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Abstract The effect of bread making methods on bound
water migration from crumb to crust and moisture redis-
tribution during bread storage at room temperature was
studied. Comparative analysis of water behavior in bread
crusts and crumbs was performed using differential scan-
ning calorimetry method. Water vaporization enthalpies
and temperatures of water vaporization peaks were deter-
mined and compared for bread produced by a single stage,
straight dough method and bread produced by a two stage,
sponge-and-dough method. The effect of chitosan on the
crust and the crumb properties was analyzed for the breads
produced by both methods.
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Introduction

Bread is a highly complex heterogeneous thermodynami-
cally unstable and dynamic composite system with high
porosity and high water content [1, 2]. Hydrated gluten is
the continuous phase of wheat flour dough. Starch granules
form discontinuous phase of wheat flour doughs. Bread can
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be considered as interpenetrated network of gluten and
starch biomolecules [2].

Bread staling is a complex process involving multiple
mechanisms (amylopectin retrogradation, water migration
and redistribution between crumb and crust and between
starch and gluten) where molecular interactions occur at
multiple temporal and spatial scales [2—4]. Mechanisms of
bread staling are not yet completely understood and not
described clearly enough for the time being. It was sug-
gested that water migration has a stronger influence on
bread firmness than the retrogradation of amylopectin [5]
and that staling of bread during storage can be subdivided
at least into two stages with different mechanisms [6-9].

Water added to flour to make dough hydrates the gluten,
penetrates the starch and allows gluten strands and starch
particles to slide on each other during enlargement of the
gas cells [10]. All the water in bread is bound water [7].

Methods of bread making can be subdivided into
straight dough method and sponge-and-dough method. All
ingredients are mixed together in one stage using straight
dough method. According to sponge-and-dough method
ingredients are combined in two stages, a portion of the
flour (from 40 to 60% of the total amount), water and yeast
are first mixed forming the sponge. The sponge is allowed
to ferment and in the second stage the sponge is added to
the rest of the ingredients and the mixture ferments again.

Differential scanning calorimetry (DSC) is an appropriate
method to study water contents and water binding energy in
bread [3, 7, 8, 11-16] and other food products [17].

It was observed [18] that bread produced using sponge-
and-dough method has higher volume of loaves.

The effect of chitosan on water migration and bread
staling through the adsorption of positively charged
chitosan molecules on negatively charged starch surface
was demonstrated recently [7-9].
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The aim of this research was to demonstrate how dif-
ferences in bread making process affect the state and dis-
tribution of water in fresh bread and migration and
redistribution of water during staling, as well as effect of
chitosan at different dough mixing processes, using dif-
ferential scanning calorimetry method.

Materials and methods
Sample preparation

Doughs were prepared with two different methods: with
straight dough method and by sponge-and-dough method.

Dough with straight dough method was prepared based
on the following formulation: 500 g wheat flour, 35 g
sugar, 17 g dry yeast, 8 g salt, 10 g butter, chitosan 10 g,
and 260 g water.

The sponge-and-dough mixing method consists of two
distinct stages. Sponge was first set by using the following
formulation: 280 g wheat flour, 150 g water, and 17 g dry
yeast. The sponge was set to rise at 27 °C. After 16 h the
sponge is ripe and 220 g of wheat flour, 110 g water, 35 g
sugar, 8 g salt, and 10 g chitosan were added and fer-
mented 3 h.

