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Abstract

To date, there is no information on the skin of Alaska Pollock (Theragra
chalcogramma) being used as a source for collagen. In order to produce water-
soluble collagen from the skin of Alaska Pollock, a process known as hydro-
extraction is utilized. This technique does not need a long extraction time or a
large amount of chemical reagent. The purpose of this study was to investigate
the effect of acetic acid pre-treatment on hydro-extraction of water-soluble
collagen from Alaska Pollock skin. The skin samples were pretreated using
acetic acid at different concentrations (0.01 M; 0.05 M; 0.1 M, 0.15 M) for
two hours at chilling temperature. The pre-treated skin samples were further
processed to produce water-soluble collagen with the hydroxy-extraction
method. The obtained collagen was analyzed for proximate compositions, yield,
and amino acids compositions with high performance liquid chromatography. It
was found that the proximate compositions of the collagen products, specifically
the protein content (75%) and fat content (1%), met the requirements of the
Indonesian National Standard (SNI 8076:2014). The collagen yield ranged from
2.6 to 3.13%. The predominate amino acids in collagen were glycine, arginine,
proline, glutamic acid, serine, and alanine. Pre-treatment of skin sample with
0.15 M acetic acid resulted in the highest yield of water-soluble collagen (3.13%)
and protein content (91.13%). The skin of Alaska Pollock fish could be used
as an alternative raw material to produce water-soluble collagen for medical,
pharmacy or food processing applications.
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1. Introduction

The fishery product processing industry is a
business sector that has promising sustainability due to
the abundant availability of fishery resources, human
resources, and a wide range of market opportunities
(KKP, 2013). However, the fishery processing industry
also often produces abundant amount of waste in each
production stage. The fishery waste consists of liquid
waste and solid waste. Liquid waste can be in the form
of blood, mucus, and fat, while solid waste consists of
heads, fins, skin, bones, and scales. Fish skin is one of
the by-products that has not been used optimally so far
and there is low effort in processing fish skin waste,
thus, resulting in waste problem that contaminate and
damage environmental aesthetics. Currently, the fish
skin byproducts from fish processing has limited uses
as a mixture of feed, handicrafts, processed fish skin
crackers and so on. Therefore, another alternative is
needed to handle fish skin waste as solution to reduce
environmental impact and become a product that has
added value, namely as a raw material for making
collagen.

Collagen is an extracellular matrix (ECM)
glycoprotein that is affected by the raw material used
(Chen et al., 2022). Collagen is a protein with a fibrous
structure which is the main component of the extracel-
lular matrix of a living organism, which accounts for
25-30% of the total protein and plays an important role
in maintaining the integrity of the biological structure
of several tissues (Marousek er al., 2015; Jafari et al.,
2020). Collagen is the main structural component of
white connective tissue fibers and is present in tissues
and organs that play an important role in the preparation
of body shape (Walters and Stegemann, 2014). Collagen
is widely used in various field including industry, food,
cosmetics, pharmaceuticals, medicine, photography and
so on. Most of the commercial collagen in circulation
comes from the tissues and skin of terrestrial animals
such as pigs, cow, or chickens (Silvipriya et al., 2015). It
is feared that the use of collagen can cause diseases such
as mad cow (Mad Cow), Bovine Spongiform Enceph-
alopathy (BSE), Transmissible Spongiform Encepha-
lopathy (TSE), Foot and Mouth Disease (FMD) which
can be transmitted to humans resulting on a negative
impact on human health. Collagen from cows and pigs
also raises other problems when viewed from a religious
perspective (Singh et «l., 2011). Kusumawinahyu et
al. (2022) reported that collagen from Pangasius skin
with immersing using acetic acid for 72 hours resulted
high yield (6.15%) and protein content (9.26%).

