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Abstract. “TIS Biscuit” (cowpea tempe seluang fish) is a high protein and cal-
cium snack which is important to prevent stunting. Stunting is a chronic malnu-
trition known as short toddlers. Increasing the stunted toddlers can be prevent
according to adequate protein and calcium intake. This study aims to determine
the levels of essential and nonessential amino acids, calcium, zinc, and phosphorus
contained in TIS biscuits. This type of research is true experimental with a com-
pletely randomized design with two factors, namely cowpea tempeh flour (85%,
75%, 65%, and 55%) and seluang fish flour (15%, 25%, 35%, 45%). This research
includes 3 stages, such as research stage I (organoleptic test of TIS), stage II (test
of analytical hierarchy process), and stage III (comparison between control TIS
(P0) and the selected biscuit). Statistical analysis of the results of organoleptic and
chemical tests using the Independent Sample T-test. The selected biscuit which
has the best organoleptic acceptance is TIS P1 (the proportion of 85% cowpea tem-
peh flour and 15% seluang fish flour). Amino acid, calcium, zinc, and phosphorus
levels of TIS increased at P1. Statistical analysis showed significant differences
between P0 and P1 on the color, smell, texture, flavour and almost all amino acid
levels of TIS. On the other hand, there was no significant difference between P0
and P1 on calcium, zinc, and phosphorus levels. P1 can fulfill 100% of RDA for
the lysine, calcium, and zinc by consuming 4 biscuits or 20 g per day as a snack.
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1 Introduction

Stunting means short or very short. Stunting is a toddler with chronic malnutrition. It is
said to be short if the z-score value is less than -2SD and very short if the z-score value
is less than -3SD based on length or height according to the age of the toddler [31].
Stunting increases the risk of illness, death, and the occurrence of motoric and mental
growth disorders (Mitra, 2015). The prevalence of stunting among children is relatively
high in South Kalimantan (33.1%), especially in Banjarbaru City at 39.73% [32].

Stunting is caused by inadequate intake of energy and nutrients as well as infectious
diseases. Adequate and quality protein can support ideal bone growth and formation [53].
Foods containing protein are high quality depending on the composition and amount of
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essential amino acids [30]. Biscuits are a type of food that is practical, nutritious, has a
variety of flavors, can be enjoyed at any time, and lasts a long time. Tempe as a local food
source is high in protein from nuts, one of which is cowpea [24]. Cowpea is rich in amino
acids, high quality, abundant supply, low price, and easy to obtain [1]. Cowpeas help
relieve inflammation in the intestines which reduces the pain of stunting [14]. Cowpea
tempeh has a preferred taste, protein digestibility, palatability, higher vitamin B levels
(Fereirra et al., 2019). In addition to the protein content in tempeh, animal-based protein
is also needed, called seluang fish which can improve the protein quality of biscuits
[12]. Seluang fish (Rasbora spp.) are freshwater fish especially from Kalimantan which
contains high protein and high calcium [19, 50]. Shurtleff and Aoyagi (2011) said that
fresh tempeh and fish have a very short shelf life (48 h) and are very easily damaged by
spoilage bacteria, so processing is needed into flour. Tempe flour and fish flour have a
long shelf life. This drying process can increase usability, availability (Dewayani et al.,
2020), add nutritional value, simplify handling, storage, minimize distribution costs, and
easily mix with other ingredients [57].

Various studies have been conducted regarding the processing of tempeh and fish
biscuit which have high protein values to prevent stunting. Research by Kurniadi et al.
(2019) stated that the formulation of 63% MOCAF biscuits, 5% egg tempeh flour, 12%
mung bean flour, and 20% catfish flour was the best for producing the highest sensory
values and total chemical values that met the requirements of SNI 2011 and RDA 2013
[34]. The research of Salman et al. (2019) showed that the protein and fat value of
biscuits can be increased by substituting 15% catfish flour, 15% soybean flour, and 70%
wheat flour so that it includes functional biscuits as an alternative to preventing diabetes
in toddlers [52]. This study was to evaluate the levels of essential and non-essential
amino acids contained in seluang fish cowpea tempeh biscuits (TIS) as an alternative
to preventing stunting. The results of this study are expected to add references to the
formulation of local products made from cowpea and seluang fish to increase efforts to
prevent stunting.

2 Materials and Methods

This research has been approved by the Research Ethics Commission of the University
of Sari Mulia Banjarmasin. This type of research is experimental. The design of this
research is True Experimental with the form of a Posttest-only Control Group Design.
The study used a completely randomized design (CRD) with 5 (five) treatments and 5
repetitions (replication) obtained from the Federer formula. This study was conducted
with 5 levels of treatment consisting of 1 control group and 4 levels of treatment with the
formulation of cowpea tempeh flour (85%, 75%, 65%, and 55%) and seluang fish meal
(15%, 25%, 35%)., and 45%), so the total sample size is 25 samples. The research mate-
rials were cowpea tempeh, seluang fish, and biscuits. The cowpea and seluang fish used
were obtained from the Banjarbaru Market. Cowpea tempeh was made by researchers
at the Microbiology Laboratory, Department of Nutrition, Health Polytechnic, Ministry
of Health, Banjarmasin. The ingredients for making cowpea tempeh are cowpea and
RAPRIMA instant yeast obtained from PT. Various Industrial Fermentation (AFI) Ban-
dung. The ingredients for making TIS biscuits are wheat flour, refined sugar, cowpea
tempeh flour, seluang fish flour, instant milk powder, chicken egg yolk, and margarine.
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The tools in the study were divided into 3, namely the tools for making cowpea
tempeh, flour-making tools, and biscuit-making tools. The tools for making cowpea
tempeh include a basin, a steamer pan, a pan, plastic wrap, a toothpick, and a sieve.
Tools for making flour, namely basin, steaming pan, oven, baking sheet, blender, knife,
cutting board, aluminum foil, and a 60 mesh sieve. Biscuit-making tools, namely basin,
mixer, spatula, cake mold, brush, and oven.

