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Abstract: This research aimed to determine the effect of modified kepok banana starch substitution
on the texture (hardness, adhesiveness, cohesiveness, and gumminess) and caramel sponge color
with four different modified starch substitution percentages. This research is experimental research
with RAL (Completely Randomized Design). The research results show that the values of hardness
for caramel sponge cake were 27.48 N, 26.89 N, 26.86 N, and 16.66 N. The values of adhesiveness were
0.38 Nmm, 0.14 Nmm, 0.63 Nmm, and 1.21 Nmm. The cohesiveness values for the caramel cake were
0.34, 0.43, 0.40, 0.31. The values of gumminess were 9.85 N, 11.90 N, 11.02 N, 5.20 N. The L values for
caramel cake were 26.61, 25.92, 32.00, and 32.31. The a values for caramel cake were 7.22, 8.83, 8.34,
and 6.73, whereas the b values were 15.17, 13.64, 14.84, and 11.56. This research demonstrates that
there is an effect of modified kepok banana starch substitution on the texture profile of hardness and
on the L value of caramel cake color.

Keywords: texture; L value; a value; b value; modified banana starch; caramel sponge

1. Introduction

Caramel cake, also called cake caramel or ant nest cake, is a cake that is liked by many
people. There are several unique characteristics of caramel cake: it is fluffy, round in shape,
has a soft texture, has a cavity resembling an ant's nest, has a distinctive caramel aroma,
and tastes sweet [1]. The diversity of types of food processing in Indonesia that use wheat
flour as raw material increases the demand for wheat flour.

There are many ways to reduce the use of wheat flour as a raw food material, one of
which is by using substituted local food ingredients as raw materials for making various
foods. The potential of local kepok banana ingredients in Indonesia opens up opportunities
for processing the product into functional food. Functional food is a food product that
has benefits for consumer health. One such functional food ingredient being developed is
resistant starch [2]. Resistant starch contains prebiotics and provides the feeling of fullness
for a long time, which is beneficial for people who are on a diet [3]. Functional food based
on resistant starch is needed by the body because it has several benefits, such as reducing
the glycemic index of food, acting as a prebiotic, and reducing the risk of obesity, diabetes,
colon cancer, coronary heart disease, and stroke [4].

The resistant starch content in kepok bananas can be increased through a physical
modification process, such as the autoclaving-cooling method. Resistant starch levels
increase with starch modification treatment. Resistant starch is a starch fraction that is
resistant to break down by the enzyme α-amylase. This makes it difficult for starch to be
broken down into glucose, but it can still be fermented by colonic microbes in the digestive
tract [5].
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Besides kepok bananas, other local food ingredients, such cassava, can be used to
produce functional food. Cassava can be modified and processed into mocaf flour (Modified
Cassava Flour). Mocaf flour is processed from cassava via fermentation [6]. Mocaf flour
is similar to wheat flour, with characteristics such as being soft, white in color, having no
cassava aroma, and containing a lot of starch. Therefore, it can be used as a substitute for
wheat flour by 30–100% [7]. Mocaf flour can be used as an alternative food ingredient to
replace wheat flour, playing an important role in improving the texture of food products [8].

Texture is an indicator of physical quality which has an important role in food accep-
tance [9]. Similarly, color is an important attribute in assessing a food ingredient which
determines product quality and is first assessed visually [10]. Texture is one of the param-
eters that can influence the quality of a food product. Texture is related to the hardness
of a food, especially in products such as bread and biscuits [11]. Color is one of the deter-
mining factors of quality and visually influences the acceptance of a food by the public or
consumers [10].

Based on this description, this research aimed to determine the effect of substituting
modified kepok banana starch and mocaf flour on the texture and color of mocaf flour
caramel sponge cake.

