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Abstract

Marine livings represent one of the richest sources of protein with valuable bioactives. The
present work explores the antioxidative potential of stone fish, a sea cucumber species
typically discarded as by-catch. Stone fish was enzymatically hydrolysed using papain, and
the resulting proteolysate exhibited strong antioxidant activity in DPPH" radical scavenging
(IC,, = 0.49 mg/mL), ABTS" (IC, = 0.36 mg/mL) radical scavenging, and FRAP value (0.29
mM FeSO,) after 8 h of hydrolysis. Fractionation of proteolysate was then performed using
three approaches namely ultrafiltration, reversed-phase high performance liquid chromatogra-
phy, and isoelectric focusing techniques to profile and characterise the antioxidative
proteolysate. Results indicated that papain-generated proteolysate from stone fish flesh
possessed considerable amount of antioxidative peptides with molecular weight of
approximately 2 kDa, low hydrophobicity (< 20%), and pI = 9.
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Introduction

Oxidative damage plays a key role in the
aetiology of many acute and chronic diseases such as
traumatic brain injury, stroke, Alzheimer, cancers,
and cardiovascular diseases. Its role in natural
physiological processes including aging, bone loss,
and menopause in women is strongly significant as
well. Studies show that intake of antioxidant
supplements or food rich in antioxidants can
considerably decrease such damages (Bar-Or et al.,
2015; Zaheer and Akhtar, 2017; Neha et al, 2019).
The usage of synthetic antioxidants has been recently
confined in terms of their effects on inducing DNA
damages as well as their toxicity. Due to the current
tendency to consume natural products, there is a great
demand in finding new antioxidants from natural
bio-resources.

Marine organisms represent one of the richest
sources of protein, and contain valuable natural
bioactives possessing nutraceutical, pharmaceutical,
and cosmeceutical potentials. However, due to a lack
of exploration, much of their potential remains
undiscovered, including that from sea cucumbers. Sea
cucumbers are known to have high contents of protein
and low fat in their body walls. Their body walls are
also rich in nutrients such as minerals and
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polysaccharides (Bordbar et al., 2011). Among all
these specific nutrients, bioactive peptides are mainly
responsible to exert radical scavenging activities
(Bougatef et al., 2010).

The application of enzymatic proteolysis is
commonly known as the most conducive method for
generating bioactive peptides which is moderate, safe,
and more efficient as compared to the former methods
of using organic solvents or toxic chemicals (Zhang et
al., 2017). By controlling the parameters such as type
of enzymes, temperature, time, and other conditions,
various proteolysates can be obtained containing
different types of bioactive peptides. These peptides
can be further profiled and characterised by a
combination of fractionation and purification
techniques including ultra-filtration, high-perfor-
mance liquid chromatography (HPLC), gel filtration,
ion exchange separation, capillary electrophoresis,
and high-speed counter-current chromatography
(HSCCC) which separate peptides based on their
differences in size, molecular weight, polarity,
charge, binding force, and other characteristics
(Zhang et al., 2017).

Nowadays, peptides derived from different
species of sea cucumber are widely applied in the
production of food products, pharmaceuticals,
nutraceuticals, and cosmetics. While the antioxidant
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activity of peptides derived from certain sea
cucumbers have been reported previously, there may
still be some species that contains substantial amount
of antioxidative compounds but remain unisolated
and unidentified. Stone fish (Actinopyga lecanora),
which is classified among the edible species of sea
cucumbers, is from those species that remain
unutilised and discarded as a by-catch due to
unpopularity. In recent years, not much data have
been reported on the bioactivity of this marine
organism. The first study reporting on the antioxidant
potential of stone fish showed that upon enzymatic
hydrolysis of its flesh, an appreciable amount of
antioxidative protein hydrolysate (proteolysate) was
generated (Bordbar et al., 2013). Furthermore, the
angiotensin-converting enzyme and antioxidant
activities as well as anti-inflammation activity of
stone fish have been extensively studied using
bromelain enzyme (Auwal et al., 2017; 2018; 2019;
Ghanbari and Ebrahimpour, 2018; Ghanbari et al.,
2016). However, the papain-generated proteolysate
with antioxidant activity from stone fish has not been
elucidated. Therefore, the present work focuses on
profiling and characterisation of antioxidative
proteolysate from stone fish in the search for
potentials as a low-cost natural source of functional
biopeptide as well as a valuable food ingredient.

