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Abstract

Purpose: The aim of the present study was to evaluate the antifungal activity, anti-aflatoxigenic capability, and
technological functionality of the selected lactic acid bacteria (LAB) isolated from wheat sourdough.

Methods: The preselected LAB isolates were screened based on their antifungal activities and acidification capacities.
Then, the antifungal compounds were identified using gas chromatography/mass spectrometry in the selected LAB
culture filtrate obtained from its preparative thin-layer chromatography. The HPLC-based analysis was also used to
investigate the anti-aflatoxigenic potentials of the selected LAB isolate. Finally, controlled sourdough (containing
selected LAB isolate as starter culture) was used to produce loaf bread, and properties of the product were evaluated in
terms of hardness, phytic acid content, overall acceptability, and surface moldiness.

Results: Molecular approaches led to the identification of Pediococcus pentosaceus as the selected LAB isolate. In
vitro and in situ antifungal activities of the selected LAB against Aspergillus niger were verified. Antifungal
metabolites of the LAB included fatty acid ester, hydroxylated fatty acid ester, an antimicrobial compound, and
cyclic dipeptide. Potent anti-aflatoxigenic capabilities of the LAB isolate and cyclic dipeptide (which was identified
in the antifungal fraction of the LAB) were also verified. To our best knowledge, the cyclic dipeptide detected in
the present study has never been shown before to possess anti-aflatoxigenic effect. Furthermore, the results
revealed that controlled sourdough improved the techno-functional properties of the produced loaf wheat bread.

Conclusion: Altogether, our findings indicate that the selected P. pentosaceus isolate exhibiting proper
characteristics can be used as a bio-preservative and bio-improver in the processing of clean-label breads.
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Introduction

Fermentation is the best method to improve nutritional, sen-
sorial, and functional properties of cereals. Characterization
of multifunctional potentials of lactic acid bacteria (LAB) iso-
lated from cereal-based fermented ecosystems such as sour-
dough is also pivotal to prepare new starter cultures for
bakery industries. Sourdough is a very complex and stressful
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niche with numerous potentials to use as a proper alternative
for synthetic bakery preservatives and improvers. This eco-
system consists of a mixture of cereal or cereal ingredients
and water, fermented with LAB and yeasts. The sourdough
capabilities are mainly related to the metabolism of its pre-
dominant LAB. The combination of technological and func-
tional potentials is also necessary to select proper LAB to use
as starter, protective, or adjunct cultures in bread making
(Gobbetti et al. 2014).

Bread shelf life and quality are limited due to staling
and microbial spoilage. Hence, bakery industries are
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seeking to find a proper solution to overcome these
problems. One of the best ingredients to delay bread
staling and prevent its microbial deterioration is con-
trolled sourdough produced with selected LAB as starter
cultures. Furthermore, the controlled sourdough has sev-
eral benefits such as improving shelf life and sensorial,
functional, and nutritional properties of the product.
This fermented ecosystem can be used as a food-grade
biological supplement, bio-preservative agent, and suit-
able alternative for chemical bakery additives (Clarke
and Arendt 2005).

In vitro, in vivo, and in situ antifungal, as well as anti-
aflatoxigenic potentials of the sourdough LAB have been
demonstrated. Synthesis of a wide variety of antagonistic
compounds along with their complex synergistic interac-
tions and different competition phenomena of the live
cells are involved in the antifungal activity of the LAB
(Magnusson and Schniirer 2001; Russo et al. 2017).
Some of the most important active ingredients and
mechanisms of these inhibitory effects were also revealed
(Dalié et al. 2010; Le Lay et al. 2016).

Lactobacillus plantarum which was screened for its
in vitro inhibitory activity against spoilage molds was
used as sourdough starter culture in Dal Bello et al.
(2007) study. Lactic acid, phenyllactic acid, and cyclic di-
peptides were also isolated and identified as the major
antimicrobial compounds of the Lact. plantarum cell-
free supernatant (CFS). Hassan and Bullerman (2008)
reported antifungal effect of Lactobacillus paracasei (iso-
lated from a traditional sourdough bread culture) on Fu-
sarium, whereas fungal growth was not inhibited by the
LAB supernatant. In Garofalo et al. (2012) survey, mold
growth was prevented by the most promising antifungal
strains (Lactobacillus rossiae and Lactobacillus parali-
mentarius) on produced sourdough bread. Zhang et al.
(2010) demonstrated that the use of sourdough prepared
from co-fermentation of Lactobacillus buchneri and
Lactobacillus diolivorans delayed growth of indicator
molds on the produced bread. It was proposed that co-
operative metabolism of these LAB strains led to in-
creased propionate and acetate compared to traditional
sourdough.

