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Graphical abstract Abstract

Tuna skin, a byproduct of the fish processing industry, is used as an alternative collagen
source to replace bovine and porcine products. This study aimed to extract collagen
from tuna skin with acetic acid, and investigated the antioxidant activity. Collagen
extraction was carried out through a pretreatment process, defatted with butyl alcohal,
and soaking in acetic acid to exiract the Acid Soluble Collagen (ASC). The effect of
concentration of sodium hydroxide and soaking fime on the non-collagenous protein
removed were measured, and evaluated. The yield and antioxidant activity of each
sample were evaluated and the best result was determined by ANOVA. The highest yield
Antioxidant Activity of Tuna Skin of collagen was 3.18% based on dry weight reached at the treatment with sodium
Collagen hydroxide 0.2 M and acetic acid 1 M. The different tfreatments did not result in any
significant differences in the spectrum of amide A, B, I, Il and Il which are the
o I I I I characteristics spectra of collagen. Based on the electrophoretic pattern, tuna skin
ol N | I | l collagen has two a chains (al and a2), and one B chain. Therefore, it is classified as type
KA oA BA KB K8 B8 KC e K | collagen. The main amino acids were glycine and proline. In addition, the strongest
antioxidant activity was found in the sample freated with sodium hydroxide 0.05 M and
acetic acid 1 M tfreatment with ICso value of 0.45 mg/mL. This study is the first to report on
antioxidant activity from fish collagen (not hydrolysate or peptide products).
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1.0 INTRODUCTION collagen in order o meet the “halal” requirements,
especially in Islamic countries.

Collagen, a biomaterial protfein, is widely used in Tuna is the second most exported fish in

different industrial products such as cosmetics and
pharmaceutics. It has been known that conventional
collagen comes from bovine and porcine. The use of
collagen from these sources may cause problems
due to certain health issues, and religious senfiments.
Thus, it is necessary to explore another source of

Indonesia. The quality of tuna meat can be
determined by its colour as well as myoglobin profile,
and the soluble water protein [1]. The
characterization of tuna myoglobin is closely related
with its primary structure, and its autoxidation profile
which helps keep the freshness of funa [2]. However,
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some parts of tuna have not been widely used; one
of them is the skin.

In this research, tuna skin was used as an
alternative source of collagen. Some researchers
have reported on the use of fish byproduct as
collagen [3, 4, 5, 6, 7]. Fish collagen has smaller
molecular structure than collagen derived from land
animals so it is easier to be absorbed by the human
body [8]. Moreover, the characteristics of collagen
obtained depend on the condition of the raw
materials, and its processes [9, 10, 11, 12]. Therefore it
is necessary to perform opfimization of the extraction
conditions.

There have been few reports regarding the
optimization of the exiraction process, and
conditions against the physico-chemical properties
of fish skin collagen especially from tuna. In addition,
there is no report on antioxidant activity of ifs
contained collagen. Previous investigations have
reported bioactive properties such as antioxidant
activity from fish collagen-derived products, namely
collagen hydrolysates, or collagen peptides [8,
11].Therefore, this study aimed to carry out the best
practice for the extraction condition of acid soluble
collagen (ASC) from tuna skin (Thunnus albacares),
and to evaluate its general antioxidant activity.

2.0 METHODOLOGY

Tuna (Thunnus albacares) fish skin was obtained from
an Indonesian tuna processing company in Celebes
Island, Indonesia. This raw material was stored in a
freezer with temperatures up to -200C before being
used. The other chemicals used for this study were
purchased from Sigma Aldrich Co. at an analytical
grade.

2.1 Proximate Analysis

Preparation was done by separating the skin from
other parts of the fish. The fish skin was then cut info
small  sizes and kept frozen in the freezer
(temperature -20°C) before being used for the further
process. Moisture, ash and protein contents were
analyzed by following official method of analysis of
AOAC [13].

