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Abstract

Kekian is made by mixing minced fish meat with seasoning, fillers and binders; then shaped
and wrapped with tofu skin. Kekian has a low dietary fiber, so the addition of seaweed puree is expected
to increase the dietary fiber in kekian. The purpose of this study was to determine the effect of
the addition of different seaweed puree concentrations (Eucheuma cottonii) to the characteristics of
manyung (Arius thalassinus) kekian and determine the optimum concentration to deliver the best
characteristics. The experiment was conducted in the laboratories with one factor in completely
randomized design. The concentrations of the seaweed purees were as follow: 0%, 20%, 30% and
40% with three replications. The sensory data were analyzed using the Kruskal-Wallis test, while
the dietary fiber, moisture, protein, Water Holding Capacity (WHC) and gel strength were analyzed
using ANOVA. The results showed that the different seaweed puree concentrations significantly
affected the sensory and physicochemical characteristics of kekian. The higher the concentration of
E. cottonii in the kekian, the panelist acceptance, protein content and gel strength were lower. However,
with higher concentration of seaweed puree, the dietary fiber, moisture content and WHC increased.
The addition of 20% E. cottonii in the kekian yield in an acceptable product and high dietary fiber
of 6.03%.
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especially Eucheuma sp., has been developed

INTRODUCTION to meet industry needs (Priono, 2016). Utilization

Seaweed is a macroalgae which is widely used
in food, cosmetics and pharmaceutical industries.
Seaweed has been used as a raw material in bread,
confectionery, drinks, snack, soup, condiments,
noodles and pasta. In cosmetics, it has been
applied as beauty enhancer on skincare products
such as moisturizer, anti-aging cream and body
scrub. Meanwhile, in pharmaceutical, it is useful
as a nutritional supplement (Bouga and Combet,
2015; Pati et al., 2016; Pereira, 2018). Seaweed,
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of seaweed is associated with its nutrient content
that is rich in carbohydrates, proteins, fats and
bioactive components (Nabti et al., 2016). Its
nutrition content has also been used in agriculture
and horticulture to increase crop productivity
(Battacharyya et al., 2015; Hern&ndez-Herrera
etal., 2018).

Eucheuma sp. significantly contributes to
the production of wet seaweed in Indonesia
which reached 11.6 million tons. Indonesia is
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one of the significant producers of seaweed
and contributes nearly 40% of total world
seaweed production (around 30 million tons)
(Wibowo, 2019). Eucheuma cottonii contains
fiber which plays an essential role in human
health. Dietary fiber is a food component that
cannot be hydrolyzed by digestive enzymes
and it is useful in slowing down the digestion
rate of food in the intestine, giving a more
prolonged feeling of fullness and it can delay
the increase of blood glucose (Noviasari et al.,
2017), prevent cardiovascular disease, obesity
and cancer (Das et al., 2020). Seaweed is
a more reliable source of soluble fiber compared
to nuts, fruits and cereals which are generally
only high in insoluble fiber. The content of
water-soluble fibers such as agar, carrageenan
and alginate in E. cottonii seaweed (18.3%) is
higher than insoluble fiber (6.8%); while red
beans contain 1.36 g soluble fiber and 5.77 g
insoluble fiber (Istigomah and Rustanti, 2015).
E. cottonii contains 67.5% fiber, 39.47% water-
insoluble fiber and 26.03% water-soluble fiber
(Satriani et al., 2018).

Although the benefits of dietary fiber are
considerably great, the fiber consumption in
Indonesia is only 10-14 g per day based on data
of Recommended Dietary Allowances (RDA)
(Khoirunisa et al., 2019). This value is lower
than in China, which reaches 19 g per day.
The recommended fiber consumption is 32 g
per day according to RDA and 25 g per day
based on the Food and Drug Administration
(FDA). Therefore, the development of diversified
seaweed-based high fiber food products is
needed to increase dietary fiber intake (Li and
Komarek, 2017; Shanti et al., 2017; Septiana et
al., 2018).

The seaweed addition could increase the
fiber content and improve the physical
characteristic of kekian. The Eucheuma sp.
contains carrageenan, which works as a gelling
agent (Nur Fatin Nazurah and Nur Hanani, 2017;
Fontes-Candia et al., 2020). Some researchers
have used Eucheuma to be developed into noodles
(Halimah et al., 2016), pasta (Firdaus et al., 2017)
and jelly candy (Ismawati et al., 2019). The
application of Eucheuma sp. in fish-based
products, however, is still limited. In this study,
kekian, a fish-based product, was developed
with the addition of Eucheuma sp.