Among the strains evaluated in Gerez et al. (2013)
study, only Lactobacillus fermentum CRL 251 produced
thermostable fungi inhibitory peptide. The studies car-
ried out by Le Lay et al. (2016) demonstrated that the
screened LAB had proper inhibitory activities against
spoilage molds of bakery products. These LAB strains
have been introduced as bio-protective cultures with
higher antifungal effect than the chemical preservatives.
Some technological and functional potentials of predom-
inant LAB starters isolated from sourdough ecosystems
such as their antifungal and phytate-degrading activities
were also verified (Manini et al. 2016). Hence, this study
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aims to investigate the antifungal and anti-aflatoxigenic
capabilities, as well as techno-functional properties of
the selected LAB isolated from wheat sourdough.

Materials and methods

Raw materials

White wheat flour (68% extraction rate) containing 10%
protein, 0.45% ash content, and 14.20% moisture content
in accordance with AACC (2010) was purchased from a
local milling factory. Lact. plantarum (ATCC 1058) as
positive control for PCR assay and Aspergillus flavus
(ATCC 200026) and Aspergillus niger (ATCC 9029) as
indicator aflatoxigenic fungi were purchased from
American type culture collection. Active dry yeast ex-
tract containing Saccharomyces cerevisiae and microbial
media used in the present study were also purchased
from a local market and Merck (Germany) company,
respectively.

Spontaneous fermentation of wheat sourdough

For spontaneous fermentation, a mixture of white wheat
flour and mineralized water with dough yield (DY =
dough weight x 100/flour weight) of 160 was prepared.
On the first day, the mixture was incubated at 37 °C for
24 h. On the second day, 25% of the previous fermented
sourdough was added to the formulation of new sour-
dough (back-slopping) and this process was repeated until
the final pH would become 4.0 (Rizzello et al. 2010).

Screening strategy

In the present study, a multi-strategic approach was
used to screen predominant LAB isolated from wheat
sourdough. Firstly, back-slopping process which leads to
maintenance of the most adaptable LAB was applied.
Then, surface plating of serially ten-fold diluted mature
spontaneous sourdough (final back-slopping) led to iso-
late the LAB with higher numbers (the most frequent)
among the abundant LAB. The spread culture was car-
ried out on deMan Rogosa and Sharpe (MRS) and modi-
fied MRS (mMRS; MRS containing 0.05% L-cysteine/
HCI and 0.002% bromophenol blue with final pH 6.5 +
0.2 according to Lee and Lee 2008) agar under micro-
aerophilic conditions (37 °C, 24 h). The pure single col-
onies of streak plate of the LAB isolates were also tested
by Gram-staining and catalase assay. Finally, the prese-
lected LAB isolates were subjected to overlay bioassay
and in situ acidification analysis.

In vitro antifungal activity of the preselected LAB isolates
The overlay method was used to assess the in vitro anti-
fungal activity of the preselected LAB isolates in accord-
ance with Magnusson and Schniirer (2001). After
inoculation of the LAB isolates as two 3-cm-long lines
on MRS agar and 72-h incubation at 37 °C, the plates
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were overlaid with potato dextrose agar (PDA) contain-
ing 10* spores/mL of A. niger or A. flavus. Then, the
plates were incubated at 25 °C and checked by 24-h in-
tervals in comparison with the control plate.

In situ acidification analysis of the preselected LAB
isolates

Acidification capacity of the preselected LAB isolates
was also determined in accordance with the Alfonzo
et al. (2013) method. Accordingly, ApH values (differ-
ence between pH of the incubated control dough and in-
oculated dough with each preselected LAB isolate) were
used to select potentially sourdough starter culture
among the preselected LAB isolates. Subsequently, the
acidification data were modeled in agreement with the
modified Gompertz equation (Zwietering et al. 1990) as
follows: y = k + A exp{-exp[(Vmax €/A)A - t) + 1]},
where y is the acidification rate at the time ¢, & is the ini-
tial level of the dependent variable to be modeled, A is
the pH variation between inoculation and the initial pH
value, Viax is the maximum acidification rate, and A is
the length of the lag phase, respectively.

Molecular identification of the preselected LAB isolates
Total DNA of the pure single colonies of the selected
and non-selected LAB isolates was extracted (DNA ex-
traction kit, Bioneer, AccuPrep K-3032, South Korea),
and then, it was subjected to a PCR with F44 (5'-
GAACGCGAAGAACCTTAC-3') and R1543 (5'-
GCGTGTGTACAAGACCC-3") primers to amplify 1500
base pairs (bp) target sequence from 16S rDNA in LAB.
The amount of PCR reagents (Robust, French) and ther-
mal cycling (Corbett CG1-96, Australia) were also
carried out in accordance with Abnous et al. (2009).
After agarose gel electrophoresis, the PCR products were
sequenced (MWG, Germany). Consequently, the se-
quencing results were compared with the genomic data
available in the national center for biotechnology infor-
mation (NCBI) using basic local alignment search tool
(BLASTn) algorithm (http://blast.ncbi.nlm.nih.gov/Blast).
Finally, to investigate the evolutionary relationship be-
tween the selected LAB isolate with some LAB isolated
from fermented cereals, MEGA 6 software was used. 16S
rRNA sequence data (Fig. 2) were obtained from the
gene bank, and then, they were used to construct a con-
sensus neighbor-joining tree from 1000 bootstrapping
replicates (Tamura et al. 2013).

