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ABSTRACT
Nuggets are protein rich food that is widely; consumed in Indonesia because of its good taste and easy preparation.
The substitution of tilapia ﬁsh in tempeh gembus nugget act as a healthy alternative composition which contain high
protein, ﬁber, but low in fat. Therefore, this research was aimed to determine the eﬀect of substitution of tilapia ﬁsh
on the nutrient content, protein digestibility, and acceptability of tempeh gembus nuggets to obtain a formulation in
accordance with the Daily Value (DV) 2150 kcal. A randomized experimental study was carried out on tilapia ﬁsh in
substitution of 0%, 20%, 40%, 80%, and 100%. The protein, fat, carbohydrate, water, ash, and dietary ﬁber content
analysis were determined using the Kjeldahl, Soxhlet, carbohydrate diﬀerence, gravimetric, dry ash, and enzymaticgravimetric methods. Furthermore, the protein digestibility was conducted by in vitro method, while the organoleptic
tests were determined using hedonic tests. The organoleptic data was statistically analysed using ANOVA and Friedman
tests. The substitution of tilapia ﬁsh increased the content of protein, water, and dietary ﬁber while decreasing fat,
carbohydrates, ash, and protein digestibility. The most preferred tempeh gembus nugget formulation by panelists was
80% substitution treatment of tilapia ﬁsh. In conclusion, the recommended formulations are the substitution of 40%
and 80% of tilapia ﬁsh considering the nutrient content, protein digestibility and acceptability.
Keywords: Tempeh gembus, Tilapia ﬁsh, Nuggets, Nutrient content, Protein digestibility

INTRODUCTION
The persistent increase of overweight and
central obesity in developing countries such as
Indonesia is a serious public health issue increased
by 7% compared to the 14.8% recorded in 2013.
The prevalence of overweight and central obesity
in adults have increased from 11.5% and 26.6%
in 2013 to 13.6% and 31% in 2018 (Balitbang
Kemenkes RI, 2018).
Obesity occurs due to a particular imbalance
lifestyle especially with physical inactivity and
imbalance nutrient intakes. Globalization and
industrialization have greatly aﬀected fast food
development, which is generally considered to
have a low nutritional value due to its high fatty,
salt, and low ﬁber content (Dirjen Bina Gizi KIA,
2011). Burhan et al. (2012) research showed that
consumption pattern of fatty food sources increases
the central obesity risk by 9.3 times. Some studies
conducted in America from 2003 to 2006 showed
that low ﬁber consumption was also associated
with the risk of obesity (Brauchla et al., 2012).

