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batter and cooked cakes were characterized in terms of water activity, color, porosity, emulsion stability, textural
properties, rheological behavior and sensorial attributes. Emulsion stability results indicated an excellent
improvement of physical stability of batter emulsions by addition of quince seed extract (QSE) and lecithin, which
was identified with no visible phase separation in samples Q0.1E and QO0.2E. All cake batters displayed a
pseudoplastic flow behavior with apparent viscosities and shear thinning behavior increasing substantially with
increasing QSE concentrations. Hardness values gathered from texture profile analysis, implied that best cake texture
was obtained via QSE and lecithin incorporation. Sensory analysis results also supported the same result in that,
samples with egg yolk and QSE both, yielded a more preferable appearance and texture. Therefore, with this study,
it was possible to observe the promising effects of QSE incorporation on cake batter and baked cake properties.
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1. Introduction

The need for gluten-free products, is advancing as a result of the growth in number of people with celiac
disease (Cureton & Fasano, 2009). Trends in the market and the increasing in the numbers of celiac disease
patients have provoked comprehensive research for the establishing better gluten-free products (Houben et al.,
2012). Regardless, it is a big challenge to produce gluten-free bakeries at comparable qualities to gluten-
containing products, as gluten is essential for an extensive dough network and absence of it is detrimental on
the viscoelastic properties of the dough. Typically, gluten-free formulations involve the use of various
components and additives to mimic the viscoelastic properties that gluten confers to the dough which increases
final product quality (Demirkesen et al., 2014; Hager & Arendt, 2013; Sciarini et al., 2010).

For this purpose, numerous gluten-free formulations were studied, with most of them involving gluten-free
flours such as rice, sorghum or maize flour (Mancebo et al., 2015; Schober et al., 2005; Sciarini et al., 2010),
or pseudocereals like amaranth, quinoa, buckwheat (Hager & Arendt, 2013; Mariotti et al., 2013), legume
flours such as pea, soy, chickpea (Aguilar et al., 2015), starches like cassava, corn, potato (Lazaridou et al.,
2007; Mahmoud et al., 2013). These ingredients are used in combination with emulsifiers, hydrocolloids,
shortenings or combinations of these as alternatives to gluten. These added ingredients give gluten-like
properties to the dough, this way the sensorial and nutritional properties as well as the shelf life of the breads
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can be improved. However, the addition of these ingredients also leads to a higher final price (Demirkesen et
al., 2014; Ronda et al., 2015).

Hydrocolloids are a type of additive that is commonly applied for this purpose (Houben et al., 2012; Matos &
Rosell, 2015). Incorporation of hydrocolloid type of additive is therefore a very promising application for
increasing the quality of gluten-free dough formulations. Hydrocolloids, as the name suggests, are hydrophilic
compounds that are abundant in polar groups and can be observed under various chemical structures. These
compounds provide a can be used for a wide range of applications one of them being the improvement of the
quality of gluten-free bakery products (Li & Nie, 2016). Though different hydrocolloids all function
differently, the main mechanism of action is the increase in viscosity, which enhances dough development and
strengthens the dough network that is particularly essential for gluten-free formulations. The strengthened
network enhances dough development by improving air retention during baking (Capriles & Aréas, 2014).

Technical parameters such as bulk volume and crumb hardness are especially critical in gluten-free products
and thus, are the most studied parameters followed by sensorial attributes (Houben et al., 2012; Kittisuban et
al., 2014). The positive effect of some hydrocolloids (such as xanthan gum, guar gum, pectin) on gluten-free
products have been well established, are being used widely commercially in gluten-free formulations. These
hydrocolloids are not only used as gluten substitutes in gluten-free formulations, they are also applied to gluten
containing products to modify texture, raise moisture retention, and improve the overall consumer acceptability
of the products (Rojas et al., 1999).

Hydrocolloids are seldom used alone, and are usually coupled with other similar hydrocolloids and/or
emulsifiers. Dough is a unique network in that it is both an emulsion and a suspension; increased physical
stability introduced by addition of emulsifiers coupled with the improved elasticity of the continuous dough
network, acts synergistically and greatly enhances quality of the final gluten-free product (Demirkesen et al.,
2013; Turabi et al., 2008a). Some hydrocolloids display emulsification properties and these are especially more
effective in helping develop a better dough structure in gluten-free products. Gum Arabic is such a hydrocolloid
and is one of the most widely studied and commercially used hydrocolloids. It is chemical structure can be
summarized as being a branched polysaccharide mainly composed of L-arabinose and D-galactose. The gum
contains proteins (1-2% by wt) which confers it surface activity (Vernon-Carter et al., 2008). However, the
gum’s general application is limited by its high price (Dickinson, 2018).

Another such hydrocolloid that also shows surface activity is quince seed extract (QSE). Quince (Cydonia
oblonga) is a fruit that is native to the West Asian region. It’s especially highly grown in the Caucasus regions,
Afghanistan, Iran, Dagestan, and southern regions of Turkey (Abbastabar et al., 2015). The seeds of the fruit
contain hydrocolloids that demonstrate excellent gelling capacity. The seed extract is also shown to provide
viscosity enhancement and increasing shear thinning behavior to solutions (Abbastabar et al., 2015). Some
recent studies have also confirmed the emulsifying effects of quince seed extract in model and real food
emulsions. The extract is especially effective as an emulsifier at a pH range of 6-8 (Kirtil & Oztop, 2016;
Ritzoulis et al., 2014).