Fish is one of the fisheries commodities that
can be used as an alternative raw material for collagen
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which is not limited by religious barrier, safe and has a
good impact on health. Collagen from fish and colla-
gen from land animals differs from their high biological
value, high content of essential amino acids, and low
content of hydroxyproline (Muralidharan et a/., 2013).
According to Kumar ef al. (2011), collagen derived
from fish has a complex structural protein and a smaller
structure compared to collagen made from land animals.
Hence, it is easily absorbed by the human body. One of
fish with skin that has good chemical content and has
the potential to be a source of collagen production is
Alaska Pollock (Theragra chalcogramma). Accord-
ing to the Food and Agriculture Organization (FAO,
2017), Alaska Pollock has a high production value for
surimi and fillet products, as evidenced by data on ma-
rine aquaculture production of Alaska Pollock fish in
2014 reaching 3,245 tons, while in 2015 there was an
increase in production of 3,372 tons. The data explains
that the skin waste fillet industry of the Alaska Pollock
fish showed an increase in production. In addition, the
skin of the Alaska Pollock has a potential to be used as
a raw material for producing collagen to increase value
of by-product from the fish fillet industry.

Nowadays, isolation process of collagen could
be done using several techniques. Fish skin isolation
techniques are generally extracted by acid (ASC) (Pati
et al., 2010; Van De Water et al., 2013; Liang et al.,
2014; Chen et al., 2016), alkali and enzyme (PSC) (Pati
et al.,2010; Liang et al., 2014; Wu et al., 2019) meth-
ods. These techniques are capable of producing collagen
with a high level of purity but requires longer produc-
tion time, large number of chemicals and high produc-
tion costs, causing the produced collagen unable to
compete with commercial collagen. Another technique
that is considered to require low production costs and
can produce collagen in a relatively short time is the hy-
dro-extraction method. The hydro-extraction technique
is an isolation process using water as a catalyst (heat
transfer medium) and temperature as pressure (High
Temperature Short Time/HTST) (Kolanus ez a/., 2019).
According to Huang er al. (2016), hydro-extraction
technique has several advantages, including shorter pro-
duction time, lower production costs, high yield yields
with easy controlling number of waste, which supports
clean technology and sustainable production. More-
over, when compared to alkaline or acid soluble col-
lagen, the collagen produced is water-soluble and safe
for long-term consumption. Based on these problems,
information regarding variations in the concentration of
acetic acid for pre-treatment process to manufacture wa-
ter-soluble collagen from Alaska Pollock fish skin using
the hydro-extraction method has never been reported.
Hence, it is necessary to conduct research for water
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collagen production by using hydro-extraction with
pre-treatment at different concentrations of acetic acid
in which the water-soluble collagen from Alaska Pol-
lock fish skin using the hydro-extraction has never been
reported. Oslan et a/. (2022) reported that acid solubili-
zation or using acetic acid extraction is the best method
for producing collagen. Acid can break crosslink in the
collagen helix which could be resulting high yield of
collagen. The aim of this study was to evaluate based
on the effect of the acetic acid concentration variation
of in the pre-treatment step to produce water-soluble
collagen Alaska Pollock fish skin via hydro-extraction
method.

2. Material and Methods

2.1 Material

The materials used in this study was Alaska
Pollock fish skin obtained from PT. Kelola Mina Laut
in Gresik, East Java. Distilled water, sodium hydroxide
(NaOH) (MERCK), acetic acid (CH,COOH) (MER-
CK), boric acid (H,(BO,), methylene red (C H N.O,),
methylene blue (C, H N.SCI), ethanol (MERCK),
N-hexane (CH,,) (MERCK), hydrochloric acid (HCI)
(MERCK), sulfuric acid (H,SO,) (MERCK), Kjeldahl
tablets, aquabides, AccQ Fluor Borate solution, 20 uL
AccQe Tag Ultra Derivatization Kit for amino acid
standard- Waters Corporation.

2.2 Method

2.2.1 Preparation of fish skin of Alaska Pollock (Thera-
gra chalcogramma)

The Alaska Pollock fish skin sample was
washed using running water to remove the undesirable
component. The remaining meat, scales and fat in the
skin were then removed using a sharp object. The sam-
ples’ skins then underwent an organoleptic test (9-point
hedonic scale) to examine the freshness and quality of
the skin. Later, all parts of the Alaska Pollock fish skins
were cut into small pieces with appropriate thickness
with dimensions ranging 1x1 cm? The samples of Alas-
ka Pollock fish skin were then stored in freezer until
used for the further experiment.