The research consisted of 3 stages, namely research phase I, phase II, and phase III.
Phase I research is the organoleptic test of TIS biscuits. Phase I research was conducted
for the first time to obtain organoleptic test results for all treatment TIS biscuits, except
control TIS biscuits. The control TIS biscuit was compared with the most preferred
TIS biscuit based on the Analytical Hierarchy Process (PHA) test. Phase II research is
the Analytical Hierarchy Process (PHA) test. Phase II research aims to obtain the best
treatment based on the organoleptic test results of TIS biscuits in phase I research. Phase
III research aims to compare or analyze the differences between control TIS biscuits and
TIS biscuits with the best treatment.

The process of making cowpea tempeh is done by fermentation. Cowpea tempeh
flour and seluang fish flour are made by drying using a digital oven. TIS biscuits are
made by baking in an oven. The organoleptic test was carried out using theHedonic Scale
Scoring method with the help of a questionnaire conducted on 30 moderately trained
panelists. The analytical hierarchy process (PHA) test was carried out using the Expert
Choice 2000 computer program. The levels of calcium, zinc, and phosphorus were tested
at the Food Testing Laboratory of the Research and Industrial Standardization Institute
(Baristand) Banjarbaru, while the levels of essential and non-essential amino acids were
carried out at Saraswanti Indo Genetech (GIS) Bogor. Statistical analysis of the results
of organoleptic and chemical tests was carried out with the Independent Sample T-test
using the SPSS program with a significance of 0.05.

3 Result

Research Phase I
The organoleptic evaluation of TIS biscuits showed that the most preferred percentage
of TIS biscuit color acceptance was P1 (76.7%) and the lowest value was P3 (56.7%)
as shown in Table 1. Percentage of acceptance of biscuit smell. The most preferred TIS
is P2 (70%) and the lowest value is P4 (56.7%). The percentage of acceptability of the
most preferred TIS biscuit texture is P1 and P2 each (50%), and the lowest values are
P3 and P4 each (43.3%). The percentage of acceptance of the TIS biscuit taste that was
most preferred was P1 and P2 respectively (53.3%) and the lowest value was P3 (20%).

Research Phase II
The results of the analytical hierarchy process test (Table 2) show that the best treatment
assessment for organoleptic parameters, namely TIS P1 biscuits (85% proportion of
cowpea tempeh flour: 15% seluang fish flour).
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Table 1. Percentage of Acceptance of TIS Biscuits in Research Phase I

Parameter Hedonic Scale P1 P2 P3 P4

Colour (%) Poor 0 0 3,3 3,3

Neither good nor poor 13,3 36,7 36,7 26,7

Good 76,7 60 56,7 63,3

Very good 10 3,3 3,3 6,7

Smell (%) Poor 3,3 6,7 3,3 3,3

Neither good nor poor 13,3 16,7 30 30

Good 66,7 70 60 56,7

Very good 16,7 6,7 6,7 10

Texture (%) Poor 0 0 6,7 3,3

Neither good nor poor 40 40 43,3 46,7

Good 50 50 43,3 43,3

Very good 10 10 6,7 6,7

Taste (%) Poor 6,7 10 16,7 6,7

Neither good nor poor 23,3 23,3 56,7 53,3

Good 53,3 53,3 20 30

Very good 16,7 13,3 6,7 10

Description: P0: 100% wheat flour; P1: 85% TK and 15% TI; P2: 75% TK and 25% TI; P3: 65%
TK and 35% TI; P4: 55% TK and 45% TI; TK: cowpea tempeh flour; TI: seluang fish flour.

Table 2. The Best Treatment Decision Value in Research Phase II

TIS Biscuit Treatment Decision Value

P1 0,361

P2 0,285

P3 0,170

P4 0,184

Description: P0: 100% wheat flour; P1: 85% TK and 15% TI; P2: 75% TK and 25% TI; P3: 65%
TK and 35% TI; P4: 55% TK and 45% TI; TK: cowpea tempeh flour; TI: seluang fish flour.

Research Phase III
The results showed that the percentage comparison of the color acceptability of TIS
biscuits showed different results. TIS biscuit color P0 (60%) was preferred over P1
(26.7%). The color produced by TIS P1 biscuits is almost close to P0 which is golden
yellow (Fig. 1). The results of the Independent Sample T-test statistical test obtained
a probability value of (0.000) < (0.05), then Ho was rejected with the conclusion that
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Table 3. Percentage of Acceptance of TIS Biscuits between Control and Best Treatment TIS
Biscuits

Parameter Hedonic Scale P0 P1

Colour (%) Poor 0 3,3

Neither good nor poor 3,3 63,3

Good 60 26,7

Very good 36,7 6,7

Smell (%) Poor 0 13,3

Neither good nor poor 13,3 33,3

Good 46,7 50

Very good 40 3,3

Texture (%) Poor 0 0

Neither good nor poor 13,3 46,7

Good 66,7 43,3

Very good 20 10

Taste (%) Poor 0 20

Neither good nor poor 6,7 56,7

Good 56,7 20

Very good 36,7 3,3

Description: P0: 100% wheat flour; P1: 85% cowpea tempeh flour and 15% seluang fish flour.

there was a difference between the control TIS biscuit and the best treated TIS biscuit
(P1) on the color acceptability of the TIS biscuit.

The smell of TIS biscuits P1 (50%) was more preferable to P0 (46.7%). The results
of the Independent Sample T-test statistical test obtained a probability value of (0.000)
< (0.05), then Ho was rejected with the conclusion that there was a difference between
the control TIS biscuit and the best treated TIS biscuit (P1) on the acceptability of the
TIS biscuit smell.