In Indonesia, the consumption of fast food,
particularly nuggets, gradually becomes a habit in
the community because it is easily obtained and
can be served quickly. Besides, increasing public
awareness of nutrition and health encourages
people to practice healthy living (Suwoyo, 2006).
In Indonesia, chicken nuggets are generally
consumed by the citizens. They enjoy its taste,
irrespective of its high protein content (Laksono
et al., 2012). Previous studies by Febrisiantosa et
al. (2012) stated that it has high fat and cholesterol
content, however, it comprises low ﬁber. Kurnia
et al. (2019) reported that 100 g of chicken
nuggets has an energy content of 335.54 kcal,
which comprises of 20.72 g carbohydrate, 9.30
g protein, and 23.94 g fat. Despite its popularity,
several research tried to create healthier nuggets
by reducing the high fat content (Brunner, 2016;
Petracci et al., 2013).
Tempeh gembus is made from tofu pulp, which
has protein, low fat, and high ﬁber contents. A
hundred gram of tempeh gembus has an energy
content of 65.10 kcal, which consisted of 3.41
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g protein, 0.20 g fat, 11.94 g carbohydrate, and
3.93 g ﬁber (Sulchan and Nur, 2007). Tofu pulp
is usually fermented by microorganisms, and it
is also used in making soybean tempeh. Tempeh
gembus possess special health eﬀects such as antiinﬂammation, antimicrobial, and some important
nutrient content due to its fermentation process
(Noviana et al., 2018, Aﬁfah et al., 2014a, 2014b,
2017, 2018; Kurniasar et al., 2017; Damanik et
al., 2018).
As an alternative of substituting chicken as
animal protein, tilapia ﬁsh can be used. Therefore,
tilapia ﬁsh is added to tempeh gembus nuggets to
boost its nutritional value because it has limited
amino acids, namely Methionine. It was further
reported that 100 g of tempe gembus, consisted
of 50 mg/100g of Methionine (Damanik et al.,
2018). Subsequently, the higher the essential amino
acid contents from food, the more eﬀective the
protein. Permatasari (2012) stated that 100 g of
tilapia ﬁsh contains approximately 553 mg/100
g of methionine while its nutritional content is
89 kcal, which included 18.7 g protein, 1 g fat, 0
g carbohydrate, 52 mg cholesterol, and 0 g ﬁber
(Mien et al., 2009). The previous study observed
that nutrient content of fresh tilapia ﬁsh (80%
minced tilapia ﬁsh) had 14.72% protein, 4.21% fat,
1.64% ash content and acceptable ﬂavor, aroma,
and overall sensory qualities with a score more
than ﬁve (Jayasinghe et al., 2013).
Ertanto et al. (2008) reported that the protein
nutritional value of any food is determined by its
content and digestibility, which is deﬁned as its
absorption eﬀectiveness by body. Processing foods
rich in protein reduces its nutritional value (Palupi
et al., 2007). Therefore, the digestibility of any
food product needs to be known.
The protein content of tempeh gembus and
tilapia ﬁsh is expected to boost its intake, likewise
its ﬁber content. The shelf life of tempeh gembus
and tilapia ﬁsh is improved by processing them
into a nugget. This study aims to examine the eﬀect
of substituting tilapia ﬁsh due to its nutritional
content, protein digestibility, and acceptability of
tempeh gembus nuggets.
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Table 1. Formulation of tempeh gembus nuggets with
substitution of tilapia ﬁsh
Ingredients

N1

Tempeh gembus

100%

80%

60%

20%

0%

0%

20%

40%

80%

100%

100%

100%

100%

100%

100%

Tilapia Fish
Total

N1

N3

N4

N5

form of variations in tilapia fish substitution.
Replications given 4 times, thereby resulting in a
total of 20 samples and 5 treatments. The nugget
formulation is shown in Table 1.
Protein analysis was carried out at
Nutrient Analysis Laboratory at University of
Muhammadiyah Semarang, while the test of fat
and water content was conducted at Diponegoro
University Integrated Laboratory. In addition,
analysis of ash content was carried out at Mutation
and Feed Laboratory, Faculty of Animal and
Agricultural Sciences at Diponegoro University,
while dietary ﬁber and protein digestibility was
carried out at CV. Che-mix Pratama Laboratory.
This study was held from November 2017 to
February 2018.
Tempeh gembus and tilapia ﬁsh were obtained
from Jati market, Banyumanik village, Semarang.
The processing of tempeh gembus nuggets with
Tilapia ﬁsh is shown in Figure 1.
The analysis of protein, fat, water, ash,
carbohydrate, dietary ﬁber contents, and protein
digestibility were carried out by Kjeldahl
(Magomya, 2014), Soxhlet (Zarnowski, 2004),

METHODS
Study design used an experimental research
with a random design based on one factor in the

Figure 1. Flowchart for Nugget Processing.
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gravimetric, dry fogging, carbohydrate by diﬀerent
methods namely enzymatic-gravimetric (Gordon,
2002), and in vitro methods (Christine, 2012)

1

1

1

1

respectively. The appearance of tempeh gembus
nuggets with Tilapia ﬁsh is shown in Figure 2
below.
Organoleptic and hedonic testing of tempeh
gembus and tilapia ﬁsh which involves the taste,
aroma, texture, and color was carried out by semitrained panelists, consisting of 20 students from
Department of Nutrition, Diponegoro University.
The results from hedonic test are categorized into
a scale of 1 to 4, namely 1 = totally dislike, 2 =
dislike, 3 = like, 4 = really like. Assuming the
average value obtained is below 1.51 it is included
in “totally dislike” category, between 1.51 to 2.5
is in “dislike,” 2.51-3.49 included in “like”, and>
3.49 included in “really like” categories (Aulia et
al, 2017).
Data analysis is carried out using IBM (2009)
SPSS application, while normality test was
conducted by applying Shapiro-Wilk. The results
from nutrients and protein digestibility testing
were processed by applying One Way ANOVA test.
Post-hoc Beﬀeroni test was carried out, assuming
the sample variations were similar while Gomes
Howel technique was applied to dissimilar ones to

1

Figure 2.

