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Abstract

It has become a hot topic to make optimal use of fisheries products and make them value
added as well as find natural food substances which can effectively inhibit oxidative
stress and improve human health. Given this, Saurida tumbil muscle was hydrolyzed by
Alcalase and Papain at two concentrations of 2 and 4%, and at two hydrolysis times of
90 and 180 min and their antioxidant properties were compared. Antioxidant activity of
the protein hydrolysates were investigated by ferrous chelating and ferric reducing, 2,2-
Diphenyl-1-picrylhydrazyl (DPPH), 2,2 -azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS) and hydroxyl free radical scavenging activity tests. Samples hydrolyzed
by Papain showed higher protein recovery than those hydrolyzed by Alcalase (59.9%
versus 20.06%). The protein hydrolysate prepared by Papain enzyme showed
significantly higher activity in removal of DPPH (ICs0=2.44 mg/mL) and hydroxyl
(IC50=3.93 mg/mL) free radicals than those prepared by Alcalase enzyme (DPPH
IC50=2.80 mg/mL, hydroxyl 1C50=8.59 mg/mL). ABTS radical scavenging activity did
not show any significant difference between hydrolyzed samples with Papain or Alcalase
enzymes. Hydrolyzed samples with Alcalase enzyme showed higher ferrous chelating
activity (1C50=5.33 mg/mL) and ferric reducing activity (optical absorption=0.13+00 at
700 nm) than those hydrolysate prepared by Papain enzyme. Generally, the type of
enzyme, its concentration and the time of hydrolysis affected the yield and antioxidant
properties of Saurida tumbil muscle protein hydrolysates and hydrolysis with papain at
concentration of 4% for 180 min provided the best properties.
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Introduction

Today new insights on food are emerged
and food is perceived not only as a
source of necessary nutrients for humans
but also as a carrier of healthy
compounds that have a positive role on
improving physical and mental well-
being and preventing nutrition related
diseases (Siro et al., 2008; Rabiei et al.,
2017; Shaviklo et al., 2019; Tkaczewska
et al., 2020). Protein hydrolysis is a
process in which the protein is broken
down into small peptides and short
amino acid chains  with  wide
physiological ~ functions including
antioxidant, antimicrobial, anticancer,
immunomodulatory, hypolipidemic, and
hypoglycemic effects. Moreover, these
peptides have low molecular weight,
high absorption rate, low sensitivity, and
high stability under various conditions,
which offer major potential for
incorporation into functional foods and
nutraceuticals (Taheri et al., 2013,
Rabiei et al., 2019b). Many of the
physiological and functional properties
of proteins are related to the bioactive
peptides present in their structure,
however, these peptides are inactive in
the precursor protein sequence until
released by proteolytic enzymes (Rabiei
et al., 2019a).

Moreover, the production of reactive
oxygen species such as hydroxyl,
hydrogen peroxide, hydroproxyl radicals
and etc. are unavoidable consequences
of respiration in aerobic organisms.
These free radicals are the most
important initiators of the oxidation
chain reaction, causing serious negative
problems for human health and also

resulting in economical loss due to the
oxidation and quality loss of high-fat
foods during storage. So, studying and
using antioxidant compounds are of hot
topics in the fields of human food and
health. Since synthetic antioxidants may
act as mutagenic and carcinogenic
agents, there has been a growing interest
in replacing artificial and synthetic
antioxidants with natural ones (Kim,
2011; Khezri et al., 2016).

Researches have shown that fish
protein  hydrolysates (FPHs) have
nutritional, antioxidant, antimicrobial,
anticoagulant, anticancer,
antihypertensive and several other
physiological activities (Slizyte et al.,
2016; Halim et al., 2018). The
antioxidant activity of these
hydrolysates are related to their ability to
remove free radicals, act as a metal
chelating agent, oxygen extinguisher or
hydrogen donor, and prevent the
intrusion of initiators of lipid oxidation
through the formation of a layer around
oil droplets (Elavarasan et al., 2014).

Marine resources accounting for
about half of the world's biodiversity, are
a valuable source of bioactive
compounds that can be used in
production of functional foods (Rabiei et
al., 2019b). Less popular fish, by-catch
species and fisheries processing wastes
are ideal raw material for fish protein
hydrolysate (FPH), which can be used as
natural bioactive and preservative
compounds, food binders, emulsifiers,
gelling agents, and  nutritional
supplements as well as cryoprotectant
and nutritional additive in liquid
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fertilizer and aquafeed (Lima and Porto,
2016).

