duration (h) 

S1 Gibellina (TP) Bread 5 Wholemeal flour 375 ambient 24 
S2 Alcamo (TP) Bread 10 Durum semolina 160 ambient 48 
S3 Naro (AG) Bread 2 Durum semolina 250 fridge 120 
S4 Canicattì (AG) Bread/Pizza 4 Flour 50%/semolina 50% 225 ambient 12 
S5 Favara (AG) Bread/Pizza 20 Durum semolina 175 ambient 12 
S6 Altofonte (PA) Bread 10 Durum semolina 170 ambient 24 
S7 Altavilla (PA) Bread/Pizza >50 Flour 50%/semolina 50% 230 ambient 8 
S8 Palermo (PA) Bread 7 Tender flour 300 ambient 12 
S9 Marsala (TP) Bread/Pizza >100 Durum semolina 250 ambient 8 
S10 Licata (AG) Bread/Pizza 30 Durum semolina 180 ambient 12  

a Province codes: AG, Agrigento; PA, Palermo; TP, Trapani. Abbreviations: S, sourdough; 1–10, home 1-home 10; DY, dough yield (weight of dough/weight of flour 
× 100). 
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Milan, Italy) and sequenced using the same primers used for PCR 
amplification at AGRIVET (University of Palermo, Italy). The sequences 
were compared with those available in the GenBank/EMBL/DDBJ [20] 
and EzTaxon-e databases [21]. 

2.4. Almond peel polyphenol resistance test 

All LAB strains were tested for their ability to grow in the presence of 
16 polyphenols characterizing the peel of almonds [22], which were 
purchased in purified form from Extrasynthese (Genay, France). To this 
purpose, the following polyphenols: catechin, epicatechin, eryodictiol, 
eryodictiol-7-O-glucoside, hyperoside, isorhamnetin, iso
rhamnetin-3-O-glucoside, isorhamnetin-3-O-rutinoside, kaempferol, 
kaempferol-3-O-glucoside, kaempferol-3-O-rutinoside, morin, nar
ingenin, naringenin-7-O-glucoside, quercetin and rutin, were tested. 
Briefly, pure LAB cultures from − 80 ◦C glycerol stocks, were propagated 
in their optimal growth media for 24 h at 30 ◦C and then washed in 
Ringer’s solution, after centrifugation at 5000 rpm for 5 min. The 
washed cells of each LAB were inoculated at 1% (v/v) in 96-well 
microplates containing sterile semolina extract (SSE), prepared as 
described by Alfonzo et al. [23], to a final concentration of 0.5 mg/mL of 
each polyphenol. This concentration is considered the necessary amount 
of polyphenols to exert the antioxidant activity [24]. The bacterial 
growth was measured over time (2 h intervals for 48 h), using a P-800 
ScanReady Spectrophotometer (Life Real Biotechnology Co., Ltd, 
Hangzhou, China). The optical density (OD) was measured at 0, 2, 4, 6, 8 
and 24 h after inoculation. SSE inoculated only with each LAB strain was 
used as a positive control, while SSE alone as a negative control. This test 
was carried out in duplicate. 

2.5. Technological characterization of LAB 

Only the LAB resistant to the main almond peel polyphenols were 
characterized for some of the technological properties useful during 
sourdough bread production: acidification capacity and antimicrobial 
activity. 

The acidification kinetics was assayed as reported by Alfonzo et al. 
[25] using SSE as growth medium. LAB cultures were propagated, 
washed and inoculated in SSE as reported above. The pH decrease was 
monitored at 0, 2, 4, 6, 8 and 24 h after inoculation. 

The inhibitory capacity of LAB was first tested by the agar-spot de
ferred method (ASDM) reported by Corsetti et al. [11] who modified the 
protocol of Schillinger and Lücke [26]. The indicator strains, sensitive to 
the inhibitory substances produced by the LAB tested were Listeria 
innocua 4202, Listeria monocytogenes ATCC19114 and Latilactobacillus 
sakei LMG2313. The strains showing an inhibitory activity, were further 
tested by the well diffusion assay (WDA) of Schillinger and Lücke [26] 
against the same indicator strains. WDA was performed with cell-free 
LAB supernatants obtained after centrifugation of the broth cultures at 
5000 rpm for 5 min, addition of 0.1 N NaOH until pH 6.5, addition of 
catalase (1 mg/mL), and filtration through 0.20 μm sterile filters 
(ClearLine® Dominique Dutscher, Brumath, France). In order to eval
uate the protein nature of the active substances, all supernatants were 
further treated with proteinase K, protease B and trypsin as described by 
Gaglio et al. [27]. The inhibitory activity was evaluated after incubation 
at 37 ◦C for 18 h and was considered positive only in case of a definite 
clear halo around the wells. All measurements regarding acidification 
capacity and antimicrobial activity were duplicated. 