Appearance of Nuggets with Diﬀerent
Formulations

Table 2. Average Protein, Fat, Carbohydrate and Water Content of Nuggets per 100 g (% w.b)
Mean±SD
Treatment

Protein
(%)

Fat
(%)

N1

6.66±0.22e

12.94±0.55a

N2

8.48±0.15d

11.93±0.47b

N3

9.71±0.25c

N4

13.53±0.44ab

N5
p

value1

Carbohydrate (%)

Water
(%)

Ash
(%)

Dietary
Fiber (%)

Protein
Digestibility (%)

18.10±2.64ab 42.39±3.14abc

4.68±0.21a

15.29±0.40b

93.50±0.94a

13.04±0.84a

46.93±0.49c

3.35±0.51b

16.26±0.20b

92.69±3.05b

10.83±0.17c

12.85±0.87a

46.31±0.52c

2.54±0.99abc

17.76±0.40a

86.23±0.63c

9.85±0.95d

7.85±0.71b

48.91±0.32b

1.87±0.08c

18.00±0.40a

86.61±0.63de

13.69±0.24ab

8.02±0.18e

7.38±0.69b

50.54±0.43a

1.61±0.44c

18.75±0.58a

84.88±0.84de

p<0.001

p<0.001

p<0.001

p<0.001

p<0.001

p<0.001

p<0.001

Note: Numbers followed by diﬀerent superscript letters (a, b, c, d, e) show a signiﬁcantly distinct diﬀerence in

1One

Way ANOVA test.

Table 3. Nutritional Content of Nuggets per 100 g (% d.b)
Mean±SD
Treatment
Protein (%)

Fat (%)

Carbohydrate (%)

Ash (%)

Dietary Fiber (%)

N1

11.47±0.24a

22.51±1.27abc

31.31±2.97a

8.02±0.77a

26.67±0.68a

N2

15.99±0.31b

22.48±0.14a

24.56±1.45b

6.31±0.95a

30.64±0.70b

N3

18.08±0.51c

20.18±0.46b

23.92±1.44b

4.74±1.87ab

33.07±0.80c

N4

26.48±1.03de

19.28±0.27bc

15.36±1.29c

3.64±0.14b

35.22±0.21d

N5

27.70±0.63de

16.21±0.34d

14.92±1.34c

3.25±0.90b

37.91±1.06e

p<0.001

p<0.001

p<0.001

p<0.001

p<0.001

p

value1

Note: Numbers followed by diﬀerent superscript letters (a, b, c, d, e) show signiﬁcant diﬀerences in

1One

Way ANOVA Test

Susanti et al. Media Gizi Indonesia (National Nutrition Journal). 2021.16(2): 139–149
https://doi.org/10.204736/mgi.v16i2.139–149

