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Cakes are among the most widely consumed baked goods.
Consumption of functional foods, including fortified cakes, can
positively impact public health. In this study, the effect of adding rice
microgreen powder (RMP) at four levels of 0, 2.5, 5 and 7.5%
(replacement  with  flour, weight/weight) and microbial
transglutaminase enzyme (TG) at two levels of 0, 0.15% on the
textural characteristics and sensory properties of sponge cake was
investigated. The results showed that adding RMP reduced the
firmness, springiness, gumminess and chewiness and increased the
cohesiveness of the fortified samples (P<0.001). Adding TG also
significantly reduced the firmness and significantly increased
(P<0.01) the cohesiveness, gumminess and chewiness of the cake
samples. Storage time also increased the firmness, gumminess, and
chewiness and decreased the cohesiveness and springiness of the
samples (P<0.001). The adhesiveness of the samples was not affected
by RMP and TG enzyme, but storage time increased it (P<0.05).
Sensory evaluation of the samples also showed that although TG
enzymatic treatment had no significant effect on these properties
(P>0.05), the addition of RMP improved the color, aroma, and texture
scores and significantly reduced (P<0.001) the taste score of the
sponge cake samples. With the passage of time, all sensory properties
also decreased (P<0.001). According to the acceptable texture quality
and sensory properties (scores above 7, rated as good), the use of RMP
at levels of 5-7.5% in combination with TG enzymatic treatment is
recommended for sponge cake fortification.
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1- Introduction

Cakes are one of the most popular
baked goods due to their excellent texture
and taste, and their consumption is of
interest to all age groups. One of the
important types of cakes is sponge cake,
which by definition consists of at least
20% of its ingredients [1]. The main
components of cake can be flour, oil, sugar
and eggs, each of which has a functional
and important role in the structural and
qualitative characteristics of the product.
Cake batter is a set of oil-in-water
emulsion, foam (emulsion of air bubbles
in the aqueous phase) and a complex
colloidal system. In fact, cake batter is an
oil-in-water (o/w) emulsion in which fat
particles are irregularly placed in an
aqueous phase containing dissolved sugar
particles and eggs [2 and 3].

Today, the use of functional additives
in the formulation of baked products such
as sponge cake has attracted the attention
of many researchers in order to achieve
health benefits. However, in the
production of these products, in addition
to maintaining the texture, the product
must have desirable sensory properties.
Healthy food products provide our daily
nutritional needs; while functional foods
are rich in functional ingredients and are
able to meet our usual nutritional needs
beyond our usual requirements. In contrast
to these products, currently, various types
of foods with diverse and attractive
sensory properties (aroma, taste, color,
etc.) are produced and marketed to satisfy
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different tastes of people, which can
endanger the health of consumers. The
most important of these foods are fast
food, the frequent consumption of which
has created numerous problems for the
health of the general public. Interestingly,
in recent years, the consumption of both
groups of foods has been increasing
rapidly, and certainly, an individual's
knowledge about the "role and importance
of foods on human health" can be decisive
in this regard [4]. Functional foods are part
of the daily diet that, in addition to basic
nutritional properties, have effects beyond
nutritional value on the health of the
[5]. Today, microgreen
products are known as rich sources of

community

nutrients and are used in the preparation of
various salads and fast foods. For this
reason, microgreens are also called
"functional foods" or "superfoods" [6].
Rice, with the scientific name Oryza
sativa, 1s an annual plant from the
Gramineae family, which is considered the
most important crop in the world after
wheat [7]. In terms of production, rice
ranks second among cereal crops. Most of
the world's population, especially in
Southwest Asia, India, and China, depends
on rice as a staple food [4]. Although the
use of various additives with functional
properties such as lactulose [8, 9], date
kernel powder [10], and pomegranate
kernel powder [11] has been proposed for
the production of functional baked
products, the wuse of microgreens,
especially the use of rice microgreens in
the production of various cakes, has
received less attention.



Hossein Jooyandeh et al

The effect of rice microgreen powder ...

