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Antioxidant Properties of Tilapia Skin Collagen Peptides
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Abstract

Tilapia processing wastes (skin, bone and scale) can be utilized to reduce waste and environmental
problems. Tilapia skin mostly contain of collagen and suitable for collagen hydrolysate extraction.
The objective of this research was to study relationship between molecular weight and amino acids on
antioxidant properties of tilapia skin collagen peptides. Tilapia skin collagen peptides was isolated by
ultrafiltration (1, 5 and 10 kDa). Soluble proteins, antioxidants activities and amino acids composition
were analyzed. The extracted collagen hydrolysate had high antioxidant activity of ABTS and FRAP. There
are 3 group of ultrafiltration peptide fractions by molecular weight: <1kDa, 1-5kDa and >10kDa. The <1kDa
peptide fraction had the highest antioxidant activity (ABTS and FRAP). Molecular weight of peptide fraction
influenced on antioxidant properties more than amino acid composition. Tilapia skin collagen hydrolysate,
was fishery processing by-product, contributed to antioxidant activity and useful in the development of

dietary supplement.
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Introduction

Tilapia (Oreochromis niloticus) is a
freshwater fish that has been of economic
importance since 1965. In 2020, Thailand exported
185.5 tons of frozen tilapia fillets and 0.5 tons of
chilled tilapia fillets [1]. The processing of fillets
produces large amounts of waste, including the
head (33%), bones (16%), intestines (8%), and scales
and skin (7%). These wastes are often disposed of
in landfills, causing environmental problem:s,
including ground water pollution and toxic gas
emissions [2]. The waste can be used to make
animal feed, but the resulting product has low value
[3]. Tilapia skin contains high amounts of collagen
and can be used as raw material to produce
collagen [4], gelatin [5] and collagen hydrolysate
[6].

Collagen hydrolysate can be extracted
from tilapia skin using thermal hydrolysis or
enzymatic proteolysis. Enzymatic proteolysis takes
less time than thermal hydrolysis and produces
hydrolysate with a higher antioxidant activity and
smaller peptides than from thermal hydrolysis [8].
Enzymatic extraction is a potential method for
extracting collagen hydrolysate. To maximize the
collagen yield and improve extraction efficiency,
several enzymes are used under optimal conditions
to increase the solubilization of collagen in the
acidic medium [7]. Commercial proteases and
protease from microorganism (Bacillus licheniformis
and Vibrio sp.) were used for extracted collagen
hydrolysate from porcine [9], common carp fish
[10], jumbo squid [11] and salmon skin [12, 13],
resulting in high antioxidant activity. Tuna pepsin
was used to produce fish protein hydrolysate with

high levels of antioxidant activity [14]. Tuna protease

can be used to extract collagen hydrolysate from
tilapia skin. This collagen hydrolysate is as effective
as commercial porcine pepsin [15]. The biologically
active peptide properties, antimicrobial and
antioxidant properties, depend on the type of amino
acids and the molecular size of the peptide chain
[16, 17]. Collagen hydrolysates, consist of various
molecular size of peptide chain, were separated by
ultrafiltration. Therefore, separation of the
hydrolysate by ultrafiltration can be used to increase
the biologically active peptide properties. Small
peptide fraction of tilapia skin [18], yellowfin tuna
skin [19], salmon skin [12], squid [20], and fish by-
products [13] collagen hydrolysate produced the
highest antioxidant activity. Tilapia collagen
hydrolysate consists of amino acid in peptide chain
that may affect to antioxidant properties. The
purpose of the current research was to study the
relationship between molecular weight and amino
acids on the antioxidant properties of tilapia skin

collagen peptides.

Materials and Methods
Reagents and raw material preparation

Skins from tilapia (Oreochromis niloticus)
were obtained from fillet processing waste from
Mankit Mankhong Co., Ltd., Samut Prakan province,
Thailand. Stomachs from tuna (Katsuwonus
pelamis) were provided by Thai Union Group PCL,
Samut Sakhon, Thailand. All samples were packed
in polyester bags and kept on ice in an insulated
box to maintain the temperature below 10 °C and
transported to the Department of Fishery Products,
Faculty of Fisheries, Kasetsart University, Bangkok,
Thailand within 2 hr, where they were stored at -20

°C until further experimentation.
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Preparation of tilapia skin

The tilapia skin was pre-treated by removing
blood, meat, mucus, lipids, non-collagen substances,
and fishy odor according to Tohmadlae,
Worawattanamateekul, & Hinsui [21]. The tilapia
skin sample was progressively soaked in 1.5%
sodium chloride solution for 1 hr, 0.2% sodium
hydroxide solution for 2 hr, 0.2% sulfuric acid
solution for 2 hr, and then 1% citric acid solution
for 2 hr (all at a skin-to-solution ratio of 1:4). After
chemical pre-treatment, the tilapia skin sample was
rinsed with water until the pH was neutral (pH 7)

and then mixed in a blender for 2 min.

