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Introduction

Abstract: The skin of mackerel scad (Decapterus macarellus) is a novel source of marine
bioactive collagen hydrolysate that has the potential to improve skin health. Collagen
hydrolysate represent the major constituent in cosmetic industry because of its excellent
moisturizing properties and multiple health benefits. The purpose of this study is to
investigate the application of mackerel collagen hydrolysate (mackerel CH) as a
component of cosmetic gel preparations by examining the gel’s physical and chemical
properties which include viscosity, spreadability, adhesiveness, gel strength, gel texture,
pH, and organoleptic. Evaluation of physicochemical properties is necessary to ensure
that the quality and safety of the gel preparation meets the intended specifications. The
formulation of the mackerel CH resulted in a gel with higher viscosity and spreadability
compared to the standard national guideline (SNI). The gel exhibited favorable
adhesiveness and pH levels, indicating its potential to efficiently deliver active
substances to the skin without causing any irritation. The results indicated that the gel
had a soft consistency in terms of gel strength and texture. Organoleptic assessment
described the gel as having a clear, yellowish appearance with a subtle fishy aroma.
Future studies should focus on further optimizing the formulation. Additionally, it is
recommended to assess the efficacy of this gel in addressing medication-related issues
using an animal model.
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biodegradability (Yamamoto et al., 2014), and good cell
growth potential (Zhou et al., 2013).

People's desire for nature-based skin and health
care is growing. This can be seen in the number of
products made from natural ingredients. Several marine
biotas have been identified as safe sources of bioactive
ingredients, one of which is collagen. Collagen is a major
connective tissue of animal proteins and is widely used
in the cosmetic and biomedical industries. Marine
collagen has recently been reported as a source of new
biomaterials for cell and tissue culture and is considered
an alternative to common mammalian collagen, such as
bovine, chicken, and porcine collagen (Jafari et al., 2020;
Kulkarni & Maniyar, 2020). Marine collagen derived
from scales, skin and bones has excellent bioactive
properties such as biocompatibility (Lim et al., 2019),
low antigenicity (Brunt & Burgess, 2018), high
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Mackerel (Decapterus macarellus) is an understudied
source of marine collagen. It is pelagic fish species which
has economic value, wide distribution and abundance
(Silooy et al., 2020). This species is usually found in
tropical and subtropical waters, especially in eastern
Indonesia. The peak production of this fish occurs twice
a year, in January-March and July-September
(Kusumanigrum et al., 2021).

In general, the use of mackerel is still limited for
consumption purposes. However, based on the research
of recent years, it is known that mackerel scad-derived
collagen and collagen hydrolysate have the potential to
be used as a good antiaging bioactive agent (Herawati et
al., 2022). They showed antioxidant, antityrosinase, and
antiglycation activities which can help protect the body
from free radical attacks that cause premature aging,
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collagen damage, and skin cancer (Leén-Lopez et al.,
2019). Furthermore, mackerel collagen hydrolysate
(mackerel CH) can provide a protective effect against
UVB radiation on mouse embryonic fibroblast cell
cultures in vitro (Pratiwi, 2022). Thus, the discovery of
collagen bioactivity obtained from mackerel scad fish
brings merits such as biomedical applications,
development of functional food and nutraceuticals, as
well as advancements in the cosmetic and skincare
industry.

Gel preparations are among the most commonly
used medication in the cosmetic industry. It has several
advantages over other topical preparations such as
cream, ointment, and lotion. The gel has high viscosity
and adhesion, so it does not flow easily on the skin, good
spreadability on the skin, does not affect the
physiological function of the skin, and is thixotropic, so
it is easy to spread when applied and does not peel off
scars, easily washes off with water and feels cool after
use (Aryantini et al., 2020). The properties of the gel
should be suitable for the intended use so that the gel
can maintain a good solid form during storage and is not
easily damaged when applying force by shaking in a jar
or when applying topically (Sidiq et al., 2018).

Despite the increasing commercial importance of
marine collagen in cosmetics, no scientific studies have
been published on the gel preparation from mackerel
CH. This study aimed to investigate several
physicochemical characteristics of mackerel CH gel,
including viscosity, spreadability, adhesiveness, pH,
gel strength, gel texture, and organoleptic test. It allows
for a comprehensive understanding of its structure,
mechanical properties, stability, interactions, and
performance. This knowledge facilitates the
optimization of gel formulation, processing techniques,
and storage conditions to achieve desired functional
outcomes and enhance the efficacy and safety of
collagen-based biomaterials.