Enzymes are widely used in the food
industry because they perform diverse
functions that facilitate processing and
product quality. They are
generally regarded as safe (GRAS) and
typically lose activity during thermal
processing such as baking. Enzymatic

improve

treatments offer a preferable alternative to
chemical additives for achieving desired
functional and sensory properties [12]. In
particular, enzymes—most
notably  microbial  transglutaminase
(MTGase)—have gained attention for
their ability to catalyze covalent
cross-linking  of  proteins, thereby
modifying protein functionality and

microbial

enabling the development of novel food
products [13-15].
Transglutaminase (TG) (protein glutamine
y-glutamyl transferase, EC 2.3.2.13) is
known to catalyze the transfer reaction
between an amide group in a protein-
bound glutamine and an e-amino group in
a protein-bound lysine side chain, which

textures and

results in the formation of cross-links
between  protein  molecules.  This
transferase enzyme is widely used to
modify the functional properties of
proteins in various foods. It has been
reported that enzymatic treatment with
microbial TG improves the textural
properties of the product by retaining
water in the protein matrix of foods [16,
17].

Although various studies have been
conducted on the use of the enzyme
transglutaminase on bread and other baked
goods, no study has been conducted to
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investigate the effect of this enzyme on
sponge cake containing rice microgreen
powder. Therefore, the present study
aimed to investigate the effect of adding
rice microgreen powder (RMP) and
transglutaminase (TG) enzyme on the
textural and sensory properties of
functional sponge cake.

2- Materials and methods

2-1- Raw materials

Wheat flour for cakes with an extraction
percentage of 73% (Setareh Komijan
Flour Factory, Arak), vegetable oil
(Behshahr Industrial Company, Iran),
ground sugar, egg yolk, baking powder
(Golvash  Company, Isfahan) with
ingredients such as sodium acid
pyrophosphate, monocalcium phosphate
monohydrate, sodium bicarbonate, wheat
starch, vanilla with a heat resistance of
above 280 degrees Celsius (Behtam
Powder Company, Karaj) and microbial
transglutaminase enzyme (TG) prepared
from Streptoverticillium morbaeaense,
with the trademark ACTIVA YG
(Ajinomato Company, France) were used.
The activity of each gram of this enzyme
powder was determined to be 100 units per
gram of protein. The TG enzyme powder
used included lactose, yeast extract,
maltodextrin, vegetable oil, and TG
enzyme.

2-2- Methods for preparing rice

microgreen powder and cake
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2-2-1- Rice microgreen powder

To prepare rice microgreens, rice
seedlings with a length of 5 + 2.5 cm were
thoroughly washed and after rinsing at 48
°C, dried in an oven for about 48 hours
(until a constant weight was reached).
After grinding, the resulting powder was
passed through a 60 mesh sieve (250 pm)
and the rice microgreen powder was used
in the cake formulation at a rate of 2.5, 5

and 7.5% (w/w) to replace the flour used.
2-2-2- Cake production

Sponge cake samples containing rice
microgreen powder were produced
according to the method of Jahanbakhshi
and Ansari [18] with slight modifications.
First, powdered ingredients including: 100
g of wholemeal flour, 72 g of sugar, 1.34
g of baking powder, and 0.4 g of vanilla
were mixed together. Then, 72 g of egg
yolk and white mixture along with 57 g of
liquid corn oil and 35 g of water were
added to it and mixed well. Rice
microgreen  powder  (RMP)
substituted for the flour in the cake
formulation at 2.5, 5, and 7.5 percent
(w/w). Also, microbial transglutaminase
(TG) enzyme was added to the mixture at
levels of 0 and 0.15 percent along with the
rest of the powdered ingredients. The
sample without rice microgreen powder
and TG enzyme was considered as a

was

control sample. The prepared dough (35 g
samples) was transferred into a 3 cm
diameter aluminum mold containing
greased parchment paper and then the
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molds were placed in an oven at 200°C for
17 minutes. After baking, the cakes were
removed from the oven and allowed to
cool completely for 30 minutes. Then, the
cake samples packaged in
polyethylene bags and stored at room
temperature (23+£2°C) until further tests.