2.1.1 Determination of Water Content

To determine the moisture content of tuna skin,
about 3 g sample was weighed in the dried dish and
placed in the oven at 105°C for 3 hours. After drying,
it was fransferred to a desiccator and then
reweighed. Moisture content was calculated by
comparing the weight of dried sample to the wet
sample, and was presented as percent.

2.1.2 Determination of Ash Content

About 5 g sample was placed in the crucible, and
heated at 550°C in the furnace overnight. When the

sample furned to gray, it was then placed in a
desiccator and reweighed. Ash content was
calculated by comparing the weight of ash confent
to the wet sample, and was presented as percent.

2.1.1 Determination of Protein Content

About 1 g sample was digested with sulfuric acid. The
nitrogen released was determined by fitration
fechnique, and then calculated with conversion
factor of 6.25.

2.2 Pretreatment Sample

To remove non-collagenous proteins, the prepared
fish skin was pretreated by following the method
used by Singh et al. [14] with slight modifications. Fish
skin was mixed with three different concentrations of
sodium hydroxide (0.05, 0.10, and 0.20 M,
respectively), then soaked for 8 hours where the alkali
solution was changed every 2 hours. The
concentration of protein for each alkali solution was
determined using biuret method [15] to evaluate
both the effect of sodium hydroxide concentration
and soaking tfime to the profein removal
effectiveness in this pretreatment step. Next, the
freated skin was washed with water of temperature
4-80C until a neutral pH of wash water was reached.
The skin was then defatted with 10% butyl alcohol
with a solid to solvent ratio of 1:4 (w/v) for 24 hours.
This step aimed to remove fat in the skin only, and
there is no parameter measured in this step.

2.3 Optimization of Collagen Exiraction

Acid solubilized collagen (ASC) was extracted
through the method used by Singh et al. [14] with
sight modifications. The prefreated skin  was
submerged in three different concenfrations of
acetic acid (0.05, 0.50, and 1 M) with a solid to
solvent ratio of 1:15 (w/v) for 24 hours. After the first
and second hour of this soaking step, the weight of
the fish skin was determined to evaluate the degree
of swelling. The degree of swelling was obtained by
comparing the difference in the weight of tuna skin
before and after soaking in acetic acid, and then
presented in percent.

The mixture was filtered through fabric 300 mesh
size, and the filirates were then collected. The
collagen was precipitated by adding sodium
chloride. The precipitate of the initial skin used was
collected [16]. Then the obtained collagen was
characterized by fourier fransform infrared (FTIR) to
determine the functfional groups [10], ultra
performance liquid chromatography by
centrifugation (Himac CR 21G, Hitachi Koki Co., Lid.,
Japan) 17.700 x g for 1 hour. The pellet was dialyzed
against acefic acid, followed by the dialysis of
distiled water. The dialysate was freeze dried, and
was referred to as "'K1A, K1B, K1C, K2A, K2B, K2C,
K3A, K3B, and K3C". The yield of ASC was calculated
from the percentage of dry weight of collagen
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extracted in comparison with the wet weight (UPLC)
to determine its amino acids, and sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE) [17] to determine molecular weight of peptide
chain contained in tuna skin collagen.

2.4 Determination of The Yield of Collagen

The vyield of collagen was determined by comparing
the dried weight of collagen yielded to the weight of
wet tuna skin used. The result was presented in
percent.

2.5 Functional Group Analysis with Fourier Transform
Infra Red (FTIR)

About 2 mg collagen was well mixed with 200 mg KBr
until homogen, then put info a pellet mould, and
compacted. The pellet was inserted into the cell, and
fred with IR beam from the IR-408 infrared
spectroscopy that had been turned on under stable
conditions. Absorption was then recorded, and
displayed as qualitative data.

2.6 Determination of Molecular Weight of Collagen
by SDS-PAGE

Collagen was added with SDS 5% solution (b/v) in the
ratio of 2 mg SDS for every 1 mL sample. The solution
was incubated in the water bath 85°C for 1 hour, and
centrifuged 8000 rpm. Buffer was added to the
filtrate in the ratio 1 : 1, and reheated in water bath
85°C for 10 minutes. The treated sample was then
injected to the well with 12.5% of separating gel and
3% of stacking gel. Molecular weight of peptida was
determined by comparing the bands of the sample
to the marker.