2. Material and Methods

This research was experimental, utilizing a research design; known as RAL (Com-
pletely Randomized Design). The percentages of modified kepok banana starch substitution
used were 0%, 20%, 40%, and 60%. Each treatment was repeated twice, and the analysis
was also repeated twice. This research was conducted between October 2022 and–January
2023. Mocaf flour caramel sponge cake was made at the Food Science Laboratory, Faculty
of Health Sciences, Muhammadiyah University of Surakarta. Testing of the texture and
color of the caramel cake was conducted at the Food and Agricultural Products Technology
Laboratory, Faculty of Agricultural Technology, Gajah Mada University.

2.1. Tools and Materials

The ingredients used to make mocaf flour caramel sponge cake included mocaf flour,
modified kepok banana starch, sugar, sweetened condensed milk, margarin, baking powder,
baking soda, eggs, and water. The equipment used to make caramel sponge cake included
scales, liters, pans, stoves, mixers, spoons, baking sheets, teflon, spatulas, an oven and
baking paper.

2.2. Procedure for Making Kepok Banana Starch

The process of making kepok banana starch began with peeling the raw green skin of
kepok bananas. The bananas were, then cut in to pieces approximately 1 × 1 cm in size
and soaked in water for 5 min. The kepok bananas were sliced and weighed before being
crushed into a mush using a blender. Water was added to achieve a ratio of 1:3 (w/v) for
blending. The resulting mixture was filtered to separate the starch from the dregs using a
filter cloth. The weight of the dregs was measured and water was added to the dregs at
ratio of 1:1 (w/v). The mixture needed and filtered again, with filtered water added twice
until the results appeared clear. The filtered mixture settled for about 12 h. The sediment
was then dried a cabinet dryer at a temperature of aproximately 60 ◦C for approximately
12 h until the starch texture cracked. Finally, the dried sediment was ground and sieved an
80 mesh sieve [12].

2.3. Procedure for Modification of Kepok Banana Starch

The modification of kepok banana starch was conducted by conditioning the starch to
a water content of 20%. The starch was then packaged with HDPE plastic and stabilized
in a refrigerator at a temperature 4 ◦C for 12 h to ensure that the water spread evenly
over the starch. The starch was heated using an autoclave at a temperature of 121 ◦C for
15 min, The starch was cooled at room temperature for 1 h to prevent further gelatinization,
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cooled at 4 ◦C for 24 h, dried in an oven at 50 ◦C for 4 h, ground, and finally sieved using an
80 mesh sieve [13].

2.4. Procedure for Processing Caramel Cake

The procedure for processing the caramel cake is shown in Figure 1. The process
involved adding sugar (200 g) to a frying pan until it melted. The sugar was cooked over
low heat and hot water was added (200 mL) bit by bit and was stirred well. Margarin was
melted over low heat, eggs (300 g) were added to the pan, and the mixture was stirred well
using a mixer. Then, sweetened condensed milk (200 g) was added, as was, modified kepok
banana starch and mocaf flour (0%, 20%, 40%, and 60%). Then baking powder (5 g) and
baking soda (5 g) were added and dry (flour) and margarin were added alternately. The
mixture was stirred until smooth. Liquid sugar was added to the mixture and the mixture
was mixed. Then, the mixture was strained so that the lumpy ingredients were removed.
The mixture was baked in a baking pan in the oven for 45–50 min at 180 ◦C. Once dry, the
caramel cake was ready.

Figure 1. Procedure for processing caramel cake.

2.5. Texture Test Procedure for Caramel Sponge

The parameters of the caramel sponge texture test included hardness, adhesiveness,
cohesiveness, and gumminess. The caramel cake sample that was tested was 3 × 3 × 3 cm3

in size. The process began with preparing the Texture Profile Analyzer (TPA) by adapting
the tool to a ball probe and the samples. When the tool was tested, the ball probe applied a
compressive force to the sample being tested. Then, the results appeared in the form of a
curve on the computer monitor [14].