determine signiﬁcancy eﬀect between treatments.
Organoleptic, Friedman, and Wilcoxon tests were
simultaneously applied to determine signiﬁcancy
eﬀect of tempeh gembus and tilapia ﬁsh (Field,
2017).
RESULTS AND DISCUSSIONS
Based on the analysis results, a certain
disparity was detected between the nutritional
content of tilapia fish and the digestibility of
protein in nuggets. It was further discovered
that the protein, water, and dietary ﬁber contents
in nuggets increased in accordance with the
proportion of tilapia ﬁsh. Otherwise, there was
decrease in fat, carbohydrate, and ash contents,
as well as the digestibility of protein with an
increasing proportion of tilapia ﬁsh.
Protein Content
The protein content of tempe gembus was
3.41% compared to the 18.7% contained in tilapia
fish (Mien et al., 2009). The highest protein
content is in the substitution of 100% tilapia ﬁsh
in the nuggets. Based on BSN (2014), the quality
requirements for nuggets are at least a 9% wet
basis, as well as tempeh gembus nuggets with 40%,
80%, and 100% of tilapia ﬁsh substitution which
met the quality requirements of chicken. Based
on statistical tests, there was a signiﬁcant eﬀect
(p <0.001) of tilapia substitution on the increasing
protein content of nuggets. Tilapia ﬁsh has a higher
protein content than tempeh gembus. Therefore its
substitution in the nuggets increases its nutritional
value.
The consumption of 50 g of nuggets, which
is equivalent to 2 pieces is consumed in a meal. It
produces a Daily Value (DV) of 2150 kcal, while
40%, 80% and 100% substitution of tilapia ﬁsh
fulﬁll the protein requirements of 8.90%, 11.27%,
11.40% respectively. Protein functions as the
building block of tissues, it produces antibodies
that protect the body from illnesses and infections
and also serves as a source of fuel (Winarno,
2008). According to several studies, high-protein
diets reduce weight signiﬁcantly (Noakes et al.,
2005; Clifton et al., 2008).
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Fat Content
The lowest fat content was discovered
in the nugget treatment with 100% tilapia ﬁsh
substitution, while the highest was detected in the
treatment with 0% tilapia ﬁsh. Based on the quality
requirements, the maximum fat content of nuggets
is 20% by wet basis (BSN, 2014). It was therefore
ensured that none of the treatments exceed that
value. In accordance with the statistical tests,
tilapia ﬁsh substitution had (p <0.001) eﬀect on fat
contents, which was inﬂuenced by frying method.
During this process, the water in the nuggets
evaporates while the oil ﬁlls the empty pores, it
previously occupied (Ketaran, 2005). The amount
of oil absorbed at the center is equivalent to the
amount of water that evaporates. Ratu (2009),
reported that the thicker the nugget layer, the more
oil is absorbed (Ratu, 2009).
The treatment, which involves the substitution
of 100% tempeh gembus tends to have a highfat content compared to the others, due to the
absorption of oil. This is in accordance with a
study that compared the absorption of oil in various
concentrations of soybean pulp with tapioca
flour. The highest fat content was discovered
in the treatment with the highest soybean pulp
(Yustiana, 2011). Furthermore, tempeh gembus and
tilapia ﬁsh both contain unsaturated fatty acids.
Sulchan (2007) reported that tempeh gembus
contain essential fatty acids, namely linoleic,
linolenic, and oleic acids. The dominant fatty
acids found in tilapia ﬁsh are omega-3 fatty acids,
particularly EPA (Eicosapentanoic Acid) and DHA
(Docosahexanoic Acid) (Partina et al., 2015).
These fatty acids have important roles such as
maintaining cell membranes, regulating cholesterol
metabolism, reducing blood pressure, reducing the
risk of coronary heart diseases, inhibiting hepatic
lipogenesis, lipid transporting, anti-inﬂammation,
and developing brain tissue and nervous system
(Mayes, 2003). Assuming 50 g of nuggets, which
is equivalent to 2 pieces is consumed in a meal,
it produces a DV of 2150 kcal, while 40%, 80%,
and 100% of tilapia ﬁsh substitution fulﬁll the
fat requirements of 8.80%, 7.35%, and 5.98%
respectively.
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Carbohydrate Content
The carbohydrate content of nugget
decreases with increasing substitution of tilapia
ﬁsh. According to the carbohydrate by diﬀerent
method, it is strongly inﬂuenced by other nutrients.
In addition, its content in the tempeh gembus
is greater, approximately 11.94% compared to
tilapia ﬁsh, which is 0%. Based on the results
from statistical tests, an eﬀect (p <0.001) of tilapia
ﬁsh substitution tends to decrease carbohydrate
nugget content. All nugget treatments met the
quality requirements, a maximum of 25% wet
weight (BSN, 2014). This research showed that
carbohydrate content ranges from 7.38–18.10%.
The least was discovered in the 100% tilapia ﬁsh
substitution, while the highest was the 0% tilapia
ﬁsh. Assuming 50 g of nuggets which is equivalent
to 2 pieces is consumed in a meal, a DV (Daily
Value) of 2150 kcal is generated, while 40%, 80%
and 100% of tilapia ﬁsh substitution treatment
satisﬁed the carbohydrate requirements of 3.47%,
1.20%, and 1.13% respectively.
Water Content
The water content of the nugget increased
by increasing the substitution of tilapia ﬁsh. The
lowest water content was found in 0% tilapia ﬁsh
substitution, which was determined to be 40.24%.
While the highest was discovered in substitution
of 100% tilapia fish, which was equivalent to
50.54%. All treatments met the nugget's quality
requirements, which is a maximum of 60% wet
basis (BSN, 2014). The water content of fresh
tempeh gembus was 81.90%, and fresh tilapia
fish was 79.70% (Mien et al., 2009). Based
on the results from statistical test, there was a
significant effect (p <0.001) on the increased
water content. This is because tilapia ﬁsh has a
higher nutritional content than tempeh gembus.
Temperature of steaming process created a bond
between components, such as carbohydrates, fats,
and proteins, in order for water to bind to the
material, thereby leading to a rise in the proportion
of tilapia ﬁsh (Sulthoniyah et al., 2013).
On the other hand, frying reduced the water
content because the process led to its evaporation,
while the pores were replaced by oil (Ketaran,
2005). Generally, the water content decreases after