Kekian is originally a Chinese food made from
minced fish meat and mixed with seasoning,

fillers and binders then shaped and wrapped
with tofu skin (Mustafida et al., 2019). It can be
served as steamed or fried and usually used as
a complement to the main dish (Hadibroto, 2011).
Kekian also can be made from chicken, shrimp
or fish. Fish as a raw material which has
many benefits, such as a source of animal
protein, containing omega-3 fatty acids and
fish meat is easily digested. Also, fish meat is
accepted by all religions (Kaiang et al., 2016).
Kekian is a fish jelly product and the texture is
the most critical parameter in determining its
quality (Wibowo et al., 2015). The limitation
of fish as a raw material is its low fiber content.
For example, red tuna meatball has 0.5%
of dietary fiber per serving (Hermalena and
Salihat, 2018), while fish roll contains 2.05 g
100 g fiber (Kolade, 2015).

The addition of seaweed puree is expected
to increase the gel strength and the dietary
fiber. The addition of seaweed puree in low
concentration produces a somewhat chewy
texture, while the addition in high concentration
produces a chewy texture due to excess water.
An increase in the concentration of seaweed
puree is followed by increase in fiber content.
It shows the effect of seaweed substitution on
fiber content (Handayani and Aminah, 2011).
Therefore, in this study, we attempted to develop
a high fiber-based manyung fish kekian. The
purpose of this study was to determine the effect
of the addition of seaweed puree and determine
the best seaweed puree formula.

MATERIALS AND METHOD

Materials

Raw materials used in this study were
manyung fish (Arius thalassinus) from Pati,
Central Java, Indonesia, which average weight
of 2 kg and a length of 45-50 cm. The manyung
fishes were then filleted (removal of skin
and bones). E. cottonii was obtained from
Karimunjawa, Central Java, Indonesia in dry
condition and the other materials were obtained
from the local market in Semarang, Central Java,
Indonesia. The equipment used in for the
production were meat grinder, digital scales,
steaming pot, tray and cutting board.

Seaweed puree

The procedure for E. cottonii seaweed puree
referred to Princestasari and Amalia (2015) and
Febriana et al. (2017) with some modifications.
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First step was to wash the dried seaweed
thoroughly and then soaked them in freshwater
measured ten times the weight of the seaweed.
The seaweed were soaked in a container for
1-2 days. Seaweed that has been soaked then cut
and ground using a grinder for £ 3 minutes to form
seaweed puree.

Kekian

The making of kekian in this study referred
to the Wibowo et al. (2015) with modifications.
All of the ingredients: raw materials, additives
and supplementary ingredients were mixed into
a thick mixture. The additional ingredients, the
seaweed purees were added according to the

Table 1. The formula for kekian processing

treatments, namely KO (0%), K20 (20%), K30
(30%) and K40 (40%). The mixed dough was then
wrapped using tofu skin that had been cut square
10 cm in size and shaped like a tube with a length
of £ 10 cm. The kekian then steamed for 15-20
minutes in a steaming pot with a temperature
of 90-100°C. Cooked kekian was characterized by
a distinctive aroma, changing colour to slightly
brown and slightly inflated. The kekian products
were then removed from the steaming pot and
cooled down.

Determination of the initial formula
The formula for the kekian is presented in
Table 1.

Ingredients Treatments
KO (%) K20 (%) K30 (%) K40 (%)
Minced manyung fish 67.00 47.00 37.00 27.00
Seaweed puree 0.00 20.00 30.00 40.00
Tapioca flour 15.20 15.20 15.20 15.20
Sugar 1.40 1.40 1.40 1.40
Salt 1.00 1.00 1.00 1.00
Pepper 0.60 0.60 0.60 0.60
Sesame oil 0.80 0.80 0.80 0.80
Egg 6.00 6.00 6.00 6.00
Onion 2.00 2.00 2.00 2.00
Carrot 2.00 2.00 2.00 2.00
Ice water 4.00 4.00 4.00 4.00
Total 100.00 100.00 100.00 100.00

Note: KO = Kekian with 0% seaweed puree; K20 = Kekian with 20% seaweed puree; K30 = Kekian with 30%
seaweed puree; K40 = Kekian with 40% seaweed puree

Data collection

The kekians were then subjected to sensory
analysis, dietary fiber test, protein content,
moisture content, gel strength and Water Holding
Capacity (WHC). Sixty untrained panelists
analyzed by preference test. The sensory test was
applied to appearance, aroma, taste and texture
parameters. Each parameter was analyzed using
1-9 distinct scales for: 9 (very like), 8 (really like),
7 (like), 6 (rather like), 5 (neutral), 4 (rather
dislike), 3 (dislike), 2 (really dislike) and 1 (very
dislike) (BSN, 2006a).