2.6. Color Test Procedure for Caramel Sponge

The color test conducted on the caramel cake obtained the values L, a, and b. The
color test was conducted using Chromameter Konica Minolta (CR-400). The test started
by preparing a caramel sponge sample. Then, the tools were, programmed (Minolta
Reflectance Chrommameter in ON) and calibrated. The sample was positioned for color
testing, and L, a, and b color testing values were obtained [15].
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2.7. Data Analysis

Data analysis was conducted using SPSS 23 software. Shapiro Wilk test was conducted
to determine the normality of the data. The hardness data was analyzed using a one
way ANOVA test. A significant difference (p < 0.05) was observed for the substitution of
modified kepok banana starch on the hardness of caramel sponge cake, so the statistical
analysis was continued using the Duncan Multiple Range Test (DMRT) to determine the
differences in each treatment. The cohesiveness and gumminess data was analyzed using
a one way ANOVA test. No significant difference was found (p > 0.05). A Kruskal Wallis
test was conducted to determine the effect of substituting modified kepok banana starch
on the adhesiveness, L value, a value, and b value. There was a significant difference
(p < 0.05) observed for the substitution of modified kepok banana starch on the L value, so
the Dunnet test was conducted to determine the differences in each treatment. There was
no significant difference for adhesiveness, value a, or value b (p > 0.05).

3. Result and Discussion
3.1. Texture
3.1.1. Hardness

The average values of hardness for caramel cake are presented in Table 1.

Table 1. Average hardness for caramel sponge.

Treatments Hardness (N) p Value

P1 27.48 ± 4.96 a

0.003
P2 26.89 ± 4.42 a

P3 26.86 ± 2.75 a

P4 16.66 ± 1.03 b

Information: Different notations indicate that there are real differences in the results of the DMRT follow-up test.
P1 = 100% mocaf flour, P2 = 20% modified kepok banana starch: 80% mocaf flour, P3 = 40% modified kepok
banana starch: 60% mocaf flour, P4 = 60% modified kepok banana starch: 40% mocaf flour.

Based on the one-way ANOVA test result, modified kepok banana starch substitution
influenced the hardness of caramel sponge (p < 0.05). Statistical tests were then continued
using Duncan (DMRT) test, which showed that there was a significant difference betweem
the P4 treatments. Based on Table 1, the higher hardness value indicates that the mocaf
flour caramel cake had a harder texture.

The hardness level of a food product is influenced by the protein component in flour.
Mocaf flour caramel sponge cake does not contain gluten. If non-gluten flour is used, the
rising of bread cannot be maximized and denser and harder bread will produced. Without
gluten content in bread making, the dough framework cannot form perfectly, so the bread
does not sufficiently rise and it has a hard texture [16].

Apart from protein content, the level of hardness is also influenced by starch content.
Based on the results in Table. 1, it can be observed that the greater the content of modified
kepok banana, the lower the hardness value of the mocaf flour caramel sponge. An increase
in the hardness of caramel sponge was observed when treated with a percentage of mocaf
flour, which tended to be higher than modified kepok banana starch. Starch with a high
amylose content produces a gel that is firm and somewhat hard. The amylose content
can form a gel, increasing water binding in the product and narrowing the space between
molecules. This results in a compact and somewhat hard texture for the product [17]. The
gelation of polymer starch is mainly caused by the aggregation of amylose. As a result, the
gelation of starch depends on the presence of amylose [18].

The level of hardness of caramel sponge is also be influenced by the fiber content in
the flour used. Mocaf flour contains fiber, and a high fiber content can make the texture
of the bread harder. Dietary fiber and hardness are directly proportional relationship; the
higher the dietary fiber content, the value higher the hardness value [19]
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3.1.2. Adhesiveness

The average values of caramel cake adhesiveness are presented in Table 2.

Table 2. Average adhesiveness of caramel sponge.

Treatments Adhesiveness (Nmm) p Value

P1 0.38 ± 0.21

0.062
P2 0.14 ± 0.09
P3 0.63 ± 0.86
P4 1.21 ± 0.16

Information: P1 = 100% mocaf flour, P2 = 20% modified kepok banana starch: 80% mocaf flour, P3 = 40% modified
kepok banana starch: 60% mocaf flour, P4 = 60% modified kepok banana starch: 40% mocaf flour.

