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Abstract A response surface methodology based on Box—
Behnken design was deployed to optimize gluten—free
bread formulation based on rice flour. Roselle seed powder
(15, 25 and 35%), egg white powder (10, 20 and 30%) and
xanthan gum (0.5, 0.75 and 1%) were selected as inde-
pendent variables. The purpose of the optimization was to
achieve maximum porosity and sensory properties as well
as minimum hardness of bread samples. The results
showed that the Roselle seed and egg white powders had a
significant effect (p < 0.05) on hardness, porosity and
sensory characteristics of bread. However, xanthan gum
did not show a significant effect (p > 0.05) on sensory
properties. The design revealed the optimum formulation
for gluten-free rice bread with low crumb firmness and
improved porosity and sensory values by using 0.73, 30
and 25% of xanthan gum, Roselle seed and egg white
powders, respectively. In addition, the optimized gluten—
free bread showed higher nutritional properties in terms of
total protein, ash, oil and fiber contents as well as lower
staling rate compared to the control.
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Introduction

Celiac disease is an autoimmune reaction to eating gluten,
a protein matrix found in dough prepared from wheat,
barley or rye flours (Rosell et al. 2014). When people with
celiac disease consume food products containing gluten,
the immune system reaction to the protein gradually
damages the villi in their small intestine. As a result, the
body can’t absorb the vitamins, minerals, and other nutri-
ents. These people are therefore at risk of malnutrition and
can develop some related diseases (Cureton and Fasano
2009). Unfortunately, a strict, lifelong gluten—free diet is
the only way to treat celiac disease (Moore et al. 2006).
Several studies have been done on gluten free products
especially, bread, based on different oil seeds, cereal or
pseudo cereal flours such as rice, corn, sorghum, amaranth
and quinoa (Lazaridou et al. 2007; Gadallah et al. 2016;
Ferreira et al. 2016; Phongthai et al. 2017; Ozturk and Mert
2018; Moazeni et al. 2018). Rice flour is widely considered
among other used flours in gluten free bread formulation
because of high nutritional value, not allergic and being
colorless (Fabian and Ju 2011). However, lack of gluten in
the flour creates several problems in bread structure. Glu-
ten, a continuous protein network that forms during mixing
of flour with water, produces strong and elastic dough with
gas holding capacity (Lee and Mulvaney 2003). Several
studies showed that some gums including xanthan, guar
and hydroxyl propyl methyl cellulose (HPMC), as well as
non—gluten proteins such as egg and dairy proteins can be
used to partly solve the textural problems caused due to the
lack of gluten network in gluten-free breads (Demirkesen
et al. 2010; Kittisuban et al. 2014; Nicolae et al. 2016;
Hager and Arendt 2013).

Roselle (Hibiscus sabdariffa L.) known as “sorrel” and
“mesta” belongs to the family Malvaceae, is a main annul
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crop grown successfully in tropical and sub-tropical cli-
mates around the world. Roselle seedsare valuable food
source due to its chemical composition and nutritional
values. The seeds contain 18.3% of total dietary fibers,
25-35% protein and 19-21% lipid (Omabuwajo et al.
2000; Hainida et al. 2008; Nyam et al. 2014; Mokhtari
Nasrabadi et al. 2018).

Therefore, the objectives of the current study were (1) to
optimize the formulation of gluten-free rice bread based on
different amounts of xanthan gum, Roselle seed and egg
white powders using response surface methodology (Box—
Behnken design) and (2) to evaluate nutritional character-
istics as well as staling rate of optimized bread compared to
control.

Materials and methods
Material

Rice flour and salt were taken from a local market. Milk
powder (0.048% fat, 31.6% protein, 57% carbohydrate and
3% moisture) were obtained from a milk powder company,
Mashhad, Iran. Roselle (Hibiscus sabdariffa L.) seeds were
obtained from Agricultural Research Center, Sistan—
Baluchestan, Iran. Instant dry yeast and xanthan gum were
taken from Fariman Company, Mashhad, Iran, and Tek—
Gum Company, Tabriz, Iran, respectively. Egg white
powder was supplied by Telavang Company, Tehran, Iran.