Method

Pretreatment

Mackerel scad (Decapterus macarellus) was
purchased locally from Surakarta, Indonesia. Fish
scales were cleaned, washed under running water, and
skinned manually using a knife. The skin of the fish was
cut into small cubes measuring and immersed in 0.1 M
NaOH solution with a ratio of 1:10 (w/v) for 6 hours at
4 0C. The NaOH solution is changed every two hours
(Herawati et al., 2022).

Pepsin-Soluble Collagen (PSC) Extraction
After soaking in NaOH, the skin was neutralized

with running water for 15 minutes or until neutral pH.
The skin is then soaked in pepsin (EC 3.4.23.1;
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powdered; 500 units/mg solid, Sigma-Aldrich, St.
Louis, MO, USA) containing 0.5 M acetic acid at a
concentration of up to 0.1% (w/w) 1:8 (w/v) and stirred
at 4°C for 48 hours. The filtrate was then filtered and
centrifuged (XXX) for 60 minutes using Eppendorf
5810R (Eppendorf, Germany) to separate the
supernatant. The precipitated supernatant was then
centrifuged again for 20 min to obtain a pellet. The
pellet was dissolved in 0.5 M acetic acid (1:5 w/v) and
loaded onto a dialysis membrane (Carolina Biological;
12 kDa, cut off, Burlington, NC, USA) for stepwise
dialysis. Phase I dialysis was performed for 24 h against
0.2 M sodium phosphate buffer (pH 8). Phase II dialysis
was performed for 24 h using distilled water. The
resulting dialysate was then dried for 90 hours using a
freeze dryer (Telstar® LyoQuest Plus Lyophilizers,
Barcelona, Spain (Herawati et al., 2022).

Collagen Hydrolysis

The collagen (1 g) was soaked in 200 ml of
ultrapure water and immerse in a 37 °C water bath.
Collagenase 1I (2-28-100 MG-PW; powdered; 125
units/mg solid, Sigma-Aldrich, St. Louis, MO, USA)
(1% w/w) was then added and homogenized for 5 h.
The enzymatic reaction was terminated by heating the
mixture to 95 °C for 10 min. The resulting mixture was
then cooled to room temperature and centrifuged at
3000 rpm for another 30 minutes. The resulting
supernatant was then lyophilized (called mackerel
collagen hydrolysate) for 90 hours and stored at 4°C
(Herawati et al., 2022).

Formulation of Collagen Hydrolysate Gel

The composition of mackerel CH gel was modified
from the study (Safaruddin et al., 2019) and shown in
Table 1. Hydroxypropyl methylcellulose (HPMC) was
stirred in warm distilled water until it swelled and
became homogeneous. A mixture of glycerin solution,
methylparaben, citrus fruit oil and mackerel CH was
added to the resulting gel matrix, then mixed until a
homogeneous gel mass is formed.

Table 1. Mackerel CH Gel Formulation

Material Function Amount (%)
Mackerel CH Active ingredients 5
HPMC Gelling agent 2
Glycerin Humectants 10
Methyl Paraben Preservative 0.2
Citrus Oleum Fragrance 0.5
Aquades Solvent  Added up to 100%
Evaluation of the Physical Properties of Collagen

Hydrolysate Gel
1. Viscosity Test
Viscosity measurements was determined using
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Rheosys Merlin VR II with cone and plate system. A
total of 1 gram of sample was placed on a plate, then a
spindle was installed on the viscometer and lowered to
a distance of 1 mm from the gel. The rotor ran at 2.0 rpm
for 60 seconds. Viscosity test was carried out on freeze
thaw cycle (Wibowo, 2017).

2. Spreadability Test

A sample of 500 mg was placed on a round glass
with another glass placed on top of it. An extra 125
grams of load was added afterward before it was
allowed to stand for 1 minute and measured for its
constant diameter. Spreadability test was carried out on
freeze thaw cycle (Wibowo, 2017).

3. Adhesiveness Test

Gel weighing 500 mg was placed between 2 object
glasses then pressed by a weight of 500 gram for 5
minutes. After that, the load was lofted and another
load of 80 gram was given to the adhesiveness test tool.
The time required for the 2 object glasses to separate
was recorded (Wibowo, 2017).

4. pH

A sample of 1 gram was diluted in 10 ml aquadest.
Universal pH sticks were dipped into diluted samples
of the gel. Once they were completely immersed, the
change in the color of the universal pH was observed
and matched with universal pH standard.

