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Abstract Celiac disease is an autoimmune disorder caused
by a permanent intolerance of genetically susceptible per-
sons to gluten proteins and intake of gluten-free diets
throughout their life is the only treatment way. Therefore,
studies dealing with the production and improvement of
gluten-free food products, especially bakery products are of
great importance. The aim of this study was to investigate
the effect of adding pomegranate seed powder (0-50%)
and transglutaminase enzyme (0—1.2%) on physicochemi-
cal, sensory and textural properties of gluten-free cake
made from rice flour. The results showed that pomegranate
seed powder and transglutaminase had positive effects on
fiber and ash contents, and porosity; whilst, the incorpo-
ration reduced the weight loss, volume and specific vol-
ume. Optimization process was performed and optimum
gluten-free formulation contained 25.75% pomegranate
seed powder and 0.97% transglutaminase. The optimized
gluten-free cake showed higher total antioxidant activity,
ash, fiber, protein and moisture contents and lower perox-
ide value, volume index and porosity compared to the
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control one. The porosity decrement was confirmed in the
optimized cake by scanning electron microscopy images.

Keywords Celiac - Transglutaminase - Functional -
Dietary fiber

Introduction

Celiac is a chronic inflammation of the small intestine
triggered by increasing the sensitivity to gluten proteins
founded in wheat, oat, and barley (Ghergherehchi et al.
2010). It has a wide range of clinical symptoms from
asymptomatic individuals to a typical maladaptive syn-
drome with chronic diarrhea (Bafandeh et al. 2013). Celiac
is the most common food intolerance disorder with
increasing prevalence all over the world. Therefore, the use
of gluten-free diet has been introduced as an effective
treatment for celiac and other gluten-related disorders
(Gobbetti et al. 2017). According to the Codex Alimenta-
rius reports, the maximum amounts of gluten in natural
gluten-free products and in wheat starch based products is
20 and 200 ppm, respectively (Susanna and Prabhasankar
2013). Replacing the gluten in gluten-free products is a
major challenge for cereal technologists. The functionality
of proteins in gluten-free flours can be modified in order to
improve their baking properties through strengthening the
protein network (Renzetti et al. 2008). Gluten-free cereals
recommended for patients suffering from celiac disease are
rice, corn, sorghum, and buckwheat. But, except for rice,
they have negative effects on the quality of final products
even at concentration levels of 10-20%. Rice flour has a
sweet and desirable taste, white color, easy digestibility,
and anti-allergenic properties. Rice flour has some unique
properties such as low amounts of protein and sodium, lack
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of gliadin, and presence of easy digestible carbohydrates
that make it an ideal diet for patients with celiac disease
(Gujral et al. 2003). Transglutaminase enzyme has been
successfully used in gluten-free products due to its ability
to form protein cross-linking (Renzetti et al. 2008). Addi-
tion of fruit and vegetable by-products in gluten-free
products is a way to increase the nutritional quality of these
products due to their high contents of dietary fibers, vita-
mins, antioxidants, and proteins (Majzoobi et al. 2016).
Dietary fibers are known as functional constitutes for
humans due to their cholesterol reduction features and also
protective activities against cardiovascular diseases, dia-
betes, and constipation. Fruit and vegetable wastes
including tomato, carrot, and apple pomace have been
successfully applied in production of wheat flour based
bakery products, while their applications are still new and
in their development stages in gluten-free products (Maj-
zoobi et al. 2016). Pomegranate (Punica granatum),
belonging to the Punicaceae family, is native to subtropical
regions of Iran. According to the different literatures,
various beneficial properties of pomegranate are related to
different parts of the fruit. Pomegranate is a rich source of
sodium, riboflavin, niacin, vitamin c, calcium, phosphorus,
and also contains potent antioxidants such as polyphenolic
compounds, tannins, anthocyanins, andellagic acid (Basiri
et al. 2011). In recent years, pomegranate market has
grown due to an increase in consumer awareness about its
potential health promoting properties (Fischer et al. 2011).
Pomegranate seed, a by-product of pomegranate process,
allocate about 20% (w/w) of the whole fruit. Recent studies
have shown that pomegranate seeds might be a potential
source of antioxidants and nutrients. Furthermore, it has
been suggested that food supplementation with pome-
granate seeds may prevent DNA damage, reduce the risk of
cancer, and also reduce the symptoms of menopause. The
advantageous of pomegranate seeds are related to the
presence of biologically active components especially
polyphenols, which their antioxidant effects have been
studied. In addition, significant amounts of compounds
with polyphenolic structures were detected in pomegranate
seeds (Jing et al. 2012). Therefore, the aim of the present
study was to improve the nutritional value of gluten-free
cakes using pomegranate seed powder (PSP) and transg-
lutaminase enzyme (TGE).

