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Abstract: In the present study, the potential of waste fish scales for obtaining a valuable bioactive
material was evaluated. Acid soluble collagen from golden grey mullet (Chelon auratus) scales was
isolated and characterized successfully. Proximate composition, denaturation temperature, Sodium
dodecyl sulphate gel electrophoresis (SDS-PAGE), amino acid composition, Scanning electron
microscopy and Energy dispersive X-ray spectroscopy (SEM-EDS), Fourier transform infrared
spectrophotometer (FTIR), Thermogravimetric analysis (TGA), antioxidant and antimicrobial
activity analyses were performed for the extraction of collagen and extracted collagen was compared
with commercial collagen. As a result, an alternative and useful source for mammalian collagen for
the industrial applications like food and cosmetics was extracted from the fish scale waste material,
which may help mitigate the management of natural wastes or environmental problems.

Altinbag Kefal (Chelon auratus) Pullarindan Asitte Coziiniir Kollajen
Ekstraksiyonu ve Karakterizasyonu

Oz: Bu galismada degerli bir biyoaktif materyal elde etmek amaciyla atik balik pullarinin potensiyali
incelenmistir. Altmbas kefal (Chelon auratus) pullarindan asitte ¢oziiniir kollajen izole edilerek
karakterize edilmistir. Ekstrakte edilen kollajenin besin kompozisyonu, denatiirasyon sicakligi,
Sodyum dodesil siilfat jel elektroforezi (SDS-PAGE), amino asit bilesimi, Taramali elektron
mikroskobu ve Enerji dagilimli X-1ginlar1 spektrometre (SEM-EDS), Fourier donisimii kizilGtesi
spektrofotometre (FTIR), Termogravimetrik analiz (TGA), antioksidan ve antimikrobiyal aktivite
analizleri yapilarak ticari kollajenle karsilastirilmistir. Sonug olarak, balik pulu atiklarindan, dogal
atiklarin veya g¢evre sorunlarinin yonetimine katki saglayacak, memeli kollajenine alternatif, gida ve
kozmetik gibi endiistriyel alanlarda kullanilabilecek bir kaynak elde edilmistir.

Introduction

Bioactive substances of fish such as lipids, proteins,
vitamins, minerals, and also other fish by-products are
considered important functional sources due to their high
nutraceutic and cosmeceutic and therapeutic potential
(Atef and Ojagh, 2017; Ashraf et al., 2020). These
resources have a wide variety of applications i.e in the
field of nutrition as a dietary supplement, in pharmacy as
antitumor and anti-viral, in agriculture due to their
herbicide, insecticidal, and fungicidal activities, and in
cosmetics as sunscreen and anti-aging (Zayed, 2018).
Today, various fish wastes such as skin, muscle, skeleton,
bone and internal organs are used to isolate many bioactive
materials (Ashraf et al., 2020). The annual total production
of aquatic products exceeded one hundred million tons in
the world, and approximately 10 % of this is discarded due
to spoilage (Yu and Gu, 2015). These wastes cause danger
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for the environment because of high biological and
chemical oxygen demand, associated pathogens and
organic substances, etc. (Knidri et al., 2018). Recently, in
numerous scientific studies, the potential of the versatile
by-products of fish and crustaceans processing, by
converting into high-value bio-compounds such as
collagen and gelatin, bioactive peptides, enzymes and
specific proteins, chitin, chitosan and pigments, were
reported to provide economic and environmental benefits
(Hamdi et al., 2017).

Fish scales constitute about 5 % of fish waste and are
considered as an important industrial waste (Fehng, 2016).
Fish scales are not generally recycled and therefore serious
environmental problems are caused by their storage,
incineration or disposal to water bodies. Hence, it is very
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important to evaluate these wastes which are a good
sources of proteins, minerals, bioactive peptides, fish oil,
enzymes and amino acids (Bhuimbar et al., 2019).

