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ABSTRACT

Texture profile analysis (TPA) was conducted
on seventy balady bread samples collected from
different five Egyptian governorates (i.e. Cairo,
Giza, Beheira, Sharkia and Beni Suef) with the aim
of developing a new and fast method to assess the
staling of the Egyptian flat balady bread as a func-
tion of different TPA parameters. Results obtained
from the TPA were compared against the classical
Alkaline Water Retention Capacity (AWRC) meth-
od of bread staling determination over a storage
period of three days. Hardness, adhesiveness,
resilience and chewiness were found to increase
as the storage period of bread samples increased,
while cohesiveness decreased with the storage.
The obtained results of TPA showed that among
different TPA parameters, hardness, adhesive-
ness, cohesiveness and chewiness were highly
correlated with the staling rate (SR) during a three
days storage period with values of correlation coef-
ficients ranging from 0.821 to 0.973, while other
TPA parameters (i.e. gumminess, resilience and
springiness) were weakly correlated with the stal-
ing rate. Moreover, moisture content was linearly
decreased as the storage of bread increased from
36.78 at the zero time to 33.19% at the third day.
Derived mathematical models to calculate the
AWRC and SR were significant and of the linear
type with moisture content, time (day), hardness,
cohesiveness, adhesiveness and chewiness as
independent variables, with reasonable adjusted
R?( 0.55 and 0.41), and adequate precision values
(31.57 and 18.68) for AWRC and SR, respectively .
Validation of the new method, as assessed by t-
test, showed that the differences between AWRC
and SR values obtained by our method were not
significantly different (P<0.05) from those of their
counterparts obtained by the classical AWRC

method at the different storage times of bread. Our
new method can be used as an alternative to the
classical AWRC method with reliable, fast and ac-
curate calculated values of both AWRC and SR.

Keywords: Balady bread, AWRC, Staling, Mois-
ture, TPA.

INTRODUCTION

Bread is the staple and basic food in many
countries and cultures which provides the individu-
als with nutrients and energy. Bread structure is
unstable and undergoes a series of changes which
lead to the ageing or what is called “staling”.
Freshly baked breads are soft, pliable and elastic,
but when kept at room temperature, they stale
within a few hours and become tough and rigid
(Pourfarzad et al 2011; Abd-El-Khalek et al
2014; Amigo et al 2016).

Bread staling is a complicated process originat-
ing from a group of physical and chemical changes
in the quality parameters of bread which results in
crumb hardening, crust softening and loss of the
characteristic fresh flavor of the product (Curti et
al 2014; Amigo et al 2016; Al-Mahsaneh et al
2018). Staling process has been a subject of stud-
ies and research in many related aspects including
mechanisms, factors (such as storage tempera-
ture, ingredients, or ingredients), and methods of
measurement (Fadda et al 2014). Although exten-
sively studied and many theories have been sug-
gested, the mechanisms of staling have not been
well clarified. However, the retrogradation of starch
(a process in which disaggregated amylose and
amylopectin chains in a gelatinized starch paste
reassociate together) and the migration of water
have been suggested by many researchers to be
the most important factors responsible for the neg-
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ative textural changes in bread (Fadda et al 2014;
Al-Mahsaneh et al 2018; Ding et al 2019).

Different methods were found in literature to
detect and assess the changes in physical and
chemical changes caused by staling (Fadda et al
2014). These methods included, for instance, Alka-
line Water Retention Capacity (AWRC), Texture
Profile Analysis (TPA), Thermal Analysis (Ribotta
and Le-Bail, 2007), calorimetric methods (Popov-
Raljic et al 2009), X-ray crystaography (Ribotta et
al 2004), NMR spectroscopy (Curti et al 2011,
Carini et al 2017) .. etc.

Among the aforementioned methods, AWRC
although first time used is back to 1953 (Yama-
zaki, 1953), it is still well recognized as effective,
widespread and valuable method to assess the
staling of bread (Obadi et al 2018, Sidhu et al
1997). Actually, AWRC gives an indirect indication
for the degree of starch crystallization. The higher
values of AWRC are positively correlated with a
gelatinized starch and freshness of bread while
lower values indicate more crystallized starch and
thus ageing and loss in freshness (Licciardello et
al 2014).