Nevertheless, to the best our knowledge, there are no studies that involve the use of this novel hydrocolloid
source in improving the functional properties of gluten-free cake batter. The aim of this thesis is to investigate
the effect of quince seed extract used by itself or in combination with a natural emulsifier (egg lecithin) on
physical quality attributes and sensorial characteristics of cake batter and cake products. For this purpose, cake
formulations were produced with different quince seed extract concentrations (0.1% and 0.2%) and with or
without the addition of a lecithin as an additional emulsifier. The cake batter was analyzed for its water activity,
rheological behavior and emulsion stability; whereas the baked cakes were analyzed for their textural
properties, porosity and sensorial properties.

2. Materials and Methods

2.1 Materials

Wheat flour (Sinangil, Tekirdag, Turkey), gluten-free flour (Riace flour, Sinangil, Tekirdag, Turkey), sugar
(Granulated sugar, Migros, Istanbul, Turkey), margarine (Becel, Istanbul, Turkey), salt (Iodized Table Salt,
Billur Tuz, Izmir, Turkey), baking powder (Dr. Oetker, Izmir, Turkey) and drinking water (Nestle, Bursa,
Turkey) was purchased from a local grocery store in Istanbul. Quinces for preparation of quince seed extract
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(QSE) was purchased from a local grocery store in Ankara. Egg white powder and whole egg powder was
purchased from Kor Agro Organik Gida A.S (istanbul, Turkey).

2.2 Methods

2.2.1. Sample Preparation

Batter formulation was based on the amount of flour (in terms of weight). The batter consisted of sugar
(%100), margarine (%25), egg white powder or whole egg powder (%9), salt (%3), baking powder (%5) and
water (%36) with the given percentages. These percentages give the weight of the ingredient used with respect
to the weight of the flour. For 100 g flour, 100 g sugar, 25 g margarine, 9 g egg powder, 3 g salt, 5 g baking
powder and 36 g water was used.

Sugar and egg powder was first whipped on a bowl and molten margarine was added to the mixture and further
sheared for 1 min. Then, the remaining dry ingredients (flour, baking powder, salt and QSE) were mixed at a
separate place, to which water was incorporated and homogenized with a high speed homogenizer (Ultraturrax,
WiseTis HG-15D, Wertheim, Germany) at 2000 rpm for 2 min. The two mixtures were then combined in one
single bowl and mixed for 5 min with a kitchen type mixer (Philips, HR1453, Holland). After batter is prepared,
they were poured into small cylindrical porcelain cupcake cups (D=70 mm, h=40 mm) and baked in a
conventional home-type oven at 175°C for 30 min.

The formulations differ in the amounts of quince seed extract (QSE) and presence of either egg white powder
or whole egg powder, and the flour type (wheat flour or gluten-free rice flour). Table 1 lists the ingredients
used for each sample formulation.

Table 1 Sample formulations

Formulation Control GF Q0.1 Q0.2 QO0.1E QO0.2E
Control

Rice Flour - + + + + +

Wheat Flour + - - - - -

Sugar + + + + + +

Shortening + + + + + +

Egg White + + + + - -

Egg Whole - - - - + +

Salt + + + + +

Baking + + + + + +

Powder

QSE - - 01 % 02 % 01 % 02 %

wiv wiv wiv wiv

“+” sign represents the ingredients that are in the formulation of that specific sample, “-” sign represents that
the formulations lacks that ingredient.

2.2.2. Rheological Characterization

For rheological characterization, shear rate ramp and amplitude and frequency sweep tests were performed.
Measurements were obtained using a parallel plate (40 mm diameter and 1 mm gap) rheometer (Kinexus
Dynamic Rheometer, Malvern, UK) was used. In shear rate ramp experiments, shear stress values were
measured for shear rates changing from 0.1 s to 100 s™%, with a total measurement time of 2 min and 20
sample points. Shear rate ramp results were fit to a power-law model (equation 2.1)

T=Ky" (2.1)

where 7 is shear stress, K is the consistency index, y is shear rate, n is flow behavior index. Amplitude sweep
tests were performed to estimate the linear viscoelastic region with strains ranging between 0.01%—1% at a set
frequency of 1 Hz. Elastic (G") and viscous (G") moduli were recorded for strains increasing at a fixed
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frequency. After amplitude sweep measurements, a strain of 0.1% was chosen to be used as a parameter for
frequency sweep measurements. This strain lied within the linear viscoelastic region for all samples. Frequency
sweep measurements were carried out to investigate the effect of frequency on elastic (G') and viscous (G")
moduli. Frequency sweep tests were conducted with frequencies ranging between 0.1%-1% at a fixed strain
of 0.1%. All rheological measurements were conducted at 25 £0.1 °C within 2 h of cake batter preparation.

2.2.3. Water Activity

To investigate the water binding capability of each formulation, water activities of the cake batter samples
were measured. For this purpose, a water activity device (Rotronic, HygroPalm HP23-Aw&HC2-Aw-USB,
Switzerland) was used. Approximately 5 g of sample was placed into a sealed cup and placed into the device.
After waiting for 30 min, for the water activity to come to equilibrium, measurements were recorded.

2.2.4. Emulsion Stability

Cake batter samples were centrifuged (Hettich Zentrifugen, EBA 20, Germany) at 4032 rcf (6000 rpm with
a rotator radius of 10 cm) soon after preparation for 20 min at 25°C. The supernatant was identified as the fat
portion and the volumetric ratio of it was calculated by measuring the height of supernatant and dividing it by
the total height of batter sample. This ratio was multiplied by 100 to report as percentage of emulsion stability.
Percent creaming index results were calculated from equation 2.2;

%CI =€ % 100 (2.2)
Hr
Where H, is the height of the cream later and Hy is the total height.

