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Abstract: The aim of the study was to select Lactobacillus strains according to their antifungal activity and fermentation
properties for wheat and oat bran fermentation. The application of fermented brans as functional starter components for
sourdough preparation was also examined as well as the applicability of fermented bran-enriched sourdough for bread making.
We have compared also the effects of different components (bran, bran with lactobacilli and fermented bran) on the protein
profiles of breads. Two Lactobacillus strains (Lb. delbrueckii subsp. bulgaricus 397 and Lb. curvatus 2768) with good
antimicrobial and fermentation properties were selected to ferment wheat and oat bran to develop a fermented bran enriched
sourdough. The fermented bran had not any significant influence on the commercial baker’s yeasts and the prepared sourdough
had positive effect on the properties of bread, among others on the protein profiles and the shelf-life of the sourdough bread. The
results suggest that the lacto-fermentation is a potential bioprocessing technology to develop from bran a functional ingredient
for sourdough production, which could be used after all for sourdough bakery products.
Keywords: Bran Fermentation, Lactobacillus, Sourdough

1. Introduction
The bran, the nutritious outer layer (aleurone and pericarp)
of the cereal grain, is an important by-product of conventional
milling process with little commercial value and produced
worldwide in great quantities. In the grain the dietary fiber is
concentrated in the outer layers, thus bran can contain 45–50%
of fiber [1]. However the cereal bran is not only a significant
source of dietary fiber but also rich in vitamins, minerals and
phytochemicals [2, 3]. Hence the cereal brans are important
ingredients providing dietary fiber and they are the most
common raw materials for increasing the level of dietary fiber
in baking [4]. The extensive use of wheat bran as a food
ingredient is limited, because it poses several technological
problems, which are great challenges for the food industry.
Native bran is not suitable to be directly used in food
application, because bran has bitter taste, hard texture and
high water-holding capacity [5, 2]. In baked products the bran

supplementation decreases loaf volume or height and
elasticity of the crumb, weakens the structure and baking
quality of the dough, it causes textural modifications, changes
in appearance and taste [2, 6]. Moreover bran contains phytic
acid which acts as an antinutrient due to its chelation of
various metals and its binding of protein, therefore,
diminishing the bioavailability of protein and nutritionally
important minerals, however it has been reported, that phytic
acid is also antioxidant and anticarcinogenic [7, 8]. By
different bioprocessing techniques (involving fermentation)
can be enhanced the biological value of bran and improved the
bioaccessibility of the bioactive compounds [9]. The
fermentation of bran has been shown to be an efficient
pre-treatment method of bran on the one hand to improve
sensory quality of bran-containing bread, and on the other
hand to degrade antinutritive factors to improve mineral
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bioavailability [3, 6]. One of the possible processes to improve
the overall characteristics of bakery products is the use of
sourdough. The sourdough is a mixture of flour and water that
is fermented with lactic acid bacteria (LAB) and yeasts [10, 11,
12]. The use of sourdough as natural starter for bread making
is one of the oldest biotechnology processes in food
production and it can be traced back to ancient times [10, 12].
Sourdough fermentation has shown several positive effects on
the technological and nutritional functionality of bran among
others reduces the phytic acid content [2, 13]. Furthermore the
sourdough fermentations enhance dough properties and
improve volume, texture, flavor, and nutritional value of the
bread and not least protect bread from mould and bacterial
spoilage [2, 14, 15, 16]. The sourdough fermentation is
traditionally a spontaneous process, the microorganisms
originate from flour, dough ingredients or the environment,
but the microbial composition is especially influenced by the
bakery environment [11, 17, 18].
Microbiological studies have reported that more than 50
species of LAB and more than 20 species of yeasts occur in
the ecological niche of sourdough, mostly species of the genus
Lactobacillus, and genera Saccharomyces and Candida, but
occasionally Leuconostoc spp., Weissella spp., Pediococcus
spp., and Enterococcus spp. also have been found [10, 11, 12,
17]. Order to control the sourdough process and optimize the
benefits of sourdoughs the application of defined starter
cultures is necessary [15].
The bran fraction, and especially the pre-fermented bran,
offers a great possibility to improve the sourdough
fermentation and to develop a nutritious and healthy
bran-enriched bakery product.
Therefore the aim of this study was to select LAB starter
culture for bran fermentation and to investigate the
applicability of this fermented bran in sourdough production
and after all in bread making. For this purpose we have studied
the antifungal activity, the fermentation properties of several
lactobacilli on bran, the changes of microbial starters during
sourdough production and the protein profile of bread
prepared with fermented bran enriched sourdough.

