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ABSTRACT

Background and Objectives: Bread of any kind is a staple food in many countries and supplies some important
macro- and micro-nutrients. Now global challenges such as climate change, drought and wars have triggered increase in
wheat price, and thus, food insecurity.

Materials and Methods: To reduce bread waste and increase its productivity, we studied the effect of adding toast
bread waste powder at the levels of 2, 3, 5 and 7% (samples 2-5, respectively) to dough as flour substitution, on toast bread
properties. Other ingredients and bakery processes were the same as the control bread (sample 1). Moisture, porosity and
specific volume of all samples were determined. Finally, rheological tests (hardness, adhesiveness, cohesiveness,
gumminess, springiness and chewiness) and sensory evaluation (crust and crumb color, taste, chewability, surface shape
and overall acceptability) were carried out.

Results: The results showed that by increasing the inclusion rate of bread waste into the dough, the bread’s moisture
content was increased significantly while its porosity and specific volume were declined. Although some rheological
attributes (hardness and chewiness) did not present clear trends, there was a negative relation between springiness and the
substitution levels on both days (1 and 3) while adhesiveness on day 1 and gumminess on day 3 displayed positive
correlation with bread waste inclusion. In sensory data analysis, samples 2 and 3 appeared to be more similar to the control
one.

Conclusions: The authors recommend up to 2% of flour substitution by bread waste, which had no significant or
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minimal effect on toast bread properties.
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Introduction

Bread has a major part in the food basket of billions of
people worldwide and is the main source of protein, energy
and some other nutrients, especially for low- income
people (1). It is believed that the bread history goes back to
about 12000 years ago when man learned how to make
bread by baking a mix of water and grain flour (2). Since
then, bread making techniques and raw materials have been
continuously modified so that now we have the practical
knowledge to produce various kinds of bread. In response
to numerous needs, the bread diversity has increased at
national and international levels. Based on the volume, as a
variation factor we can categorize breads into three groups
of flat, semi-voluminous and voluminous.

The voluminous toast bread is baked in pans to have a
cuboid shape and has a soft texture (3). In the industrial
production, toast bread is removed from the loaf pan or
baking pan as soon as it leaves the oven. Then a visual
inspection is performed using a quality assessment system
for bread loaves, according to the criteria set by the
bakery's R&D or a governmental department. The most
important visual quality parameters of toast bread are shape
symmetry, crust color, loaf volume, break and shred, and
crust surface (4). In this step, a few percent of the bread
loaves cannot pass the criteria due to asymmetric shape,
low volume or dark crust color; so, they are eliminated as
the process waste.
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It is estimated that the waste rate in small bakeries is
about 1.5% of total bread produced; in larger bakeries, the
rate is 3-5%, which can reach up to 20% when the returned
bread is included (5). Now-a-days, the bakery waste is
usually used in biotechnological processes (6) and animal
feed (7). Taking into account the growing population of the
world, the unsustainability in natural resources, food
shortage, and the estimated of 8-10% impact of
unconsumed food on global greenhouse gas emissions, it is
of great importance to reduce food waste or reuse it as a
new food component (8). Our literature review showed that
bread waste had not been used as a food ingredient in the
baking industry and there was just one paper reporting
flour substitution by bread waste flour in cake production
(9). Due to low or no safety concerns in clean recovery of
eliminated toast bread loaves, this study aims to evaluate
the effect of bread waste inclusion in dough formulation on
the physical, chemical and sensory properties of toast
bread.

Materials and Methods

Bread samples

The study was conducted in Nami-Nik-Nahad Food
Industries (namely, Cenan Co.), Iran. The factory uses
commercial white flour (from Kordan Flour Milling Co.),
bakery yeast (from Golmayeh Co.), margarine (from
Golnan Co.), sugar, salt, bread improver and water as raw
materials. Toast bread waste was separated and the very
dark/burned parts were removed. Then they were dried (at
105°C), powdered and sieved (through 125 and 106 um
sieves) to have a fine powder. The wheat flour was
replaced by 2, 3, 5 and 7% of the waste powder (samples
B2 to B5). Dough preparation, baking conditions (in a
continuous tunnel oven) and other ingredients used in the
bread recipe were the same as the Cenan instructions.
Cenan toast bread was selected as the control sample (B1).
All samples were packed in sealed plastic containers and
stored in cool place to save moisture during the study.

Methods

Flour and bread samples were analyzed in accordance
with the AACC approved methods for moisture (44—
15.02), protein (46-30.01), fat (30-25.01), ash (08-01.01)
and specific volume (55-50.01) (10). Bread crumb porosity
(area fraction %) was tested using a scanner and ImageJ
software to process the scanned picture of the samples (11).
To have the best pictures, a square hole (20x 20mm) was
cut in a paper sheet and the sheet placed on the table of the
scanner (HP, G2410 flatbed). Each sample was placed on
the sheet and the hole area was scanned at dpi 1200. Bread
crust color parameters, including a*, b* and L* were
determined using Adobe Photoshop (ver. 11) illustrated by
Mahsa Majzoobi et al. (12). A wooden box (50 x 50 x 60
cm) with a fluorescent white lamp fixed on the top and a
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camera (Canon, Model IXUS 230 HS, 14.0 Megapixels,
Japan) fixed at 25 cm distance from the sample (with an
angel of 45° between the camera lens and the sample
surface) were applied. Pictures of five different points of
each sample were taken in JPEG format.