Materials and methods
Materials
Rice flour was provided from Poodrineh Shomal Co. (Iran).

Xanthan gum and microbial TGE were purchased from
Rhodia Food Co. (France) and BDF Natural Ingredient Co.

(Spain), respectively. Other materials used in this study
were water, sugar, vegetable oil (Behshahr Industrial Co.
Iran), baking powder (Afzoodaniha Co. Iran), fat-free dried
milk (Parsian Sanat Shayan Co. Iran), and fresh eggs
(Telavang Co. Iran). Pomegranates were purchased from a
local market in Iran and then transferred to the laboratory.
After washing and pressing, pomegranate seeds were col-
lected and dried at ambient temperature (30 °C) for 2 days.
In addition, the seeds were dried in an oven at the tem-
perature of 50 °C for another 24 h to obtain a constant
weight. Finally, they were grounded using an electrical mill
(Perten Instruments, Sweden) and sieved by 100 mesh
screen. The physicochemical properties of pomegranate
powder and rice flour are shown in Table 1.

Methods
Cake making procedure

Gluten-free cakes were produced according to the method
of Dhen et al. (2016). For this purpose, rice flour, PSP,
xanthan gum, TGE, baking powder and dried milk powder
were completely mixed together. Sugar and vegetable oil
were completely mixed to form a cream-like color mixture.
Then, fresh whipped eggs were added and the mixture was
stirred for 5 min until complete mixing. Afterwards, water
were added simultaneously to the later mixture and stirred
at low speed for 3 min. The obtained dough was molded
and divided into specified size and then baked in an oven
for 40 min at 180 °C. The obtained gluten-free cakes were
cooled in ambient temperature, packaged in polyethylene
bags and then stored at room temperature until analyses.

Physical analyses

Specific volume of cake samples was measured according
to the method of Yildiz and Dogan (2014) by dividing the
volume of cake samples by the weight. Weight loss per-
centage of cakes was calculated according to the method of

Table 1 The physicochemical properties of pomegranate seed and
rice flour

Parameters Pomegranate seed Rice
pH 5.85 6.32
Moisture (%) 3.95 5.10
Protein (%) 18.80 9.11
Crude oil (%) 19.20 1.25
Total ash (%) 1.70 0.70
Crude fiber (%) 20.00 4.07
TTA (%) 92.45 6.78
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Sumnu et al. (2010). In order to examine the porosity of the
crumb of cakes, several images were taken from three
samples inside a black box by Canon digital camera (model
SX60 HS, Japan) and stored as color form (24 bits). The
obtained images were evaluated by the Image J software
and gray level images were created through activation of
the 8-bit part of the software. For converting gray level
image to binary one, after improving the contrast of image,
the image was segmented based on the Otsu algorithm
followed by activation of the binary part of the software.
Finally, the images were obtained as dark and light spots
and the porosity parameter (total surface area to total image
area ratio) was extracted from the binary images (Nouri
et al. 2017).

Chemical analyses

Protein, ash and fat contents were measured in accordance
with the AACC methods 46-12, 08-01, and 30-25,
respectively (AACC 1999). Crude fiber content was
determined according to the AOAC method 43/991
(AOAC 2000). DPPH radical scavenging activity was
evaluated based on the method described by Brand-Wil-
liams et al. (1995). Mineral salts including iron, copper,
zinc, manganese and calcium were measured using atomic
absorption spectrometer (Analytic Jena; ContrAA300
Model, Germany) according to the Iranian National Stan-
dard number 9266. Peroxide value of the extracted oil was
determined by titration method with sodium thiosulphate in
accordance with AOCS methods cd-5-53.