2.2.5. Porosity

For porosity measurements, a modified version of the displacement method from (Turabi et al., 2008b) was
employed. To calculate the porosity of the cakes, first bulk and true volume of the cakes were calculated. To
calculate bulk volume, cakes were cut into regular shaped rectangular prisms of which the volumes were
calculated bv multiplication of the three sides. These samples were then compressed under a load of 20 N for
10 min until there was no pore left within the sample. The true volumes were calculated from the multiplication
of the three sides of the final compressed samples. Porosity were then calculated from equation 2.3;

True Volume

Porosity =1 — (2.3)

Bulk Volume

2.2.6. Color

The color of baked cakes were measured by a spectrometer (Konica Minolta, CM-5, Japan). The CIELAB
color space system was utilized for the measurements. In this system, L* represents lightness, whereas a* and
b* values stand for the four main colors of human vision: red, green, blue, and yellow. Color measurements
were taken only from the crust and from 8 different locations (4 from the top, 4 from the bottom and 4 from
the lateral section).

2.2.7. Texture Profile Analysis

Texture profile analysis of cake samples were performed with a texture analysis instrument (Stable Micro
Systems, TA-XT Plus, UK) using a 35 mm diameter probe. A compression mode texture profile analysis was
conducted with a pre-test speed, test speed and post-test speed of 10 mm/s, 2.0 mm/s and 2.0 mm/s,
respectively. The samples were compressed with a trigger force of 5 g. until a target strain of 40% was
achieved. From the TPA curves obtained, hardness of cakes were reported since these are considered to be one
of the primary indicators of textural quality for cakes (Chakraborty et al., 2020).

2.2.8. Sensory Analysis

To investigate the sensorial properties of the cakes, consumer studies were performed. All cakes were
freshly baked and sealed with a plastic film up until testing, and were tested within 2 h of preparation. Sensory
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attributes evaluated were taste, color, texture and odour. For scoring, a five-point hedonic scale was used. The
higher the rating the better that quality attribute was. Scores ranged from “Dislike very much” (score 1) to
“Like very much” (score 5) (Ballesteros Lopez et al., 2004; Thybo et al., 2004). The tests were conducted on
a total of 25 untrained panelists with ages ranging between 20-45.

2.2.9. Statistical Analysis

All measurements were carried out in at least three replicates. Statistical analysis software Minitab (Version
16, State College, PA, USA) was used for the analysis of variance (ANOVA) and Tukey's multiple comparison
tests. Differences were considered significant for p<0.05.

3. Results and Discussion

3.1 Water Activity

Cake photographs are given in Figure 1 and water activity measurement results are given in Table 2. As
apparent from the table, there is no difference between water activities of different cake batters. The objective
of measuring water activity was to investigate the difference in water binding capability of different
formulations. Control and GF Control samples contained no additives. They only contained ingredients that a
standard cake formulation would contain. Wheat flour and rice flour cake batter was apparently not different
in terms of their interaction with water. Flours contain high amounts of starch, where wheat flour is composed
mainly of wheat starch whereas rice flour mainly consists of rice starch (Mancebo et al., 2015; Steglich et al.,
2014; Wilderjans et al., 2013). Different starches differed in the relative amounts of amylose and amylopectin
and granule sizes and shapes. But non-gelatanized starch is not soluble in water, thus water-starch interactions
are not sufficient to have a significant effect on water activity (Tananuwong & Reid, 2004). This explains why
different flours do not effect water-binding capability of cake batter.
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Figure 1 Photographs of cake samples



Journal of Advanced Research in Natural and Applied Sciences 2023, Vol. 9, Issue 1, Pages: 1-14

Table 2
Results of cake water activity, batter creaming index (%CI), cake porosity and cake hardness measurements
Samples aw Cl % Porosity Hardness (g)
Control 0.88+£0.01 11.5+0.24* 0.53+0.03% 2382+72.0°
GF Control  0.88+0.01 6.73+0.34> 0.59+0.03%  906+56.4°
Q0.1 0.87£0.012 7.21+0.38" 0.46+0.04° 1289+81.2%
Q0.2 0.87£0.012 7.21+0.31° 0.32+0.04¢ 1107+75.6™
QO0.1E 0.88+0.01* 0 0.57+£0.05%  1465+92.5°
QO0.2E 0.88+0.01* 0 0.54+0.03%  1359+75.0°

Means within the same column, followed by the different letters are significantly different (p<0.05).

Addition of egg yolk and quince seed extract also did not seem to effect water activities. As explained in
introduction, the major portion of quince seed extract is polysaccharides, which are highly hydrophilic
compounds. Thus, an increase in QSE concentration is normally expected to decrease water activities by
hydrogen bonding with water molecules. However, the presence of starch-fat network dispersed in water seems
to get in the way of QSE-water interactions. QSE being a surface active material, could instead position itself
on the interface which decreases water-QSE interactions greatly (Kirtil et al., 2022). This coupled with the low
concentrations of QSE might hinder the water binding capacity of the polymer. Hence, no difference in water
activities could be observed even for samples with QSE.