WwEere

2-3- Textural properties of cake

The texture profile of the cake samples
was measured using a TA-XT-PLUS
texture analyzer (Made in England, Micro
stable system), according to the method of
Saeidi et al. [19] with some modifications.
The texture characteristics of the cake
samples were determined after 1 and 7
days of production. Texture analysis
included several different factors such as
firmness, cohesiveness, adhesiveness,
springiness, and gumminess. For this
purpose, a cylindrical piece with
dimensions of 2 X 2 cm (diameter X
height) was first cut from the cake core
(the lower 1 cm of the cake surface) using
a mold, and the profile
characteristics were determined using a
cylindrical probe with a diameter of 36
mm with a compression rate of 50%
(Figure 1). The test speed was set to 1
mm/s and the post-test speed was set to 5
mm/s. The threshold or sensitivity of the
probe contact force with the sample was
considered to be 3 g. Each test was

texture

performed at least 3 times and the average
results were recorded.
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Figure 1. Texture profile analysis (TPA) of sponge cakes using TA-XT-PLUS device.

2-4- Sensory evaluation

The sensory properties of the cake were
evaluated after 1 and 7 days of storage at
23+2°C in polyethylene bags by 20
evaluators (students and professors of the
Department of Food Science and
Technology, with an age range of 19-53
years). Scoring was based on a hedonic or
preference test and a scale of 1-9 (1-
unacceptable, 2- very bad, 3- bad, 4-
slightly bad, 5- average, 6- good, 7- very
good, 8- excellent and 9- very excellent).
The sensory properties of the cake
included color, odor, appearance, taste and
texture [20].

2-5- Analysis of data

In this study, 8 cake treatments were
produced with two variables: rice
microgreen powder at four levels (0, 2.5, 5
and 7.5%) and transglutaminase
enzymatic treatment at two levels (0 and
0.15%). Data were analyzed through
factorial test in a completely randomized
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design using SPSS version 23 and the data
means were compared using Duncan's test
at the 5% level. All treatments were
produced in 3 replicates and the textural
properties and sensory characteristics of
the cake samples were evaluated after
production.

3- Results and discussion
3-1- Cake texture evaluation

Firmness is one of the important and
influential factors in cake texture and this
factor is very effective in consumer
acceptance and satisfaction. Firmness is
considered as the maximum force required
in the first compression (biting, chewing
and swallowing) of food products [21].
The results showed that transglutaminase
(TG) enzymatic treatment and the addition
of rice microgreen powder (RMP)
significantly (p<0.001) reduced the
firmness of cake samples (Table 1). In
contrast, storage time significantly
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increased firmness (p<0.001). Similar to
other studies conducted in the field of
baked products [22 and 23], the results of
this study indicated an inverse relationship
between specific and cake
firmness; so that cake samples with lower
specific volume had higher firmness. As
the RMP content increased from 0% to
7.5%, the stiffness value decreased from
420.65 to 300.25 g-force (Figure 2). The
effect of RMP on cake texture can be

volume

explained by its lower solubility and water
absorption capacity compared to wheat
flour. RMP, like other dietary fibers, has a
lower water absorption due to its higher
lignin content compared to cereal bran,
which the
available for dissolving sugar in the
[24]. Therefore, sugar
crystallizes during cake baking, affecting
the texture of the final product [25]. Also,
due to the lower water absorption capacity
of RMP, more water is absorbed by wheat
flour, thus improving the gluten protein

increases water content

medium less

network of the dough. In addition, in the
final stages of baking, due to the low water
absorption capacity of RMP, the unbound
water of the cake evaporates more easily,
leaving larger pores and increasing the
number of pores. Therefore, the specific
volume of the cake increases and its
firmness decreases. The increase in
firmness is related to the decrease in the
number and size of air bubbles, since it
increases the force required for
compression [26]. As mentioned, the
increase in the amount of gluten water
absorption due to higher amounts of rice
microgreen powder and fiber leads to an
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increase in the formation of gluten
networks, which the ai
entrapment capacity of the cake [27, 28].
In support of the results of this study, a
significant decrease in the firmness of
sponge cake has been reported as a result
of the addition of olive kernel powder [18]
and pumpkin powder [29]. Lebesi and
Tzia [24] stated that the use of fiber in
sponge cake formulation and its effect on
product quality depends on the soluble or
insoluble fiber; So that using soluble fiber
makes the cake softer, while using the
insoluble type increases the firmness of
the product.