Extraction of crude enzymes from tuna stomachs
The tuna stomach sample was homogenized
for tuna protease extraction according to Tohmadlae

et al. [15]. The sample was blended with a sodium

Enzyme activity (unit/ml) = ([Protein]

Sample

phosphate buffer solution at pH 7 at a ratio of 1:3
(W/v), stirred for 3 hr at 4 °C, and then centrifuged
at 10,000xg for 30 min at 4 °C. The supernatant was
collected and activated with 2 M hydrochloric acid
at a ratio of 1:1 (v/v) at 4 °C for 30 min. The protein
concentration of the crude enzyme was analyzed
according to Lowry et al. [22] and Peterson [23]
using bovine serum albumin (BSA) as a standard.
Enzyme activity was measured according to
Nalinanon et al. [24] and Tohmadlae et al. [15] using
hemoglobin as a substrate. The absorbance of the
resulting solution was measured at 750 nm using a
UV- 1700 spectrophotometer (Shimadzu, Japan).
The blank was prepared in the same manner, except
that distilled water was used instead of the sample.
A standard curve was prepared using tyrosine in the
range of 0-1 M. Pepsin activity was then calculated

using the formula:

- [Protein] )/(Time of the reaction (min)

Control

x Volume of enzyme solution (ml)) (1)

Specific activity was then calculated using the following formula:

Specific enzyme activity (unit/mg protein) = enzyme activity (unit/ml) / soluble protein

of enzyme (mg/ml) 2)

Methods
1.Tilapia skin collagen hydrolysate extraction
Tilapia skin collagen hydrolysate was
extracted using crude enzyme solution (1:10 (w/v))
[15] at 50 °C for five durations (1, 2, 3, 4 and 5 hr),
and then enzyme activity was stopped by heating
at 100 °C for 15 min. The mixture was centrifuged
at 10,000xg at 4 °C for 30 min. The supernatant was
collected and adjusted to pH 7.0, before the water

was evaporated to produce collagen hydrolysate

(with the same protein concentration as before
adjusting the pH) for fractionation and analysis of

chemical properties.

2.Fractionation of tilapia skin collagen hydrolysate
using ultrafiltration

Collagen hydrolysate was fractionated into
peptides based on molecular weight, following a

method modified from Charoenphun et al. [25].
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Amicon® Stirred Cells were used, along with 10, 5
and 1 kDa molecular weight cut-off (MWCO)
membranes and nitrogen gas pressure was set at
50-75 psi. Peptides of different sizes were collected

and analyzed for their chemical properties.

3.Chemical properties analysis
3.1. Soluble protein content

The soluble protein content (mg/ml) was
analyzed according to Lowry et al. [22] and Peterson

[23] using bovine serum albumin (BSA) as a standard.

3.2. Determination of degree of hydrolysis (DH)
The total nitrogen content of the tuna
protein hydrolysate was analyzed using the Kjeldahl
method [26]. DH of tilapia skin collagen hydrolysate
was determined by TCA-solubility index as describe
by Rutherfurd [27] according to the method of
Tohmadlae et al. [15] and calculated using the
formula:

DH (%) = Total nitrogen in tilapia skin collagen
hydrolysate x 100 / Total nitrogen in

tilapia skin (3)

3.3. Antioxidant activities

Antioxidant activity was measured using
2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-bis
(ABTS) and ferric reducing antioxidant power (FRAP)
assays following methods modified from Sukkwei
et al. [28], Aleman et al. [29], Ketnawa and Liceaga
[30], and Wu et al. [31], respectively, with trolox as
a positive control. A standard curve was prepared
using trolox according to Tohmadlae et al. [15] in
the range of 10-50, 25.71-60 and 0-850 UM,

respectively. Metal chelating assay was modified
from Boyer and McCleary [32], using Ethylene
diamine tetraacetic acid (EDTA) as a positive control.
A standard curve was prepared using EDTA according
to Tohmadlae et al. [15] in the range of 0-150 UM.
The blank used was distilled water instead of the

sample.

3.4. Determination of molecular weight
distribution

Collagen hydrolysate samples were
determined for their molecular weight distribution
using high-performance liquid chromatography
(HPLC) (Agilent 1260 Infinity, USA) equipped with
an ultraviolet detector, auto sampler, and vacuum
degasser. The samples were loaded onto an
Advance Bio SEC column (300 x 4.6 mm, 2.7 lm,
Agilent Technologies, Wilmington, DE, USA) and
eluted with 150 mM sodium phosphate buffer (pH
7.0) at a flow rate of 0.350 mL/min. The injection
(Agilent 1260 Infinity auto sampler, USA) volume
was 2 Ul and the detection (Agilent 1260 Infinity I
Variable Wavelength Detector, USA) wavelength
was set at 220 nm. Ovalbumin (44 kDa), approtinin
(6.5 kDa), and neurotensin (1.6 kDa) (Advance Bio
SEC 130A Protein Standard 4.0 mg, lyophilized 1.5

mL vial) were used as the molecular weight markers.