On the other hand, TPA has also been used to
provide reliable results that correlate to the chang-
es in textural properties of bread that are associat-
ed with the staling process. Approved Method (#
74-09.01) of AACC International was designed to
assess the freshness of bread in terms of the
changes in bread firmness (AACC 2010). Firm-
ness is an important textural attribute and a key
factor in bread staling. It can be defined as the
resistance of the bread crumb to deformation. As-
sessment of the staling by textural attributes de-
pends mainly on the degree of firmness and in-
crease in crumbliness (Ahlborn et al 2005). Hard-
ness, springiness and cohesiveness were found to
be correlated with storage period and the aging of
bread (Fiszman et al 2005; Curti et al 2014)

Balady bread is the major component of the
Egyptian diet which is consumed in almost all day’s
meals. It is a flat double-layers round bread with a
diameter of around 20 cm, 120 g weight and a
thickness = 1 cm. it is made of a 82% extraction
wheat flour with added fine bran to the base layer
(100 kg of 82% extraction wheat flour produce
1024-1038 loaves). According to CAPMAS (2014),
Egyptians consumption rate of balady bread is 889
loaves /person /year (which correspond to more
than 2.4 loaves /person /day). Thus, the govern-
ment has paid a great attention to the subsidy sys-
tem of such an important commodity as a tool to
support the food security for the Egyptian people.
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Unfortunately, the classical method of AWRC is
time and energy consuming procedure and re-
quires the use of different laboratory equipments.
Unlikely, TPA is a fast and accurate procedure
which gives reliable results within a few minutes.
Therefore, our study was conducted to develop a
new, fast, time and energy saving method to as-
sess the staling rate of balady bread over a stor-
age period of three days by using Texture Profile
Analysis (TPA) and correlating the results to their
respective values obtained by classical AWRC
method.

MATERIALS AND METHODS
Balady bread samples

Seventy samples of commercially produced
balady bread loves from bakeries under the New
Bread Subsidy System that is controlled by the
Ministry of Supply and Internal Trade of Egypt
were collected. Five Egyptian governorates were
included in our study (i.e. Cairo, Giza, Beheira,
Sharkia and Beni Suef). Detailed information of
bread samples collection sites and sample size are
shown in Table (1).

Balady bread processing method

In general, balady bread was prepared in the
aforementioned bakeries according to the following
procedure:

One kg of salt was dissolved in 50 L water,
then 100 kg wheat flour (82% extraction), 1 kg of
compressed yeast and 12 kg of Sultani (prefer-
mented dough) yeast were added and mixed to-
gether for 10 min. An additional amount of 25 L of
water was then added and continued mixing for
another 20 minutes. The formed soft dough was
left to rest for 10 min and then was transferred to a
wooden box and was allowed to ferment for addi-
tional 30 minutes. Dough was portioned by hand to
120-130 g parts and were positioned by hand on
wooden racks (covered with a layer of fine bran),
and then were dusted with flour. After proofing for
30 minutes, dough pieces were dusted again with
fine bran, flattened and degassed by gentle hand
pressing, then were baked in a hot steel belt oven
(~ 450°C) for a short period of time (1.5 min).

After baking, balady bread loaves were left to
cool for 1 hr and then were wrapped in polyeth-
ylene bags at room temperature until further tests.
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Table 1. Balady bread samples collection areas

Area Number
Governorate or of Total
District samples
Cairo Maadi 5
Helwan 5
El-Marg 5 20
Mattariah 5
Giza Giza city 5
Dokki 5
Imbaba 5 20
Faisal 5
Beheira Damanhour 5 10
Etai-Elbaroud 5
Sharkia Zagazig 5 10
Minia EL-Qamh 5
Beni suef Beni-Suef City 10 10
70

Alkaline Water Retention Capacity (AWRC) and
staling rate (SR)

Alkaline water retention capacity (AWRC) was
determined according to the method of Yamazaki
(1953) as modified and described by Licciardello
et al (2014) as the following:

One gram of bread loaf, previously dried until
constant weight, was put in 15 mL tubes (W1),
then 5 mL of 0.1 N NaHCOs were added and
mixed for 30 s and were let at room temperature
for 20 min. The slurry was centrifuged at 3000 rpm
for 15 min, the supernatant was discarded and
tubes were let drip for 10 min upside down with an
inclination of 15°. Dried tubes were then weighed
(W2). AWRC (%) was calculated as [(W2-W1)/W1]
x 100.

Where W1=weight of tube containing the dry
sample; W2= weight of tube containing the dripped
sample. Analyses were conducted in duplicate at
each day of the experimental period (0, 1, 2 and 3
days).