increases air
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Figure 2. The effect of adding different amounts of rice microgreen powder (RMP) on the

textural properties of sponge cake samples during 7 days of storage at ambient temperature.

The results showed that TG enzymatic
treatment significantly reduced cake
stiffness (364.95 vs. 350.89 g). This is
probably due to the increased water
retention capacity and the development of
the gluten network of the cake through
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cross-linking between proteins. Alp and
Bilgicli [30] reported similar results on the
reduction of cake stiffness in cakes
enriched with some types of proteins as a
result of TG enzymatic treatment. These
researchers used 0.09% enzyme and
reported cake stiffness in the control and
enzyme-containing samples as 55.43 and
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51.40 N on the first day of storage,
respectively, and as 61.81 and 58.59 N
after 3 days of storage, respectively.
However, it should be noted that excessive
use of this enzyme can cause tissue
compaction and increased stiffness in the
product due to excessive intra- and extra-
molecular connections between proteins.
Dhuzewska et al. [31] showed that TG
enzymatic treatment with 1 enzyme unit
(per gram of protein) reduced the firmness
of gluten-free bread, while TG enzymatic
treatment with 10
significantly increased the firmness of the
product. Changes in texture characteristics
and density with respect to TG enzyme

enzyme  units

levels have been previously reported in
other food products, such as yogurt [14],
traditional white cheese [17] and UF
(ultrafiltrated) cheese [32], ice cream [33],
and edible film [34], in addition to cake

[11].

The results also showed that with the
passage of storage time, the firmness of
the cake increased significantly. The
reason for these changes is stated to be the
staleness of the starch-gluten network
[18]. Due to the removal of water during
the retrogradation process and the
reduction of water-starch hydrogen bonds,
the role of water as a texture softener
decreases.

According to Table 1, among the
interactions between the variables tested,
only the effect of rice microgreen powder
- storage time on firmness was significant.
As can be seen in Figure 3-a, the firmness
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of all cake samples increased significantly
after 7 days of storage. The lowest
firmness (191.07 g) was for the sample
containing 7.5% RMP at the beginning of
the storage time and the highest firmness
(14.607 g) was for the control sample after
7 days of storage.
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The cohesive force can be defined as
the maximum resistance measured by the
texture measuring device when the probe
is removed from the sample, and this force
indicates the strength of the internal bonds
of the food [35]. According to the results
obtained, in addition to stiffness, TG
enzymatic treatment and the addition of
RMP significantly increased (p<0.001)
cohesiveness (Table 1). By increasing the
amount of rice microgreen powder from
0% to 7.5%, the cohesiveness value
increased from 0.42 to 0.50 (Figure 2).
Also, TG treatment
significantly increased cohesiveness, so
that samples containing 0.15% enzyme

enzymatic

had higher cohesiveness (0.48 compared
to 0.44). The
cohesiveness as a result of TG enzymatic
treatment and the addition of RMP can be
related to the improvement of the
viscoelastic properties of the cake and its
greater cohesiveness. Jahanbakhshi and
Ansari [18] reported similar results,
increasing the cohesiveness of sponge

increase 1in texture
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cake along with the increase in olive
kernel powder. In contrast to these results,
Kim et al. [36] reported a decrease in the
cohesiveness of cake as a result of adding
Opuntia humifosa cactus powder, which
was attributed to the water
absorption capacity of the powder
compared to wheat flour. The results also
showed that with the passage of storage
time, the cohesiveness value of cake
decreased significantly (p<0.001) and
decreased from 0.56 to 0.36. The reason
for the decrease in cohesiveness has been
attributed to intramolecular interactions
and disruption of the cohesiveness of the
gluten network of the cake during storage
[37]. According to the results of Table 1,
the effect of TG enzyme - storage time was
significant. The and highest
cohesiveness values were observed for the

lower

lowest

sample without TG enzyme at the end of 7
days of storage (0.35) and the sample
containing the enzyme at the beginning of
the storage period (0.58), respectively.
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Table 1. Analysis of variance (ANOVA) of sensory characteristics of sponge cake samples containing different rice
microgreen powder (RMP) and transglutaminase enzyme (TG) during 7 days of storage at 24+1 -C.