2. Materials and Methods
2.1. Microorganisms
Twelve Lactobacillus strains, namely Lactobacillus (Lb.)
plantarum 01, Lb. casei 2107, Lb. plantarum 2142, Lb.
curvatus 2768, Lb. curvatus 2775, Lb. delbrueckii subsp.
bulgaricus 397, Lb. fermentum D13, Lb. sakei DSM 20017,
Lb. casei Shirota, Lb. rhamnosus VT1, Lb. rhamnosus GG, Lb.
acidophilus N2 and one Lactococcus strain Lactococcus lactis

subsp. lactis NCAIM B.02072 were investigated, grown in de
Man, Rogosa and Sharpe (MRS) broth (Lab M Limited,
Lancashire, United Kingdom). Four commercial instant dry
baker’s yeasts were used in this study from different origin,
two from Hungarian market, Dr.Oetker yeast (Dr.Oetker
Hungary Food Ltd.) and Budafoki yeast (Lesaffre Hungary)
and two from Chinese market, Yestar (Angel Yeast Co., Ltd.,
China) and Angel (Angel Yeast Co., Ltd., China). The dry
yeasts were used directly in the sourdough fermentation.
2.2. Bran and Flour
The used commercial oat and wheat bran originate from a
Hungarian producer, Dénes-Natura Ltd., Pécs. Commercial
white wheat flour (SPAR Hungary Trade Ltd.) was used for
the sourdough and sourdough bread production containing 1
g/100 g fat, 71 g/100 g carbohydrates, 9,8 g protein/100 g and
3,2 g/100 g dietary fiber.
2.3. Bran Fermentation
For fermentation 10 g bran and 90 ml sterilized tap water
were mixed in glass flask and inoculate with 1 %
Lactobacillus cell suspension. The cells from fresh, 24 hours
culture in MRS were harvested by centrifugation at 6000 rpm
and 4 ºC for 15 minutes and resolved in physiological saline
solution (0,85%) with peptone (0,1%) before inoculation. The
bran solution was incubated at 30 ºC for 24 hours.
2.4. Sourdough Preparation
For sourdough production 160 g wheat flour and 96 mL
fermented bran solution were mixed with 1,6 g (1 % w/w on
flour basis) dry yeast and they were mixed and kneaded by
hand for 10 min until the correct consistency was obtained and
then sourdough fermentation was carried out at 30 ºC for 16 h.
2.5. Bread Making
The bread making was carried out according to Plessas et al.
[17] with slight modification, briefly the base recipe is 400 g
flour, 200 g sourdough (50% w/w on flour basis), 6 g salt (1.5%
w/w on flour basis) and 200 mL tap water were kneaded for 15
min. The dough rising were carried out at 30 ºC for 2 hours. The
dough was baked in Hauser BM-821 breadmaker (Hauser
Electronic Hungary Ltd.). The recipe of sourdough bread was
chosen for the base and the amount of water, the dry yeast, the
bran and the Lactobacillus cells in the other breads were
calculated from the sourdough, according to its microbial, bran
and water content. Bread types were prepared according to
recipes as reported in Table 1.

Table 1. Composition of control, supplemented and sourdough bread.
Bread type
Ingredient

Control (A)

Supplemented with bran (B)

Supplemented with bran and
Lactobacillus cells (C)

Sourdough bread (with
fermented bran) (D)

White wheat flour
Sourdough

Mass (g)
541
-

533
-

533
-

400
200
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Bread type
Ingredient

Control (A)

Supplemented with bran (B)

Supplemented with bran and
Lactobacillus cells (C)

Sourdough bread (with
fermented bran) (D)

