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ABSTRACT

In Thailand, the production of tilapia is about 140,000 tons, which is the sixth tilapia production in the world. From the processing, the
scale was generated as waste. To produce a value-added product, the production of collagen from tilapia scale could be an alternative.
Generally, collagen from fish scale possesses a less fishy odor and flavor than that from fish bone and skin. From the results, the fish
scale is an interesting alternative source for collagen extraction. The objectives of this study were to extract collagen from Nile tilapia
(Oreochromis niloticus) scale from the production of frozen tilapia fillet as well as to study its properties. Extraction of acid (ASC) and
pepsin soluble collagens (PSC) from Nile tilapia scale, as well as the determination of their yield, amino acid compositions, SDS-PAGE
patterns, FTIR spectra, thermal denaturation temperature (7,__ ) and zeta potential, was conducted. ASC and PSC had a yield of 0.77 and
0.71% based on dry basis), respectively. The major amino acid found in both collagens was glycine (322-332 residues/1000 residues).
Also, they had a high amount of imino acid (199-205 residues/1000 residues). Based on SDS-PAGE pattern, both collagens were
classified as type | collagen ((a1),02-heterotrimer). The similar FTIR spectra of both collagens were found. Their amide peaks had no shift
in wavenumber. ASC and PSC had 7, of 36.15 and 34.70 °C, respectively. From zeta potential analysis, ASC and PSC had the zero
of net chart at pH 5.09 and 5.84, respectively. Based on the characteristics of the collagen, the scale could be an alternative source for
collagen production, however their yield should be improved to serve as a potential source for further application.
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INTRODUCTION

Tilapia is a freshwater fish, which is one-third of the most
aquaculture fish in the world (Mohammad et al., 2014). Itis
also a popular fish for consumption because its meat is mild
flavor and white (Yongsawatdigul et al., 2000). In Thailand,
production of tilapia is about 140,000 tons, which is the
world’s sixth tilapia production in the world. The twenty-
three percent of them was processed as tilapia fillets. From
the processing, the scales were generated as waste about
2% of them, which was estimated to be 700 tons (Noorit,
2017). Generally, tilapia scales were discarded as waste or
tertilizer, which are low market value. The production of
collagen from tilapia scale could add the value of the scale.

Collagen is a connective tissue, which found in skin, hair,
tendon, bone, and scale. It has been normally applied

in various industries, including pharmaceutical, medical,
photographic, and food (Benjakul et al., 2012; Foegeding
etal., 1996). For the collagen production, the bone and skin
from porcine and bovine generally are the main source due
to Muslim, Jew, and Hindu cannot consume those collagens.
The choice of source for collagen production, especially
from fish processing by-products, including bone, skin, and
scale, have gained attention as noticed by the increasing of
research related to collagen extraction from fish by-products
a decade ago (Chen et al., 2016; Chuaychan et al., 2015;
Duan et al., 2009; Kittiphattanabawon et al., 2015; Liu
et al., 2012; Matmaroh et al., 2011; Minh Thuy et al., 2014;
Savedboworn et al., 2017; Sinthusamran et al., 2013). Most
of the fish collagens were extracted from the skin because
of the high yield obtained. However, fish skin collagen had
undesirable fish odor and flavor due to fish skin contained
phospholipid as a major component, which is prone to
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oxidation (Sae-leaw et al., 2013). This is a limitation of its
application. Sae-Leaw et al. (2015) had diminished the fishy
odor and flavor by pretreatment with citric acid and spray
drying to remove membrane lipid and volatile some fishy
odor during the drying process, respectively. However, the
process could not completely remove the fishy odor and
flavor. Generally, a fish scale collagen has a less fishy odor
and flavor than collagen from fish bone and skin due to it
had a trace amount of lipid (Huang et al., 2016). From the
results, the fish scale is an interesting alternative source for
collagen extraction, although its yield is quite lower when
compared with collagen from fish skin. Recently, collagen
extraction from fish scale obtained from fish different
species, such as seabass, lizard fish, grey mullet, spotted
golden goatfish, flying fish, horse mackerel, yellowback
seabream, and grass carp had been studied (Chuaychan
et al., 2015; Matmaroh et al.; 2011; Minh Thuy et al,,
2014; Wang et al., 2014). Nevertheless, a little information
about collagen extraction from Nile tilapia scale had been
accounted. Therefore, the objectives of this research were
to extract Nile tilapia (Oreochromis niloticus) scale collagen,
which obtained from the production of frozen tilapia fillet
as well as to study its characteristics.