3.5. Amino acid composition

Collagen hydrolysate and peptides in
different size ranges were hydrolyzed in 6M HCl at
110 °C for 24 hr and then analyzed using HPLC
(Agilent 1260 Infinity, USA). The samples were
loaded onto an Agilent Poroshell column (HPH C18,
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4.6 x 100 mm, 2.7 um, Agilent Technologies,
Wilmington, DE, USA) and eluted with the mobile
phase A containing 10 mM NaZHPOA, 10 mM NaZBaO7y
and 5 mM NaN_, with a final pH of 8.2 and the
mobile phase B containing acetonitrile: methanol:
water (45:45:10, v:viv) at a flow rate of 1.5 mU/min.
The injection (Agilent 1260 Infinity autosampler,
USA) volume was 1 Ul and the detection (Agilent
1260 Infinity Il Variable Wavelength Detector, USA)
wavelengths were set at 230 nm and 450 nm.

Determination of amino acids followed AOAC [33].

4. Statistical Analysis

A completely randomized design (CRD) was
used with three replications. Data were presented
as mean + standard deviation (SD) values. Means
among treatments were compared based on
Duncan’s multiple range test and analysis of
variance (ANOVA) was tested at a statistical

significance of 95%.

Results and Discussion

The tuna protease activity and specific
enzyme activity were 0.0475+0.0002 units/ml and
0.0010+0.0000 units/mg protein, respectively. Even
though both these values were lower than for
skipjack protease activity of 3.42+1.008 units/ml
and specific enzyme activity of 0.0983+0.61 units/
mg protein [15], the extraction time patterns were
similar. Table 1 shows that the DH of tilapia skin
collagen hydrolysate was not significantly different
for extraction times in the range 1-5 hr; thus, this
extraction time range was suitable for producing
tilapia skin collagen hydrolysate. The collagen
hydrolysate solutions were not gelatinous when
refrigerated at 4 °C, in contrast to the control
(collagen hydrolysate at 0 hr), which was gelatinous
at 4 °C.

Table 1 Antioxidant activities of tilapia skin collagen hydrolysate using 5 extraction durations.

FRAP Metal Chelating
Extraction DPPH ABTS
DH (%) (pmol TE/mg ~ (mM EDTA/mg
time (hr) (umol TE/mg protein)  (umol TE/mg protein) .
protein) protein)
1 72.23 +4.42% 2,171.69 £118.26° 5,215.43 +698.12° 758.54 +46.64° 44.10 +0.49°
2 72.23 £2.21™ 1,944.97 +287.86™ 5,676.96 +407.21% 702.83 +27.12° 45.03 +0.88°
3 73.50 £3.38™ 2,076.96 £209.25° 6,751.81 £293.66° 703.24 +16.89° 45.17 £0.77°
4 72.23 +5.58™ 2,105.58 +179.60° 428551 +567.31¢  610.80 +44.45° 44.13 +1.41°
5 72.87 £2.92" 1,763.69 +61.66" 6,199.71 +061.78% 533.13 +13.43° 39.56 +1.12°

* Values presented as mean + SD from triplicate determinations. Different lowercase superscript letters (a-d) in same

column indicate significant (p<0.05) differences between means; ns indicates no significant (p>0.05) difference in column.
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Figure 1 Fractionation ratio of tilapia skin collagen hydrolysate using ultrafiltration.

Table 1 presents data on the collagen
hydrolysate extracted at 1-5 hr. The levels for metal
chelating, FRAP, and DPPH scavenging capacity for
1-3 hr in the extracted collagen hydrolysate were
not significantly different. The hydrolysate after 3
hr extraction having the highest ABTS activity
(6,751.81 + 293.66 pmol TE/mg protein), which was
similar to the values for tilapia skin collagen
hydrolysate in another study [15], for jumbo squid
collagen hydrolysate [19] and for white jellyfish
collagen hydrolysate [34]. Based on the current
study results, the extraction time of 3 hr for tilapia
skin collagen hydrolysate was considered optimal.