Treatments df  Firmness  Cohesiveness Adhesiveness Springiness Gumminess Chewability
RMP 3333062 0.017" 0.20N8 251 826.40™" 186861.6™
TG 1 2372.3" 0.02™ 0.1218 0.15M8 393.53" 425451
Storage I 1066256™ 0.45™ 1.42° 10.07 53552.3""  1519801.1™
RMPx TG 3 30.88™ 0.00NS 0.15N 0.01 46.29N 3659.91N
RMPx Storage 3 16407.9™ 0.00NS 0.178 0.05™ 971.19™ 87958.0"
StoragexTG ! 65.05N 0.00” 0.0418 0.01M8 29.57™8 30422318
RMPx 3 17.17™ 0.00Ns 0.078 0.00"S 16.29"8 889.60NS
TGxStorage
Error 32 97.67 0.00 0.24 0.04 45.68 5718.04

NS, *, ** and *** indicate non-significance and significance at the P<0.05, P<0.01, and P<0.001 levels,

respectively.

Adhesiveness is defined as the energy
required to overcome the attractive force
between food molecules and other
surfaces [38]. Unlike firmness and
cohesiveness, TG enzyme treatment and
RMP addition had no effect (p>0.05) on
the adhesiveness of cake samples. The
adhesiveness of cake samples containing 0
(control) to 7.5% rice microgreen powder
was determined to be between 2.50 and
2.23 g/s (Figure 2). Also, the adhesiveness
of cake samples containing 0.15% enzyme
and without it was determined to be 2.42
and 2.32 g/s. In similar results, Giilhan and
Karaga [23] did not observe a significant
difference in adhesiveness between
gluten-free  muffin  cake  samples
containing different levels of 10 to 30%
lentil flour. In contrast to the effects of
RMP and TG enzyme variables, storage
time significantly increased adhesiveness
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(p<0.05); So that the adhesiveness rate
increased from 2.20 g/s on the first day to
2.54 g/s at the end of 7 days of storage.
The reason for the increase in
adhesiveness of cake samples during
storage is related to the release of moisture
as a result of the retrogradation of starch
chains and its diffusion and absorption on
the cake surface [39]. According to the
results of Table 1, none of the interaction
effects between the 3 variables studied
were significant.

Springiness or elasticity is the amount
of return of a deformed food to its original
state after the force is removed. This
property is obtained by considering the
distance or height of recovery between the
end of the first compression stage and the
beginning of the second compression
stage. According to the results of this
study, the addition of rice microgreen
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powder and storage time caused a
significant (p<0.001) decrease in the
amount of springiness (Table 1). The
decrease in springiness as a result of the
addition of RMP can be related to the
higher number and larger size of air
bubbles in the product [40]. In addition,
the decrease in springiness and the elastic
property of the cake texture during storage
is due to the change in the structure of the
gluten network and its weakening. In
similar results, Jahanbakhshi and Ansari
[18], in investigating the effect of adding
olive kernel powder on the textural
properties of sponge cake, reported a
decrease in springiness when replacing 15
and 25 percent of olive kernel powder with
wheat flour in all storage periods. Kim et
al. [36] also reported a decrease in cake
springiness as a result of the addition of
Cactusapontia humifosa powder. Also,
based on the results obtained, although the
addition of TG somewhat
increased the value of this parameter in the

enzyme

samples (7.31 vs. 7.2 mm), these changes
were not significant (p>0.05). As can be
seen in Table 1, here too, none of the
interactions between the tested variables
were significant.