Identification of antifungal compounds in the selected
LAB culture filtrate

Bioactive compounds in antifungal fraction obtained
from preparative thin-layer chromatography (TLC: silica
gel plates, Merck, Kieselgel, Germany) of the selected
LAB culture filtrate were identified using gas
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chromatography/mass spectrometry (GC/MS: Agilent
7890B, with a nonpolar capillary column- Agilent
Hp5Ms, 30-m length, 0.25-mm inner diameter, and
0.25-um film thickness, USA) analysis based on the
method described by Lavermicocca et al. (2000). To pre-
pare LAB culture filtrate, overnight culture of the acti-
vated LAB was subjected to cold centrifugation (Hanil,
Combi 514R, South Korea; 9000 g, 10 min) and micro-
filtration (0.22 pm), respectively. The antifungal fraction
of the TLC extract was also determined using inhibitory
assay in accordance with Saladino et al. (2016).

Anti-aflatoxigenic capabilities of the selected LAB isolate
The effect of the selected LAB isolate on aflatoxins By,
B,, G, and G, (Sigma-Aldrich, USA) was evaluated in
accordance with the HPLC (Waters 2475 HPLC, Multi A
Florescence Detector, Marshall Scientific, USA) based
method validated in Haskard et al. (2001) research. The
inhibitory effects of inactivated LAB cells (autoclaved at
121 °C for 15 min) and the pure metabolites, which were
identified in the antifungal fraction (purchased from
ALB Technology and Sigma-Aldrich, USA), were also in-
vestigated to address the mechanism of the anti-
aflatoxigenic capability of the LAB isolate using the same
method. The concentration of each metabolite, which
inhibited by 90% (ICqo) of A. niger growth, was used for
anti-aflatoxigenic assay.

Controlled sourdough

Pure single colonies of the selected LAB isolate were
picked from the agar plates and cultured in MRS broth
at 37 °C for 24 h to 10® colony forming units (CFU).
Subsequently, the cells were harvested by cold centrifu-
gation at 5000 g for 15 min, and then, they were re-
suspended in sterile water. Next step, the selected LAB
isolate was inoculated at 10° CFU/g of dough to prepare
controlled sourdough (DY of 160). Finally, the mixture
was fermented at 37 °C for 24 h (Dal Bello et al. 2007).

Bread making with the selected LAB isolate

The formulation of control bread per 100-g flour in-
cluded 1.2-g active dry yeast extract and 1.5-g NaCl. In
order to prepare bread dough, the appropriate amounts
of wheat flour and water (60% absorption) were mixed
using a laboratory dough mixer, and then, the dough
was left for initial proofing at 35 + 1 °C and 70% relative
humidity for 20 min. After that, the rounded dough
pieces were proofed for another 25 min (final proofing)
and subsequently baked in an electrical oven (Feller,
Germany) at 220 + 5 °C for 15 min. The produced bread
was cooled down to room temperature (25 °C) for 2 h in
the aseptic conditions. To prepare bread samples, 20%
(w/w of flour) of controlled sourdough (containing the
selected LAB isolate as starter culture) and spontaneous
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sourdough (containing mature spontaneous sourdough,
without starter culture) were added to the dough pre-
pared for the control sample (without sourdough) before
the proofing steps, and then, they were processed in the
identical conditions (Dal Bello et al. 2007).

Sourdough bread analysis

Crumb hardness and porosity

The texture profile analysis (TPA) was done in order to
investigate the crumb hardness using texture analyzer
equipment (TAXT, Plus Stable Micro Systems, England)
with a cylindrical aluminum probe (25-mm diameter).
Briefly, a crosshead speed of 30 mm/min was used to
compress the crumb samples to 50% of their original
height. Measurements were carried out on slices (20 + 2-
mm thickness) taken from the center of the loaf, 2 h after
baking (Rizzello et al. 2010). A cross-sectional picture was
also scanned (Scanjet G2710 HP, China) from a quarter
way through the loaf at the same moment. In order to de-
termine the crumb porosity of samples, the images were
converted to a binary form. Afterwards, the image analysis
was performed using Image ] portable software (version
1.42e) to calculate both the average pore size and the per-
cent area of the pores (Carson et al. 2000).

