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Abstract

Gluten-free bakery products lack nutrients and tend to go stale quickly. Therefore, this study aimed to
enhance the physical and rheological properties of gluten-free dough and cake made with rice flour. The
study examined the impact of varying percentages of whey protein concentrate and soy protein isolate

(ranging from . to V+7) and different levels of xanthan gum (ranging from . to -.¥/) on specific gravity,

stiffness, consistency, adhesion, flow behavior, strain growth, and frequency sweep (complex viscosity)
of the samples. The results indicated that as xanthan gum, whey protein concentrate, and soy protein
isolate levels increased, the specific gravity, consistency index, stiffness, and adhesion of the doughs also

increased. The sample containing \+/. soy protein isolate and ./ xanthan gum exhibited the highest
consistency (¥ Ad Newton seconds), dough stiffness ().»A Newton), and adhesion (-Y.v¥ Newton).
Additionally, the sample with 1./ whey protein concentrate and ../ xanthan gum had the highest dough
specific gravity (-.4A4). The prepared dough samples displayed shear thinning behavior. Sensory
evaluation of the cakes revealed that those made with &7 and \+7/. whey protein concentrate and soy protein
isolate, along with ../ and ..o/ xanthan gum, respectively, received the highest overall acceptance
scores. In conclusion, based on the study findings, the sample containing \+7. soy protein isolate and ../

xanthan gum is recommended as the optimal gluten-free cake made with rice flour.
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Introduction

Celiac disease is a significant gluten-related disorder and an autoimmune enteropathy in which peptides
resulting from incomplete digestion of gluten proteins are recognized as antigens by the immune system.
The clinical manifestations of this disease range from gastrointestinal and extra intestinal symptoms to
asymptomatic cases, and currently, the only effective treatment for this disease is a lifelong gluten-free
diet (¥). Gluten-free bakery products available on the market are not comparable in quality and
acceptability to gluten-containing products. These products have poor crust and sensory properties, and
they quickly go stale because they are mainly starch-based and lack other nutrients (V). Whey protein
concentrate (WPC) has been commonly used as a functional ingredient due to its exceptional properties
such as water-binding capacity, foaming, emulsification, and gel-forming ability (1). Soy protein isolate
(SP]) is typically obtained from defatted soybean meal by alkaline or acid extraction and is one of the
most important and commercially used soy protein products in the food industry ()YV). Its functional
properties include emulsifying properties, water and fat absorption and retention properties, gel formation
properties, as well as color and texture control () ¢). Xanthan gum (XG) is an extracellular polymeric
carbohydrate produced in the food industry by the bacterium Xanthomonas Campestris and is commonly
used as a stabilizer, thickener, and emulsifier (1 V). Given these materials, the main objective of this study
was to investigate the effect of adding WPC, SPI, and XG on some physical and rheological properties of

gluten-free batter and cake based on rice flour.

Materials and Methods

In this study, half-grain rice of the Fajr variety, WPC concentrate (Lynn, USA), SPI (Crown, China),
XG@G, powdered sugar, eggs, sunflower oil, baking powder, and vanilla were used to prepare the cake
batter. The Bennion ()44VY) method was utilized with slight adjustments in the quantities of raw materials

to prepare the cake batter (Y).

Three levels of WPC and SPI (+, ©, and )+ percent) and three concentrations of XG (+, +.Y°, and .Y
percent) were employed to prepare the cake batter. The physical and rheological properties of the cake
batter (specific gravity, backward extrusion test, steady state rheological test, and dynamic rheological
tests) were evaluated, along with the overall acceptance of the cake (£, ©, A, Y+, and ))Y).
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After conducting all experiments with three replications, the data obtained were statistically analyzed
using a completely randomized design and SAS software. Duncan's multiple range test was utilized to

compare data means (at a 1°% confidence level), and Excel (Y+) +) was used to create graphs.

Results and Discussion

The addition of XG and WPC, both individually and simultaneously, increased the specific gravity of
the batter compared to the control sample. Similar trends were observed in samples containing SPI and
XG. The findings of this study indicated that the use of WPC together with XG increased the specific
gravity of the batter more than SPI. Consistent with these results, studies have shown that the use of
different gums increases the specific gravity of the batter due to their interaction with water (1). On the
other hand, it was found that the addition of XG and SPI led to a significant increase, while increasing the
levels of WPC led to a non-significant increase in the consistency of the samples (p>+.*°). In general, it

can be said that SPI had a greater effect on the consistency of the samples than WPC.

Ghaemi et al. (Y+YY) studied the effect of adding WPC, SPI, and basil seed gum (BSG) on gluten-free
cakes and stated that by increasing these compounds in cake batter, batter consistency increased due to
increased water absorption capacity, increased water retention, and binding to the protein network of
batter flour, which led to lower mobility (£). The findings indicated that by increasing SPI, WPC, and XG
independently and in combination, the stiffness of batter samples increased, with SPI having a greater
effect on batter stiffness than WPC. Some researchers also attributed the increased stiffness of cake batter

to the reaction between different gums and proteins (?).

The control batter had the lowest adhesion among batter samples, and the addition of XG, SPI, and WPC
increased the adhesion of batter samples. Given that the flow behavior index was less than one in all
samples, the produced batters exhibited a pseudoplastic behavior (thinning with shear). Samples

containing SPI and XG had a higher consistency index than those containing WPC and XG.

The results obtained at a frequency of ' Hz showed that the lowest complex viscosity (Y+.12) Pascal
second) was obtained for the control batter sample, while the highest was obtained for the batter samples
containing *.Y% XG with Y+% WPC (Y21.Y1 Pascal second) and +.Y% XG with Y+% SPI (Y-V.)04
Pascal second), indicating higher stiffness in these samples. According to the overall acceptance scores,
the control sample had the lowest acceptance rate, while samples containing © and ) *% WPC or SPI with
+.Y% XG, as well as samples containing © and Y +% SPI with +.Y°% XG, had the highest acceptance rate
among evaluators. These results suggest that the addition of WPC, SPIL, and XG improved the sensory
properties of the product.
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Conclusion

Gluten-free bakery products available in the market are not comparable in quality and acceptability to
gluten-containing products. These products often have inappropriate crust and sensory properties. The
findings of the present study revealed that the combined addition of Xanthan Gum (XG) with Soy Protein
Isolate (SPI) or Whey Protein Concentrate (WPC) improved the qualitative and sensory properties of
gluten-free batter and cake based on rice flour. Sensory analysis of the samples indicated that the control
sample had the lowest overall acceptance rate. However, the samples containing ©% and ‘+% WPC or
SPI with +.Y% XG, as well as the samples containing °% and Y *% SPI with +.12% XG, had the highest

acceptance rate according to the evaluators.

Based on the results presented in this study, it can be concluded that the sample containing ' + % SPI with

+.Y% XG is recommended as the best gluten-free cake sample.
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