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Changes in Bread Firmness and Moisture During Long-Term Storage
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In contrast to most studies on bread staling that deal with storage
for one week, this study investigated changes in firmness and moisture
of bread during one year of storage at 250C. Two packaging methods
to prevent bread from molding were tested. Bread packaged in a sterilized
bag while still hot (3 min after baking) or packaged after being sprayed
with 0.2% calcium propionate 10 min after baking did not develop any
mold over the storage period. Both crumb firmness and crumb moisture
reached equilibria after 30 days of storage. A sharp increase in firmness
and a decrease in moisture were found during the first 15 days. To study

the effect of moisture on crumb firmness, high-moisture bread was
obtained by reducing baking time from 24 to 8 min. Higher moisture
of crumb resulted in a slower firming rate and lower equilibrium firmness.
Separation of crumb from crust of fully baked bread 1 hr after baking
maintained the crumb moisture during storage but did not prevent firming
of crumb; however, the equilibrium firmness was much lower. Therefore,
moisture plays an important role in crumb firming, but other factors
cause crumb firming even without a change in moisture.

Bread staling is a complex and not completely understood
phenomenon. It refers to the changes that take place after baking
other than spoilage by microorganisms (Bechtel et al 1953). Bread
staling results in decreased consumer acceptance of bakery
products and in great economic losses. Therefore, it has been
studied extensively, as indicated by several published reviews
(Wilhoft 1973, Maga 1975, Knightly 1977, Kulp and Ponte 1981).
Many studies show that bread firmness increases linearly with
time (Ghiasi et al 1984). However, most of those studies were
coiducted with one week of storage. Therefore, many questions
still persist concerning bread firming with storage for longer
periods. For example, how does the firming rate change after
one week of storage, and does bread reach a maximum firmness
with time? The answers to these questions could provide the
information necessary for understanding the mechanism of bread

any preservative. To minimize loss of water during storage, each
loaf was wrapped with two polyethylene bags and stored in a
sealed container at 250C for up to one year.

firming.

The objectives of this study were to investigate the changes
in bread firmness and moisture that occur during long-term
storage and to study the effect of moisture on bread firming.
MATERIALS AND METHODS
Flour
A commercial bread flour containing 11.5% protein and 0.48%
ash was used to make bread.
Baking
AACC method 10-lOB (1983) was used to bake bread. Nonfat
dry milk (4.0%), 0.75% instant dry yeast, and 10 ppm of KBrO3 ,
based on the weight of flour, were added to the formula. Fermentation time was 180 min.
Packaging Bread
Three packaging methods to keep bread from molding during
long-term storage were tested in this study (Fig. 1). After bread
was taken from the oven, it was allowed to cool for 10 min in
one series and 50 min in the second. Then, before packaging,
0.2% calcium propionate solution was sprayed on the surface
of bread. In the third method, the bread was allowed to cool
for 3 min and was packaged in a sterilized bag without applying
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Bread Baked for 8 min
To obtain a higher moisture content of crumb, pup loaves were
baked for only 8 min rather than 24 min. After bread was taken
from an oven and cooled for 3 min, it was packaged in a sterilized
bag and then stored at 250 C for three months.
Removal of Bread Crust
To minimize the water migration in bread crumb, the bread
crust was removed. After bread was cooled for 1 hr, the crust
was removed aseptically, and then the crumb was packaged in
a sterilized bag and stored at 250C for three months (Fig. 2).
Measurement of Bread Firmness
Bread firmness was measured with the Instron universal testing
machine. AACC method 74-09 (1983) was used to measure the
firmness of bread crumb.
Moisture Measurement
After firmness measurements were taken, the moisture of the
crumb was immediately determined by the AACC two-stage
moisture procedure 44-18 (1983).
RESULTS AND DISCUSSION
Methods of Packaging Bread
The three packaging methods (Fig. 1) showed different
effectiveness in preventing bread from molding during one year
of storage. When treated with propionate and cooled for 50 min,
two out of 20 loaves were moldy, but with 10 min of cooling,
none of the loaves were moldy. When bread was only cooled
for 3 min without applying any preservative, none of the loaves
were moldy. Presumably this was because the bread was sterile
as it came from the oven, and the packaged bread was hot enough
to inactivate microorganisms if there were any contamination.
Therefore, packaging hot bread was the easiest and most reliable
method to keep bread from molding. After this study was
completed, a patent was issued for a similar packaging process
for bread goods (Farrar et al 1988).
Changes in Bread Firmness and Moisture
During One Year of Storage
The changes in firmness during storage are shown in Figure
3. Because firmness did not increase after 180 days of storage,
only the first 180 days were plotted. Regardless of the packaging
procedure, the firmness of all loaves increased rapidly during
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the first 15 days, and then the rate decreased with time. After
30 days, bread firmness approached a maximum value.
Bread crumb moisture decreased sharply with time (Fig. 4).
The crumb of freshly baked bread contained about 47% moisture.
However, during 2 hr of cooling the moisture dropped to 41%.
With additional storage time, the moisture continued to decrease,
but at a slower rate. Presumably this was because the difference
in moisture between the crust and the crumb decreased with time
and, therefore, water migration within the bread slowed. After
bread was stored for 30 days, the moisture of the bread crumb
was essentially constant, about 31.5%. That moisture content
appeared low. Therefore, the moisture of freshly baked bread
was calculated and compared with the measured value.
The calculation was done as follows. Dry materials weight =
86 g of flour + 3 g of shortening + 1.5 g of salt + 3 g of sugar
+ 4 g of nonfat dry milk = 97.5 g. Fresh bread weight - 142.5 g.
Moisture (%) = (1 - 97.5 g/ 142.5 g) X 100.
The calculated and the measured moisture values were similar31.5 and 31.43. The measured moisture had a standard deviation
BAKED

