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ABSTRACT

Background: Today, research into the use of emulsions in the
structure of gluten-free products has been extended to improve their
quality characteristics.

Aims: The purpose of this research was to use Pickering emulsion
(PE) stabilized by soy protein nanoparticles and xanthan gum in
gluten-free cake dough based on rice flour and to monitor its quality
indicators during shelf life.

Methods: In this study, Pickering emulsion was prepared from soy
protein nanoparticles and 0.1% (weight/volume) xanthan solution.
Next, the intrinsic properties of the emulsion such as particle size
distribution, determination of zeta potential and creaming index
were discussed.

Finally, the qualitative and viscoelastic properties of the gluten-free
cake containing emulsion were investigated in comparison with the
control sample during shelf-life.

Results: The results showed that the presence of SPNs (soy protein
nanoparticles) together with xanthan provided stability, proper
dispersion, particle homogeneity and determined the electrical state
of the particle surface in PE. The ability of the emulsion to resist
changes during three weeks showed insignificant phase separation
and also with an emulsion activity of 78%. In addition, the presence
of PE in the formulation of gluten-free cake dough improved the
viscoelastic properties and the quality of the final product during
the shelf-life of one week.

Conclusion: The presence of PE in the formulation of gluten-free
cake dough, by creating a coherent and integrated structure, resulted
in a relative decrease in volume and porosity compared to the
control sample. While retaining more moisture during storage,
much better viscoelastic and color properties were observed
compared to the control sample.
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Extended Abstract

Introduction: Nowadays,  with  the
development of technology, following an
appropriate diet is of great importance, and
different people go on various diets. Moreover,
some food intolerance cause people to change
their diets inevitably, with celiac disease being
one of them. In celiac, which is an autoimmune
and hereditary disease, the mucosal membrane
of the pa-tient small intestine is damaged and
inflamed after the consumption of gluten-
containing cereal-based products.
Accordingly, Rice flour is typically used in the
production of gluten-free cake, and given the
qualitative defects of gluten-free products,
gluten substitutes should be employed.
Application of Pickering emulsion (PE) is a
way of enhancing the properties viscoelastic of
cake. Nowadays, the research about the use of
emulsion in the structure of gluten-free
products has been expanded to improve its
quality features. According to this, one of the
practical  applications  gluten-free  food
products are important for individuals with
celiac disease or gluten-related disorders since
they need to follow a strict gluten-free diet.
This study provides information on a Pickering
emulsion  stabilized by soy protein
nanoparticles use to boost the physical
properties of gluten-free cake batter. Results
showed that use of these additives improved
the techno-functional properties of the gluten-
free cake batter. Therefore, the findings of this
study can be useful for the production of
functional free-gluten food products with
health-promoting  attributes. ~ This  was
investigated by some studies that the quality
attributes of the bakery products can be
improved by incorporating of PE. The
cellulose-based PE was employed successfully
to produce reduced-fat biscuits. Moreover, the
dietary fibers of this PE also increased the
dough viscoelasticity by changing the gluten
network resulting in a disintegrated and
heterogeneous matrice. Furthermore, the effect
of PE, stabilized by zein nanoparticles and
enriched with cinnamon oil, as a fat replacer,
improved the cake viscoelastic properties by
interacting with the zein nanoparticles and
hence forming a gel-like network. The aim of
this research was to use Pickering emulsion

(PE) stabilized by soy protein nanoparticles
and xanthan gum in gluten-free cake dough
based on Rice flour and monitor its quality
indicators during shelf life. Considering the
studies conducted so far, PE based on plant
proteins like soy protein and microbial
polysaccharides like xanthan, has not ever
been reported in the preparation of gluten-free
cake. Therefore, the purpose of this research is
to stabilize PE by soy protein nanoparticles
(SPNss), as well as investigating its effects on
gluten-free rice flour-based cake and
evaluation of its quality indicators during shelf
life.