The texture of TIS P0 biscuits (66.7%) was more preferred than TIS P1 biscuits
(43.3%). The results of the Independent Sample T-test statistical test obtained a proba-
bility value of (0.010)< (0.05), then Ho was rejected with the conclusion that there was
a difference between the control TIS biscuit and the best treated TIS biscuit (P1) on the
acceptability of the TIS biscuit texture.

The taste of TIS P0 biscuits (56.7%) was preferred over P1 (20%). The results of
the Independent Sample T-test statistical test obtained a probability value of (0.000) <
(0.05), then Ho was rejected with the conclusion that there was a difference between the
control TIS biscuit and the best treatment TIS biscuit (P1) on the acceptability of the
TIS biscuit taste. The percentage of acceptability of color, smell, texture, and taste can
be seen in Table 3.
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Fig. 1. TIS Biscuit Products

Evaluation of essential and non-essential amino acid levels in TIS biscuits P1 was
higher than P0 (Table 4). The highest amino acid content in TIS P1 biscuits was glu-
tamic acid, while the lowest was histidine. The results of the Independent Sample T-test
statistical test obtained a probability value of less than 0.05 in almost all amino acids
of TIS biscuits, except for the amino acid proline. The results of the study concluded
that there were differences between control TIS biscuits and TIS biscuits with the best
treatment (P1) on amino acid levels. Histidine, tyrosine, glycine, lysine, alanine, threo-
nine, proline, isoleucine, valine, phenylalanine, arginine, serine, aspartic acid, leucine,
and glutamic acid biscuit TIS (p< 0.05). But on the other hand, there was no difference
in the proline content of TIS biscuits (p > 0.05).

The average calcium content of TIS biscuits P1 (6.79164 mg/100 g) was higher than
P0 (4.7844 mg/100 g) as shown in Fig. 5.10. The results of the Independent Sample T-
test statistical test obtained a probability value of 0.075> (0.05), then H0 was accepted
with the conclusion that there was no difference between the control TIS biscuits and
the best treated TIS biscuits (P1) on calcium levels in TIS biscuits.

The average zinc content of TIS biscuits P1 (4.10614 mg/100 g) was higher than
P0 (3.84344 mg/100 g). The average zinc content can be seen in Fig. 5.11. The results
of the Independent Sample T-test statistical test obtained a probability value of 0.433>
(0.05), then H0 was accepted with the conclusion that there was no difference between
the control TIS biscuits and the best treated TIS biscuits (P1) on the zinc content of the
TIS biscuits.

The average phosphorus content of TIS biscuits P1 (0.1274%) was higher than
P0 (0.1076%). The results of the Independent Sample T-test statistical test obtained
a probability value of 0.559 > (0.05), then H0 was accepted with the conclusion that
there was no difference between the control TIS biscuits and the best treated TIS biscuits
(P1) on phosphorus levels of TIS biscuits.

TISbiscuits exhibit varying levels of amino acids, calcium, zinc, andphosphorus. The
percentage of nutritional content fulfillment is calculated using the RDA. The percentage
of RDA for several nutrients contained in 100 g of TIS biscuits can be seen in Table 5.
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Table 4. Average Amino Acid and Mineral Levels between Control and Best Treatment TIS
Biscuits

Amino Acid P0 P1

Histidine* 290,2683 514,3458a

Tyrosine 391,494 538,0082b

Glysine 423,4597 747,2616c

Lysine* 350,8333 805,9984d

Alanine 398,0048 817,0428e

Threonine* 483,313 841,9462f

Proline 962,698 964,3008g

Isoleucine* 482,8832 972,2898h

Valine* 605,8649 1020,8126i

Phenylalanine* 619,6149 1043,8968j

Arginine 552,2183 1078,0462k

Serine 753,2876 1143,364l

Aspartic Acid 593,8041 1570,084m

Leucine* 874,4024 1541,236n

Glutamic Acid 2471,7206 3018,096o

Mikro Mineral

Calcium 4,7844 6,79164

Zinc 3,84344 4,10614

Phosphor (%) 0,1076 0,1274

Description: * indicates essential amino acids. Lowercase letters in numbers indicate the order of
the smallest to largest amino acid levels (a–o). P0: 100% wheat flour; P1: 85% cowpea tempeh
flour and 15% seluang fish flour; The levels of amino acids, calcium, and zinc are displayed in
units of mg/100 g.

4 Discussion

Research Phase I

Color
Themost preferred color of TIS biscuits, which is light brown, is seen in TIS P1 biscuits.
The light brown color of TIS P1 biscuits correlated with the results of the acceptability
test, which showed a slightly sour taste because fermentation lowered the pH of the
processed product. This is following the research of Andrestian, et al. (2010) which
states that browning can be inhibited by the presence of acid formed from fermentation,
resulting in a decrease in pH. In addition, the proportion of seluang fish flour that is
small or large is thought to affect the natural dark brown color of TIS biscuits. The same
thing was studied by Putri, et al. (2020) that the substitution of fish flour causes the
color of the cookies to brown. Cookie formulations with the addition of 15% and 20%
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Table 5. Percentage of Nutrient Adequacy Rate (RDA) of Several Nutrients Contained in 100 g
TIS Biscuits

Age Group Nutrients RDA* %RDA TIS Biscuit **

P0 P1

0 - 59 months Lysine 75 mg*** 467 1074

Calcium 530 mg 0,90 1,28

Zinc 3,025 mg 127 135

Phosphor 333,75 mg 0,032 0,038

Note: * Source of 2019 RDA. ** % RDA = (nutritional content of biscuits × 100)/RDA of
nutrients.
***Source Awobusuyi, et al. (2020).