Gumminess is defined as the force
required to break down semi-solid food
into a state ready for swallowing, while
chewiness is the work required to chew the
food in such a way that the material is
ready for swallowing. Gumminess is
obtained from the product of firmness and
cohesiveness, while chewiness is obtained
from the product of the three parameters
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firmness, cohesiveness and springiness
[21]. As can be seen in Figure 2, the use of
RMP caused a significant decrease in
gumminess and chewiness of sponge cake
samples (p<0.001). The gummy state
values of the control cake samples and
those containing 7.5% RMP were
determined to be 159.34 and 139.28 g,
respectively. The chewiness value of the
cake with the addition of 7.5% RMP also
decreased from 1214.45 to 924.72 g/mm.
Similar to the results of the present study,
Hosseini ghaboos et al. [41] reported a
significant decrease in gumminess and
chewiness values in sponge cake samples
containing pumpkin flour.

On the other hand, unlike the firmness,
TG enzymatic treatment significantly
(p<0.01) affected the gumminess and
chewing resistance of the samples and led
to its increase. The average gumminess of
the cake increased from 146.39 to 152.11
g/mm with the addition of 0.15% TG
enzyme and its chewability increased from
1041.88 to 1101.43 g/mm. As mentioned
earlier, the addition of rice microgreen
powder and TG enzymatic treatment
increases the moisture content of the cake
samples; this increase in moisture content
can reduce the initial compression
resistance and consequently reduce the
firmness of the samples. On the other
hand, TG enzyme increases the molecular
cohesion and elasticity of the protein
network by creating crosslinks between
proteins. Thus, although the firmness
decreases, increasing cohesiveness and
elasticity can lead to increased
chewability, since chewability is the
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product of firmness, cohesiveness and
elasticity [21]. In other words, increasing
the (less
hardness), while factors that increase
network cohesion (such as enzymatic
treatment with TG) enhance the elasticity
and reversibility of the texture. Also,

moisture  softens surface

storage time significantly increased the
gumminess and chewability (p<0.001);
the gumminess of the cake increased from
115.85 g on the first day to 182.65 g on the
seventh day. In addition, the average
chewability of the cake samples increased
from 893.72 g/mm to 1249.60 g/mm on
the seventh day. Also, according to Table
I, among the interactions between the
variables tested, only the interaction
between RMP and storage time was
significant. As can be seen in Figure 3, the
gummy state and chewiness of all cake
samples increased significantly after 7
days of storage. The lowest gummy state
(109.53 g) was for the sample containing
2.5% RMP at the beginning of the storage
time and the highest gumminess (16.200
g) was for the control sample after 7 days
of storage. The lowest chewiness value
(835.53 g) was also for the sample
containing 7.5% RMP and the highest
value (1469.0) was for the control sample
at the beginning and end of the storage
time, respectively.

3-2- Sensory properties of the cakes

Hedonic or preference method is a
suitable and reliable method for evaluating
the sensory properties of different foods.
Undoubtedly, the sensory properties of
foods are the most important factor in
consumer product selection. The results of
analysis of variance (ANOVA) of the
mean scores of sensory properties of
sponge cake samples containing different
amounts of RMP and TG enzyme during 7
days of storage at room temperature are
shown in Table 2 and Figure 4. According
to the results of Table 2, except for the
appearance of the cake, the addition of rice
microgreen powder caused significant
changes in the properties under study. In
addition, although TG enzyme treatment
did not have a significant effect on the
sensory properties of the cake samples
(p>0.05), all sensory scores underwent
significant changes during storage
(p<0.001). Also, except for the interaction
effect of RMP - storage time on all sensory
properties (except for appearance) and TG
enzyme - storage time on color property,
no significant interaction effect was
observed between the variables under
study on other sensory properties (Table
2).

Table 2. Analysis of variance (ANOVA) of sensory characteristics of sponge cake samples containing different
rice microgreen powder (RMP) and transglutaminase enzyme (TG) during 7 days of storage at 24+1 °C.

