BREADBAKING

Moisture Redistribution Throughout the Bread Loaf During Staling
and Its Effect on Mechanical Properties

L. PIAZZA' and P. MASI?

ABSTRACT

The change of the moisture profile within a bread loaf and bread texture
during storage up to 300 hr at 25°C were investigated. Three different
types of bread were considered: 1) bread from straight dough using conven-
tional baker’s yeast fermentation; 2) one-stage sour-dough bread from
starter culture of Lactobacillus brevis; and 3) bread from straight dough
acidified with lactic acid. An attempt to correlate bread-staling kinetics
to water migration was made by considering the mass transport phenom-
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ena involved in the process. To evaluate bread staling, the stress-strain
behavior of bread during aging was investigated. By considering the
moisture profile within the bread loaf, a correlation between local moisture
content and texture of stale bread was found. The experimental results
proved that, to prevent staling, it is more important to slow down the
dehydration phenomena rather than it is to increase the initial moisture
content in the bread.

Baked products are perishable foods that undergo severe physical,
physiochemical, sensory, and microbial changes during storage
that result in a rapid loss of freshness. Staling generally refers
to those changes occurring during storage and not to those associ-
ated with microbial contamination that causes the waste of baked
products. The economic losses caused by bread staling are
extremely important, so considerable attention has been focused
on this problem. Much effort has been put into trying to develop
methods to delay the staling process or to minimize its effect
(Spicher 1983, Ghiasi et al 1984, Jankiewicz and Michniewicz
1987, Joensson and Toernaes 1987, Stear 1990a, Avital el al 1990,
Hebeda et al 1991).

Although bread staling has been extensively studied, the phe-
nomena responsible for this mechanism are not completely under-
stood (Whilloft 1973; Roewe et al 1982; Hoseney 1985; Zeleznak
and Hoseney 1986; Rogers et al 1988, 1990; He and Hoseney
1990; Martin et al 1991; Martin and Hoseney 1991; Slade and
Levine 1991; Hoseney 1992). However, many results indicate that
bread staling is mostly associated with the change in hydrophilic
properties of the crumb that occur during aging (the solubility
of colloids and other bread components diminishes) (Ghiasi et
al 1979). Moreover, the staling process results in extensive textural
and organoleptic modifications such as crumb hardening and crust
softening.

Firmness, the resistance of bread crumb to deformation, is the
textural attribute commonly used to assess the staling of bread
(Pomeranz and Shellenberger 1971). Bread firmness is commonly
evaluated by organoleptic tests, where the bread crumb samples
are squeezed between the finger or eaten, or by instrumental analy-
sis, where the bread samples are compressed and the force used
is measured. This type of test is commonly conducted using an
Instron UTM, submitting the sample of a given shape to uniaxial
compression between parallel plates. Tests may involve one
compression or compression cycles (Shakra and Sherman 1984,
Hibbered and Parker 1985, Redlinger et al 1985, Baker et al
1986, Leite et al 1990, Kou and Chinacotti 1991, Swyngedau
et al 1991, Nussinovitch et al 1992).

In general, measurements of crumb firmness are made over
storage periods of 8-10 days. Because the modifications of the
crumb’s mechanical characteristics within this period of time are
macroscopic, results of molecular modifications of the major com-
ponents of bread crumb (water varies the most with time), it
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is possible to hypothesize a close relationship between the bread
consistency and the water content and its distribution within the
bread loaf. Many researchers have found that the center slice
of the loaf tends to be firmer than the outer slices, but no direct
correlations have been proposed with the local moisture content
(Ponte et al 1962, Short and Roberts 1971, Redlinger et al 1985,
Persaud et al 1990). This article considers the rheological response
of bread during aging, taking into account the effective water
content in the various areas of the bread.

MATERIALS AND METHODS

Bread

Three types of soft wheat flour bread (Molini di Vigevano,
Vigevano, Italy) containing 12.37% protein, 0.44% ash, and
14.75% water were produced. The first type was straight-dough
bread made with conventional baker’s yeast (Vinal, Casteggio,
Italy) fermentation (Fig. 1). The formula consisted of 100 g of
soft wheat flour, 60 g of water, 1.5 g of NaCl, and 2 g of compressed
baker’s yeast. The dough was mixed with a spiral arm mixer
(Sottoriva, Marano Vicentino, Italy) for 7 min; after 10 min of
rest, it was cut in 150-g pieces. Loaves were proofed at 30°C
for 60 min in a climatic cell (Heraeus HC0020, Votsch GmbH,
Badingen, Germany), 70% rh and baked for 25 min at 220°C
in a forced convection oven (Moretti, Mikro, Marotta, Italy).
Baked loaves were cooled down at room temperature for 60 min,
wrapped in a plastic film sprayed with an antimold solution
(Nizoral Ketoconazole, Janssen, Latina, Italy), and then stored
at room temperature.

