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Abstract The aim of this study was to evaluate the
microtextural properties of optimized wheat bread formu-
lation consisting sourdough (A) prepared with two different
fermentation methods [spontaneous fermentation (F1)
versus starter of lactic acid bacteria added fermentation
(F2)], instant active dry yeast (B) and wheat bran (C) dur-
ing shelf life. The optimized levels for F1 were
11.45 g 100 g~ for sourdough, 1.10 g 100 g~' for dry
yeast and 1.58 g 100 g~' for wheat bran and for F2
6.99 g 100 g~' for sourdough, 1.02 g 100 g~ for dry
yeast and 38.84 g 100 g~ ' for wheat bran. The addition of
sourdough significantly decreased the diameters of starch
granules of sourdough breads, and affected shape and
surface apparance of starch granules. The retrogradation
phenomena during storage was explained with the change
of interaction between starch granules and protein matrix.
The F1 fermentation method was found to be more effec-
tive in terms of bread textural properties examined.
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Introduction

Sourdough is a mixture of wheat flour and water, which is
made metabolically active by hetero/homofermentative
lactic acid bacteria (LAB) and yeasts, either by sponta-
neous fermentation or by fermentation initiated through the
addition of a sourdough starter culture. Moreover, it is a
traditional bread production method which is known to
improve volume, shelf-life, nutritional and textural prop-
erties of wheat bread (Liukkonen et al. 2003). Due to the
metabolites that are produced through the interaction
between LAB and yeast, the usage of sourdough affects of
textural properties of final bakery products. One of the
important metabolites is organic acids that have various
effects on the bread quality. Primarily, they results in the
acidic flavor and depending on the findings of recent
studies they also affect the enzyme activity, bioactivity,
biochemical changes on starch and on other structural
components (Rizzello et al. 2012; Gobbetti et al. 2014).
Examination of the microtexture of wheat bread has
been helpful in determining the changes that occur in
physical structure during the various stages of bread
preparation. The changes not only occure in various pro-
cessing stages but also continue during shelf life. The
various methods such as texture profile analysis, differen-
tial scanning calorimetry, sensory profile analysis have
been performed to assess the changes occurring during the
shelf life. Scanning electron microscopy (SEM), which is
used to determine the structural alterations within the food
matrix like other materials, permits observation of three
dimensional structures. By the tecnique, it was revealed
that protein matrix formed a smooth, enveloping, veil-like
network stretched over the starch granules (Indrani et al.
2003). Moreover, SEM was effectively used in several
studies for examining brought about the functioning of
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different enzymes, organic acids, additives or fermentation
on the major constituents of wheat flour or dough (Aponte
et al. 2014).

However, the studies on the employment of SEM
together with image analysis (IA) regarding the microtex-
tural alterations during shelf life, of sourdough bread are
scanty. Therefore, the present work aimed to examine the
microtexture of sourdough breads prepared with two fer-
mentation methods and compare with control wheat bread
during shelf life. In addition SEM and IA results were also
interpreted to assess the interaction between protein and
starch granules.

Material and method
Materials

The wheat flour (14.3% moisture, 0.63% ash, 11.3% pro-
tein, 59.2% water absorption) and bran samples were
obtained from a milling company (Cesur Milling Co.,
Trabzon). The salt and instant active dry yeast (Dr. Oetker)
were bought from a local supermarket.

Experimental design and optimization

The bran content of sourdough, utilization ratio of yeast
and sourdough of bread were considered as three inde-
pendent factors and two main responses were bread
desirability (BD) and bread value (BV) as explained in
Hayta and Hendek Ertop (2017). Response surface
methodology (RSM)-Central composite rotatable design
(CCRD) desirability function was used for the effect of the
three factors on the two responses (Design Expert 7.0.0,
Stat-Ease Inc., Minneapolis, USA). The experimental
levels of factors were for instant active dry yeast: 0, 0.41,
1.00, 1.59, 2.00 g 100 g_l, for sourdough: 5, 9.05, 15.00,
20.95, 25.00 and for wheat bran: 0, 8.11, 20.00, 31.89,
40.00 g 100 g~'. This experimental design was carried out
for both fermentation method F1 and F2 (Hayta and Hen-
dek Ertop 2017).