Salt
Bran
Dry yeast
Tap water
Lactobacillus cell suspension

Mass (g)
6
3,39
259
-

6
8
3,39
259
-

6
8
3,39
228
31

6
200
-

2.6. Assays
2.6.1. Lab, Yeast and Mesophilic Aerobic Microbes
Enumeration and Isolation, pH Detection
One gram or one mL of sample (sourdough, bread or
fermented bran, respectively) was diluted in 9 mL of sterile
physiological saline solution with peptone (peptone 1 g/L;
NaCl 8,5 g/L) and homogenized (stock solution). Decimal
dilutions were made in same dilution water. Lactobacilli were
counted by pour plate method on MRS agar, the yeast were
counted by surface-spread plate method on Potato Dextrose
Agar (PDA) (Lab M Limited, Lancashire, United Kingdom)
or Chloramphenicol Glucose Agar (CGA) (Scharlau Chemie
S.A., Barcelona, Spain) and the mesophilic aerobic microbes
were counted by surface-spread plate method on Nutrient agar
(Scharlau Chemie S.A., Barcelona, Spain). Plates were
incubated at 30 °C for 3-5 days under aerobic conditions. For
the isolation of LAB from the native flora of bran the
fermented brans were used. After 24 hours natural
fermentation of brans, from the appropriate dilution 20
microliters were spotted onto the surface of MRS plates and
after incubation (30 °C for 3-5 days) separate colonies were
picked up and transferred to MRS broth. The pH values of the
fermented samples and bread were checked by a pH-meter
from the stock solutions (Mettler-Toledo GmbH,
Switzerland).
2.6.2. Screening of Bacteria for Antifungal Activity
The antifungal activity of the investigated lactobacilli was
studied against six moulds (Aspergillus (Asp.) parasiticus,
Asp. niger and four isolated moulds that grew on bread, from
Aspergillus spp. and Penicillium spp.) and against the applied
four baker’s yeast. For the antifungal activity detection the
double-layer agar spot method were used, when 10 microliters
of the cell suspension of the Lactobacillus strains were spotted
onto the surface of MRS agar and after one day incubation at
30 °C overlaid with soft Glucose-Peptone-Yeast extract agar
contains yeast or mould spores in appropriate concentration.
2.6.3. Determination of Dough Properties
After the sourdough preparation 30 grams of dough was
transferred into a 100 ml glass beaker and the height and
weight of doughs was measured before and after the
fermentation to determine the factors that affect the quality of
sourdough, the dough yield ((amount of flour + amount of
water)*100/amount of flour), practical dough yield (weight of
dough after the fermentation*100/weight of dough before the
fermentation) and the maximal dough height.

2.6.4. Identification of Bacterial Isolates
Genomic DNA was extracted from pure cultures by using
the UltraClean Microbial DNA Isolation kit (MoBio
Laboratories, Inc., USA) according to the instructions of the
manufacturer. These genomic DNA samples were used as
templates for the amplification of target gene. 16S rDNA was
amplified
by
PCR
using
bacterial
27f
(5AGAGTTTGATCMTGGCTCAG-3) and 1492r (5-TACGG
YTACCTTGTTACGACTT-3) primers [26]. The following
thermal profile was used in a Eppendorf Mastercycler PCR
machine (model number: 5333, Eppendorf, Hamburg,
Germany): initial denaturation at 95oC for 5 min, followed by
30 cycles consisting of denaturation at 94oC for 30 s,
annealing at 52oC for 30 s, and elongation at 72oC for 1 min 30
s, followed by a final extension at 72oC for 10 min. The PCR
reaction mixture contained 200 mM of each deoxynucleoside
triphosphate, 1 U of DreamTaq DNA Polymerase
(recombinant) (Thermo Fisher Scientific Inc., Waltham, MA
USA), 1X Taq buffer with (NH4)2SO4 (Thermo Fisher
Scientific Inc., Waltham, MA USA), 2 mM MgCl2,0.5 mM of
each primer, and about 30 ng of genomic DNA template in a
total volume of 50 µL. Direct sequencing of the obtained PCR
products was performed by Baseclear Inc. (Leiden, The
Netherlands). The sequences were edited to exclude the PCR
primer binding sites and manually were corrected using
MEGA 4 version software. The partial gene sequences of
strains were compared automatically using the leBiBi and
NCBI
Blast
databanks
(https://umr5558-bibiserv.univ-lyon1.fr/lebibi/lebibi.cgi and
http://www.ncbi.nlm.nih.gov) against the sequences of
bacteria available in databanks.
2.6.5. The Determination of Protein Profile by 2-DE
For 2-DE (two-dimensional electrophoresis) analysis the
bread samples were ground to a fine powder with Retsch
Grindomix GM-200laboratory mill. For the first dimension
the isoelectric focusing (IEF) was carried out in PROTEAN
IEF Cell (Bio-Rad) using a commercial IPG (immobilized pH
gradient) strips with pH range of 3-10 by linearly increasing
voltage from 250 V to 24.000 Vh.
The strips were rehydrated in 250 µL rehydration buffer (8
M
urea,
1%
CHAPS
[3-(3Cholamidopropyldimethylammonio)-1-propanesulfonate hydrate], 20 mM DTT
[DL-threo-1,4-dimercapto-2,3-butanediol]) containing 200 µg
protein of the bread meal. Following the isoelectric focusing
the strips were incubated in equilibrating buffer (2% SDS, 6 M
urea, 1.5 M Tris–HCl (pH8.8), 20% glycerol) containing 2%
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DTT for 15 min, and 2.5% iodoacetamide for 15 min at room
temperature. For the second dimension, 15 % SDS-PAGE was
carried out with 1 h run at 200 V in Mini-PROTEAN II cell
(BioRad). The gels were fixed in 20% TCA (trichloracetic
acid) and stained with Commassie Brilliant Blue R-250. The
protein spots containing gels were evaluated by PDQUEST
software, version 6.1 (Bio-Rad).