Phytic acid (PA) content

Bread samples were extracted with 0.2 N HCIl (bread
concentration 0.1 g/mL), and then, 1 mL of ammonium
iron III solution (Sigma-Aldrich, USA) was added to 0.5
mL of this extract. Subsequently, the mixture was heated
in boiling water bath for 30 min, and consequently, it
was cooled in ice water to the same temperature as
room. Next step, the contents of tubes was centrifuged
at 3000 g for 30 min. After that, 1 mL of the supernatant
was added to 1.5 mL of 2, 2'-bipyridine solution (Sigma-
Aldrich, USA). Finally, the absorbance was measured
using a spectrophotometer (PG Instruments, LTD T80,
England) at 519 nm. The amount of PA was also calcu-
lated using a standard curve calibrated with sodium salt
of PA (Sigma-Aldrich, USA) as the reference solution
(Haug and Lantzsch 1983).

Overall acceptability (OA)

The 5-point hedonic scale (1 = dislike extremely, 3 =
neither like nor dislike, 5 = like extremely) was used to
evaluate the OA of bread samples, 2 h after baking. The
samples were identified with random codes and evalu-
ated by 12 trained panelists (they had access to the con-
trol sample and drinking water, to minimize any error
during the test). The bread sensory attributes included
the form and shape, chew-ability, color, flavor, and taste.
OA was calculated based on the average of the panelist
scores (Rizzello et al. 2010).
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In situ antifungal activity

In situ antifungal activity of the selected LAB isolate in
bread produced with controlled sourdough was deter-
mined through a method described by Gerez et al.
(2009) in comparison with the other samples (spontan-
eous sourdough bread and control wheat bread). In
brief, bread samples were inoculated with 3 pl of A. niger
spores (10° spore/g) to a blank sterile disc (6 mm) that
was placed at the center of each sample (surface of bread
slices). Mold growth was monitored at 25 °C after 7 stor-
age days through determining the mycelial extension
(mold growth area) by Image ] software.

Statistical analysis

All the experiments, as well as the baking trials, were
performed three times, and the results were presented as
mean values *+ standard deviation. Data were compared
by both the one-way analysis of variance and the least
significant difference (LSD) post hoc at P < 0.05 statis-
tical significance with the SPSS-20 software.

Results and discussion

Identification of the preselected LAB isolates

After five-time repetitive back-slopping process, pH of
the sourdough was fixed at value around 4.0. Firstly, sev-
eral colonies (more than 60 colonies) of predominant
LAB were isolated, and then, four different LAB isolates
(Gram-positive, catalase-negative cocci or bacilli) were
purified from surface plate of the mature spontaneous
sourdough as preselected isolates. There are several re-
ports indicating that sourdough fermentation parameters
like back-slopping process can be used successfully to
isolate the predominant sourdough LAB. Continuous re-
inoculation of the prevailing microbiota through back-
slopping process allows the predominance of some spe-
cies in sourdough. The number of propagation steps and
the frequency of the refreshment times have noticeable
impact on the growth of sourdough LAB and their meta-
bolic kinetics due to acidification and nutrient consump-
tion (De Vuyst et al. 2014).

Next step, one of the preselected LAB isolates, which
had the highest antifungal activity and the highest acid-
ification capacity, was selected. According to the results
of in vitro antifungal assay, isolate 1 had the highest in-
hibitory activity against indicator fungi in comparison
with the other preselected isolates (Fig. 1). Furthermore,
inhibitory effect of this LAB isolate on A. niger was sig-
nificantly (P < 0.05) higher than its antifungal effect on
A. flavus, and therefore, this indicator fungus was used
in the following antifungal assays. Sourdough is a non-
aseptic fermentation system, and therefore, the predom-
inant LAB in this ecosystem can overcome unwanted
microorganisms due to their proper antimicrobial activ-
ities (De Vuyst et al. 2014). The antifungal activity of
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Fig. 1 In vitro inhibitory activity of the preselected LAB isolates in overlay bioassay, against A. niger (the upper pictures) and A. flavus (the lower
pictures) in comparison with their controls (a and b, respectively). As highlighted, isolate 1 had the highest antifungal activity, and inhibitory
effect of the LAB on A. niger was significantly (P < 0.05) higher than its antifungal effect on A. flavus

J

sourdough LAB, which is attributed to organic acids and
the other produced inhibitory metabolites along with
their interactions, can affect the complex nature of this
antifungal hurdle (Gerez et al. 2009).

The acidification capacity of the LAB isolate 1 was also
significantly (P < 0.05) higher than the other preselected
LAB isolates (Table 1), and therefore, this isolate was
used for further characterization as a selected potentially
sourdough starter culture. It should be noticed that
rapid acidification during sourdough fermentation is an
important technological characteristic of LAB. Further-
more, the effect of acidification capacity on several
techno-functional attributes of sourdough LAB including
antifungal activity, phytate-degrading ability, and dough
structure and bread quality characteristics has been veri-
fied (Clarke and Arendt 2005).