Materials and methods

Materials

Papain and 2.4,6-tri(2-pycridyl)-s-triazine
(TPTZ) were purchased from Acros Organics (Geel,
Belgium). DPPH" reagent (2,2-diphenyl-2-picrylhy-
drazyl), o-phthaldialdehyde, glutathione, and sodium
dodecyl  sulphate  were  purchased  from
Sigma-Aldrich, Inc. (St Louis, MO).
2,2’-Azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) reagent was purchased from Merck & Co.
(Kenilworth, NJ). Coomassie Brilliant Blue R-250
was purchased from Bio-Rad Laboratories, Inc.
(Hercules, CA). Acetonitrile and trifluoroacetic acid
(HPLC grade) were purchased from Thermo Fisher
Scientific (Waltham, MA). All other chemicals used
were of analytical grade.

Sample preparation

Five grams of freeze-dried stone fish flesh
was autoclaved (121°C, 15 min) to inactivate
endogenous enzymes and destroy microorganisms,
and then dialysed for 28 h at 4°C in the dark. The
dialysed sample was placed in 50 mM phosphate
buffer until it reached the reaction temperature. Then,
papain was added at 1:100 (w/w) enzyme:substrate

ratio. Prior to the selection of papain, a preliminary
study was performed on four proteases namely
alcalase, bromelain, flavourzyme, and papain to
screen for their ability to generate antioxidative
peptides from stone fish. Protein hydrolysis was then
conducted using papain for 8§ h under optimum
conditions (pH 6.5, 55°C) as recommended by the
enzyme manufacturer. Papain was re-added at the
same ratio after 5 h. Samples were withdrawn every
hour until the end of hydrolysis, then immediately
boiled for 10 min at 100°C to inactivate the papain,
cooled in ice bath, and centrifuged for 20 min at
10,000 g. The supernatant was collected and kept at
-80°C until further analyses.

Determination of peptide content and degree of
hydrolysis

The technique described by Church et al.
(1983) was applied with slight modifications.
Briefly, 40 puL of sample was mixed with 300 puL of
o-phthaldialdehyde (OPA) solution in a 96-well
plate, incubated at room temperature for 2 min prior
to absorbance reading at 340 nm using a microplate
reader (Powerwave X340, Bio-Tek Instruments Inc.,
Winooski, VT). OPA solution consisted of 6 mM
OPA (prior dissolved in 96% ethanol), 50 mM
sodium tetraborate decahydrate, 1% sodium dodecyl
sulphate, and 0.2% B-mercaptoethanol. Peptide
content was calculated using a glutathione standard
curve with concentration between 0 - 200 ppm.
Distilled water was used as negative control. Degree
of hydrolysis (DH) was calculated using Eq. 1:
DH (%) = [(Ag—A.—A,) / A]x 100 (Eq. 1)
where, A, = absorbance of sample at different
hydrolysis hour, A . = absorbance of negative control,
A, = absorbance of protein solution before adding
enzyme, and A = absorbance after complete
hydrolysis (total hydrolysis).

Antioxidant activity measurements
DPPH’ assay

The DPPHe radical scavenging activity was
measured according to Bersuder et al. (1998) with
slight modifications. Briefly, 50 puL of sample was
pipetted into a 96-well plate, and diluted with equal
volume of deionised water. Then, 100 uL. of DPPH*
reagent (0.20 mM in 80% ethanolic solution) was
added. The mixture was incubated for 1 h at room
temperature in the dark, and the absorbance was read
at 517 nm. Glutathione and distilled water were used
as standard (positive control) and blank (negative
control), respectively. The difference between
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positive and negative controls yielded the final
absorbance for control. DPPH" radical scavenging
activity was calculated using Eq. 2:

DPPH'" scavenging activity (%) = [(A. — Ay) / A.] x 100
(Eq.2)

where, A. = absorbance of control, and A =
absorbance of sample.

ABTS" assay

ABTS" radical scavenging activity was
determined based on the procedure described by Re
et al. (1999) with slight modifications. The ABTS"
stock solution (consisting of 7 mM ABTS" dissolved
in 2.45 mM potassium persulphate) was prepared and
incubated for 16 h at room temperature in the dark
prior to use. Sample aliquot of 20 pL was mixed with
980 pL of ABTS' working solution (diluted from
stock to reach absorbance = 0.80 + 0.02), and
incubated at 37°C for 10 min in the dark prior to
reading at 734 nm. Glutathione and distilled water
served as standard (positive control) and blank
(negative control), respectively. ABTSe radical
scavenging activity was calculated using Eq. 3:

ABTS' scavenging activity (%) = [(A.— Ay) / A.] x 100
(Eq. 3)

where, A. = absorbance of control, and A =
absorbance of sample.