3. Results and Discussion
3.1. Lactobacillus Strain Pre-Selection by their Antifungal
Activity
The antifungal activity of the potential starter culture is very
important. On the one hand their anti-mould activity is

essential, because the bread is very susceptible to attack by
moulds and because of it has a short shelf-life and the bread
spoilage by moulds cause a great economic losses, and on the
other hand in the sourdough microbial community is of
primary importance that the LAB strains do not inhibit the
baker’s yeast activity [19]. From the summarized inhibitory
activity can be concluded, that nine Lactobacillus strains
showed average or better than average antimould activity, the
strains Lb. plantarum 01, Lb. casei 2107, Lb. plantarum 2142,
Lb. curvatus 2768, Lb. curvatus 2775, Lb. delbrueckii subsp.
bulgaricus 397, Lb. fermentum D13, Lb. sakei DSM 20017
and Lb. rhamnosus VT1. From these strains the Lb. curvatus
2768, Lb. curvatus 2775 and Lb. fermentum D13 showed
especially great inhibitory activity against moulds (Fig. 1).

Fig. 1. Inhibition zones of growth of Penicillium sp. formed around colonies of Lactobacillus strains.

In this study four different baker’s yeasts were chosen to
investigate the effect of yeast on the sourdough production and
on the other side the effect of fermented bran on the yeast
activity. Since the number of Saccharomyces cerevisiae on the
raw material is low and their occurrence in the spontaneously
fermented sourdough could be explained by the application of

baker’s yeast in bakery practice [20], in recent study for the
reason of controlled rising the application of baker’s yeast was
indispensable. The investigated Lactobacillus strains have
only weak inhibitory effect against baker’s yeasts, however
the results showed the yeasts originated from China are more
sensitive to the LAB activity (Table 2.).
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Table 2. Inhibition of growth of baker’s yeast by Lactobacillus strains.
Lactobacillus
strains
01
2017
2142
2768
2775
397
D13
Sakei
Shirota
VT1
GG
Lc. lactis
N2

Baker’s yeast
Yestar
Dr.Oetker
±
±
+
+
±
+
+
+
++
+
+
±
-

Angel
+
+
±
+
+
±
±
+
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3.2. Bacterial Isolates from Bran
For starter culture the one of the best and logical choice is a
strain from the autochthonous flora of the raw material. For
this reason bacterial cultures were isolated from the wheat and
oat bran and identified by DNA based methods. According to
this investigation the isolated, dominant bacteria in the natural
fermented wheat bran was the Weissella confusa and in the
natural fermented oat bran was the Enterococcus faecium. The
presence of these species are not strange in the fermented
cereal product, since the member of the Weissella and
Enterococcus genera, and namely these two species, are
important members of the natural fermented sourdough
microbiota and could be also predominant in spontaneously
fermented bran [10-12, 14, 18, 27, 28]. However these genera,
and mainly the Weissella, may play a role just during the first
phase of the fermentation [12], and for this reason the
application of the isolated strains is possible only beside
Lactobacillus starter culture.