The texture profile (including hardness, adhesiveness,
cohesiveness, gumminess, springiness and chewiness) of
the samples was analyzed on days 1 and 3 using a
Brookfield texture analyzer (LFRA 4500) equipped with a
probe-type TA43. A test sample of crumb (20x 20x 20
mm) was cut from the center of bread loaves. The
cylindrical probe moved downward at the speed of 1 mm/s
and stopped automatically when the sample was
compressed up to 50% of its original height (13). The
textural parameters were determined by TexturePro Lite
software.

Food sensory evaluation is the evaluation of signals
received by human senses (sight, smell, taste, touch, and
hearing) based on scientific principles and techniques to
analysis food attributes. One of these techniques is hedonic,
which was applied in the present study. We performed the
sensory evaluation on day 1 by nine experienced panelists
using a 5-point hedonic scale (1= extremely dislike to 5=
extremely like) for the crust and crumb color, taste,
chewability, surface shape and overall acceptability of the
samples (14).

All samples were selected randomly and all tests were
conducted in triplicate. The results were expressed as
means+ SD. For data analysis, ANOVA was performed
with SAS 9.0 and the least significant difference (LSD)
comparison test was used to statistically interpret the
possible differences in the mean values at 95% accuracy
level.

Results

The results given in Table 1 show the compositions of
the control and treatment samples with different levels of
flour substitution. It is observed that increasing the amount
of substitution had a direct impact on the bread’s moisture
content such that sample 5 had the highest moisture
content. Sample 2 was not significantly different with the
control and sample 3.

Table 1. Moisture, porosity and specific volume of samples

Samples Moisture Porosity Specific volume
(%) (%) (cm®/g)
B1 3553+0.11a 30.32+0.09a 2.62+0.30a
B2 36.02+0.42ab 29.32+0.17b 259+0.14a
B3 36.63+0.35b 28.11+043c 257+0.21a
B4 38.79+0.23¢c  27.63x0.27c 249+0.11a
B5 4231+061d 22.03+1.03d 2.18+0.08 a

In each column, similar letters indicate no significant difference at
p <0.05.
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As indicated in Table 1, the porosity and specific
volume of the bread loaves have a decreasing trend from
sample B1 to B5 though the differences in specific volume
are not statistically significant. The moisture content of the
bread samples increased along with the increase of flour
substitution.

Color data analysis showed no significant difference
among the color parameters (a*, b* and L*) values.
Although sample B3 obtained the lowest value of L*
(36.61 £ 0.77) and the highest value of b* (17.09 + 3.03),
sample B5 had the highest value of L* (37.90 + 0.25) and
sample B2 gained the highest value of a* (21.88 + 1.89).

Figure 1 shows the texture profile analysis of toast bread
samples on days 1 and 3 of production. As clearly
illustrated in the figure, the hardness of all samples was
increased from day 1 to day 3. On day 1, just the hardness
value of sample 5 (with 7% of flour substitution) was
significantly different with the other samples; however, on

day 3 it was statistically different only with samples 2 and
3.

Springiness is defined as the recovery force of a product
after deformation and is associated with freshness. In the
present study, all samples’ springiness reduced by
increasing the flour substitution on both test days (1 and 3),
except for sample 2 on day 1 that showed a non-statistical
difference with the control one. On day 1, cohesiveness of
sample 3 was statistically different with sample 5 while on
day 3, sample 5 was significantly different with samples 1,
2 and 3. Besides the significance of differences on day 1,
the results showed that the strength of internal structure
increased from sample 1 to sample 3 and decreased
afterwards; however, on day 3, a slow increasing trend was
observed from samples 1 to 5 in this regard.

Hardness Gumminess
1200 lood
1000 800
800 600 -
600
56 400
200 e
0 0
Springiness Cohesiveness
6
A A 0.5 A
a AB
Z ab ABabc BC 04 . ABab B b
; be & 03 a a a
5 0.2
1 0.1
0 T T T T 0 T T r T
1 2 3 4 5 1 2 3 4 5
) Adhesiveness
4000 - Chewiness 51
b D
3000 { A3 gea . a  ADd g % ¢
3 B
2000 2 4 :
5 R A b bd
e Tl
0 - 0 - T T T T
1 2 3 4 5 ‘ 2 3 4 5

Figure 1. Texture profile analysis of toast bread samples on days 1 [ ] and 3[J]
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There was no significant difference in the attribute of
gumminess on day 1. On day 3, just samples 2 and 3 were
not statistically different with the control. Interestingly,
samples 4 and 5 showed absolutely higher gumminess
values compared with the sample 1 (control). On day 3,
the chewiness values showed a rising slope and were
higher than those on day 1 which displayed a fluctuation
pattern, not taking into account the significant differences.
The results given in Figure 1 (on day 3) show a negative
correlation between chewiness and cohesiveness and a
positive correlation between chewiness with hardness.