Proximate analysis of Roselle seeds powder and rice
flour

Before analysis, Roselle seeds were cleaned and rinsed
with tap water. The seeds were oven dried at 60 °C to
moisture content of 10%. The dried seeds were milled
(Porten, Sweden) and powder was sieved through a 60—
mesh screen until the fine Roselle seed powder was
obtained (Tounkara et al. 2011). Peroximate analysis of
rice flour and Roselle seed powder including moisture,
protein, oil, ash and crude fiber contents were determined
following the Association Official of Analytical Chemists
methods No0.925.10, 920.87, 922.06, 923.03, and Ba 6-84,
respectively (AOAC 2000).

Batter and bread preparation

Control batter sample was prepared by mixing rice flour
(100%), water (87%), instant dry yeast (3%), milk powder
(7%) and salt (2%). Xanthan gum, Roselle seed and egg
white powders were added at three substitution levels
based on rice flour weight (Table 1).Then, dry ingredients
were mixed in a mixer (Escher Mixers Co. Schio, Italy) for

Table 1 Independent variables and their coded and actual values
used for optimization

Coded levels

-1 0 +1
Roselle seed powder 15 25 35
Egg white powder 10 20 30
Xanthan gum 0.5 0.75 1

4 min. Water was finally added and the mixture was mixed
again for another 10 min. For each bread loaf, 60 g of
batter was placed into baking pans (8 cm diameter and
4.7 cm height) and proofed for 90 min at 37 °C. The batter
samples were then baked at 200 °C for 10 min. Loaves
were removed from the pans after baking and allowed to
cool down to room temperature (25 °C) for 60 min. The
bread samples were kept in sealed polyethylene packages
at room temperature before further analysis.

Crumb hardness

Bread hardness determined using a Universal Testing
Machine Instron®5965 (Instron Corp., Norwood, MA,
USA).The samples (2.5 cm) were compressed to 75%
height of bread using a 4.8 mm diameter probe with
maximal load of 500 N with 300 mm/min loading speed
(Kurek et al. 2016).

Crumb porosity

Porosity was estimated using image analysis technique.
Samples were cut into slices (2 mm thickness) and pho-
tographs of the slices were taken using a digital camera
(Sony IXY Digital 910 IS., Tokyo, Japan) in resolution of
180 dpi. The camera was held at a distance of 20 and
15 cm from top and sides of the slices, respectively. The
obtained images with 3264 x 2448 pixels were cropped
using Image J software and converted into 8-bit gray scale
images to crumb porosity estimation (Marcin et al. 2016).

Sensory evaluation

Sensory evaluation of samples was carried out 2h after
baking by 30 trained assessors both male and female stu-
dents and staff from Food Science and Engineering
department, Faculty of Agriculture, University of Zanjan,
Zanjan, Iran. A five—point hedonic scale was used to
evaluate the sensory attributes included color, texture,
taste, and overall acceptability of the samples. The pan-
elists scored each descriptor from 1(lowest) to 5 (highest)
(Adeboye et al. 2013).
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Characterization of optimized bread

Moisture, protein, ash, lipid and fiber contents of the bread
samples based on dry weight (dry weight) were determined
by AACC methods No. 44-15, 46-12, 08-01, 30-10 and
32-07, respectively (AACC 2000). Crust color measure-
ments were made in 4 points on the surface of the bread
samples using a Minolta color reader (CR-10, Japan).
Triplicate readings were carried out from different posi-
tions and mean values was recorded as L* a* and b*.
Scanning electron microscope (SEM, Inspect™ S50, FEI
Company, Oregon, USA) was used to evaluate the opti-
mized and control bread samples staling during 2, 24 and
48 h of storage time at ambient temperature.