2.6. Statistical analyses 

Microbiological data were subjected to One-Way Variance Analysis 
(ANOVA) using XLStat software version 7.5.2 for Excel (Addinsoft, New 
York, USA). The Tukey’s test was applied for pairwise comparison. 
Statistical significance was attributed to p values of p < 0.05 and marked 
with different letters. 

3. Results 

3.1. Characteristics of sourdoughs 

Table 2 reports the main physicochemical characteristics evaluated 
for the home-made sourdoughs produced from semolina. The pH value 
was quite variable, ranging from 3.57 to 4.80, and inversely correlated 
with TTA. In particular, a linear correlation was observed between the 
two parameters. TTA ranged between 8.20 and 14.20 mL 0.1 NaOH. 

The presence of the main populations affecting the fermentation 
process are reported in Table 3. TMM were estimated to provide a 
general overview of the microbial community present in a viable state. 
This group was above 107 cfu/g in all samples, reaching the highest 
levels (8.96 log cfu/g) in two samples (S5 and S10). Except for S1, the 
levels of TMM were almost superimposable on LAB estimated on SDB. 
The levels of LAB cocci on M17 were lower than those of the other LAB 
groups. This observation was particularly evident for the sample S3 that 
showed a level of LAB cocci almost four orders of magnitude lower than 
those estimated on mMRS and SDB. Yeasts ranged from 3.93 to 6.11 log 
cfu/g. The yeast/LAB ratio was 1:100 for the sourdoughs S3, S8 and S9, 
while for the majority of the samples, it was at least 1:1000. 

3.2. Composition of dominant populations 

After isolating the dominant LAB populations, they were grouped 
based on morphological, physiological, and biochemical traits. The 
study revealed a total of 13 groups (Table 4), with groups I–VIII con
sisting of rod-shaped bacteria and groups IX–XIII consisting of cocci. All 
rods and most cocci were arranged in short chains, while group XIII 
cocci appeared in tetrads. All bacteria grew at 15 ◦C, and only four 
groups, one per rods (VI) and three for cocci (X, XI and XIII), showed 
development at 45 ◦C. Three out of the five groups for cocci grew at pH 
9.2 and in the presence of 6.5% NaCl. The capacity to hydrolyze arginine 
and aesculin was quite common among the isolates. Except bacteria of 
group VIII, all other bacteria produced acids from pentose carbohy
drates. The majority of rods (groups I–VI) showed an obligate hetero
fermentative metabolism, while only groups XI and XII showed this trait 
among cocci. 

RAPD-PCR was used to differentiate the different strains of pre
sumptive LAB. To this end, all isolates sharing a given RAPD profile were 
considered to represent the same strain. The dendrogram in Fig. 1 shows 
20 different strains. Thus, the dominant LAB populations of the 10 
sourdoughs analyzed included only a few strains. The 20 strains were 
subjected to the 16S rRNA gene sequencing, which allowed the identi
fication of 13 LAB species, one per phenotypic group. The six obligate 
heterofermentative LAB groups were identified as five species: Levi
lactobacillus brevis, Lentilactobacillus diolivorans, Lentilactobacillus 

Table 2 
Physicochemical characteristics of sourdoughs.  

Samples pH TTA 

S1 4.24 ± 0.03 c 11.80 ± 0.20 c 
S2 4.03 ± 0.01 d 13.20 ± 0.30 b 
S3 4.80 ± 0.08 a 8.20 ± 0.10 g 
S4 4.07 ± 0.04 d 10.90 ± 0.40 d 
S5 3.85 ± 0.05 e 10.10 ± 0.30 e 
S6 3.60 ± 0.01 f 14.20 ± 0.10 a 
S7 3.88 ± 0.03 e 12.70 ± 0.40 b 
S8 4.38 ± 0.0 1b 9.90 ± 0.00 e 
S9 4.30 ± 0.01 bc 9.10 ± 0.10 f 
S10 3.57 ± 0.07 f 13.10 ± 0.30 b 
Statistical significance *** *** 

Results indicate mean values ± S.D. of four determinations (carried out in 
duplicate for two independent sampling). Data within a column followed by the 
same letter are not significantly different according to Tukey’s test. p value: 
***p < 0.001. Abbreviations: S, sourdough; 1–10, home 1-home 10; TTA, total 
titratable acidity. 

E. Viola et al.                                                                                                                                                                                                                                    



Journal of Agriculture and Food Research 15 (2024) 100951

4

buchneri, Fructilactobacillus sanfranciscensis and Weissella cibaria, since 
Lvb. brevis was included in groups I and II. The facultative hetero
fermentative LAB (group VII) were Lactiplantibacillus plantarum, while 
the obligate homofermentative ones were identified as Lacticaseibacillus 
paracasei. Despite the phenotypic characterization, only group X 
included enterococci, particularly the species Enterococcus gilvus. The 
other cocci were identified as Lactococcus lactis, Leuconostoc citreum, 
Leuconostoc holzapfelii and Pediococcus pentosaceus. 