Budafoki
±
±
±
±
+
-

The following scale was used: (−) no inhibition, (±) weak inhibition with
small clear zone of inhibition around the bacterial colony or decreased yeast
colony density, (+) inhibition with good clear zone of inhibition around the
bacterial colony, (++) good inhibition with large clear zones around bacterial
colonies

3.3. Bran Fermentation

From the point of view of the development of an efficacious
sourdough starter culture it is essential to avoid any negative
interaction between the LAB and yeast. From the investigated
Lactobacillus strains only two, the Lb. rhamnosus VT1 and Lb.
delbrueckii subsp. bulgaricus 397 seemed to be the best for
this reason, however the strain Lb. curvatus 2768 also has only
a weak inhibition against one yeast. Based on the summarized
antifungal activity we have choosen the strains Lb. rhamnosus
VT1, Lb. delbrueckii subsp. bulgaricus 397, Lb. curvatus
2768 and Lb. sakei DSM 20017 for the further investigations.

The cell number of inoculated Lactobacillus strains, the
mesophilic aerobic cell number and the pH were determined at
the beginning, the 24. and 48. hours of fermentation. All of the
selected Lactobacillus strains grew well both on the wheat and
oat bran, they reached the 109 cfu/ml cell concentration
already by the 24. hours of fermentation from the initial 107
cfu/ml cell number (Table 3).

Table 3. Growth of the starter culture and the changes of pH during the wheat (A) and oat (B) bran fermentation.
A)
Lactobacillus strains
Lb. sakei
397
2768
VT1
control

Lactobacillus cell number (cfu/ml)
Initial
24 hours
6.25*107
1.56*109
2.41*107
2.48*109
7
7.75*10
1.13*109
7
9.25*10
1.15*109
0
4.1*108

48 hours
1.18*109
1.73*109
7.75*108
1.05*109
3.26*108

pH
Initial
6.98
6.98
6.98
6.98
7.1

24 hours
3.83
3.66
3.96
3.95
4.15

48 hours
3.67
3.5
3.78
3.78
3.83

B)
Lactobacillus
strains
Lb. sakei
397
2768
VT1
control

Lactobacillus cell number (cfu/ml)
Initial
24 hours
6.25*107
1.26*109
2.41*107
1.21*109
7.75*107
5.58*108
7
9.25*10
1.12*109
0
4.5*106

48 hours
1.17*109
1.4*109
7.0*108
1.42*109
8*106

These results agree with other studies about bran
fermentation, where the lactic acid bacteria have reached
similar 109 cfu/ml cell concentration [5]. In the spontaneous
fermentation the lactic acid bacteria showed 108 and 106
cfu/ml on wheat and oat bran, respectively, after the 24. hour,
which indicates that the application of starter culture to reach
the appropriate living cell concentration is necessary. The total

pH
Initial
6.88
6.88
6.88
6.88
6.9

24 hours
3.95
4.01
4.1
4.33
4.93

48 hours
3.84
3.91
4.12
4.25
4.64

cell number counted on nutrient plate demonstrated the natural
flora of brans have reached the 106-107 cfu/ml after 24 hours
incubation in the spontaneous fermentation, while beside the
starter culture this number was lower, especially in case of the
strains Lb. delbrueckii subsp. bulgaricus 397 and Lb. curvatus
2768, where the starter culture almost totally inhibited the
autochthonous flora (Fig 2.). However by the 48. hour the
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number of the indigenous flora has grown the inhibitory
activity of starter cultures was even significant particularly in
case of the Lb. curvatus 2768 strain. This antimicrobial
activity was strain-dependent, but it was influenced also by the
substrate and their natural microflora, which could be seen
well in case of the strains Lb. sakei and Lb. delbrueckii subsp.
bulgaricus 397. The pH decrease was better in the wheat bran,
where it drops under the pH 4 within the first 24 hours, which
is important from point of view of the microbial safety (Table
3). On the oat bran the acidification was slighter, especially by
the strain Lb. rhamnosus VT1. The pH of the controls, the
spontaneously fermented brans, was higher than the pH of
samples with starter culture in every case. The pH decreasing

was also significantly influenced by the substrate and the
applied strains. The number of autochthonous microflora of
bran is much higher than in flour [21]. Therefore, adding
starter cultures to the bran instead of spontaneous
fermentation is advisable, as our results also showed.
According to their properties we have chosen the strains Lb.
delbrueckii subsp. bulgaricus 397 and Lb. curvatus 2768 for
the further investigations. It was observed that the cell
concentration of starter cultures reached the maximal values
already after the first 24 hours and the decreasing of pH was
only moderate in the second 24 hours, which indicate that for
the main fermentation 24 hours is enough.