seluang-banana flour showed a more brownish color of the cookies [50]. The brownish
color of the biscuits is caused by the Maillard reaction during the baking process. This
process causes amino acids to react with reducing sugars. TIS biscuits contain more
amino acids than seluang fish flour. Therefore, the resulting brownish color is thought to
be due to the substitution of seluang fish flour. This is following research that fish flour
has a lower degree of whiteness than wheat flour, meaning that the more addition of
fish flour the darker the color of the biscuits produced [38]. In addition, the same results
show that the higher the substitution of fish flour, the resulting color tends to be darker
[29]. TIS P3 biscuits are the least preferred because a certain proportion causes TIS P3
biscuits to be less preferred (56.7%). This is because the proportion of seluang fish flour
in TIS P3 biscuits (35%) exceeds the color preference limit based on organoleptic tests.
This is supported by Sari, et al. (2014) which shows that the preferred color of fish flour
substitution biscuits is (10%–20%). This is thought to affect panelists’ acceptance of
color because certain proportions have been shown to reduce color acceptability. The
higher the fish flour substitution, the lower the color characteristics of the processed
product [41]. The color of seluang fish flour shows light brown to dark brown, while
the color of good quality fish flour is light brown. The color of a good fish flour is light
brown with a clean and bright appearance [6, 8]. The color percentage of TIS P1 biscuits
was the most preferred (76.7%) with the proportion of 85% cowpea tempeh flour and
15% fish flour because it had a color that matched the criteria, namely light brown.

Smell
The percentage of acceptance of the favorite smell of TIS biscuits in all treatments ranged
from (56.7%–70%).This happens because tempehflour has a special characteristic smell,
so the use of tempeh flour that is a lot or a little affects the smell produced. In addition,
biscuits are processed with biscuit-making ingredients, such as margarine. The use of
margarine and room butter in making cookies will make the cookies smell good [53].
The smell of TIS biscuits is also influenced by the tempeh flour used. This is because the
proportion of cowpea tempehflour (55%–85%) dominates and has a distinctive and sharp
smell. The sharp and distinctive smell of tempeh flour is the result of the smell of mold
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mycelium mixed with the smell of free amino acids and the result of fat decomposition
from the fermentation process [33].

The smell of TIS P2 biscuits was rated as the most preferred (70%). This is because
the unpleasant smell of tempeh is covered by the smell of seluang fish. The unpleas-
ant smell of tempeh flour is caused by the activity of the lipoxygenase enzyme which
can hydrolyze polyunsaturated fatty acids and produce volatile compounds that cause
unpleasant smells, namely ethyl phenyl ketone [35]. This research is in line with that
conducted by Permatasari and Rahayuni (2013) that tempeh processed products with
25% fish substitution produce unpleasant smells that do not dominate. This was due to
a decrease in the unpleasant smell of the peanuts with a mixture of fish which masked
the unpleasant smell of the tempeh. The proportion of fish flour (25%) did not affect
the smell of TIS biscuits. The results of the study and the opinions of other researchers
showed that the smell of TIS P2 biscuits could be influenced by the proportion of cowpea
tempeh flour that covered the fish smell so that the smell that emerged was unpleasant
from the dominance of the formulated tempeh. This smell is acceptable because it does
not cause a foul odor or unpleasant odor caused by certain components, such as ammonia
contained in fish. A large proportion of tempeh flour with smaller fish flour combine
to produce an acceptable smell (t does not show fishy). These results indicate that the
proportion (75%) of cowpea tempeh flour and (25%) seluang fish flour can be the limit
of the proportion that produces the panelists’ favorite smell. The proportion of seluang
fish flour that exceeds this limit (25%) can indicate a decrease in smell acceptance.

TIS P4 biscuit has the lowest level (56.7%) of preference for the smell. The smell of
TIS P4 biscuits was considered the most fish smell compared to other treatments. The
fishy smell of fish is caused by the compound TMA (trimethylamine) which gives fish
its fishy characteristics. The formation of TMA occurs through several stages, first the
oxidation of choline by bacteria that cut the trimethylammonium group from choline to
form trimethylamine-oxide [25]. This is following the research of Siswanti, et al. (2017)
which states that processed fish products have a more fishy or fishy smell compared
to other samples. This is supported by Pratiwi (2013) which states that more use of
fish flour makes the smell of fish in processed fish more pronounced. The higher the
concentration of fish flour added to the biscuit formulation, the smaller the preference
value for the smell. This is due to the strong smell of fish that affects the preferences of
panelists who are not used to it so that the smell is considered low by the panelists. This
is following the research of Vital, et al. (2018) that processed products are also new in
value and have never been in the olfactory memory. The smell is assessed automatically
by sensors that will elicit a response to identifying the smell of food in the subconscious
when the panelists imagine the smell of food. When the panelists taste something, a
smell sensor will appear which is similar to what they have felt before. The results show
that the addition of food ingredients can affect the smell of biscuits [23].

The results of the study and several other researchers showed that the smell of TIS P4
biscuits was influenced by a volatile component in seluang fish, called trimethylamine
which caused a fishy smell in TIS biscuits. In addition, the high proportion of seluang
fish flour causes the fishy smell in TIS P4 biscuits to be more pronounced. This smell
is considered new and affects the panelists’ preference for the smell of TIS P4 biscuits,
resulting in a decrease in the acceptability of smells in TIS P4 biscuits.