Material and methods: In this study,
Pickering emulsion was prepared from soy
protein nanoparticles and xanthan solution
0.1% (w/v). For this purpose, sunflower oil
(20%) was gently added to the mixture of
xanthan solution (20%) and SPNs (60%),
which was subsequently agitated using a
homogenizer at 11000 rpm. Next, the intrinsic
properties of emulsion such as hydrodynamic
diameter, polydispersity index (PDI) zeta
potential, and creaming index of the SPNs and
the PE were measured. Furthermore, the
emulsifying activity (EA) test was performed
according to the method presented by Dalev &
Simeonova (1995) with slight changes.
Finally, the qualitative and viscoelastic
properties of gluten-free cake-containing
emulsion were investigated in comparison
with the control sample during shelf life.
Results and discussion: The results of this
research showed that the presence of soy
protein nanoparticles along with xanthan gum
caused stability, proper dispersion index,
homogeneity of particles, and determining the
electrical state of the surface of particles in PE.
In fact, the prepared PE had an acceptable
dispersity, because the lower the PDI is, the
more suitable the dispersity is, and the more
homogenous the particles are. The zeta
potentials of the SPNs and the PE were equal
to -13.166 and -30.696 mV, respectively. The
high zeta potential of colloidal particles causes
an increase in electrostatic repulsive forces
between them, thus raising the system physical
stability at pH values above its isoelectric
point. On the other hand, the emulsion
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prepared using the SPNs and the xanthan
solution showed a higher zeta potential.
Generally, xanthan solution is negatively
charged at neutral pH, due to the occurrence of
acidic groups in the structure of this gum. The
presence of negative charge in both the SPNs
and the gum elevated the zeta potential of the
emulsion. The ability of the emulsion to resist
the changes during three weeks showed
insignificant phase separation and also with
78% emulsion activity. In addition, the
presence of PE (20 mL/100g rice flour) in the
formulation of gluten-free cake dough
improved the viscoelastic properties and
quality of the final product during the shelf life
of one week. In fact, considering the capability
and usage of these emulsions in the food
industry, especially the bakery industry, it
improved the quality characteristics of cake
products for the consumer, such as the specific
volume and porosity of the cake, its texture
strength, and its shelf life. Pickering emulsion
increased the moisture content in the cake,
which had a positive effect on the hardness of
the sample. Whereas, the volume and porosity
decreased in the cake containing Pickering
emulsion. On the other hand, the color of the
sample was better maintained over time by
adding emulsion during shelf life.

Conclusion: Based on the results of this
research, SPNs improved the PE stability.
Furthermore, xanthan gum inhibited the
aggregation of the oil droplets by increasing
the PE consistency and forming a network in
the emulsion. The presence of PE in the gluten-
free cake batter formulation caused a relative
decrease in volume and porosity compared to
the control sample by creating a coherent and
uniform structure. By maintaining more
moisture during the storage period, PE had
much  Dbetter  viscoelastic and  color
characteristics compared to the control sample.
Gluten-free food products are important for
individuals with celiac disease or gluten
related disorders since they need to follow a
strict gluten free diet. This study provides
information on a Pickering emulsion stabilized
by soy protein nanoparticles use to boost the
physical and rheological properties of gluten
free cake batter. Results showed that use of

these additives improved the techno-functional
properties of the gluten free cake batter.
Therefore, the findings of this study can be
useful for the production of functional free
gluten food products with health-promoting
attributes.
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Table 2- The particle size distribution of SPNs and PE

Samples  Z- Average (d.nm) PDI Zeta Potential (mV)
SPNs 61.213 + 4.65 0.397 £ 0.003 -13.166 + 1.560
PE 7752 £ 0.65 0.504 + 0.024 -30.696 + 1.671
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Figure 1- The particle size distribution Graph
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Table 3- Emulsion stability of PE stabilized with SPNs during 21 day at 4 °C

Creaming index (%)

Samples

Emulsion activity

One weeks (%)

Two weeks (%)

(%)
Three week (%)

PE 0 0

3.77+£0.516 78 +4.358
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Figure 3- Evaluation of moisture content of gluten-free cake samples during shelf-life in comparison to

the control sample.
Results expressed as mean values of triplicates + standard deviation
a-d Different superscript letters in the each day between samples denote significant differences (P < 0.05).
A-B-C Different superscript letters in the during shelf life between samples denote significant differences (P < 0.05).
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Figure 4- Evaluation of volume of gluten-free cake samples during shelf-life in comparison to the
control sample.
Results expressed as mean values of triplicates + standard deviation
a-d Different superscript letters in the each day between samples denote significant differences (P < 0.05).
A-B-C Different superscript letters in during shelf life between samples denote significant differences (P < 0.05).
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Figure 5- Evaluation of porosity percentage of gluten-free cake samples during shelf-life in
comparison to the control sample.

Results expressed as mean values of triplicates + standard deviation

a-d Different superscript letters in the each day between samples denote significant differences (P < 0.05).
A-B-C Different superscript letters in the during shelf life between samples denote significant differences (P < 0.05).
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Table 4- (A & B). Color characteristics of crust (A) and crumb (B) Cake during 7 day.