Fig. 2. Changes of the number of natural flora of the wheat (A) and oat (B) bran during the fermentation with and without starter culture3.4. Sourdough
fermentation.
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The preparation of sourdough was carried out with the oat
and wheat bran fermented by selected strains (Lb. delbrueckii
subsp. bulgaricus 397, Lb. curvatus 2768). The sourdough
fermentation was started with same amount (1 % w/w on flour
basis) of investigated dry yeasts, respectively. The sourdough
prepared without fermented bran, only with dry yeast, was
used as control. The dough yield was in every case 160, which
means the investigated sourdough was firm dough [29]. Since
the Lactobacillus cell concentration in the fermented brans
was enough high the initial cell number in sourdough was in
range of 108 cfu/g and due to this concentration the number of
the Lactobacillus starter culture have reached the 109 cfu/g to
the end of fermentation in every case, which results agree with
other reported LAB cell number in sourdough [10, 23, 24]
(Table 4). No noticeable differences in Lactobacillus cell
number were observed within the various samples, beside the
different baker’s yeast, which means that the yeasts have not
influenced the growth of lactobacilli. In contrast with the
fermented bran-enriched samples in the controls the living
lactic acid bacteria population reached only 105-108 cfu/g. The
activity of the starter culture in the fermented bran could be
seen also from the pH of sourdough: in these samples it
decreased significantly, the changes (∆pH) were 0.7 to 1.25 in
contrast with the control, where these changes were 0.29 to 0.8,
and naturally the pH values also were much less in the samples
with fermented bran. The pH in the sourdoughs contain
fermented bran was lower than others reported about
spontaneously fermented sourdough [23, 24], however
Meignen et al. [25] reported similar results with Lb. brevis
starter culture. As from the microbial results can be seen also
only beside the strain 2768 decreased the live cell number of
yeast and among the yeasts only the Angel and Yestar, in spite
of that this strain had only a weak or not any inhibition against
these yeasts on the laboratory medium. In the other cases the
yeast cell concentration to the end of the fermentation has not
changed significantly, it was the same as the initial just as in
the control sample. It has showed unambiguously that the
fermented brans have not any inhibitory effect on the baker’s
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yeast. However the maximal dough height showed great
difference between the control and the bran-enriched samples.
All of the sourdoughs prepared with fermented bran had less
maximal height than the controls, which means that the
fermented bran has some effect on yeasts after all and/or
significantly influences the structure of the dough. This latter
has been reported also by others, who explained it by the
enhanced microbial enzymatic activity and the low
pH-mediated activation of cereal and bran endogenous
(proteolytic) enzymes, which cause adversely effect on the
rheological characteristics of dough by the degradation of
structure proteins, among others gluten proteins [22].
However it can be stated that the fermented bran have not
inhibitory effect on baker’s yeast growth, their activity was
partly influenced, which could be seen not only from the
maximal dough height, but from the practical dough yield also.
This latter in case of the sourdoughs contain fermented bran
was greater than in the control, which could be explained by
that the components of the flour were not transformed by the
yeasts into volatile components, which cause losses in dough
weight during the fermentation. To establish which factor
influenced mainly the activity of the yeast and/or the structure
of the dough the effect of pH, the weak organic acids and the
presence of Lactobacillus were investigated. Sourdoughs were
prepared, but instead of fermented bran a native bran solution
with adjusted pH (adjusted by HCl, acetic acid and lactic acid,
respectively, to the same value as it reached in the fermented
bran) was added into the flour and baker’s yeast mixture.
Moreover Lactobacillus cells were added to the native bran
and in an other samples fermented bran with adjusted pH to
6.9 were applied in the sourdough preparation. The results
showed unequivocally the fermented bran and the acetic acid
significantly influenced the maximal dough height negatively,
while the addition of lactic acid did not influence the height
significantly (Fig. 3.). It can be observed that the fermented
bran with near neutral pH also had not effect on the dough
height. From these results can be supposed that the acetic acid
has great influence on the dough rising.