Bread desirability (BD) BD values were estimated by
using sensory evaluation test (five-point hedonic scale with
“5" as “I like it very much” and “1” as “I didn’t like it at
all”), respectively (Keswet et al. 2003; Olapade and Ade-
tuyi 2007).

Bread value (BV) BV is a parameter which enables
evaluation of volume, texture and crumb properties of
bread samples together. BV was calculated by the fol-
lowing equation according to Pelshenke et al. (1964):

P tor x Vol !
_ ore factor olume factor 4+ Crumb value

BV 100 (1)
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The method was slightly modified and Image Pro Plus
6.0 (Media Cybernetics Inc., USA) software was used
instead of Dalmann scale (Pelshenke et al. 1964) for
determination of pore factor. Images of both faces of the
two central slices (20 mm thickness) from each loaf were
captured with a flatbed scanner (Model Scanjet 8200, HP,
Cupertino, USA) having a resolution of 600 dots per inch
(dpi) and converted from true color to grayscale. The
images were calibrated, standardized and optimized by
applying appropriate filters to measure pore size and their
distribution with an Image-Pro Plus 6.0 (Media Cybernet-
ics Inc., USA) software. The number and the area of pores
were characterized by enumerating the pores present in five
pre-selected dimensional classes based on their area
(classl = 0.05-0.49 mmz; class 2 = 0.50-0.99 mmz; class
3 = 1.004.99 mm* class 4 = 5.00-49.99 mm® class
5 =>50 mm?) as previously reported (Bianchia et al.
2008).The pore numbers of each class, which were calcu-
lated by software, were multiplied with their own coeffi-
cient (for class 1:1.0, class 2: 0.8, class 3:0.6, class 4:0.4,
class 5:0.2) and pore factors were calculated. Since Class 1
contains pores having smallest area, the highest coefficient
was given to Class 1, similar to Dallman Scale.

Preparation of sourdoughs

The dough yield value (DY), which is proportion between
flour and water, was 200 for the sourdoughs (Chavan
2011):

Sourdough prepared by spontaneous fermentation (F1)
The traditional “back-sloping method” was used. 200 g
wheat flour and 200 g water were mixed and fermented
spontaneously until the dough reached a pH value below
4.5.

Sourdough prepared by starter (F2) LAB (Lb.brevis,
Lb.plantarum and, Lb.delbrueckii) were activated on MRS
broth culture to obtain a cellular suspension of 107 -
cfu mL™". Bacterial suspensions were washed two times.
Each LAB culture which was 107 cells mL ™' was added at
a ratio of 1% (Wu et al. 2012).

Preparation of bread samples

The bread production formula and the straight dough
method of Keswet et al. (2003) were used as slightly
modified. The water (59% based on flour), salt (1.5% based
on dry matter), dry yeast, flour (300 g) and sourdough were
added to kneading bowl and mixed (KitchenAid
KSM150PSER, Belgium) for 15 min. Bread production
followed the main steps as premixing, kneading, fermen-
tation for 40 min, shaping, proofing for 50 min, and finally
baking at 185 °C.
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pH and total titratable acidity (TTA)

The bread and distilled water were mixed in a weight:
volume ratio of 1:9. The mixture was crumbled by ultra
turrax (IKA, T25, Germany) until a homogeneous mixture
was obtained. The mixture was then kept for 10 min and
pH was measured with a pH meter. The mixture was
titrated with 0.1 mol mL™' NaOH (Rizzello et al. 2016).

Evaluation of microtextural properties
Scanning electron microscopy (SEM)

Products that were kept under the same conditions after
baking were examined by SEM on days 0, 3, 5, and 8. The
samples dehydrated in acetone were again dried in acetone
with a Polaran E3100 Critical Point Dryer at Critical point.
After dried samples were adhered on sample holder with
double sided tape, the dried samples coated with about 135
Angstrom Au/Pd (device coating speed 3 A s~ 1) with SC
7620 mini Sputter Coater then they were examined by
SEM (Aponte et al. 2014).