MATERIALS AND METHODS

Chemicals

All chemicals used were analytical grade. The protein
markers and chemicals for electrophoresis were ordered
from GE Healthcare UK Limited (Buckinghamshire,
UK) and Bio-Rad Laboratories (Hercules, CA, USA),
respectively. Porcine stomach mucosa pepsin (EC 3.4.23.1)
and calf skin type I collagen were purchased from Sigma
Chemical Co. (St. Louis, MO, USA).

Preparation of tilapia scale

0.4-0.6 kg/piece of fresh tilapia (Oreochromis niloticus) was
collected from a local tilapia processing plant in Songkhla,
Thailand. The preparation of the scale was proceeded by
the method of Chuaychan etal. (2015). Briefly, the obtained
scale was washed, drained, packed into a polyethylene bag,
frozen and kept below -18 °C. The frozen storage was not
more than 6 months. The prepared scale had the moisture
content of 76.21% as determined by the gravimetric
method AOAC (2000). Before the collagen extraction,
running water was used for thawing the frozen scale until
its core temperature of 8-10 °C was reached.

Extraction of tilapia scale collagen

Collagen from the tilapia scale was extracted as the
slightly modified method of (Chuaychan et al., 2015).
The temperature of all procedures was controlled below
10 °C. Briefly, the non-collagenous protein was eliminated
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by mixing with 0.1 M NaOH for 6 h. The minerals were
eliminated from the pretreated scale by mixing the scale in
0.5 M EDTA-2Na (pH 7.4) for 48 h. The demineralized
scale was immersed in 0.5 M acetic acid for 72 h, followed
by filtration, salt precipitation at pH 7.5 (2.6 M NaCl
containing 0.05 M Tris(hydroxymethyl) aminomethane),
centrifugation, dissolving the precipitate obtained, dialysis
and freeze drying. The solid/solution ratio used in those
processes were 1:10, 1:10 and 1:15 (w/v), respectively.

To extract pepsin soluble collagen, a parts of the undissolved
residue was subjected to immerse in 10 parts of 0.5 M acetic
acid containing 20 unit/g of potcine pepsin for 72 h. To
recovery the collagen, the mixture was conducted as the
method described above. The resulting collagen from acid
and pepsin solubilization processes were referred to as “acid
(ASC) and pepsin soluble collagen (PSC)”, respectively.

Yield of collagen from tilapia scale
The yield calculation was conducted as the following
equation:

Yield (%) =
Hyp content in collagen

(mg/g gelatin) x collagen obtained (g)
x 100

Hyp content in scale (mg/g skin)

x scale used for extraction (g)

Hydroxyproline (Hyp) content in the scale and collagen
were determined by spectrophotometric method, which was
improved and simplified by Bergman and Loxley (1963).

Characterization of collagen from the tilapia scale
Amino acid analysis

ASC and PSC were hydrolyzed under reduced pressure
in 4.0 M methane sulphonic acid containing 0.2% (v/v)
3-2(2-aminoethyl)indole at 115 °C for 24 hr. The hydrolysates
were neutralized with 3.5 M NaOH and diluted with 0.2 M
citrate buffer (pH 2.2). The neutralized sample (0.4 mL)
was subjected to an amino acid analyzer (MLC-703; Atto
Co., Tokyo, Japan).

SDS-polyacrylamide gel electrophoresis (SDS-PAGE)
SDS-PAGE was conducted as desctibed by Laemmli (1970).
The samples, which were prepared under non-reducing and
reducing conditions as described by Kittiphattanabawon
et al. (2010), were loaded onto a polyacrylamide gel (4%
stacking gel and 7.5% separating gel) along with the
protein marker and calf skin type I collagen for estimation
the molecular weight of protein and using as a standard
collagen, respectively. The Image] (Image] 1.42q, National
Institutes of Health, Bethesda, MD, USA) was used to
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quantify the band intensity.

Fourier transform infrared (FTIR) spectroscopy

A Bruker model EQUINOX 55 FTIR spectrometer
(Bruker, Ettlingen, Germany) was used for evaluation
the FTIR spectra of both collagens as described by
Kittiphattanabawon et al. (2010). A DLATGS (deuterated
l-alanine tri-glycine sulphate) was used as the detector. The
setting condition for evaluation the spectra included 4 cm™
of the resolution, the measurement range of mid-IR region
(4000-650 cm™), 32 scans of the automatic signals collection
and measurement temperature of 25 °C. An OPUS 3.0 data
collection program (Bruker, Ettlingen, Germany) was used
the software for analysis of spectral data.