Chemical analysis including dietary fiber
using Gravimetric Enzymatic method (AOAC,
2000), moisture content (BSN, 2006b), protein
content using the Kjeldahl method (BSN, 2006c),
WHC using Centrifugation method (Zayas, 1997)
and gel strength measure using texture analysis
(BSN, 2009).

Statistical analysis

The study using completely randomized
design with one factor, which is the concentration
of E. cottonii puree with four levels as follows
0%, 20%, 30% and 40% and three replications.
Sensory data then analyzed by the Kruskal-Wallis
test, while data of dietary fiber, moisture content,
protein content, WHC and gel strength were
analyzed using ANOVA. Further tests were
carried out by the Tukey test if there were
significant differences (a < 0.05).

RESULTS AND DISCUSSION

Sensory properties

The result of sensory analysis of kekian
showed in Table 2. Based on the results,
the addition of seaweed puree to kekian,
were significantly affected the characteristics;
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especially in the liking degree of each attribute
such as appearance, aroma and texture; while

Table 2. Sensory properties

for taste parameters the treatments were not
giving significant effects.

Parameter KO0 K20 K30 K40
Appearance 7.63+0.492 7.67+0.61° 7.47+0.518 6.83+0.65°
Aroma 7.63+£0.49° 7.60£0.50? 6.90+0.89° 6.73+0.83°
Taste 7.90£0.61° 7.83+£0.757 7.53£0.517 7.63%0.62°
Texture 7.50+0.82% 7.83+£0.79° 7.37+0.50% 6.83+0.65"

Note: The same letter in the same row showed no significant difference at a = 0.05

The results of sensory test on the appearance
of kekian was ranging from 6.83-7.67. These
results showed that panelists preferred the kekian
of all treatments. The addition of seaweed
puree caused significant differences in the
appearance. The shape of kekian which supposed
to be tubular with the addition of 40% seaweed
puree were changed into irregularly. The colors
of kekian in this study were generally brownish-
white because of the white color of manyung
fish meat. The Maillard reaction also influenced
the color of the kekian products during the
steaming process (Tamanna and Mahmood,
2015).

The aroma in food products came from volatile
molecules that were captured by the sense of
smell, the nose. The aroma characteristic showed
that consumers favored it with an average value
ranging from 6.73-7.63. The K30 treatment was
able to reduce the distinctive aroma to near
neutral. According to Nurjanah et al. (2019),
E. cottonii has a specific aroma of seaweed to near
neutral.

The taste values of the kekian were ranging
between 7.53-7.90. The results showed that
panelists favored the taste of the kekian. However,

used in kekian, which results in a uniform taste.
Flavors came from the herbs and spices used.
Uniformity in the amount of seasoning would
produce similar tastes. Spices in food products
were compounds that responsible for certain
flavors such as piperine (pepper) and diallyl
sulfide (garlic and onion) compounds (Rauf
etal., 2015).

The texture was one of the criteria that can
influence consumers acceptance. Based on the
sensory analysis, the texture of kekian showed
average values between 6.83-7.83. These results
indicated that the level of preference for each
treatment tends to be different. The textures
obtained were varied between soft and chewy, but
it found to be slowly consumed. This texture is
usually found in the high nutritious products
which contain carbohydrate, protein and more
fiber (Maina, 2018). In this study, the texture
of kekians were related to its nutrition contents.
High protein products produced a chewy texture;
on the other hand, the low protein content
produced a softer texture. The higher the addition
of seaweed, the softer the texture.