Image analysis (IA)

The evaluation of SEM views, Image Pro Plus 6.0 (Media
Cybernetics Inc., USA) software was used. The diameter of
starch granules were measured through the software with
appropriate calibration.

Statistical analysis

After optimization, obtained results were validated exper-
imentally. One sample ¢ test and variance of analyses
(ANOVA) (SPSS 17.0.1) were used for the comparison
(p < 0.05) of results.

Results and discussion
Optimization

“Sequential model sum of squares” and “lack of fit” tests
were evaluated for BV and BD. Standard deviation,
R-squared (R?) and adjusted R? were calculated for each
function (Table 1). Quadratic function was approved in
terms of BV and BD (p < 0.05). “Lack of fit” was deter-
mined as insignificant (p > 0.05) for both properties. When
the effects of factors on BV and BD were evaluated
(Table 1), both the influence of bran usage on BV was

Table 1 Statistical parameters of optimization; p values for model
selection and lack of fit tests; model and independent variable factors
(a), variance analysis results of quadratic function (b)

Fermentation type  p values*
F1 F2
BV BD BV BD

a
Model selection and lack of fit test

Quadratic 0.0041 0.0066 0.0030 0.0040
Lack of fit 0.1990 0.1178 0.1092 0.1304

Model and independent variable factors
Model 0.0062 0.0121 0.0082 0.0005
A-Yeast 0.6824 0.0152 0.4068 0.2089
B-Sourdough 0.2907 0.0169 0.0481 <0.0001
C-Bran 0.0013 0.7131 0.0338 0.0364

b

Response
R? 0.835 0.808 0.825 0.906
Intercept 154.65 3.24 143.45 2.74
A-Yeast (%) —1.61 —0.48 -3.39 —0.14
B-Sourdough (%) —4.25 —0.47 —8.81 —0.73
C-Bran (%) —16.87 —0.06 -9.63 —-0.25
AB —4.78 —0.31 —4.15 0.47
AC —8.75 -0.19 —3.66 —0.03
BC —0.59 0.00 —12.49 —0.16
A? —12.92 —0.56 —10.58 —0.30
B? 11.79 0.15 7.98 0.23
c? 3.49 0.42 14.22 0.32

* The values p < 0.05 statistically significant

BV bread value, BD bread desirability, F/ spontan fermentation, F2
starter LAB added fermentation

statistically significant (p < 0.05), and the influence of
instant active dry yeast and sourdough usage on BD were
statistically significant (p < 0.05) for fermentation type F1.
The effects of bran and sourdough usage on BV and BD
were statistically significant (p < 0.05), for fermentation
type F2. The model was statistically significant (p < 0.05)
for both response and fermentation types. Variance anal-
ysis results for quadratic function are given in Table 1.

Final equations (Eqs. 2, 3, 4 and 5) were coded with the
following factors;

For fermentation type FI

BV = +154.65 — 1.61 xA —4.25%B — 16.87 x C — 4.78
xAxB—875%xAxC —059«BxC—12.92 %A
+ 11.79  B? + 3.49 % C?

(2)

@ Springer



J Food Sci Technol (January 2018) 55(1):1-9

BD = +324 — 048 %A — 047 B —0.06+ C—0.31 %A
*B—0.19%A%C—0.00%Bx*C —0.56 x A
+0.15% B>+ 0.42 % C?

(3)
For fermentation type F2

BV = +154.65 - 1.61 xA — 425« B — 1687« C — 4.78
xAxB—875%xAxC —059«BxC—12.92 %A
+ 11.79 % B* + 3.49 % C?

(4)
BD = +3.24 — 048 xA — 047 + B — 0.06 % C — 0.31 x A

*B—0.19%A % C—0.00%Bx*C — 0.56 x A
+0.15% B>+ 0.42 % C?

(5)

Figure 1 shows the response for the interaction of the
level of C and A on BD; and the level of B and A on BV
for fermentation types F1 and F2. BD and BV increased
with the increase in the level of A. However, both
responses exhibited a tendency to decrease after the central

Fig. 1 Response surface plots
showing mutual effects of the
amount of instant active dry
yeast, A sourdough, B and bran,
C on BD and BV according to
fermentation type F1 a and F2 b
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point with the increase in A. This was opposite for the
levels of B and C. The purpose of optimization was to
determine accurate values of parameters which may help in
obtaining the desired response.