Collagen is the most abundant structural protein in the
extracellular matrix of the various connective tissues in the
body (i.e., skin, bones, ligaments, tendons, and cartilage)
(Jafari et al.,, 2020). It plays an important role in
maintaining the structural and biological integrity of the
extracellular matrix and provides physiological functions
and mechanical strength to tissues. Collagen has
multifunctional properties related to their groups of protein
side chains such as having high nutritional value, gelling,
emulsifying, foaming and film-forming properties, high
water  absorption  capacity, biocompatibility, bio-
degradability, low toxicity, non-antigenicity, high stability,
easy processing, native ability to combine with other
materials and large-scale extraction (Shalaby et al., 2020;
Subhan et al, 2021; Tang et al, 2022). All these
properties make them functional ingredients in various
food systems, and also it is used in cosmetics,
pharmaceutical and biomedical industry in the forms of
injectable solutions, thin substrates, porous sponges,
nanofibrous matrices, and micro- and nano-spheres
(Shalaby et al., 2020; Subhan et al., 2021, Tang et al.,
2022; Rajabimashhadi et al., 2023). Marine collagen
obtained from fish parts such as skin, bone, cartilage and
scales, as well as from marine vertebrates and
invertebrates, are more bioavailable and a good alternative
to bovine or porcine collagen (Jafari et al., 2020).

Golden grey mullet has high economic value that is
frequently fished in Dalyan,Kdycegiz (Tirkiye).
According to Dalyan Fisheries Cooperative, 408 tonnes of
golden grey mullet were caught in 2018. Therefore, golden
grey mullet is an important source of fish scale in this
region. Although Turkey has important aquaculture
resources, utilization of these resources for valuable
bioactive components is very limited. In the present study,
and in accordance with the concept of sustainability, a
valuable bioactive substance, collagen, was isolated from
golden grey mullet fish scales.

Material and Methods

Golden grey mullet (Chelon auratus) scales were used
as study material. Commercial marine fish skin collagen
(MM Ingredients Ltd./UK) in the powder form was used to
compare the isolated collagen as control. The golden grey
mullet scales were obtained from DALKO Fisheries
Cooperative  (Koycegiz/Mugla/Turkey). Scales were
transferred to Mugla Sitki Kogman University Fisheries
Faculty Quality Control Laboratories under cold storage.
Scales were washed with tap water then dried for 3 days at
room temperature (approximately 24 °C).

Acid soluble collagen (ASC) extraction

Acid soluble collagen (ASC) was extracted from
golden grey mullet scales according to the method of Ali et
al. (2017) with slight modifications. Non-collagenous
protein was removed from fish scales using 0.1 M NaOH
for 6 h (1:10 w/v). The solution was changed every 3 hours

(2 buffer changes). After 6 hours, the pH was decreased by
washing with distilled water. Demineralization of the
filtered scales was achieved with 0.5 M EDTA>-Na
solution (pH:7.4) (1:10 w/v) using a magnetic stirrer for
48-hour. At this stage, the solution was changed every 12
hours and the removal of non-collagen proteins and
demineralization phase was completed. The scales were
stored at —80 °C for further procedures. After pretreatment,
scales were extracted with 0.5 M acetic acid for 48 hours.
After 48 hours, the scales were filtered with a double layer
of cloth and the treatment continued with the liquid part.
The extract was precipitated with 2.5 M NaCl + 0.05 M
Tris (hydroxymethyl) aminomethane at pH 7.0 (1:1 v/v)
and centrifuged at +4 °C 14,000 g for 1 h using a high
speed refrigerated centrifuge machine (HANIL SUPRA
22K). Precipitated gels were dissolved in 0.5 M acetic acid
(w/v, 1:9) and dialyzed. Dialysis was carried out with 0.1
M acetic acid (24 hours/2 buffer changes) and than with
distilled water (5 hours). Purified collagens were then
dried with freeze-dryer for 72 hours at —50 °C. Entire
process of extraction was performed at 4 °C.

Proximate composition analysis

The protein, lipid and ash contents of the ASC from
fish scale and commercial collagen samples were
determined according to the method of AOAC (2006a),
AOAC (2006b) and AOAC (2002), respectively. Moisture
content was measured with an automatic moisture analyzer
(SARTORIUS MA 35). A conversion factor of 5.95 was
used for calculating protein content of fish scale
(Chuaychan et al., 2015) and 6.38 for collagen (Chen et
al., 2018).