Enzymatic hydrolysis has been used
as the most common and effective
method to produce peptides with better
nutritional and functional properties
(Kim, 2011; Raftani Amiri et al., 2016;
Halim et al., 2018; Noman et al., 2019).
Interestingly, it is possible to produce
peptides of specific size and better
biological properties by controlling the
enzymatic ~ hydrolysis  parameters
including type of protease enzyme,
enzyme to substrate ratio, substrate
concentration, incubation  duration,
temperature and pH (Noman et al., 2019;
Tkaczewska et al., 2020).

So far, many studies have been
conducted on the producing of protein
hydrolysates from wastes and muscle of
different commercial, less popular or by-
catch fish species. Also, the effect of
hydrolysis conditions on the
characteristics  of  fish  protein
hydrolysates has been investigated. For
example, Lima et al. (2019) prepared
protein hydrolysates from whitemouth
croaker (Micropogonias furnieri) using
the enzyme Alcalase (2/100
enzyme/protein) at 2, 4 and 8 h of
hydrolysis. They reported that the
highest degree of hydrolysis and anti-
oxidation activity were observed for the
longest hydrolysis time (Lima et al.,
2019). In another study conducted by
Hassan et al. (2019) the antioxidant
properties of Pangasius viscera protein
hydrolysate  prepared by  using
enzymatic (papain and pepsin), and
chemical methods (hydrochloric acid
and sodium hydroxide) were evaluated.

They concluded that the visceral protein
hydrolysate prepared with pepsin had
better overall quality and antioxidant
properties and papain in nutritional point
of view (Hassan et al., 2019). Parihanto
et al. (2019) studied FPH prepared from
parrotfish (Chlorurus sordidus) heads
using different pHs (5, 7 and 9),
durations (12 and 24 h) and sample ratio.
The researchers found that the pH and
duration of hydrolysis significantly
affected the characteristics of FPH and
the highest yield of hydrolysate and
antioxidant activity was obtained at pH
9 after 24 h incubation (Parihanto et al.,
2019). Mehregan Nikoo et al. (2014)
studied the effect of temperature,
hydrolysis time and enzyme-to-substrate
ratio on the degree of hydrolysis and
antioxidant  activity ~ of  protein
hydrolysate of Carassius carassius
(Mehregan Nikoo et al., 2014).
Tkaczewska et al. (2020) studied the
effects of hydrolysis condition (pH,
temperature and incubation duration of
the hydrolysis) on the antioxidant
activity of protein hydrolysate from
Cyprinus carpio skin gelatin. The
researchers  reported that protein
hydrolysates obtained using Protamex
showed potent antioxidant properties,
which differed depending on the
hydrolysis parameters. The carp skin
gelatin hydrolysates with the highest
antioxidant properties were obtained
using Protamex at pH 7 and a
temperature  of 50°C for 3h
(Tkaczewska et al., 2020).

Saurida tumbil, also known as Kijar-
e-bozorg (in Persian), Hasoom (in
Arabic), Lizardfish (in English), Anoli
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tumbil (in French), Lagarto tumbil (in
Spanish), is a relatively abundant, small
and less popular fish that is also reported
as an important by-catch in shrimp
trawlers in the Indo-Pacific waters. The
annual catch of Greater lizardfish in
2018 was 21514 tons for Asia's marine
waters and 6372 tons for southern waters
of Iran (Persian Gulf and Oman Sea)
(FAO, 2016). The  proximate
composition of Saurida tumbil is
reported as: moisture 76.93%, Crude
Protein 17.95%, Crude Fat 2.30% and
Ash 1.60% (Joshi et al., 2015). Due to
the low price and less popularity of
Saurida tumbil as well as its high protein
content (approximately 17-20% of the
raw weight) (Jitesh et al., 2011), greater
lizardfish can be considered as an
inexpensive source of complete protein
for producing FPH and other functional
compounds.

Although many studies have carried
out on production of fish protein
hydrolyates, no study has been
conducted on the producing of protein
hydrolysates from Saurida tumbil.
Therefore, the aim of this study was to
investigate the effect of hydrolysis
condition including enzyme type,
enzyme concentrations and hydrolysis
time on the antioxidant properties of
Saurida tumbil protein hydrolysate.

Materials and methods

Fish preparation

The present study was performed in
laboratory of Mazandaran Science and
Technology Park, Sari, Mazandaran,
Iran and in seafood science laboratory of
Islamic Azad University of

Ghaemshahr, Mazandaran, Iran in 2017.
Fresh Saurida tumbil was purchased
from fish local market in Bushehr, Iran,
then freezed at — 20 °C and transported
on crushed ice to the laboratory. After
thawing at refrigerator, fish were
washed, deboned and filleted. Deboned
skin off fiellets were washed again and
then minced twice (mince yield=44.6%),
then were kept in several plastic zip top
bags at -20°C until use.