Staling rate (SR) was calculated as follows

Staling Rate (SR %) =
[(AWRCo — AWRC:)/ AWRCo] x 100

Where:

AWRCo = AWRC at zero time, and AWRC, =
AWRC at a specific day of storage (n)

Texture Profile Analysis (TPA)

Texture Profile Analysis (TPA) was carried out
by using Brookfield CT3 instrument (Brookfield
Engineering Laboratories, Inc., MA 02346-1031,
USA) according to the method outlined in the
A.A.C.C. (2010) which was modified for use with
flat bread by using a small scale holder TA-JPA
fixture for punching through bread samples with
maximum 12.7 mm diameter probe. Prior to test-
ing, bread loaves were cut carefully into four quar-
ters and each one was used at one of the experi-
mental days (0, 1, 2 and 3 days) while the remain-
ing quarter(s) were kept in polyethylene bags for
further days test. Penetration was applied at two
points of each bread quarter avoiding non-
representative areas as shown in Fig. (1). The
following test settings were used:

Target = 8.0 mm, Trigger load = 1.50 N, Test
speed = 2.00 mm/s, Return Speed = 2.00 mm/s
and # of Cycles = 2.

The following TPA characteristics were deter-
mined: hardness (average of two cycles), cohe-
siveness, adhesiveness, resilience, springiness,
gumminess and chewiness as described in the
operating instruction manual.

Statistical Analysis

Data obtained from AWRC and TPA tests were
analyzed by Analysis of Variance using General
Linear Model (GLM) procedure within a package
program of Statistical Analysis System (SAS,
1999). Multiple regression analysis processes were
applied to estimate the relationship between
AWRC and/or SR (as dependent variables), and
TPA analysis results (as independent variables).
The equations correlating the variables and that
will be used to calculate SR and AWRC were de-
rived by using Design-Expert7 ® Software (Stat-
Ease Corporation, Minneapolis, MN) by using ran-
domized historical data technique.

The new method was validated by using t-test
at a significance level (p<0.05) between actual
values of randomly selected 3 bread samples ver-
sus the calculated values obtained by the new
method (3 replicates for each sample).
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Fig.1. Balady bread probe penetration points (left: designed, right: actual)

RESULTS AND DISCUSSION

In the present study, 70 balady bread samples
were collected from different governorates in Egypt
with the aim of investigating the changes in alka-
line water retention capacity, moisture content and
texture profile analysis parameters as related to
the staling rate. The obtained results were ana-
lyzed and processed statistically to obtain new
equations to better understand the relationship
between the different parameters and to develop a
new method to determine the rate of bread staling.

Moisture content, AWRC and staling rate

Moisture content, AWRC and SR 70 balady
bread samples over a storage period of three days
were determined and a summary of the parameter
values is shown in Table (2). The changes in the
aforementioned parameters at the different storage
times are illustrated in Fig. (2).

Table 2. Summary of Alkaline Water retention Ca-
pacity (AWRC%), Staling Rate (SR%) and mois-
ture (%) parameter values

Parameter | N | Min. | Max. | Mean | STDV.
AWRC % 70 | 173 311 | 228.7 | 254
SR% 70 |-10.84 | 35.45 | 10.84 | 10.45
Moisture 70 | 30.96 | 39.34 | 35.37 | 1.78

Generally, the average moisture content of
balady bread samples was decreased as the stor-
age time increased. Moisture content of bread
samples was decreased from 36.87% at the zero
time to 33.19% at the end of storage period alka-
line water retention capacity was also decreased
with bread storage. AWRC values were 257.93,
230.29, 217.16 and 209.24 % for the storage peri-
ods 0, 1, 2, and 3 days, respectively. On the oppo-
site, and as a result of the decrease in AWRC, SR
of balady bread was increased to become 18.15%
at the third day of storage. The coefficient of de-
termination (R?) is the percentage of the response
variable variation that is explained by a linear
model. Results showed that the dependent varia-
bles (i.e. moisture content, AWRC and SR) had
very high values of R? against the independent
variable (i.e. storage time). this reflects the close-
ness of the data to the fitted regression line indi-
cated in Fig.(2).