2.2.2 Deproteinization process

The Alaska Pollock fish skin samples were
washed and then weighed before entering the deprotein-
ization stage. The deproteinization process was carried
out by immersing the skin with 0.05M of NaOH with
a 1 to 10 ratio (w/v) at chilling temperature and shak-
en with magnetic stirrer. The aim of the process was to

Copyright ©2023 Faculty of Fisheries and Marine Universitas Airlangga

remove non-collagen proteins. Every hour of the three-
hour soaking period, the NaOH solution was replaced
by a fresh solution. The samples were then washed with
distilled water until a neutral pH was reached.

2.2.3 Pre-treatment of water-soluble collagen

The samples from the deproteinization process
were then used for the pre-treatment with acetic acid to
produce water-soluble collagen. The samples were im-
mersed in different concentrations of acetic acid (0.01
M; 0.05 M; 0.1 M; and 0.15 M) with a 1 to 10 ratio of
skin with acetic acid solution (w/v) for two hours. After
soaking with acetic acid, the Alaska Pollock fish skin
sample was washed using distilled water until a neutral
pH was reached. The samples were then stored in freez-
er until used for further experiment.

2.2.4 Water-soluble collagen production

The samples skin of Alaska Pollock from the
previous result was then used for hydro-extraction pro-
cess. The hydro-extraction process was carried out at a
temperature of 40°C for two hours, with a rpm of 150
in an incubator shaker. The ratio of skin and distilled
water was 1 to 1 (w/v). The water-soluble collagen was
stored in the refrigerator for 24 hours to form a gel. The
samples were then dried using a freeze dryer to obtain a
water-soluble collagen in powder form. The sample was
then stored in room temperature for further analysis.

2.2.5 Amino acid analysis

Amino acid analysis was performed using
HPLC. The water-soluble collagen extracts were diluted
in 6 N HCI and went through hydrolysis in boiling wa-
ter bath at 110°C for a period of 24 hours. The samples
were shaken or swirled every one hour to get proper hy-
drolysis process. The samples were then centrifuged at
3,500 rpm for 15 minutes. The supernatant was filtered
and neutralized with 1 N NaOH. The filtered solution
was then diluted to 1:100 of volume (1 ml diluted to
100 ml) with distilled water and loaded onto HPLC. The
amino acid properties were calculated as part per mil-
lion of protein (Gratzfeld-Huesgen, 1998).

2.2.6 Yield

The yield of water-soluble collagen was cal-
culated based on freeze-dried sample (Normah er al.,
2018) by the following equation:

weight of lyophilized collagen

Collageu yleld (g o g) = weight of initial dry fish pretreated byproduct

x100% ... Eq (1)

2.2.7 Proximate analysis (Moisture, ash, crude protein,
lipid content)

The water-soluble collagen was determined

470



Patmawati et al. / JIPK, 15(2):468-477

by the proximate analysis based on standard method
(AOAC, 2007). Moisture was determined by a mois-
ture analyzer (BEL i-Thermo 163L, India), ash content
was analyzed by ashing by placing the sample in a fur-
nace with a temperature 550°C until the sample turned
to ash with grey color, and crude protein content was
analyzed using Kjeldahl method including destruction,
distillation, and titration. Whereas the total of lipid was
characterized by using Soxhlet methods. Then, the col-
lected data were calculated on a dry basis of water-solu-
ble collagen.

2.3 Analysis Data

This study was used to design a completely ran-
domized design (CRD) with four treatments and three
replications, 12 study units were found with different
concentrations CH,COOH, namely 0.01, 0.05, 0.1, and
0.15 M. The research layout to determine different con-
centration of acetic acid concentration on water-sol-
uble collagen (WSC) was analyzed with one element
ANOVA using Microsoft Excel program version 16.59.
These methods were used to analyze the effect of dif-
ferent concentrations of acetic acid against proximate
analysis and yield.