Numerical optimization was used in this study. BV and
BD values were evaluated together according to desir-
ability function. The desirability approach was based on the
idea that the “quality” of a product or process that has
multiple quality characteristics. The first solution from the
30 solutions, which have desirability value = 1 offered by
the software, was selected and applied in this study
(Table 2a).

Experimental validation of optimization results

The breads were produced, in triplicate, using optimized
levels given in Table 2a. The BV and BD values of opti-
mized breads were determined for F1 and F2, and the
average values were calculated. It was also investigated
whether there was a statistically significant (p < 0.05)
difference between the average and estimated values from
the model by applying the one sample ¢ test. The results of
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Table 2 First solution from the

thirty solutions determined by Fermentation type The level of usage (g) BV BD Desirability
desirability function (a), A B C
comparison of the results
obtained from optimum point a
Ver}ﬁcatl(;m tleStS leth thed e B 1.10 11.45 1.58 197.42 4.65 1.000 Selected
st t S
estimated values from model (b)) 1.02 6.99 3884 21276 475 1000  Selected
Fermentation type Response Estimated value Average experimental result¥* Difference p value*
b
F1 BV 197.42 190.22 + 7.29 —7.19 0.229
BD 4.65 4.57 £ 0.06 —0.08 0.130
F2 BV 212.76 202.26 + 5.12 —-10.5 0.071
BD 4.75 4.67 + 0.12 —0.083 0.338

* Average =+ standart deviation;

Values p < 0.05 statistically significant

BV bread value, BD bread desirability, F/ spontan fermentation, F2 starter LAB added fermentation, A dry

yeast, B sourdough, C bran

the one sample ¢ test for each response are given in
Table 2b. No statistically significant difference (p > 0.05)
was determined between the results obtained from the
validation test. This indicates that the model obtained with
optimization was experimentally successful.

Determination of differences between optimized
breads (OBg; and OBy,) and control bread (CB)

The breads produced according to the optimized model and
fermentation types, OBg; and OBg,, were compared with
the CB in terms of microtexture after baking, and during
shelf life.

pH and total titratable acidity (TTA)

The pH and TTA were found 6.15 and 2.65 £ 0.067 for
CB; 529 and 4.60 £ 0.012 for OBp,; 5.04 and
5.34 £ 0.016 for OBg,. While the use of sourdough caused
a decrease in bread pH, it caused an increase in TTA. Since
the CB samples were produced using bakery yeast only, the
pH was higher than that in sourdough breads, and the TTA
was lower. The acidity of sourdough results from lactic
acid bacteria which synthesized lactic acid by homofer-
mentation of hexoses and synthesized lactic acid, acetic
acid, ethanol and CO, by heterofermentation of hexoses. A
reduction in pH also causes an increase in protease activity
of cereals. Additionally, lactic acid bacteria also have their
own enzyme activity. Increased enzyme activity raises the
free amino acid content by hydrolyzing proteins (Hansen
and Schieberle 2005) therefore may lead to higher TTA
value.

Microstructure

The cereal-based bakery products have a micro-textured
structure carried from the grain to the final product (Autio
and Salmenkallio-Marttila 2001). The structure is formed
by a protein-based matrix and components which are taken
place in this structure such as starch and water. The bread
structure consists of water and wheat fractions such as
starch, protein, bran. Since water must be removed from
the sample at the basis of the SEM technique, the water
molecules can not be displayed in SEM images, while only
protein structure and starch granules views can be captured
(Gorinstein et al. 2004).

SEM images were evaluated by Image ProPlus software,
the diameters of starch granules were measured after
appropriate calibration. The SEM images (1000x) of bread
samples CB, OBg; and OBp, first day of baking are shown
in Online Resource 1. For the purpose of understanding
effect of the fermentation methods and optimized formulas,
the microtextures were compared through the SEM images.