Denaturation temperature

The denaturation temperature was determined by the
method of Nagai and Suzuki (2000) with slight
modification by measuring its viscosity. Viscosity of 1.5
mg/ml of collagen solution in 0.1 M acetic acid was
measured. The thermal denaturation curve was obtained
from 10 to 60 °C by measuring at temperature intervals of
2 °C. The denaturation temperature, Td, was determined as
the temperature at which change in viscosity was half
completed and calculated by the following equation of
Wang et al. (2008):

Fractional viscosity = (Measured viscosity — Minimum
viscosity) / (Maximum viscosity — Minimum viscosity)

Sodium dodecyl sulphate gel electrophoresis (SDS-
PAGE)

SDS-PAGE of collagen extracted from grey mullet fish
scale was performed according to the method of Laemmli
(1970) with 8% separating gel and 4 % stacking gel. 10.6
pg of protein was loaded in each well. After
electrophoresis, the gel was stained with Coomassie
Brilliant Blue R-250 and then destained in a solution of 40
% (v/v) methanol and 7 % (v/v) acetic acid to visualize
band formation. A wide range molecular-weight marker
was used to estimate the molecular weight of collagen
samples. Molecular weight was calculated by
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densitometric analysis in Image J (1.52a) program (Giinli
etal., 2014).

Amino acid analysis

Amino acid analysis of fish scale and commercial
collagen was performed according to modified method of
Erkan et al. (2010) using a Shimadzu Prominence LC-20A
(Kyoto, Japan) high performance liquid chromatograph
(HPLC) system by comparison of their retention time with
those of authentic standard (Pierce, Amino Acid Standard
Hydrolyzate, product no: 20078 20088 20089 1800180
NCI0180, Rockford, IL 61105 USA).

Scanning electron microscopy (SEM) and energy
dispersive x-ray spectroscopy (EDS)

Scanning electron microscopy analysis of fish scale
and commercial collagen was examined with JSM 7600F
Field Emission Scanning Electron Microscope (JEOL,
Japan) at an accelerating voltage of 15 kV. A piece of
powder was placed on a specimen stub with double-sided
adhesive carbon tape. Elemental analysis of collagen
samples was also carried out by energy dispersive X-ray
spectroscopy (EDS) (Oxford Instruments, UK) combined
with SEM.

FTIR spectrum analysis

FTIR spectrums of fish scale collagen and commercial
collagen was monitored by FTIR (Thermo Scientific
Nicolet iS10-ATR, USA) at a resolution of 4 cm™ in
potassium bromide (KBr) pellets and the spectrum were
recorded in the wavelength range from 4,000 to 400 nm™.

Thermogravimetric analysis (TGA)

Thermogravimetric analysis of the fish scale and
commercial collagen was executed by using a TGA
instrument (Perkin Elmer TGA 4000, Perkin Elmer,
Waltham, MA). Samples were heated from 30 to 600 °C at
a rate of 10 °C/min under a nitrogen flow rate of 20
ml/min.

Antioxidant and antimicrobial activity

The antioxidant activity (AA %) of fish scale collagen
and commercial collagen were carried out by DPPH (1,1-
diphenyl-2-picrylhydrazyl) free radical scavenging activity
according to method of Brand-Williams et al. (1995). The
scavenging activity percentage (AA %) was calculated
according to Mensor et al. (2001).

Antimicrobial activity of the fish scale and commercial
collagen was carried out using agar well diffusion method
(NCCLS, 1993). For this purpose, a Gram positive strain,
Staphylococcus aureus ATCC (American Type Culture
Collection) 25923, a Gram negative strain, Escherichia
coli ATCC 25922 and a yeast Candida albicans (ATCC
10231) provided from Ankara Refik Saydam Hifzisihha
Institute (Ankara, Turkey), were used. After the
convenient incubation period for each microorganism,

antimicrobial activity was evaluated by measuring the
zone of inhibition against the tested microorganisms.

Statistical analysis

All experiments were carried out in triplicate and for
each parameter, results were reported as mean and
standard deviation. Means were compared by the analysis
of variance (ANOVA) in SPSS (Version 21, SPSS Inc.,
Chicago, IL, USA) software. Tukey’s multiple range test
(p < 0.05) was used to detect differences among mean
values of all test intervals.