Based on the results of the Kruskal Wallis test, there was no effect of modified kepok
banana starch substitution on the adhesiveness of the caramel sponge (p > 0.05). The higher
the value of adhesiveness, the higher the stickiness of the material [20]. Adhesiveness
is a rheological property related to the attractive force between the surface of food and
the surface of other materials in contact with that food [21]. Adhesiveness can be used as
an illustration of the stickiness of a product, and is related to starch content. Stickiness
is related to the starch content of the material, which forms a gel during the heating
process [20]. The amylopectin content in mocaf flour is higher (88.93%), than the amylose
content (11.07%) [22]. The amylopectin contained in starch can increase adhesiveness,
which will also affect stickiness [23].

3.1.3. Cohesiveness

The average values of the cohesiveness of caramel cake are presented in Table 3.

Table 3. Average cohesiveness of caramel sponge.

Treatments Cohesiveness p Value

P1 0.34 ± 0.17

0.416
P2 0.43 ± 0.11
P3 0.40 ± 0.02
P4 0.31 ± 0.05

Information: P1 = 100% mocaf flour, P2 = 20% modified kepok banana starch: 80% mocaf flour, P3 = 40% modified
kepok banana starch: 60% mocaf flour, P4 = 60% modified kepok banana starch: 40% mocaf flour.

Based on the results of the one way ANOVA, there was no effect of modified kepok
banana starch substitution on caramel sponge cohesiveness (p > 0.05). Higher cohesiveness
(wholeness) values indicate higher integrity or cohesiveness [20]. Cohesiveness is an
indication of the internal forces that shape the food. Higher cohesiveness values suggest
that the food product produced is denser and has a more compact texture [24].

Based on the results of the cohesiveness test, the highest level of cohesiveness for
caramel cake was obtained with treatment P2. It is suspected that the high amylopectin
content resulted from the blend of flour compositions used, which included mocaf flour
and modified kepok banana starch. Amylopectin has high adhesive properties, so it can
further increase product compactness [23].

3.1.4. Gumminess

The average values of gumminess for caramel sponge are presented in Table 4.
Based on the results of the one way ANOVA, there was no effect of modified ke-

pok banana starch substitution on gumminess for bolu caramel (p > 0.05). Gumminess
represents the energy needed to crush food until it is ready to be swallowed [25]. The
level of gumminess was obtained by considering the value hardness and cohesiveness by
multiplying the two parameters [26]. Based on the overall value of gumminess, the value
obtained tended to decrease. This was due to decreased hardness of the caramel sponge
with increased modified starch substitution.
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Table 4. Average gumminess of caramel sponge.

Treatments Gumminess (N) p Value

P1 9.85 ± 6.26

0.128
P2 11.90 ± 4.36
P3 11.02 ± 1.63
P4 5.20 ± 0.72

Information: P1 = 100% mocaf flour, P2 = 20% modified kepok banana starch: 80% mocaf flour, P3 = 40% modified
kepok banana starch: 60% mocaf flour, P4 = 60% modified kepok banana starch: 40% mocaf flour.

3.2. Color

Data regarding the average values of L, a, and b obtained from the color test analysis
of caramel sponge cake are presented in Table 5.

Table 5. Average color of mocaf flour caramel sponge.

Treatments Value of L Value of a Value of b

P1 26.61 ± 1.41 a 7.22 ± 0.27 15.17 ± 3.04
P2 25.92 ± 0.25 a 8.83 ± 0.56 13.64 ± 1.17
P3 32.00 ± 2.45 ab 8.34 ± 1.28 14.84 ± 4.02
P4 32.31 ± 0.22 b 6.73 ± 1.49 11.56 ± 0.28

p value 0.010 0.081 0.168
Information: The same notation shows there is no real difference in the results of the LSD follow-up test.
P1 = 100% mocaf flour, P2 = 20% modified kepok banana starch: 80% mocaf flour, P3 = 40% modified kepok
banana starch: 60% mocaf flour, P4 = 60% modified kepok banana starch: 40% mocaf flour.