Textural properties

Textural profile analysis (TPA) of the cake samples was
evaluated for cohesiveness, gumminess, chewiness, and
hardness according to the AACC method 74-09 by a
texture analyzer (TA-XT-PLUS Texture Analyzer,
Stable Micro System, UK). For scanning electron micro-
scopy (SEM), the fresh cakes were cut into cubic sizes,
frozen in liquid nitrogen and then dried under vacuum.
Dried samples were coated with gold—palladium and then
scanned by a Scanning Electron Microscopy apparatus
(Philips XL30, Netherland). The outer and inner surfaces
of the cakes were scanned at 100x magnification (Shyu
and Sung 2010).

Sensory evaluation
Sensory analysis of samples was done by 10 well-trained
panelists (ages 22-27) both male and female. All treat-

ments were encoded randomly and evaluated for texture,
hardness, flavor, Chewing ability, and overall acceptability

@ Springer

according to the five-point hedonic scale; dislike extremely
for score 1 and like extremely for score 5.

Shelf life of optimized cake

Staling of baked products is related to the migration of
moisture from the crumb of the products to the crust
(Tsatsaragkou et al. 2015). Therefore, the moisture content
(AACC, 44-16) and Hardness (AACC, 74-09) of the opti-
mized and control cakes were measured at 1, 7, and
14 days of storage. Also peroxide of samples evaluated
during storage based on AOCS methods cd-5-53,

Statistical analysis

The statistical program used in this study to analyze the
effect of two variables, PSP (0-50%) and TGE (0-1.2%)
on the quality of treatments and finding optimized formu-
lations was Central Composite Design via Minitab software
version 16. The significant terms in the model were found
by analysis of variance for each response. In addition, Lack
of fit, (R?), adj-R?, CV and PRESS were calculated to
check the model adequacy.

Results and discussion
Physical properties
Specific volume

Analysis of variance in Table 2, showed a significant
negative interaction effects (P < 0.01) of PSP and TGE on
the specific volume of cake samples. These variables affect
specific volume via non-significant positive linear and
quadratic effects. The results were in agreement with Yil-
diz and Dogan (2014), who used the mixture of potato
starch and chestnut flour for making gluten-free cakes.
They showed that the specific volume significantly
decreased when the concentration of chestnut flour
increased in the mixture. In another study, Nouri et al.
(2017) stated that an addition of carrot pomace powder to
low-fat donuts reduced their specific volume due to the
presence of insoluble fibers in dough blend. Singh et al.
(2016) developed gluten-free rice muffins and they repor-
ted that addition of black carrot fibers to the formulation
reduced the specific volume of muffins due to the presence
of black carrot fibers collapsing the carbon dioxide gas
bubbles during baking. Therefore, the presence of PSP, a
rich source of dietary fiber and TGE forming cross-link
bindings between glutamine and lysine could prevent the
expansion of gas cells, which consequently led to the
reduction in specific volume.
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Table 2 Regression coefficients of the second-order polynomial equations for the physicochemical properties of cakes

Sources Ash (%) Protein (%) Fiber (%) Weight loss (%) Specific volume (ml gfl) Porosity (%)
Model (P value) 36.01 sk 6.92°% 124,38 %% 8.18%* 3.41™ 5.11%
Bo 74.22 10.59 2.92 7.92 0.85 23.3

By 0.027%3#sk% — 0.0001%* 0.03 ks 0.11™ 0.03™ 0.001™
B> 0.0 ke 0.31™ 0.06™ 16.42™ 0.61™ — 7.45™
By B — 2.86%*** —6.11™ 0.0006%** 0.001™ 0.0003™ — 0.002%*
Ba B2 0.14™ — 0.77* — 0.0041™ — 6.92%* 1.46™ 2.08™
B B2 — 1.32™ 0.02* —0.0012™ — 0.28%* — 0.08%* 0.19%
Lack of fit (P value) 5.60™ 2.43" 14.23™ 0.49" 28.49™ 4.21"%
R? 96.26 83.18 98.89 85.38 75.88 78.51
R%-adjust 93.58 71.16 98.09 74.94 50.08 63.16
CV (%) 12.26 1.99 22.29 9.55 30.26 6.06
PRESS 0.04 0.46 0.82 17.83 6.77 23.51

ns not significant

Po is the constant, ff; and f3, is the linear of PSP and TGE, f;; and f,, is the quadratic, and f; , is the interaction coefficients
*Significant at P < 0.05; **significant at P < 0.01; ***significant at P < 0.001; ****significant at P < 0.0001

