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Abstract. Trash fish has several weaknesses, such as having tight spines,
having little meat, and being highly perishable. The purpose of this study
was to determine the functional characteristics of trash fish through fillet
preparation techniques and types of fish. This study used a completely
randomized design method. The first factor is the type of fish consisting of
Orangefin ponyfish (Leiognathus bindus Valenciennes, 1835), Chacunda
gizzard-shad (Anodontostoma chacunda Hamilton, 1822) and Sardine
(Sardinella Fimbriata Valenciennes, 1847). The second factor was the type
of preparation technique which consisted of mechanical, blanching, 1 % acid
immersion and 1 % papain enzyme immersion. The data obtained were then
analyzed descriptively from the preparation technique for each observation
parameter and presented in tabular form and plotted in graphical form. The
results of this study indicate that Orangefin ponyfish, Chacunda gizzard-
shad and Sardine fish have a range of functional properties of the three types
of fish, namely: foaming power (17.68 % to 61.87 %), foam stability (50 %
to 57.14 %), emulsifying power (3.31 % to 4.29 %), emulsion stability
(1.91 % to 3.37 %), WHC (33.9 % to 46.64 %), and OHC (24.75 %
t0 29.57 %).
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1 Introduction

Lamongan regency is known as one of the fisheries areas or minapolitan in East Java,
Indonesia [1, 2]. Fish that are not included in the main purpose of fishing are called trash fish
and are commonly used as a mixed ingredient in the production of animal feed [3] or
processed into salted fish and sometimes just thrown away resulting in a rotten smell during
the main harvest season. Several researchers have recommended trash fish to be a product
diversification as an effort to recycle or waste utilization [4-8]

Trash fish in Lamongan has the potential to be made into high-value economic products,
namely Orangefin ponyfish (Leiognathus bindus Valenciennes, 1835), Chacunda gizzard-
shad (Anodontostoma chacunda Hamilton, 1822) and Sardine (Sardinella Fimbriata
Valenciennes, 1847) [9]. Trash fish has a small and varied morphology, is easily damaged,
has tight spines, and has little flesh, making it difficult to separate the fish flesh from the
bones and skin. Trash fish is considered a marine fisheries waste [10].

Animal food products from fish meat make a very important contribution as a source of
protein. Protein with its functional properties can make food ingredients very attractive and
encourage the emergence of flavors, textures and other qualities desired by consumers [11].
Fresh fish can be converted into semi-finished raw materials, namely in the form of fillets,
surimi and so on.

To obtain fillets with good physical, chemical and functional characteristics, various
preparation techniques are necessary. Kuniran fish (Upeneus sulphureus Cuvier, 1829)
preparation technique by slashing has a high yield value (67.50 %), and a faster separation
process time (11.35 kg h') [12]. The preparation technique for trash fish fillets with 1 %
enzyme dissolution has better physical and chemical characteristics than the mechanical
preparation techniques, blanching, or with 1 % acid dissolution [13]. While functional
properties: Suglir fish protein concentrate (Elagatis bipinnulatus Quoy & Gaimard, 1825)
has oil absorption (2.48 g g*) and water absorption (2.02 mL g?) [14], in Wader fish fillets
(Rasbora jacobsoni Weber & de Beaufort, 1916) has foaming power (211.03 %), foam
stability (19.17 %), emulsifying power (2.42 %), emulsion stability (0.55 %) [15], in cowpea
protein isolate (Vigna unguiculata (L.) Walp.) has foaming power (68 mL g*), foam stability
(8 %), OHC (84.89 %), WHC (136.61 %) [16]. This study aims to obtain the functional
properties of Indonesian Lamongan trash fish fillets.

2 Methods

2.1 Materials

The main ingredients of fresh trash fish are Orangefin ponyfish, Chacunda gizzard-shad and
Sardine with an average weight of 50 g tail™ to 100 g tail* purchased from the fish mother
market in Lamongan Regency, East Java, Indonesia. The fish was immediately stored in the
refrigerator and transported to the Department of Agroindustry Technology, the University
of Jember for 5 h. Once you arrive, the fish is stored in the freezer. Before analysis, the fish
is immediately thawed at room temperature, washed, filled, and chopped to a uniform using
a chopper. The ingredients used are young papaya fruit, lime juice, cooking oil, CH;COOH
and other chemicals (analytical class) are TCA 5 %, sodium hydroxide, H.SO., selenium,
boric acid 3 %, SDS 0.1 %, and petrolium benzene [15].
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2.2 Preparation of trash fish fillets

