BREADMAKING

Bread Staling: A Calorimetric Approach’
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ABSTRACT

Simple recipe breads with different water contents were allowed to
stale in well-defined conditions. Bread crumb was investigated using
differential scanning calorimetry, thermogravimetry analysis (TGA), and
stress-strain determinations. Calorimetric investigations extended to
subambient temperature allowed an exothermic signal to be recognized
just about room temperature that appeared partially reversible on
repeated heating-cooling cycles across the —10 to 35°C range. The corre-
sponding thermal effect was maximum after aging 8-10 hr. According to
the TGA investigations, the release of water on heating revealed two
main binding states: water-1 and water-2. The relevant fractions were
bread-age dependent; water-1 reached a minimum after aging 8-10 hr at
room temperature, while the overall water content remained practically
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unchanged. These findings suggested a model for the extension of a
crosslink network throughout the bread crumb. Water molecules would
be displaced along polymer chains acting as sliders of an interchain
zipper. The consequent direct interchain crosslinks would allow forma-
tion of a network that would justify the increasing firmness of the crumb.
The same mechanism would also sustain the growth of amylopectin
crystals. Accordingly, the observed correlation between starch retrogra-
dation (evaluated from the endothermic effect of amylopectin fusion)
and increased crumb firmness should be reconsidered in the frame of a
more general picture where water molecules play a key role in the defi-
nition of the product structure.

A number of works (Lindet 1902, Schoch and French 1947,
Bechtel and Meisner 1954, Bechtel and Meisner 1959, Zobel and
Senti 1959, Senti and Dimler 1960, Cornford et al 1964, Herz
1965, Schoch 1965, Zobel 1973, Maga 1975, D’ Appolonia and
Morad 1981, Kulp and Ponte 1981, Pyler 1988, Stear 1990, Kulp
1991) have been devoted to the study of bread staling to explain
the different processes that take place in the course of the shelf
life and significantly modify the sensorial properties of the prod-
uct. At present, no interpretation is available that encompasses the
whole body of changes observed, although some tentative models
have been proposed. Most of these recognize a key role of water
and its mobility (Zeleznak and Hoseney 1987, Czuchajowska and
Pomeranz 1989, He and Hoseney 1990, Piazza and Masi 1994).
Great attention was paid to ingredients that interact with water,
such as nonstarch compounds, proteins (gluten and nongluten),
dextrins, sugars, emulsifiers, and hydrocolloids, etc., as well as
endogenous and exogenous enzymes like amylases that can par-
tially degrade the starch components to produce smaller polysac-
charides (Whilloft 1973, Dragsdorf and Varriano-Marston 1980,
He and Hoseney 1990, Rogers et al 1988, Martin et al 1991,
Martin and Hoseney 1991).

Some works have been devoted to the kinetic parameterization
of bread crumb staling. The reported studies mainly deal with the
change of mechanical properties of the crumb and with DSC
investigations. Either approach is adequate to characterize the
shelf life of baked cereal products (Hollo et al 1959a,b; Kim and
D’Appolonia  1977; Biliaderis et al 1980; Eliasson 1985;
Zeleznak and Hoseney 1987; Kou and Chinachoti 1991;
Swyngedau et al 1991; Biliaderis 1993; Riva and Schiraldi 1993).
Some authors have assumed starch retrogradation is a parameter
of bread staling (Eliasson 1985), a qualitative correlation was
suggested between extent of starch retrogradation and the
increased firmness of the bread crumb. Although true for a given
kind of bread, the correlation significantly changes when other
bread recipes are considered. This confirms the expectation that
other nonstarch components can significantly affect either the
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extent of starch retrogradation or that coexistent phenomena con-
tribute to the overall increase of firmness of the crumb.

Most of these findings were reproduced in this work. Among
the changes that contribute to the overall picture of the bread
crumb staling, we focused our attention on starch retrogradation
(assessed form endotherms of differential scanning calorimetry
[DSC] traces); increase of firmness (measured as increase of elas-
tic modulus); and water binding (evaluated from thermogravime-
try analysis [TGA]). This article reports the results of calorimetric
investigations extended to subambient temperatures: aside from
the well-known endothermic peak due to starch retrogradation, an
exothermic effect was recognized just above room temperature
that seemed directly correlated with the change of the elastic
modulus of the bread crumb. A mathematical treatment of DSC
and TGA traces allowed: 1) overcoming the poor reproducibility
of the traces obtained from food samples compared with those
from pure compounds or physically homogeneous systems
(solutions, polymers, rocks, metal alloys, etc.); 2) scaling mean-
ingful DSC and TGA profiles from the relevant baselines to rec-
ognize the number and type of distinguishable components of a
given signal that can be related to separate events underlying the
overall record.