Porosity

In general, porosity of crumb texture of baking products is
affected by number and distribution of cavities in the
crumb texture. Higher number cavities and gas cells as well
as more uniform distribution cause the higher porosity of
the final product. Table 2 indicated that incorporation
levels of PSP and TGE significantly increased the porosity
of cake samples (P < 0.01), while PSP had significant
negative quadratic effects (P < 0.05). In accordance with
the results of this study, Tsatsaragkou et al. (2015) showed
that the porosity of the control cake was significantly
higher than that of gluten-free ones containing different
levels of resistant starch.

Weight loss

As it is shown in Table 2, higher levels of PSP and TGE
had a non-significant positive effect on the weight loss. The
quadratic effect of PSP was non-significant, but TGE had a
significant negative quadratic effect (P < 0.01). The
interaction effect between TGE and PSP on the weight loss
of cake samples showed negative and significant effects
(P < 0.01). The weight loss is due to the water evaporation
during baking and it depends on the volume of the prepared
cakes. In this case, increasing in the cakes’ volume caused
an increase in the contact surface with air, which in turn
leads to an increase in the water evaporation (Dhen et al.
2016). On the other hand, the weight loss decrement could
be related to the decreased specific volume and also better
cake texture due to the presence of TGE.

Chemical properties
Ash content

The analysis of ash content changes is presented in
Table 2. The data showed significant positive linear effects
of PSP and TGE on the ash content (P < 0.0001). Levent
and Bilgicli (2011) showed that adding lupine and buck-
wheat flours up to 2.02 and 1.98%, respectively, increased
ash content of gluten-free cakes, which is in line with the
results of the present study. The increased ash content of
cakes could be explained by high contents of minerals such
as potassium, phosphorus, magnesium, and calcium in
pomegranate seed (Dadashi et al. 2013). Gularte et al.
(2012a, b) evaluated the effect of legume flours (chickpea,
peas, lentil, and bean) on starch and protein digestibility of
gluten-free cakes. Their results similarly showed that the
ash content increased by addition of legume flours.

Fiber content

The statistical analysis in Table 2 demonstrated that PSP
had a significant positive linear (P < 0.0001) and quadratic
(P < 0.01) effects on the fiber content of the cakes. But the
TGE showed a non-significant effect on the fiber content of
samples. Furthermore, the interaction between PSP and
TGE affect this component in the non-meaningful negative
form. The increased fiber content of gluten-free cakes
could be explained by the presence of fibers in PSP. In this
regard, Altindag et al. (2015) showed that crude fiber
content of gluten-free cookies containing buckwheat-corn
flour was higher than other formulations due to higher
crude fiber content of buckwheat and corn than rice flour.
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Protein

As shown in Table 2, PSP had a significant negative linear
effect (P < 0.01) on the protein content of the samples.
However, the linear effect of TGE was positive and non-
significant. In addition, PSP and TGE showed non-signif-
icant and significant negative quadratic effects, respec-
tively (P < 0.01). The interaction effect was also positive
and significant (P < 0.05). In agreement with the results of
the present research, Gularte et al. (2012a, b) investigated
that the replacement of rice flour by fibers decreased the
protein content of gluten-free cakes. Since the pomegranate
seed is rich in fiber (Martinez et al. 2006), the partial
replacement of PSP in the formulation, reduced the protein
content of the product.

Textural properties

TPA results in Table 3, showed that PSP had a significant
negative linear effect (P < 0.01) and a significant positive
quadratic effect (P < 0.05) on the hardness of cakes. The
interaction effect between the independent variables was
positive and non-significant. In accordance with the results
of this study, Yildiz and Dogan (2014) showed that
chestnut flour and potato starch significantly decreased the
hardness of gluten-free cakes. They also reported that the
hardness of optimized gluten-free cake was less than that of
control one. Negative effect of PSP on this characteristic
could be related to its water binding capacity. A reverse
relationship between volume and hardness of bakery foods
has been shown in the previous studies. It is though that

incorporating the PSP into formulation, negatively affected
the quantity of air retained by dough thorough thickening
of walls surrounding the gas cells, which consequently
resulted in lower specific volume and higher crumb hard-
ness (Nouri et al. 2017).