3.3. Screening of LAB for growth with polyphenols 

The 20 LAB strains were tested for their ability to grow in the pres
ence of 16 commercial polyphenols that characterize the peel of al
monds (Table 5). Only eleven strains (E. gilvus SD135, F. sanfranciscensis 
SD22, Lc. lactis SD128, Lpb. pentosus SD130, Lpb. plantarum SD96, Lnb. 
diolivorans SD4, Ln. citreum SD142, Ln. holzapfelii SD148, Lvb. brevis 
SD46, P. pentosauceus SD144 and W. cibaria SD123) showed the ability 
to grow in SSE added with a final concentration of 0.5 mg/mL of each 
polyphenol. 

3.4. LAB and fermentation properties 

The acidification activity of the LAB strains resistant to the main 
almond skin polyphenols is graphically reported in Fig. 2. The eleven 
strains showed a different SSE acidification kinetics. Considering the 
first 8 h of fermentation, only eight strains (F. sanfranciscensis SD22, Lpb. 
pentosus SD130, Lpb. plantarum SD96, Lnb. diolivorans SD4, Ln. citreum 
SD142, Ln. holzapfelii SD148, Lvb. brevis SD46 and W. cibaria SD123) 
showed an interesting pH decrease at around 4.5 or lower. After 24 h of 
fermentation, except Lvb. brevis SD52 and Lcb. paracasei SD 161, all LAB 
dropped SSE pH below 5.0. Among the 11 LAB tested, nine strains 
showed an inhibitory halo around the indicator bacteria applying the 
ASDM (results not shown), but only five strains inhibited at least one of 
these sensitive strains after the test performed via WDA (Fig. 3). Barely 
one LAB, P. pentosaceus SD144, inhibited all three indicator strains. The 
highest inhibitory activity against L. monocytogenes, was registered for 
W. cibaria SD123 and P. pentosaceus SD144 with diameters of the clear 
area around the wells of 21.7 and 19.2 mm, respectively. 

4. Discussion 

Recently, many bakery producers have become interested in using 
plant by-product antioxidants to enrich bread due to the increasing 

Table 3 
Microbiological characteristics of sourdoughs.  

Samples Microbial loads 

PCA mMRS M17 SDB SFM YPD 

S1 7.77 ±
0.21 
cde 

7.87 ±
0.19 ab 

6.19 ±
0.27 b 

6.74 
± 0.25 
c 

6.34 ±
0.27 d 

4.80 ±
0.13 de 

S2 7.34 ±
0.15 e 

5.51 ±
0.28 d 

6.01 ±
0.19 b 

7.13 
± 0.24 
c 

7.05 ±
0.19 d 

3.93 ±
0.17 f 

S3 8.46 ±
0.20 ab 

8.20 ±
0.12 ab 

4.27 ±
0.22 e 

8.02 
± 0.17 
b 

7.21 ±
0.13 c 

6.11 ±
0.18 a 

S4 8.05 ±
0.10 
bcd 

6.85 ±
0.13 d 

6.03 ±
0.15 b 

7.96 
± 0.24 
b 

7.10 ±
0.30 c 

4.99 ±
0.14 cd 

S5 8.96 ±
0.27 a 

7.59 ±
0.31 bc 

5.55 ±
0.18 
bcd 

9.05 
± 0.22 
a 

8.19 ±
0.15 ab 

5.34 ±
0.16 bc 

S6 8.09 ±
0.18 bc 

6.77 ±
0.18 d 

5.10 ±
0.30 d 

8.27 
± 0.19 
b 

8.02 ±
0.11 c 

4.22 ±
0.13 f 

S7 7.99 ±
0.21 
bcd 

6.54 ±
0.27 d 

4.92 ±
0.20 de 

8.19 
± 0.25 
b 

7.35 ±
0.20 c 

4.44 ±
0.29 ef 

S8 8.33 ±
0.20 bc 

8.52 ±
0.25 a 

7.61 ±
0.10 a 

8.39 
± 0.19 
b 

7.33 ±
0.21 bc 

6.01 ±
0.17 a 

S9 7.49 ±
0.17 de 

7.07 ±
0.33 cd 

5.34 ±
0.23 cd 

7.19 
± 0.21 
c 

6.90 ±
0.10 d 

4.88 ±
0.19 
cde 

S10 8.96 ±
0.23 a 

7.90 ±
0.21 ab 

5.97 ±
0.33 bc 

9.28 
± 0.14 
a 

8.00 ±
0.15 a 

5.72 ±
0.16 ab 

Statistical 
significance 

*** *** *** *** *** *** 

Units are log cfu/g. Results indicate mean values ± SD of two determinations. 
Results indicate mean values ± S.D. of six plate counts (carried out in duplicates 
for two independent sampling). Data within a column followed by the same 
letter are not significantly different according to Tukey’s test. p value: ***p <
0.001. Abbreviations: S, sourdough; 1–10, home 1-home 10; PCA, plate count 
agar for total mesophilic count; mMRS, De Man-Rogosa-Sharpe modified agar 
for mesophilic rod LAB; M17, medium 17 agar for mesophilic coccus LAB; SDB, 
sourdough bacteria agar for sourdough LAB; SFM, San Francisco medium for 
sourdough LAB; YPD, yeast peptone dextrose agar for yeasts. 

