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In the last few years the need to produce food with added value has fueled the search for new ingredients and health-promoting
compounds. In particular, to improve the quality of bakery products with distinct nutritional properties, the identification of
new raw materials, appropriate technologies, and specific microbial strains is necessary. In this study, different doughs were pre-
pared, with 10% and 20% flour from immature wheat grain blended with type “0 America” wheat flour. Immature flour
was obtained from durum wheat grains harvested 1 to 2 weeks after anthesis. Doughs were obtained by both the straight-
dough and sourdough processes. Two selected exopolysaccharide-producing strains of lactic acid bacteria (LAB), Leucono-
stoc lactis A95 and Lactobacillus curvatus 69B2, were used as starters. Immature flour contained 2.21 g/100 g (dry weight)
of fructo-oligosaccharides. Twenty percent immature flour in dough resulted in a shorter leavening time (4.23 � 0.03 h)
than with the control and dough with 10% immature flour. The total titratable acidity of sourdough with 20% immature
flour was higher (12.75 � 0.15 ml 0.1 N NaOH) than in the control and sourdough with 10% immature wheat flour (9.20 ml
0.1 N NaOH). Molecular analysis showed that all samples contained three LAB species identified as L. lactis, L. curvatus,
and Pediococcus acidilactici. A larger amount of exopolysaccharide was found in sourdough obtained with 20% immature
flour (5.33 � 0.032 g/kg), positively influencing the exopolysaccharide content of the bread prepared by the sourdough
process (1.70 � 0.03 g/kg). The addition of 20% immature flour also led to a greater presence of fructo-oligosaccharides in
the bread (900 mg/100 g dry weight), which improved its nutritional characteristics. While bread volume decreased as the
concentration of immature wheat flour increased, its mechanical characteristics (stress at a strain of 30%) were the same in
all samples obtained with different percentages of fructo-oligosaccharides. These data support the use of immature wheat
grain flour, and exopolysaccaride-producing lactic acid bacteria in formulating functional prebiotic baked goods whose
nutritional value can be suitably improved.

Cereals are a source of oligosaccharides, such as fructo-oligo-
saccharides (FOS) and transgalacto-oligosaccharides (1).

Oligosaccharides are defined as carbohydrates with a degree of
polymerization from 3 to 10. They are soluble in water and mod-
erately sweet. Oligosaccharides have higher molecular weights
than mono- and disaccharides and can be used to increase viscos-
ity. Furthermore, oligosaccharides have a high water-holding ca-
pacity, preventing excessive drying, and are also inhibitors of
starch retrogradation (2). FOS are oligomers formed by chains of
fructose obtained from fructosyl-nystose with increasing lengths,
namely, kestose, nistose, and fructosilnistose, normally present in
the tissues of many plants. FOS are the category of nondigestible
carbohydrates most often used as a prebiotic food ingredient.
They withstand hydrolysis due to human digestive juices and
reach the colon intact, where they promote beneficial physiologi-
cal effects in the human gut (3–9).

Among the dietary sources of FOS, the immature kernels of
cereals, harvested at the stage of milky maturation, have a high
FOS content, up to 10 times higher than that of mature wheat
grain (10–12). For these reasons, they have recently generated
interest as a raw material with a prebiotic function.

In the last few years, the need to improve the quality of bakery
products (13) with distinct nutritional properties has boosted the
search to identify raw materials, technologies, and microbial
strains capable of responding to new market requirements. Stud-
ies on the exopolysaccharide (EPS)-producing LAB strains used as
starters in bread technology have been developed with the aim of
obtaining new standardized baked products with higher quality

