Bread Crumb Amylograph Studies. I1. Cause of Unique Properties’
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ABSTRACT

Amylograms of bread crumb have a bump in the setback stage and
sometimes a minor peak before the major peak in the heating stage.
In repeated amylograph cycles, bread flour alone showed a bump in both
heating and cooling stages. With repeated heating and cooling cycles,
bread crumb also showed a second bump in the heating stage. In a bread
crumb amylogram, the minor peak temperature was superimposed on
the falling edge of the bump in the second heating period, suggesting
that they were caused by similar factors. Wheat starch and wheat flour
polar lipids were shown to be responsible for bump formation. Viscosity
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changes indicated by shapes of the bumps were temperature-dependent.
Differential scanning calorimetry showed endothermic and exothermic
peaks, respectively, upon repeated heating and cooling. Addition of
sodium stearoyl lactylate to wheat starch also caused bumps in the
amylogram. Complexing of lipids, mainly polar lipids, with solubilized
starch molecules, and crystallization of the complex in the cooling stage,
as well as melting of the crystals and dissociation of the complex in
the heating stage probably caused the changes in viscosity during bump
formation.

The amylograph has been used to study the pasting character-
istics of bread crumb (Yasunaga et al 1968, D’Appolonia and
MacArthur 1974, Kim and D’Appolonia 1977, Morad and
D’Appolonia 1980, Varriano-Marston et al 1980, Kai 1985). We
previously reported the effects of storage time, shortening, flour
lipids, and surfactants on bread crumb amylograph properties
(Xu et al 1992). In those studies, differences were shown between
amylograms of bread crumb and those of wheat starch or bread
flour, including a minor peak before the major peak and a bump
during the setback stage (Fig. 1). Sometimes a plateau was ob-
served before the onset of the viscosity increase. The plateau was
attributed to melting of retrograded amylopectin (Xu et al 1992).
Little explanation has been provided for the other features of
bread crumb amylograms. Further study is needed to determine
the cause of their unique properties.

Bumplike patterns during the cooling stage of the pasting curves
of starches and starch products have been reported (Paton 1979,
Ali and Bhattacharya 1980, Paton 1981, Ling et al 1982, Rutenberg
and Solarek 1984). Elucidation of the unique properties of bread
crumb amylograms may contribute to a better understanding of
this special phenomenon.

Bread crumb is different from flour in at least two aspects.
First, many baking ingredients besides flour and water are present
in the crumb. Second, bread has undergone heating during baking,
and the starch in the crumb has been partially gelatinized
(Varriano-Marston et al 1980). It is logical to relate the cause
of the unique characteristics of crumb amylograms to those two
differences. D’Appolonia (1972) investigated the effects of baking
ingredients on starch-slurry gelatinization and reported no simi-
larities to crumb amylograms. Therefore, the heating during
baking is probably one of the factors related to the uniqueness
of the bread crumb amylogram.

In this study, the amylograph heating-holding-and-cooling cycle
was used to simulate the thermal processes that bread crumb
has undergone, and amylograms of repeated cycles were compared
to the amylogram of bread crumb. Several materials were tested
in the amylograph to identify elements responsible for the unique
features of the bread crumb amylogram.
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MATERIALS AND METHODS

Materials

A malted commercial hard wheat flour of 10.6% protein (14%
mb) was obtained from Archer Daniels Midland Co. (Abilene,
KS). Unmodified wheat starch, normal maize starch, and waxy
maize starch were obtained from Sigma Chemical Co. (St. Louis,
MO). Sodium stearoyl lactylate (SSL) was obtained from
BREDDO Inc. (Kansas City, KS). Bread samples were prepared
as described previously (Xu et al 1992).

Moisture Measurement

The moisture content of flour or starch was measured in dupli-
cate according to AACC method 44-15A (AACC 1983) at 130°C
for 60 min. The moisture content of bread crumb was measured
as described previously (Xu et al 1992).

Lipid Extraction, Fractionation, and Impregnation

Lipids were extracted from the flour with petroleum ether (bp
38-52°C) using the Soxhlet apparatus over a 24-hr period (Chung
et al 1977). Petroleum ether was used as the extracting solvent
because free lipids were of principal interest for this study. The
petroleum ether extracts were fractionated into nonpolar and
polar lipids by silicic acid column chromatography (Chung et
al 1977). The composition of the extracted polar lipids was
examined by thin-layer chromatography (Chung et al 1977) and
found to be approximately 35% phospholipids and 65%
glycolipids. Lipid extraction was duplicated, and fractionation
was replicated twice.