3. Results and Discussion

Collagen is the major structure in connective
tissues such as a tendon, skin, and bone. Collagen has
an isoelectric point near physiological pH, which means
it does not dissolve in neutral pH solution. These prop-
erties affected the limitation of application in many
fields such as medical, cosmetic, or injectable material
(Friess and Lee, 1996; Nezu and Winnik, 2000; Sripri-
va et al., 2011; Patino ef al., 2022). In this research we
tried to produce water-soluble extraction by using hy-
dro-extraction technique with pre-treatment using acetic
acid. In first stage, fish skin preparation was carried out
(Figure 1). To determine the freshness and quality of the
skin, an organoleptic test was carried out. Organolep-
tic test of Alaska Pollock fish skin was carried out with
the parameters of appearance, smell, and texture in line
with SNI 01-2729-1992. The test was carried out by 30
untrained panelists to provide an assessment in the for-
mula based on the available criteria and specifications.

Based on the findings of the average organolep-
tic test calculation, a score of 9 was obtained for the
appearance and odor parameters, while a score of 8.33
was obtained for the texture parameter (Figure 2). Ac-
cording to Indonesian national standard SNI 01-2729-
1992, fresh fish has an average score of 7, indicating
that Alaska Pollock fish skin was suitable for usage as

a raw material for collagen. The appearance of skin of
the Alaska Pollock fish was bright, transparent, and has
a clearly curved lateral line that was present from the
head to the tail, the skin on the belly was grayish white
and the skin on the back was brown. The skin of Alaska
Pollock fish has a distinctive smell and has an elastic
texture.

In general, acetic acid concentration pre-treat-
ment had a significant effect (p<<0.05) on the proximate
composition, pH, and yield of water-soluble collagen
produced, resulted in a variation of water content (8.02-
11.08%), ash content of (0.08-0.98%), protein content
of (85.52- 91.13%)), fat content of (0.06-0.20%), pH of
(6.99-7.12), and yield of (2.29-3.13%) (Table 1). The
characterization of water-soluble collagen from skin of
Alaska Pollock (Theragra chalcogramma) (Table 1)
met the criteria of the National Standards Indonesia SNI
8076:2014). Luo et al. (2018) reported that proximate
analysis of skin collagen from Siberian sturgeon was a
water content of (68.97 + 3.06 g 100 g!), ash content
of (9.64 £+ 0.38 g 100 g'), protein content of (15.24 +
1.17 g 100 g"), and fat content of (0.41 + 0.03 g 100
g!) on a wet weight basis. The difference of proximate
analysis was due to variance in fish skin and collagen
extraction. In this study, the extraction process was
done by pre-treatment with acetic acid, neutralization,
and hydro-extraction to produce collagen. Consequent-
ly, the fat content of collagen was low and had a low
ash content with high protein. The high protein content
of collagen indicated that the extraction process to re-
move impurities of Alaska Pollock fish skin was done
effectively.

The water content in a material can determine
the quality of the material because it relates to shelf life,
freshness, and food safety. High water content can also
affect metabolic activities such as enzyme activity, mi-
crobial activity, and chemical activity, causing changes
in nutrient content and organoleptic properties (Rosida
et al., 2018). The moisture content of each sample is
closely related to the humidity of the sample, reflecting
water content and affected sample texture (Harjo ez al.,
2015). The analysis of water content of water-soluble
collagen met the criteria of Indonesian national stan-
dard. This result showed that the freeze drying process
has been carried out according to the standard.

The ash content of a product provides informa-
tion about its purity, mineral content, and cleanliness of
the product (Kristiandi ef a/., 2021). The decreased total
ash content is one of the parameters of collagen quali-
ty which means the extraction process were done opti-
mally. Higher ash content in the sample showed that the
extraction process was not done optimally because of
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many mineral residues left behind (Khirzin e a/., 2019).
There is a correlation between the concentration of ace-
tic acid and the percentage of ash content in which high-
er concentration of acid used more minerals are elimi-
nated resulting in a lower percentage of ash content and
vice versa (Suptijah e al., 2013). The obtained results
also showed the same phenomenon with resulting low
content of ash. This showed that the extraction process
for making water-soluble collagen was successfully
carried out via hydro-extraction method undergone with
acetic acid pre-treatment step.