Ferric reducing antioxidant power (FRAP) assay

FRAP was determined following the method
described by Guo et al. (2003). FRAP reagent was
freshly prepared on the day of experiment by mixing
TPTZ (10 mM, dissolved in 40 mM HCI), FeCl, (20
mM), and acetate buffer (0.3 M) at 1:1:10 (v/v/v)
ratio. pH of the final solution was adjusted to 3.6.
Aliquots of 40 pL of sample was added to 1.8 mL of
FRAP solution, topped to 2 mL using distilled water,
and incubated at 37°C for 10 min. The absorbance
was read at 593 nm. FeSO, and distilled water were
used as positive and negative control, respectively.
Result was expressed as the antioxidant
concentration having the ability to reduce ferric into
ferrous, equivalent to that of 1 mM FeSO,.

Amino acid composition

The method of Rozan et al. (2000) was
followed to compare the amino acid composition of
stone fish before and after hydrolysis. Sample was
first hydrolysed using 6 N HCI at 110°C for 24 h,
followed by vacuum drying (10 pL) for 30 min.

Then, the dried sample was mixed with 20 pL of
coupling buffer made up of methanol, water, and
triethylamine (2:2:1, v/v), gently swirled, and again
vacuum dried for 30 min. The sample was then
derivatised using 20 pL of methanol, water,
triethylamine, and phenylisothiocyanate reagent
(7:1:1:1, v/v) at room temperature for 20 min, and
finally vacuum dried for another 30 min. The
derivatised sample (20 pL) was loaded onto
Purospher® STAR RP-18e column (250 x 4.6 mm;
Merck & Co., Kenilworth, NJ) attached to a HPLC
system (JASCO International Co., Ltd., Tokyo,
Japan), and equipped with photodiode array detector
(MD-2010), pumps (PU-2080), and a degasser
(DG-2080-54). Two mobile phases were used
namely buffer A (0.1 M ammonium acetate, pH 6.5)
and buffer B (0.1 M ammonium acetate containing
acetonitrile and methanol, 44:46:10, v/v, pH 6.5).
Separation was performed with a linear gradient of
100 - 0% buffer A for 50 min at 43°C and flow rate
of 1 mL/min. Formation of amino acid peaks was
monitored using a UV absorption detector at 254 nm.
The identification of amino acids was performed by
comparing their retention times and peak areas to
pure amino acid standards. Calibration curve was
employed to quantify the amino acids. Result was
analysed using Borwin chromatography software
(Version 1.5, JASCO International Co., Ltd., Tokyo,
Japan).

Molecular weight fractionation (ultrafiltration)

Ultrafiltration was performed following the
method of Shamloo et al. (2012). Freeze-dried
proteolysate which dissolved in distilled water was
ultrafiltrated using Vivaspin-15R ultrafiltration
membrane (Sartorius Stedim Biotech GmbH.,
Goettingen, Germany) at different M, cut-offs of 2,
5, and 10 kDa to yield four fractions of M, > 10, 5 -
10, and 2 - 5 kDa, and M, < 2 kDa. The yield of each
fraction was calculated using Eq. 4:

Yield (%) = [(Volume of each collected fraction) /
(Volume of total proteolysates)] < 100

(Eq- 4)

Sodium  dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE)

SDS-PAGE was performed as described by
Laemmli (1970) using stacking and resolving gels at
4 and 15% concentrations, respectively. Freeze-dried
proteolysate was dissolved in deionised water to give
a concentration of 10 mg protein/mL. Then, it was
mixed with sample buffer (0.5 M Tris-HCI, pH 6.8,
containing 4% SDS and 20% glycerol) at 1:1 (v/v)
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ratio. Mixture was heated for 3 min at 90°C, followed
by loading of 10 pL into individual well. A constant
current of 30 mA was passed through the gel for 1 h
to allow for complete peptide separation. The gel was
carefully retrieved, stained with Coomassie Blue,
destained with 200 mL of destaining solution (40%
methanol + 30 mL of 6% acetic acid, adjusted to 500
mL with deionised water), and preserved in 10%
acetic acid + 5% glycerol solution. The M, were
estimated using standards from  Bio-Rad
Laboratories, Inc. (Hercules, CA).