The second type was a one-stage sour-dough bread (Lacto-
bacillus brevis bread) (Fig. 2) made with a pre-ferment containing
flour, water, and freeze-dried ferments of a starter culture of L.
brevis (L-62, Chr. Hansen, Horsholm, Denmark 7). To the basic
ingredients was added (in the proportions outlined in Table I)
a starter prepared by mixing 800 g of flour with 1,200 ml of
water and | g of freeze-dried starter culture of L. brevis that
was left to ferment for 16 hr in a thermostated chamber at 37°C.
The optimum time for fermentation was determined on the basis
of the kinetic decrease in the pH.

The third type was straight-dough bread with chemical acidifi-
cation (Lactic acid) (Fig. 3). The dough was prepared as for yeast
bread, with the only difference being that lactic acid (CCA
Biochem. Chem., D.V. Gorin, Holland) was added to the other
ingredients to obtain a dough with a pH value equal to that
of L. brevis bread.

Moisture Content of the Loaf
The moisture distribution within the central slice of bread loaves
of different ages was evaluated. At the end of the cooling stage



to which the bread was submitted after baking, and after 8, 24,
48, 120, and 300 hr of aging, two samples of each type of bread
were unwrapped, keeping the central portion (~2-mm slice). The
central portion was divided in seven parts as shown in Figure
4. The slices were assumed to be representative of the crust, the
near-crust, the middle zone, and the central zone of the loaf.
The moisture content of each zone was evaluated after oven-
drying for 12 hr at 105°C; the slices corresponded to the different
regions taken from two samples for each of the three bread types
examined.

Force-Deformation Tests

Force-deformation tests were conducted using a UTM (Instron
4301, Instron Ltd., High Wycombe, U.K.) equipped with a 10
N load cell and parallel plate device. The dynamometer was
interfaced with a PC for automatic data collection and presenta-
tion. Force-time response were formatted as ASCII files and
analyzed with Lotus software. Original data were converted into
strain vs. Henky’s deformation, and the modulus of elasticity
was calculated from the initial linear region of the curve. Uniaxial
compression tests were performed by using 10 samples of each
type of bread. Each sample was obtained from the central part
of a loaf, cutting a slice 25-mm high by using a miter box, and
taking a cylindrical sample at the center of the slice by means
of a cork borer. Specimen preparation was done carefully to
minimize pretest deformation. The samples were left to relax 5
min before the test in a box covered with a plastic film to avoid
significant moisture losses. The test was conducted using a cross-
head speed of 50 mm/min. The specimens were deformed to 25%
their initial height. The test lasted 7.5 sec and, consequently,
moisture changes can be neglected.

Crumb Water Adsorption Index

A crumb suspension in water with a crumb-to-water ratio of
1:3 (w/w) was prepared by soaking bread crumbs in distilled
water for 1 hr at room temperature. The suspension was
homogenized in a blender (Waring Products, New Hartford, CN)
operating for 15 sec at low speed and for 60 sec at high speed.
The water adsorption index was evaluated by measuring the
amount of water that separates from the suspension after centri-
fugation for 30 min at 13,000 rpm (3229 centrifuge, Passoni,
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Fig. 1. Flow diagram for preparation of straight-dough bread (YB).

Milano, Italy). The adsorption index was expressed as percentage
of water separated after centrifugation, with respect the initial
weight of the suspension.

RESULTS AND DISCUSSION

Once the bread is removed from the oven, consistent changes
in the moisture content of the loaf occur during the cooling stage.
A temperature gradient exists within the bread loaf; the
temperature of the crust and of the layers near the crust is
noticeably smaller than that of the internal region of the loaf.
As a consequence, vapor pressure varies noticeably between the
loaf crust and the internal part of the loaf, promoting moisture
migration from the crumb to the crust (Stear 1990b). Besides
the internal moisture transport, during the cooling stage, part
of the moisture migrates from the crust to the surrounding atmo-
sphere at a rate that depends on the mass transfer resistance
that subsists at the interface between the bread crust and the
atmosphere around it. In industrial applications, as the cooling
is performed under forced-convection conditions, the transport
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Fig. 2. Flow diagram for preparation of sour-dough bread (LB).

TABLE1
Dough Formulation

Dough Composition

Sour-Dough Lactic Acid
Ingredients Yeast Bread Bread Bread
Flour (g) 100 100 100
Water (ml) 60 48 60
Yeast (g) 3.75 4.3 3.75
Salt (g) 1 1 1
Extra ingredient (ml) Starter 36 Lactic Acid 1
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