BREAD

of 0.23%. Therefore, 31.5% appears to be the equilibrium moisture
for the pup loaf bread. Surprisingly, it took 30 days of storage
for the bread to approach this value.
Relationship Between Bread Firmness and Moisture
Figures 3 and 4 together indicate that the increase in firmness
is related to the decrease in moisture. Moisture content has been
shown to be inversely proportional to the rate of firming (Rogers
et al 1988). Bread firmness is caused mainly by the formation
of cross-links between partially solubilized starch and gluten
proteins (Martin et al 1989). In bread, water acts as a plasticizer.
When moisture decreases, it accelerates the formation of crosslinks between starch and protein and, thus, the bread firms faster.
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Therefore, crumb moisture and firmness are closely related.
However, over one century ago, Boussingault (1852) showed that
bread firming occurred without a loss of water.
Effect of Moisture on Bread Firmness
To better understand the relationship, the effect of moisture
on bread firming was studied further. Bread was baked for only
8 man to obtain bread with a higher moisture. In a second test,
the crust was removed from the fresh bread to minimize water
migration from the bread crumb. In the tests of long-term storage,
both firmness and moisture essentially reached their final values
after 30 days. Therefore, a storage time of 90 days was used
for these tests.
The effect of the different treatments on changes in the moisture
of bread crumb is shown in Figure 5. For comparison, the crumb
moisture of fully baked bread also was plotted. After 2 hr of
cooling, crumb of bread baked for 8 min had higher moisture
than bread baked for 24 min, as would be expected. During
storage, the moisture of bread baked for 8 min decreased similarly
to that of bread baked for 24 min. However, the crumb moisture
of the 8-min bread changed at a slower rate. Both treatments
took 30 days for bread to reach equilibrium. The 8-min bread
had an equilibrium moisture about 39% higher than the 24-min
bread. For the bread with crust removed, the moisture essentially
stayed constant at about 40% during 90 days of storage.
The effect of moisture on firmness is shown in Figure 6. The
bread with higher moisture (baked for 8 min) firmed at a slower
rate than did the bread with lower moisture (baked for 24 min).
Also the final firmness of the 8-min bread was lower. The slower
firming rate and the lower final firmness may be attributed to
its higher moisture content. However, it could also be affected
by shorter baking time, which might result in less solubilized
starch that could potentially decrease bread firming (Martin et
al 1989). The bread with a constant moisture (without crust) firmed
during the first 15 days at about the same rate as the bread baked
for 8 min. After 15 days, the firmness remained essentially
constant.

CONCLUSIONS
Two methods were developed to prevent bread from molding,
which enabled a study of changes in bread firmness and moisture

through one years' storage at room temperature. After bread was
taken from an oven and cooled for 10 min, the surface was sprayed
with 0.2% calcium propionate solution, and the bread was
packaged in a sterilized bag. In the other method, bread was
allowed to cool for 3 min and then packaged in a sterilized bag.
No mold occurred with either treatment.
Bread firmness increased rapidly during the first 15 days of
storage. A maximum firmness was approached after 30 days.
Crumb moisture decreased sharply with time and reached the
equilibrium moisture after 30 days.
Moisture content significantly affected bread firming. The
higher the moisture, the slower the firming rate and the lower
the final firmness. However, bread with the crust removed, to
give a constant moisture, firmed during the first 15 days of storage.
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