3.2 Emulsion Stability

Creaming index (%CI) results can be seen in Table 2. Emulsion stability measurements involves the
measurement of the height of the cream layer after a controlled destabilization procedure. Higher %CI values
are associated with a lower resistance against destabilization. Control samples displayed the highest creaming
index results (at 11.5%), which indicates that wheat flour was least effective in providing stability to cake
batter. Rice flour was much better at providing a more stable emulsion. However, rather than the flour type,
this is most likely related to the additives in GF flour used. The commercial GF flour used contained pectin
and xanthan gum at unknown amounts. Both these additives are very large hydrophilic molecules. The
presence of these large molecules in the aqueous phase, might have retarded the mobility of oil particles; which
presumably retarded creaming rate (Kirtil & Oztop, 2016; Kontogiorgos, 2019). The same is true for samples
that contain QSE. QSE has emulsification properties and is shown to be an effective emulsion stabilizer, yet
in the cake batter network formed, QSE did not seem to show any emulsion stabilization properties. On the
other hand, samples prepared with whole egg flour, did not show any creaming. This means lecithin in egg
yolk was effective in providing thermodynamic stabilization to the cake network. Small lecithin phospholipids
were much more effective than the much bulkier QSE molecules at providing stabilization at the oil-water
interface. QSE molecules most likely dues to lack of water, was not hydrated enough to position itself
effectively at the interface, and didn’t have effective volume to take the most favorable conformation that
confers it surface activity (Kirtil et al., 2022).

3.3 Porosity

Porosity results are given in Table 2. There was no significant difference between Control and GF Control
samples in terms of porosities (p>0.5). This means cake batters prepared from rice and wheat flour were similar
in terms of their air entrapment capacities. QSE containing samples had lower porosities. Moreover, with
increasing QSE concentration porosities seemed to decrease. QSE is a very large biopolymer and has viscosity
enhancing and gelling properties (Farahmandfar et al., 2017; Kirtil & Oztop, 2016). QSE containing batter
were visibly thicker and more solid-like in terms of texture. This tougher and stiffer batter network provides a
higher resistance against the rising of batter during baking. Hence, air bubble could not be formed as
effectively.

For optimal porosity, an elastic network is necessary. The cake batter needs to be in optimal flexibility and
toughness. Gluten is particularly essential in conferring the batter its unique properties. Gluten increases the
resistance of the batter against rupturing and gives it a stronger, more flexible texture. If the batter is too tough,
then batter could not rise as efficiently during baking. If it is too soft then the raised batter network could
rupture and air bubble would merge, thus cake would collapse. An optimal cake batter stiffness and elasticity
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would be soft enough to rise by air formation during baking and be strong enough to entrap the bubble without
them merging (Milde et al., 2012; Sangpring et al., 2015).

Addition of egg yolk (samples Q0.1E and QO0.2E), increased porosities. This could be related with the softening
effect of fat particles that are liquefied during cooking. The additional fat conferred softness to the batter,
which decreased the stiffness of the batter network. The decreased stiffness aided with the air bubble formation
and cake batter rise during cooking. This was observed as increased porosity values. Cake pictures that also
give an idea of the porosity and internal structure of cakes can be seen in Figure 1.

3.4 Color

Table 3

Color measurement results

Top Surface  Control GF Q0.1 Q0.2 QO0.1E QO0.2E

Control

L* 88.3 88.4 884 884 884 88.4

a* -0.292 -0.252 - - -0.340 -0.360
0.257 0.267

b* 0.2475 0.345 0.342 0.312 0.210 0.217

Bottom

Surface

L* 88.2 88.1 88.2 882 881 88.1

a* -0.370 -0.380 - - -0.405 -0.400
0.355 0.335

b* 0.050 0.050 0.085 0.120 0.005 0.020

Lateral

Surface

L* 88.7 88.6 88.8 88.6 88.6 88,6

a* -0.515 -0.555 - - -0.515 -0.515
0.555 0.550

b* 0.240 0.095 0.210 0.150 0.225 0.240

Color measurement results can be seen in Table 3. L* of the CIELAB coordinates represents lightness (total
black gives L* = 0 and diffuse white gives L* = 100). For a*, the negative values represent green color and
positive values represent red hues and similarly for b*, negative values represent blue color and positive values
represent a yellowish hue. According to the results, regardless of formulation all cakes displayed similar
lightness values (around L*=88.5). Therefore, we can say that addition of QSE or lecithin had no effect on
color. The lightness of cakes is related to the Maillard reaction end products, particularly the melanoidin
pigment formation (Bi et al., 2017). This shows that formulation changes had no influence on the rate and
extend of Maillard reaction in cakes. The a* values of the cakes ranged between -0.25 and -0.55. Thus cakes
displayed a more greenish color than a reddish color. For b* values, the measurements ranged between 0.005-
0.34. This indicates that all cakes were yellowish in color. We could not observe any noteworthy trend in the
change of a* and b* values with respect to formulation of position on the crust. However, the fact that L*
values are identical on all points on cake crust shows that cakes were homogenously cooked, and no one
surface was subjected to a higher heat transfer rate compared to others.