Table 4. Changes of the Lactobacillus and yeast cell number, the pH and dough parameters during sourdough production. A) Control, B) Wheat bran, C) Oat
bran.
A)
Control
Starter culture

LAB living cell
concentration (cfu/g)
0. hour
3

16. hour

pH

0. hour

0. hour

16. hour

5.80
5.79

8

1.67*107

5

4.15*10
1.3*105

Angel

< 10

Budafoki

< 103

2.75*105

3

8

1.12*10

1.72*107

9.4*106

Dr.Oetker

< 10

Yestar

< 103

3.18*10

Yeast
living cell concentration (cfu/g)

2.25*10

16. hour
5

7.33*10

5

3.1*105
8

2.46*10

Practical dough
yield (%)

Maximal dough
height (mm)

4.99

97.37

41

5.5

96.95

41

5.77

5.18

96.73

32

5.78

5.36

97.77

30
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B)
Wheat bran
Starter culture
Angel + 2768
Budafoki + 2768
Dr.Oetker + 2768
Yestar + 2768
Angel + 397
Budafoki + 397
Dr.Oetker + 397
Yestar + 397

Lactobacillus living cell
concentration (cfu/g)
0. hour
16. hour
4.49*108
2.55*109
4.64*108
2.68*109
8
4.46*10
2.63*109
4.51*108
2.68*109
8
9.78*10
2.55*109
9.76*108
2.24*109
8
9.97*10
2.85*109
9.73*108
3.75*109

Yeast
living cell concentration (cfu/g)
0. hour
16. hour
4.15*105
2.73*104
1.3*105
1.0*105
8
1.12*10
1.32*108
9.4*106
3.64*105
5
4.15*10
2.64*105
1.3*105
1.6*105
8
1.12*10
1.21*108
9.4*106
1.13*106

pH
0. hour
4.93
4.91
4.89
4.95
4.73
4.74
4.70
4.78

16. hour
3.71
3.72
3.85
3.8
3.75
3.92
4.03
3.83

Practical dough
yield (%)

Maximal dough
height (mm)

99.01
97.50
97.47
98.8
97.96
96.82
96.95
98.95

16
19
18
16
23
20
19
23

Practical dough
yield (%)

Maximal dough
height (mm)

97.85
96.57
96.92
98.91
97.64
98.77
96.86
98.84

14
15
19
22
14
10
23
17

C)
Oat bran
Starter culture
Angel + 2768
Budafoki + 2768
Dr.Oetker + 2768
Yestar + 2768
Angel + 397
Budafoki + 397
Dr.Oetker + 397
Yestar + 397

Lactobacillus living cell
concentration (cfu/g)
0. hour
16. hour
4.58*108
1.85*109
8
4.77*10
2.08*109
4.75*108
3.23*109
8
4.49*10
1.99*109
6.52*108
2.12*109
8
6.9*10
3.65*109
6.8*108
2.1*109
8
6.52*10
2.61*109

Yeast
living cell concentration (cfu/g)
0. hour
16. hour
4.15*105
4.45*104
5
1.3*10
2.8*105
1.12*108
2.85*108
6
9.4*10
6.9*105
4.15*105
1.5*105
5
1.3*10
1.8*105
1.12*108
1.76*108
6
9.4*10
1.35*106

pH
0. hour
4.84
4.85
4.87
4.84
4.72
4.75
4.78
4.70

16. hour
3.64
3.79
3.69
3.48
3.69
3.67
3.85
3.56

Fig. 3. Effect of the pH, the organic acids, the bran and the living cells on the rising of dough (in case of oat bran and Lb. curvatus 2768; the applied yeast is
Dr.Oetker).

3.5. Bread Production
Since the main function of sourdough is the bread
production, the developed, fermented bran-enriched
sourdoughs were used to produce bread. In this investigation
the yeast Dr. Oetker and the Lb. curvatus 2768 strain were
used. To compare the effects of different components the
dough before the leavening was supplemented with bran; bran
and lactobacilli; and fermented bran-enriched sourdough,

respectively. The volume of the bread with bran was the
lowest, that was to be expected, since it is well-known that the
bran decreases the bread volume and weakens the structure
and baking quality of the dough [2, 21]. The structure and the
volume of bread made with sourdough were similar or better
than the control, due to the beneficial effect of the sourdough
[15, 10, 11] (Fig. 4.). The activity of the Lactobacillus in the
sourdough bread is well demonstrated by the pH of the breads,
since the pH of fermented bran-enriched sourdough bread was
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4.69, while the pH value of the control, the bran supplemented
and the lactobacilli and bran contained bread was 6.06, 6,15
and 5.58, respectively. To investigate the antimould efficiency
of sourdough storage assay was performed and monitored the
shelf life of the bread: a slice of bread from every samples was
packed separately into a plastic bag and heat sealed and the
presence or absence of spoilage mould was checked visually
every day. The spoilage moulds appeared on the control
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samples already after 4 days, while on the bread with bran
after 6 days and on the bread with added bran and lactic acid
bacteria only after 7 days. In contrast to this on the bread
which was prepared with fermented bran-enriched sourdough
the spoilage molds have appeared only at the 10. day of
storage, which confirm that the sourdough baking bread has a
prolonged shelf-life.