Preparation fish samples to eliminate fishy odor by giving lime as much as 15 % (b/v) of the
weight of the fish for 10 min. Removing fishy odor in the trash done after washing the fish
with clean water. The three types of marine fish have carried out preparation techniques in
four ways, namely mechanical preparation techniques with the Palmeira method in fish [17],
blanching with the Nguyen method on asparagus [18] and chemically with the Moniharapon
method in fish [19], and enzymatic with the Ma method on softening meat [20]. The
preparation technique performed on fish are given the same time limit of 5 min for blanching
treatment and 30 min for chemical and enzyme treatments. Preparation fish mechanically is
done by way of fillets directly on fresh fish. In this process, the three types of fish are carried
out early washing using running water, while the other fish are temporarily accommodated
in a freezer. Fish have been washed discarded scales and stomach contents, then the fish is
carried out the filleted process from the tip of the tail, splitting the back to the direction of
the head. Fish that have been cleaned and detached from thorns are weighed and recorded in

weight stored in a freezer.
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Fig. 1. Flowchart of trash fish preparation technique [21].
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In the technique of fish blanching, all three types of fish are done by way of fish cleaned
alternately using running water. After washing, the fish is boiled at a temperature of 100 °C
for 5 min. The fish is lifted and cooled in the open air. After chold, the three types of fish
have carried out the removal of thorns, and the fillet process is carried out. Fish that are clean
and detached from thorns are weighed and recorded in weight the stored in the freezer.
Chemical and enzymatic preparation techniques are carried out by soaking fish. Chemically,
fish is soaked with acetic acid solution at a concentration of 1 %. Enzymatically, fish are
soaked with a solution of papain enzymes at concentration of 1 %. This immersion is done
for 30 min, after which the fillet process is then weighed and recorded the results. The process
of filleting trash fish can be seen in Figure 1.

Papain enzymes are made by tapping the fruit skin of papaya plants that have been aged
2 mo to 3 mo. Tapping is done by sticking a sad tool (knife) on the fruit’s skin from the base
to the end of the fruit. The depth of the nick is between one mm to mm. Papaya sap that
comes out is accommodated in a container. Papaya sap mixed with buffer phosphate 0.2 M
pH 7 (ratio 1:1). The mixture is centrifuged at 8 000 rad s* at 4 °C for 10 min
(1 rad st = 1/60 Hz). Filtrate is a papain enzyme. The manufacture of papain enzyme follows
the method of Urgessa [22] with a little modification.

The yield of the preparation technique on each treatment will be analyzed for physical
characteristics and chemical. Chemical and enzymatic treatment will be taken at the
concentration with the highest yield and the fastest time based on the fillet type of trash fish.

2.3 Functional properties

Analysis for foaming capacity and foam stability [16], emulsion capacity and emulsion
stability [23], water holding capacity [24], and oil holding capacity [16].

2.4 Data analysis

The research design used was experimental laboratory. First, the test data is calculated using
Microsoft Excel and presented in table form. Next, it is explored graph form, then analyzed
with the ANOVA - One Way (minitab 17) test. After that, Tukey test (P < 0.05) if there is a
significant difference [25, 26]

3 Results and discussion

3.1 Foam strength and stability

The results of variance showed that variations in preparation techniques and fish species had
a significant effect on foaming capacity and there was an interaction between the two factors.
The foaming ability of Sardine, Chacunda gizzard-shad and Orangefin ponyfish fish fillets
can be seen in Figure 2. Meanwhile, the results of the foam stability analysis showed that
variations in preparation techniques and types of fish had a significant effect and there were
interactions between the two factors. The foam stability of Sardine, Chacunda gizzard-shad
and Orangefin ponyfish fish fillets is shown in Figure 3.



E3S Web of Conferences 432, 00007 (2023) https://doi.org/10.1051/e3sconf/202343200007
2"ICoN-BEAT 2021

5+
N~
@«
70 - )
60 !

m A. chacunda
€ 50 - . fimbriata
> <5} 9 .