The results of microscopic and biochemical tests re-
vealed that the selected LAB isolate was a Gram-positive
and catalase-negative cocci. Sequencing results of the
PCR products were verified by the BLASTn procedure

Table 1 Acidification kinetics parameters of sourdoughs (dough
yield 160) fermented with the preselected LAB isolates (initial
cell number 108 CFU/g) at 37 °C for 4 h

Predominant LAB isolates  ApH Vinax (dpH/H) A (h)
Pediococcus pentosaceus  2.09 £ 007° 079 + 007 092 + 0112°
Pediococcus acidilactici 175 +007°° 070+ 006®° 078 + 007°
Lactobacillus brevis 169 +006° 061 +006° 105+0.10°7
Lactobacillus plantarum 188 +004° 069+ 008%® 085 + 0.05%

Acidification data were modeled according to the modified Gompertz
equation. ApH difference in pH between the initial value and the value
reached after 4 h, V., maximum acidification rate, A length of the lag phase.
Different letters in the same column indicate a significant difference at P

< 0.05

to confirm the identity of the amplicons. On account of
the results, the selected LAB isolate was identified as
Pediococcus pentosaceus. In neighbor-joining dendro-
gram, the selected isolate was also placed within the
Pediococcus group and it was phylogenetically most
closely related to Ped. pentosaceus KJ477393.1 (Fig. 2).
The other preselected LAB isolates were also identified
as Pediococcus acidilactici, Lactobacillus brevis, and
Lact. plantarum through the identical procedure. It
should be noted that, since the main focus of the present
study was on the preselected LAB, and not on the mi-
crobial ecology of the sourdough, only the preselected
LAB isolates were identified. Microbiological studies
have also revealed that LAB group, including Lactobacil-
lus, Pediococcus, Weissella, and Leuconostoc, is more fre-
quent in sourdoughs. It is assumed that the dominance
of LAB in sourdoughs is related to their adaptation to
this ecosystem and their competitive abilities (De Vuyst
et al. 2014).

Antifungal compounds of the selected LAB isolate

Evaluation of antifungal effect of the TLC spots obtained
from Ped. pentosaceus culture filtrate revealed the inhibi-
tory activity of one fraction against A. niger (Fig. 3a, b). Five
active ingredients including 9,12-octadecadienoic acid (fatty
acid), 3-isobutyl 2,5 piperazinedione (antimicrobial com-
pound), 9,12-octadecadienoic acid (Z,Z), 1-methylethyl
ester (fatty acid ester), 9-octadecenoic acid (Z), 2-hydroxy-
1-(hydroxymethyl) ethyl ester (hydroxylated fatty acid
ester), and pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-7-
hydroxy-phenylmethyl (cyclic dipeptide) were also detected
in the GC/MS chromatogram of this antifungal fraction
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Fig. 2 Phylogenetic tree derived from 165 rRNA gene sequence analysis, giving the position of the selected LAB isolate among the LAB isolated
from cereal fermentation. The tree was generated using the neighbor-joining method based on a comparison of approximately 1500 nt. Bar
indicate 1% sequence divergence

with retention times of 42.544, 46.066, 47.581, 51.238, and
52.158 min, respectively (Fig. 3c).

The main antifungal compounds produced by LAB in-
clude fermentation products such as organic acids, hy-
droxy fatty acids, proteinaceous substances like antifungal
peptides, and low molecular mass inhibitory compounds
like cyclic dipeptides (Dalié et al. 2010). The strong
in vitro and in situ inhibitory activities of hydroxylated
fatty acids and fatty acid esters were reported against a
broad spectrum of fungi. This inhibitory effect is related

to increase the fungal membrane permeability (Lavermi-
cocca et al. 2000). Furthermore, it is noted that cyclic di-
peptides are only active at high concentrations against
fungi in comparison with the fatty acid derivatives. Cyclic
dipeptides act in synergy with the other inhibitory metab-
olites produced by LAB, and they are in fact involved in a
quorum sensing mechanism for these bacteria (Strom
et al. 2002). The presence of phenolic antioxidants and
antimicrobial peptides in Sellamani et al. (2016) survey
was introduced as responsible for the antifungal activity of




Ebrahimi et al. Annals of Microbiology (2020) 70:24 Page 7 of 12
p
51238
85000004
©
80000001
75000004
7000000
6500000]
60000007
55000004
50000004
i 46.066
40000004
g 3500000
£ 3000000]
E 25000001 52.158
z k
20000007
15000004
P ——— A
T U L) T T T T T T T
5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00
Retention time (min)
Fig. 3 Preparative thin-layer chromatography (TLC) analysis of the Ped. pentosaceus culture filtrate (a) and the inhibition zone evidenced by the
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Ped. pentosaceus isolated from traditional fermented prod-
ucts against Fusarium graminearum. These researchers
revealed that the LAB antifungal metabolites led to reduc-
tion of the mycelial biomass, change in the structure and
function of nuclear DNA, creation of the pores in the
mold membrane, inhibition of the ergosterol synthesis,
change in the osmotic balance, and induction of the oxi-
dative apoptotic stress.