Chitosan with viscosity 29 cP and degree of deacetyla-
tion 97% was kindly supplied by Primex (Siglufjordur,
Iceland). Dough mixer “MONO” (Swansea, UK) was used
to make dough. The rolls were baked in confectionery oven
“MONO” (Swansea, UK) at 200 °C for 12 min. The rolls
were then cooled at room temperature for 30 min and
packed in polypropylene bags.
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Fig. 1 Enthalpies of water vaporization in the fresh bread crumb (/
and 2) and crust (3 and 4) produced with a single stage, straight dough
method (/ and 3) and produced with a two stage, sponge-and-dough
method (2 and 4) containing chitosan (filled bars) and without
chitosan (open bars)
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Fig. 2 Changes of enthalpies of water vaporization during storage in
the crumb (solid lines, empty squares) and in the crust (solid lines,
filled squares) of bread produced by a single stage, straight dough
method and enthalpies of water vaporization in the crumb (dashed
lines, open triangles) and crust (dashed lines, filled triangles) of bread
produced by a two stage, sponge-and-dough method
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Fig. 3 Changes of enthalpies of water vaporization during storage in
the crust of bread produced by a single stage, straight dow method
(solid lines) and produced by a two stage, sponge-and-dough method
(dashed lines) without addition of chitosan (open squares and open
diamonds) and containing chitosan (filled squares and filled triangles)

Thermal analysis

Differential scanning calorimetry (DSC) thermograms
were obtained using a differential scanning calorimeter
DSC “Mettler 300” (Mettler-Toledo AG, Schwerzenbach,
Switzerland) equipped with a software for determination of
onset, peak, endset temperatures, and peak’s area. The
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Fig. 4 Changes of the temperatures of water vaporization peaks
during storage in the crumb (open squares and open triangles) and in
the crust (filled squares and filled triangles) of breads produced with a
single stage, straight dough method (solid lines) and produced with a
two stage, sponge-and-dough method (dashed lines)

DSC temperature scale and heat flow were calibrated by
using a standard indium sample.

Approximately 10 mg samples from bread crumb and
crust were placed into aluminum pans, and then a lid was
secured by crimping in such a way as to prevent pressure
buildup and to allow vaporized moisture to escape easily
from the pan during the heating cycle. The samples were
placed in the sample compartment at 7' = 25 °C and then
scanned from 7 = 25 °C to T = 150 °C with a heating rate
of 10 °C/min to volatilize the water. Each measurement
was performed in triplicate.

Results and discussion

Enthalpy of water vaporization is propotional to water
content in polymer networks [19]. Enthalpies of water
vaporization in the fresh bread crumb and crust produced
by a single stage, straight dough method and produced with
a two stage, sponge-and-dough method containing chitosan

and without chitosan are shown in Fig. 1. No significant
difference in water vaporization enthalpies, and conse-
quently, in water content in the crumb was observed for
fresh breads produced by both methods, but water content
in the fresh bread crust is essentially lower for breads
containing chitosan. It is known that crust loses its crisp-
ness when water migrates during bread storage from crumb
to crust and water content rises above a critical value [20].
So because of the lower water content more crispy crust
can form in fresh breads containing chitosan.

Water vaporization enthalpy (content of tightly bound
water) in the crust did not change during storage for the
bread produced with a single stage, straight dough method
and increases for the bread produced with a two stage,
sponge-and-dough method (Fig. 2). Water vaporization
enthalpy in the crusts for the breads produced by both
methods and containing chitosan is lower for the fresh
bread (Fig. 1), higher after 2 days of storage (first stage of
staling) and don’t differ essentially after 7 days of storage
(second stage of staling) (Fig. 3) if compared with a bread
without chitosan.

The energy of water binding (temperature of vaporiza-
tion peak) in the crust during first stage of staling increases
for the bread produced by a two stage, sponge-and-dough
method and slightly decreases for bread produced with a
single stage, straight dough method (Fig. 4).

The energy of water binding in the crust during second
stage of staling decreases for bread produced by a two
stage, sponge-and-dough method and don’t change for
bread produced by a single stage, straight dough method
(Fig. 4).

After 2 days of storage (first stage of staling) the content
of bound water in the crumb of the bread produced by a
two stage, sponge-and-dough method is lower than in the
crumb of bread produced by a single stage straight dough
method but after 7 days of storage (second stage of staling)
the content of bound water in the crumb of the bread
produced by a two stage, sponge-and-dough method is
higher than in the crumb of the bread produced by a single
stage, straight dough method (Fig. 2). So higher rate of
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water migration from crumb to crust at the first stage of
staling and lower rate of water migration at the second
stage of staling was observed for the bread produced by a
two stage, sponge-and-dough method. It is known that
increased moisture content of breads increases the rate of
starch retrogradation [2, 21].