2.7 Determination of Amino Acids Content

About 0.1 g of dried collagen was added with a 5 mL
HCI 6N solution. The solution was hydrolyzed at 110°C
for 22 hours. Subsequently, the solution was cooled
and fransferred into a 50 mL measuring flask and
added with distiled water. Samples were filtered
using a 0.45 um filter. The solution was then prepared
and loaded to the UPLC column.

2.8 Determination of Antioxidant Activity

Antioxidant activity was determined according to
the method used by Batubara et al. [18] with DPPH
(2,2-difenil-1-pikrilhidrazil). Ascorbic acid was used as
positive confrol while ethanol was used as negative
control. About 100 pL sample solution was added by
100 yL DPPH, and were incubated in a dark room
temperature for 30 minutes. Absorbance was
determined with microplate reader at wavelength of
517 nm then the inhibition activity was determined.

2.9 Experiment Modeling and Data Analysis

The experiment modeling, and data analysis was
done according to the method described by Steel
and Torrie [19]. The design used for pretreatment step
with NaOH is a completely randomized design (CRD).
The freatment is a combination of concentration of
NaOH with soaking time. Al freatments were
performed in three replicates.

The design used for the soaking step with acetic
acid is a factorial completely randomized design
(FCRD) with two factors (three levels concentration of
acetic acid, and two levels of soaking time). All
freatments were carried out in three replicates. Data
was analyzed by Analysis of Variances (ANOVA). If
there was a significant difference, it was followed by
Duncan's Multiple Range Test (DMRT) at the level of
95%.

3.0 RESULTS AND DISCUSSION
3.1 Chemical Composition of Tuna Skin

The chemical composition of raw tuna skin was
analyzed to determine the quality of the skin used.
The examined tuna skin contained 61.50% of
moisture, 0.72% of ash, and 6.74% of protein.

The moisture content indicates the water confent
of the skin used, while the protein content indicates
the moximum possible amount of collagen that
could be extracted. As shown by the results of this
analysis, the moisture content in tuna fish skin was
quite high, while the protein content was quite low.
This high moisture content was predictable based on
the storage process used for freezing.

3.2 Pretreatment of Sample

Pretreatment with sodium hydroxide was performed
in order to remove non-collagenous proteins in the
fish skin. Previous research has reported that alkali
solutions show effect on removing non-collagen
substances during pretreatment process [20].

The alkali solution used in this process was sodium
hydroxide in three different concentrations (0.05M,
0.1M, and 0.2M) with 8 hours soaking time, and the
solvent was changed every 2 hours. The dissolved
protein was determined by biuret method.

The effect of increasing soaking fimes to the non-
collagenous protein was evaluated. The value of
removed profein was used as the dependent
variable while soaking time was used as the factor.
To investigate the effect of soaking time, different
variables of concentration of sodium hydroxide were
eliminated. Table 1 shows the value of non-
collagenous protein removed by sodium hydroxide
with various soaking fimes. The highest value of
removed profein by sodium hydroxide was during 2
hours soaking, and that value decreased with
additional soaking fime. Analysis of Variances
(ANOVA) showed that the first 2 hours of soaking time
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had a significant different effect (p> 0.05). This
indicated that non-collagenous protein in the skin
has been removed optimally in the first 2 hours of
soaking time; while its value did not significantly
increase with additional soaking time. This treatment
was further chosen for the next step.