and a reduced need for additives (8). EPSs are considered
biothickeners or hydrocolloids, which represent a good alterna-
tive to additives (14). The formation of EPS in situ from sucrose
has been reported to promote the production of additional me-
tabolites, such as mannitol, glucose, and acetate, which contribute
to the quality of the finished product (15). In addition, it was
demonstrated that EPSs provide additional nutritional properties
as a prebiotic attribute (16, 17). As reported by Escalada and Mos
(12), D’Egidio et al. (18), and Mujoo and Ng (19), the high FOS
content in immature wheat flour (IWF) suggested its use as a
prebiotic ingredient for the development of new functional
foods. It could represent added value and an alternative to the
traditional uses of durum wheat (20). From an agronomic
point of view, the soil released after early harvesting may be
allocated to new production. Moreover, the presence of FOS
may stimulate the production of EPS by LAB. Therefore, the
combined use of flour obtained from immature wheat seeds
and selected EPS-producing LAB strains may enable the pro-
duction of bread with prebiotic properties and acceptable tech-
nological characteristics (19).
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Based on the above considerations, our research focused on the
study of dough and bread obtained with sourdough and straight-
dough technologies, using immature flour and selected dextran-
producing LAB. For this purpose, we assessed the effects of differ-
ent concentrations of IWF and different baking technologies on
microbiological and acidimetric characteristics of dough, on in
situ EPS production, and on the nutritional and physical proper-
ties of putative prebiotic bread.

MATERIALS AND METHODS
Flours and microbial strains. IWF was obtained from immature seeds
harvested during milk ripeness (1 to 2 weeks after anthesis) of durum
wheat (Triticum durum Desf.) variety Grace cultivated on the Torre Lama
experimental farm (Campania, Italy; 40°37=N, 14°58=E, 30 m above sea
level), located in an area suitable for the production of good-quality wheat
and pasta (20). Wheat flour type 0 America was used for the preparation of
flour mixtures employed in dough and sourdough making. To prepare the
IWF, seeds were ground and accurately mixed with 0 America flour as
described below to obtain a homogeneous batch of IWF.

Two strains of dextran-producing LAB (21) were used for the prepa-
ration of bread: Leuconostoc lactis A95 and Lactobacillus curvatus 69B2,
isolated from sourdough for sweet baked goods (22). Saccharomyces
cerevisiae T22, isolated from pizza dough (23), was included in the starter
as a leavening agent for bread preparation.

Dough, sourdough, and bread preparation. Flour mixtures were pre-
pared by repeated steps of mixing IWF with 0 America flour in a 1:1 ratio.
Each mixing step was performed with a professional mixer (model 50
KPM; Kitchenaid, St. Joseph, MI) for 2 min at room temperature.

Two different types of dough were prepared using type 0 America
wheat flour blended with 10% and 20% IWF. In addition, a dough ob-
tained with only the 0 America flour was used as a control. Each type of
dough was produced by using both the straight-dough and sourdough
processes. For the straight-dough process, the LAB starter and yeast were
added at the same time (23), while in the sourdough process, the inocu-
lum consisted only of LAB strains used in a prolonged fermentation (15 h)
at 30°C. The yeast was added at a different time for the preparation of the
sourdough for bread (21). LAB and yeast achieved viable counts of ap-
proximately 5 � 107 CFU g�1 and 5 � 106, respectively. In particular, the
LAB were grown in MRS Broth (Oxoid) and the yeast in malt extract
(Oxoid). After overnight incubation at 30°C, the broth cultures were sub-
jected to direct counting in count chambers (Thoma Counting Chambers;
depth, 0.02 mm; area, 1/400 mm2; Hawksley, United Kingdom). After
centrifugation at 5,200 � g for 15 min, the pellets were used for the dough-
and bread-making experiments. For the dough obtained with the sour-
dough process, 30% sourdough was added to the other ingredients. All
dough contained 5% (wt/vol) sucrose for EPS production. The dough was
prepared by mixing all ingredients in a mixer (model 50 Professional
KPM; Kitchenaid, St Joseph, MI) for 5 min at room temperature and at a
speed of 1. The dough was shaped into loaves of 400 g each, placed in
aluminum pans, and incubated at 30°C until twice the initial volume was
reached. The dough was baked in a preheated oven at 180°C for 35 min
and then cooled at room temperature for 2 h.