5 3 8 8 m L. bindus
g 40 1 < o
S % o S LT') @ @
o5 S © © © ®
€30 o NN o
o © TS ™ 3
L ~ ] 3 =] I
20 7 Y Y -
o O
—
10 - N
l O
0 1 T T
Mechanics Blanching Acid 1 % Enzyme 1 %

Fig. 2. Fish fillet foaming capacity.

Figure 2 shows the foaming power contained in Sardine, Chacunda gizzard-shad and
Orangefin ponyfish fish fillets with mechanical treatment (17.68 %, 21.82 %, and 30 %). The
foaming capacity of Sardine, Chacunda gizzard-shad and Orangefin ponyfish fish fillets in
the blanching treatment (10 %, 10 %, and 0 %). The foaming ability of Sardine, Chacunda
gizzard-shad and Orangefin ponyfish fish fillets in 1 % acetic acid solution immersion
(24.09 %, 26.51 %, and 18.28 %). Sardine, Chacunda gizzard-shad and Orangefin ponyfish
fulllet foaming ability in 1 % papain enzyme solution immersion treatment (18.79 %,
61.87 %, and 17.68 %). The highest foaming power was found in Chacunda gizzard-shad
fish treated with 1 % enzyme, which was 61.87 %. This value was significantly different
compared to Chacunda gizzard-shade fish with 1 % acid treatment, which was 26.51 %.

The results of the analysis above show that the foaming power of Sardine, Chacunda
gizzard-shad and Orangefin ponyfish fish in the mechanical treatment, blanching, soaking in
acid solution and immersion in papain enzyme solution is lower when compared to the
foaming capacity of Wader fish fillets, which is equal to 211.03 % [15]. The foaming power
value will be lower after the processing treatment. This is because the treatment during
processing can dissolve water-soluble sarcoplasmic proteins, causing changes that lead to a
decrease in foaming power. Sarcoplasmic protein is a reflection of the relationship between
protein solubility and foam formation [27]. This is in accordance with the statement of
Afrianto et al. [28], blanching by boiling has weaknesses, including being able to remove
nutrients in water-soluble fish, in this case the foaming ability of the three types of blanching
treated fish has a low value.
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Fig. 3. Foam stability of fish fillet.

Figure 3 shows the stability of the foam contained in Sardine, Chacunda gizzard-shad and
Orangefin ponyfish fish fillets with mechanical treatment (0 %, 44.44 %, and 33.33 %). The
foam stability of the blanching treatment of all types of fish was 0 %. The foam stability of
Sardine, Chacunda gizzard-shad and Orangefin ponyfish fish fillets in the 1 % acetic acid
solution immersion treatment (38.89 %, 33.33 %, and 50 %). Foam stability of Sardine,
Chacunda gizzard-shad and Orangefin ponyfish fish fillets in 1 % papain enzyme solution
immersion (50 %, 57.14 %, and 50 %). The highest foam stability was found in Chacunda
gizzard-shad fish treated with 1 % enzyme, which was 57.14 %. This value was significantly
different from the stability of the foam of Chacunda gizzard-shad fish with mechanical
treatment, which was 44.44 %.

The results of the analysis above show that the foam stability of Sardine, Chacunda
gizzard-shad and Orangefin ponyfish fish in mechanical treatment, soaking in acid solution
and soaking in papain enzyme solution is higher when compared to the foam stability of
Wader fish which is 19.17 %, and Bader fish (Puintius javanicus Bleeker, 1855) namely
18.38 % [15]. While fish with mechanical treatment and all types of fish with blanching
treatment have a lower value.

The low value of foam stability is due to the foam that is formed large and breaks easily.
Foam strength and stability increase with increasing protein concentration, where increasing
protein concentration can increase viscosity and form many layers of protein cohesion on the
surface. Foaming capacity is influenced by intramolecular and flexibility of protein
molecules [29].

3.2 Emulsion capacity and stability

The emulsion capacity of Sardine, Chacunda gizzard-shad and Orangefin ponyfish fish fillets
ranged from 2.64 % to 5.94 %. The results of the analysis of variance showed that there was
an interaction between the preparation technique and the type of fish on the emulsifying



E3S Web of Conferences 432, 00007 (2023) https://doi.org/10.1051/e3sconf/202343200007
2"ICoN-BEAT 2021

power of the fish fillets. The emulsion power of Sardine, Chacunda gizzard-shad and
Orangefin ponyfish fish fillets can be seen in Figure 4, while the emulsion stability of
Sardine, Chacunda gizzard-shad and Orangefin ponyfish fish fillets ranges from 1.56 % to
3.37 %. The results of the emulsion stability analysis of variance showed that there was no
interaction between the various preparation techniques and the types of fish. The emulsion
stability of Sardine, Chacunda gizzard-shad and Orangefin ponyfish fish fillets can be seen

in Figure 5.
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Fig. 4. Emulsion capacity of fish fillets.