Treatments df Odor

Appearance

Taste Color Texture

RMP 3 0.03"
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0.00N8

0.18™ 0.07" 0.25"
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TG 1 0.00N8

Storage 1 25.4™

RMPx TG 3 0.01N8

RMPx Storage 3 0.08™

StoragexTG 1 0.00NS

RMPx TGxStorage 3 0.01M8
Error 32 0.01

0.00N 0.00Ns 0.02N 0.00NS
027" 29.8" 0.46™" 35.5™
0.00NS 0.01M 0.01 0.01N
0.01N8 0.04 0.02" 0.01"
0.00N8 0.02N8 0.01™ 0.0318
0.00N 0.02N 0.02N 0.00N
0.02 0.01 0.01 0.00

NS, *, ** and *** indicate non-significance and significance at the P<0.05, P<0.01, and P<0.001 levels,

respectively.

As shown in Figure 4, the addition of
RMP improved the color, aroma, and texture
characteristics of the sponge cake samples,
while significantly reducing the taste score of
the samples. With the addition of rice
microgreen powder, the aroma score increased
from 7.48 to 7.54 and the color score from 8.3
to 8.45 in the control and 7.5% RMP samples,
respectively. The taste score was also
determined as 7.76, 7.61, 7.68, and 7.48 in the
control cake and samples containing 2.5, 5,
and 7.5% RMP, respectively. However, no
significant difference was observed between
the 2.5 and 5% RMP levels and the control
sample in terms of taste. Similar to the results
of this study, Azarhoosh et al. [42] reported a
decrease in the taste score of functional
cookies due to the addition of wild persimmon
juice, and Sobhy et al. [43] reported a decrease
in the taste score of sponge cake due to the
addition of jojoba flour. In contrast to these
results, Ghobadi et al. [44] reported an
improvement in the taste of oil cake enriched
with 1% blueberry powder and 10% peanut
flour, although these researchers reported an
improvement in the aroma and texture
characteristics, similar to the results of the
present study. The reason for the improvement
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in the texture of sponge cake samples as a
result of the addition of rice microgreen
powder could be due to the low water
absorption capacity of rice microgreen powder
compared to wheat flour, which improves the
gluten protein network of the dough. In
addition, due to the low water absorption
capacity of rice microgreen powder, in the
final stages of baking the product, the non-
bonded water of the cake evaporates more
easily and the number and size of pores
increase. Therefore, the specific volume of the
cake increases and its firmness decreases [26].

Unlike RMP, the addition of TG enzyme had
no significant effect on the sensory properties
of sponge cake samples (p>0.05). The mean
scores for aroma, color, appearance, taste, and
texture for the control cake samples were 7.53,
8.33, 8.34, 7.62, and 7.44, respectively, and
for cake samples containing 0.15% TG
enzyme, they were 7.52, 8.37, 8.33, 7.63, and
7.43, respectively. Dhuzewska et al. [31], in
their study of the effect of TG enzyme on the
quality of gluten-free bread, reported that
enzymatic treatment with 1 unit of TG enzyme
per gram of protein improved the sensory
properties and quality of the cake crust, while
treatment with 10 units of TG enzyme per
gram of protein significantly reduced the
quality of the bread and the textural
characteristics of the product. At high enzyme
levels, the cake texture is compressed and the
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product firmness increases due to excessive
intra- and extra-molecular cross-linking
between proteins.

In addition to the effect of adding RMP,
storage time also caused a significant decrease
in all sensory scores of the control and
enriched sponge cake samples. The average
scores of aroma, color, taste and texture of the

cake samples at the beginning of the storage
time were determined as 8.26, 8.45, 8.42 and
8.30, respectively, which decreased to 6.80,
8.25, 8.85 and 6.58 after 7 days of storage
(results not shown). The scores of appearance
and texture of the cake samples also decreased
significantly (p<0.05) during the storage
period and were determined as 8.42 and 8.27
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Figure 4. The effect of adding different amounts of rice microgreen powder (RMP) on the

sensory properties of sponge cake samples during 7 days of storage at ambient temperature.
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at storage periods of 1 and 7 days after
production, respectively. The decrease in the
sensory score of the cake during storage has
also been reported by other researchers [42].
However, all sponge cake samples containing
RMP had acceptable sensory scores, and the
evaluators gave the samples an average score
of acceptable (above 7 or good).