Experimental design and statistical analysis

Response surface methodology was adopted to determine
the optimum formulation for gluten—free bread. A Box—
Behnken design with three independent variables including
Roselle seeds powder, xanthan gum and egg white powder
at three levels 15-35, 0.5-1 and 10-30%, was chosen and
then coded as x;, X, and x3, respectively (Tables 1 and 2).
Followed by preliminary baking trials, the upper and lower
limits for the independent variables were established and
17 baking trials were selected for the evaluation. Five
replicates at the center of the design were used to estimate
the sum of the square error. The effect of the three inde-
pendent variables on the responses (Y) including hardness,
porosity and sensory evaluation was modeled using a
polynomial response surface. The second—order response
function for the experiments was predicted by the follow-
ing equation:

Y= fot S B S B+ S By

where [ is defined as the constant, f5j is the linear coef-
ficient, f3jj is the quadratic coefficient, and fij is the
interaction coefficient and x; and x; are levels of the
independent variables. The adequacy of the model for each
response was checked by evaluating coefficient of deter-
mination (R?), adjusted coefficient of determination (adj.
R?) and coefficient of variation (C.V) at significance level
0.05 calculated (Ganjloo et al. 2014). Data analysis is done
and three-dimensional (3D) diagrams are depicted using
Design Expert 7.0.3 (Minneapolis, USA) Software.

The data obtained from the evaluation of raw materi-
als, optimized and control bread samples were analyzed by
ANOVA using the SPSS statistical program (version 16.0),
and differences among the means which obtained from
three replications were compared using LSD test at the
significance level of p < 0.05

Results and discussion

Proximate analysis of rice flour and Roselle seed
powder

As shown in Table 3, Roselle seed powder had higher total
protein  (26.62 £ 0.03%), ash (5.51 £ 0.02%), oil
(21.03 + 0.02%) and fiber (19.81 £ 0.01%) contents
compared to rice flour (7.7 £0.08, 1.04 &+ 0.05,
2.90 £ 0.09 and 2.40 £ 0.05), respectively. These results
agree with those reported by Eltayeib and Elaziz (2014)
and Mariod et al. (2013). The results obtained from
Table 3, confirmed that Roselle seed powder can be

Table 2 Analyses of variance

(ANOVA) on the effect of Source Hardness Porosity Sensory evaluation

independent variables as linear, SS F-value  p-value SS F-value  p-value SS F-value  p-value

quadratic, and interaction terms

on the response variables (Not Model 6.17 14.23 0.0010 1036 31.75 0.0001 4.25 135.87 0.0001

significant at p < 0.05) X, 1.17 2428 0.0017 661 18218  0.0001 3.89  747.07  0.0012
X, 0.054 1.13 0.0232 0.7 19.36 0.0032 - 0.24 0.6384
X;3 4.09 84.84 0.001 1.53 42.23 0.003 0.28 53.99 0.0001
X2 0.16 3.24 0.1150  0.058 1.59 0.002 - 0.019 0.0026
Xi3 0.28 5.72 0.0481 0.024  0.66 0.0025 - 1.92 0.1960
Xa3 - 0.088 0.7758  0.87 24.11 0.0517  0.062 12.1 0.1061
X1 0.48 0.99 0.3538 - 0.18 0.032 0.28 19.40 0.0031
X 0.093 193 0.2071  0.23 6.44 0.388 - 0.26 0.6296
X33 0.28 5.85 0.0462 0.3 8.34 0.0234  0.062 1.61 0.2445
Lack of fit  0.25 1123.50  0.0001  0.25 1056.35 0.0001  0.052 6.28 0.1325
R? 0.9482 0.9761 0.9879
Adj.R? 0.8815 0.6453 0.9806
C.V (%) 0.1716 0.66 2.06
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Table 3 Characteristics Of. Flour/ powder Moisture Ash Oil Protein Crude fiber

Roselle seeds powder and rice

flour (%) Roselle seeds powder 632 + 0.01°  5.51 + 0.02° 21.03 + 0.02* 26.62 + 0.03* 19.81 + 0.01°
Rice flour 9.80 &+ 0.13*  1.04 £ 0.05° 290 £ 0.09°  7.70 £ 0.08°  2.40 + 0.05"

Results are presented as mean + SD of triplicate. Different letters in the same column indicate significant

statistical differences (p < 0.05)

considered as a good nutritional source for gluten-free
bread supplementation.