3.5 Rheological Characterization

Figure 2a and Figure 2b shows the change of shear viscosity (Pa.s) with shear rate (s) in a normal and
logarithmic scale, respectively. For all formulations, the apparent viscosity values decreased with increasing
shear rates. This indicates that cake batter shows a pseudoplastic behavior. The pseudoplastic behavior is
explained with the alignment of molecules in the mixture with the direction of flow. As the rate of shear
increases more and more molecules are aligned with direction of flow and resistance against flow decreases,
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which is monitored as a decrease in apparent viscosity values (Turabi et al., 2008b). Control formulation
prepared with wheat flour displayed the lowest apparent viscosities. There was a considerable (almost 10 fold)
difference in viscosities for the whole range of shear rates studied between control sample and GF control
sample. This indicates that Control sample batter network showed the lowest resistance to flow. On the other
hand, Q0.2, which is the formulation with highest amount of QSE, displayed highest apparent viscosities;
which means it displayed the highest resistance against flow. This flow could be air bubble formation and rise
inside the cake batter. Q0.2 should be highly resistant against the formation and rise of air bubble and this
result is confirmed with the low porosity values this sample also displays as shown in Table 2.
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Figure 2a Change of shear viscosity with shear
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Figure 2b.Change of shear viscosity with shear rate in a logarithmic scale

As evident from the Figure 2, there is a linear trend between shear viscosities and shear rates if drawn on a
logarithmic scale. This implies a shear thinning behavior. The shear rate and shear stress data were fit to a
power law model and resulted in very high correlation coefficients (R?>0.96). The results of the fittings were
given in Table 4.
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Table 4
Power law fitting results
K N R?

Control 16.6+0.48°  0.665+0.04* 0.99

Control 121.541.249 0.292+0.02° 0.96
GF
Q0.1 144.6+1.32° 0.358+0.02° 0.98

Q0.2 539.0£2.17¢  0.374+0.02° 0.97
Q0.1E  153.3£1.23" 0.330+0.03* 0.96
Q0.2E  173.7+1.14°> 0.288+0.02° 0.95

K are the consistency index value whereas n are power law index values. K can be identified as the apparent
viscosities recorded at a shear rate of 1 s, thus is a measure of the material’s resistance to flow. All
formulations flow behavior can be explained with a power law model and a shear thinning behavior. With
increasing QSE concentration and lecithin addition, shear thinning behavior is enhanced. The batter network
gets thicker and more viscous as hydrocolloid and emulsifier concentrations increase; yet it becomes easier to
break this network and make it thinner with stress application. For increasing flow rates, the materials gets
thinner and thinner and this effect is particularly enhanced for samples with higher QSE and lecithin content.
Other studies have also reported similar flow behavior when shear thinning gums are added to gluten free
flours (Turabi et al., 2008b, 2010).

3.6 Texture Profile Analysis

Hardness values are given in Table 2. Control cakes exhibited the highest hardness values. The cakes
prepared from wheat flour with a standard formulation were the hardest. Gluten free cakes were significantly
softer than all other formulations. This is a common problem with gluten free bakery products. Gluten is
responsible for giving batter a texture that is more resistance against stretching. Without gluten, cake batters
and the cakes formed from that batter, will not be strong enough to hold its own and will crumble with mild
perturbation. This is not a desirable property and the hardness of control cake from wheat flour should be taken
as a reference here. The closer the cake’s hardness is to this value, the better the quality of the cake (BureSova
etal., 2016; Sangpring et al., 2015; Schober et al., 2005). With this in mind, Q0.1E and Q0.2E samples yielded
the best cakes. So addition of QSE and coupling it with an emulsifier as lecithin was successful in giving a
tougher texture to the batter network. Large QSE molecules helped in formation of a more extensively bonded
network, whereas egg yolk phospholipids positioned themselves on the oil-water interface and eased dispersion
of fat into the batter (BureSova et al., 2016; Sangpring et al., 2015; Schober et al., 2005).

3.7 Sensory Analysis

Sensory analysis results can be seen in Table 5. The overall sensorial acceptance of the products was
relatively good. Mean scores ranged between 2.8-4.1. This indicates that all formulations were acceptable in
terms of taste, color, texture and odor. However, considering the data it is not possible to comment on specific
differences on sensorial properties between different samples. The standard deviation of scores was too large
so the differences for most attributes was not statistically significant. There are a few things to mention here.
Color of whole egg containing samples (Q0.1E, QO0.2E) were found to be significantly more preferred by
panelists compared to other samples. Upon visual inspection, it was possible to see a more yellowish hue in
these samples, which could be reflected to the sensory analysis results as a higher preference. Again for Q0.1E
and QO.2E, texture was also more preferred. These samples were softer and mushier in texture possibly due to
the higher fat content coming from egg yolk. The higher fat content was also identified by a shinier outer
surface compared to other samples. Therefore, these results show that it was possible to improve the consumer
acceptance of gluten free cakes in terms of texture and appearance.
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Table 5
Sensory analysis results
Taste Color Texture  Odor

Control 2.8+0.4% 3.6+0.4° 2.9+0.3" 3.5+0.2°
Control GF  3.1+0.5* 3.3+£0.3° 3.5+0.5® 3.3+0.2°
Q0.1 3.5£0.4% 3.3+0.3° 3.3:04° 3.7+0.2°
Q0.2 3.240.3% 3.240.2° 3.5+0.3% 3.5+0.32
QO.1E 3.2+0.5% 4.1£0.3% 3.9+0.2%  3.4+0.2%
QO0.2E 3.4+0.4% 4.1+0.3% 3.8+0.2%  3.6+0.3%

4. Conclusion

This work concentrated on improving the quality and consumer acceptance of gluten-free cakes made out
of rice flour by using a new hydrocolloids source, quince seed extract. Numerous researchers have used non-
adsorbing hydrocolloids to increase the strength of the cake batter network and simulate the role of gluten in
batter. These hydrocolloids yielded even more successful results when used in combination with emulsifiers
that show surface adsorption capabilities. Quince seed extract is a unique hydrocolloid that also has
emulsification properties. Hence, we wanted to see how it would function as a gluten replacement in cake
batter.