Figure 4 shows the emulsifying power contained in Sardine, Chacunda gizzard-shad and
Orangefin ponyfish fish fillets with mechanical treatment (3.82 %, 3.07 %, and 4.62 %).
Emulsion power of Sardine, Chacunda gizzard-shad and Orangefin ponyfish fish fillets in the
blanching treatment (5.67 %, 5.94 %, and 5.21 %). Emulsion power of Sardine, Chacunda
gizzard-shad and Orangefin ponyfish fish fillets in 1 % vinegar solution (2.64 %, 3.36 %, and
3.67 %) immersion treatment. Meanwhile, the emulsion power of Sardine, Chacunda gizzard-
shad and Orangefin ponyfish fish fillets was treated with 1 % papain enzyme solution
immersion (3.31 %, 4.29 %, and 4.14 %). The highest emulsion power was found in the
blanching treatment of Chacunda gizzard-shad fish, which was 5.94 %. This value was
significantly different compared to the emulsion power of Chacunda gizzard-shad fish with
1 % enzyme treatment, which was 4.29 %. The three types of fish had the ability to form
good emulsions in the blanching treatment, while the other types of fish had almost the same
emulsion power (2.64 % to 4.29 %). The emulsion power of all three types of fish treatment
was still higher when compared to Wader fish which had an emulsion power of 2.42 % [15].
Emulsion depends on the high absorption capacity of oil-water (w o), and proteins with a
high amount of hydrophobicity will be adsorbed on the interfacial oil-water (w 0'?) interface.
Protein will lower the surface tension between the phases and form an emulsion [30]. This
can determine the formation of oil and water emulsions as well as in the stabilization process.
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Fig. 5. Fish fillet emulsion stability.

Figure 5 shows the stability of the emulsion found in Sardine, Chacunda gizzard-shad and
Orangefin ponyfish fish fillets with mechanical treatment (1.56 %, 2.28 %, and 1.82 %).
Emulsion stability of Sardine, Chacunda gizzard-shad and Orangefin ponyfish fish fillets in
the blanching treatment (2.32 %, 1.81 %, and 1.89 %). Emulsion stability of Sardine,
Chacunda gizzard-shad and Orangefin ponyfish fish fillets in 1 % vinegar solution immersion
(1.98 %, 2.14 %, and 1.63 %). Stability of Sardine, Chacunda gizzard-shad and Orangefin
ponyfish fish fillet emulsion in 1 % papain enzyme solution immersion treatment (1.91 %,
1.93 %, and 3.37 %). The highest emulsion stability was found in Orangefin ponyfish fish
fillet with 1 % enzyme treatment, namely 3.37 %. This value was significantly different from
the stability of the blanching treatment of Orangefin ponyfish fish emulsion, which was
1.89 %. The three types of fish have higher emulsion stability when compared to Wader fish
which has an emulsion stability of 0.55 % [15]. The stability of the emulsion depends on the
thickness and thickness of the membrane or protein film absorbed by the interface between
the oil and water phases. Emulsification properties are determined by the quality of the
protein, not the quantity or amount of protein [31]. Emulsion stability depends on the
interpartial strength of the ingredients in maintaining the hydrophobic interaction between
oil and protein [32]. Emulsion stability is affected by emulsification conditions in proteins,
protein sources and concentrations, pH, ionic strength (salt type and concentration) and
viscosity in the food system [33].