Table 4 
Phenotypic grouping of lactic acid bacteria.  

Characters Clusters 

I II III IV V VI VII VIII IX X XI XII XIII 

Morphology a R R R R R R R R C C C C C 
Cell arrangement b sc sc sc sc sc sc sc sc sc sc sc sc t 
Growth:              
15 ◦C + + + + + + + + + + + + +

45 ◦C − − − − − + − − − + + − +

pH 9.2 n.d. n.d. n.d. n.d. n.d. n.d n.d n.d − + + + +

6.5% NaCl n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. + + + − +

Hydrolysis of:              
arginine + + + − + + − − + − + − +

aesculin + − − − + + + − + + + − +

Acid production from:              
arabinose + + + − + + + − − − + + +

ribose + + + + + − + − + + − − +

xylose + + − − − + + − − − − − +

fructose + + + − + + + − + + + + +

galactose + − − + + − + − + + − + +

sucrose + + − + − + + − + + + − −

CO2 from glucose + + + + + + − − − − + + −

a R, rod; C, coccus. 
b sc, short chain; t, tetrads. Abbreviation: n.d., not determined. 
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consumer demand for functional foods [28]. In southern Italy, particu
larly in Sicily and Apulia, semolina fermented by sourdough technology 
is used to make the majority of traditional and typical breads [23,29]. 
Sourdoughs are an important source of starters LAB biodiversity [30]. 
Although the inhibitory action of polyphenols on the growth of dairy 
LAB has been investigated [31], little is known about the effect of the 
main almond by-product polyphenols on the sourdough LAB. Therefore, 
this study evaluated the biodiversity and the technological potential of 
LAB from 10 home-made sourdoughs collected in western Sicily that are 
resistant to the main almond skin polyphenols. The aim is to develop ad 
hoc starter cultures for applications in novel fermented functional bak
ery products. All sourdoughs were evaluated for their general charac
teristics by the measuring pH, TTA and plate counts. 

The samples analyzed in this study showed pH and TTA values 
similar to those registered for semolina sourdoughs produced in Sicily at 
both artisanal and industrial level [18,25,32]. The levels of TMM were 
comparable to those developed on SDB, a medium used to estimate 
specifically sourdough LAB [12], indicating the ability of these bacteria 
to dominate the microbial community of the home-made semolina 
Sicilian sourdough samples. Lower levels of culturable LAB were 

detected on M17, a generic medium generally used to monitor coccus 
LAB [25]. This finding is not surprising because LAB cocci are found in 
raw materials [33,34] and play their major role during the first steps of 
sourdough development [35], but they are found at high levels in 
mature sourdoughs [36]. However, their importance along with rod LAB 
has been highlighted by several authors [37,38]. Yeasts are also 
important in sourdough ecosystems [39], not only for the leavening 
performances [40], but also for their contribution to the aromatic 
properties of sourdoughs [41]. In this work, yeasts were found in all 
sample at cell densities ranging between 104 and 106 cfu/g. These levels 
are comparable to those found in other Sicilian sourdoughs made from 
flour and semolina [18]. Only three sourdoughs (S3, S8 and S9) had a 
yeast/LAB ratio of 1:100, which represents the optimal value for type I 
sourdoughs with good characteristics [42–44]. The other samples were 
characterized by a yeast/LAB ratio of 1:1000, indicating a great domi
nance of LAB. The presumptive LAB were isolated from the home-made 
sourdoughs and subjected to phenotypic grouping. Thirteen phenotypic 
groups were revealed, eight of which were rod. This result is not sur
prising since typical LAB associated with sourdoughs are rods [45]. Six 
out of the eight groups for rods showed an obligate heterofermentative 

Fig. 1. Dendrogram obtained from combined RAPD-PCR patterns generated with three primers of the lactic acid bacteria strains identified. Abbreviations: E., 
Enterococcus; F., Fructilactobacillus; Lcb., Lacticaseibacillus; Lpb., Lactiplantibacillus; Lc., Lactococcus; Lnb., Lentilactobacillus; Ln., Leuconostoc; Lvb., Levilactobacillus; P., 
Pediococcus; W., Weissella. 
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Table 5 
Ability of home-made sourdough lactic acid bacteria strains to grow in presence of commercial polyphenols.  