Differential scanning calorimetry (DSC)

To rehydrate the collagen, 1 mL of deionized water
was added into 250 mg of collagen. The mixtures
incubated at 4 °C for 2 days before analysis. The DSC
thermogram of collagen was determined by the DSC 7
(Perkin Elmer, Norwalk, CT, USA), following the method
of Kittiphattanabawon et al. (2010). The sample was
heated from 25 to 50 °C with heating rate of 1 °C/min.
The maximum transition temperature (1) and total
denaturation enthalpy (AH) was estimated from DSC
thermogram.

Zeta potential analysis

Zeta ({) potential of 0.05% (w/v) collagen solutions, which
prepared by dissolving in 0.5 M acetic acid, was measured
by the ZetaPALs (Brookhaven Instruments Co., Holtsville,
NY, USA) according to the method of Kittiphattanabawon
et al. (2010).

Statistical analysis

The experiments were proceeded in triplicate using three
different lots of samples. The difference between means
were tested by T-test (Steel and Tortie, 1980).

RESULTS AND DISCUSSIONS

Yield of collagen

Extraction of ASC and PSC from Nile tilapia scale gave
yields of 0.77 and 0.71% based on hydroxyproline content,
respectively. The recovery of total collagen (ASC and PSC)
was 1.48%, which was much lower than with that of collagens
from different fish skins, clown featherback (82.1%), rohu
(82.5%) (Kittiphattanabawon et al., 2015; Savedboworn
et al.,, 2017). It was possibly due to the fish scales were
biocomposites of highly ordered type I collagen fibers with
hydroxyapatite (Ca (PO,),OH) and several cross-linked
regions (Zylberberg et al., 1988). However, the yield was
comparable with collagen from the different scales, spotted
golden goatfish (1.66%), seabass (1.44%) and golden carp
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(1.58%) (Ali et al., 2017; Chuaychan et al., 2015; Matmaroh
et al., 2011). The yield might be enhanced by ultrasound
assisted extraction via due to mechanical and cavitation effect
of ultrasound (Ali et al., 2018; Song et al., 2018; Tu et al.,
2015). Song et al. (2018) reported that the ultrasound assisted
extraction could enhanced the yield of collagen by 1.5-2 times
of that obtained by conventional extraction.

Amino acid compositions

According to Table 1, both ASC and PSC had glycine (322-
332 residues/ 1000 residues), alanine (114-124 residues/1000
residues), proline (114-119 residues/1000 residues) and
hydroxyproline (85-86 residues/1000 residues) as the major
amino acid with low amount of phenylalanine (13-14
residues/1000 residues), methionine (10-11 residues/1000
residues), isoleucine (9-14 residues/1000 residues)
hydroxylysine (7-9 residues/1000 residues), histidine
(6-8 residues/1000 residues), tyrosine (4-6 residues/1000
residues) and cysteine (1 residue/1000 residues). The result
was in agreement with amino acid composition of type I
collagen from other sources (Al et al., 2018; Chuaychan
et al., 2015; Huang et al.,, 2016; Savedboworn et al., 2017).
Glycine content was about 1/3 of total amino acid, which
is normally found in collagen. It located on every third
position of peptide chain of collagen molecule, excepted
at telopeptide region which is the chain located at the first
14 and 10 amino acid residues from N- and C-terminus,
respectively (Foegeding et al., 19906; Kittiphattanabawon et
al., 2005). The imino acid content of both collagens was
199-205 residues/1000 residues, which was higher than that
of the scale collagens of seabass (193-195 residues/1000

Table 1: Amino acid compositions of ASC and PSC from the
scale of tilapia (residues/1000 residues)