Bread optimization

The results of ANOVA on bread hardness determination
were shown in Table 2. The R? (0.9482), Adj.R2 (0.8815)
and the C.V (0.1716%) values indicate that the model
employed for hardness determination is adequate to
describe the obtained experimental results. All independent
variables and interaction term of Roselle seed powder*egg
white powder had significant effect on hardness (p < 0.05)
while the interaction terms of other variables were no
significant (p > 0.05) (Table 2). The 3D response surface
plots (Fig. 1a) demonstrate the effect of Roselle seed and
egg white powders on hardness of bread texture. From the
Fig. 1a, it can be seen that the hardness values decreased
by increasing the Roselle seed and egg white powders
amounts from 15 to 35% and 10 to 25%, respectively.
According to the Fig. la, at a constant value of egg white
powder, adding Roselle seed powder at all levels reduces
the bread hardness. This reduction can be due to the high
oil, protein and fiber contents of Roselle seed powder
which increases the crumb softness. These results agree
with Nyam et al. (2014) who reported that by increasing
Roselle seed powder level in cookie formulation up to
30%, the crumb hardness decreases.

On the other hand, at a constant value of Roselle seed
powder, by increasing the egg white powder up to 25% the
bread hardness decreased. It is likely that this amount of
egg white is not enough to building strong network. Also,
this can be due to the reduction of surface tension by egg
white and the stabilization of air bubbles in the batter,
thereby reducing hardness as well as texture improvement
(Han et al. 2019). Furthermore, the low hardness could be a
combined effect of Roselle seed and egg white proteins.
Similar results were reported by Bize et al (2017) who
described that the proteins of egg powder had a positive
effect on reducing gluten—free sorghum bread hardness
during 0, 4, 8 and 12 days after baking. However, adding
egg white powder at 25-30% showed a negative effect on
reducing hardness. Egg white has excellent water bonding
capacity and gelling property which can produce predom-
inant network at the higher levels and increase crumb
hardness (Han et al. 2019; Sikorski 2001).

The R*(0.9761), Adj.R*(0.6453) and the CV (0.66%)
values show that the model for porosity is adequate to
describe the experimental results (Table 2). According to
Table 2, all independent variables and interaction term of
Roselle seed powder*egg white powder and Roselle seed
powder*xanthan gum had significant effect on porosity
(p < 0.05). Figure lc, shows the effect of interaction term
of Roselle seed powder*egg white powder and Roselle
seed powder*xanthan gum on porosity values. It is clearly
seen that increasing Roselle seed and egg white powder
contents, increases the bread porosity values. At the con-
stant value of the egg white powder, by adding Roselle
seed powder the porosity value increases, and conversely.
This could be due to the higher content protein of Roselle
seed and egg white powders. The presence of egg white
proteins in batter formulation, improved gas cell stabi-
lization and promotes foaming which results finer bread
texture (Sikorski 2001; Bize et al. 2017).

Figure 1c, illustrates that xanthan gum in higher
amounts (0.75-1%) had a negative effect on the porosity.
At a constant value of Roselle seed powder, increasing
xanthan gum levels results a reduction in the porosity
value. Similar results were shown by Lazaridou et al.
(2007) who studied the effects of hydrocolloids on dough
rheology and bread quality parameters in gluten—free
bread, and reported that higher values of xanthan gum
reduced the porosity of bread samples. It could be due to
the fact that adding hydrocolloids at high contents in glu-
ten—free bread generally increases the bread crumb elas-
ticity, followed by a reduction in porosity.

The ANOVA results for sensory evaluation are shown in
Table 2. The R* (0.9879), Adj.R* (0.9706) and the CV
(2.06%) values indicate that the model for sensory evalu-
ation is adequate to describe the experimental results.
Roselle seed and egg white powders and interaction term of
Roselle seed powder*egg white powder had significant
effect (p < 0.05) on sensory evaluation while the xanthan
gum and interactions term of other variables were not
significant (p > 0.05), (Table 2). Figure 1d, shows the
effect of Roselle seed powder*egg white powder interac-
tion on sensory scores. According to the results, when
Roselle seed and egg white powders amounts increase up
to 30%, the sensory scores increase. Egg white powder is
typically added to gluten—free formulations to improve
texture and quality of products by gelation and to aid in
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(d)

Sensory evalnation

Fig. 1 Response surface plots for the effect of independent variables of gluten—free bread formulation on hardness (a), porosity (b and ¢) and

sensory evaluation (d)

enhancing foaming and Maillard browning reaction,
respectively (Arendt and Bello 2018).