“TIS Biscuit” with High Content of Amino Acid 921

Texture
The four biscuit samples (P1, P2, P3, and P4) had almost the same texture organolepti-
cally, which had a low level of hardness. This is due to the protein contained in substitute
flour and low starch content. The substitution of cowpea tempeh flour and seluang fish
flour causes no gluten content in the dough, so the dough is crumbly or has a low level
of hardness. TIS biscuit hardness level can be influenced by biscuit formulation, protein
content in flour, and starch content in flour. Cowpea tempeh flour and seluang fish flour
do not contain gluten. The gluten content that is not present in fish causes the biscuit
texture to soften [27]. The absence of gluten content causes biscuits to crumble eas-
ily because gluten plays a role in giving strength to the dough [45]. This is supported
by Doporto, et al. (2017) that the firm texture is caused by the interaction of protein
and starch by hydrogen bonding during dough development and baking. The texture of
gluten-free biscuits is caused by gelatinization of starch and sugar at low temperatures
and the development of a protein-starch structure is slower to occur (Doporto, et al.,
2017).

Differences in the level of hardness and crunchiness are closely related to differences
in the composition of the basic ingredients, especially the composition of amylose and
amylopectin [10]. Starch is another component of flour that can affect the texture of
biscuits. The starch content (amylose and amylopectin) of cowpea tempeh flour and
seluang fish flour is much lower than wheat flour [37]. Low amylose content in the
ingredients will be able to reduce the crispness of the resulting biscuits because the
amylose in the ingredients will form hydrogen bonds with water in fewer quantities
[10]. Therefore, during the oven process, the water will settle and leave a full space in
the ingredients and make the biscuits crumble [10]. This study is following the research
of Puspitasari, et al. (2017) which showed that gluten-free cookies produced a crunchy
cookie that broke easily with a soft texture. The texture and crunch of the cookies
are directly proportional because if the texture of the cookies produced is hard, then
the crunchiness produced will be difficult to break [49]. Agustina’s research, et al.,
(2017) showed that the variation of 15%, 20%, and 25% with a less crunchy texture
was influenced by the addition of flour associated with the higher protein content in
the flour formula used. Proteins without gluten will interact more strongly with swollen
starch granules. The crunchiness of TIS biscuits is influenced by starch. The low starch
value in TIS biscuits affected the biscuit structure to be not sturdy and the lower starch
in each treatment resulted in biscuits that had poor crispness. This is possible because
of the interaction of amylose and amylopectin components which play a role in the
compactness of the biscuit texture [66].

The results of this study and other researchers showed that the texture of TIS biscuits
had acceptable texture acceptability with a crumb texture characteristic (low hardness).
This is due to the interaction of starch and protein components affecting the compactness
of TIS biscuits. TIS biscuits have low starch and no gluten, which affects the texture of
TIS biscuits to become crumbly.

Taste
The panelists’ preference for the taste of TIS biscuits was the highest with the percentage
(53.3%) found in TIS P1 and P2 biscuits. The panelists’ preference for the taste of the
lowest TIS biscuit with a percentage (20%) was found in the TIS P3 biscuit. An increase
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in panelists’ preference for the taste of TIS biscuits occurred in TIS P4 biscuits with a
percentage (30%). Panelists mostly liked TIS biscuits with the proportions of cowpea
tempeh flour (75%–85%) and seluang fish flour (15%–25%) which produced a slightly
sour taste in TIS biscuits. The greater the cowpea tempeh flour added to the TIS biscuits
caused a slightly sour taste that covered the bitter taste caused by ammonia so that the
taste of TIS P1 and P2 biscuits was slightly sour. The addition of a lot of seluang fish
flour can cause a bitter taste caused by ammonia. Ammonia is abundant in fish, about
95% of ammonia is in the form of NH4+ in fish bodies [39]. Ammonia has an unpleasant
taste so that the addition of large fish flour causes a bitter taste in TIS biscuits [44].

The slightly sour taste of TIS P1 biscuits could be caused by the high proportion
of cowpea tempeh flour. A large amount of cowpea tempeh flour in P1 and P2 led
the panelists to the typical taste of tempeh, which is sour due to fermentation. This is
supported by the research of Sharma, et al., (2020) that cowpea tempeh causes a sour
taste because during fermentation natural growth of Lactobacillus bacteria occurs at
reasonable limits to produce lactic acid, so the pH of tempeh drops to between 4 to 5
[56]. Sulistiani and Hidayat (2020) reported that the production of tempeh produced
109 cfu/g lactic acid bacteria during fermentation. These lactic acid bacteria have a role
in the acidification process of beans during soaking [60]. The use of high cowpea tempeh
flour in TIS P1 and P2 biscuits caused a sour taste which was favored by most panelists
so that TIS P1 and P2 biscuits were well received by the panelists.