5. Gel Strength

Gel strength was analyzes using Lloyd texture
analyzer set with 4.5 gram load cell, cross-head speed
0.5 mm/s and 4 mm in diameter. The bottle of bloom
containing the sample was placed in the middle and
then the penetration of the probe until its submerged in
the gel. The value that appears on the monitor is the gel
strength in grams (Mufida et al., 2020).

6. Gel Texture

Gel texture was analysed with the Lloyd Texture
Analyzer. The samples were previously cooled in the
refrigerator, then the sample was incubated for 30
minutes at refrigerated temperature (15°C). The sample
was pressed with a 12.7 mm probe until a deformation
of up to 10 mm occurs at a speed of 1 mm/s. Gel texture
parameters include hardness and elasticity (Atma et al.,
2018).

7. Organoleptic

Organoleptic parameters include aroma, texture
and colour of the gel, based on the organoleptic test
specified according to SNI 8076:2014. Tests carried out
by involving 25 to 30 respondents.
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Result and Discussion

Viscosity

A viscosity test is used to determine the thickness
of a gel formulation. In this study, the resulting viscosity
of mackerel CH gel ranged from 35,970 to 930,090 cps
(Table 2). According to the Indonesian National
Standards (SNI-16-4399-1996), the viscosity of a good
sunscreen gel is 2,000 to 50,000 cps, thus, the viscosity of
mackerel CH gel was classified as high. This may be due
to the amount of gelling agent (HPMC) used in the gel
formulation. The advantages of HPMC as a gelling agent
is that it can form transparent gels, easily soluble in
water, and has good stability even when exposed to heat
and humid conditions, so that it does not undergo
significant changes in homogeneity, pH, consistency and
rheological properties of the gel. However, since the
resulting viscosity is higher than SNI standard, the
amount of HPMC in the mackerel CH gel formulation
needs to be reduced. Nevertheless, mackerel CH gel
exhibits stable physical properties as indicated by a
decrease in viscosity value accompanied by an increase
in shear stress (Table 2).

HPMC is a polymer derived from cellulose. In the
event of dispersion, the polymer molecules will enter the
cavity formed by the water molecules and form
hydrogen bonds between the hydroxyl groups of the
polymers with the water molecules. Hydrogen bonding
plays a role in hydration in the swelling process. The
higher concentration of HPMC used allows more
hydroxyl groups to bind resulting in a high viscosity
value (Noval et al., 2020).

Spreadability

Spreadability test determine the ability of the
mackerel CH gel to spread when applied to the skin. The
result showed that the gel has a spreading area of 11.730
1 0450 cm g/s, which exceeds the SNI-16-4399-1996
value of a sunscreen gel (5-7 cm g/s). On the other hand,
if a gel has high gel spreadability, it means that it can
spread smoothly and evenly over the surface with
minimal effort. High gel spreadability is a desirable
characteristic for many cosmetic and personal care
products. It offers several advantages: ease of
application, uniform coverage, enhanced absorption,
and reduced product wastage. The spreadability of a gel
can be influenced by various factors, including its
viscosity, consistency, formulation ingredients, and the
presence of suitable spreading agents or surfactants
(Hayat et al., 2023; Khan et al, 2022). Balancing
spreadability with other desired product attributes is
essential in formulating effective and user-friendly
cosmetic gels. Therefore, skincare product in the form of
a gel with good spreadability is an important
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characteristic to obtain the ideal properties in topical
application (Atma et al., 2018).

Adhesiveness

Adhesiveness refers to the adhesion of a gel on the
skin. The longer adhesion time indicates that the gel
preparation adheres well to the skin and allows more
active substances to diffuse into the skin (Sani et al.,
2021). The adhesion test results of mackerel CH gel were
1,561 + 195 s. These results showed that the mackerel CH
gel formulation met the requirements for semi-solid
adhesion, which was longer than 10 seconds (Voigt,
1994). The adhesiveness of the gel preparation is
attributed to the composition of the gelling agent. The
higher concentration of HPMC leads to a greater

Table 2. Viscosity of Mackerel CH Gel
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adhesion capacity. This is because HPMC has strong
binding ability and hence can stick for a long time (Putri
& Anindhita, 2022). There are no special requirements
for the optimal value of the adhesion test. The greater the
adhesiveness of a gel formulation, the more optimal the
drug delivery capability achieved.