Results and Discussion
Proximate composition

The proximate composition of fish scale, fish scale
collagen and commercial collagen was shown in Table 1.
The protein, lipid, ash and moisture contents of golden
grey mullet fish scales were 39.99 + 1.54 %, 0.08 + 0.01
%; 40.07 = 0.20 % and 21.42 + 0.09 %, respectively. As a
result of the ash analysis after demineralization of the
collagen production, the ratio of ash obtained was 0.04 +
0.02 %. In this context, it has been observed that the
removal of minerals was carried out successfully.

Protein, lipid, ash and moisture values were similar to
those reported for Sciaenops ocellatus scales; 41.1 + 0.1
%; 04 £ 0.1 %; 424 £ 0.1 % and 16.1 £ 0.1 %
respectively (Chen et al., 2016). These values were 24.32
%; 0.68 %; 47.31 % and 26.72 %; respectively, for the
scales of seabass (Lates calcarifer) (Chuaychan et al.,
2015). Scale composition reported for mullet was 31.12 %
protein, 0.20 % lipid, 30.01 % ash and 37.87 % moisture
(Caoetal., 2017). Thuy et al. (2014) found protein content
of mullet scale as 50.4 + 0.4 % and ash content as 47.9 +
0.6 %, while Wang et al. (2008) found the amount of
protein in Sebastes mentella scale as 56.9 %; ash amount
as 39.4 %. The nutrient contents of golden grey mullet
scale examined in the present study are similar to those
reported by other researchers. With respect to lipid
content, our findings were low as expected.

The values of protein, lipid, ash and moisture of fish
scale collagen isolated in the present study were found as
94.52 £2.02 %, 0.67 = 0.11 %, 0.98 + 0.01 % and 0.17 +
0.01 %, respectively. Also the protein, lipid, ash and
moisture values of the commercial fish skin collagen were
determined as 98.89 + 0.85 %, 0.03 + 0.01 %, 1.49 + 0.02
% and 3.09 + 0.93 %, respectively. Collagen, a connective
tissue protein, is expected to have a high content of protein
and a fairly low content of lipid, moisture and ash. It was
determined that the difference between protein, lipid, ash
and moisture values in fish scale collagen and commercial
collagen was statistically significant (p < 0.05) (Table 1).
Nurilmala et al. (2019) detected 82.95 % protein, 0.96 %
lipid, 3.64 % ash and 12.07 % moisture for skin collagen
from yellow fin tuna (Thunnus albacares).
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Table 1. Proximate composition of fish scale, fish scale collagen and commercial collagen (dw %)

% Fish scale Fish scale collagen Commercial collagen
Protein 39.99+1.54 94.52 £2.02° 98.89 + 0.85%
Lipid 0.08 +0.01 0.67+0.112 0.03+0.01°
Moisture 21.42 +0.09 0.17+0.01° 3.09 +0.932
Ash 40.07 = 0.20 1.49 +0.022 0.98+0.01°

*Data are expressed as the mean = SD. Lower case letters in the same line show statistical difference between fish scale collagen and commercial

collagen.

Denaturation temperature

Denaturation temperature of fish scale collagen and
commercial collagen was determined as 30 + 0.02 °C and
28 £0.01 °C, respectively (p < 0.05) (Figure 1).

Pati et al. (2010) found the denaturation temperature of
collagen from scales of Labeo rohita and Catla catla as 35
°C. They stated that the denaturation temperature is closely
related to the temperatures in the natural habitat of fish. El-
Rashidy et al. (2015) determined the denaturation
temperature of the scale collagen from Nile Tilapia
(Oreochromis niloticas) as 32.09 °C and concluded that
scale collagen was close to mammalian collagen.

Sionkowska et al. (2015) found the denaturation
temperature of Brama australis skin collagen as 24 °C in
their study. The use of collagen from different species in
different applications depends on the thermal stability of
the obtained species, which depends on the environmental
conditions and body temperature. Similarity between the
denaturation temperature of the fish collagen and the
mammalian collagen is an important advantage in terms of
its use in biomedical applications (Pati et al., 2010).
Therefore, the denaturation temperature of the collagen
obtained from the mullet scale in this study, offers
advantages for its use in food and cosmetics industries.