The study yielded promising results. In terms of water activities, which is an indicator of water binding capacity
of the batter ingredients. There was no significant difference between formulations. An increase in QSE
concentration is normally expected to decrease water activities by hydrogen bonding with water molecules.
However, the presence of starch-fat network dispersed in water seemed to prevent QSE-water interactions.
Emulsion stability results indicated an excellent improvement of physical stability of batter emulsions by
addition of QSE and lecithin, which was identified with no visible phase separation in samples QO0.1E and
QO0.2E. QSE seemed to function better in presence of egg yolk lecithin and fat, this was particularly evident
from porosity results that shows that the porosity of Q0.1E and Q0.2E samples were similar to porosity of
control wheat flour sample.

All cake batters displayed a pseudoplastic flow behavior with apparent viscosities and shear thinning behavior
increasing substantially with increasing QSE concentrations. Hardness values gathered from texture profile
analysis implied that best cake texture was obtained via QSE and lecithin incorporation. Sensory analysis
results also supported the same result in that, samples with egg yolk and QSE both, yielded a more preferable
appearance and texture.

Therefore, with this study, it was possible to observe the effect of QSE on cake batter and baked cake
properties. The results were promising in that some quality attributes of cake samples were improved with
QSE addition.
Author Contributions
Ceren Cokeker: Methodology, Investigation, Writing - Original Draft
Sinem Argun: Methodology, Investigation
Emrah Kirtil: Conceptualization, Data curation, Formal analysis, Writing - Original Draft, Writing - Review
& Editing, Supervision, Validation
Conflicts of Interest

The authors declare no conflict of interest.

References

Abbastabar, B., Azizi, M. H., Adnani, A., & Abbasi, S. (2015). Determining and modeling rheological
characteristics of quince seed gum. Food Hydrocolloids, 43, 259-264.

11



Journal of Advanced Research in Natural and Applied Sciences 2023, Vol. 9, Issue 1, Pages: 1-14

https://doi.org/10.1016/j.foodhyd.2014.05.026

Aguilar, N., Albanell, E., Mifarro, B., & Capellas, M. (2015). Chickpea and tiger nut flours as alternatives to
emulsifier and shortening in gluten-free bread. LWT, 62(1), 225-232.
https://doi.org/10.1016/j.lwt.2014.12.045

Ballesteros Lopez, A. C., Guimaraes Pereira, A. J., & Junqueira, R. G. (2004). Flour mixture of rice flour, corn
and cassava starch in the production of gluten-free white bread. Brazilian Archives of Biology and
Technology, 47(1), 63-70. https://doi.org/10.1590/S1516-89132004000100009

Bi, B., Yang, H., Fang, Y., Nishinari, K., & Phillips, G. O. (2017). Characterization and emulsifying properties
of B-lactoglobulin-gum Acacia Seyal conjugates prepared via the Maillard reaction. Food Chemistry,
214, 614-621. https://doi.org/10.1016/j.foodchem.2016.07.112

Buresova, 1., Masatikova, L., Hfivna, L., Kulhanova, S., & Bures, D. (2016). The comparison of the effect of
sodium caseinate, calcium caseinate, carboxymethyl cellulose and xanthan gum on rice-buckwheat dough
rheological characteristics and textural and sensory quality of bread. LWT - Food Science and
Technology, 68, 659-666. https://doi.org/10.1016/J.LWT.2016.01.010

Capriles, V. D., & Aréas, J. A. G. (2014). Novel approaches in gluten-free breadmaking: Interface between
food science, nutrition, and health. Comprehensive Reviews in Food Science and Food Safety, 13(5),
871-890. https://doi.org/10.1111/1541-4337.12091

Chakraborty, S. K., Kotwaliwale, N., & Navale, S. A. (2020). Selection and incorporation of hydrocolloid for
gluten-free leavened millet breads and optimization of the baking process thereof. Lwt, 119(October
2019), 108878. https://doi.org/10.1016/j.lwt.2019.108878

Cureton, P., & Fasano, A. (2009). The Increasing Incidence of Celiac Disease and the Range of Gluten-Free
Products in the Marketplace. Gluten-Free Food Science and Technology, 1-15.
https://doi.org/10.1002/9781444316209.CH1

Demirkesen, I., Kelkar, S., Campanella, O. H., Sumnu, G., Sahin, S., & Okos, M. (2014). Characterization of
structure of gluten-free breads by using X-ray microtomography. Food Hydrocolloids, 36, 37-44.
https://doi.org/10.1016/j.foodhyd.2013.09.002

Demirkesen, 1., Sumnu, G., & Sahin, S. (2013). Image Analysis of Gluten-free Breads Prepared with Chestnut
and Rice Flour and Baked in Different Ovens. Food and Bioprocess Technology, 6(7), 1749-1758.
https://doi.org/10.1007/S11947-012-0850-5

Dickinson, E. (2018). Hydrocolloids acting as emulsifying agents — How do they do it? Food Hydrocolloids,
78, 2-14. https://doi.org/10.1016/j.foodhyd.2017.01.025

Farahmandfar, R., Ashaashari, M., Salahi, M. R., & Khosravi Rad, T. (2017). Effects of basil seed gum, Cress
seed gum and Quince seed gum on the physical, textural and rheological properties of whipped cream.
International Journal of Biological Macromolecules, 98, 820-828.
https://doi.org/10.1016/j.ijbiomac.2017.02.046

Hager, A. S., & Arendt, E. K. (2013). Influence of hydroxypropylmethylcellulose (HPMC), xanthan gum and
their combination on loaf specific volume, crumb hardness and crumb grain characteristics of gluten-free
breads based on rice, maize, teff and buckwheat. Food Hydrocolloids, 32(1), 195-203.
https://doi.org/10.1016/j.foodhyd.2012.12.021