Fractionated peptides were isolated from
collagen hydrolysate after 3 hr extraction and the
resulting ratios are shown in Figure 1. The yield of
peptides > 10 kDa represented 67.08% of the total,
peptides 1-5 kDa were 14.75%, and peptides < 1
kDa were 18.17%. Soluble protein contents were
986.65 + 18.02 mg/ml for > 10kDa, 204.93 + 20.38
meg/ml for 1-5 kDa and 202.73 + 26.39 mg/ml for
< 1 kDa. The <1 kDa fraction had the highest levels
of antioxidant capacity (ABTS, FRAP, metal chelating,
and DPPH), similar to yellowfin skin collagen
hydrolysate [20], tilapia skin [18] and fish by-

products collagen hydrolysate [13]. The antioxidant
capacity of the fractionated peptides decreased
compared with the crude collagen hydrolysate,
similar to porcine peptide fractions [9]. This may
have been due to a decrease in the protein
concentration [10, 13].

Extracted tilapia skin collagen hydrolysate
contained glutamic acid (449.07 mg/100g), glycine
(425.50 mg/100g), and proline (282.29 mg/100g) as
the main amino acids. As well as hydrophobic amino
acids (955.70 mg/100g) and hydrophilic amino acids
(267.68 mg/100¢), as shown in Table 3. ABTS radicals
can react with hydrophilic and hydrophobic
compounds, while the DPPH assay is only suitable
for hydrophobic compounds [20, 35]. Tilapia skin
collagen hydrolysate contains hydrophilic and
hydrophobic amino acids, resulting in high ABTS
antioxidant activity. Hydrophilic and hydrophobic
amino acids play an important role in antioxidant
activity as hydrogen donors [12, 36-39]. Tilapia skin
collagen hydrolysate contains acidic amino acids
(aspartic and glutamic) and basic amino acids
(histidine, lysine, and arginine) that play important
roles in metal chelating ability [40].
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Table 2 Antioxidant activities of peptide fractions from tilapia skin collagen hydrolysate.

Peptide DPPH ABTS

Metal Chelating
FRAP

(mM EDTA/mg
size (umol TE/mg protein) (umol TE/mg protein) (umol TE/mg protein)
protein)
<1 kDa 10.92 + 0.84 ° 3,178.22 + 11.85° 564.61 + 17.87 ° 151.48 + 1.58 °
1-5 kDa 8.28 +0.22° 2,830.58 + 58.09 ° 454.88 + 6.54 ° 119.00 + 3.23 ©
>10 kDa 8.14 +045° 2,639.57 + 23.46 © 466.62 + 3.69 ° 134,13 + 1.51°

* Values presented as mean + SD from triplicate determinations. Different lowercase superscript letters (a—d) in same

column indicate significant (p<0.05) differences between means.

From the current study on the relationship
between molecular weight and amino acids on the
antioxidant properties of tilapia skin collagen
hydrolysate, it was found that the molecular weight
of the peptide fraction influenced on the antioxidant
properties more than the amino acid composition.
The antioxidant capacity of the small peptide

fraction (<1kDa) increased. Peptides with a low

concentration of hydrophilic and hydrophobic
amino acids that contribute to antioxidant capacity.
While longer peptides with a high amino acid
content that cannot unfold and expose their amino
acid sequences to exert their bioactivity [20].
Indicating that the antioxidant properties depended

on the molecular weight.

Table 3 Amino acid composition of tilapia skin collagen hydrolysate and fraction peptides.

amino acid profiles (mg/100g) collagen Peptide fractions
hydrolysate >10 kDa 1-5 kDa <1 kDa
Alanine** 267.68 170.62 39.51 48.64
Aspartic acid* 261.72 165.29 37.25 -
Glutamic acid* 449.07 287.25 66.58 81.60
Glycine 425.50 293.90 67.42 77.31
Leucine** 177.57 108.37 24.39 32.26
Lysine* 221.17 137.71 32.23 40.19
Proline** 282.29 163.47 39.73 51.29
Valine** 131.46 75.01 17.07 23.89
Total 2216.46 1401.63 324.19 355.18
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Table 3 (cont.)

collagen Peptide fractions
amino acid profiles (mg/100g)
hydrolysate >10 kDa 1-5 kDa <1 kDa
Hydrophilic amino acids 267.68 170.62 39.51 48.64
Hydrophobic amino acids 955.70 614.99 141.11 173.65

* Hydrophilic amino acids

** Hydrophobic amino acids

Conclusions

Tilapia skin collagen hydrolysate had high
levels of ABTS and FRAP antioxidant activity. The
peptide fraction <1 kDa derived from this collagen
hydrolysate had the highest antioxidant activity,
mainly in terms of the ABTS antioxidant activity.
Thus, tilapia skin collagen hydrolysate could be
considered an excellent source of antioxidants,
making it possible to utilize this waste more
effectively and to add value to tilapia and tuna
resources. The further studies are needed to isolate
small peptide (<1 kDa) to apply for food, dietary

supplement and pharmaceuticals.
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