1,00
0,90
0,80
0,70
0,60
0,50
0,40
0,30
0,20
0,10

Fractional viscosity

Denaturation temperature

0,00

14 18 22 26 30 34 38 42 46 50 54 58
Temperature

= Commercial collagen Fish scale collagen

Figure 1. Denaturation temperature of fish scale collagen and commercial collagen

Sodium dodecyl sulphate gel electrophoresis (SDS-
PAGE)

Figure 2 shows the electrophoretic pattern and
densitometric analysis results of the fish scale collagen.
ASC from fish scale was composed of two different o
chains, ol and 02; density wise al was far intense than 02
chain, with high molecular weight components B (dimmer)

and y (trimmer). According to subunit composition of
SDS-PAGE, ASC was mainly composed of type |
collagen. Molecular weights of al and o2 chains were
found with densitometric analysis as 126 and 116 kDa, 3
and y chains were 197 and 210 kDa, respectively. Similar
results were obtained by Pal et al. (2016); the molecular
mass of collagen from Mrigal carp (Cirrhinus cirrhosus)
scale was about 120 kDa for al and 110 kDa for a2.
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A B
Figure 2. SDS-PAGE pattern and densitometric analysis of protein marker (A) and collagen from fish scale (B)

Chinh et al. (2019a) reported that they obtained type |
collagen from the scales of tropical freshwater carp,
molecular weights of al and a2 chains were detected as
139 kDa and 129 kDa, respectively, and the B-chain was
also observed. Chen et al. (2016) extracted acid-soluble
collagen from tilapia (Oreochromis niloticus) scales and
skin and reported that the electrophoretic positions of the a
chains in the scale collagen (a1-132 kDa; 02-121 kDa) was
in the higher position compared to skin collagen (01-130
kDa; 02-120 kDa). In the present study, slightly lower
molecular weight was observed compared with those of
ASC. Tan and Chang (2018) observed the molecular
weights of al and a2 chains in the collagen they extracted
from the skin of canal catfish (Ictalurus punctatus) as 123
kDa and 113 kDa, respectively. The molecular weights of
B and y chains, was found to be 226 kDa and 338 kDa,
respectively. They found the molecular weights of B and y
chains in higher positions compared with our study.
Different collagen extraction methods applied in fish
species can reveal small differences in the structure of
collagen. In this context, depending on the species and
collagen extraction method, molecular weights may also
differ.

Amino acid

The amino acid composition of fish scale and
commercial fish skin collagen is presented in Table 2. The
extracted collagen was rich in arginine, threonine, glycine
and proline. The highest amino acid was arginine +
threonine with 39.86 + 0.93 g/100 g. The peaks of arginine
and threonine amino acids were calculated together since

200 kD2 g

116 kDa#—
§7kDa4—

£ kD g—
35 kD e—

{5 kDae—

—s J20kDa
—+ B197kDa

— 126 kDa
— 1, 116kDa

A B

they cannot be distinguished clearly. Glycine (13.75 + 0.34
g/100 g), proline (8.05 £ 0.31 g/100 g) and arginine had
higher levels compared to other amino acids. Alanine level
was found to be 1.64 + 0.03 g/100 g. In the commercial
fish skin collagen, the highest amino acid was arginine
with 13.39 + 0.09 g/100 g, followed by glycine with 12.56
+ 0.42 g/100 g, and proline with 6.67 + 0.00 g/100 g. The
total amount of essential amino acids of commercial
collagen was found to be lower than that of the fish scale
collagen (p < 0.05). Both collagens had low concentrations
of tyrosine, histidine and methionine.

Pal and Suresh (2017) found glycine as the highest
amino acids of acid-soluble collagen extracted from two
cyprinids species (Catla catla and Labeo rohita) with
22.43 and 22.63 /100 g, respectively. Glycine was
followed by proline with 15.40 and 15.30 g/100 g, alanine
with 12.81 and 12.88 g/100 g, while arginine was found to
be 8.52 and 7.24 ¢g/100 g. Similar findings have been
reported in our study. The amount of arginine was also
lower in the study of Pal and Suresh (2017). In their study,
in which collagen was extracted from the tropical
frehwater carp scales, threonine was the most dominant
amino acid Chinh et al. (2019a) with 39.79 % followed by
proline with 11.37 %, glutamic acid with 12.84 % and
arginine with 9.92 %. Glycine level was found as 3.27 %,
alanine as 5.09 %, and hydroxyproline was not detected.
Reported glycine content was lower than that determined
in the present study. In the amino acid sequence of the
collagen, there is one glycine in every three amino acids
which explains the higher abundance of glycine.
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Table 2. Amino acid composition of the fish scale collagen and commercial collagen (g/100 g)