P——

Figure 1. Mackerel collagen hydrolysate gel

Shear Stress (Pa) RPM Time (s) Viscosity (cps) SD
279.03 0.1 20.1 930,090 88.3
1062.1 2.6 40.2 136,170 0.99
1160.06 51 60.3 75,820 1.97
1153.13 7.5 80.4 51,250 1.81
1079.07 10 100.5 35,970 2.3

pH

According to SNI-16-4399-1996, a good gel
preparation has a pH that corresponds to the
physiological pH of the skin from 4.5 to 7. A pH lower
than 4.5 can cause skin irritation, a pH higher than 4.5
can cause skin irritation 7 may impair the barrier
function of the skin (Kuo et al, 2020). The pH of
Mackerel CH gel was 6-7, which was within the range of
the physiological pH of the skin and meets the national
standards of Indonesia (SNI). According to SNI-16-4399-
1996, a good pH for a cosmetic product is 6.5-8. This pH
value shows that the mackerel CH gel is unlikely to
cause skin irritation.

Gel Strength

Gel strength refers to the ability of a gel to maintain
its shape and structure under applied forces. In this
study, the gel strength of mackerel CH is 5.5 g.bloom
and classified as low Bloom. Several factors such as the
nature of the species, the extraction method and the
composition of the collagen hydrolysate can be
associated with the strength value of the gel. It is
important to note that the appropriate gel strength or
bloom value of gel depends on the specific application.
Gel product for face and body, often aim for a softer and
more lightweight texture. These gels may have lower gel
strengths to provide a smooth, easy-to-spread

consistency and enhance the application experience.

Gel Texture
The rheological properties studied included the
hardness and springiness of the mackerel CH gel. The

hardness value is the amount of force resistance of a non-
deforming material to break apart due to an applied
compressive force (Atma et al., 2018). Mackerel CH gel’s
hardness ranging from 10.5 g/cm? to 11 g/cm? which
indicates a soft gel texture. Collagen hydrolysate has a
high-water absorption capacity and thus becomes a
good ingredient to give shape and strength to the gel
(Nining, 2020). This ability of collagen hydrolysate
increases the amount of free water in the gel, thus
softening its texture.

Springiness is the value at which a material will
resist breaking due to tensile strength (Atma et al., 2018).
The result showed that mackerel CH gel has springiness
with a value of 11 mm. This result is quite high
compared to studies of gel preparations of other species,
namely Catla catla (0.925 mm), C. mrigala (0.903 mm), and
L. rohita (0.846) (Kumar et al., 2017). The springiness of a
gel is directly proportional to the viscosity. The higher
elasticity value of mackerel CH gel might be attributed
to the high viscosity of the gel.

Organoleptic

The organoleptic test revealed that the mackerel
collagen CH exhibited a light-yellow hue, emitted a
subtle fishy aroma, and possessed a consistently dense
and gel-like texture. Overall, the respondents expressed
relatively positive acceptance towards the texture and
color of the gel. However, there was a consensus among
the participants that the aroma could be further
enhanced to improve its sensory appeal.
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Conclusion

This study characterized the physicochemical
properties of a gel incorporating mackerel collagen
hydrolysate (CH), a marine-based biomaterial known
for its potential benefits in cosmetic applications. The
formulation of the mackerel CH gel resulted in a high
viscosity and spreadability compared to the standard
national guideline (SNI). The gel exhibited good
adhesiveness, suggesting its ability to effectively deliver
active substances into the skin. Regarding gel strength
and texture, the results indicated that the gel had a soft
consistency. In terms of organoleptic assessment, the gel
was described as having a clear, yellowish appearance
with a subtle fishy aroma. Further optimization of the
formulation is recommended for future studies.
Additionally, assessing the efficacy of this gel in
addressing medication-related issues using an animal
model is warranted.

Author Contributions
The authors of this article consist of three people. Completion
of this article is done together at each stage.

Funding

This study was funded by The Ministry of Education, Culture,
Research, and Technology of Republic of Indonesia (Hibah
Penelitian Thesis Magister: 096/E5/PG.02.00.PT/2022) and
Universitas Sebelas Maret (Hibah Penelitian Fundamental:
254/UN27.22/PT.01.03/2022).

Conflicts of Interest
The authors declare no conflict of interest.