Amino acid ASC PSC
Alanine 124 114
Arginine 52 48
Aspartic acid/Asparagine 43 44
Cysteine 1 1
Glutamine/Glutamic acid 68 69
Glycine 332 322
Histidine 6 8
Isoleucine 9 14
Leucine 23 26
Lysine 25 24
Hydroxylysine 7 9
Methionine 10 11
Phenylalanine 13 14
Hydroxyproline 86 85
Proline 119 114
Serine 37 42
Threonine 23 28
Tyrosine 4 6
Valine 18 21
Total 1000 1000
Imino acid 205 199
97
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residues), carp (192 residues/1000 residues), bighead
carp (156 residues/1000 residues) and golden carp (Ali
et al,, 2017; Chuaychan et al., 2015; Duan et al., 2009; Liu
et al.,, 2012). The imino acid content, which associates
environment temperature of animal habitat and thermal
stability of collagen, plays an essential role in gel strength
and rheological property (Benjakul et al., 2012; Foegeding et
al.,, 1996). Regenstein and Zhou (2007) reported that imino
acid is a key factor determining their potential use. Negligible
differences were found between amino acid composition
of ASC and PSC. It was possibly due to removal of some
portion of telepeptides hydrolyzed by pepsin.

SDS-PAGE patterns

Generally, SDS-PAGE patterns of ASC and PSC were
quite same, but there was slight difference in MW of
ol and «2. Both chains of PSC had slightly lower MW,
when compared with those of ASC and B-chain of PSC
had less band intensity when compared with that of ASC
(Fig.1). Chuaychan et al. (2015) reported that some part
of telopeptide region, especially crosslinked components,
could be remove by pepsin as seen by lower band intensity in
B-chain of PSC. When comparing SDS-PAGE patterns of
ASC and PSC under reducing and non-reducing conditions,
no difference was found. The result suggests that there
was no di-sulfide bond formation in both collagens. It well
correlated with low content of cysteine as shown in Table 1.
In both collagens, the -, o1- and «2- chains were found as
the major components along with low amount of y-chain.
The band intensity of «1 was approximately 2 times of a2,
suggesting that tilapia scale collagen was characterized as
type I collagen. The result was in agreement with protein
patterns of collagen from the other fish scales, seabass,
golden carp, red drum fish, grey mullet, horse mackerel,
lizard fish and yellowback seabream (Ali et al., 2017; Chen
etal., 2016; Chuaychan et al., 2015; Minh Thuy et al., 2014).

Fourier transform infrared (FTIR) spectra

Generally, FTIR spectra of any protein include peaks of
amide A, B, I, II and III. The amide A and B associate
with the vibrations of N—H stretching or the presence
of hydrogen bond and asymmetrical CH, stretching,
respectively (Abe and Krimm, 1972; Doyle et al., 1975).
The amide I, IT and I1I relate with hydrogen bond coupled
with COO or stretching vibration of C=0, bending
vibration of N-H coupled with stretching vibration of
C-N and stretching vibration of C-N and/or deformation
of N-H, respectively (Krimm and Bandekar, 1980;
Muyonga et al., 2004; Payne and Veis, 1988). The FTIR
spectra of both collagens shown in Fig, 2 included amide
A (3292-3296 cm™), amide B (2922-2924 c¢m™), amide 1
(1637-1639 cm™), amide IT (1539-1540 cm™) and amide II1
(1234-1236 cm™). The wavenumber of each peak in the
FTIR spectra were slightly different when compared with
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the FTIR spectra of collagen from spotted golden goatfish
and seabass scales (Chuaychan et al., 2015; Matmaroh et al.,
2011). No shift in wavenumber of amide I and II between
ASC (1637 and 1639 cm’, respectively) and PSC (1539 and
1540 cm™, respectively) was found (P<0.05).

All peaks in the FTIR spectra between ASC and PSC
had no shift in wavenumber (P>0.05), indicating that no
difference in secondary structure between both collagens
and hydrolysis of pepsin during extraction did not affect
to the structure. The results were confirmed by two main
evidences. Firstly, the triple helical alighment of both
collagens was same as indicated by no shift in wavenumber
of amide I and II of both collagens. Payne and Veis (1988)
reported that an amide I and II shifts to lower wavenumber
relates with a lessening in the molecular order. Secondly, the
existence of triple helical structure of both collagens, as
indicated by the absorbance ratios of amide I11/1454 cm'
of ASC (0.99) and PSC (1.01) were approximately 1.0.

Non-reducing Reducing
I N " Y

—

220kDa— B

1
2

116kDa—

76kDa
70kDa

53kDa

M I

ASC PSC ASC PSC

Fig 1. Protein patterns of ASC and PSC from tilapia scale under
non-reducing and reducing conditions. M and | denote high molecular
weight protein markers, and type | collagen from calf skin, respectively.