Houben, A., Hochstotter, A., & Becker, T. (2012). Possibilities to increase the quality in gluten-free bread
production: An overview. European Food Research and Technology, 235(2), 195-208.
https://doi.org/10.1007/S00217-012-1720-0

Kirtil, E., & Oztop, M. H. (2016). Characterization of emulsion stabilization properties of quince seed extract
as a new source of hydrocolloid. Food Research International, 85, 84-94.
https://doi.org/10.1016/j.foodres.2016.04.019

Kirtil, E., Svitova, T., Radke, C. J., Oztop, M. H., & Sahin, S. (2022). Investigation of surface properties of
quince seed extract as a novel polymeric surfactant. Food Hydrocolloids, 123(September 2021), 107185.
https://doi.org/10.1016/j.foodhyd.2021.107185

Kittisuban, P.,  Ritthiruangdej, P., &  Suphantharika, @M. (2014). Optimization  of
hydroxypropylmethylcellulose, yeast B-glucan, and whey protein levels based on physical properties of
gluten-free rice bread using response surface methodology. LWT - Food Science and Technology, 57(2),
738-748. https://doi.org/10.1016/j.1wt.2014.02.045

Kontogiorgos, V. (2019). Polysaccharides at fluid interfaces of food systems. Advances in Colloid and
Interface Science, 270, 28-37. https://doi.org/10.1016/j.cis.2019.05.008

Lazaridou, A., Duta, D., Papageorgiou, M., Belc, N., & Biliaderis, C. G. (2007). Effects of hydrocolloids on
dough rheology and bread quality parameters in gluten-free formulations. Journal of Food Engineering,

12


https://doi.org/10.1016/j.foodhyd.2014.05.026
https://doi.org/10.1016/j.lwt.2014.12.045
https://doi.org/10.1590/S1516-89132004000100009
https://doi.org/10.1016/j.foodchem.2016.07.112
https://doi.org/10.1016/J.LWT.2016.01.010
https://doi.org/10.1111/1541-4337.12091
https://doi.org/10.1016/j.lwt.2019.108878
https://doi.org/10.1002/9781444316209.CH1
https://doi.org/10.1016/j.foodhyd.2013.09.002
https://doi.org/10.1007/S11947-012-0850-5
https://doi.org/10.1016/j.foodhyd.2017.01.025
https://doi.org/10.1016/j.ijbiomac.2017.02.046
https://doi.org/10.1016/j.foodhyd.2012.12.021
https://doi.org/10.1007/S00217-012-1720-0
https://doi.org/10.1016/j.foodres.2016.04.019
https://doi.org/10.1016/j.foodhyd.2021.107185
https://doi.org/10.1016/j.lwt.2014.02.045
https://doi.org/10.1016/j.cis.2019.05.008

Journal of Advanced Research in Natural and Applied Sciences 2023, Vol. 9, Issue 1, Pages: 1-14

79(3), 1033-1047. https://doi.org/10.1016/j.jfoodeng.2006.03.032

Li, J. M., & Nie, S. P. (2016). The functional and nutritional aspects of hydrocolloids in foods. Food
Hydrocolloids, 53, 46-61. https://doi.org/10.1016/j.foodhyd.2015.01.035

Mahmoud, R. M., Yousif, E. I., Gadallah, M. G. E., & Alawneh, A. R. (2013). Formulations and quality
characterization of gluten-free Egyptian balady flat bread. Annals of Agricultural Sciences, 58(1), 19-25.
https://doi.org/10.1016/j.a0as.2013.01.004

Mancebo, C. M., San Miguel, M. A., Martinez, M. M., & Gémez, M. (2015). Optimisation of rheological
properties of gluten-free doughs with HPMC, psyllium and different levels of water. Journal of Cereal
Science, 61, 8-15. https://doi.org/10.1016/j.jcs.2014.10.005

Mariotti, M., Pagani, M. A., & Lucisano, M. (2013). The role of buckwheat and HPMC on the breadmaking
properties of some commercial gluten-free bread mixtures. Food Hydrocolloids, 30(1), 393-400.
https://doi.org/10.1016/j.foodhyd.2012.07.005

Matos, M. E., & Rosell, C. M. (2015). Understanding gluten-free dough for reaching breads with physical
quality and nutritional balance. Journal of the Science of Food and Agriculture, 95(4), 653-661.
https://doi.org/10.1002/JSFA.6732

Milde, L. B., Ramallo, L. A., & Puppo, M. C. (2012). Gluten-free Bread Based on Tapioca Starch: Texture
and Sensory Studies. Food and Bioprocess Technology, 5(3), 888-896. https://doi.org/10.1007/S11947-
010-0381-X

Ritzoulis, C., Marini, E., Aslanidou, A., Georgiadis, N., Karayannakidis, P. D., Koukiotis, C., Filotheou, A.,
Lousinian, S., & Tzimpilis, E. (2014). Hydrocolloids from quince seed: Extraction, characterization, and
study of their emulsifying/stabilizing capacity. Food Hydrocolloids, 42, 178-186.
https://doi.org/10.1016/j.foodhyd.2014.03.031

Rojas, J. A., Rosell, C. M., & Benedito De Barber, C. (1999). Pasting properties of different wheat flour-
hydrocolloid  systems. Food Hydrocolloids, 13(1), 27-33. https://doi.org/10.1016/S0268-
005X(98)00066-6