Strains Species Polyphenolsa 

C EC E E7Glu HyS I I3Glu I3R k K3Glu K3R M N N7Glu Q R 

SD135 E. gilvus ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ 
SD22 F. sanfranciscensis ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ 
SD161 Lcb. paracasei  ■  ■ ■  ■  ■  ■ ■ ■    
SD130 Lpb. pentosus ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ 
SD96 Lpb. plantarum ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ 
SD128 Lc. lactis ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ 
SD124 Lnb. buchneri ■     ■   ■ ■  ■     
SD4 Lnb. diolivorans ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ 
SD142 Ln. citreum ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ 
SD168 Ln. citreum  ■    ■ ■  ■ ■     ■ ■ 
SD148 Ln. holzapfelii ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ 
SD46 Lvb. brevis ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ 
SD52 Lvb. brevis ■   ■  ■  ■  ■  ■ ■  ■  
SD56 Lvb. brevis  ■ ■  ■  ■  ■ ■  ■ ■ ■   
SD66 Lvb. brevis ■    ■  ■   ■ ■   ■ ■ ■ 
SD70 Lvb. brevis ■ ■ ■ ■  ■  ■ ■  ■  ■  ■  
SD72 P. pentosauceus   ■    ■   ■ ■    ■ ■ 
SD79 P. pentosauceus ■  ■  ■  ■ ■ ■  ■ ■  ■   
SD144 P. pentosauceus ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ 
SD123 W. cibaria ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■  

a C, catechin; EC, epicatechin; E, eriodictyol; Er7Glu, eriodictyol-7-O-glucoside, HyS, hyperoside; I, isorhamnetin, I3Glu, isorhamnetin-3-O-glucoside; I3R, iso
rhamnetin-3-O-rutinoside; K, kaempferol; K3Glu, kaempferol-3-O-glucoside; K3R, kaempferol-3-O-rutinoside; M, morin; N, naringenin; N7Glu, naringenin-7-O- 
glucoside; Q, quercitin; R, rutin. Abbreviations: E., Enterococcus; F., Fructilactobacillus; Lc., Lactococcus; Lcb., Lacticaseibacillus; Lpb., Lactiplantibacillus; Lnb., Lenti
lactobacillus; Ln., Leuconostoc; Lvb., Levilactobacillus. Symbols: black square indicate the ability of strains to grow in presence of each almond peel polyphenol. 

Fig. 2. Drop of pH of sterile semolina extract inoculated with lactic acid bacteria resistant to almond peel polyphenols. Histograms are in the order of decreasing pH 
at 8 h. Abbreviations: E., Enterococcus; F., Fructilactobacillus; Lpb., Lactiplantibacillus; Lc., Lactococcus; Lnb., Lentilactobacillus; Ln., Leuconostoc; Lvb., Levilactobacillus; P., 
Pediococcus; W., Weissella. 
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metabolism, confirming the presence of a constitutive phosphoketolase 
[46,47]. RAPD analysis clearly showed the presence of 20 different 
strains, which were subjected to 16S rRNA gene sequencing resulting in 
the identification of 13 LAB species belonging to ten genera (Entero
coccus, Fructilactobacillus, Lacticaseibacillus, Lactococcus, Lactiplantiba
cillus, Lentilactobacillus, Leuconostoc, Levilactobacillus, Pediococcus and 
Weissella). Among rod-shaped LAB, the species Lvb. brevis, Lpb. planta
rum and F. sanfranciscensis are the most characteristic of type I sour
doughs [48] and are commonly found in sourdoughs produced in Sicily 
[18,49]. Weissella cibaria is a LAB typically associated with sourdoughs 
of Sicily [18], easily associated with raw materials (tender flour and 
durum semolina) obtained from wheat varieties cultivated in this 
southern Italian region and used in bread making [25,33,34]. Regarding 
cocci LAB, Lc. lactis was identified, generally detected in unprocessed 
semolinas [33] rather than in mature sourdoughs. Enterococcus gilvus, 
Ln. citreum, Ln. holzapfelii and P. pentosaceus were also identified. Except 
for Ln. holzapfelii, which was first isolated during coffee fermentation 
[50], the other three species (E. gilvus, Ln. citreum and P. pentosaceus) are 
easily found in sourdoughs [51,52]. Furthermore, Ln. citreum and 
W. cibaria showed very interesting properties during sourdough propa
gation [53] and are being applied at industrial level without lactobacilli 
to produce the typical Sicilian “pagnotta di Piana degli Albanesi” bread 
[32]. 

To select LAB to be used as starter strains in sourdough processed 
with almond peel powder to obtain functional breads, all strains were 
grown in the presence of the main polyphenols characterizing the peel of 
almonds. Among the 20 LAB isolated from home-made sourdoughs, 
eleven strains were resistant to all polyphenols tested. These strains 
were evaluated for their technological properties useful in sourdough 
productions. To this purpose, acidification and production of antimi
crobial substances were evaluated because starter LAB must perform 
rapid acidification [54] and contribute to prolonging the shelf-life of 
sourdoughs [55] in future applications in industrial sourdough fer
mentations. Eight strains showed a rapid drop of pH, while two strains 
were also bacteriocin-like inhibitory substances (BLIS) producer against 
L. monocytogenes, indicating a potential application in biopreservation. 