Amidel -

Amide A
«— Amide B

i

Absorbance

PSC

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig 2. FTIR spectra of ASC and PSC from tilapia scale.
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Plepis et al. (1996) reported that the ratio of 1.0 shows the
existence of the triple helical structure.

Thermal transition temperature (7__ )

T and enthalpy (AH) of both collagens obtained from the
endothermic peak in DSC thermograms as shown in Fig. 3.
T (36.15 °C) and AH (1.23 J/g) of ASC were higher
than those of PSC (34.70 °C and 0.76 J/g, respectively).
T of both collagens were coincidental with their imino
acid content (Table 1). The helical structure of collagen
was stabilized by the imino acid (Benjakul et al., 2012;
Ikoma et al., 2003). T of collagen from tilapia scale
was comparable to grass catp (34.8-35.2 °C) (Wang et al.,
2014). However, they were quite lower than that of collagen
from different fish scales, golden carp (37.67-37.83 °C),
seabass (38.17-39.32 °C) and spotted golden goatfish
(41.01-41.58°C) and much higher than that of collagen
from the different scales, lizard fish (27.4-27.6 °C), horse
mackerel (26.1-28.1 °C) and catp (28 °C) (Ali et al., 2017,
Chuaychan et al., 2015; Duan et al., 2009; Matmaroh et al.,

Toe= 36.15°C
AH=1231T/g

Heat flow (W/g)

Toa= 34.70 °C

AH=0.76J/g
PSC

25 30 35 40 45 50
Temperature ("C)

Fig 3. DSC thermograms of ASC and PSC from tilapia scale.

35
30 A
25 A
20 A
15 4
10 4

Zeta potential (mV)

pH

Fig 4. Zeta potentials of ASC and PSC from tilapia scale at different
pHs. Bars represent the standard deviation (n=5).
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2011; Minh Thuy et al., 2014). The differencein T _among
fish species was possible to be from the difference in their
imino acid content, normal habitat and body temperatures,
amino acid sequence and the conformation of collagen
(Foegeding etal., 1996; Sinthusamran et al., 2013). Benjakul
et al. (2010) reported that the higher thermal stability of
collagen depended on imino acid content, which contained
pyrrolidine rings, were able to form hydrogen bond through
the hydroxyl group of hydroxyproline. As the lowered in
AH of PSC, it suggests that the peptide at telopeptide
region cleaved by pepsin might contribute to the thermal
denaturation of PSC (Kittiphattanabawon et al., 2010).

Zeta potential

The changes of surface net charge of both collagens at
different pHs was described by their Zeta potential (Fig. 4).
Sharp decrease in zeta potential of ASC and PSC was found
at pH ranging from 3-6.5. The reduction rate in zeta potential
of ASC was higher and lower than that of PSC as pH
increased from 3-6.5 and higher than 6.5, respectively. ASC
had the zero of net charge at pH 5.09, while PSC was at 5.84.
A protein shows a net negative and positive charges as at
pH above and below their isoelectric point (pl), respectively,
which caused by protonation and deprotonation of amino
acids, respectively (Benjakul et al., 2010; Damodaran, 1996).
From the results, it could be assumed that pl of ASC and
PSC was 5.09 and 5.84, respectively. The pl of collagen
from other fish scale as determined by zeta potential had
been reported that it was in faintly acidic to neutral pH.
The pl of ASC and PSC of seabass was 4.95 and 5.76,
respectively, while that of golden carp was 6.04 and 6.22,
respectively (Ali et al., 2017; Chuaychan et al., 2015). The
difference in the pI among fish collagens might by cause by
the difference in their distribution of amino acid residues
and amino acid compositions among fish species (Ali et al.,
2017). Additionally, the difference in zeta potential profile
between both collagens was possibly from their amino acid
composition had some differences (Table 1).

CONCLUSIONS

Collagen could be extracted from the scale of Nile tilapia,
which classified as type I collagen. However, low recovery
of total collagen (1.48%) was observed. Use of pepsin could
increase yield about 92.22%. According to protein pattern,
T and FTIR spectra analyses, the removal of peptide at
telopeptide region cleaved by pepsin had no effect on the
triple helical structure. Based on their yield and characteristics,
use of pepsin could improve yield of the collagen without any
impact on its triple helical structure as well as the scale could
be an alternative source for collagen production, however
yield improvement of the collagen should be further studied
to increase the potential used of the scale.
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