3.3 Water Holding Capacity (WHC)

The calculation results obtained WHC values for Sardine, Chacunda gizzard-shad and
Orangefin ponyfish fish fillets in the mechanical treatment (42.72 %, 34.697 %, and
27.64 %). WHC values in the blanching treatment of Sardine, Chacunda gizzard-shad and
Orangefin ponyfish fish fillets (78.9 %, 112.39 %, and 43.24 %). WHC values of Sardine,
Chacunda gizzard-shad and Orangefin ponyfish fish fillets in 1 % acid solution immersion
treatment (35.96 %, 17.98 %, and 44.44 %). WHC values in 1 % enzyme solution immersion
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treatment of Sardine, Chacunda gizzard-shad and Orangefin ponyfish fish fillets (33.9 %,
43.11 %, and 46.64 %). The results of variance showed that variations in preparation
techniques and fish species had a significant effect and there was an interaction between the
two parameters (Figure 6).
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Fig. 6. WHC value of fish fillets.

Figure 6 shows the largest WHC value is in Chacunda gizzard-shad fish fillets with
blanching treatment (112.39 %). This value was significantly different when compared to
Chacunda gizzard-shad fish fillets treated with 1 % enzyme (43.11 %). This could be due to
the bond in the fish fillet tissue which has changed due to the influence of high temperatures,
making it easy to absorb water. In addition, the WHC value is influenced by the protein
content of the meat. Chacunda gizzard-shad fish has a good protein content (8.89 % to
10.59 %) [13] so it can hold water in the fish meat. Water absorption is strongly influenced
by protein concentration, ionic strength, temperature and other components such as
hydrophilic polysaccharides, fats, salts, and is also influenced by the duration of heating and
storage conditions. The higher the protein concentration, the better the water absorption. As
the protein content of the meat increases, the WHC of the meat will increase due to the
protein's ability to chemically bind water [34]. The ability to absorb or bind water is needed,
especially in one of the most important food applications, for example in the manufacture of
sausages.

Mechanical treatment, immersion in vinegar and enzyme solutions has a relatively low
water absorption capacity. This can be caused by the low protein content in fish fillets and
due to a decrease in pH. The low WHC value is caused by changes in the ions bound by the
meat protein due to the large amount of lactic acid that has accumulated as a result of which
many myofibril proteins are damaged. In addition, the hydrolysis of meat protein by enzymes
causes the volume of muscle fibers to expand. This damage causes the loss of the protein's
ability to bind water [35].
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3.4 Oil Holding Capacity (OHC)

The calculation results obtained OHC values for Sardine, Chacunda gizzard-shad and
Orangefin ponyfish fish fillets in the mechanical treatment (34.55 %, 23.25 %, and 13.33 %).
The OHC value of Sardine, Chacunda gizzard-shad and Orangefin ponyfish fish fillets in the
blanching treatment (59.14 %, 71.52 %, and 55.63 %). OHC values of Sardine, Chacunda
gizzard-shad and Orangefin ponyfish fish fillets in 1 % acid solution immersion treatment
(8.64 %, 21.94 %, and 12.58 %). OHC values of Sardine, Chacunda gizzard-shad and
Orangefin ponyfish fish fillets in 1 % enzyme solution immersion treatment (29.57 %,
24.75 %, and 26.49 %). The results of the variance indicated that there was an interaction
between various preparation techniques and fish species (Figure 7).
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Fig. 7. OHC value of fish fillets.

Figure 7 shows the largest OHC value was found in Chacunda gizzard-shad fish fillets
with the blanching treatment (71.52 %). This value was significantly different from the OHC
Juwi fish with 1 % enzyme treatment (24.75 %). This could be due to the protein content of
Chacunda gizzard-shad fish in the blanching treatment having the highest protein content
(10.59 %) [13] compared to other types of fish, so that Chacunda gizzard-shad fish have good
oil absorption abilities. Oil absorption occurs because the oil is physically trapped in the
protein. Protein structure is a factor that greatly determines the ability to absorb oil. Structures
that are more lipophilic contain more non-polar protein branches and will contribute to
increased oil absorption [36].

4 Conclusion

Sardine, Chacunda gizzard-shad and Orangefin ponyfish fish have functional properties,
namely: foaming power (17.68 % to 61.87 %), foam stability (50 % to 57.14 %), emulsifying
power (3.31 % to 4.29 %), emulsion stability (1.91 % to 3.37 %), WHC (33.9 % to 46.64 %),
and OHC (24.75 % to 29.57 %).