The physicochemical characteristics of kekian

Lo . The chemical composition results are
the results were not significantly different among X
. presented in Table 3.

treatments due to the same amount of seasoning
Table 3. The chemical characteristic of kekian

No. Parameter KO K20 K30 K40

1. Dietary fiber (%) 3.87+0.31¢ 6.03+0.16° 7.81+0.61° 9.97+0.212

2. Moisture content (%) 66.34+1.57° 69.31+0.942 71.07+£2.002 71.90+0.702

3. Protein (%) 14.45+0.50? 11.49+1.16° 9.30+1.15% 8.27+0.38¢

Note: The same letter at the same row showed no significant difference o = 0.05

Table 3 showed that the dietary fiber content
of the four treatments were 3.87 %; 6.03%;
7.81% and 9.97%; respectively, which was
significantly different. The highest value of
dietary fiber was found on K40, while the lowest

value was on the KO. The values of dietary
fiber content in the kekian increased along with
the addition of seaweed puree. The E. cottonii
seaweed, as carrageenan producer, had a high
fiber content. The content of dietary fiber in
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E. cottonii seaweed reached 67.5%, consisting
39.47% water-insoluble fiber and 26.03% water-
soluble fiber (Hermawan et al., 2018).

The K20 had fiber content of 6.03%, which
was slightly under the dietary fiber of payus fish
meatballs with 20% seaweed which was 6.05%
(Amaliah et al., 2016). The results of each
treatment in this study had a value above 6% or
equal to 6.03%; 7.81% and 9.97%; respectively.
Food was categorized as high-fiber food if the
dietary fiber in a food product contains at least 6%
(Noviasari et al., 2017).

The results of dietary fiber in this study
were consistent with gel strength. The higher
the fiber content, the lower the gel strength.
The fiber content influenced the texture because
it could inhibit interactions between proteins,
so proteins that multiply into a-helix form could
change. Dietary fiber had larger particles than
tissue cells, causing the protein matrix to become
less homogeneous and not compact (Pratiwi
et al., 2016). Dietary fiber could affect the
properties of texture, gel formation, thickness and
emulsification (Talukder, 2015).

Water is one component that can affect
the texture of food products. The higher moisture
content in food, the higher the level of tenderness.
Based on the results, the K30 treatment
could increase the moisture content of kekian.
The KO treatment (66.34%) was not significantly
different from K20 treatment (69.31%), but
significantly different from K30 (71.07%) and
K40 (71. 90%) treatment. The seaweed in
this study contained 95.98% of moisture. The
chemical composition of seaweed E. cottonii
including moisture (76.15%), ash (5.62%),
protein (2.32%), fat (0.11%) and carbohydrate
(15.8%) (Maharany et al., 2017).

The moisture content of kekian was ranged
from 66.34-71.90%. Based on SNI/Standar
Nasional Indonesia 7756-2013, the maximum
moisture content in processed fish products is
60%. In this study, the moisture content was
higher than the SNI. The results of this study were
similar with the payus fish meatball with the
seaweed addition Kappaphycus alvarezii 0-20%,
which had moisture content of 68.60-79.97%
(Amaliah et al., 2016). The results of this study
were higher because the moisture content in food
was influenced by the materials used. The
moisture content of seaweed puree was 95.98%,
so the moisture content in the kekian products
were also increased.

The results of the moisture content in this study
were in line with WHC principles; the higher
the moisture content, the WHC increased.
Carrageenan is a hydrocolloid compound that had
a high water-binding ability. Carrageenan holds
water in the matrix so that it could increase
the concentration of seaweed. The higher the
amount of carrageenan, the higher the WHC
(Arnyke et al., 2014). Moisture content also
affected the texture; the higher the moisture
content, the lower the gel strength. The lower the
moisture content, the texture would become
harder and more compact; on the other hand, low
moisture content produced a softer texture. High
levels of moisture content ranging from 75-81%
in surimi-based products reduced the gel strength.
The lower moisture content would produce more
elastic and more robust gel (Wibowo et al., 2015).

Proteins are composed of carbon, hydrogen,
oxygen and nitrogen. The result showed that the
protein content on KO was significantly different
from the other treatments. The addition of 20%
and 40% seaweed puree could reduce the protein
value of kekian due to the reduction in fish meat
composition and the addition of seaweed puree.
Seaweed also contributed to lower the protein
content. Seaweed contained 27.8% water, 5.4%
protein, 33.3% carbohydrate, 8.6% fat, 3% crude
fiber and 22.25% ash (Hidayat et al., 2014).