Microbiological, acidimetric analysis and leavening ability. Twenty
grams of fermented dough or sourdough was diluted with 180 ml of 0.1%
peptone water in a Stomacher 400 blender (PBI, Milan, Italy) and serially
diluted with sterile quarter-strength Ringer’s solution (Oxoid). Differen-
tial microbial counts of LAB strains were determined on duplicate plates
of modified Chalmers agar plates (24). The pH and total titratable acidity
(TTA) were determined by standard methods, and the acid equivalent was
expressed as the amount of 0.1 N NaOH/10g consumed in milliliters (25).
The leavening ability, defined as the leavening time to raise the initial
volume 2-fold, was evaluated by incubating part of the dough (150 g) in
graduated glass containers at 30°C.

Quantification of FOS and EPS in flour, dough, and bread. The
quantification of FOS in flour and bread samples with 0%, 10%, and 20%

IWF was carried out using the Fructan Assay Kit K-FRUC 5/2008 (Mega-
zyme International Ireland Ltd.). Extraction of EPS was performed by
following the method previously described (21). Enzymatic hydrolysis of
the extracts was performed to remove starch through treatments with
thermostable �-amylase for 10 min at 100°C, followed by amyloglucosi-
dase for 1 h at 50°C (total starch assay kit; Megazyme) (26). The glucose
liberated from the degraded starch was removed by repeated washes with
2 volumes of chilled 98% (vol/vol) ethanol. The concentration of EPS in
the wheat sourdough was determined according to the phenol-sulfuric
method (27, 28).

DGGE analysis. Twenty grams of fermented dough or sourdough was
diluted (1/10) in quarter-strength Ringer’s solution (Oxoid). Two milli-
liters of the dilution was centrifuged at 14,000 � g for 5 min, and the
resulting pellets were used for DNA isolations. The DNA was extracted by
using Nucleo Spin Food (Macherey-Nagel, Germany) according to the
supplier’s recommendation. The primers V3f and V3r, spanning the
200-bp V3 region of the 16S rRNA of Escherichia coli (29), were used for
PCR-denaturing gradient gel electrophoresis (DGGE) analysis. The PCR
mixture and conditions were as described by Ercolini et al. (30). PCR
products were analyzed by DGGE as described by Palomba et al. (21).
Bands were excised from the gel, eluted in sterile water, and reamplified.
The PCR products were checked by electrophoresis of 12 �l of amplicons
in DGGE gels; DNA amplified from dough was used as a control. PCR
products that gave a single band comigrating with the control were puri-
fied with a QIAquick PCR Purification kit (Qiagen, Milan, Italy) and
sequenced. The sequences were analyzed with MacDNasis Pro v3.0.7 (Hi-
tachi Software Engineering Europe S.A., Olivet, France) and compared to
the GenBank nucleotide data library using the BLAST software at the
National Centre for Biotechnology Information (31) in order to deter-
mine their closest phylogenetic relatives.

Volume of bread samples by image analysis. The loaves with rectan-
gular bases, after cooling to room temperature, were sliced transversely,
and from each, the central slice (1 cm thick) was chosen. A Casio Exilim
camera (EX-Z35) acquired the image of the bread, and the program
Adobe Photoshop CS2 reported its size. Eight different heights were mea-
sured using the Adobe program, corresponding to four points on the right
and four on the left of the center (x � 0), all equidistant from each other.
The height measurements were plotted on a scatter plot, and a polynomial
trend line fitted to the data with Microsoft Excel software (Microsoft
Office 2000 Professional; Microsoft Corp., Redmond, WA) was drawn.
The volume was calculated using the following formula: V � � 2� f(x)dx
[a,b], where f(x) is the equation of the linear polynomial, a is the 0 value of
x at maximum height, and b is the value of x corresponding to half the
width of the dough (32).

Mechanical analysis. All samples were submitted to a uniaxial com-
pression test by using an Instron Universal Testing Machine (model 4467;
Instron Ltd., High Wycombe, United Kingdom) equipped with a 1-kN
load cell. Cylindrical crumb samples (diameter, 17 mm; height, 17 mm)
were placed between parallel plates and compressed to a final deformation
of 80% at a crosshead speed of 10 mm/min. For each sample, seven mea-
surements were made. Crumb firmness was expressed as the stress corre-
sponding to 30% deformation.