10



E3S Web of Conferences 432, 00007 (2023) https://doi.org/10.1051/e3sconf/202343200007
2"ICoN-BEAT 2021

References

1. D.R. Raissa, R.P. Setiawan, D. Rahmawati, Procedia-Social Behav. Sci., 135:
167-171 (2014) https://doi.org/10.1016/j.sbspro.2014.07.342

2. M.S.A. Ningsih, P. Prayogo, A.M. Sahidu, IOP Conf. Ser.: Earth Environ. Sci.,
441,012034: 1-8 (2020)
https://iopscience.iop.org/article/10.1088/1755-1315/441/1/012034

3. M.A. Nugraha, R. Rozi, IOP Conf. Ser.: Earth Environ. Sci., 441,012069: 1-5 (2020)
https://iopscience.iop.org/article/10.1088/1755-1315/441/1/012069

4. V. Rudovica, A. Rotter, S.P. Gaudéncio, L. Novoveskd, F. Novoveska,
L.K. Akslen-Hoel, et al., Front. Mar. Sci., 8,723333: 1-39 (2021)
https://doi.org/10.3389/fmars.2021.723333

5. H. Susanto, R.H. Setyobudi, S.M. Nur, E. Yandri, A.S. Uyun, A. Yaro, et al., E3S Web
Conf., 190,00014: 1-10 (2020) https://doi.org/10.1051/e3sconf/202019000014

6. C. Anam, M.F.M. Atoum, N. Harini, D. Damat, R.H. Setyobudi, A. Wahyudi, et al.,
Jordan J. Biol. Sci., 16,2: 267-277 (2023) https://doi.org/10.54319/jjbs/160211

7. K. Abdullah, A.S. Uyun, R. Soegeng, E. Suherman, H. Susanto, R.H. Setyobudi, et al.,
E3S Web Conf., 18800016: 1-8 (2020) https://doi.org/10.1051/e3sconf/202018800016

8. J. Burlakovs, Z. Vincevica-Gaile, V. Bisters, W. Hogland, M. Kriipsalu, I. Zekker, et
al., Application of Anaerobic Digestion for Biogas and Methane Production from Fresh
Beach-Cast Biomass. EAGE GET 2022 (The Hague, Netherlands, 2022) Proceeding
EAGE GET 2022: 1-5 (2022) https://doi.org/10.3997/2214-4609.202221028

9. C. Anam, N. Harini, D. Damat, A. Wahyudi, Y. Witono, N. Kuswardhani, et al.,
E3S Web Conf., 226,00011: 1-11 (2021)
https://doi.org/10.1051/e3sconf/202122600011

10. N.D. Rahayu, L. Sulmartiwi, G. Mahasri, M. Muntalim, B. Angwarmas,
G.D. Pamenang, IOP Conf. Ser.: Earth Environ. Sci., 441,012095: 1-7 (2020)
https://iopscience.iop.org/article/10.1088/1755-1315/441/1/012095

11. RJ.S. de Castro, M.A.F. Domingues, A. Ohara, P.K. Okuro, J.G. dos Santos,
R.P. Brex'o, et al., Food Struct., 14: 17-29 (2017)
http://dx.doi.org/10.1016/j.foostr.2017.05.004

12. B.B. Sedayu, I.M.S. Erawan, P. Wullandari, J. Pascapanen Bioteknol. Kelautan
Perikanan, 10,1: 83-89 (2015) [in Bahasa Indonesia]
http://bbp4b.litbang.kkp.go.id/jurnal-jpbkp/index.php/jpbkp/article/view/247

13. C. Anam, Pengembangan teknologi produksi protein miofibril ikan rucah pantura
Lamongan sebagai food ingredient [Development of technology for the production of
myofibril protein for trash fish in the north coast of Lamongan as a food ingredient]
[Disertation] Pascasarjana, Universitas Muhammadiyah Malang (2021) [in Bahasa
Indonesia]. p.76 https://eprints.umm.ac.id/80567/

14. F.J. Rieuwpassa, E.J. Karimela, D.C. Lasaru. J. Teknol. Perikanan Kelautan, 9,2:
177-183 (2019) [in Bahasa Indonesia]
https://journal.ipb.ac.id/index.php/jtpk/article/view/25774