The percentage of TIS biscuit taste acceptance indicates that TIS P3 biscuits are
the least preferred because of their bitter taste. The bitter taste can be caused by the
high proportion of seluang fish flour (35%). In addition, the formulation between 65%
cowpea tempeh flour compared to 35% seluang fish flour was proven to produce a less
favorable taste, so that theTISP3 biscuit taste acceptance score had the lowest percentage
(20%). Fitria’s research, et al. (2018) showed that snakehead fish can improve the taste
of processed products. The research differs from these results due to the use of the
whole body of seluang fish down to the bone which can give a bitter taste after being
swallowed. Fish has a certain taste depending on the active component of the taste in
the fish and the variety of fish body parts used. Active components such as free amino
acids, nucleotides and related compounds, organic acids, and inorganic ions present in
the muscles and liver of fish produce a different taste, which is sweeter in muscle and
bitter in the liver [55]. Processing of processed fish products with the whole body of the
fish as in the TIS biscuit research produces a bitter taste. Some of the active components
that can cause a bitter taste in TIS P3 biscuits are the amino acid arginine, peptides such
as alanine-proline, glycine-phenylalanine, glycine-tyrosine, glutamate-phenylalanine,
tyrosine-proline, phenylalanine-proline [55]. Glutamic acid is abundant in TIS biscuits
which organoleptically produces a savory taste, but in processing TIS biscuits glutamic
acid can combine with the amino acid phenylalanine, causing a bitter taste in TIS P3
biscuits. The bitter taste due to the amino acid phenylalanine combined with tyrosine
should be able to increase the savory or umami taste below the concentration threshold
in the presence of salt and free amino acids [55]. The cause of the bitter taste in TIS P3
biscuits is that the amino acid components combine and are at concentrations exceeding
the threshold, causing a bitter taste that is less favorable.
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The results of this study prove that a certain proportion of TIS biscuits increases
the preferred taste. The increase in the acceptability of the TIS biscuit taste occurred
at P4 which was influenced by the highest proportion of seluang fish flour. The taste
of TIS P4 biscuit is savory with a fish flour component that dominates. The dominance
of this proportion of seluang fish flour gives rise to a savory taste so that it becomes
a driver of liking for TIS P4 biscuits according to research [13]. This is supported by
Siswanti, et al., (2017) that the added seluang fish flour causes a savory taste that comes
from protein nutrients which are hydrolyzed into glutamic acid, giving rise to an umami
taste [59]. This study shows that there is a certain treatment, called the TIS P4 biscuit
which has a savory taste so that certain panelists like it. The evaluation carried out by
Bundle, et al. (2010) that taste is related to subjective assessment of age, adult panelists
tend to prefer the taste to this treatment. The results showed that TIS P1 biscuits were
considered to have the most favorable taste, but in fact, there was an increase in taste
in TIS P4 biscuits, so that they could be further developed, especially for certain age
groups (adults) [16].

Phase II Research
The results showed that TIS P1 biscuits were the main priority in selecting the best
treatment based on the criteria of color, taste, smell, and texture with the highest weight
value, namely 0.36 or 36%. The analytical hierarchy process test results in the best
treatmentwith a hierarchical structure anduses various considerations to developweights
or priorities. The advantage of this method is that it combines the power of the sense of
taste and logic from the results of the organoleptic test of the panelists, then synthesizes
the judgments of color, taste, smell, and texture assessment into results that are following
estimates intuitively presented on the considerations that have been made (Syah, 2014).

Phase III Research

Color
The light brown color of TIS P1 biscuits was caused by seluang fish flour. The proportion
of seluang fish flour with a proportion of 15% is thought to affect the natural brown
color of TIS P1 biscuits. The Indonesian National Standard indicates that the color of
the biscuits produced must be normal. International standards indicate that fortifications
must not cause unacceptable sensory problems (e.g. color, taste, smell, or texture) at
the level of fortification intended, e.g. change to unpleasant, unpleasant, or unattractive
[67]. The brown color of processed products with fortification such as fresh meat and
fish undergoes a natural color change with a color assessment that does not deviate.
Therefore, the light brown color can still be tolerated at the proportion of 15% fish flour.
TIS P1 biscuits produced a dark color in all treatments and were significantly different
from P0 which was influenced by the color of seluang fish flour. This is supported by
Bukya, et al. (2013) which shows that chicken meat substitution biscuits produce darker
colors influenced by chicken meat.

The results of the research and the opinions of several researchers above can be
concluded that the light browncolor is preferredbecause of the proportionof 85%cowpea
tempeh flour and 15% seluang fish flour in TIS P1 biscuits produces an acceptable color.
TIS P1 Biscuits contain several nutrients that are important for preventing stunting. The
recommended consumption of TIS P1 biscuits is 4 biscuits or 20 g per day as a snack.
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TIS P1 biscuits can meet 100% of the RDA (Nutritional Adequacy Ratio) for children’s
amino acids lysine, calcium, and zinc.

Smell
The smell of the TIS P1 biscuit that appears is the typical smell of cowpea tempeh
fermentation and produces amore preferred smell. Evaluation of the smell of TIS biscuits
P1 is preferable to P0 indicating the fact that the formulation of cowpea tempeh flour
and seluang fish flour positively affects the smell of TIS biscuits. The smell that appears
on the TIS P1 biscuit can come from the fermented cowpea tempeh flour. The volatile
compounds produce a certain smell and contribute to the taste of the processed product.
The smell inTISP1biscuits correlatedwith a slightly sour taste causedby cowpea tempeh
fermentation and differentiated between TIS P1 and P0 biscuits. The high proportion
of cowpea tempeh flour produces a distinctive fermented smell that masks the rancid or
rotten smell due to ammonia in the fish’s body. The smell sensor indicated that the TIS
P1 biscuit did not have the rancid odor that is usually present in soybeans. The scent that
m The appearance of TIS P1 biscuits was slightly sour which came from fermentation
and this smell was acceptable to the panelists and was preferred over P0. The addition
of fish flour can theoretically affect the smell of the biscuits. TIS P1 Biscuits have a
distinctive fermented smell that dominates. This is caused by the evaporation of volatile
compounds which increases during the fermentation process. In addition, the proportion
of seluang fish flour (15%) has been prepared with a lime soaking process, to reduce
the fishy smell. The presence of a new smell in TIS P1 biscuits is a combination of the
right proportion of 85% cowpea tempeh flour and 15% seluang fish flour resulting in a
distinctive fermented smell that is preferred over P0.

Texture
The TIS P1 biscuit has a crumbly texture, is less firm, looks rough, and has a large
particle size. Different textures in TIS P0 biscuits, which are hard and have small particle
sizes. TIS P1 biscuits were less preferred than P0 with different textures due to the
characteristics of the flour, especially the protein and starch content of the substitute
flour. The high level of hardness in the texture of TIS P0 biscuits is caused by the gluten
content which gives hardness to the dough. Different things happened to TIS P1 biscuits
which had a crumb texture due to the absence of gluten and low starch content in cowpea
tempeh flour. The gluten content that is not present in fish is also the cause of changes
in the texture of TIS P1 biscuits compared to P0 [27].