Protein content can be used as a parameter to
determine the quality of the fish skin raw material. The
results of high protein content means better quality of

the raw material (Nugraheni er a/., 2021). Alaska Pol-
lock fish skin is known to have a high source of protein
content. Li ef al. (2018), reported that the protein con-
tent of Alaska Pollock fish skin was 85.46%. Therefore,
Alaska Pollock fish skin is an ideal raw material for col-
lagen production. The high protein content in the skin
needed high concentration of acid level for demineral-
ization process. Nugraheni ef a/. (2021) stated that ace-
tic acid solution enters the skin cells and caused break-
down of hydrogen bonds in the peptide chains, while
H" ions from an acidic solution made it easier for water
to penetrate into the collagen fibers. This process was
affected by swelling of the fish skin to produce procolla-
gen structure thereby facilitating the extraction process.

Figure 1. Morphological images of: (a) Alaska Pollock (Theragra chalcogramma) fish skin; (b) fish skin after
deproteination and neutralization; (c) dried water-soluble collagen products pretreated with acetic acid at dif-

ferent concentrations (0.01 M; 0.05 M; 0.1 M, 0.15 M).
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Figure 2. Average organoleptic score (on 9-point hedonic scale) Alaska Pollock (Theragra chal-

cogramma) skin raw material.
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Figure 3. Amino acid composition of water-soluble collagen extracted from skin of

Alaska Pollock Fish Skin (Theragra chalcogramma)

Table 1. Characterization of water-soluble collagen from skin of Alaska Pollock (Theragra

chalcogramma)
Parameter Acetic acid concentration Irll\?aotlil:lsli;n
0.01 M 0.05M 0.10 M 0.15M Standard

Water content (%) 11.08*+0.01  8.07°+0.01  11.02*+0.01  8.02*+0.07  <12%
Ash content (%) 0.98-£0.02  0.76"+0.04  0.15+0.05  0.08+0.03 <1%
Protein content (%) 86.61£0.05 87.35°+0.01 85.52+0.03 91.13*+0.05 >75%
Lipid content (%) 0.2040.02  0.15°+0.03  0.10°+0.01  0.06°+0.01 <1%
pH 7.12*40.03  7.08+0.02  7.03°+0.01  6.99“+0.01 6.5-8
Yield (%) 2.29+0.03  2.60£0.06  2.90°+0.05  3.13*+0.04 -

The lipid content of water-soluble collagen from
Alaska Pollock fish is very important because lipid can
affect the quality of collagen during storage. Lipid dam-
age affects the nutritional value and cause a distortion
of taste and smell. High-quality collagen was expected
to have a low lipid content and expected to contain no
fat (Hudzaifah, 2013). In addition, lipid content can be
correlated with the pre-treatment of acetic acid. Higher
concentration of acetic acid applied results in lower lip-
id content obtained in the collagen samples. The acetic
acid has ability to breaking down of the bond structure
in proteins and can bind with fat molecules (Nolsge and
Udeland, 2009). Therefore, in the neutralization process
with distilled water, the fat will be removed, and causes

reduced lipid content in the samples (Said e al., 2011).
The research data showed characterization of water-sol-
uble collagen from skin of Alaska Pollock (Theragra
chalcogramma) (Table 1) and the appearance of dried
water collagen (Figure 1). This is in line with research
from Said ef a/. (2011) which stated that the lipid con-
tent met the criteria of National Indonesian Standard
(SNI 8076:2014). This indicated that the hydro-ex-
traction process was an effective method for removing
the lipid content in the samples.

The pH value in water-soluble collagen from
Alaska Pollock fish can be used as a parameter in de-
termining collagen quality standards. This is because
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the pH value can affect the viscosity and strength of the
collagen gel (Said ez a/., 2017). The pH value can be af-
fected with the use of acetic acid concentration and neu-
tralization process after soaking with acids or bases. The
combination of the soaking process with acids and bases
tends to produce a pH value that is close to neutral. The
higher the concentration of acetic acid used, the lower
the pH value, this is because acetic acid diffuses more
into the fish skin tissue. Hence, during the skin washing
process, more acetic acid was left behind. In addition,
the neutralization process carried out will also affect the
final pH of collagen. The results showed that the water-
soluble collagen has a neutral pH (Table 1). However,
further research is needed regarding the solubility and
other biological activities. The current data only sho-
wed that hydro-extraction is an alternative method that
can be used for collagen pro duction which can reduce
the use of chemicals.