3.2.1. The Value of L

Based on the results of the Kruskal Wallis test, there was an effect of modified kepok
banana starch substitution on the L value (brightness) of the mocaf flour caramel cake
(p < 0.05). The Dunnet test was used to determine whether or not there was a difference in
brightness between the treatments. The substitution of modified kepok banana starch in
treatment P1 was not significantly different from treatments P2 and P3. The substitution
of modified kepok banana starch in treatment P2 was significantly different from the
substitution of modified kepok banana starch in treatment P4. The modified kepok banana
starch substitution for treatment P3 was not significantly different from P1, P2, or P4.
Treatment P4 was not significantly different from treatment P3, but was significantly
different from treatments P1 and P2.

The color of caramel cake is influenced by the addition of sugar as a color maker
in caramel sponge. Sugar melted into caramel will give a black brown color to caramel
sponge [27]. This is related to the caramelization reaction occurring in the sugar added to
the dough. Based on the L value test results (Table 5), caramel sponge cake was obtained
by substituting a greater percentage of mocaf flour, resulting in a darker caramel sponge
color due to the presence of amino acids that react with sugar in the Maillard reaction.
The Maillard reaction involves reducing sugars and amine groups from proteins at high
temperatures. Following this, a new brown compound appears, namely melanoidin [28].

The substitution of a greater percentage of mocaf flour produces a darker caramel
sponge color due to the presence of amino acids that react with sugar in the Maillard
reaction. The greater the substitution of modified kepok banana starch, the brighter the
color of the caramel cake. Starch-based foods contain fewer amino acids and proteins [29].
Hence, there is a decrease in the Maillard reaction, which is caused by a decrease in amino
acid content with the addition of modified kepok banana starch. The decrease in the
Maillard reaction can cause a decrease in the brown color of the caramel sponge product,
resulting in a brighter colored mocaf flour caramel sponge.
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3.2.2. The Value of a

Based on the Kruskal Wallis test results, there was no effect of modified kepok banana
starch substitution on the a value (redness) (p > 0.05). The highest a value for caramel cake
was obtained in treatment P2 and the lowest value was obtained in treatment P4. Overall,
the a value did not show different results, and a positive a value was obtained, namely in
the red value range. The a value is represents a mixture of red and green. A positive a value
is between 0 and 100 for red whereas a negative a value is between 0 and -80 for green [30].

The test results for the a value (Table 5) demonstrate no significant difference in the
positive a value for the caramel cake. All positive a notation values indicate a reddish color.
This reddish color is caused by the initial process of adding sugar which has gone through
a caramelization process. These results were obtained from color testing using a Lovibond
tintometer, a brown product which tends to be a combination of red and yellow [31].

3.2.3. The Value of b

Based on the Kruskal Wallis test results, the b value data shows that the substitution of
modified kepok banana starch had no real effect on the b value (yellowness) of the caramel
cake (p > 0.05). The overall b value was positive, indicating that the caramel sponge fell
within the b value range associated with a yellow color. Positive b values between 0 and 70
indicate yellow, whereas negative b values between 0 and 70 indicate blue [30].

The sugar caramelization process creates a brown crust on the sweet bread so that the
bread looks burnt. The level of starch containing amylose in modified kepok banana starch
and mocaf flour can cause the color of the caramel sponge to become yellow white. The
function of sugar in making caramel cake is to give it a yellow brown color, resulting from
the caramelization process [32].

4. Conclusions

There was no effect of modified kepok banana starch substitution on the texture,
adhesiveness, cohesiveness, or gumminess profiles of mocaf flour caramel cake. Modified
kepok banana starch substitution influenced the hardness of the mocaf flour caramel cake.
Modified kepok banana starch substitution affected the color L (brightness) of the mocaf
flour caramel cake, but it had no effect on the values of a (reddish color) and b (yellow
color) for the mocaf flour caramel cake.
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