5. Conclusions 

Traditional fermented foods are a valuable source of microbial di
versity that can be used to isolate strains with technological perfor
mances to develop starter cultures for industrial use. However, home- 
made foods have a limited diffusion and are not routinely explored for 
starter strain selection. In this study, LAB diversity was investigated in 
10 semolina sourdoughs provided by private producers with the aims of 
developing an ad hoc starter culture to be used in sourdough processed 
with almond peel powder to obtain functional breads. The levels of the 
two main communities active during fermentation were almost com
parable to those revealed in sourdoughs propagated in traditional bak
eries and industrial facilities, but the expected high biodiversity was not 
confirmed. Only 13 LAB species were found to dominate the sourdoughs 
investigated. However, all LAB species identified are typically 
(F. sanfranciscensis, Lpb. plantarum, Lvb. brevis) or frequently 
(P. pentosaceus, Ln. citreum and W. cibaria) isolated from sourdough 
ecosystems. Eleven strains showed the ability to grow in the presence of 
almond peel polyphenols, and eight of them (F. sanfranciscensis SD22, 
Lpb. pentosus SD130, Lpb. plantarum SD96, Lnb. diolivorans SD4, Ln. cit
reum SD142, Ln. holzapfelii SD148, Lvb. brevis SD46 and W. cibaria 
SD123) also showed pH drop kinetics compatible with industrial pro
duction. Studies are underway to better evaluate the role of these eight 
strains during the sourdough-based baked goods productions enriched 
with almond skin powder. 
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[37] H. Robert, V. Gabriel, C. Fontagné-Faucher, Biodiversity of lactic acid bacteria in 
French wheat sourdough as determined by molecular characterization using 
species-specific PCR, Int. J. Food Microbiol. 135 (2009) 53–59, https://doi.org/ 
10.1016/j.ijfoodmicro.2009.07.006. 

[38] F. Minervini, R. Di Cagno, A. Lattanzi, M. De Angelis, L. Antonielli, G. Cardinali, 
S. Cappelle, M. Gobbetti, Lactic acid bacterium and yeast microbiotas of 19 
sourdoughs used for traditional/typical Italian breads: interactions between 
ingredients and microbial species diversity, Appl. Environ. Microbiol. 78 (2012) 
1251–1264, https://doi.org/10.1128/2FAEM.07721-11. 

[39] M. Gänzle, V. Ripari, Composition and function of sourdough microbiota: from 
ecological theory to bread quality, Int. J. Food Microbiol. 239 (2016) 19–25, 
https://doi.org/10.1016/j.ijfoodmicro.2016.05.004. 

[40] M. Palla, M. Blandino, A. Grassi, D. Giordano, C. Sgherri, M.F. Quartacci, 
A. Reyneri, M. Agnolucci, M. Giovannetti, Characterization and selection of 
functional yeast strains during sourdough fermentation of different cereal 
wholegrain flours, Sci. Rep. 10 (2020) 1–15, https://doi.org/10.1038/s41598-020- 
69774-6. 

[41] T. Liu, Y. Li, F.A. Sadiq, H. Yang, J. Gu, L. Yuan, Y.K. Lee, G. He, Predominant 
yeasts in Chinese traditional sourdough and their influence on aroma formation in 
Chinese steamed bread, Food Chem. 242 (2018) 404–411, https://doi.org/ 
10.1016/j.foodchem.2017.09.081. 

[42] M. Gobbetti, A. Corsetti, J. Rossi, F. La Rosa, S. De Vincenzi, Identification and 
clustering of lactic acid bacteria and yeasts from wheat sourdoughs of central Italy, 
Ital. J. Food Sci. 6 (1994) 85–94. https://hdl.handle.net/11391/921234. 

[43] G. Ottogalli, A. Galli, R. Foschino, Italian bakery products obtained with sour 
dough: characterization of the typical micro-flora, Adv. Food Sci. 18 (1996) 
131–144. 

[44] S. Valmorri, L. Settanni, G. Suzzi, F. Gardini, P. Vernocchi, A. Corsetti, Application 
of a novel polyphasic approach to study the lactobacilli composition of sourdoughs 
from the Abruzzo region (Central Italy), Lett. Appl. Microbiol. 43 (2006) 343–349, 
https://doi.org/10.1111/j.1472-765X.2006.01942.x. 

[45] A. Corsetti, L. Settanni, Lactobacilli in sourdough fermentation: a review, Food Res. 
Int. 40 (2007) 539–558, https://doi.org/10.1016/j.foodres.2006.11.001. 

[46] M.E. Ortiz, J. Bleckwedel, S. Fadda, G. Picariello, E.M. Hebert, R.R. Raya, F. Mozzi, 
Global analysis of mannitol 2-dehydrogenase in Lactobacillus reuteri CRL 1101 
during mannitol production through enzymatic, genetic and proteomic 
approaches, PLoS One 12 (2017) e0169441, https://doi.org/10.1371/2Fjournal. 
pone.0169441. 