A: control, B: with bran, C: bran and Lactobacillus (Lb. curvatus 2768), D: with fermented bran-enriched sourdough
Fig. 4. Effect of the different components and sourdough on bread.

3.6. Protein Profile of Breads
Two-dimensional electrophoresis was used to find
differences in the protein pattern of the bread samples made
with different supplements (Table 1.). It has been widely
reported in the literature that the proteolysis in sourdoughs is
higher than in yeasted and unstarted doughs, however this
activity is still unclear, because on the one hand the
acidification of dough and on the other hand the enzyme
activity also play a role in the proteolysis. Moreover the
enzyme activity is divided between the various endogenous
microbial and wheat flour-proteolytic enzymes, however the

proteolysis in sourdoughs and the rheological consequences of
gluten degradation are mainly based on the pH-mediated
activation of cereal enzymes, and the microbial enzymes play
only a minor role [22, 23]. The separation in 2-DE was carried
out on immobilized pH gradient containing strips between pH
3 and 10 and SDS-PAGE using molecular weight markers.
Differences were found in the molecular weight region of 19
kDa, which is the range of albumin and globulin polypeptides
[24]. Spot SSP 101, 102 and 103 were detected in all samples
with different intensity (Fig.5).

Fig. 5. 2D electrophoresis analysis of protein fractions in bread made with bran-enriched sourdough.
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The more intense spots were found in sourdough bread. In
this region, spots SSP 2101, 2102 and 2103 were found in the
bread supplemented with bran and Lactobacillus and
sourdough bread, while the spots SSP 3002, 3101, 3102, 4001
and 4102 were detected in the sourdough bread only. Ten
protein spots were found which were detected in the LAB
containing bread samples only (SSP 501, 2101, 2102, 2103,
3501, 3602, 5402, 5403, 6502, 7902). These spots were
detected with different intensity. Spot SSP 501 in the 37-52
kDa molecular weight region was more intense in the
sourdough bread, but the spot SSP 2101 and 2103 in the 19
kDa region were less intense in the sourdough bread than in
the bread supplemeted with bran and Lactobacillus. Twenty
spots were found, which were detected in the sourdough bread
only (SSP 3001, 3002, 3102, 4001, 4102, 4301, 4302, 5401,
6403, 7201, 7901, 8202, 8203, 8204, 8301, 8401, 8601, 8701,
9501, 9901). In the molecular weight (32-36 kDa) and
isoelectric point (pI 6-8) regions of wheat gliadin spots were
detected in all samples. In comparison with the control bread,
where the analysis has showed 124 separate protein spots, in
case of the bread prepared with fermented bran-enriched
sourdough were 184 separate spots (in case of the bran
supplemented and lactobacilli and bran added bread were 100
and 110 spots, respectively). It is presumable, that these new
proteins come not only from the degradation of polypeptides
and the endogenous proteins of lactobacilli, but could be
bioactive components also, since it is reported by others that
during sourdough fermentation new bioactive metabolites
could be produced from the precursors present in the raw
materials, among others in bran, and in this way the
fermentation may increase the levels of various bioactive
compounds [3, 2, 15].

bread, among others on the protein profiles and the shelf-life
of the sourdough bread. The fermented bran could be used as
functional ingredients for sourdough production.

4. Conclusion
Nowadays there is an increased consumer demand to
healthier, additive-free products with long shelf-life and with
high dietary fiber content. Since bran is the one of the most
common natural components for increasing the level of
insoluble dietary fiber in baking, it is a superior raw material
for development of new dietary fiber-rich cereal foods.
However the application of the bran is difficult due to its
several adverse technological and sensory properties. The
pre-fermentation of bran could be a successful technology for
improved technological properties and to enhance the
bioactive potential of bran. The application of the fermented
bran as starter component for sourdough production could
improve the biological value of the bakery product made with
the fermented bran enriched sourdough. We conclude that the
application of well-characterized starter culture for bran
fermentation is greatly advisable. Selected strains, other than
the traditional sourdough species, could be used for the bran
fermentation and this bioprocessed bran could be applied for
sourdough fermentation. The fermented bran has not any
significant influence on the commercial baker’s yeast and the
prepared sourdough has positive effect on the properties of
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