Table 1 Non-collagenous protein removed with various
soaking times

Protein dissolved in NaOH

Soaking time (h) (mg/mL)
2 1.03+0.21¢
4 0.45+0.10°
6 0.33+0.120¢
8 0.21+0.08¢

Note: value with different superscript letters are significantly
different at p<0.05 level

The effect of different concentrations of sodium
hydroxide used for prefreatment has also been
evaluated, and the result is shown in Table 2. In this
step, the value of removed protein was used as the
dependent variable while the three different
concentrations of sodium hydroxide were used as the
factor. To study the effect of sodium hydroxide
concentrations to the protein removal effectiveness,
the different soaking time variable was eliminated.
Analysis  of variance (ANOVA) showed that
concentration of sodium hydroxide did not have
significantly different effect (p> 0.05) to removal of
protein during the pretreatment process.

Table 2 Non-collagenous profein removed with various
concentrations of sodium hydroxide

[NaOH] (M) Protein dissolved in NaOH (mg/mL)
0.05 0.43+0.34¢
0.10 0.54+0.36 ¢
0.20 0.53+0.35¢

Note: value with different superscript letfters are significantly
different at p<0.05 level

From Table 2, it can be seen that removed protein
by sodium hydroxide 0.1 M was slightly higher than
sodium hydroxide 0.05 M. However, the value was
almost the same with the removed protein by the
higher concenfration. This is in line with the result
reported by Zhou and Regenstein [20] that the
concenfration of alkali solution higher than 0.1 M did

not have a significant effect on the value of
removed protein.

3.3 Collagen Exiraction with Acetic Acid

This step was performed in order to extract collagen
in tuna skin. Ahmad and Benjakul [3] reported that
acetic acid had caused the breakdown of
inframolecular hydrogen bonding that stabilizes the
collagen triple helix structure. This process causes skin
swelling because water molecules are trapped in the
collagen fibres. This swelling is important because it
facilitates the extraction of collagen through the
disruption of non-covalent bonds. The parameter
measured in this step was the degree of fissue
swelling, measured at the first and second hour of
soaking time. This was done to evaluate the increase
in swelling level from hour to hour. In the case of
effect of acetic acid concentration to the degree of
swelling, the degree of swelling in the first hour of
soaking time was evaluated (see Table 3). Samples
soaked in higher concentrafions of acetic acid
showed a higher degree of swelling.

Table 3 Effect of acetic acid concentratfion to the degree
of swelling in the first hour of soaking fime

[CH3COOH] (M) for extraction  Degree of Swelling (%)

0.05M 161.49+40.28¢
0.5M 233.96+47.93
™ 241.96£39.41°

Note: value with different superscript lefters are significantly
different at p<0.05 level

The effect of the concentration of acefic acid
used for exfraction and soaking time to the degree
of swelling is shown in Table 4. The higher
concentration of acetic acid in combination with
longer soaking time produced a higher degree of
swelling. It can be seen that sample K2B with 2 hours
soaking fime had the highest degree of swelling
(356.60 + 78.52) percentage. Sample K2B did not
show significantly different effect (p> 0.05) with K3C
on swelling degree indicating concentration of 0.5 M
and 1 M acetic acid had a similar effect. Soaking
fime was continued for 24 hours following the
method used by Singh et al. [14]. High degrees of
swelling indicate a high amount of water that can be
absorbed by funa skin. In this way the collagen fibres
can become easier to separate, which supports the
process of extraction of collagen in the next step.
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Table 4 Different conditions to extract collagen from tuna skin, degree of swelling, yield and ICso of antioxidant activity

[CH:COOH]
Sample [NaOH] (M) (M) Degree of . Degree of swelling Collagen ICs0
for swelling (%) in . .
name for N in second hour (%) yield (%) (mg/mL)
pretreatment . first hour

extraction
K1A 0.05 0.05 164.14£68.5500 210.36£76.90cp 0.42+0.23qb 0.64+0.17
K2A 0.10 0.05 133.38+£22.88¢ 207.54£35.55¢ 0.72+0.08abc 0.680.11
K3A 0.20 0.05 186.94+0.16¢p 291.43£31.30cp 0.30+0.32¢ 1.90+1.03
K1B 0.05 0.50 242.71£84.59ab 317.30£111.53¢0 2.06%1.27¢d 0.84+0.29
K2B 0.10 0.50 242.86+31.380b 356.60£78.520 1.32+0.4640bc 1.75+0.80
K3B 0.20 0.50 216.33£49.099b 323.27£21.35¢0p 0.92+0.17abe 1.61x0.37
K1C 0.05 1.00 272.23+£25.59° 335.08£1.629b 1.62+0.050bc 0.45+0.27
K2C 0.10 1.00 230.65£3.360P 332.20£11.05¢p 1.91£1.04bcd 0.81+0.50
K3C 0.20 1.00 223.02+65.519 348.92+59.800 3.180.474 1.79£1.67