[47] L. Axelsson, Lactic acid bacteria: classification and physiology, in: S. Salminen, A. 
V. Wright (Eds.), Lactic Acid Bacteria Microbiology and Functional Aspects, Marcel 
Dekker, New York, 1998, pp. 1–72, https://doi.org/10.1201/9780824752033.ch1. 

[48] A. Pino, N. Russo, L. Solieri, L. Sola, C. Caggia, C.L. Randazzo, Microbial consortia 
involved in traditional Sicilian sourdough: characterization of lactic acid bacteria 

E. Viola et al.                                                                                                                                                                                                                                    

http://refhub.elsevier.com/S2666-1543(23)00458-1/sref3
http://refhub.elsevier.com/S2666-1543(23)00458-1/sref3
http://refhub.elsevier.com/S2666-1543(23)00458-1/sref3
https://doi.org/10.1371/journal.pone.0165126
https://doi.org/10.1016/j.cofs.2020.09.007
https://doi.org/10.3390/2Fmicroorganisms9071346
https://doi.org/10.3390/2Fmicroorganisms9071346
http://refhub.elsevier.com/S2666-1543(23)00458-1/sref7
http://refhub.elsevier.com/S2666-1543(23)00458-1/sref7
https://doi.org/10.3390/antiox9121216
https://doi.org/10.3390/antiox9121216
https://doi.org/10.1016/j.foodcont.2007.08.018
https://doi.org/10.1016/j.foodcont.2007.08.018
https://doi.org/10.1016/j.foodcont.2018.05.032
https://doi.org/10.1016/j.foodcont.2018.05.032
https://doi.org/10.1016/j.lwt.2007.07.022
https://doi.org/10.1128/am.21.3.459-465.1971
https://doi.org/10.1128/am.21.3.459-465.1971
https://doi.org/10.1099/00207713-44-2-223
https://doi.org/10.1007/BF00498806
https://doi.org/10.1007/BF00498806
http://refhub.elsevier.com/S2666-1543(23)00458-1/sref15
http://refhub.elsevier.com/S2666-1543(23)00458-1/sref15
http://refhub.elsevier.com/S2666-1543(23)00458-1/sref15
http://refhub.elsevier.com/S2666-1543(23)00458-1/sref15
https://doi.org/10.1007/s13594-013-0150-5
https://doi.org/10.1007/s13594-013-0150-5
https://doi.org/10.1016/j.ijfoodmicro.2012.01.022
https://doi.org/10.1016/j.fm.2015.04.011
https://doi.org/10.1128/jb.173.2.697-703.1991
https://doi.org/10.1128/jb.173.2.697-703.1991
http://www.ncbi.nlm.nih.gov
http://eztaxon-e.ezbiocloud.net/
http://eztaxon-e.ezbiocloud.net/
https://doi.org/10.1016/j.jfca.2009.08.015
https://doi.org/10.1016/j.ijfoodmicro.2016.06.027
https://doi.org/10.1016/j.ijfoodmicro.2016.06.027
https://doi.org/10.1016/j.foodres.2010.10.026
https://doi.org/10.1016/j.fm.2013.07.003
https://doi.org/10.1016/j.fm.2013.07.003
https://doi.org/10.1128/2Faem.55.8.1901-1906.1989
https://doi.org/10.1128/2Faem.55.8.1901-1906.1989
https://doi.org/10.1093/femsle/fnaa071
https://doi.org/10.3390/app12062794
https://doi.org/10.3390/app12062794
https://doi.org/10.1038/s41598-018-36786-2
https://doi.org/10.1038/s41598-018-36786-2
https://doi.org/10.7554/eLife.61644
https://doi.org/10.7554/eLife.61644
https://doi.org/10.1093/femsle/fnaa066
https://doi.org/10.1016/j.fm.2016.05.006
https://doi.org/10.1016/j.fm.2016.10.014
https://doi.org/10.1016/j.ijfoodmicro.2020.108631
https://doi.org/10.1016/j.ijfoodmicro.2020.108631
https://doi.org/10.1016/j.syapm.2007.07.001
https://doi.org/10.2298/APT0940111Z
https://doi.org/10.1016/j.ijfoodmicro.2009.07.006
https://doi.org/10.1016/j.ijfoodmicro.2009.07.006
https://doi.org/10.1128/2FAEM.07721-11
https://doi.org/10.1016/j.ijfoodmicro.2016.05.004
https://doi.org/10.1038/s41598-020-69774-6
https://doi.org/10.1038/s41598-020-69774-6
https://doi.org/10.1016/j.foodchem.2017.09.081
https://doi.org/10.1016/j.foodchem.2017.09.081
https://hdl.handle.net/11391/921234
http://refhub.elsevier.com/S2666-1543(23)00458-1/sref43
http://refhub.elsevier.com/S2666-1543(23)00458-1/sref43
http://refhub.elsevier.com/S2666-1543(23)00458-1/sref43
https://doi.org/10.1111/j.1472-765X.2006.01942.x
https://doi.org/10.1016/j.foodres.2006.11.001
https://doi.org/10.1371/2Fjournal.pone.0169441
https://doi.org/10.1371/2Fjournal.pone.0169441
https://doi.org/10.1201/9780824752033.ch1


Journal of Agriculture and Food Research 15 (2024) 100951

9

and yeast populations, Microorganisms 10 (2022) 283, https://doi.org/10.3390/ 
microorganisms10020283. 