Anti-aflatoxigenic capability of the selected LAB isolate

The results obtained from HPLC analysis (Fig. 4) indi-
cated that Ped. pentosaceus isolate reduced 85.50 =+
1.70%, 78.27 + 1.56%, 88.07 + 0.74%, and 60.81 + 1.16%
of the initial amounts of the aflatoxins B;, B,, G;, and
G,, respectively. Accordingly, the effect of the isolate on
aflatoxins G; and B; was significantly (P < 0.05) higher
than the other toxins. Furthermore, the residue amounts
of aflatoxin B, was significantly lower than the aflatoxin
G,. Furthermore, potent anti-aflatoxigenic capability of
the inactivated Ped. pentosaceus cells was verified (Fig.
4d), but this inhibitory effect was significantly lower than
those of the viable cells (73.89 + 2.06%, 75.40 *+ 1.46%,
83.26 + 0.74%, and 86.49 + 1.16% reduction of the afla-
toxins By, By, Gj, and Gy, respectively). In accordance
with this result, physical absorption plays a considerable
role in aflatoxin mitigation by Ped. pentosaceus isolate.
Meanwhile, among the pure metabolites, which were
identified in the antifungal fraction, only cyclic dipeptide
had a noticeable anti-aflatoxigenic effect (Fig. 4e) and
the others did not show any inhibitory activity. This cyc-
lic dipeptide (ICoo = 35 mg/ml) reduced 74.55 + 1.30%,

79.18 + 2.19%, 82.06 + 1.67%, and 87.32 + 2.98% of the
aflatoxins By, By, Gy, and G, respectively.

Due to the mold growth, the presence of mycotoxins
in cereals and cereal-based products is a worldwide
problem. These toxins are relatively heat stable, and the
effect of the baking process on them is also low. Mean-
while, the effect of some sourdough LAB on mycotoxins
has been demonstrated. Biological control of aflatoxins
by these bacteria revealed that mentioned microorgan-
isms use enzyme-dependent or enzyme-independent re-
actions to remove or reduce the toxins. The effects of
some LAB metabolites like phenyllactic acid, hydroxy-
phenyllactic acid, and indole lactic acid were also veri-
fied on this anti-aflatoxigenic capability (Guimaraes
et al. 2018). Accordingly, two specific mechanisms in-
cluding physical binding and inhibition of biosynthesis
are involved in the interaction between LAB and some
mycotoxins. Inhibition of aflatoxin biosynthesis by LAB
culture filtrate is due to specific bacterial metabolites
produced during their growth or cell lysis. Furthermore,
the cell wall peptidoglycans of some LAB have been re-
ported to be able to bind some mycotoxins such as afla-
toxins through a physical process. Several LAB strains
have been found to be able to bind aflatoxins in a fast,
reversible, strain- and dose-dependent process (Dalié
et al. 2010). Some LAB strains in El-Nezami et al. (1998)
study were very effective for trapping aflatoxin B; (more
than 80%), while aflatoxins B,, G;, and G, were less
sensitive to this binding process. It is reported that the
exposure of more hydrophobic surfaces, peptidoglycan
structure, and its amino acid or carbohydrate
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Fig. 4 Anti-aflatoxigenic activity of the Ped. pentosaceus isolate. Pure aflatoxins as standard (a); mixture of phosphate-buffered saline (PBS) and
aflatoxins as control for matrix effect (b); mixture of Ped. pentosaceus isolate, PBS, and aflatoxins (c); mixture of heat-inactivated Ped. pentosaceus
cells, PBS, and aflatoxins (d); and mixture of the pure cyclic dipeptide, which was identified in the antifungal fraction, PBS, and aflatoxins (e) were

compared based on the HPLC analysis

composition are involved in this effect (Niderkorn et al.
2009). Mycotoxins are secondary metabolites, and there-
fore, production of these toxins is correlated to fungal
growth. Sellamani et al. (2016) showed that there was a
dose-dependent downregulation of zearalenone meta-
bolic pathway genes in treated samples with Ped. pento-
saceus culture filtrate. Furthermore, a clear lineage
among mycelial biomass, zearalenone gene expression,
and its production was reported in this study. Yan et al.
(2004) identified a cyclic dipeptide in Achromobacter
xylosoxidans CFS as a new inhibitor of aflatoxin that
inhibited production of a main precursor of the toxin.
Despite the fact that cyclic depeptides have anti-
aflatoxigenic potentials, the mechanism of this inhibitory
effect has not yet been defined. Repression of signal
transduction involved in gene expression or direct effect
on inhibition of aflatoxin biosynthesis was suggested to
explain this capability of cyclic dipeptides. Based on our
results, not only physical binding but also other mecha-
nisms are involved in anti-aflatoxigenic effect of Ped.
pentosaceus isolate. To our best knowledge, the cyclic di-
peptide detected in the present study has never before
been shown to possess anti-aflatoxigenic effect.