The effectiveness and efficiency of the ex-
traction technique affacted the yield value when pro-
ducing water-soluble collagen from Alaskan Polloc
fish. High yield suggested that the techniques employe
and the treatments used were successful and effectiv
(Febriansyah er al., 2019). The results showed that th
yield of dry base collagen from Alaska Pollock fis
skin extracted by hydro-extraction was still low (2.29-
3.13%). This is because the concentration of acetic aci
used to hydrolyze collagen influences the yield. Anothe
research reported that to extract collagen by water acid-
ified with CO, from skin Atlantic cod (Gadus morhua)
showed a total yield of 13.8% (w/w) (Sousa et al.,
2020). Kiew and Don (2013) reported that yield of col-
lagen was increased when acetic acid reached 0.7 M and
reverse trends with a decreased yield when acetic acid
reached 0.9 M. In addition, Rosida ez a/. (2018) reported
that the amount of collagen yield produced increased,
indicating that the concentration of acetic acid solution
has a significant effect on extraction of collagen. This
report also supported by Mulyani ez a/. (2017) whic
stated that as the acid concentration increased the H*
and caused more cross-links in the helical side telopep-
tide area that is split, a collagen that is easier to dissolve.
In addition, Paudi ez a/. (2020) reported that the use o
acetic acid has not been able to completely break down
the fibrils and is classified as a weak acid. The low con-
centration of H* ions in system extraction. also affected
by acetic acid, caused the lack of maximum solubility
of collagen in acetic acid. The solubility of collagen at
the pre-treatment step would be affected by the yield
of final product which is water-soluble collagen. Ac-
cording to Kiew and Don (2013) acetic acid solution
has a key role in extraction of collagen and Giménez
et al. (2005) stated that increase in H" ion cause a more

Copyright ©2023 Faculty of Fisheries and Marine Universitas Airlangga

effective water access to collagen fiber because elec-
trostatic swelling or lyotropic hydration happens in the
water. Therefore, concentration of acetic acid with high
concentration would affect swelling properties/solubi-
lization of collagen. Based on this information, increas-
ing the yield of water-soluble collagen need further ex-
periment such as increasing concentration of acetic acid
in pre-treatment, combination of physical or enzymatic
process and/ combination process between two or more
extraction methods of water-soluble collagen.

Based on the results of the amino acid analysis
using HPLC showed that the predominate amino acids
in collagen were glycine, arginine, proline, glutamic
acid, serine, and alanine (Figure 3). The results are in
line with previous report by Hema et a/. (2013) which
stated that the amino acid composition of collagen tends
to be dominated by glycine, proline, and alanine. In ad-
dition, collagen must have low levels of tyrosine and
histidine (Aberoumand, 2012). Collagen contains high
amounts of the amino acids of glycine, alanine, proline,
and contains little of the amino acids of histidine and ty-
rosine, and does not contain cystine, which are charac-
teristic of type I collagen (Nalinanon ez a/., 2011). Type
I is the most important type of collagen in the body.
Type I collagen is collagen has a function as a constitu-
ent material on skin formation, bone, tendons, cartilage,
connective tissue, and teeth as well as acting as an extra-
cellular protein matrix with characteristics of increasing
cell proliferation. Therefore, it could affect cell physiol-
ogy and morphology. Fawzya ef a/. (2016) reported that
factors including raw materials used, extraction meth-
ods, different concentrations of extractive materials and
methods of amino acid analysis and differences in the
types of sample materials tested could affect properties
of amino acid. The samples for analysis of amino acid
used wet water-soluble collagen. This process affected
the value of amino acid detected by HPLC which was
relatively low due high content of water. Therefore, fur-
ther analysis for amino acid is recommended for usage
of samples in dry or powder form.

4. Conclusion

Based on the results of the study, the character-
istics of water-soluble collagen products extracted from
Alaska Pollock (Theragra chalcogramma) fish skin
through a pre-treatment with different concentrations
of acetic acid showed that the proximate compositions
met the criteria of Indonesian National Standard (SNI
8076:2014). The optimal pre-treatment to produce wa-
ter-soluble collagen from Alaska Pollock fish skin was
using 0.15 M of acetic acid resulting in the highest yield
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(3.13%) and protein content (91.13%). It could be con-
cluded that that higher acetic acid concentration at a
pre-treatment step enhanced the yield of water-soluble
collagen.
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