Amino acids Fish scale collagen Commercial collagen
Lysine 2.32+0.112 2.10£0.012
Methionine 1.73 £ 0.05% 1.37 £0.05°
Arginine + Threonine* 39.86 £ 0.932 17.02 £ 0.09°
Isoleucine 0.99+0.01% 0.92 +0.02°
Leucine 1.78 £0.03? 1.44 £0.02°
Phenylalanine 1.34+0.02° 1.04 £0.01°
Valine 1.77 £ 0.032 1.53 +£0.00?
Histidine 0.55+0.012 0.60 + 0.002
Serine 1.08 +0.03? 0.89+0.012
Cysteine 7.00+0.012 2.37+0.02°
Tyrosine 0.89 £ 0.02? 0.33+0.01°
Alanine 1.64 +0.032 1.61 +£0.00?
Aspartic acid 2.6+0.02° 2.47£0.03?
Glutamic acid 3.89+0.13° 3.24 +£0.042
Glycine 13.75 £ 0.342 12.56 + 0.422
Proline 8.05+0.31% 6.67 +0.00°
XAA 91.112 57.02°

Data are expressed as the mean + SD. Lower case letters in the same line show statistical difference between fish scale collagen and commercial collagen.
*The peaks of arginine and threonine were calculated together since they cannot be distinguished clearly.

Scanning electron microscopy (SEM) and energy
dispersive x-ray spectroscopy (EDS)

As shown in SEM images of fish scale and commercial
collagen (Figure 3), fibrous structures and a porous,
cottony structure were observed in scale collagen. A
similar morphology was observed in the commercial
collagen and porous structures. More fibrillar structures
were found in the scale collagen compared to commercial

—— 100pm JEOL
15.0kV SEI M

11/8/2019
WD 8.0mm 2:44:31

collagen. In addition, nodular structures were observed in
the commercial collagen. Microstructure may be affected
by the method of collagen purification and the solvent
used. Collagen can form fibrillar structures spontaneously
under suitable conditions such as pH, temperature and
ionic strength. The pore size of collagen increases as a
factor of the amount of water used during collagen
production.

Electron image 1

Figure 3. SEM image of fish scale collagen (a) commercial collagen (b)
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Shalaby et al. (2020) characterized scale collagen from
tilapia for wound healing purposes. The SEM image of
tilapia collagen is similar to the collagen analyzed in the
present study. According to Shalaby et al. (2020), the
microstructure of lyophilized tilapia collagen shows
homogeneous, multi-layered, orderly and highly fibrillated
structures which is beneficial to the cell adhesion and
proliferation.

Pal and Suresh (2017) examined the physico-chemical
properties and fibril structure of ASC and PSC collagen
from carp (Catla catla and Labeo rohita) scales.
According to SEM images, porous, three-dimensional
collagen fibrils was observed. Nodular structures were
seen in PSC. In Catla catla scale collagen more porous
structures were observed in PSC compared to ASC, but
also more branched structures were seen in ASC. ASC
from Labeo rohita were more porous and fibril structures
were less complex than PSC. According to Pal and Suresh

(2017) uniform fibril structure is a desired property for
collagen.

EDS spectrum of scale and commercial collagen are
shown in Figure 4. For scale collagen percent mass weight
of C, N and O was found as 46.09 %, 22.05 % and 28.48
%; percent atomic weights as 52.53 %, 21.55 % and 24.37
%, respectively. In the commercial collagen the percent
mass weights of the C, N, O elements were determined as;
43.79 %, 23.52 % and 32.69 % and atomic weights as
49.48 %, 22.79 % and 27.73 %, respectively. In scale
collagen, unlike commercial collagen, Na and CI elements
were observed corresponding to mass weights of 1.14 %
and 2.25 %, atomic weights of 0.68 % and 0.87 %,
respectively. It is likely that NaCl, which was used to
precipitate collagen proteins dissolved in acetic acid, could
not be completely removed during the collagen production
process.