15. 1. Akbariwati, Karakteristik fisik, kimia, dan fungsional fillet ikan wader (Rasbora
jacobsoni), Bader (Puintius javanicus), dan patin (Pangasius hypophthalmus) akibat
dari perbedaan teknik preparasi [Physical, chemical, and functional characteristics of
wader (Rasbora jacobsoni), Bader (Puintius javanicus), and catfish (Pangasius
hypophthalmus) fillets as a result of differences in preparation techniques]
[Undergraduated Thesis] Teknologi Hasil Pertanian, Universitas Jember (2015) [in
Bahasa Indonesia] https://repository.unej.ac.id/handle/123456789/72479

16. Y. Witono, C. Anam, H. Herlina, A.D. Pamujiati, Int. J. Adv. Sci. Eng. Inf. Technol.,
4,2: 58-62 (2014) https://doi.org/10.18517/ijaseit.4.2.377

11


https://doi.org/10.1016/j.sbspro.2014.07.342
https://iopscience.iop.org/article/10.1088/1755-1315/441/1/012034
https://iopscience.iop.org/article/10.1088/1755-1315/441/1/012069
https://doi.org/10.3389/fmars.2021.723333
https://doi.org/10.1051/e3sconf/202019000014
https://doi.org/10.54319/jjbs/160211
https://doi.org/10.1051/e3sconf/202018800016
https://doi.org/10.3997/2214-4609.202221028
https://doi.org/10.1051/e3sconf/202122600011
https://iopscience.iop.org/article/10.1088/1755-1315/441/1/012095
http://dx.doi.org/10.1016/j.foostr.2017.05.004
http://bbp4b.litbang.kkp.go.id/jurnal-jpbkp/index.php/jpbkp/article/view/247
https://eprints.umm.ac.id/80567/
https://journal.ipb.ac.id/index.php/jtpk/article/view/25774
https://repository.unej.ac.id/handle/123456789/72479
https://doi.org/10.18517/ijaseit.4.2.377

E3S Web of Conferences 432, 00007 (2023) https://doi.org/10.1051/e3sconf/202343200007

2"ICoN-BEAT 2021

17. K.R. Palmeira, E.T. Marsico, M.L.G. Monteiro, M. Lemos, C.A. Conte Junior, CyTA
J. Food, 14,2: 227-238 (2016) https://doi.org/10.1080/19476337.2015.1087050

18. T.V.L. Nguyen, T.T. Vo, T.D. Lam, L.G. Bach, Mater. Today: Proc., 18,part 7:
4799-4809 (2019) https://doi.org/10.1016/j.matpr.2019.07.468

19. T. Moniharapon, F. Pattipeilohy, D.L. Moniharapon, R.B.D. Sormin, I0OP Conf. Ser.:
Earth Environ. Sci., 339,012051: 1-13 (2019)
https://iopscience.iop.org/article/10.1088/1755-1315/339/1/012051

20. Y. Ma, Y. Yuan, X. Bi, L. Zhang, Y. Xing, Z. Che, Food Bioprocess Technol., 12:
681-693 (2019) https://doi.org/10.1007/s11947-019-2245-3

21. S.S. Chan, B. Roth, M. Skare, M. Hernar, F. Jessend, T. Lgvdal, et al., J. Aquac.,
526,735381: 1-10 (2020) https://doi.org/10.1016/j.aquaculture.2020.735381

22. O.E. Urgessa, D.D. Itana, T.O. Raga, Ethiop. J. Sci. Sustain. Dev., 6,2: 22-32 (2019)
https://doi.org/10.20372/ejssdastu:v6.i2.2019.92

23. J.K. Parkington, Y.L. Xiong, S.P. Blanchard, S. Xiong, B. Wang, S. Srinivasan, et al.,
J. Food Sci. 65,3: 428-433 (2008) https://doi.org/10.1111/j.1365-2621.2000.tb16021.x

24. Z. Zhang, Y. Yang, X. Tang, Y. Chen, Y. You, Food Sci. Technol. Res., 21,4:
597-605 (2015) https://doi.org/10.3136/fstr.21.597

25. P.G. Adinurani, Perancangan dan Analisis Data Percobaan Agro: Manual and SPSS
[Design and Analysis of Agrotrial Data: Manual and SPSS] (Plantaxia, Yogyakarta,
2016) [in Bahasa Indonesia]
https://opac.perpusnas.go.id/DetailOpac.aspx?id=1159798#

