Food Research Journal ol

Online ISSN: 2676-5691 Print ISSN: 2008-515X
https://foodresearch.tabrizu.ac.ir @,

04
ot

e

Gluten-free cake production using Roselle (Hibiscus sabdariffa L.) seed powder
Faranak Karami !, Soheila Zarringhalami2* and Mandana Bimakr 2

!MSc Student, Department of Food Science and Engineering, Faculty of Agriculture, University of Zanjan,
Zanjan, Iran

2Associate Professor, Department of Food Science and Engineering, Faculty of Agriculture, University of
Zanjan, Zanjan, Iran

< @ Corresponding author: zaringhalami@znu.ac.ir

ARTICLE INFO ABSTRACT
Article type: Background: Celiac disease is a serious condition that requires careful
Research Article management. Individuals diagnosed with celiac disease should work

closely with healthcare providers, including dietitians, to ensure they

follow a strict gluten-free diet and monitor their health.

Aims: In the present study, the possibility of completely substituting

wheat flour with Roselle seed powder (RSP) in the production of

gluten-free cake with maintaining or improving the quality

characteristics of the functional product was investigated,

Methods: After production of cake samples, various parameters

including pH, moisture content, mass, volume, specific volume,

Keywords: porosity, density, cooking loss, color parameters, softness, total

Gluten-free cake, Roselle seed, phenolic content (TPC), and antioxidant activity (DPPH assay), were

Physicochemical Characteristics, | determined. Additionally, sensory parameters (taste, color, odor,

Sensorial properties aftertaste, and overall acceptability) of the cake samples were
evaluated over a 14-day storage period at ambient temperature.
Results: The results showed that substituting wheat flour with RSP did
not have a significant effect on the mass, volume, specific volume, and
density of the produced cakes (p > 0.05). However, with this
substitution, the pH, baking loss and firmness of the cake samples
significantly decreased, while the moisture content increased (p <
0.05). The gluten-free cake was darker than the control and exhibited
higher browning index. The substitution significantly improved TPC
and antioxidant activity of the samples (p < 0.05). The sensory scores
gradually decreased in both the control and gluten-free cakes during
the 14-day storage period at room temperature. Notably, the gluten-
free cake maintained higher sensory acceptance until the last day of
storage.
Conclusion: The results of this study demonstrated that by completely
replacing wheat flour with RSP in cake formulation, it is possible to
produce functional gluten-free cake with desirable quality
characteristics which can be introduced and marketed as a functional
product.
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Extended Abstract

Introduction: Celiac disease is an autoimmune
disorder characterized by inflammation in the
upper small intestine, by the ingestion of gluten.
Gluten, a primary structural protein found in wheat
flour, contributes to the unique viscoelastic
properties of dough and batter, which are essential
for achieving the desired texture in various baked
goods. However, for individuals with celiac
disease, gluten consumption can lead to a range of
phenotypes, including gastrointestinal,
extraintestinal, subclinical, potential, seronegative,
non-responsive, and refractory forms. The global
prevalence of celiac disease is estimated to be
approximately 1%, with the only effective
treatment being a strict, lifelong gluten-free diet.
Thus, it is imperative for patients with celiac
disease to avoid gluten-containing cereals,
particularly wheat.

Despite the challenges about celiac disease, cereal-
based foods remain a staple source of energy and
nutrients worldwide in various forms such as
bread, cakes, pasta, noodles, snack foods, and
breakfast cereals. Therefore, the production of
gluten-free alternatives using various cereals,
pseudocereals, legumes, and other seed flours has
gained attention. The U.S. Food and Drug
Administration (FDA) defines gluten-free foods as
those containing gluten levels lower than 20 ppm
or that are entirely free of gluten.

Roselle (Hibiscus sabdariffa L.) commonly
referred to as "sorrel” or "mesta” is an annual crop
belongs to the Malvaceae family and thrives in
tropical and subtropical climates globally. Roselle
seeds are recognized as a valuable food source due
to their nutritional composition, which includes
approximately 18.3% dietary fiber,
25-35% protein, and 19-21% lipids.

To date, limited research has been conducted on the
guality of cakes made with 100% Roselle seed
powder (RSP) as a complete substitute for wheat
flour. Therefore, the objective of this study was to
investigate the feasibility of entirely replacing
wheat flour with RSP in cake formulations to
develop a novel gluten-free product.

Materials and Methods: Roselle seeds were
thoroughly washed, dried to a moisture content of
10%, and subsequently ground using a laboratory
mill. The resulting powder was sieved through a
60-mesh screen and stored in polypropylene bags
at 4°C for further analysis. The basic cake batter
formulation was based on 100 g of wheat flour,
comprising 72 g of sugar, 25 g of water, 57 g of oil,
72 g of whole egg, 1.14 g of baking powder, and

0.2 g of vanilla. For gluten-free samples, RSP was
used to fully replace wheat flour. The preparation
involved mixing sugar and oil until homogeneous,
incorporating whole eggs, followed by the addition
of dry ingredients. Water was then added to
achieve the desired batter consistency. The batters
were baked in an electric oven at 200 °C for 17
minutes. Following cooling, the cakes were
packaged in polypropylene bags and stored at
ambient conditions until analyzed.