Element Weight% Atomic% Element Weight% Atomic%
CK 46.09 52.53 CK 43.79 49.48
N K 22.05 21.55 N K 23.52 22.79
OK 28.48 24.37 oK 32.69 27.73
Na K 1.14 0.68 Totals 100.00
CIK 2.25 0.87

Totals 100.00

Full Scale 3044 cts Cursor: 0.000

commercial ¢

keV||Full Scale 10004 cts Cursor: 0.000 keV

Figure 4. EDS spectrum of fish scale and commercial collagen

Chinh et al. (2019b) found the mass weight of Na,
Cl, O, C and N in hydroxy apatite and collagen from
tilapia fish scale as 33.68 %, 51.06 %, 2.23 %, 11.38 %
and 1.65 %, atomic weights as 35.65 %, 35.04 %, 3.40 %,
23.05 %, and 2.86 % according to the EDS analysis. They
reported that the higher contents of Na and Cl is due to the
NaCl solution which is used for precipitation of the
collagen. In future studies, the amount of NaCl solution
should be decreased to obtain pure collagen.

FTIR spectrum

Secondary structure of fish scale collagen and
commercial collagen was detected by FTIR (Figure 5).
FTIR spectrum of fish scale collagen showed main
absorption bands of amide A (3262.97 cm™), amide B
(2873.86 cm™), amide 1 (1639.38 cm™), amide Il (1532.85
cm™) and amide Il (1234.13 cm™). In commercial
collagen amide A, B, I, Il and Il bands were observed at
3274.42, 2879.21, 1639.55, 1522.36 and 1237.20 cm?,
respectively. The resulted spectrum was similar for both
fish scale and commercial collagen.

172




Extraction and Characterization of Acid Soluble Collagen From Golden Grey Mullet (Chelon auratus) Scale

T /‘x»\fr;(t_
© 5 s 13 \ N
o 102 3 / b+l \
= A Fa
= L ~ 1 ! |
g g oA [/ {
7 5 i) \ o~
[ o i { | -
E s & I | o \
= ]3-"_ A ' A A \.:: A\ (f
94 § \ A | | 1“ i ,;...'V"\ & f
92 vl :'I'_n: ! [ L II§ P Y
90 g |8/ { 2 \f e \
TR & \Tjn Te 3 (e \
88 i | & ﬁ’ - \
86 I, g ‘]-,ﬁ_’ iﬁ = lll'x
84 s = 8 \_
82 & 3
80
78
76
4000 3500 3000 2500 2000 1500 1000
Wavenumbers (cm™1)

Figure 5. FTIR spectrum of fish scale collagen (purple) and commercial collagen (red)

Amide A consists of N-H stretching vibration. Amide
B band consociated with CH, asymmetrical stretching
(Bhagwat and Dandge, 2016). The range of amide A, I, 1l,
and Il is known to have a direct relation to the
polypeptide chain (Abinaya and Gayathri, 2019). The
amide | wave number ranges from 1600 to 1700 cm™,
which is related to the carbonyl (C=0) stretching vibration
of the peptide chain and is the most important factor for
determining the secondary structure of proteins. Similarly,
the ASC absorption of the regional band was observed at
1639.38 cm in the present study. Amide Il is related to
N-H bond and C-N expansion, whereas amide IlI is
related to CN stretching and N-H bending and participates
in the triple helix structure of collagen (Woo et al., 2008).
Chen et al. (2016) found the main absorption bands in the
collagen of red drum (Sciaenops ocellatus) scale at 3328,
3080, 1658, 1548 and 1240 cm?, respectively. Chinh et al.
(2019b) determined the characteristic peaks at 3451.95,
1635.26, 1400.15, 1065.54 and 462.32 cm™ wavelengths
as a result of FTIR measurements made on tilapia fish
scale collagen. In this present study, the main bands of the
collagen in FTIR spectrum was observed in the range of
values specified in the literature, and are quite similar to
purified collagen from other fish species.