References

Aryantini, D., Agustina, L. Kristianingsih, L,
Kurniawati, E., & Khawarizmy, 1. (2020). Formulasi
dan Karakteristik Fisik Soothing Gel Kombinasi
Lidah Buaya dan Buah Naga. Cendekia Journal of
Pharmacy, 4(1), 1-9.
https:/ /doi.org/10.31596/ cjp.v4il.51

Atma, Y., Mustopa, A. Z., Pertiwi, M., & Maisarah, R.
(2018). The Gel Strength and Profile Texture of
Liquid Crude Extract from Fish Bone Gelatin by
Pineapple Waste Combined Water Extraction.
Journal of Applied Sciences and Advanced Technology,
1(1), 9-14. https:/ /doi.org/10.24853 /jasat.1.1.9-14

Brunt, E. G., & Burgess, J. G. (2018). The promise of
marine molecules as cosmetic active ingredients.
International Journal of Cosmetic Science, 40(1), 1-15.
https://doi.org/10.1111/ics.12435

Hayat, M., Nawaz, A., Chinnam, S., Muzammal, M.,
Latif, M. S., Yasin, M., Ashique, S., Zengin, G., &
Farid, A. (2023). Formulation development and
optimization of herbo synthetic gel: In vitro

July 2023, Volume 9 Issue 7, 5568-5573

biological evaluation and in vivo wound healing
studies. Process Biochemistry, 130, 116-126.
https:/ /doi.org/10.1016/j.procbio.2023.04.010

Herawati, E. Akhsanitaqwim, Y., Agnesia, P,
Listyawati, S., Pangastuti, A., & Ratriyanto, A.
(2022). In Vitro Antioxidant and Antiaging
Activities of Collagen and Its Hydrolysate from
Mackerel Scad Skin (Decapterus macarellus).
Marine Drugs, 20(8), 516.
https:/ /doi.org/10.3390/md20080516

Jafari, H., Lista, A., Siekapen, M. M., Ghaffari-Bohlouli,
P., Nie, L., Alimoradi, H., & Shavandi, A. (2020).
Fish collagen: Extraction, characterization, and
applications for biomaterials engineering. Polymers,
12(10), 2230.
https:/ /doi.org/10.3390/ polym12102230

Khan, B. A,, Ahmad, S., Khan, M. K,, Hosny, K. M,,
Bukhary, D. M., Igbal, H., Murshid, S. S., Halwani,
A. A, Alissa, M., & Menaa, F. (2022). Fabrication
and characterizations of pharmaceutical emulgel
co-loaded with naproxen-eugenol for improved
analgesic and anti-inflammatory effects. Gels, 8(10),
608. https:/ /doi.org/10.3390/ gels8100608

Kulkarni, P., & Maniyar, M. (2020). Utilization of fish
collagen in pharmaceutical and biomedical
industries: waste to wealth creation. Life Sci Inform
Publications, 6(3), 11. Retrieved  from
http:/ /www.rjlbpcs.com/ article-pdf-
downloads/2020/34/735.pdf

Kumar, D. P., Chandra, M. V, Elavarasan, K., &
Shamasundar, B. A. (2017). Structural properties of
gelatin extracted from croaker fish (Johnius sp) skin
waste. International Journal of Food Properties,
20(sup3), 52612--52625.
https:/ /doi.org/10.1080/10942912.2017.1381702

Kuo, S.-H., Shen, C.-J., Shen, C.-F., & Cheng, C.-M.
(2020). Role of pH value in clinically relevant
diagnosis. Diagnostics, 10(2), 107.
https:/ /doi.org/10.3390/ diagnostics10020107

Kusumanigrum, R. C., Alfiatunnisa, N., Murwantoko,
M., & Setyobudi, E. (2021). Karakter Morfometrik
dan Meristik Ikan Layang (Decapterus macrosoma
Bleeker, 1851) di Pantai Selatan Daerah Istimewa
Yogyakarta, Indonesia. Jurnal Perikanan Universitas
Gadjah Mada, 23(1), 1-7.
https:/ /doi.org/10.22146/fs.52348

Leon-Loépez, A., Fuentes-Jiménez, L. Hernandez-
Fuentes, A. D., Campos-Montiel, R. G., & Aguirre-
Alvarez, G. (2019). Hydrolysed collagen from
sheepskins as a source of functional peptides with
antioxidant activity. International  Journal of
Molecular Sciences, 20(16), 3931.
https://doi.org/10.3390/ijms20163931

Lim, Y.-S,, Ok, Y.-]., Hwang, S.-Y., Kwak, J.-Y., & Yoon,
S. (2019). Marine collagen as a promising

5572



Jurnal Penelitian Pendidikan IPA (JPPIPA)

biomaterial for biomedical applications. Marine
Drugs, 17(8), 467.
https:/ /doi.org/10.3390/ md17080467