It was observed [22] that bread moisture content was
higher for sponge-and-dough process and that sponge-and-
dough process resulted in softer breads with low staling
rate. Our data show that the difference appears only during
bread storage (Fig. 2). In the fresh bread the essential
difference in water content was observed for bread crust
containing chitosan.

The slight increase of vaporization enthalpy during the
second stage of staling (Fig. 2) can be related to the
migration of a portion of water from gelatinized starch
toward the more rigid amorphous and crystalline domains
that so became unfreezable [1, 7, 23, 24].

Chitosan accelerates the decrease of bound water con-
tent during staling in the bread produced by a single stage,
straight dough method and slow downs the decrease of
bound water content during the first stage of staling in the
bread produced by a two stage, sponge-and-dough method
(Fig. 5). So chitosan can delay the staling during first
2-3 days of storage (first stage of staling) for bread pro-
duced with a two stage, sponge-and-dough method and
accelerate the staling of bread produced with a single stage,
straight dough method [7].
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Fig. 6 Changes of the temperatures of water vaporization peaks

during storage in the crumb (open squares and open triangles) and in

the crust (filled squares and filled triangles) of breads containing

chitosans and produced with a single stage, straight dough method

(solid lines) and produced with a two stage, sponge-and-dough
method (dashed lines)

@ Springer

395

390 -

385

380

375 A

370 A

365

360

Temperature of vaporization peak/K

355

350

1 2 3 4

Fig. 7 Temperatures of water vaporization peaks in the fresh bread
crumb (/ and 2) and crust (3 and 4) produced with a single stage,
straight dough method (/ and 3) and produced with a two stage,
sponge-and-dough method containing chitosan (filled bars) and
without chitosan (empty bars)

The energy of water binding in the crumb during second
stage of staling decreases more rapidly for the bread pro-
duced by a single stage, straight dough method than for the
bread produced by a two stage, sponge-and-dough method
(Fig. 4).

The energy of water binding in the crumb containing
chitosan decreases during first stage of staling and increa-
ses during second stage of staling for the bread produced
by a single stage, straight dough method and essentially
decreases during both stages of staling for bread produced
by a two stage, sponge-and-dough method (Fig. 6).

In the fresh bread crumb addition of chitosan do not
affect essentially the energy of water binding, but in the
crust addition of chitosan decreases the energy of water
binding (the temperature of water vaporization peak), if the
bread was produced by a two stage, sponge-and-dough
method, and increases the temperature of water vaporiza-
tion peak (the energy of water binding to bread compo-
nents) if the bread was produced by a single stage, straight
dough method (Fig. 7).

Conclusions

Water vaporization enthalpy and bound water content in
crusts of the fresh breads containing chitosan is essentially
lower than in crusts of breads without chitosan. Due to the
water content is much lower than critical value more crispy
crust can be expected to form in fresh breads enriched with
chitosan. During the first stage of staling (first 2 and 3 days
of storage at room temperature) bound water content in
crusts increases with higher rate for breads containing
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chitosan. Non-monotonic changes of the temperature of
vaporization peak (energy of water binding to food com-
ponents) were observed in the crust of bread produced by a
two stage, sponge-and-dough method and enriched with
chitosan. The temperature of vaporization peak increases
during first stage of staling and decreases during second
stage of staling. The breads produced by a two stage,
sponge-and-dough method have higher rate of water
migration from crumb to crust at the first stage of staling
and lower rate of water migration at the second stage of
staling than the breads produced by a single stage, straight
dough method. Chitosan accelerates the decrease of bound
water content in crumb during storage at room temperature
in the bread produced by a single stage, straight dough
method and slow downs the decrease of bound water
content during the first stage of staling in the bread pro-
duced by a two stage, sponge-and-dough method.
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