cooking process. Winarno (2008) reported that
processing food with high temperatures causes
evaporation of the product water content. In
addition, the increase in temperature causes an
increase in the evaporation of water molecules
from the surface. The Increase in tilapia fish
substitutes reduces duration of fry and evaporation.
The treatment process causes water in material
less than before processed. According to a certain
study, transfer of heat and movement of water ﬂow
causes evaporation and drying of food nutrients.
This evaporation decreases the water content
and resulted in dehydration processes such as
decreasing the concentration of protein and fat in
the food (Morris et al., 2004).
Ash Content
Based on the results from the statistical test,
there was a signiﬁcant eﬀect (p <0.001) on the
ash content decrease. Ash content in both fresh
tempeh gembus and tilapia ﬁsh was 1.1% (Mien et
al., 2009). Ash is the residual substance from the
combustion of organic material. The purpose of
determining the ash content is to detect whether
the processes are eﬀective or not, despite being
aware of the type of material used. It also serves
as a useful parameter to ascertain nutritional value
of food ingredients. Higher ash content implied
that the quality of food was poor (Sudarmadji et
al., 2007). In addition, its determination is closely
related to mineral content of a material, purity,
and cleanliness of the substance produced. High
ash content means that the food is contaminated
by various substances such as sand, etc. (Park and
Bell, 2004).
The ash content of nugget was decreasing
while increasing the proportion of tilapia ﬁsh due
to the water-soluble minerals found in tempeh
gembus. However, it was slightly evaporated
compared to water-soluble minerals in tilapia
ﬁsh. The ash content of food and its composition
depended on the type of material and the way it
burnt, the diﬀerent types of organisms, as well
as the environment of organism (Puwastien et
al., 2011). The value of ash content in fried foods
depend on duration and temperature of frying pan.
An increase in temperature caused a decrease in
water content as well as the evaporation of the
more water-soluble minerals (Sumiati, 2008).
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Dietary Fiber Content
An increase in dietary ﬁber caused an increase
in the substitution of tilapia ﬁsh. Based on the
results from statistical tests, there was a signiﬁcant
eﬀect (p <0.001) of dietary ﬁber content, which
was due to increase in the amount of amino acid.
Treatment of 100% tilapia ﬁsh substitution resulted
on excessive amino acids compared to other
treatments. They were bound to the sugars derived
reduction from cornstarch and were added to 15
g of each treatment. These amino acids causes
Maillard reactions, thereby producing melanoidin
compounds that are indigested by amylase enzyme
in dietary fiber analysis to be referred to as
insoluble (Thed et al., 1995; Baston et al., 2014).
In addition, the fermentation process in tempeh
gembus also reduced ﬁber content. Therefore an
increase in its proportion caused a decrease in
ﬁber content (Darmawan, 2006). According to The
Food and Drug Administration, the recommended
Daily Value (DV) of 2150 kcal. The 40%, 80%,
and 100% of tilapia fish substitution met the
ﬁber requirements of 29.6%, 30%, and 31.25%
respectively when 50 g of nuggets which was
equivalent to 2 pieces were consumed in one
meal. Fiber intake plays a role in regulating body
weight relating to waist circumference, as well
as affected the distribution of body fat caused
by insulin expression (Uttara et al., 2011). In
addition, it increases satiety compared to complex
carbohydrates and simple sugars, and several
studies have reported its success in regulating body
weight (Ventura et al., 2008; Carlos et al., 2011).
Protein Digestibility
The digestibility of proteins in nuggets
decreased with increasing substitution of tilapia.
Nugget with higher proportion of tempeh gembus,
had higher digestibility of protein. This result was
in accordance with previous research by Arini et
al. (2019) that showed the diﬀerence of protein
digestibility of meatballs between tempeh gembus
addition (p<0.001). It was caused by fermentation
process of tempeh gembus, which increased protein
digestibility, microbes hydrolysis of complex
proteins into simpler amino acids or peptides in
the presence of proteolytic enzymes (Onweluzo
et al., 2009). Conversely, an increase in microbial
biomass during fermentation process in accordance
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with secretion of several extracellular enzymes
(soluble proteins) in single cells caused an increase
in the protein content (Oboh et al., 2007).
Other factors that increased digestibility
of protein are heating process causing protein
denaturation, which was opening three-dimensional
arrangement of protein molecules into a random
structure. This facilitated pepsin enzyme to break
down phenylalanine, tyrosine, and tryptophan
residues thereby increasing digestibility (Asrulloh,
2012; Cueves-Rodriguez et al., 2006). The frying
stage in this research made protein content in
nugget became denatured. Denaturation is process
of breaking bonds in molecules of protein that will
tend to be easily digested by digestive enzymes
(Saputra, 2014). Protein digestibility decreased
when a Maillard reaction occurred during heating,
leading to an increase in temperature (Meilgaard
et al., 2006). This happens due to prevention of
enzymes into substrate (protein) or the closure
of the side of protein that tends to be attacked
by cross-linked enzymes formed by amino acids
produced in Maillard reaction. Besides, application
of 180–300 o C temperature reduced protein
digestibility due to racemization, thereby having
diﬀerent ﬂavors (Puwastien et al., 2011).
Acceptibility Acceptibility
Table 4 showed the results from analysis based
on taste, aroma, texture, and color. In accordance
with the results from analysis, a difference in
substitution of tilapia ﬁsh was discovered based
on its taste, aroma, and texture. However, it had
the same color. In terms of taste, aroma, texture,
and color, all treatments were accepted or preferred
by panelists. Consequently, its taste, aroma, and
texture tended to be immensely preferred as the
proportion of tilapia ﬁsh increases in treatment of
nuggets. The organoleptic test results showed that
nuggets with 80% substitution treatment and 100%
tilapia were most preferred by the panelists.
Food is recognized and distinguished by its
salty, sweet, sour, and bitter taste caused by the
materials dissolved in the mouth (Meilgaard et
al., 2006). The ﬂavor was one of the organoleptic
aspects that greatly affect panelist preference
and their decision to either reject or accept a
product (Nadimin et al., 2012). The results from
statistical test showed a signiﬁcant eﬀect on the
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taste of nuggets (p=0.001). An average of all
ﬂavors of tempeh gembus nuggets with tilapia ﬁsh
substitutes, were accepted by panelists. The most
preferred were nuggets treatment of 80% tilapia
ﬁsh substitution. The ﬂavor of tempeh gembus
was less preferred because of its bitter taste;
however the addition of spices improved its taste.
In addition, frying also added savory ﬂavor to food
ingredients (Winarno, 2008). Tilapia ﬁsh were
preferred because of its distinctive taste. A certain
study reported that its amino acid aﬀected the taste
of food. Therefore, the adequate concentration of
amino acids signiﬁcantly increased the taste of
food products (Wong et al., 2008).
Aroma is a distinctive smell that was
subjective and difficult to measure because
everyone had diﬀerent sensitivity and preferences
(Van Boekel, 2006). It is one of the determinants
of a food product quality. Winarno (2008) reported
that aroma emerges from water-soluble ﬂavors
and volatile fat (evaporating). All aroma in nugget
treatment were generally acceptable. The results
from statistical test showed a signiﬁcant eﬀect
on nugget aroma (p = 0.016). The highest aroma
score was in nugget treatment of 80% tilapia ﬁsh
substitution while the lowest score was 2.65 in
the treatment of 0% substitution, due to strong
unpleasant smell of tempeh gembus. Aroma was
caused by the role of lipoxygenase enzyme in
soybean seeds. The enzyme reacted with fat and
produced organic compounds calledethyl-phenylketone (Megia et al., 2010).
All textures of nugget treatment were
adequately accepted. Results from statistical test
showed a signiﬁcant eﬀect on nugget texture (p
= 0.006). The highest texture score was found in
nugget treatment of 100% tilapia ﬁsh substitution,