Finally, considering the lowest hardness and the highest
porosity and sensory scores the bread containing 30%
Rosellle seed powder, 25% egg white powder and 0.73%
xanthan gum was picked as the optimized formulation.

Characterization of optimized bread compared
to control

Some characteristics of the optimized bread compared to
control are shown in Table 4. The oil, protein, fiber, ash
(minerals) and moisture contents of optimized sample were
significantly (p < 0.05) higher than control. This is
because of the high content of these compounds in the
Roselle seed powder as well as high amount of protein in
egg white (Nyam et al. 2014; Mariod et al. 2013; Elneairy
2014). Besides of nutritional value, it is known that water,
oil, protein and fiber contents predetermines textural
properties and staling rate of bakery products, especially
bread (Pahwa et al. 2016; Pico et al. 2019). The results of

@ Springer

crust color evaluation show that inclusion of roselle seed
and whey protein powders induced darker crusts (lower
values of L*) in optimized bread compared to control.
Also, optimized bread compared with control showed
higher redness (a*) as a positive parameter in the bread
color. This is can be due to darker color of rossele seed
powder than rice flour and protein incorporation to opti-
mized bread formulation due to Maillard reactions. These
results are agreement with previous studies (Aguilar et al.
2015; Krupa-Kozak et al. 2013; Pico et al. 2019).

Bread staling rate

Scanning electron micrographs of the optimized bread com-
pared to control, at the time of 2, 24 and 48 h after baking are
illustrated in Fig. 2a—f. Figure 2a and b show the structure of
optimized bread and control after 2 h of baking, respectively.
According to Fig. 2a the optimized bread structure right 2 h
after cooking, shows a homogeneous network, because of
cross—links formed between rice starch and the proteins of
Roselle seeds and egg white powders (Moore et al. 20006).
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Table 4 Characteristics of optimized bread compared to control

Bread Moisture (%)  Ash (%) Oil (%) Protein (%) Crude fiber (%) L* b* a*
Optimized 35.89 + 0.15° 0.81 £ 0.02° 3.23 & 0.12* 11.98 £ 0.02* 5.35 4 0.01* 61.06 + 0.50° 11.27 + 0.80° 2.83 + 0.02°
Control 28.36 £ 0.15° 0.11 £ 0.01°> 035 £0.09° 525 £ 0.08® 0.50 &+ 0.05° 64.15 £ 0.74* 1223 £ 0.40* 2.02 &+ 0.04°

Results are presented as mean £ SD of triplicate. Different letters in the same column indicate significant statistical differences (p < 0.05)

Fig. 2 Scanning electron
micrographs of the optimized
bread (a, ¢ and e) and

control (b, d and f) at 2, 24 and
48 h after baking, respectively

Starch granules
accumulation

i

.
h - ¢
Amirkabir University

Since gluten is responsible for the viscoelastic structure in
wheat bread, mimicking gluten by creating a protein network
via various proteins can improve the quality structure of
gluten—free bread (Moore et al. 2006; Storck et al. 2013). In
the optimized bread after 24 h (Fig. 2c), starch granules are
detaching from the homogeneous network, while in the
control (Fig. 2d), the granules are completely separated from

Starch granules
are detaching
from network

Py

WD=76 150kV X 1.0K _50um

- " Starch
AR granules
Z4 f\‘ 5

0P

the network. The larger granular crystals were created in the
control (Fig. 2f) compared to the optimized sample (Fig. 2e)
after 48 h. This could be due to the ability of xanthan gum and
Roselle seed and egg white proteins to form strong cohesive
viscoelastic network, and prevent from water leaving and
reduce the staling of the free gluten bread during storage time
(Pahwa et al. 2016).
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Conclusion

Based on the RSM analysis, the optimized bread formu-
lation contained 0.73, 30 and 25% of xanthan gum, Roselle
seed and egg white powders, respectively. Roselle seed and
egg white powders had a good effect on reducing the
hardness, as well as increasing porosity and sensory
properties of gluten free rice bread. However, xanthan gum
does not have a great effect on improving bread quality. In
this formulation, Roselle seed and egg whites powders
formed the protein network which allowed delay staling of
the bread. Therefore, the attempt to improve quality of
gluten free rice bread proved to be successful.
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