The interaction effect between

microgreen powder and storage time on
aroma is shown in Figure 5. According to
this figure, although
significant difference between the aroma
of the control sample and the cake samples
containing different levels of rice
microgreen powder on the first day of
storage, no difference was observed at the
end of the 7-day storage period. In

there was a

addition, all samples had a lower aroma
score at the end of the 7-day storage period
than at the beginning of storage. The
highest aroma score (8.37 points) was for
the sample containing 5.5% RMP at the
beginning of storage and the lowest aroma
score (6.75 points) was for the sample
containing 7.5% RMP after 7 days of
storage. In addition, although a significant
difference was observed between the color
of the control and the cake sample
containing 7.5% RMP at the beginning of
the storage period, no difference was
observed at the end of the 7-day storage
period. The highest odor value (8.6 points)
was for the sample containing 7.5% RMP
at the beginning of storage and the lowest
odor value (8.2 points) was for the sample
containing 2.5% RMP after 7 days of
storage (Figure 5).

However, unlike the aroma and color
results, no significant difference in terms

228

of appearance was observed between the
control sample and the cake samples
containing different amounts of RMP in
both storage periods. In addition, except
for the control, the appearance score of all
RMP-enriched samples decreased
significantly at the end of the storage
period. The highest (8.45 points) and
lowest (8.2 points) aroma scores were for
the sample containing 7.5% RMP at the
beginning and end of the storage period,
respectively. Regarding taste, the results
also showed that although the control
sample had a higher taste score than the
other enriched samples at the beginning of
storage, there was no difference in this
respect with the sample containing 5%
RMP. At the end of the storage period, no
difference in taste was observed between
the control sample and the samples
containing 5 and 7.5% RMP. The highest
(8.37 points) and lowest (6.75 points) taste
scores were for the control sample at the
beginning and end of the storage period. In
addition, as shown in Figure 5, a
significant difference was observed
between the texture score of the control
sample and all cake samples containing
different levels of RMP at the beginning of
the storage period, but no significant
difference was observed with the sample
containing 2.5% RMP at the end of the 7-
day storage period. In other words, the
samples enriched with 5 and 7.5% RMP
had significantly higher texture scores
than the control sample containing 2.5%
RMP in both storage periods and did not
differ from each other in this respect.
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Figure 5- Interaction effect of rice microgreen powder (RMP) and storage time on sensory

scores of sponge cake samples.

4- Conclusion

Consumption of bioactive compounds
(such as vitamin D, vitamin C, zinc,
omega-3, probiotics, and polyphenols) can
help reduce the severity and improve
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clinical outcomes of various diseases such
as COVID-19 by improving nutritional
status, modulating inflammatory response,
and supporting immunity. In addition to
their nutritional value, microgreens
contain some bioactive compounds that
are effective in promoting health and
controlling diseases. These bioactive
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substances are found in various foods,
especially grains and vegetables. Since the
antioxidant activity of various plants at the
microgreen stage is much higher than that
of plants at the fully grown stage,
microgreens, such as rice microgreens,
can be used in fresh or powdered form for
food production. Therefore, in this study,
the textural characteristics and sensory
properties of sponge cake enriched with
rice microgreen powder (RMP) along with
transglutaminase (TG)
treatment were investigated in order to
produce a product with higher nutritional
value and acceptable sensory and textural
properties. The results showed that sponge
cake samples enriched with RMP had
good quality sensory
properties. Meanwhile, TG enzymatic
treatment was able to maintain the quality
of cake texture during storage. Based on
the results of this study, adding RMP at
levels of 5 to 7.5% along with TG
enzymatic treatment is recommended to
produce sponge cake with higher
nutritional value and at the same time with
acceptable sensory properties.

enzymatic

texture and
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