Thermo gravimetric analysis (TGA)

According to the results of mass changes examined
with thermogravimetric analysis, there was no significant
weight loss up to 100 °C for both collagens. The first
weight loss in scale and commercial collagen occurred at
308 °C and 286 °C, respectively. The initial decrease in
this temperature is thought to be due to the breakdown of

organic compounds. The major lost also occurred in scale
and commercial collagen at 350 °C and 410 °C. After 600
°C there was no significant change in weight (Figure 6).

According to TGA results of collagen obtained from
the puffer fish (Lagocephalus inermis) skin, no significant
weight loss was observed before 100 °C (Iswariya et al,.
2018). The major weight losses occurred at 315 °C and
520 °C. Pati et al. (2010) reported that according to the
TGA results, there were no weight losses before 100 °C in
the type | collagen from Labeo rohita and Catla catla fish
scales. The main weight and organic compound losses
occurred at 286 °C and 411 °C, respectively. Similar to our
findings, in both studies, no significant lost or change was
observed after 600 °C.

Antioxidant activity

In the present study the DPPH radical scavenging
activity of fish scale collagen and commercial collagen
was determined as 81.90 £ 1.27 % and 80.54 £ 3.34 %,
respectively (p > 0.05). Pal and Suresh (2017) found the
the DPPH radical scavenging activity of the collagen from
Catla catla and Labeo rohita in the range of 9-24 % for
ASC. Collagens can inactivate reactive oxygen species,
reduce hydroperoxides, enzymatically eliminates specific
oxidants and scavenge free radicals, which may contribute
to their antioxidant activities: (Pal and Suresh, 2017).
Nakchum and Kim (2016) determined the DPPH radical
scavenging activity of squid skin collagen as 57.38 %.
Slimane and Sadok (2018) produced films with collagen
extracted from the common shark (Mustelus mustelus) skin
and chitosan, and reported that DPPH radical scavenging
activity of films with a pure collagen and mixture of
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collagen:chitosan (1:1) was 30.88 + 0.03 % and 23.91 £
1.15 %, respectively. These results are considerably lower
than the DPPH radical scavenging activity obtained in our
study. It was reported that the antioxidant properties can
change depending on the peptide sequence and molecular

weight (Bu et al., 2017). In our study, it was determined
that the DPPH radical scavenging activity of collagen was
quite high and similar to that of the commercial collagen.
These results further highlight the importance of golden
grey mullet scale collagen.
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Figure 6. TGA results of the scale collagen (green) and commercial collagen (red)

Antimicrobial activity

The antimicrobial activity of the scale and commercial
collagen was evaluated against two common pathogenic
bacteria; a Gram negative strain E. coli and a Gram
positive strain S. aureus and a yeast C. albicans. There
was no inhibition zone against E. coli, S. aureus and C.
albicans in both scale and commercial collagen.
Venkatesan et al. (2017) reported that peptides from
Setipinna taty and Scomber scombrus, produced by
enzymatic hydrolysis using different enzymes (pepsin,
papain, trypsin) inhibited Escherichia coli, Pseudomonas
fluorescens, Staphylococcus aureus, Bacillus subtilis and
Listeria innocua. It is thought that due to the small
structure of the peptides formed by the hydrolysis of
collagen, penetration into microorganisms occurs more
easily. Shalaby et al. (2020) produced and characterized
collagen from fish scales for wound healing purposes, and
reported that the mean inhibition circle diameters on
Escherichia coli and Staphylococcus aureus were 0.08 mm
and 0.5 mm, respectively, having a very low antibacterial
effect againts these bacteria.

Conclusion

Collagen was extracted by using acetic acid from the
scale of golden grey mullet. Based on proximate and
amino acid composition, denaturation temperature, SDS-

PAGE, SEM-EDS, FTIR, TGA, antioxidant and
antimicrobial activity, ASC was characterized and
compared with commercial fish skin collagen. Extracted
collagen was quite similar to commercial collagen,
yielding even higher amounts of total amino acids and
higher antioxidant properties. ASC from scale of golden
grey mullet can be a promising alternative source to
mammalian collagen from the fish processing industry.
The present study will contribute to the reduction of the
environmental pollution as well as having economic and
scientific benefits by using unevaluated fish scale wastes
for collagen extraction. Isolated collagen is a promising
renewable biological source that can be used in various
sectors such as food as a functional ingredient and
cosmetics, that will contribute to human health.
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