Ronda, F., Perez-Quirce, S., Lazaridou, A., & Biliaderis, C. G. (2015). Effect of barley and oat B-glucan
concentrates on gluten-free rice-based doughs and bread characteristics. Food Hydrocolloids, 48, 197—
207. https://doi.org/10.1016/j.foodhyd.2015.02.031

Sangpring, Y., Fukuoka, M., & Ratanasumawong, S. (2015). The effect of sodium chloride on microstructure,
water migration, and texture of rice noodle. LWT - Food Science and Technology, 64(2), 1107-1113.
https://doi.org/10.1016/j.lwt.2015.07.035

Schober, T. J., Messerschmidt, M., Bean, S. R., Park, S. H., & Arendt, E. K. (2005). Gluten-free bread from
sorghum:  Quality differences among hybrids. Cereal Chemistry, 82(4), 394-404.
https://doi.org/10.1094/CC-82-0394

Sciarini, L. S., Ribotta, P. D., Leén, A. E., & Pérez, G. T. (2010). Effect of hydrocolloids on gluten-free batter
properties and bread quality. International Journal of Food Science and Technology, 45(11), 2306-2312.
https://doi.org/10.1111/J.1365-2621.2010.02407.X

Steglich, T., Bernin, D., Réding, M., Nydén, M., Moldin, A., Topgaard, D., & Langton, M. (2014).
Microstructure and water distribution of commercial pasta studied by microscopy and 3D magnetic
resonance imaging. Food Research International, 62, 644-652.
https://doi.org/10.1016/j.foodres.2014.04.004

Tananuwong, K., & Reid, D. S. (2004). DSC and NMR relaxation studies of starch-water interactions during
gelatinization. Carbohydrate Polymers, 58(3), 345-358. https://doi.org/10.1016/j.carbpol.2004.08.003

Thybo, A. K., Szczypinski, P. M., Karlsson, A. H., Denstrup, S., Stedkilde-Jergensen, H. S., Andersen, H. J.,
Szczypi??ski, P. M., Karlsson, A. H., D??nstrup, S., St??dkilde-J??rgensen, H. S., & Andersen, H. J.
(2004). Prediction of sensory texture quality attributes of cooked potatoes by NMR-imaging (MRI) of
raw potatoes in combination with different image analysis methods. Journal of Food Engineering, 61(1
SPEC.), 91-100. https://doi.org/10.1016/S0260-8774(03)00190-0

Turabi, E., Sumnu, G., & Sahin, S. (2008a). Optimization of Baking of Rice Cakes in Infrared — Microwave
Combination Oven by Response Surface Methodology. 64—73. https://doi.org/10.1007/s11947-007-0003-
4

Turabi, E., Sumnu, G., & Sahin, S. (2008b). Rheological properties and quality of rice cakes formulated with
different gums and an emulsifier Dblend. Food Hydrocolloids, 22(2), 305-312.
https://doi.org/10.1016/j.foodhyd.2006.11.016

Turabi, E., Sumnu, G., & Sahin, S. (2010). Quantitative analysis of macro and micro-structure of gluten-free
rice cakes containing different types of gums baked in different ovens. Food Hydrocolloids, 24(8), 755—

13


https://doi.org/10.1016/j.jfoodeng.2006.03.032
https://doi.org/10.1016/j.foodhyd.2015.01.035
https://doi.org/10.1016/j.aoas.2013.01.004
https://doi.org/10.1016/j.jcs.2014.10.005
https://doi.org/10.1016/j.foodhyd.2012.07.005
https://doi.org/10.1002/JSFA.6732
https://doi.org/10.1007/S11947-010-0381-X
https://doi.org/10.1007/S11947-010-0381-X
https://doi.org/10.1016/j.foodhyd.2014.03.031
https://doi.org/10.1016/S0268-005X(98)00066-6
https://doi.org/10.1016/S0268-005X(98)00066-6
https://doi.org/10.1016/j.foodhyd.2015.02.031
https://doi.org/10.1016/j.lwt.2015.07.035
https://doi.org/10.1094/CC-82-0394
https://doi.org/10.1111/J.1365-2621.2010.02407.X
https://doi.org/10.1016/j.foodres.2014.04.004
https://doi.org/10.1016/j.carbpol.2004.08.003
https://doi.org/10.1016/S0260-8774(03)00190-0
https://doi.org/10.1007/s11947-007-0003-4
https://doi.org/10.1007/s11947-007-0003-4
https://doi.org/10.1016/j.foodhyd.2006.11.016

Journal of Advanced Research in Natural and Applied Sciences

2023, Vol. 9, Issue 1, Pages: 1-14

762. https://doi.org/10.1016/j.foodhyd.2010.04.001

Vernon-Carter, E. J., Pérez-Orozco, J. P., Jiménez-Alvarado, R., Roman-Guerrero, A., Orozco-Villafuerte, J.,
& Cruz-Sosa, F. (2008). Application and evaluation of mesquite gum and its fractions as interfacial film

formers and emulsifiers of orange peel-oil. Food Hydrocolloids, 23(3), 708-713.
https://doi.org/10.1016/j.foodhyd.2008.06.005

Wilderjans, E., Luyts, A., Brijs, K., & Delcour, J. A. (2013). Ingredient functionality in batter type cake
making. Trends in Food Science and Technology, 30(1), 6-15. https://doi.org/10.1016/j.tifs.2013.01.001

14


https://doi.org/10.1016/j.foodhyd.2010.04.001
https://doi.org/10.1016/j.foodhyd.2008.06.005
https://doi.org/10.1016/j.tifs.2013.01.001