In our study, adhesiveness increased in all samples on
day 1 as the substitution percentage increased in the

Table 2. Sensory scores of bread samples

formulations. No significant difference was seen between
samples 1 and 2 on both days (1 and 3) but other samples
(3-5) showed statistical differences among themselves and
between the test days.

The results of sensory evaluation showed that the mean
scores of attributes were not statistically different though
there were some differences among the values (Table 2).
Sample 5 gained the lowest scores in sensory profiles,
especially for overall acceptability, and samples 2 and 3
were more similar to the control sample.

Samples Crust color Crumb color Surface shape Taste Chewability Overall acceptability
B1 3.73+0.46 4.00+0.76 4.13+0.59 4.07+0.88 4.37+0.62 4.40+0.51
B2 3.53+0.52 3.93+0.80 4.33+0.46 3.93+0.80 4.48+0.50 4.67+0.32
B3 3.73+0.88 3.93+0.96 3.93+0.88 4.03+£0.91 4.47+0.44 4.20+0.71
B4 3.53+0.52 4.00£1.00 4.00+0.84 3.67+£0.82 4.23+0.72 3.80x0.77
B5 3.40£0.74 4.00£0.65 3.67+0.62 3.47+0.64 4.07+0.88 2.87£1.19

In all columns, no significant difference was observed at p < 0.05.

Discussion

The increased moisture could be attributed to the
composition difference of the bread waste powder due to
its different components and yeast fermentation activity as
compared with the flour (15). These results are confirmed
by other publications, which showed a positive relationship
between increasing the water binding compounds and
fermentation activity (16).

The higher values of the porosity and specific volume of
the bread loaves are observed at smaller median gas cell
diameters (17). These results are in agreement with other
experimental findings regarding the influence of long
proofing time and moisture content on gas void growth (18,
19) and the effects of waste bread powder substitution in
sponge cake formulation (9). The raised moisture content
along with the high amount of fermentation products could
be the causes of declined crumb porosity and specific
volume in the present study.

It can be said that the crust color of the samples was
independent of the substitution levels tested in our study. It
is obvious that bread color changes depend on the
formulation and interfering factors, so researchers have
reported conflicting results regarding color differences
between the control and treatment samples (20, 21). The
only report in this field (waste bread powder as a food
ingredient) showed that in sponge cake samples L* could
be statistically different when the waste bread powder was
substituted at the level of 10% meanwhile a* and b*
parameters and layer cake samples fallowed different
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patterns (9). The maximum level of flour substitution ion
our samples 7% which was apparently lower than 10% to
cause color difference.

The hardness of all samples was increased from day 1 to
day 3 as a result of moisture loss (22). On day 3, sample 5
was statistically different only with samples 2 and 3, which
could be related to less moisture content. The obtained data
on day 1 were consistent with those for porosity and
specific volume (Table 1), which could reflect thinner cell
walls in more porous samples (17).

Costumers usually prefer breads with high value of
springiness during bread shelf-life (23). The relations
which we observed among moisture, hardness and
springiness were completely in agreement with the results
of other reports (24). Cohesiveness is described as “the
ratio of positive force areas during the second and first
compressions (Area 2/Area ), which presents the strength
of the internal bonds of the sample (25). Similar to our
findings, other publications tell us that cohesiveness can
vary with the changes of internal structure due to different
additives and material concentrations (26).

Gumminess can be called “the amount of energy needed
for disintegration of the gel before swallowing” and seems
to be a product of hardness and cohesiveness. It is said that
breads with higher gumminess value have lower quality
(26). The rise observed in gumminess values on day 3
could be due to the increase of hardness and decline of
moisture during the storage time (27, 28). The results for
chewiness are in good agreement with Sun, X., et al.
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findings where smaller specific volume was introduced as
an influencing factor for chewiness (29). Adhesiveness is
the work needed to conquer the attractive forces between
the product surface and the material surface (the probe).
Adhesiveness can grow up along with the increase of
moisture content and vice versa; this was clear from the
comparison of days 1 and 3 data. So the adhesiveness
decline in day 3 could be related to water loss (29).

The sensory scores recorded by experienced panelists
showed no significant differences among the control
sample and samples 2 and 3, so we could assume that from
the sensory characteristics point of view, consumers would
not detect the differences among samples. Some
researchers have reported promising results regarding the
positive/negative effects of flour substitution on bread
quality; however, we could not find any report for bread
waste reuse in bread dough formulation. By the way, flour
substitutions up to 5% by materials other than wheat flour
have represented similar findings (30, 31).

Conclusion

Wheat flour was partially substituted with bread waste
powder and its effects on toast bread were assessed. The
results showed that the addition of bread waste powder
(collected, dried and powdered hygienically) to bread
formulation could improve the bread productivity. Overall,
it can be concluded that by addition of bread process waste
up to 2% to dough, the quality parameters of toast bread
will remain mostly unchanged; it is also a suitable way to
recycle and reduce the waste in the bakery industry.
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