Above results are in agreement with several
previous studies on the changes in moisture con-
tent, AWRC and SR of bread during storage
(Obadi et al 2018; Licciardello et al 2014; Abd-
El-Khalek et al 2014; Elhariry et al 2011; Sidhu
et al 1977; Faridi and Rubenthaler, 1984). Lic-
ciardello et al (2014) reported that a good correla-
tion between starch retrogradation , and the overall
quality of bread during ageing. It was attributed to
the principle that such gelatinized starch possess-
es higher water-binding capacity which, converse-
ly, decreases in crystallized starch. Thus, bread
samples showed a decrease of AWRC during
ageing.
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Fig.2. Changes in the Alkaline Water Retention Capacity (AWRC%), Staling Rate (SR%) and Moisture
during balady bread storage period.

a) Alkaline Water Retention Capacity (AWRC%), b) Staling Rate (SR%).
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Texture Profile Analysis (TPA) parameters

The changes in texture profile analysis parame-
ters (i.e. hardness, adhesiveness, resilience, co-
hesiveness, springiness, gumminess and chewi-
ness) while balady bread storage are shown in
Fig. (3) while the summary of such parameter val-
ues is shown in Table (3). Hardness represents
the force required to compress a food (bread) be-
tween the molars which can also be defined as
force necessary to attain a given deformation. Re-
sults showed that hardness of bread was in-
creased as the storage period increased from
43.83 N on average (with a minimum value of 4.23
N) at the zero time to 69.83 N (with a maximum
value of 117.58 N) at the third day of storage. The
same trend was observed with adhesiveness,
which is the work necessary to overcome the at-
tractive forces between the surface of the food and
the surface of other materials with which the food
comes into contact (e.g. tongue, teeth, palate) as it
increased from 4.28 mJ at the zero time to 8.94 mJ
at the end of the storage period. Chewiness, that is
the energy required to chew a soild food to the
point required for swallowing it, had the same posi-
tive relationship with the storage period. Contrary
to that, cohesiveness had a negative relationship
with the storage time as it decreased from 0.3 to
0.05. However, the changes in other TPA parame-
ters (i.e. resilience, springiness and gumminess)
didn’t show a particular trend, which reflects a poor
correlation with the storage time (r = 0.73, 0.42 and
-0.43, respectively). Rasmussen and Hansen
(2001) reported that bread firmness had a positive
correlation with bread storage time for 3 days.
Moreover, Collar and Bollain (2005) obtained
high R? values of around 0.9 between cohesive-
ness and bread storage time. Gomez et al (2008)
reported strong correlation as a linear model be-
tween some textural properties such as firmness,
cohesiveness and springiness of white bread and
the storage time with R? values of 0.91, 0.81 and
0.90, respectively, while other textural parameters
(i.e. resilience and gumminess) had lower R? val-
ues (0.72 and 0.42, respectively).

Correlation coefficients between experimental
independent and dependent variables.

In statistics, the correlation coefficient (r)
measures the strength and direction of a line-
ar relationship between two variables on a scatter
plot. Correlation coefficients (r) between independ-
ent variable (i.e. moisture content and TPA param-
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eters) and the responses (AWRC and SR) are giv-
en in Table (4). Positive correlation was observed
between AWRC and moisture, cohesiveness and
gumminess while this correlation was negative in
case of hardness, adhesiveness, resilience,
springiness and chewiness. On the opposite, SR
was found to have positive correlation with hard-
ness along with other responses with the exception
of moisture content, cohesiveness and gummi-
ness. As shown in the same table, the variables
that were highly correlated (r > 0.7 or r < -0.7) to
both AWRC and SR were moisture content, hard-
ness, adhesiveness, cohesiveness and chewiness.
Both resilience and gumminess were found to be
moderately correlated with AWRC and SR, where-
as the correlation was very weak in case of spring-
iness.

For the purpose of deriving equations to calcu-
late the SR as a function of the changes in mois-
ture content and TPA parameters, independent
factors which showed high correlation coefficient
(i.e. moisture content, hardness, adhesiveness,
cohesiveness and chewiness) were adopted to be
used.

These results regarding the relationship be-
tween moisture content, TPA parameters (e.g.
hardness and cohesiveness) and SR are in ac-
cordance with those obtained by Rasmussen and
Hansen (2001), Gomez et al (2008), and Curti et
al (2014). Additionally, and in line with our findings,
Fiszman et al (2005) also pointed out that the
‘springiness’ parameter did not provide information
of any great value when studying the staling of
bread.