Reverse phase high performance liquid chromatog-
raphy (RP-HPLC)

The ultrafiltrated proteolysate fraction
showing the most potent antioxidative property was
further fractionated according to their hydrophobici-
ty. An amount of 0.2 mg of freeze-dried ultrafiltrated
sample was diluted in 1 mL of deionised water, and
filtered through 0.20 pM membrane. Then, 500 pL of
sample was loaded on a C-18 column (ZORBAX 300
SB-C18, 250 x 9.4 mm, 5 um) attached to a
semi-preparative HPLC system (1200 Series, Agilent
Technologies, Santa Clara, CA), coupled with a
multiple wavelength detector and fraction collector.
Separation was performed at room temperature at a
flow rate of 4 mL/min using an elution gradient as
follows: 0 - 5 min, 100% buffer A (deionised water
containing 0.1% TFA); 5 - 67.5 min, 0 - 40% buffer
B (acetonitrile containing 0.1% TFA). The peak’s
formation was monitored at 205 nm which
corresponded to maximum peptide absorption.
Fractions were collected, stored at -80°C, and freeze
dried for further analysis.

Isoelectric point focusing fractionation

Following RP-HPLC, antioxidative
proteolysate was further separated based on the
isoelectric point (pl) of peptides using Agilent 3100
OFFGEL fractionator (Agilent Technologies, Santa
Clara, CA). Firstly, immobilised pH gradient (IPG)
gel strip was rehydrated using deionised water, and
left for 15 min to allow gel swelling. Then, 150 pL of
sample (previously diluted in deionised water) was
loaded into 12 individual wells segregated on IPG.
Separation was conducted for 48 h at a voltage of 500
— 4,000 V and current of 50 pA. Peptide solutions,
hold at their respective pls regions, were retrieved for
analysis upon complete separation.

Statistical analysis

All measurements were performed in
triplicate, and results were reported in mean =+
standard deviation. One-way ANOVA was

conducted, followed by Tukey’s test to compare
means at 5% (p < 0.05) significance level, using
Minitab software version 14 (Minitab Inc., State
College, PA).

Results and discussion

DH, peptide content, and antioxidant activity over 8
h of hydrolysis

Hydrolysis of stone fish was performed until
8 h. This duration was selected based on the
preliminary study which monitored the antioxidant
activity of proteolysate for a prolonged duration of
24 h. In the preliminary study, samples were
withdrawn at every 2 h interval, and it was found
that, between 10 - 24 h of hydrolysis, the antioxidant
activity decreased, recording at least 20% of
reduction for all assays, thus reaction was stopped at
8 h.

From Table 1, the highest amount of peptide
was found to be 3.50 & 0.45 mmol obtained at DH =
87.66 + 0.39%. DH and peptide content increased
concurrently from O to 8 h of hydrolysis, thus
indicating a progressive substrate hydrolysis along
with product formation (peptide). Despite overall
increment in DH from O - 8 h of hydrolysis, the
hydrolysis rate/speed decreased up to 5 h, i.e., slower
DH increment from one hour to the other during the
first 5 h, thus indicating a reduced enzyme activity
due to wear and tear after long hour of tedious
hydrolysis work. This explained the need of
re-adding enzyme at 5 h to speed up reaction rate and
achieve maximum hydrolysis in a shorter time.
While maximum hydrolysis may not necessarily
reflect the highest antioxidant activity in some
proteinaceous samples, stone fish showed that
antioxidant activity increased concurrently with
increasing DH. This type of DH versus hydrolysis
time curve is common when looking for
antioxidative hydrolysates in other marine products
such as sardine (Bougatef et al., 2010) and sea urchin
(Qin et al., 2011). Previous studies also revealed that
DH of seafood products using different proteases was
mainly dependent on hydrolysis conditions, substrate
nature, ratio of enzyme/substrate, enzyme activity,
and stability (Wiriyaphan et al., 2012; Zhou et al.,
2012).

In terms of radical scavenging activity, stone
fish proteolysate showed significantly (p < 0.05)
higher DPPH" and ABTS" scavenging activities as
compared to the non-hydrolysed sample. The IC, of
radical scavenging activity is depicted in Table 1. At
the end of hydrolysis, the IC,  for DPPH" and ABTS'
were 049 and 0.36 mg/mL, respectively.
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Table 1. Degrees of hydrolysis, peptide contents, and antioxidant activities of papain-digested stone fish
proteolysate during 8 h of hydrolysis.