which was 3.15, while the lowest score was in
treatment with 0% tilapia with a score of 2.65.
Heating process aﬀected the texture of nugget,
either during steaming or frying. The steaming
process inhibited the deterioration of ﬁsh quality
(Jacoeb et al., 2013). Textures formed during
cooking process are due to the properties of protein
gelation and Maillard reactions. Proteins form
gels by forming cross-linked polymers through
covalent or non-covalent bonds formed tissues
capable of capturing water (Agustini et al., 2015).
Maillard reactions occurred during frying process
of nugget, and it aﬀected the texture due to crosslinked protein as well as the formation of both
soluble and insoluble high molecular weight
compounds. The formation of protein cross-linking
occurred in the ﬁnal Maillard reaction means that
an increase in duration of steaming caused an
increase in accumulated cross-linking proteins,
thereby aﬀecting texture (Gerrad, 2002).
Color is the first indicator assessed in
acceptance test. Panelists provided the fastest and
easiest response due to the color of food product.
Unattractive Food colors reduced the reception of
panelists irrespective of the fact that nutritional
content was complete (Gerrad, 2002). According
to the results from statistical test, the tilapia
ﬁsh showed no eﬀect (p = 0.055) on the nugget
color. In addition, It was inﬂuenced by certain
characteristics such as bright color of tempeh
gembus and the ﬂesh of white tilapia ﬁsh, which
dominated nuggets color.
The surface of the nugget was brownish due
to frying, thereby resulting in Maillard reaction,
such as non-enzymatic browning reaction between
sugars reduction and groups free of amino acids.
The end product was an active polymerized