Statistical analysis. The statistical analysis of data (mean � standard
deviation [SD], analysis of variance, and t tests) was performed using the
software Macintosh Systat version 5.2.1. All analyses were carried out in
duplicate, and each sample was analyzed from two to four times.

RESULTS
FOS in the flours and characterization of dough and sourdough.
Grains harvested 1 week after anthesis had the highest percentage
of FOS (2.83 � 0.06 g/100 g dry weight) (Table 1). The value
decreased to 1.41 � 0.00/100 g dry weight with the prolonged
maturation of the seeds (2 weeks). The IWF batch obtained by
grains harvested 1 and 2 weeks after anthesis (2.21 g/100 g dry
weight) was used to prepare flour containing 10 and 20% IWF
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(Table 1). Flour type 0 America did not exceed 0.52 � 0.04 g/100
g dry weight of FOS.

Microbiological, acidimetric, and leavening characteriza-
tion of dough obtained by the straight-dough process. On ana-
lyzing the dough immediately after mixing (time zero), no signif-
icant differences (P � 0.01) among the different samples were
detected. In contrast, after dough leavening, differences were
shown (P � 0.01) both between the different technologies
(straight-dough and sourdough processes) and between the
doughs with different amounts of IWF. To highlight the differ-
ences, the t test was carried out on every single parameter.

Immediately after mixing (time zero), the cell concentrations
of L. lactis A95 in the different doughs ranged from 7.2 � 0.2 to
7.6 � 0.1 log CFU g�1, whereas L. curvatus 69B2 ranged from
8.2 � 0.1 to 8.4 � 0.1 log CFU g�1. The yeast had a microbial
concentration from 5.7 � 0.3 and 6.1 � 0.1 log CFU g�1. After
leavening, the cellular concentrations of LAB and yeast strains
showed no significant differences (P � 0.01) (Table 2).

Immediately after kneading (time zero), the pH and TTA
showed no significant differences (P � 0.01) between the control
and the dough with 10% and 20% IWF, showing pH values from
6.9 � 0.5 to 6.8 � 0.2 and TTA from 1.20 � 0.06 to 1.60 � 0.15 ml
0.1 N NaOH/10 g. After leavening, however, the dough containing
20% IWF was less acidic (pH 5.8 � 0.1; TTA, 3.65 � 0.09) than the
control and the dough with 10% IWF (pH 4.6 � 0.1 and 4.7 � 0.1;

TTA, 6.75 � 0.11 and 7.50 � 0.06 ml 0.1 N NaOH/10 g, respec-
tively). Dough obtained with 20% IWF showed a significant re-
duction in leavening time (4.20 � 0.03 h) with respect to the
control and dough containing 10% IWF (6.30 � 0.04 and 6.55 �
0.05 h, respectively; P � 0.01) (Table 2).

Microbiological and acidimetric characterization and EPS
concentration of sourdough. The cell concentration of LAB var-
ied depending on the concentration of the IWF used to obtain the
sourdough (Table 2). L. curvatus 69B2 reached around 9.4 log
CFU g�1 after 15 h of incubation at 30°C in all samples of sour-
dough analyzed. L. lactis A95, however, reached a concentration
equal to 9.5 log CFU g�1 only when 20% IWF was added, approx-
imately 1 log unit higher than the control and the dough obtained
with 10% IWF (8.7 � 0.1 log CFU g�1). Also, the TTA value of the
sample with 20% IWF was greater (12.75 � 0.15 ml 0.1 N NaOH)
than the control and the dough with 10% IWF (9.20 ml 0.1 N
NaOH). In the sourdough containing 20% IWF, a larger amount
of EPS (5.33 � 0.032 g/kg) was observed than in the control and
the sample containing 10% IWF (1.32 � 0.051 g/kg and 0.90 �
0.0071 g/kg, respectively) (Table 2).