AWRC and SR calculation equations as a func-
tion of time, moisture content and to TPA pa-
rameters

With the aim of developing a new method to
determine the SR of Egyptian balady bread, water
content and TPA parameters with high correlation
coefficient to the staling were used to derive a
mathematical equation to calculate the SR as a
function of these parameters (Table 5).

For AWRC, the suggested model was of linear
type. The model F-value of 58.24 implies the mod-
el is significant at (P<0.01) meaning that there is
only a 0.01% chance that a "Model F-Value" this
large could occur due to noise. A significant F-test
indicated that the observed R-squared is reliable
and is not a spurious result of oddities in the data
set.
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Fig. 3. Changes in Texture Profile Analysis (TPA) parameters during balady bread storage period.
a) Hardness, b) Adhesiveness, c) Resilience, d) Cohesiveness, e) Springiness, f) Gumminess,
g) Chewiness.
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Table 3. Summary of Texture Profile Analysis
(TPA) parameter values

Parameter | N | Min. | Max. | Mean | STDV
HRD (N) | 70 | 4.23 | 117.58 | 53.48 | 19.82
ADH (mJ) | 70 0 34.3 6.46 | 4.93
RES 70 0 0.3 0.056 | 0.068
COH 70 [ -0.08 | 0.82 0.18 | 0.16
SPR (mm) | 70 0 1156 | 4.70 | 2.26
GUM 70 | -1.61| 50.38 | 9.03 | 8.89
CHW (mJ) | 70 | -0.07 | 336.6 | 38.8 | 53.50
Where:

HRD= Hardness, ADH= Adhesiveness, RES= Resilience,
COH= Cohesiveness, SPR= Springiness, GUM= Gum-
miness, CHW= Chewiness.

Table 4. Correlation coefficients between experi-
mental independent and dependent variables

Dependent variables
AWRC% SR%
Moisture 0.837 -0.840
HRD -0.816 0.821
ADH -0.937 0.941
Independent RES -0.556 0.562
variables COH 0.942 -0.938
SPR -0.162 0.175
GUM 0.660 -0.648
CHW -0.931 0.935
Where:

AWRC = Alkaline Water Retention Capacity, SR = Staling
rate, HRD = Hardness, ADH= Adhesiveness, RES= Re-
silience, COH= Cohesiveness, SPR= Springiness, GUM=
Gumminess, CHW= Chewiness.

The predicted R? of 0.54 is in reasonable
agreement with the adjusted R? of 0.55. Adequate
precision measures the signal to noise ratio where
ratio greater than 4 is desirable. Our ratio of 31.56
indicates an adequate signal, thus, the AWRC
model can be used to navigate the design space.

With regard to SR, the linear model type was
also adopted with F-value of 32.92 that was signifi-
cant at (P<0.01) level. Also, predicted R? value
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was in agreement with its adjusted R? counterpart
(0.40 and 0.41, respectively) with an acceptable
value of adequate precision (18.68).

These results are supported by “calculated
(predicted) vs. actual value plot” that is shown in
Fig. (4). For AWRC, horizontal axis (X) presented
the actual values while calculated ones were rep-
resented on the vertical axis (Y). Most AWRC cal-
culated vs. actual points as illustrated in Fig. (4a)
were close to the fitted line, with narrow confidence
bands which reflects more model fitness. Few
points with further distances were observed near
the maximum and minimum ends of the line. The
same observation was noticed in case of SR (Fig.
4b) with more points scattered from the fitted line.

Color points by value of
AWRC:

311 " )
I 173 . H

Calculated

Color points by value of
SR: o

35.4478
-10.8696

Calculated

. 'sz ‘:d%{" k
¢ et gnhy e |

:

Actual

Fig. 4. AWRC% and SR% calculated vs. actual
values plot.

Where: AWRC= Alkaline Water retention Capacity,
SR= Staling Rate
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Table 5. AWRC and SR calculation equations as a function of time, moisture content and to TPA parame-

ters

Model

Equations
Type

Adjusted
R? R2

Predicted | Adequate F-

Precision | Value

p-value
Prob>F

267.87202 —(12.75744 *
Day) — (0.78029 * Moist) +
(0.081151 * HRD) —
(0.32979 * ADH) +
(56.71653 * COH) —
(0.12323 * CHW).