Various parameters of the cake samples were
assessed, including pH, moisture content, weight,
volume, specific volume, porosity, density,
cooking loss, color indices, hardness, total phenolic
content (TPC), and antioxidant activity (DPPH
radical scavenging activity). Additionally, sensory
evaluations of the cake samples—encompassing
taste, color, odor, aftertaste, and overall
acceptability—were conducted over a 14-day
storage period at ambient temperature using a 5-
point hedonic scale with 15 panelists.

Results and discussion:  The  findings
demonstrated that substituting wheat flour with
RSP did not significantly affect the specific gravity
of the batter, nor did it alter the weight, volume,
specific volume, or density of the produced cakes.
However, significant decreases in pH, cooking
loss, and hardness were observed, accompanied by
an increase in moisture content (p<0.05). The
gluten-free cake exhibited a darker color than the
control sample, with reduced intensity in redness,
yellowness, and browning index. Notably, the TPC
and antioxidant activity of the samples
significantly improved as a result of the
substitution (p<0.05).

Sensory evaluation results indicated that both the
control and gluten-free cakes received high scores
on the first day of testing. Throughout the storage
period, sensory attributes such as taste, texture,
color, odor, and overall acceptability scores
gradually declined. However, the gluten-free cake,
made with RSP, maintained higher sensory quality
compared to the control cake, demonstrating
favorable acceptance until the final day of storage.
Conclusion: In conclusion, this research indicates
that complete replacement of wheat flour with RSP
in cake formulations can yield a gluten-free
product with favorable physicochemical and
sensory characteristics. Additionally, the resulting
cake offers health benefits due to its elevated total
phenolic content and antioxidant activity. Given
the increasing consumer interest in functional
foods, the outcomes of this study provide valuable



Gluten-free cake production using Roselle seed powder...

insights for food manufacturers seeking to develop
functional cake incorporating RSP.
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Tabel 1: Formulation of sponge cake samples

I . Gluten free Control
ngredients (Q)
sample sample
Wheat flour 0 100
Roselle seed 100 0
powder
Sugar 72 72
Water 25 25
QOil 57 57
Whole egg 72 72
Baking 1.14 1.14
powder ' '
Vanilla 0.2 0.2
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Tabel 2: Proximate analysis (%) of Roselle seeds

Samples Moisture

Protein Crude fiber

Roselle seed 6.32+0.01 21.03+0.02 26.62+0.03 19.81+0.01
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Tabel 3: Comparison of pH, moisture, baking loss and firmness values of control and gluten free cake

samples
Samples pH Moisture (%) Baking loss (%) Firmness (N)
Control 6.62 + 0.05° 20.57 £ 0.25° 10. 27 £1.972 7.46 £0.212
Free gluten 6.50 + 0.03" 21.18+0.172 6.47 + 0.50° 6.77 +0.24°

Numbers with the same small letters in same columns are not significantly different (p < 0.05).
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Tabel 4: Comparison of mass, volume, specific volume, porosity and density of control and gluten-free

samples
Samples Mass (@) volume (ml) Spei:ﬁ: ‘éﬂ')“me Porosity [();?;'B/
Control 48:38;3 ggzg;f 2.156 + 0.043" 06.2030253 0.463 + 0.009°
Freegluten o os S 2115 +0.112° e 047330026

Numbers with the same small letters in same columns are not significantly different (p < 0.05).

Fig 1. Porosity of control (a) and gluten free (b) samples
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Tabel 5: Comparison of color parameters value of control and gluten free cake samples

Sample BI a* L*
Control 52.30 £ 0.14° 12.13 +0.76" 17.12 +£0.15° 49.52 + 0.07°
Free gluten 311.50 + 0.00? 34.13 £ 0.69* 17/70 £ 0.28? 290.84 +£0.12°

Numbers with the same small letters in same columns are not significantly different (p < 0.05).
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Tabel 6: Comparison of total phenol content and antioxidant activity of control and gluten-free
cake samples

Total phenol (mg GAE100 g

Sample (%) DPPH 1y
Control 2353+ 1.77° 178.91 + 7.18°
Free gluten 77.65 + 3.242 409.36 £ 5.74°

Numbers with the same small letters in same columns are not significantly different (p < 0.05).
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Tabel 7: Comparison of the scores of sensory characteristics of control and gluten-free cake samples
during storage period (day)

Samples/Day 1 7 14
Flavor
Control 450 + 02772 3.80 +0.218" 3.10 + 02750
Free gluten 4.87 +0.16A2 450+ 0.27°B.2 4.30 +0.268-2
Odor
Control 5.00 + 0,007 ¢ 4.00 + 0,008 b 3.20+0.21C b
Free gluten 4.87 +0.16A 2 450 +0.27A 2 4.00 + 0.008-2
After taste

Control

4.93 + 02374 4.80 + 0.24A 2 4.70 0,27~
Free gluten 4.27 +0.39A0 4.27 +0.19A 4.10 +0.27A0

Color
Control 5.00 + 0.00A @ 450 +0.2782 413 +0.365 2
Free gluten 450 +0.27AP 4.30 + 0.26"2 4.00 + 0.008-2
Texture

Control

450 + 0.27A2 3.80 +0.218 2.80 +0.21Cb
Free gluten 4.87 +0.16A2 4.30 + 0.2652 4.00 + 0.00C2

Overall acceptability

Control 4.80 +0.21A 2 3.70 £ 0.278." 3.00 + 0.00¢ P
Free gluten 473 +0.26A° 4,53 + 0.267B.2 4.10 +0.2782

Numbers with the same small letters in a column and with the same capital letters in a row are not
significantly different (p < 0.05).
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