Taste
The taste of TIS P0 biscuits is sweet. The taste of TIS P1 biscuits is slightly sour. Biscuit
taste can be affected by flour substitution. The slightly sour taste of TIS P1 biscuits
could be caused by the high proportion of cowpea tempeh flour. A large amount of
cowpea tempeh flour in P1 accompanied the panelists to the typical taste of tempeh,
which is sour due to fermentation. Tempeh processed products have the characteristics
of tempeh fermentation, causing a sour taste [56]. Another study revealed a distinctive
taste obtained from the use of cowpea as the basic ingredient. A certain proportion when
the sense of taste assesses the taste of processed peanut products, there is a certain taste
[65]. The distinctive taste that appears in cowpeas is caused by the autoxidation of the
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fatty acids present in the nuts, resulting in several volatile compounds that give rise to a
certain taste [65].

TIS biscuits do not show a bad taste, but there is a slightly sour and slightly savory
taste that comes from monosodium glutamate. Typical sour taste sensation comes from
sour organic taste, salty taste comes from sodium chloride, umami taste comes from
monosodium glutamate, and sweet taste comes from sucrose solution [42]. The taste
of TIS biscuits was assessed according to the results of chemical analysis, especially
amino acids. The slightly savory taste in TIS P1 biscuits corresponds to the high content
of glutamic acid and aspartic acid, thus giving a savory taste to TIS P1 biscuits. The
bitter taste was considered not to appear in TIS P1 biscuits due to the sour taste and the
dominant fermentation smell with the active components.

The taste that appears on the TIS P1 biscuit is influenced by the combination of
the concentration of cowpea tempeh flour and seluang fish flour which results in taste
acceptance and a slightly sour, slightly savory, and slightly sweet taste. The concentration
or proportion of flour in TIS P1 biscuits resulted in an acceptable and tolerable taste.
The taste in TIS P1 biscuits is indeed new when compared to P0, but the slightly sour
taste is still acceptable and has other advantages, which are high in amino acids. The
less sweet taste in TIS P1 biscuits can be added with other ingredients so that it is close
to P0 which has a sweet taste.

Amino Acid Level
TIS P1 biscuits had a higher amino acid content due to the substitution of cowpea
tempeh flour and seluang fish flour. TIS P1 biscuits contain high protein and amino
acids as shown in Table 5. Some of the amino acids in TIS P1 biscuits contained certain
low levels, namely the essential amino acid histidine and the highest, namely the non-
essential amino acid glutamic acid. In addition to varying amino acid levels due to
the high protein content of cowpea and seluang fish, cowpea’s fermentation process
produces cowpea tempeh with increasing amino acids. Tempeh fermentation causes an
increase in free amino acids, which is associated with proteolysis caused by microbial
enzymes in yeast and lactic acid bacteria (LAB) [18]. High-quality protein foods must
have essential amino acids in a ratio proportional to human needs [43]. This is confirmed
by comparing the amino acid content with the Amino Acid Adequacy Rate according
to the FAO (Food and Agriculture Organization) for the age group (children 1–2 years)
(Table 5). Overall, the results showed that TIS biscuits were a source of essential and
non-essential amino acids and that fermentation significantly increased their nutritional
value. The fermentation process is related to enzymes that hydrolyze proteins, thereby
increasing some of the functional properties of TIS biscuits. Materials sourced from
cowpea tempeh flour and seluang fish flour can be used for high protein food applications
[17].

Calcium Level
The average calcium content of TIS biscuits did not differ significantly (p > 0.05)
due to several baking processes that could remove calcium from TIS P1 biscuits. This
is supported by Dwi and Maria (2017) who state that the calcium content decreases
after the cooking process at temperatures above 100 °C. This research uses a biscuit
baking temperature of 130 °C which exceeds the maximum limit of calcium breakdown
temperature (100 °C). However, it is not known what percentage of calcium is lost due
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to the roasting process. This is because the researchers did not analyze calcium levels in
cowpea tempeh flour and seluang fish flour and there is no information related to this in
several references.

The average calcium content in TIS P1 biscuits was higher than P0. This is due to
the use of all parts of seluang fish and tempeh. Seluang fish and cowpea contain 642 mg
and 481 mg of calcium per 100 g, which are higher than 22 mg of wheat flour [20].
The results of the calcium level test in TIS P1 biscuits showed an increase due to the
substitution of cowpea tempeh flour and seluang fish flour. The addition of fish flour
(especially with the bones) can increase the calcium value of food products (biscuits)
(Maheasy, 2013). The seluang fish flour formulated in TIS biscuits utilizes all parts of
the fish, so that seluang fish flour can provide high levels of calcium.

Zinc Level
The average zinc content between TIS P0 and P1 biscuits was not significantly different
(p > 0.05) or almost the same as the difference (2.627 mg/kg). The zinc content which
was almost the same in TIS P1 and P0 biscuits was caused by the use of wheat flour in
TIS P0 biscuits to increase zinc levels. Wheat flour is reported to contain high zinc at
30 ppm [11]. The high zinc content in TIS P1 biscuits was influenced by the substitution
of cowpea tempeh flour. This is supported by Rahmi, et al. (2018) that tempehh contains
minerals, namely zinc which remains high even though it has gone through the cooking
process. The zinc content of the tempeh studied was relatively high, it was reported
that the zinc content of raw and cooked tempeh did not differ much so that in the
production of biscuits using the tempeh, the product automatically contained high zinc.
This is following the research of Astuti, et al. (2014) which stated that there was no
significant difference in zinc levels of raw and cooked tempeh. This is evidenced by
the zinc content of raw and cooked tempeh (0.728 mg/100 g) and (0.542 mg/100 g)
respectively [9]. Cowpea tempeh can be used as a source of high zinc material with
increased bioavailability from (73%) to (84.5%) due to the fermentation process [64].