[49] T. Hagi, M. Kobayashi, M. Nomura, Whole-transcriptome analysis of oxidative 
stress response genes in carotenoid-producing Enterococcus gilvus, Biosci. 
Biotechnol. Biochem. 82 (2018) 1053–1057, https://doi.org/10.1080/ 
09168451.2017.1399790. 

[50] K. De Bruyne, U. Schillinger, L. Caroline, B. Boehringer, I. Cleenwerck, 
M. Vancanneyt, L. De Vuyst, C.M.A.P. Franz, P. Vandamme, Leuconostoc holzapfelii 
sp. nov., isolated from Ethiopian coffee fermentation and assessment of sequence 
analysis of housekeeping genes for delineation of Leuconostoc species, Int. J. Syst. 
Evol. Microbiol. 57 (2007) 2952–2959, https://doi.org/10.1099/ijs.0.65292-0. 

[51] F. Manini, M. Brasca, C. Plumed-Ferrer, S. Morandi, D. Erba, M.C. Casiraghi, Study 
of the chemical changes and evolution of microbiota during sourdough like 
fermentation of wheat bran, Cereal Chem. 91 (2014) 342–349, https://doi.org/ 
10.1094/CCHEM-09-13-0190-CESI. 

[52] A. Reale, T. Di Renzo, F. Boscaino, F. Nazzaro, F. Fratianni, M. Aponte, Lactic acid 
bacteria biota and aroma profile of Italian traditional sourdoughs from the irpinian 

area in Italy, Front. Microbiol. (2019) 1621, https://doi.org/10.3389/ 
2Ffmicb.2019.01621. 

[53] L. Settanni, G. Ventimiglia, A. Alfonzo, O. Corona, A. Miceli, G. Moschetti, An 
integrated technological approach to the selection of lactic acid bacteria of flour 
origin for sourdough production, Food Res. Int. 54 (2013) 1569–1578, https://doi. 
org/10.1016/j.foodres.2013.10.017. 

[54] A. Reale, T. Zotta, R.G. Ianniello, G. Mamone, T. Di Renzo, Selection criteria of 
lactic acid bacteria to be used as starter for sweet and salty leavened baked 
products, LWT–Food Sci. Technol. 133 (2020) 110092, https://doi.org/10.1016/j. 
lwt.2020.110092. 

[55] I. Taglieri, M. Macaluso, A. Bianchi, C. Sanmartin, M.F. Quartacci, A. Zinnai, 
F. Venturi, Overcoming bread quality decay concerns: main issues for bread shelf 
life as a function of biological leavening agents and different extra ingredients used 
in formulation. A review, J. Sci. Food Agric. 101 (2021) 1732–1743, https://doi. 
org/10.1002/jsfa.10816. 

E. Viola et al.                                                                                                                                                                                                                                    

https://doi.org/10.3390/microorganisms10020283
https://doi.org/10.3390/microorganisms10020283
https://doi.org/10.1080/09168451.2017.1399790
https://doi.org/10.1080/09168451.2017.1399790
https://doi.org/10.1099/ijs.0.65292-0
https://doi.org/10.1094/CCHEM-09-13-0190-CESI
https://doi.org/10.1094/CCHEM-09-13-0190-CESI
https://doi.org/10.3389/2Ffmicb.2019.01621
https://doi.org/10.3389/2Ffmicb.2019.01621
https://doi.org/10.1016/j.foodres.2013.10.017
https://doi.org/10.1016/j.foodres.2013.10.017
https://doi.org/10.1016/j.lwt.2020.110092
https://doi.org/10.1016/j.lwt.2020.110092
https://doi.org/10.1002/jsfa.10816
https://doi.org/10.1002/jsfa.10816

	Selection of lactic acid bacteria from home-made sourdoughs for resistance to the main almond skin polyphenols
	1 Introduction
	2 Materials and methods
	2.1 Sample collection
	2.2 Physicochemical analysis and microbiological investigation
	2.3 Isolation, typing, and identification of LAB
	2.4 Almond peel polyphenol resistance test
	2.5 Technological characterization of LAB
	2.6 Statistical analyses

	3 Results
	3.1 Characteristics of sourdoughs
	3.2 Composition of dominant populations
	3.3 Screening of LAB for growth with polyphenols
	3.4 LAB and fermentation properties

	4 Discussion
	5 Conclusions
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	References