Microbiological, acidimetric, and leavening characteriza-
tion of dough obtained by the sourdough process. The cell con-
centration of the LAB and yeast strains before and after dough
leavening (Table 2) showed a slight increase that did not exceed
0.5 log CFU g�1 (L. lactis A95 increased from 7.8 log CFU g�1

to 8.1 log CFU g�1, L. curvatus 69B2 from 8.9 log CFU g�1 to
9.2 log CFU g�1, and S. cerevisiae T22 by 5.9 log CFU g�1 to 6.6
log CFU g�1).

The pH values after kneading (time zero) showed no signifi-
cant differences between the dough samples obtained with 10%
and 20% IWF (6.2 � 0.0 and 6.0 � 0.1, respectively), but they were
higher (P � 0.01) than those of the control (5.5 � 0.0). In contrast,
at the beginning of fermentation (time zero), all samples analyzed
showed the same acidity (P � 0.01), about 3.5 ml 0.1 N NaOH
(Table 2). After fermentation, the dough with 20% IWF had a
higher TTA value (9.05 � 0.05 0.1 N NaOH) than the control and
the dough with 10% IWF (7.20 � 0.15 and 7.65 � 0.05 0.1 N
NaOH). The leavening time of sourdough obtained with 20%
IWF was significantly shorter (4.25 � 0.04 h; P � 0.01) than that

TABLE 1 FOS contents in different flour samples

Type of floura

FOS content
(g/100 g dry wt)

0 America 0.52 � 0.04
Immature wheat grains 1 2.83 � 0.06
Immature wheat grains 2 1.41 � 0.00
IWF from wheat grains 1 and 2 2.21 � 0.07
IWF 10% 0.69 � 0.06
IWF 20% 0.86 � 0.05
a Immature wheat grains 1, grains harvested 1 week after anthesis; immature wheat
grains 2, grains harvested 2 weeks after anthesis; IWF, mixture of immature wheat flour
from grains harvested 1 and 2 weeks after anthesis; IWF 10% and 20%, flour with 10 or
20% IWF.

TABLE 2 Microbial contents and acidification properties (pH and TTA) of sourdoughs and doughs obtained with different preparation methodsa

Sampleb pH
TTA
(ml 0.1 N NaOH/10 g)

Microbial count (log CFU g�1)

Leavening
time (h) EPS (g/kg)

L. lactis
A95

L. curvatus
69B2

S. cerevisiae
T22

Straight dough control 4.7 � 0.1AB 6.75 � 0.11A 8.9 � 0.1A 8.9 � 0.5A 6.4 � 0.3A 6.30 � 0.04A ND
Straight dough with 10% IWF 4.6 � 0.1AC 7.50 � 0.06B 8.7 � 0.1A 9.3 � 0.3A 6.4 � 0.2A 6.55 � 0.05A ND
Straight dough with 20% IWF 5.8 � 0.1D 3.65 � 0.09C 8.3 � 0.6AB 8.9 � 0.1A 6.8 � 0.1A 4.20 � 0.03B ND
Sourdough dough control 4.4 � 0.1C 7.20 � 0.15D 8.2 � 0.1B 9.2 � 0.1A 6.6 � 0.2A 5.20 � 0.04C ND
Sourdough dough with 10% IWF 4.6 � 0.0BC 7.65 � 0.05B 8.0 � 0.1B 9.3 � 0.6A 6.6 � 0.2A 6.10 � 0.04D ND
Sourdough dough with 20% IWF 4.8 � 0.0A 9.05 � 0.25E 8.1 � 0.1B 9.1 � 0.1A 6.7 � 0.2A 4.25 � 0.04B ND
Sourdough control 4.1 � 0.0A 9.20 � 0.32A 8.8 � 0.1A 9.4 � 0.1A ND ND 1.32 � 0.051A

Sourdough with 10% IWF 4.2 � 0.1A 9.20 � 0.11A 8.7 � 0.1A 9.5 � 0.1A ND ND 0.90 � 0.071B