Peptide content DPPH’scavenging ABTS scavenging
Degree of
Time (mmol activity activity FRAP value
hydrolysis
(h) glutathione/g 1Cso ICso (mM FeSOy)
(%) (%) (%)
dried sample) (mg/mL) (mg/mL)
0 0.00 = 0.00° 0.00 +0.00* 0.00 = 0.00° - 0.00 +0.00* -
1 14.4+0.38° 0.57 £ 0.05° 38.99+0.37° 1.25% 40.23 £ 0.25° 1.08* 0.00 £+ 0.00°
2 28.52+0.13¢ 0.85+0.18° 56.09 + 0.24° 0.91° 51.55+0.14° 0.85° 0.09 +0.02°
3 38.92+0.25¢ 1.27+£0.20¢ 62.58 £0.12¢ 0.77¢ 66.38 + 0.23¢ 0.71¢ 0.12+0.01°
4 43.18£0.12¢ 1.96 £0.08° 74.96 £ 0.06° 0.66¢ 79.49+0.11¢° 0.56¢ 0.16 £ 0.02¢
5 50.84 £ 0.20" 2.17+0.16 77.03 £0.31° 0.64¢ 80.07 £0.13° 0.569 0.21+£0.01¢
6 67.27 £ 0.54¢ 3.13+£0.14¢ 80.62 +£0.128 0.52¢ 88.56 £ 0.15" 0.43¢ 0.23 +£0.03¢
7 84.34 £ 0.45" 3.29+0.25" 80.58 +£0.18¢ 0.52°¢ 91.04 +£0.108 0.39f 0.25+0.05¢
8 87.66 = 0.39! 3.50 £ 0.45 85.73+£0.18" 0.49* 93.36 £ 0.14" 0.36¢ 0.26 = 0.08°

Values are mean + SD of triplicates (n = 3). Means with different lowercase superscripts within a column

are significantly different at p < 0.05.

Interestingly, IC,  in both assays decreased over
time, thus indicating the generation of peptides with
higher radical scavenging potency with increasing
hydrolysis time. This is in accordance with the higher
radical scavenging activities recorded towards the
end of hydrolysis. The observed free radical
scavenging capacity could likely be resulted from the
release of antioxidative peptides via enzymatic
cleavage of intact parent protein molecules which
enhanced the exposure of effective amino acids. It is
suggested that the composition of amino acids, the
amino acids sequences at N- and C-terminal, as well
as the size of peptides and their solubility play key
roles in the radical scavenging efficacy.

FRAP assay was performed to evaluate the
ability of stone fish proteolysate in donating
electron and reducing Fe** to Fe*". The FRAP values
showed an increasing trend during the 8 h of
hydrolysis. The ferric-reducing ability is related to
peptide chain length, molecular weight, amino acid
sequence, degree of hydrolysis, and type of protease
used.  Specifically, the contribution from
sulphur-containing and hydrophobic amino acids
present within the peptides sequence was elucidated
by Udenigwe and Aluko (2011), whereby a positive
relationship was established between the presence
of these amino acids and ferric-reducing ability.
Overall, the results obtained in the present work are
in line with the reducing power observed for other
marine products such as giant kingfish muscle and
skin proteolysate (Nazeer and Kulandai, 2012), and

fresh water carp proteolysate (Elavarasan et al.,
2014).

Correlation between DH and antioxidant activity

The correlation between DH and antioxidant
activity of papain-generated stone fish proteolysate is
depicted in Figure 1. A strong correlation (R* > 0.9)
was observed, and this result is in agreement with
previous literatures where a noticeable increase in the
antioxidant activity was reported with the increase in
DH (Wiriyaphan et al, 2012; Elavarasan et al,
2014). Prolonging the hydrolysis time to 8 h, which
led to the increase in DH, caused the improvement in
antioxidant capacity due to the generation of small
size peptides. In addition, the prolonged hydrolysis
time may directly cause the exposure of side chain
group residues, which likely facilitates the reaction
between antioxidative peptides and free radicals and
transitional metal ions (Zhong et al., 2007). Although
the mentioned factors (generation of small-sized
peptides and exposure of active side groups as a
result of high DH) may explain the strong correlation
between DH and antioxidant activity, it does not
necessarily mean that a proteolysate with higher DH
will always show stronger antioxidant activity. In
general, peptides are potentially better antioxidants
than free amino acids. Extensive hydrolysis of
proteins will produce higher amount of free amino
acids and reduce the overall antioxidant capacity
(Zhong et al., 2007).
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Figure 1. Correlation between degree of hydrolysis with (A) DPPH" radical
scavenging activity, (B) ABTS" scavenging activity, and (C) FRAP values of
papain-digested stone fish proteolysate.