The formulation of TIS biscuits can affect the zinc content of TIS biscuits, although
TIS P1 biscuits contain almost the same zinc as P0. The proportion of seluang fish
flour in TIS P1 biscuits contributed to the zinc content. This is following the research of
Pratiwi, et al. (2018) which states that the addition of fish flour increases the zinc content
of biscuits because seluang fish contains 3.6 mg of zinc [20]. The substituted seluang
fish flour adds a lot of zinc content to the biscuits even though seluang fish has been
processed. This is because themineral (zinc) is resistant to processing and during storage
[9]. The increase in zinc content in TIS P1 biscuits occurred due to the substitution of
cowpea tempeh flour and seluang fish flour which contained zinc in a resistant state
during the processing, but high zinc content could also be obtained from wheat flour.

Phosphorus Level
The average phosphorus content of TIS biscuits did not differ significantly (p > 0.05)
due to the baking process which removed phosphorus at P1. This is supported by Dwi
and Maria (2017) who state that the cooking process exceeding 100 °C can reduce
phosphorus levels significantly. This study uses a biscuit baking temperature of 130 °C
which exceeds the maximum limit of the phosphorus breakdown temperature (100 °C).
However, it is not known what percentage of phosphorus is lost due to the roasting
process. This is because the researchers did not analyze phosphorus levels in cowpea
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tempeh flour and seluang fish flour and there is no information related to this in several
references. The average phosphorus content in TIS P1 biscuits was higher than P0. This
is caused by the substitution of seluang fish meal. The results of the study are almost
the same as the research conducted by Agustini, et al. (2011) showed that the addition
of simping flour to cookies resulted in an average phosphorus (0.37–0.53%). Sources of
animal protein that are used to make biscuits usually contain high levels of phosphorus
and this has been proven in this study.

The seluang fish used in the production of TIS biscuits is prepared whole with bones
that are high in calcium. This can produce processed products that have balanced calcium
and phosphorus compounds [61]. The phosphorus content of cowpea and seluang fish
are 399 mg and 646 mg, respectively [20]. In addition, phosphorus content found in
other food sources has been identified in TIS biscuits. Biscuit-making ingredients such as
wheat flour and chicken eggs also contain 150mgand258mgof phosphorus, respectively
[20]. Phosphorus is found in almost all types of food, especially in redmeat, fish, poultry,
andwheat. Although other ingredients were also identified as containing phosphorus, the
main source of phosphorus was food with high protein content, such as seluang fish and
cowpea tempeh in TIS biscuits. Foods that are high in protein and calcium are usually
also high in phosphorus [2]. Phosphorus is the secondmost abundant mineral component
in the body after calcium, which is 1% of body weight. The role of phosphorus with
calcium is to form the structure of bones and teeth [7]. The proportions of cowpea tempeh
flour and seluang fish flour in TIS P1 biscuits resulted in products with higher calcium
and phosphorus content than P0.

Percentage of Nutritional Adequacy Rate (RDA) in TIS Biscuits
Nutrients are needed by toddlers to prevent disease, support growth and development,
and improve academic abilities. Snacks should be given to meet 10% of the child’s daily
needs for protein, energy, and someminerals and vitamins. In addition, it is also necessary
to fulfill the nutritional requirements of the main food intake in a larger proportion and
must be balanced according to balanced nutrition guidelines.

Thepercentageof nutritional adequacy rate (%RDA)given from100gofTISbiscuits
produced for children is shown in Table 5. It can be seen that all the%RDAvalues for the
amino acids lysine, calcium, zinc, and phosphorus were higher in TIS P1 biscuits than
in TIS P1 biscuits with TIS P0 biscuits. Some are high in certain nutrients that produce
1 to more than 100% of the RDA, namely in the amino acid lysine (1074%), calcium
(1.28%), and zinc (135.74%) per 100 g of TIS P1 biscuits with the Codex Alimentarius.

Fulfillment of amino acids lysine, calcium, zinc, and phosphorus per day can be done
by consuming TIS P1 biscuits as many as 4 pieces of biscuits or 20 g as a snack that
meets 100% of the RDA for the amino acids lysine, calcium, and zinc per day.

5 Conclusion

The selected treatment which had the best organoleptic acceptance was TIS P1 biscuit
(the proportion of cowpea tempeh flour was 85% and seluang fish flour 15%). Percentage
of acceptability of TIS P1 biscuit color (26.7%), taste (20%), smell (50%), and texture
(43.3%). TIS P1 biscuits had significant differences in color, taste, smell (p= 0.00), and
texture (p = 0.01). The selected TIS biscuits were P1 containing amino acids glutamic
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acid (30180.96 mg/kg), leucine (15412.36 mg/kg), aspartic acid (15700.84 mg/kg), ser-
ine (11433.64 mg/kg), arginine (10780.462 mg/kg), phenylalanine (10438.968 mg/kg),
valine (10208.126 mg/kg), isoleucine (9722.898 mg/kg), threonine (8419.462 mg/kg),
alanine (8170.428mg/kg), lysine (8059.984mg/kg), glycine (7472.616mg/kg), tyrosine
(5380.082 mg/kg), and histidine (5143.458 mg/kg) which were significantly different
(p < 0.05), except for the amino acid proline (p = 0.940). TIS P1 biscuits contain an
average of calcium (67.91 mg/kg), zinc (41.06 mg/kg), and phosphorus (0.12%). TIS
P1 biscuits were not significantly different to calcium (p = 0.068), zinc (p = 0.760),
and phosphorus (p = 0.511). TIS P1 biscuits can be given as much as 4 biscuits or 20 g
per day as a snack to meet 10% of the amino acid needs of lysine, calcium and zinc in
children.
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