Note: value with different superscript letters in each column are significantly different at p<0.05 level

3.4 Yield of Collagen

Sample K3C has the highest yield which is equal to
3.18 £ 0.47% (see Table 4). Collagen exiracted by
acetic acid at a concentration of 1M has a higher
value in degree of swelling, and provided the highest
yield. Potaros et al. [21] stated that the difference in
the value of the yield of collagen exiraction can be
seen as a result of different exfraction methods, and
the condition of material used.

The effect of acetic acid concentrations on the
yield of collagen was then evaluated. The samples
were grouped by different concentrations of acetic
acid. The means of the yield of each collagen with
different concentrations of sodium hydroxide in the
same group of concenfration of acefic acid were
calculated (see Table 5). The vyield of collagen
extraction is directly proportional to the
concenfration of acetic acid used. However, the
acetic acid concentration of more than 0.5 M did
not show any significant effect.

Table 5 Effect of acetfic acid concentration to yield of
collagen

[CH3COOH] (M) for Yield (%)
extraction

0.05M 0,480,262

0.5M 1,430,800

1M 2,23+0,90r

Notes: value with different superscript lefters are significantly
different at p<0.05 level

3.5 Functional Group Analysis with Fourier Transform
Infra Red (FTIR)

The results of infrared spectra of collagen showed
there are several characteristic peaks of collagen
within the infrared spectra (see Figure 1). Amongst
these are amide A with a spectrum around 3300 cm-!
(NH stretching), amide B at around 3100 cm (NH
stretching), amide | at 1600-1690 cm' (C=0
stretching), amide Il at 1480-1575 cm -1 (CN stretching
and NH bending), and amide Il at 1229-1301 cm!
(CN stretching and NH bending) [22]. Similar spectra
were also found in striped caftfish skin as reported by
Singh et al. [14]. The pattern of the spectrum at each
freatment of sample evaluated in this study did not
show any significant differences.
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Figure 1 FTIR spectrum of tuna skin collagen
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3.6 Molecular Weight of Collagen by SDS-PAGE

Collagen contains two a chains (al and a2 chains),
and one B chain (see Figure 2). Based on these
specific bands, this collagens were classified as type |
collagen [23]. Similar electrophoretic patterns of type
| collagen was also found in the skin of brown stripe
red snapper [24], and in the collagen of striped

20kDa

150kDa ~—»

100kDa

S0kDa
60kDa
25kDa
.
20kDa

15kDa >

F & o X & J

caftfish as reported by Sing et al. [14]. Collagen can
contain components with high molecular weight
including a, B chains, indicating cross-linkages in
collagen molecules. However, generally the cross-
linking of collagen in fish skins was low, and the high
cross-linked molecules (y chain) are rarely found [25].

e ]

J—4 o —— —
10kDa M KIA K2A K34 KIB K2B K3B KIC K2C K3C

Figure 2 Elecfrophoregram of marker (M) and each specimen of collagen (K1A-K3C)

3.7 Analysis of Amino Acid with Ulira Performance
Liquid Chromatography (UPLC)

Characterization of amino acids to deftermine the
type of amino acid found in collagen was done using
Ulira Performance Liquid Chromatography (UPLC).
Standard amino acids in this study consisted of 15
types of amino acids. The amino acid analysis was

performed on the sample of K3C (the highest yield of
collagen). The result is shown in Table 6. The
dominant amino acid in this study was glycine,
followed by proline. Glycine is the most dominant
amino acid in collagen as has been previously
reported [3, 4, 5].