Furthermore, Table 3 showed a significant positive lin-
ear effect (P < 0.05) and significant negative quadratic
effect (P < 0.05) of PSP on the cohesiveness of cakes,
while the interaction effect between the independent vari-
ables was negative and non-significant. Gularte et al.
(2012a, b) showed that the cohesiveness of the gluten-free
cakes increased soluble and insoluble fiber content
increased. Yildiz and Dogan (2014) demonstrated that
incorporation of different levels of TGE had different
effects on the cohesiveness of samples based on the level of
chestnut flour and potato starch.

On the other hand, the PSP had a significant negative
linear effect (P < 0.01) and a significant positive quadratic
effect (P < 0.05) on gumminess (Table 3). The TGE has
also non-significant negative linear and quadratic effect.
The interaction effect between PSP and TGE was not
significant. The decreased gumminess could be related to
the presence of TGE and consequently developed protein
network, which acts as a barrier against leakage of starch
and protein and finally lead to the lower gumminess of the
product (Shokri et al. 2016).

Moreover, TPA results in Table 3 showed that the PSP
had a significant negative effect (P < 0.01) and non-sig-
nificant positive quadratic effect on the chewiness of glu-
ten-free cakes. The TGE did not significantly affect the
chewiness. There was also a non-significant interaction

Table 3 Regression coefficients of the second-order polynomial equations for the sensory and Textural properties cakes

Sources Chewiness Gumminess  Cohesiveness Hardness Overall Chewing Flavor Texture
(N mm) (N) (N) acceptability ability
Model (P value) 4.78%* 5.67* 3.53"™ 5.09% — 0.025™ 0.006"™ — 0.03™ 0.006"
Bo 0.55 0.59 0.59 1.02 6.44* 6.12% 4.31%* 4.89*
By — .016%* — .019%* 0.005* — .046%* 2.36 3.18 2.68 3.06
B> 0.009™ — 0.134™ 0.185"™ — 0.458™ 0.04* — 0.01%* 0.04* 0.02%
B1 B 0.0003™ 0.0004* — 1.17* 0.001%* 3.01™ 0.93* 2.35™ 2.14"
B2 B2 —0.29™ - 017" 0.06™ —0.10™ — 9.57% 4.50™ —9.15% — 831*
Bi B2 0.012" 0.012" — 0.003™ 0.021"™  — 1.56* — 0.24™ — 1.05™ — 1.85*%
Lack of fit (P value) 4.07™ 2.99" 0.35™ 2.01" 6.48" 2.21™ 5.34™ 0.58"™
R? 77.35 80.2 75.6 78.41 82.14 81.38 75.49 77.73
R%-adjust 61.17 66.06 51.31 62.99 69.38 68.09 57.98 61.83
CV (%) 43.79 45.15 8.89 63.09 13.37 8.99 13.82 12.98
PRESS 0.82 8.13 0.03 3.08 2.83 1.09 4.12 1.7

ns not significant

Po is the constant, ff; and f3, is the linear of PSP and TGE, f;; and f,, is the quadratic, and f;, is the interaction coefficients
*Significant at P < 0.05; **significant at P < 0.01; ***significant at P < 0.001
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effect between PSP and TGE. In agreement with these
results, Majzoobi et al. (2016) showed that the chewiness
of gluten-free cakes improved with increasing levels of
carrot pomace powder.

Sensory properties

The results of sensory analysis of treatments enriched with
PSP are presented in Table 3. The PSP showed a signifi-
cant positive linear effect (P < 0.05) on the texture of
gluten-free cakes, while the linear effect of TGE was not
significant. Both PSP and TGE had a significant negative
quadratic effect (P < 0.05). The interaction effect between
PSP and TGE was positive but not significant. Majzoobi
et al. (2016) demonstrated that incorporation of hydrocol-
loids to the formula improved the texture of gluten-free
cakes, which is congruent with the results of the present
study.

Many factors can affect the flavor of food products. The
results of analysis of variance revealed a significant posi-
tive linear effect on the flavor of the cakes (P < 0.05). In
addition, the interaction effect between the independent
variables was not significant on the flavor of the prepared
cakes. In accordance with these results, Levent and Bilgicli
(2011) showed that addition of lupine seed flour up to 30%
improved the flavor of gluten-free cakes.