Sourdough with 20% IWF 4.2 � 0.0A 12.75 � 0.15B 9.5 � 0.1B 9.4 � 0.0A ND ND 5.33 � 0.032C

a The doughs were analyzed after the leavening time required to reach twice the initial volume. The sourdoughs were analyzed after 15 h of fermentation at 30°C. The leavening
time of each dough was defined as the leavening time required to raise the initial volume 2-fold. The values represent the means � SD of two replicates of two independent
experiments. Different letters after the values indicate significant differences (P � 0.01; t test). ND, not determined. The initial values immediately after dough mixing were as
follows: pH � 6.8 � 0.5; TTA � 6.9 � 0.17 ml 0.1 N NaOH/10g; microbial count of L. lactis A95, 7.2 � 0.2 to 7.6 � 0.14 log CFU ml�1; microbial count of L. curvatus 69B2, 8.2 �
0.1 to 8.4 � 0.1 log CFU ml�1; microbial count of S. cerevisiae T22, 5.7 � 0.3 to 6.1 � 0.1 log CFU ml�1.
b Statistical analysis of the samples in lightface was carried out by comparing only the dough samples; statistical analysis of the samples in boldface was carried out by comparing
only the sourdough samples.
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of the control (5.20 � 0.04 h) (Table 2). A longer rising time was
shown by dough obtained with 10% IWF (6.10 � 0.04 h).

Molecular analysis. PCR-DGGE was carried out on sour-
dough and dough. All samples showed the same profile, consisting
of four bands (data not shown). Identification of the bands per-
formed by sequencing indicated the presence of the two LAB
strains used as starters, L. lactis A95 (99% identity) and L. curvatus
69B2 (100% identity) (accession numbers of closest-relative spe-
cies, EU676346.1 and JX979220.1, respectively). Cereal mito-
chondrial DNA/uncultured bacteria (100% identity; accession
number of the closest related species, JQ013040.1) and a band
corresponding to the species Pediococcus acidilactici (99% iden-
tity; accession number of closest related species, AB627837.1)
were also found.

Volume, consistency, and nutritional characterization of
bread. To assess the technological characteristics of the bread in
question, the sample volume (cm3) and the resistance offered by
the specimen to an imposed deformation of 30% were considered.
Comparing the values of the volumes of the loaves with 0%, 10%,
and 20% IWF, it can be seen that the control samples (0%), pre-
pared by the straight and sourdough processes had larger volumes
(690.4 � 7.1 cm3 and 642.9 � 4.0 cm3, respectively) than the other
samples obtained with the addition of IWF (Table 3 and Fig. 1). In
particular, the values decreased (from 50 to 100 cm3) with an

increasing amount of IWF used: with 10% IWF, the maximum
volume did not exceed 590.7 � 4.9 cm3 with both the straight-
dough and sourdough processes; with the addition of 20% IWF,
the maximum value suffered a further contraction (556.6 � 8.3
cm3 in straight dough).

The volumes of the bread samples also differed (P � 0.01)
between the straight-dough and sourdough processes. When the
sourdough process was used, the volume of the bread was always
lower in all cases tested, showing values of 506.0 � 4.9 and 462.3 �
9.2 cm3 with 10 and 20% IWF, respectively. In addition, breads
produced through the use of sourdough had a volume of less than
about 50 to 90 cm3 compared with loaves obtained with direct
inoculation (Table 3).

Bread loaves with different percentages of IWF showed the
same firmness (P � 0.01) for both the straight-dough and sour-
dough processes (Table 3). However, the samples prepared with
direct inoculation had a lower firmness (12.7 kN/m2) than those
prepared with sourdough (15.6 kN/m2).

The breads obtained with only 0 America flour (products with
and without the use of sourdough) presented FOS contents of 0.25
to 0.32 g/100 g dry weight. The samples with 10% and 20% IWF
had concentrations of 0.70 to 0.74 g/100 g dry weight and 0.90 to
0.93 g/100 g dry weight, respectively (Table 3).