Amino acid composition

The amino acid contents of stone fish flesh
(crude protein) and papain-digested proteolysate are
displayed in Table 2. Hydrolysis significantly
decreased the amino acid contents after papain
digestion. This could be due to the enzyme nature of
papain which acts as an endopeptidase and cleaves
peptide bond in the interior of parent protein

molecule, thus not producing significant amount of
free amino acid after hydrolysis (Hudson, 1992).
Similar trend of lowered amino acid content after
hydrolysis was observed in sardinella fish using an
in-house microbial protease, as well as in potato
protein isolate using Alcalase as reported by
Chasanah et al. (2019) and P¢ksa and Miedzianka
(2014), respectively. Based on Table 2, a total of 17
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Table 2. Amino acid composition (g/100 g dry weight) of freeze-dried stone

fish tissue and papain-digested proteolysate.

Amino acid Stone ﬁsh.crude Papain-digested
protein proteolysate
Alanine 6.21 £0.70° 4.83 £0.08°
Arginine 6.12+0.112 425+0.23°
Aspartic acid 7.13 £0.322 473 £0.15°
Cysteine 0.22+0.15* 0.10 +£0.05*
Glutamic acid 9.07 £0.24° 8.02+0.10°
Glycine 13.95+0.35° 10.40 + 0.33°
Histidine 1.12+£0.57* 0.35+0.08°
Isoleucine 5.62 +0.33% 1.18 £0.57°
Leucine 431+ 0.86" 3.54+0.09*
Lysine 477 +0.22° 2.60 +0.55°
Methionine 1.73£0.18 0.38+0.27°
Phenylalanine 2.97+0.14* 1.52 +0.63°
Proline 6.01 £0.15* 3.89+0.12°
Serine 2.12+0.05* 1.45 +0.46°
Threonine 4.45+0.13° 3.11+0.12°
Tyrosine 4.37+0.25° 2.85+0.10°
Valine 4.22 +£0.04* 2.44 +0.06°

Values are mean = SD of triplicates (n = 3). Means with different lowercase

superscripts within a column are significantly different at p < 0.05.

amino acids were detected, including eight essential
amino acids except for tryptophan, which was
present in negligible amount or even non-existing in
sea cucumbers due to the collagen nature of their
tissue. Crude stone fish protein depicted a more
prominent amino acid content (individual and total)
as compared to the proteolysate. The most abundant
amino acid was glycine with 13.95 +0.35 g/100 g for
crude protein, and 10.40 + 0.33 g/100 g for
proteolysate, and followed by glutamic acid; while
cysteine recorded the lowest amount with 0.22 = 0.15
g/100 g for crude protein, and 0.10 = 0.05 g/100 g for
proteolysate. Similar amino acid profiles have been
previously reported in other sea cucumber species
such as Isostichopus badionotus (Pérez-Vega et al.,
2013) and Parastichopus californicus (Bechtel et al.,
2013).

The presence of acidic and hydrophobic
amino acids demonstrated strong contribution
towards the antioxidant activity of food protein
hydrolysates. A positive relationship between these
amino acids with DPPH" scavenging activity and
ferric ion reducing ability was postulated by

Udenigwe and Aluko (2011). The amount of these
amino acids in stone fish proteolysate obtained in the
present work was 22.9 and 50.5%, respectively,
partially explaining its antioxidative activity. In
particular, stone fish proteolysate contained a
substantial amounts of acidic residues, with glutamic
acid and aspartic acid recording values of 8.02 = 0.10
and 4.73 £ 0.15 g/100 g dry weight, respectively.
These amino acids were responsible for ferric ion
chelation as they can utilise the carbonyl and amino
groups in the side chain to promote metal ion
chelation (Suetsuna et al., 2000). The presence of
aromatic residues including histidine, phenylalanine,
and tyrosine (consisted of 8.5% of total amino acid)
also contributed towards the radical scavenging
activity, as a result from their ability to donate proton
to the electron-deficient radical, thus stabilising the
highly reactive molecule (Rajapakse ef al., 2005).
Despite the fact that glycine and glutamic
acid are non-essential amino acids, their high levels
in stone fish protein and proteolysate could be an
additional nutritional value, particularly in
individuals with impaired amino acid synthesis