AWRC % Linear

0.55

0.54 31.57 58.24 | <0.0001

3.08970 +(6.19603 * Day) +
(0.042659 * Moist) —
(0.023519 * HRD) —

(0.21145 * ADH) - (4.44416

* COH) + (0.00938 * CHW)

SR% Linear

0.41 0.40

18.68 32.92 | <0.0001

Day = storage period (0, 1, 2 or 3 in case of AWRC, and 1,2 or 3 in case of SR) , Moist. = Moisture content (%),
HRD = Hardness (N), ADH= Adhesiveness (mJ), COH= Cohesiveness and CHW= Chewiness (mJ).

However, the obtained equations were charac-
terized by a good fitness to entry data and appro-
priateness for being used to calculate both AWRC
and SR.

Validation of the new method

The aim of validating a new analytical method
is to demonstrate that the method is suitable for
the intended use with the intention of providing the
scientific evidence that the analytical method is
reliable and consistent before it can be used in
routine analysis of product (Belouafa et al 2017).
To determine if the alternative method mean is not
statistically different from the reference method
mean, a one way analysis of variance or a paired t-
test is performed (NATA, 2012).

Means of AWRC and SR of three randomly se-
lected bread samples, determined by using old
(actual values) and our TPA-based new method
(calculated values) over a storage period up to 3
days, are shown in Table (6). Results showed no
significant differences in AWRC means between
the two methods as determined by t-test with an
accuracy level ranging from -12.7 to 7.8%. The
only exception for that was with bread sample #1
at the third day of storage. However, the same
sample didn’t show significant difference between
actual and calculated SR values. In case of SR, all
means of were not significantly different between
the two methods in all bread samples at the differ-
ent storage times. Reasonable accuracy of SR
between the two methods (ranging from -12.3 to
18.77%) was observed with some exceptions, but
still non-significant, at early storage times.
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Table 6. Validation of the new method by using t-test

Abd-El-Khalek; Thanaa Amer and Manal Helal

Day AWRC (%)
Actual Calculated | Accuracy (%) | t-value | p-value| Significance *
0 284.57 262.33 7.8 131 0.13 NS
Sample #1 1 247.33 251.67 -1.8 -.045 0.34 NS
2 204.33 214.67 -5.1 -1.29 0.13 NS
3 201.67 222.67 -10.4 -.2.22 0.05 S
0 273 256.67 6.0 2.09 0.05 NS
Sample #2 1 249 254.67 -2.3 -0.72 0.26 NS
2 219 226.33 -3.3 -0.71 0.26 NS
3 191.67 215.33 -12.3 -1.82 0.07 NS
0 271.97 261.67 3.8 0.96 0.19 NS
Sample #3 1 240.33 246.67 -2.6 0.28 0.40 NS
2 215.67 227.33 -5.4 -0.88 0.21 NS
3 192 216.33 -12.7 -1.84 0.07 NS
Day SR (%)
Actual Calculated | Accuracy (%) | t-value | p-value| Significance *
0 - - - - - -
sample #1 1 6.0 7.92 -32.0 -0.89 0.21 NS
2 14.8 13.2 10.8 0.52 0.31 NS
3 18.7 14.68 215 1.04 0.18 NS
0 - - - - - -
Sample #2 1 3.23 6.7 -107.4 -0.91 0.21 NS
2 14.83 14.73 0.7 0.08 0.47 NS
3 21.8 21.1 3.2 0.56 0.30 NS
0 - - - - - -
Sample #3 1 6.77 7.6 -12.3 -0.15 0.44 NS
2 20.97 18.77 10.5 1.82 0.07 NS
3 23.5 21.3 9.4 0.48 0.33 NS
Where:

AWRC = Alkaline Water retention Capacity, SR= Staling rate (%)

* Significance is at p<0.05 level.
CONCLUSION

In our present study, a new TPA-based method
was developed to determine the extent of the stal-
ing of Egyptian balady bread. The new method
depends on the use of mathematical equations to
calculate the AWRC and SR of bread as a function
of the changes in TPA parameters (i.e. hardness,
adhesiveness, cohesiveness and chewiness). All
calculation equations were of the first order (linear)
type with a good fit to data set and acceptable ad-
justed and predicted R? values. Our new TPA-
based method is much faster, energy saving and
of good accuracy when compared to the old
AWRC method. Validation test showed that the
new method can be confidently used to determine
both AWRC and SR of the Egyptian balady bread.
Further studies can be carried out in many areas
including the use of such method to assess AWRC

AUJASCI, Arab Univ. J.

and SR of Egyptian balady bread being processed
under different conditions, bread fortification, and
staling retardation studies.
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