As in the case of sourdoughs, the amount of EPS in the bread

TABLE 3 Technological characteristics of bread obtained with 0%, 10%, and 20% immature wheat floura

Bread sample
Vol of bread
(cm3)

Firmness
(kN/m2)b

FOS content
(g/100 g dry wt)

EPS content
(g/kg)

Straight-dough bread control 690.4 � 7.1A 13.1 � 1.2A 0.25 � 0.08A ND
Straight-dough bread with 10% IWF 590.7 � 4.9B 12.5 � 0.9A 0.70 � 0.05B ND
Straight-dough bread with 20% IWF 556.6 � 8.3C 13.0 � 2.1A 0.93 � 0.04C ND
Sourdough bread control 642.9 � 4.0D 15.6 � 2.1B 0.32 � 0.06A 0.30 � 0.10A

Sourdough bread with 10% IWF 506.6 � 6.5E 15.3 � 1.2B 0.74 � 0.02B 0.25 � 0.03A

Sourdough bread with 20% IWF 462.3 � 9.2F 15.7 � 2.2B 0.90 � 0.03C 1.70 � 0.10B

a The values represent the means � SD of two replicates of two independent experiments. Different letters after the values indicate significant differences (P � 0.01; t test). ND, not
determined.
b Firmness was measured as the stress at 30% deformation.

FIG 1 (A to C) Bread obtained by the straight-dough process. (A) Bread control. (B) Bread with 10% IWF. (C) Bread with 20% IWF. (D to F) Bread obtained
by the sourdough process. (D) Bread control. (E) Bread with 10% IWF. (F) Bread with 20% IWF.

Pepe et al.

3782 aem.asm.org Applied and Environmental Microbiology

http://aem.asm.org


was also greater in the sample with 20% immature flour (1.70 �
0.10 g/kg) than in the control (0.30 � 0.10 g/kg) and the bread
with 10% IWF (0.25 � 0.03 g/kg). Therefore, the bread obtained
with 20% immature flour and the use of sourdough showed larger
amounts of both FOS and dextran (Table 3).

DISCUSSION

The high content of FOS in IWF was similar to that found in
previous studies by Escalada and Mos (12), D’Egidio et al. (18),
and Mujoo and Ng (19) and suggested its use as a prebiotic ingre-
dient for the development of new functional foods. The presence
of 20% IWF influenced the growth and metabolic activities of L.
lactis A95 and L. curvatus 69B2, previously selected as dextran-
producing LAB (21). A higher concentration of IWF drastically
reduced the leavening time due to the increased amount of
soluble carbohydrates (FOS) (10, 12) potentially available to
the yeast as a carbon source for CO2 release. This result is
significant, since one of the critical points in the production of
baked goods is the competition between LAB and yeasts for the
use of soluble carbohydrates (33). Reduced fermentation time
resulted in lower metabolic activity of LAB and hence reduced
release of acids within the dough (23). However, the shorter
leavening time is an important condition for the bakery indus-
try, since excessively long times may slow down production
and have negative economic effects.

The acidimetric results confirmed once again the strong influ-
ence of FOS on microbial activity, contributing to the increase in
acidification of sourdough. The increase in the acidity of the bak-
ery product is necessary for good leavening and bread baking, for
the control of enzyme activities, for the elasticity and softness of
the crumb, and to prolong the shelf life of the product by prevent-
ing the growth of mold and of spoilage bacteria (34–38). More-
over, from experimental evidence (21), the higher concentration
of EPS detected in sourdough with 20% IWF also led to the stim-
ulation of LAB, notably in regard to the acidifying activity. Some
of the benefits due to the use of sourdough in the preparation of
dough are due to the production of EPS by LAB during fermenta-
tion, since they can improve the dough’s mechanical, sensory, and
nutritional properties. This is the first study of the oligosaccha-
rides’ effect on EPS production, which seems to be stimulated by
larger amounts of FOS present in the IWF. These soluble carbo-
hydrates can be a further source of monomers for the formation of
EPS by glycosyltransferases (39).