855 Bordbar, S., et al. /IFRJ 28(4) : 848 - 859

ability. Glycine is found to reduce total cholesterol
level in serum (Wen and Hu, 2010), and glutamic
acid is reported to play a key role in immune-based
activities such as lymphocyte proliferation,
macrophage phagocytic activity, and neutrophil
bacterial killing (Cruzat et al, 2018). The ratio of
lysine:arginine was 0.77 for stone fish crude protein,
and 0.61 for the proteolysate. This low ratio has been
reported to reduce serum cholesterol significantly
(Inhamuns et al., 2009).

Membrane ultrafiltration fractionation

Stone fish proteolysate was fractionated
based on the M, of peptides after hydrolysis into four
fractions with M, cut-offs > 10, 5-10,2 -5, and <2
kDa. The yield (%) of each fraction was 26.23 + 0.07,
17.09 + 0.38, 18.72 + 0.30, and 38.00 £+ 0.58,
respectively. The < 2 kDa fraction was the most
abundant peptide amount after membrane
ultrafiltration, thus indicating the efficiency of
papain to digest stone fish crude protein into low M,
peptides. This finding is in line with previous works
reported by Yu et al. (2012) and Zhou et al. (2012),
whereby the highest yield were obtained from the
lowest M, fraction for tilapia fish frame proteolysate
(< 1 kDa) and abalone proteolysate (< 3 kDa) upon
ultrafiltration separation.

All ultrafiltrated fractions were analysed in
terms of DPPH' radical scavenging activity.
Statistically, both 2 - 5 kDa (74.91%) and < 2 kDa
(75.22%) fractions showed significantly higher
DPPH' radical scavenging activity as compared to >
10 kDa (59.45%) and 5 - 10 kDa (69.61%) fractions.
This result showed an inverse relation between the
peptides” M, and their antioxidant activities,
whereby peptides with lower M, demonstrated
higher DPPH' radical scavenging activity. This is in
agreement with previous studies reported by Qin et
al. (2011), Yu et al. (2012), and Zhou et al. (2012),
among others, who demonstrated that short-chain
and low M, peptide fractions would produce higher
DPPHe scavenging activity in different marine
protein samples. For instance, Qin et al. (2011) and
Yu et al. (2012) reported that the proteolysate with
M, <1 kDa obtained from sea urchin and tilapia fish
frame, respectively, showed the strongest DPPH
radical scavenging activity, while Zhou ef al. (2012)
reported that scallop proteolysate with M 1 - 3 kDa
showed the strongest antioxidant activity.

Molecular weight distribution

The M~ distribution  profiles  of
papain-digested stone fish proteolysate, both
unfractionated and fractionated, were elucidated

using SDS gel electrophoresis (Figure 2). Standard
marker with different M was applied to approximate
the M, of peptides generated during hydrolysis.
Based on Figure 2, all observed bands were below 45
kDa, including unfractionated and whole
proteolysate. This indicated that stone fish
proteolysate consisted mainly of peptides with low
M, unlike fish muscle proteolysate which
demonstrated two major bands at much higher M of
212 and 166 kDa (Shamloo et al., 2012). Low M of
stone fish proteolysate could be due to the extensive
digestion of flesh proteins and long-chain
polypeptides into small-chain peptides. The
unfractionated proteolysate and > 10 kDa fractions
showed two thick bands at M of 14.4 and 21.5 kDa,
whereas for other fractions < 10 kDa, their peptide
profile appeared as smear below 6.5 kDa.
Profiling  based on  hydrophobicity
RP-HPLC