The results of experimental data obtained from Chewing
ability of the prepared cakes demonstrated a significant
negative linear effect of PSP (P < 0.01) and a significant
positive linear effect of TGE (P < 0.05) on the Chewing
ability of gluten-free cakes. The PSP and TGE had non-
significant positive and negative quadratic effects, respec-
tively. The interaction effect between pomegranate powder
and TGE was also positive and non-significant.

The findings of overall acceptability in Table 3,
revealed the positive and significant linear effect of PSP
(P < 0.05); whilst, the TGE had a non-significant positive
linear effect. The quadratic effect of PSP and TGE was
negative and significant (P < 0.05). In addition, the inde-
pendent variables had a non-significant interaction effect.
The results of Levent and Bilgicli (2011) showed that
addition of lupine seed flour up to 30% and buckwheat
flour up to 10% increased the overall acceptability of the
cake samples, which is in line with the results of the pre-
sent research. It is worthy to note that the mean scores for
all sensory attributes except chewiness was improved in
enriched treatments.

Optimization of cakes formulation
Central composite design was used to determine the best

conditions for production a suitable cake with maximum
desirability. The numerical optimization was performed to

obtain optimum levels of independent variables. The best
formulation with the highest desirability (D = 0.82) was
chosen to produce a gluten-free cake with high quality.
Optimum conditions were 25.75 and 0.97% for PSP and
TGE, respectively. In order to verify the model accuracy in
predicting the optimum formulation, experimental samples
were prepared and the values of the predicted indices of the
responses were compared with the experimental values.
The paired ¢ test was conducted in order to measure how
the experimental values are close to the predicted ones
(obtained from the model). The results in, illustrated that
the experimental values did not statistically differ from
those predicted by model, signifying the adequacy of the
model in predicting the optimum formulation.

Features of optimized cakes

The general characteristics of the fresh optimized and
control cakes are shown in Table 4. The results revealed
that the volume index and porosity of the optimized cakes
are significantly lower than the control ones, which is in
line with the obtained results from the SEM images
(Fig. 1). Analyzing the SEM images of gluten free cake
fortified with pomegranate seed powder, showed that
structure of crumb had smaller pores, Because of a con-
tinuous network formation between starch granules and
protein of this seed led to worse texture with less porous.
As revealed the porosity and pore sizes of the optimized
cakes were different from the control ones, which have
better porosity than the optimized ones. These results were
in a good match with the results obtained from Image

Table 4 The general properties for control and optimized Gluten-
free cake

Properties Control Optimized

Index volume 8.33 4+ 0.11* 7.36 + 0.28%
Porosity (%) 9.90 + 0.994 7.50 £ 0.144
Weight loss (%) 10.63 £ 0.028 19.40 + 1.39*
Ash (%) 0.64 + 0.00® 1.01 £ 0.05*
Protein (%) 7.34 + 0.04% 9.11 + 0.02*
Fiber (%) 3.26 + 0.09% 4.14 £ 0.02%
TTA (%) 11.93 4 2.46° 27.32 + 6.434
Texture 3.75 + 0.424 3.55 + 0.68*
Hardness 230 + 0.828 3.25 + 0.75%
Flavor 3.07 + 0.798 4.00 + 0.62"
Chewing 3.90 + 0.65" 3.45 + 0.64"
Acceptability 352 +£0.718 4.02 4+ 0.43%
Fe (mg/Lit) 0.42 &+ 0.05° 0.85 & 0.19*
Zn (mg/Lit) 0.16 &+ 0.01® 0.28 & 0.25"
Cu (mg/Lit) 0.03 + 0.01* 0.15 £ 0.174

Different letters denote significant (P < 0.05) in row
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Optimize
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Fig. 1 SEM image for control and optimized cakes

processing. On the other hand, SEM images results
revealed that staling process accelerated in optimized cake
due to the high amount of protein in this ingredient.

However, the weight loss of the optimized cakes was
lower than that of the control ones, but the ash, protein, and
fiber contents of the optimized cakes were significantly
higher than those of the control ones, indicating their
higher nutritional values. Similarly, the free radical inhi-
bitory effect of the optimized samples was significantly
higher that the control ones due to the presence of signif-
icant amounts of antioxidant compounds in pomegranate
seed oil. The amount of mineral salts was also higher than
the control cake.