Sourdough bread properties

Crumb hardness and porosity

As reported in Table 2, crumb hardness of the bread
produced with controlled sourdough was significantly
(P < 0.05) lower than the others, and control bread
obviously had the highest hardness. Significant differ-
ence in hardness was also observed between bread
containing spontaneous sourdough and control sam-
ple. Furthermore, crumb porosity in control bread
was significantly (P < 0.05) lower than the other sam-
ples. The porosity of bread containing controlled
sourdough was also higher than the bread containing
spontaneous sourdough, but there was no significant
difference between them (Table 2).

Table 2 Properties of the produced loaf breads

Crumb hardness is a very important characteristic in
quality assessment of bread, because of its correlation
with bread freshness. The effect of sourdough on reduc-
tion of bread firmness is due to improving its volume,
regulating the activity of alpha-amylase, and reducing
the crystallization of starch. Furthermore, production of
microbial metabolites such as proteolytic and amylolytic
enzymes, exopolysaccharides, and organic acids during
sourdough fermentation has a great influence on this
ability. Organic acids play a pivotal role in activation or
modification of endogenous enzymes in raw substrates.
The interaction of sourdough LAB and yeasts is also an-
other key phenomenon affecting the gas production abil-
ity or hydrolysis activities during fermentation (Arendt
et al. 2007; Rizzello et al. 2010). Porosity is also a major
determiner of the crumb texture affecting the product
quality, because it represents retaining of the small bub-
bles. The increase of porosity in sourdough bread could
be attributed to the changes of the gluten network struc-
ture caused by enzymatic activity in controlled acidic en-
vironment. These phenomena are responsible for better
gas-holding capacity. In this condition, gluten network
will be unfolded and the exposure of hydrophobic
groups will be increased. Consequently, formation of
new bonds along with softening effect will improve por-
osity (Katina et al. 2006). Carbon dioxide in sourdough
breads is also produced by both LAB and yeast. Micro-
bial ecology of sourdough, applied baking technology,
nutrient supplement of the substrate, and degradation of
macromolecules during processing are important in this
ability. Meanwhile, the gas retention and not the gas
production properties of the dough is responsible for the
gas-holding capacity of the sourdough system (Gobbetti
1998).

PA content

Table 2 shows the PA content of bread samples. As it is
shown, the PA content of the bread containing con-
trolled sourdough was remarkably (P < 0.05) lower than

Bread samples Bread properties

Hardness (N) Porosity (%) PA content (mg/100 g) OA A. niger growth (%)
Spontaneous sourdough 589 + 0.18° 2122 +108° 192.84 + 0.21° 394 + 007 3.89 + 003°
Controlled sourdough 5.02 + 0.20° 23.16 + 1.58° 180.89 + 0.28° 406 +031° 365 + 028°
Control 803 +0.12° 16,65 + 0.43° 21130 * 2.135° 313+012° 1237 +213°

Different letters in the same column indicate a significant difference at P < 0.05. PA phytic acid, OA overall acceptability
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the others. Furthermore, bread sample containing spon-
taneous sourdough had lower PA content than the con-
trol. PA is considered as an anti-nutrient component
found in cereals. PA can block the absorption of min-
erals and trace elements; therefore, a decrease in PA
content has functional importance. The effect of con-
trolled sourdough on PA content is attributed to the
production of organic acids during sourdough fermenta-
tion. It is believed that the low pH can increase degrad-
ation of phytate, and pH 4.5-5.0 was reported as the
optimum for this purpose in wheat dough (Leenhardt
et al. 2005). In the present study, the pH of control and
bread dough samples containing controlled sourdough
and spontaneous sourdough was 5.36, 4.45, and 4.19, re-
spectively. Lopez et al. (2003) reported that pre-
fermentation by LAB increased degradation of phytate
up to 90%. As noticed, bread containing controlled sour-
dough had the most reducing effect on PA content due
to its proper pH and probably phytase activity of the
LAB during the sourdough fermentation. Furthermore,
there are evidences showing that some sourdough LAB
uses PA as the only carbon source (Palacios et al. 2008).

Bread OA

From Table 2, it is obvious that the OA of control bread
was significantly (P < 0.05) lower than the bread contain-
ing controlled sourdough. Meanwhile, there was no sig-
nificant difference in OA between the samples containing
controlled and spontaneous sourdoughs. Sensory attri-
butes of bread such as its appearance, oral texture, flavor,
and taste have pivotal effect on the consumer’s OA. Posi-
tive effects of different sourdoughs on sensorial properties
of bakery products have been revealed (Katina et al. 2006).
It has been demonstrated that the production of flavor
precursors (like free amino acids as precursors of iso-
alcohols), active volatile compounds, and organic acids
during sourdough fermentation can change the accept-
ability of the produced sourdough bread. The influence of
sourdough on bread OA is also dependent on the roles of
metabolic activities of the microorganisms, endogenous
enzymes, fermentation conditions, flour ingredients, and
interactions between microbial strains and the substrate
ingredients (Clarke and Arendt 2005).