The average protein contents in this study were
8.27-14.45% and according to SNI 7756-2013,
the minimum protein content in processed fish
products was 5%. It means that the four treatments
of kekian met the SNI requirements. The results
were in line with the protein content of selected
beef meatballs with the addition of 40% seaweed
puree of 8.11% (Princestasari and Amalia, 2015),
but lower than of the payus fish meatballs with
the addition of 20% seaweed puree of 12.04%
(Amaliah et al., 2016). The difference in protein
levels was influenced by protein content found
in fish and due to the processing. The protein
in payus fish was 20.42%, whereas manyung
fish was 18.2% (Khamidah et al., 2019; Muharifat
etal., 2019).

WHC is the ability of meat to bind water
or water that added from the environment such
as cutting, heating, grinding and pressing.
The results showed that the addition of seaweed
increased the WHC value (Table 4). The average
WHC was ranged from 34.45-57.65%. The
highest WHC value was found on K40 for
57.65%, while the lowest was found on the KO for
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34.45%. The addition of seaweed had a significant
effect on WHC. It was because of the presence
of carrageenan in E. cottonii which could bind
water. The increased seaweed concentration,

Table 4. The physical characteristic of kekian

the higher the carrageenan content and followed
by an increase in the WHC as it holds water in
the matrix space that was formed (Setyaningrum
and Sukesi, 2013).

No. Parameter KO K20 K30 K40
1. WHC (%) 34.45+0.30¢ 39.69+0.11¢ 48.39+0.47° 57.65+0.512
2. Gel strength (kgf) 1064.03£19.97¢  773.82+18.52° 652.50+40.79° 363.63+12.84¢

Note: The same letter at the same row showed no significant difference a = 0.05

Table 4 showed that increasing seaweed
concentration could increase the WHC. The WHC
in a product would affect the texture. The higher
WHC produced tender texture. Carrageenan in
seaweed had a high WHC, resulting in a lower
texture value or softer product. The WHC could
determine product tenderness. Increasing WHC
produced tender texture and vice versa
(Wulandari et al., 2016). WHC in this study were
in line with moisture value. On the other hand,
it was inversely proportional to the protein content
where the higher WHC, the lower the protein
content. The protein content in seaweed was
5.12% (Daud, 2013); so, the moisture content
increased while the protein decreases.

Gel strength is the ability of a material to
break when given the compressive force. The
average gel strength values were 363.63-1064.03
kgf. The highest value was found in KO and
the lowest was in K40. The results showed that
the addition of E. cottonii tends to reduce the gel
strength due to the excess water on the seaweed
puree. It indicated by the decreasing value of
the gel strength along with the increasing of
seaweed puree concentration. The low seaweed
concentration produced a chewy texture due to the
lack of bounded water, while the addition of high
seaweed concentration produced softer texture
due to excessive water content. According to
Amaliah et al. (2016), the addition of K. alvarezii
of more than 10% tends to decrease the payus
fish meatball folding test. The seaweed puree
contained much water which affected the
thickness of the fish meatball. The addition of
higher seaweed puree concentration could
increase the water content of meatballs and the
resulting in lower texture value. Seaweed
contributed a considerable amount of water
because of its hydrocolloid properties that able to
absorb water.

The gel strength of KO, K20 and K30 was
categorized as a high gel, while the K40 was

categorized as a low gel. Based on the sensory test
results, K20 was preferred by panelists with the
gel strength of 773.82 kgf. The control kekian
(K0) had a fairly dense texture, while K20 had
a softer texture which was preferred by panelists.
Amaliah et al. (2016) showed that the highest
value of gel strength was obtained by the addition
of 10% K. alvarezii seaweed porridge to payus
fish meatballs amounting to 802.55 kgf. The gel
strength was categorized as high if the values were
between 601-800 kgf, the medium gel was 401-
600 kgf and the low gel was < 400 kgf (Nugroho
etal., 2014).

CONCLUSIONS

It can be concluded that the four treatments
were significantly different from the sensory,
dietary fiber, moisture, protein content, gel
strength and WHC aspects. According to the
sensory characteristics, K20 had the best formula
that preferred by panelists. Although several
parameters in K20, such as appearance, taste and
texture, have no significant difference with
K30, it had slightly higher liking scale in
aroma parameter for preference test. K20 was
rich in fiber due to 6.03% of dietary fiber,
which was lower than K30. The physicochemical
characteristics of K20 such as dietary fiber,
moisture content, protein content, WHC and gel
strength were 6.03%, 69.31 %, 11.49%, 39.69%
and 773.82 kgf; respectively.
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