Table 4. The Results from the Test’s Analysis for the Acceptability of Tempeh Gembus Nuggets through the
Substitution of Tilapia Fish
Treatment

Taste

Aroma

Category

Mean±SD

N1

2.75±0.64a

N2

2.65±0.49ab

N3

2.85±0.49ab

N4

3.25±0.55c

N5

3.25±0.64ac

p

value1

Mean±SD

p=0.001*

Texture

Color

Category

Mean±SD

Category

Mean±SD

Category

Like

2.65±0.67a

Like

2.65±0.67a

Like

2.85±0.59

Like

Like

3.05±0.39b

Like

2.95±0.39ab

Like

3.15±0.37

Like

Like

2.90±0.55ab

Like

2.95±0.39ab

Like

3.00±0.32

Like

Like

3.15±0.49b

Like

3.10±0.55ab

Like

2.80±0.69

Like

Like

3.05±0.60ab

Like

3.15±0.59b

Like

3.15±0.59

Like

p=0.017*

p=0.006*

Description: Numbers followed by diﬀerent superscript letters (a, b, c) show a signiﬁcant diﬀerence

1Friedman

p=0.055
Test
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aldehyde with an amino group producing a brown
compound referred to as melanoidin (Fellow,
2000).
CONCLUSION
Based on analysis of nutritional content and
organoleptic tests, nuggets with - 40%, 80% and
100% of tilapia ﬁsh was found to be recommended
substitution formulation. However, nuggets with
40% and 80% of tilapia ﬁsh was preferred because
it has higher protein digestibility than 100%
substitution treatment. Besides, it also fulﬁlls all
quality requirements of nuggets.
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