All bread samples contained small as well as large
starch granules of spherical and lenticular shapes that were
distributed throughout the protein matrix. This observation
is resembled to the reports of Aponte et al. (2014) on
sourdough and bread. The microstructure of CB (a) was
characterized by a compact protein network including
starch granules rather than other sourdough breads. Starch
granules present in CB were smooth, oval shaped and
homogeneous distributed in protein matrix. On the other
hand, in OBg; and OBg,- added sourdough breads, the
protein matrix appeared less structured and organized
during fermentation likely because proteins of dough are
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not capable of forming three dimensional structures due to
enzyme activity and acidic profile based on lactic acid
bacteria, especially in OBp, rather than OBg;. The starch
granules which were intricate with protein matrix, lost their
round/oval structure according to the starch structure in
CB, and the number of smooth starch granules were less.
The protein structure of OBy, (c) was further fragmented,
the starch granules which lost their shape, were very dis-
persed within the matrix as smaller pieces. This structure
image (600K x) are also clearly seen in Fig. 2.

It was remarkable that the sizes of the starch molecules
in the images were visually different. Therefore, all three
images were evaluated in the Image ProPlus software, the
image calibration was adjusted to 20 my, and the diameters
of the starch molecules were measured (Table 3). Wheat
starch granules generally exhibit bimodal distribution in
the structure and can be classified as A-type: 20-35 um
and B-type: 2—-10 pm (Delcour and Hoseney 2010). In
Fig. 1, the A type starch granules seem to form a separate
phase from the gluten phase, whereas the B type starch
granules are directly embedded within the protein network.
On the first day images, A type starch granules were found
to be have larger granules (29.904 4+ 4.007) in CB, smaller
(23.831 &+ 2.399) in OBg; and granules with the lowest
diameter (18.356 4 2.478) in OBy, (Table 3). While the
starch molecules of CB had the largest diameter, starch
molecules of OBy, had the smallest diameter. The differ-
ence between the diameters was found statistically signif-
icant (p < 0.05). Deckardt et al. (2014) evaluated the
effects of organic acid application on the starch granule and
reported that lactic acid application led to modification
starch granules. Moreover, they found that changes in the
starch granules and slightly deformation on the surface
with increased acidity in the images obtained by SEM.

When starch granule images of bread samples (600K x)
were examined, similar results were observed. The smooth
surface appearance of CB starch granule is visible at

Table 3 Diameter of starch granules of CB, OBg; and OB, bread
samples

Sample Diameter (mp)/1000
CB 29.904 =+ 4.007*
OBp, 23.831 + 2.399°
OBp» 18.356 + 2.478°

OBy optimized bread produced with F1 fermentation; OBp, opti-
mized bread produced with F2 fermentation; CB control bread

47¢ Means with different superscripts in the same column are signif-
icantly different (p < 0.05)

Fig. 2a. However, the SEM data of the present study
showed significant surface modifications of starch granules
in OBg; and OBp,. Siverely changes and deformation in
surface appearance especially in OBg, are also visible at
Fig. 2c.

In this study, the highest acidity was determined in
OBpg,, OBg; and CB, respectively, according to TTA
results in bread samples. Similar to previous studies, it was
determined that the physical structure of starch granules
were affected by acidity increase, and that their upper
surfaces were detoriated. The starch granules appeared
entrapped within the compact protein matrix of images for
sourdough bread samples, especially of OBg,. This inter-
action visually detected between starch granules and matrix
may decrease of enzymatic hydrolysis of starch, and may
increase the amount of resistant starch in final product
(Hallstrom et al. 2011; Deckardt et al. 2014; Hayta and
Hendek Ertop 2017).

Micro-textural changes during shelf life

In this study, as the purpose was to evaluate the change of
bread microstructure during shelf life, the structural chan-
ges of starch molecules were observed, and this was related
to retrogradation. In addition, during the shelf life of bread

(a) (b)

Fig. 2 Scanning Electron Microscopy (SEM) micrographs (600K x) of starch granules of CB, OBr; and OBp,
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Fig. 3 Scanning Electron Microscopy (SEM) micrographs of CB, OB, and OB, sourdoughs after 0, 3, 5 and 8 day of baking
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samples, the alterations in starch and protein matrix
structure were visually interpreted. The SEM images
(1000x) of 0, 3, 5 and 8 days of bread samples were
compared (Fig. 3).