As shown in Table 4, there is no significant differences
between the texture and chewiness of the optimized and
control cakes (P > 0.05). However, the hardness of the

optimized cakes was significantly higher than the control
samples (P < 0.05). There was a significant difference
between the flavor of the cakes (P < 0.05). The optimized
cakes had higher flavor score than the control ones. Yildiz
and Dogan (2014) reported a non-significant difference
between the flavor of control and gluten-free cakes based
on chestnut flour and potato starch. However, the gluten-
free cakes treated with TGE had higher flavor scores,
which do not match the present results. The overall
acceptance score of the optimized samples was non-sig-
nificantly higher than the control ones. The results of
Majzoobi et al. (2016) indicated that the control samples
obtained lower scores in terms of flavor and overall
acceptability than the optimized samples including carrot
pomace powder, due to hard and dense texture, inferior
mouth feel, and appearance.

Table 5 Changes of the properties of control and Optimized gluten-free cake during storage

Cake Control Optimized

1 7 1 7 14
Peroxide-value (m Eq Kg™")  1.52 £ 0.10%" 344 £+ 0.51°*  3.80 &+ 0.36"*  1.02 £ 0.04°>  2.73 £ 022>  3.09 4+ 0.074*
Hardness (N) 1.80 + 0442 1.19 £ 0.075%* 144 £0.13%°  0.84 £ 0.22%% 255 + 046"  2.66 & 0.13%B°
Moisture (%) 18.56 + 0.54%°  16.00 £+ 0.58%°  12.63 £+ 0.12*  21.30 + 0.41** 1778 £ 0.13*  12.78 £ 0.02°*

Different capital letters in each row indicate a significant difference at the level of 5% during storage of each sample

Different small letters in each row indicate a significant difference at 5% level between control and the optimal sample on one day
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Shelf life of optimized cake

The moisture, peroxide, and Hardness content of the opti-
mized and control cakes during storage shows in Table 5. It
is evident the moisture contents of the control and opti-
mized cake as 18.56 and 21.30% at first day of storage,
respectively. At seventh day of storage, the control cake
had significantly lower moisture content than the optimized
cake. At fourteenth day, the moisture content of the opti-
mized cake was also non-significantly higher than the
control cake. The results of statistical analysis indicated the
high ability of TGE to forma protein network to retain the
moisture in the structure of the prepared cakes.

The hardness of the optimized gluten-free cake
increased over storage time (Table 5). The hardness of the
control cake raised from an initial level of 1.19-1.80 g at
7th day, but declined and reached to the level of 1.44 at
14th days of storage. On the contrary, the fresh optimized
cake had slightly lower hardness than the control cake at
the beginning, while during storage period and at the end of
storage, its value increased to the maximum level (2.66 N),
which was significantly higher than control ones.

The peroxide values of the samples presented in
Table 5, revealed the range of 10-20 m Eq Kg~'. Since
rancidity more than 20 m Eq Kg™'is undesirable for con-
sumers (Chahartagh et al. 2017), therefore food is accept-
able in term of rancidity. The control and the gluten-free
cakes did not show any significant difference in terms of
peroxide value at first day of storage. However, the per-
oxide value of the gluten-free cakes was less than the
control ones. The peroxide value of the samples was sig-
nificantly different at seventh and fourteenth days of stor-
age time and the gluten-free cake showed lower peroxide
values than the control cake. Thus, this type of enrichment
was suitable for control of rancidity during storage time.

Conclusion

The present study showed that the addition of PSP and TGE
into gluten-free cake formulation had a positive effect on
the porosity, fiber and ash contents and improved the tex-
tural and sensory properties. On the other hand, the inde-
pendent variables decreased volume, specific volume, and
L* value of the crust and crumb of the product. Finally,
optimization process was performed and the best formula-
tion containing 25.75% PSP and 0.97% TGE was obtained.
The sensory evaluations indicated that the overall accept-
ability of the improved cakes was higher than the control
ones. The enriched gluten-free and the control cakes during
storage time showed significant and non-significant differ-
ences between control and the optimized cakes regarding
the peroxide value and moisture content, respectively.
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