26. P.G. Adinurani, Statistik Terapan Agroteknologi (disusun sesuai rencana pembelajaran
semester) [Agrotechnology Applied Statistics (compiled according to the semester
learning plan)] (Deepublish, Yogyakarta, 2022) [in Bahasa Indonesia]
https://deepublishstore.com/shop/buku-statistika-terapan-3/

27. C. Simeanu, D. Simeanu, A. Popa, A. Usturoi, D. Bodescu, M. G. Dolis, Rev. Chim.,
68,5: 1063-1069 (2017) https://doi.org/10.37358/rc.17.5.5612

28. E. Afrianto, E. Liviawaty, O. Suhara, H. Hamdani. J. Akuatika, 5,1: 45-54 (2014) [in
Bahasa Indonesia] http://jurnal.unpad.ac.id/akuatika/article/view/3704

29. N. Phawaphuthanon, D. Yu, P. Ngamnikom, I.S. Shin, D. Chung, Food Hydrocoll., 88:
119-126 (2019) https://doi.org/10.1016/j.foodhyd.2018.09.041

30. M. Padial-Dominguez, F.J. Espejo-Carpio, R. Pérez-Galvez, A. Guadix, E.M. Guadix,
Foods. 9,5: 1-15 (2020) https://doi.org/10.3390/foods9050636

31. S. Sathivel, P.J. Bechtel, J. Food Biochem., 32,5: 557-575 (2008)
https://doi.org/10.1111/].1745-4514.2008.00184.x

32. J. Zhao, J. Li, J. Wang, W. Lv, J. Agric. Food Chem., 60,45: 11387-11394 (2012)
https://doi.org/10.1021/jf303439p

33. V.S. Kistonosi¢, M.D. Kali¢, T.R. DapcCevic-Hadnadev, 1.S. Loncarevic,
M.S. Hadnadev, Colloids Surf. A: Physicochem. Eng. Asp., 602,125045: 1-33 (2020)
https://doi.org/10.1016/j.colsurfa.2020.125045

34. Z.H. Duan, H.Z. Liu, P. Luo, Y.P. Gu, Y.Q. Li, Chem. Cent. J., 12,30: 1-7 (2018)
https://doi.org/10.1186/s13065-018-0402-9

35. B. Rezaharsamto, E. Subroto, Int. J. Sci. Technol. Res., 8,12: 3151-3156 (2019)
https://www.ijstr.org/final-print/dec2019/-A-Review-On-Bioactive-Peptides-Derived-
From-Various-Sources-Of-Meat-And-Meat-By-products.pdf

36. D. Ananey-Obiri, L. Matthews, M.H. Azahrani, S.A. lbrahim, C.M. Galanakis,

R. Tahergorabi, Trends Food Sci. Technol., 80: 167-174 (2018)
https://doi.org/10.1016/).tifs.2018.08.012

12


https://doi.org/10.1080/19476337.2015.1087050
https://doi.org/10.1016/j.matpr.2019.07.468
https://iopscience.iop.org/article/10.1088/1755-1315/339/1/012051
https://doi.org/10.1007/s11947-019-2245-3
https://doi.org/10.1016/j.aquaculture.2020.735381
https://doi.org/10.20372/ejssdastu:v6.i2.2019.92
https://doi.org/10.1111/j.1365-2621.2000.tb16021.x
https://doi.org/10.3136/fstr.21.597
https://opac.perpusnas.go.id/DetailOpac.aspx?id=1159798
https://deepublishstore.com/shop/buku-statistika-terapan-3/
https://doi.org/10.37358/rc.17.5.5612
http://jurnal.unpad.ac.id/akuatika/article/view/3704
https://doi.org/10.1016/j.foodhyd.2018.09.041
https://doi.org/10.3390/foods9050636
https://doi.org/10.1111/j.1745-4514.2008.00184.x
https://doi.org/10.1021/jf303439p
https://doi.org/10.1016/j.colsurfa.2020.125045
https://doi.org/10.1186/s13065-018-0402-9
https://www.ijstr.org/final-print/dec2019/-A-Review-On-Bioactive-Peptides-Derived-From-Various-Sources-Of-Meat-And-Meat-By-products.pdf
https://www.ijstr.org/final-print/dec2019/-A-Review-On-Bioactive-Peptides-Derived-From-Various-Sources-Of-Meat-And-Meat-By-products.pdf
https://doi.org/10.1016/j.tifs.2018.08.012