Table 6 Amino acid contained in tuna skin collagen

Num. Amino acids Contain (%)
1 Histidine 0.49
2 Threonine 2.01
3 Proline 5.60
4 Tyrosine 0.36
5 Leucine 1.44
6 Aspartic Acid 2.10
7 Lysine HCI 1.70
8 Glycine 13.53
9 Arginine 5.22
10 Alanine 4.07
11 Valine 1.05
12 Isoleucine 0.60
13 Phenylalanine 1.58
14 Glutamic acid 4.52
15 Serine 1.99
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Glycine was the most prevalent amino acid in the
collagen yielded from funa skin, which is in line with
the fact that the amino acid composition of collagen
conisists of repeating Gly-Y-X residues in triple helical
configuration. The amounts of proline are important
for the structural integrity of collagen [?, 11].

3.8 Antioxidant Activity

Antioxidant activity of collagen in tuna skin is shown
as ICso in Table 4. The lower value of ICso shows higher
antioxidant activity. Overall, there is no significant
effect of each sample fo the antioxidant activity.
Next, the effect of prefreatment with sodium
hydroxide on antfioxidant activity was evaluated by
calculating the means of the antioxidant activity of
each collagen in the same concentrations of sodium
hydroxide. Therefore, the antioxidant activity of
samples were grouped by sodium hydroxide
concenfrations, and the result is shown in Table 7

Interestingly, there is significant effect between
each group of different sodium hydroxide
concentrations used for pretreatment (see Table 7).
The alkali solutions break the most of thelopeptide
chain of the collagen molecule during the
pretfreatment process [20], so the different
concentrations of alkali solution may cause few
different structures of collagen, and affects its
antioxidant activity.

Table 7 Effect of different concenfrations of sodium
hydroxide to the antioxidant activity

[NaOH] (M) for

pretreatment ICs0 (mg/mL)
0.05 0.64+0.26@
0.1 1.08%0.67¢b
0.2 1.77+0.90p

Note: values with different superscript letters are significantly
different at p<0.05 level

The highest antioxidant activity was found in K1C,
with ICso value of 0.45 mg/mL. This activity is still lower
than the ascorbic acid as a positive control (0.00383
mg/mL). However, it has been reported that
anfioxidant activity of collagen hydrolysate was
higher [26], presumably because the collagen
produced is still in rough shape, while the antioxidant
activity of collagen is affected by several factors;
one of them is the molecular weight of collagen. This
result cannot be compared to similar sources of
collagen because there is no report so far for
antioxidant activity of collagen from other types of
fish skin. However, the antioxidant activity of collagen
from the fish skin sample is higher than the
antioxidant activity of collagen from pig skin (0.60
mg/mL). But it is almost similar to the anfioxidant
activity of collagen from fish scales (0.42 mg/mL) [27].
It can be assumed that collagen from yellowfin tuna

skin is a very good alternative to replace the use of
collagen from pig skin as an antioxidant fo meet the
“halal” requirement, especially in Islamic countries. It
has shown to be even more appropriate than
collagen from fish scale due to the abundance of
funa skin in comparison to obtainable fish scales.
Additionally the collagen could be more easily
extracted than collagen from fish scales.

This study is unique as it investigated the
antioxidant activity of collagen from fish skin.
Therefore, this study provides important information
on future use of collagen from fish skin, especially the
contained antioxidanfs.

4.0 CONCLUSION

Collagen extraction was performed through a
pretfreatment process, defatted with butyl alcohol,
and soaking in acetic acid fo exfract the ASC (Acid
Soluble Collagen). Collagen extracted from tuna skin
has shown to be of type | collagen with glycine and
proline as the most dominant amino acids. The
highest yield of collagen was reached at treatment
with sodium hydroxide 0.2 M and acefic acid 1T M.
The strongest antioxidant activity was determined
within the sample freated with sodium hydroxide 0.05
M and acetic acid T M.
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