Bioactive peptides with short chain length
and smaller molecular size are considered more potent
than large-sized peptides. Ultra-filtrated fractions
with M of 2 - 5 and < 2 kDa both showed similarly
high DPPH" scavenging activity (74.91 and 75.22%,
respectively). However, fraction 2 - 5 kDa contained
polypeptides that were bulky and not as favourable as
short-chained oligopeptides in < 2 kDa fraction, in
terms of antioxidative potency. Thus, fraction with
the lowest M (< 2 kDa) was subjected to RP-HPLC
to separate the peptides based on hydrophobicity.
This result is in agreement with the previous findings
from Zou et al. (2016), Li et al. (2008), Sarmadi and
Ismail (2010), as well as Mishra and Nagarajan

using

kDa
97.4 — u—
66.2 ——
45.0 —.
-
310 ——
21.5 ——..
14.4 —'- —
65 —u— *
- -
NF =10 5-10 2-5 <2
Fraction size kDa

Figure 2. Molecular weight distribution profile for
non-fractionated (NF) and fractionated papain-di-
gested stone fish proteolysate, depicted as
SDS-PAGE band patterns.
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(2020) who revealed that short-chain peptides were
positively correlated with high antioxidant activity.
In general, peptides with higher degree of
hydrophobicity have longer retention time residing in
the column as compared to peptides with lower
hydrophobicity, thus requiring higher acetonitrile
concentration, i.e., higher hydrophobicity of mobile
phase to be eluted out.

The  correlation  between  peptides’
hydrophobicity  (characterised as  acetonitrile
gradient) and antioxidant activity is displayed in
Figure 3A. Fractions 2 and 3 (1% hydrophobic), 18
(7% hydrophobic), 24 (12% hydrophobic), and 31
(17% hydrophobic) showed the most effective
DPPH" radical scavenging activity (59.16, 59.4,
53.01, 53.61, and 57.1%, respectively) despite the
fact that they were diluted up to 100 times as
compared to the initial proteolysate concentration.
The optimum range of hydrophobicity for
antioxidative peptides has been generally reported
between 14 - 18% from different sources. The
strongest DPPH" scavenging activity recorded in the
present work fell within this range, thus indicating
that radical scavenging capacity is more prominent in
polar and hydrophilic peptides instead of
hydrophobic ones. This is supported by Hu et al.
(2019) and Hou et al. (2019) who reported that the
most potent antioxidative fractions were collected at
early elution of RP-HPLC (i.e., high hydrophilicity)
for marine microalgae and sheep plasma protein,
respectively. Findings from the present work also
revealed that the antioxidant property of stone fish
papain-digested proteolysates was not only related to
the M, and degree of hydrolysis, but also to the
hydrophilicity of the generated peptides.

Profiling based on pl using OFFGEL fractionation
Five HPLC fractions with the highest
antioxidant activity (Fraction 2, 3, 18, 24, and 31)
were further fractionated based on their pl. A total of
60 sub-fractions were obtained, and each
sub-fraction was tested for their antioxidant activity
(Figure 3B - 3F). The highest DPPH" radical
scavenging activities were recorded for F18-9
(HPLC fraction 18, OFFGEL subfraction 9, 77.4 +
4.4%) and F24-9 (76.2 + 2.7%) with pI = 9, followed
by F31-7 with an antioxidant activity of 74.1 = 3.4%
at pl = 6.7. Similarly, Zarei et al. (2012) reported that
fractions with pl = 10 showed the highest antioxidant
activity (71.7%), followed by fractions with pl =5 -
7 in palm kernel cake proteolysate. The results
obtained in the present work revealed that the
bioactive peptides derived from stone fish flesh
proteolysate could serve as an important source of

natural antioxidants, which should be further
identified and characterised by MS/MS spectroscopy
in the future.

Conclusion

Stone fish was enzymatically hydrolysed
using papain, and the resulting proteolysate was
evaluated for its antioxidant capacity. Following 8-h
hydrolysis, the proteolysate showed IC,, of 0.49
mg/mL for DPPH" radical scavenging, IC_ of 0.36
mg/mL for ABTS' radical scavenging, and 0.26 mM
FeSO, equivalent for FRAP value. Stone fish
protolysate was profiled via three approaches namely
ultrafiltration, RP-HPLC, and isoelectric focusing
fractionation to profile the peptides based on
molecular weight, hydrophobicity, and isoelectric
point,  respectively.  Results revealed that
papain-digested stone fish protein produced
appreciable amount of antioxidative peptides with
M,, of less than 2 kDa, low hydrophobicity (< 20%),
and basic isoelectric point (pl = 9). The present work
concluded that papain-generated stone fish
proteolysate and peptides demonstrated strong
antioxidative potential that could be further explored
in terms of sequence identification and peptide
characterisation to foster its use as a natural
functional ingredient in food products.
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