In situ antifungal activity

As it is shown in Table 2 and Fig. 5, the growth of A. niger
on bread containing controlled sourdough and spontan-
eous sourdough was remarkably (P < 0.05) lower than the
control sample, after 7 storage days. Fungal spoilage is the
most important cause to reduce the quality and shelf life
of baked goods, and it leads to economic losses. It is re-
vealed that the mold spoilage of bread was prevented by
sourdough LAB as a novel strategy to produce clean-label
bread. Control of mold in bakery products by this potent
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bio-preservation technique is important not only to re-
duce the economic loss, but also for consumer safety
(Gerez et al. 2009). In situ antifungal activity of sourdough
LAB is related to their antagonistic activity against spoil-
age molds. This inhibitory effect depends on production
of antifungal metabolites such as organic acids, hydroxyl-
ated fatty acids, cyclic dipeptides, and antifungal peptides,
as well as their interactions. Some mechanisms involved
in this antagonistic hurdle are well defined. Destruction of
fungi membrane or increasing of membrane permeability
and quorum sensing are some of the most important
mode of actions revealed for the inhibitory metabolites
(Axel et al. 2017). Ryan et al. (2008) reported that in both
in vitro and in situ investigations, the sourdough fermen-
ted by antifungal Lact. plantarum strains significantly af-
fected the outgrowth of Aspergillus, Fusarium, and
Penicillium as common bread spoilage fungi. Further-
more, a clear increase in bread shelf life was achieved
when antifungal sourdoughs and calcium propionate were
combined. According to these findings, antifungal sour-
dough can be used in order to reduce the amounts of
chemical preservatives in bread making. The sourdough
extracts analysis revealed the occurrence of a series of
peptides in inhibitory fraction obtained from the antifun-
gal selected LAB isolates in Garofalo et al. (2012) study.
Acetic and phenyllactic acids were also identified as the
major antifungal metabolites produced by protective LAB
cultures in Gerez et al. (2009) survey. In aforementioned
research, selected LAB isolates displayed antifungal activ-
ity against the main fungal contaminants in the produced
sourdough bread. Zhang et al. (2010) announced that the
acetate and propionate (as the key metabolites in inhibit-
ing mold growth) levels produced in sourdough with low,
medium, and high ash contents were increased by increas-
ing the buffering capacities of the flours. In the present
study, a combination of the selected and non-selected
LAB isolates with total counts of the 8.4 + 0.3 Log CFU/g
was detected in the spontaneous sourdough, whereas in
the controlled sourdough the same amount of the selected
LAB was added. It is assumed that except the presence of
the selected LAB, there are several other factors (such as
its population, the interaction between the selected and
non-selected LAB, and probably interactions among their
metabolites) influencing the in situ antifungal activity of
the selected LAB in spontaneous sourdough unlike the
controlled sourdough. The antifungal activity of sour-
dough LAB in bread is also attributed to synergistic inter-
actions of the LAB metabolites with dough or microbial
derived compounds (Lavermicocca et al. 2000).

Conclusion

In conclusion, Ped. pentosaceus was identified as the se-
lected LAB isolated from wheat sourdough, and then, its
in vitro antifungal activity and acidification capacity were
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Fig. 5 A niger growth on bread samples containing spontaneous (without the starter culture) sourdough (a) and controlled (containing the Ped.
pentosaceus starter culture) sourdough (b) in comparison with the control (without sourdough) bread (c), 7 days after baking

verified. Active components in antifungal fraction ob-
tained from preparative TLC of the LAB culture filtrate
identified using GC/MS were also 3-isobutyl 2,5 pipera-
zinedione, 9,12-octadecadienoic acid 1-methylethyl ester,
9-octadecenoic acid 2-hydroxy-1-(hydroxymethyl) ethyl
ester, and pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-
7-hydroxy-phenylmethyl. Furthermore, anti-aflatoxigenic
capability of Ped. pentosaceus isolate was verified using
HPLC analysis. The hardness, porosity, and OA were
measured 5.02 N, 23.16%, and 4.06, respectively in bread
containing controlled sourdough fermented with Ped.
pentosaceus isolate as the starter culture. Moreover, PA
content and fungal spoilage of controlled sourdough
bread remarkably decreased in comparison with the con-
trol bread. In accordance with these results, application
of the controlled sourdough containing Ped. pentosaceus
isolate in loaf bread is important from technological,
sensorial, and functional viewpoints in processing of this
product.
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