MATERIALS AND METHODS

Breadmaking

Different kinds of bread were prepared on laboratory scale with
conventional baker’s yeast fermentation and simultaneous mixing
of all ingredients.

The raw material used was soft wheat patent flour (water con-
tent 14.45% (w/w) wbs; total protein: 11.01% (w/w) wb) obtained
from a commercial source (Molini di Vigevano, Vigevano, Italy);
and stored at 4°C. The control bread (CB) was prepared from a
dough of 100 g of soft wheat flour, 60 g of water and 3.75 g
(4.2% [w/w] db) of compressed baker’s yeast (S. cerevisiae, Vinal
Gist-Brocades, Casteggio, Italy), and 1 g of NaCl. No fat was
added.

Breads prepared according to different recipes were also con-
sidered. These breads contained the same yeast content as the CB
(4.2% [w/w] db) and different water or protein proportions.
Samples included water-enriched bread (WEB) and water-poor
bread (WPB) with 100:65 and 100:55 flour-to-water weight



ratios, respectively; and gluten-enriched bread (GEB), where 2 g
of freeze-dried gluten (obtained by hand-washing the CB dough
with tap water) were added to the CB recipe.

Ingredients were mixed with a spiral arm mixer (Sottoriva,
Marano Vicentino, Italy) for 12 min and let to rest for 10 min at
room temperature. Loaves (200 g) were then formed in baking
pans and proofed at 30°C and 70% rh for 60 min in a climatic cell
(Heraeus Votsch HC0020, Balingen, Germany).

Baking was performed for 25 min at 225°C in a forced convec-
tion oven (Moretti, MIKRO, Marotta, Italy). Baked loaves were
then naturally cooled to room temperature (=120 min). The
moisture content determined for CB, WEB, WPB, and GEB,
respectively, just after cooling was: 46.56, 47.79, 45.36, and
45.53% (w/w) wb. Cooled loaves were finally wrapped in a
polyethylene envelope and frozen in a home-style freezer at
—20°C, where bread loaves reached an —18°C core temperature in
24 hr. To work with comparable samples, the loaves were thawed
before each investigation, which significantly reduced the vari-
ability of the analytical results and allowed use of thawed CB as
reference. Loaves to be thawed were transferred into a thermo-
static cell at 20°C. Annealing for 4 hr in these conditions were
necessary to complete the process. The bread aging (at 20°C) was
assumed to start at that point. Some CB samples were used for
additional aging trials at 15 and 25°C.

DSC and TGA Investigations

In classic DSC investigations, the pans used are mechanically
closed in a mold. This sealing can support the 2-3 atm overpres-
sure caused by the increase of vapor pressure when dough or
bread crumb samples are heated. Water evaporation is therefore
suppressed by sealing the cells. The resultant baseline shows a
slight bending trend from which endo- and exothermic peaks can
be easily scaled. If open pans were used to study the same kind of
samples, water would be released on heating (as in real baking),
with a consequent decrease of the overall heat capacity of the
sample and large upward bending of the baseline of the DSC
trace. This is described by the relationship:

Spase = V X (mrefcpref - msamplecpsample)

where v is the heating rate and the subscripts refer to reference
and sample cell, respectively. However, this baseline trend is
overbalanced by the endothermic process of water vaporization.
The overall record obtained with open pans is therefore a
descending trace that goes through a broad minimum at 100°C
and does not show any definite signal onset. As the vaporization
enthalpy of water (=42 kJ/mol) is very large, the signals related to
starch gelatinization and retrogradation become almost undetect-
able.

Accordingly, a Mettler DSC20 calorimeter (Greifensee, Swit-
zerland) operating with sealed pans was used to detect signals
relevant to the starch retrogradation and other transitions, whereas
a SETARAM TG-DSC111 (Lyon, France) operating with open
pans was used for thermogravimetric determination of water
losses. The latter instrument does indeed allow mass loss and heat
flux to be simultaneously determined: two open ampules
suspended to the arms of a balance are hanging into the parallel
cylindrical cavities of a twin Calvet calorimeter (a schematic view
is given in Fig. 1). In the course of a heating run (at a given
heating rate), heat flux and balance shift are simultaneously
recorded. However, this instrument was employed only to study
water loss in the course of a temperature scan at given heating
rate.

Both DSC and TGA investigations were performed at 2°C/min
heating rate; such a low heating rate allows the signal onset tem-
perature to be more accurately determined. The typical sample
mass was =40 mg. The DSC reference pan contained aluminum
slices to counterbalance, as much as possible, the sample heat

Fig. 1. Schematic view of thermogravimetry apparatus (Setaram TG-
DSC 111) used for determination of water losses.
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Fig. 2. Average of differential scanning calorimetry traces (2°C/min

heating rate) from eight control bread samples stored at 20°C for 5 hr.
———=Relevant 95% prediction limits. = Relevant average fit.
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