The methods of dough preparation did not affect the final con-
centrations of LAB and yeast strains, since the counts were similar
in all samples analyzed. Values of pH and TTA immediately after
kneading showed no significant differences between the dough
samples obtained with the straight-dough and sourdough pro-
cesses with IWF. As observed above, the use of IWF with a higher
FOS concentration stimulated the metabolism of LAB and yeast,
resulting in an increase in TTA and a decrease in leavening time
in dough obtained by the sourdough process. A previous study
reported pseudoplastic behavior and increase in viscosity in
sourdough obtained with a large EPS concentration (21). It is
reasonable to assume that the use of sourdough obtained with
dextran-producing LAB allowed a more interconnected struc-
ture that promoted the speed of leavening.

PCR-DGGE profiles demonstrated that IWF addition did not
influence the colonization capacity or the dominance of the se-
lected LAB strains used as starter components for dough and sour-

dough preparation. Moreover, according to a previous study,
cereal mitochondrial DNA was also found (22), together with the
species P. acidilactici, a bacterium commonly found in plant prod-
ucts and fermented dairy and meat (40).

IWF used in this study was obtained by grains harvested 1 to 2
weeks after anthesis, during milk ripeness (10) of durum wheat,
which contains the highest level of FOS. Physiologically, for the
industrial use of immature kernels as a natural source of FOS, the
most appropriate harvest time is between 13 and 17 days after
anthesis (1). In this study, the bread samples obtained with 10%
and 20% IWF showed a percentage of FOS three times higher than
those of other samples. The use of IWF in bread preparation led to
a significant increase in FOS. FOS are naturally present in many
foods, such as bananas (0.3 g/100 g dry weight), onion (0.23 g/100
g dry weight), ripe grain (0.50 g/100 g dry weight), honey (0.75
g/100 g dry weight), tomatoes (0.75 g/100 g dry weight), and garlic
(0.6 g/100 g dry weight), but in much smaller quantities than in
immature wheat (2 to 7.5 g/100 g dry weight) (18, 19, 41). It has
been estimated that to ensure their pronutritional effects (4,
42–45), the daily dose of FOS should be about 3 g (41). In
particular, FOS intake (1, 3, and 5 g/day) for 2 weeks signifi-
cantly increased the number of Bifidobacteria organisms from
2.5 to 3.5 times and improved intestinal function (46, 47). A
daily consumption of 200 g of bread produced with 20% IWF
ensured an intake of FOS equal to about 30% of the daily re-
quirement. This result is very important, since common foods
normally present in the human diet have low FOS contents.
Moreover, the larger amount of FOS and the sourdough tech-
nology stimulated the biosynthesis of dextran by selected LAB
strains employed as starters. Recently, it was demonstrated that
EPSs have a prebiotic effect on the human intestinal microbiota
(14, 16, 48–50). Furthermore, Olano-Martin et al. (17) have
shown by in vitro studies that dextran is a good substrate for
butyric acid production by intestinal microorganisms. Though
the molecular characteristics differentiating prebiotics from
EPS are not yet known (51), the presence of certain glycoside
bonds could affect their prebiotic potential (52).

According to Mujoo and Ng (19), the addition of increasing
amounts of IWF leads to a decrease in bread volume. The total
nitrogen content of the kernels at milk ripeness is very similar to
that of fully mature grain, while there is a higher content of albu-
mins (water-soluble fraction) and lower contents of gliadins and
glutenins (11, 53). Bread prepared with IWF had a low gluten
content that negatively influenced gas retention during cooking,
resulting in its lower volume (26). The sourdough process also led
to a lower volume, as well as greater firmness of the bread. This
could be due to the increase in acidity, resulting in stimulation of
proteolytic activity that weakens the structure of the gluten net-
work, making the dough softer with a consequent effect on CO2

retention and hence on the volume and rheological properties of
the final product (21, 25).

In conclusion, the research demonstrated that the combined
use of 20% IWF, dextran-producing LAB strains, and the sour-
dough process stimulated LAB and yeast metabolism and led to
shorter leavening times and higher EPS production in dough. As a
consequence, it was possible to develop prebiotic bread able to
satisfy about 30% of the daily requirement for FOS and supple-
ment the intake of prebiotics in the daily diet.
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