Mufida, R. T., Darmanto, Y. S., & Suharto, S. (2020).
Karakteristik permen jelly dengan penambahan
gelatin sisik ikan yang berbeda. Jurnal llmu Dan
Teknologi Perikanan, 2(1), 29-36.
https:/ /doi.org/10.14710/jitpi.2020.8086

Nining, N. (2020). Pemanfaatan Kolagen Laut dalam
Sistem Penghantaran Obat. Majalah Farmasetika,

5(5), 245-256. Retrieved from
https:/ /jurnal.unpad.ac.id/farmasetika/article/ vi
ew /28866

Noval, N., Rosyifa, R., & Annisa, A. (2020). Effect of
HPMC concentration variation as gelling agent on
physical stability of formulation gel ethanol extract
bundung  plants  (Actinuscirpus  grossus).
Proceedings of the First National Seminar Universitas
Sari Mulia, NS-UNISM 2019, 23rd November 2019,
Banjarmasin, South Kalimantan, Indonesia.
https://doi.org/10.4108/ eai.23-11-2019.2298326

Pratiwi, M. A. D. (2022). Pengaruh Peptida Kolagen Ikan
Layang Biru (Decapterus Macarellus) Terhadap
Peningkatan Kadar Peptida Darah Dan Struktur
Histologis Hewan Uji. UNS (Sebelas Maret
University). Retrieved from
https:/ /digilib.uns.ac.id/ dokumen/ detail /93737 /

Putri, W. E., & Anindhita, M. A. (2022). Optimization of
cardamom fruit ethanol extract gel with
combination of HPMC and Sodium Alginate as the
gelling agent using Simplex Lattice Design. Jurnal
Ilmiah Farmasi, 107-120.
https:/ /doi.org/10.20885/jif.specialissue2022.art1
3

Safaruddin, S., Safitri, N. A. A., Yuliana, B., & Firman, 1.
(2019). Formulasi Gel Lendir Ikan Gabus (Channa
Striata) dan Uji Efektivitas Sebagai Obat Luka
Bakar Pada Kelinci (Oryctolagus Cuniculus).
Prosiding Seminar Nasional Universitas Indonesia
Timur, 1(1), 248-254. Retrieved from https:/ /uit.e-
journal.id/SemNas/article/view /702

Sani, L. M. M., Subaidah, W. A., & Andayani, Y. (2021).
Formulasi dan evaluasi karakter fisik sediaan gel
ekstrak  etanol daun salam  (Syzygium
polyanthum). Sasambo Journal of Pharmacy, 2(1), 16-
22. Retrieved from
https:/ /jttk.unram.ac.id/index.php/sjp/article/vi
ew/57

Sidiq, H. B. H. F., Apriliyanti, I. P., & others. (2018).
Evaluasi Sifat Fisik Dan Uji Iritasi Gel Ekstrak Kulit
Buah Pisang (Musa Acuminata Colla). JCPS (Journal
of Current Pharmaceutical Sciences), 2(1), 131-135.

Retrieved from
https:/ /journal.umbjm.ac.id/index.php/jcps/arti
cle/view /174

July 2023, Volume 9 Issue 7, 5568-5573

Silooy, F. D., Tupamahu, A., Ongkers, O. T. S, &
Matrutty, D. D. P. (2020). Analysis Financial
Fisheries Business of Mackerel Scad (Decapterus
macarellus) in the Southern Waters of Ambon
Island. Agrikan: Jurnal Agribisnis Perikanan, 13(2),
175-181.
https:/ /doi.org/10.29239/j.agrikan.13.2.175-181

Wibowo, B. D. (2017). Formulasi Sediaan Gel Anhidrat
Diabetic Wound Healing Dengan Zat Aktif Ibuprofen.
Skripsi, Universitas Sanata Dharma. Retrieved from
Retrieved from https:/ /repository.usd.ac.id/8917/

Yamamoto, K., Igawa, K., Sugimoto, K., Yoshizawa, Y.,
Yanagiguchi, K., Ikeda, T., Yamada, S., Hayashi, Y.,
& others. (2014). Biological safety of fish (tilapia)
collagen. BioMed Research International, 2014.
https:/ /doi.org/10.1155/2014/630757

Zhou, G., Zhang, G., Wu, Z,, Hou, Y., Yan, M., Liu, H,,
Niu, X., Ruhan, A., & Fan, Y. (2013). Research on the
structure of fish collagen nanofibers influenced cell
growth.  Journal of Nanomaterials, 2013, 2.
https://doi.org/10.1155/2013 /764239

5573