On the first day, SEM images of the CB show that the
microstructure was more uniform and firm. The starch
granules were smooth, oval and regular. SEM data indi-
cated that spontaneous fermentation method in OBg
slightly modified the starch granules, which can be seen
with a rougher surface. However, the image of OBg,
characterized with compact protein network including
starch granules suggested a highly likely interaction
between them. These images may be examined in terms of
both protein and starch. The interaction might result from
primary and secondary impacts of organic acids produced
by lactic acid bacteria. The acids may have activated pro-
teases in grain. Moreover LAB also have protease enzyme
activity (Loponen et al. 2004). Therefore, the protein
matrix seems to be transformed into compact, discontinued
and fragmented mass, which facilitates the interaction with
starch granules. The protein aggregation and entrapped
starch granules may have affected the characteristics of
microtexture. Previous research has also revealed that
organic acids such as lactic and acetic have the ability to
slow down the enzymatic activity of native amylases of
grain, leading to a decrease in the digestability of starch in
human and in vitro studies (Deckardt et al. 2014). Another
explanation of higher resistance starch contents with
sourdough method may be due to interactions between
gluten and organic acids that made the starch more resistant
and provided a barrier for enzymatic attack.

The staling of bakery products is due to combination of
physical and chemical changes that take place during
storage after baking. It is characterized by the tightened
and crumbly texture, due to the interaction between starch
and proteins, the retrogradation of starch and migration of
water from crumb to crust. The changes became more
evident at the 3rd day as revealed by comparison of sam-
ples micrographs. With progress of storage, the
microstructures of breads were characterized by a compact
network. It was seen that in bread microstructures, from the
3rd day, the proper form was lost and turned into aggregate
form. The starch granules could not be clearly seen in the
protein matrix. In fact, most of the granules turned into
amorphous structures, with disappearance of smooth shape,
volume and outer surface tension. In breads and many other
bakery products, the loss of moisture and staling indica-
tions generally occur red in the first 3 days. The previous
studies revealed that the specific interaction between B
type starch and gluten proteins matrix resulted in modifi-
cation of gluten properties (Hermansson and Svegmark
1996). This specific association caused to appeared of
protein matrix as if still structured and organized, in OBg,—
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SEM images of eighth day. However, more aggregated
structure was observed in CB sample.

The microscopic observations indicated structural
changes connected with retrogradation during storage. The
starch—protein matrix forming the microstructure of stored
bread was more discontinuous and seemed to be weaker
than that in fresh bread. Because, crumb firmness (hardness
and gumminess) is increases, but springiness (elasticity and
cohesiveness) is decreased for all breads during storage
(Btaszczak et al. 2004). This alteration in the microstruc-
ture of stored bread also indicated the starch—starch inter-
action resulted from retrogradation rather than from starch—
gluten interaction. The microscopic observation showed
that sourdoughs especially F, had a substantial effect on
starch/protein matrix behaviour during staling. The
released amylose, underwent structural changes after
3-5 days of storage and formed minute aggregates asso-
ciated with granule remnants. This phenomonia can be
observed as crumbly texture in bread after 3-5 days
storage.

Conclusion

In this study, the effects of different optimized sourdough
formula on the microtextural properties of bread were
evaluated. The effects were much more pronounced in F2
prepared with starter culture. The addition of F2 sourdough
rather than F1 resulted in an increase in TTA as well as a
decrease in pH, when compared with CB. The microscopic
observation showed that sourdough had a substantial effect
on starch behaviour during bread staling. Moreover, fer-
mentation types- F1 and F2- showed different effect on it.
The fermentation type F2 induced more significant struc-
tural changes in the starch—protein matrix showing a dif-
ferent anti-staling mechanism from that of the CB and
OBg;. Microstructures of sourdoughs breads formed a
compact network including starch granules, while CB-
without sourdoughs showed more aggregated structure at
the end of the storage. SEM data were consistent with the
expected results of bread stailing and can be used in
addition to other textural, sensorial or thermogravimetric
methods for analysis and comparison of effects of different
ingredient or evaluation of shelf life for industrial or sci-
entific studies.
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