Storage Cake crust (Control) Cake crust (PE)
L* index
Fresh (1 day) 74.898 + 4.635 42 78.295 + 3.564 A2
3 day 69.066 + 3.941 B 76.029 + 2.493 A2
7 day 67.264 + 2.499 B 75.005 + 3.317 A2
a* index
Fresh (1 day) 14.898 + 1.435 A2 12.501 + 0.684 A°
3 day 11.891+1.254 B2 11.728 £ 1.217 AP
7 day 11.004 +0.822 €2 10.050 + 0.803 B
b* index
Fresh (1 day) 46.720 + 3.498 A2 44,924 + 4,611 A2
3 day 45.341 + 2.287 A@ 48.250 + 3.600 A2
7 day 45.243 £ 4511 A2 47.697 £ 2.188 A2
TCD index
Fresh (1 day) 6.141+0.850 A
3 day 8.823 +3.801 4
7 day 11.271+2.4207

Results expressed as mean values of triplicates + standard deviation.
a-b-c Different superscript letters in the same row between samples denote signifcant differences (P< 0.05)
A-B-C Different superscript letters in the same column between samples denote signifcant differences (P< 0.05)
Table 4 (A & B)- Continued
Storage
L* index
Fresh (1 day)

Cake crumb (Control) Cake crumb (PE)

88.669 + 1.935 A2 89.733 + 3.124 A2

3 day 87.382 + 0.433 AB2 87.722 +0.751 B
7 day 86.996 + 0.946 B? 87.581 + 1.022 B

a* index
Fresh (1 day) 3.001 + 0.607 AP 4.340 + 1.333 A2
3 day 2.519 +0.373 AB2 2.608 + 0.687 B2
7 day 1.432 +0.588 B2 2.044 + 0.582 B2

b* index

Fresh (1 day) 30.619 + 1.045 A2 28.441+1.081 42

3 day 27.985+ 1.735 B2 27.716 + 1.640 A2
7 day 30.326 + 1.252 A2 29.706 + 1.416 A2
TCD index
Fresh (1 day) 4.028 £0.718 A
3 day 2.057 +0.364 B
7 day 1.896 + 0.205 &

Results expressed as mean values of triplicates + standard deviation.
a-b-c Different superscript letters in the same row between samples denote signifcant differences (P< 0.05)
A-B-C Different superscript letters in the same column between samples denote signifcant differences (P< 0.05)
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Table 5 (A & B)- Color characteristics (Brown index, White index and Hue index) of crust (A) and
crumb (B) Cake during 7 day

Storage Cake crust (Control) Cake crust (PE)
Bl index

Fresh (1 day) 106.803 + 7.177 B 93.566 + 8.220 B

3 day 114.148 + 3.828 A2 104.830 + 4.012 AP

7 day 114.327 £ 5.021 A2 103.505 + 6.772 €°
WI index

Fresh (1 day) 44,836 + 4.490 A2 48.540 + 5.574 A®

3 day 42.993 +0.946 A? 44,794 + 3.276 B2

7 day 42.967 + 3.152 A@ 45.132 +1.851 B
Hue index

Fresh (1 day) 72.357 +0.771 82 74.361 + 1.485 B2

3 day 71.818 +1.892 BP 76.353 £ 0.752 AB2

7 day 76.293 + 0.803 A? 78.093 + 0.963 A2

Results expressed as mean values of triplicates + standard deviation.
a-b-c Different superscript letters in the same row between samples denote signifcant differences (P< 0.05)
A-B-C Different superscript letters in the same column between samples denote signifcant differences (P< 0.05)

Table 5 (A & B)- Continued

Storage Cake crumb (Control) Cake crumb (PE)
Bl index

Fresh (1 day) 43.345 + 1.690 A? 39.393 £ 2.352 A@

3 day 42.508 + 2.735 A2 40.504 + 2.898 A@

7 day 38.390 + 3.322 A2 41.693+3.17542
W1 index

Fresh (1 day) 67.160 + 0.762 A2 69.341 + 1.928 A2

3 day 69.181 + 1.373 A? 69.564 + 1.732 A2

7 day 66.961 + 1.375 A2 67.727 £ 1.592 A2
Hue index

Fresh (1 day) 84.429 + 0.964 B? 81.312 + 2.698 B

3 day 84.821 +0.988 B*# 84.652 + 1.247 A?

7 day 87.315 + 1.066 A? 86.088 + 0.971 A?

Results expressed as mean values of triplicates + standard deviation.
a-b-c Different superscript letters in the same row between samples denote signifcant differences (P< 0.05)
A-B-C Different superscript letters in the same column between samples denote signifcant differences (P< 0.05)
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Figure 6- Evaluation of hardness of the crumb of gluten-free cake samples during shelf-life in
comparison to the control sample

Results expressed as mean values of triplicates + standard deviation.

a-b-c Different superscript letters in each day between samples denote signifcant differences (P< 0.05)
A-B-C Different superscript letters in the during shelf life between samples denote signifcant differences (P< 0.05)
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