To add the extracted and fractionated flour lipids to wheat
starch or defatted flour, the lipids were dissolved in petroleum
ether, and the wheat starch or defatted flour was mixed thoroughly
with the lipid solution. The mixtures were air-dried in a hood
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Fig. 1. Typical amylograms of bread crumb, wheat flour, and wheat starch.



overnight at ambient temperature. Defatted flour was recon-
stituted to the original levels of lipids, with 1.00% flour lipids
comprising 0.69% polar lipids and 0.31% nonpolar lipids (14%
mb). The lipid-impregnated starch contained 1.54% flour lipids,
comprising 1.06% nonpolar lipids and 0.48% polar lipids (14%
mb). Each type of lipid extracted from the flour was mixed with
the available starch, assuming that 65% flour weight was starch.
Reconstitution and impregnation experiments were replicated
twice.

Amylograph Procedure

The Brabender Viskograph-E (C. W. Brabender Instruments,
Inc., South Hackensack, NJ) was used. For flours, the amylograph
procedure was in accordance with AACC Method 22-10 (AACC
1983), with 100 g of flour (14% mb) in 460 ml of phosphate
buffer (pH 5.30-5.35). For starches, a 40-g sample (14% mb)
and 400 ml of buffer were used. For bread crumb tests, the
preparation of bread crumb and the amylograph scheme were
as described previously (Xu et al 1992) except that in the case
of repeated cycles, the holding time after the first cycle was reduced
from 30 to 10 min. All amylograph testing was replicated twice
for a given sample.

Differential Scanning Calorimetry

Bread flour was tested in a differential scanning calorimeter
(Perkin-Elmer DSC-2, Norwalk, CT; Flexicooler with temper-
ature controller, FTS Systems, Stone Ridge, NY) in two replicates.
Flour (2 mg, db) at a sample-water ratio of 1:4 was tested at
a sensitivity of 0.5 mcal/sec. The sample was heated at 10°C/
min from 7 to 127°C and held at 127°C for 30 min before it
was cooled from 127 to 7° C at the same rate. This heating, holding,
and cooling cycle was then repeated for the same sample four
more times under the same conditions, except that the holding
time was reduced from 30 to 10 min.

RESULTS AND DISCUSSION

Identification of Factors Responsible for the Uniqueness
of the Bread Crumb Amylogram

Heating is likely a major factor in causing the unique features
of bread crumb amylograms, so an amylograph heating-holding-
and-cooling cycle was used to simulate the thermal history of
bread crumb. Repeated cycling should enhance the unique
features.

The amylogram for malted bread flour is shown in Figure 2.
A bump similar to that found in the bread crumb amylogram
appeared-in each cooling period after the first amylograph cycle.
A bump also appeared during each heating period and was similar
in size to the bump in the cooling period of the same cycle.

To determine whether malt was essential for the bump forma-
tion, an unmalted flour was tested in the amylograph. With the
standard concentration of 100 g of flour in 460 ml of buffer,
the unmalted flour showed bumps in the repeated cycles on the
amylogram (amylogram not shown). However, the result was not
readily reproducible in every amylograph test, presumably because
the viscosity was too high. When the concentration was lowered
by 50%, the unmalted flour did reproducibly show repeated bumps
(amylograms not shown). Therefore, malt is not a necessary factor
responsible for the bumps.

Repeated cycles of bread crumb amylograms also showed
repeated bumps after the first cycle in addition to the bump in
the first cooling period (Fig. 3, one repeated cycle is shown).
The minor peak temperature in the first cycle was the same as
that of the falling edge of the bump during the heating period
in the second cycle (Fig. 3). This suggested that the minor peak
of the bread crumb amylogram might be due to the same phenom-
enon as bump formation; where the bump was concealed by a
drastic viscosity increase in the main-stream curve, the falling
edge of the invisible bump caused the minor peak. Starch in
bread crumb was incompletely swollen and pasted during baking
(Varriano-Marston et al 1980); thus it underwent further swelling
and pasting in the amylograph, resulting in the sharp increase

in the main-stream viscosity.

These results suggest that wheat flour alone without other
baking ingredients is enough to show the unique features observed
in bread crumb amylograms. It is unclear which component or
components of flour, such as starch, gluten, and lipids, were
responsible for these unique features. Gluten was excluded because
a mixture of wheat starch and vital gluten did not show the bumps
in repeated amylograph cycles (amylogram not shown).

To determine whether lipids were involved in bump formation,
petroleum-ether defatted flour was tested on the amylograph with
repeated cycles. The bumps were absent (Fig. 4), but when the
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Fig. 2. Amylogram of malted bread flour with repeated cycles.
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Fig. 3. Bread crumb amylogram with a repeated cycle.
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Fig. 4. Amylograms of defatted flour and reconstituted flour, showing
only the second cycle .
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