Enzymatic hydrolysis of fish protein
Saurida tumbil mince were thawed in the
refrigerator, a portion of 50 gr was
mixed with sodium phosphate buffer
(pH=8 for Alcalase enzyme, pH=6 for
Papain enzyme) at a ratio of 1: 2 (w:v),
homogenated and then heated at 85°C
for 20 min to inactivate the endogenous
enzymes using shaker water bath. Then,
the mixture was cooled and to which the
Alcalase and Papain enzymes at ratios of
2% and 4% (based on the protein content
of the sample) were added and
hydrolysis was carried out for 90 and
180 min at 55°C in shaker water bath.
The pH of the hydrolysis mixture was
kept at 8 (optimum pH of Alcalase) and
6 (optimum pH of Papain) by adding
respectively diluted NaOH and HCI. In
the next step, the mixture was heated at
95°C for 15 min to stop the enzymatic
reaction. Then, the resulting mixture was
centrifuged at 8000g for 30 min at 4°C
and the supernatant was collected and
freeze dried. The resulting protein
hydrolysates was weighed and kept in
plastic zip top bags at -20 °C until use
(Ovissipour et al., 2009; Rabiei et al.,
2019Db).
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Measurement of chemical composition
of fish

Moisture, fat, and ash contents were
measured by AOAC (2002) and protein
content was measured by AOAC (2005)
method.

Determination of protein hydrolysis
yield

In order to determine the protein
hydrolysis yield, the amount of soluble
protein in the supernatant obtained from
enzymatic hydrolysis was determined
using Biuret method (Layne, 1975). The
protein hydrolysis yield was calculated
using the following formula (James,
2013):

Protein hydrolysis yield (%)=(Supernatant soluble protein content/(total protein of fish mince) x 100

Evaluation of antioxidant activity

DPPH radical scavenging activity

Briefly, 1 mL of DPPH solution (0.1 mM
DPPH prepared in 95% ethanol) was
added to 1 mL of FPH at different
concentrations of 0.5, 1 and 2 mg/mL
and incubated for 15 min in the dark
condition at room temperature. Then the

absorbance of the mixture was recorded
at 517 nm against blank sample (distilled
water instead of the FPH) (Alemén et al.,
2011). DPPH radical scavenging activity
was calculated using the following
formula (Gulgin, 2006):

DPPH radical scavenging activity (%) = [(Ablank-Asample) /Ablank] X 100

The 1Cso value (ICso value is defined as
the concentration of the sample required
to inhibit 50% of free radicals) was
obtained by drawing a graph of the
protein hydrolysate concentration (X-
axis) against the scavenging activity (Y-
axis) (Rabiei et al., 2019b).

Ferric reduction activity test

To measure the reducing power of ferric
ion (Fe **) by protein hydrolysates, 2 mL
of the hydrolyzed protein sample was
combined with 2 mL of phosphate buffer
(0.2 M, pH=6.6, to which 2 mL of 1%
sodium ferricyanide was added. The
mixture was kept at 50°C for 20 min, and
to which 2 mL of trichloroacetic acid

solution (10%) was added. The mixture
was centrifuged at 1650 g for 10 min. 2
mL of the top layer of the solution was
mixed with 2 mL of distilled water and 4
mL of 0.1% FeCl3 solution. After
incubation for 10 min at room
temperature, the absorption of the
samples at 700 nm was recorded
(Alemén et al., 2011).

Hydroxyl radical scavenging activity

Briefly, one mL of working solution
(1.865 mM 1, 10-phenanthroline) was
added to 2 mL of FPH solution. The
mixture was homogenized and to which
1 mL of H20; (3% v/v) was added. The
mixture was kept for 60 min at 37 °C in
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a water bath, then the absorbance was
recorded at 536 nm. The same prepared
sample without added H20, was
regarded as blank and the same prepared

sample without added FPH was regarded
as negative control. Hydroxyl radical
scavenging activity was measured using
the following formula (Gilgin, 2006):

HdeOXy| radical Scavenging aCtiVity (%) = [(Asample'Anegative-controI)/(AbIank'Anegative'control)]xloo

The 1Cso value was obtained by drawing
a graph of the protein hydrolysate
concentration  (X-axis) against the
scavenging activity (Y-axis) (Rabiei et
al., 2019b).

Ferrous chelating activity

1 mL of hydrolyzed protein solution was
mixed with 0.1 mL of 2 mM solution of
FeCl, and 0.2 mL of ferrozine 5 mM and

mixed with distilled water to a volume of
5 ml. The mixture was kept at room
temperature for 20 min and then the
absorption was read at 562 nm. Instead
of the sample, distilled water was used in
the control. The inhibitory activity was
obtained through the following equation
(Aleman et al., 2011):

Fe 2* chelating activity (%) = [(Acontrol - Asample)/Acontrol] x100

The 1Cso value was obtained by drawing
a graph of the protein hydrolysate
concentration  (X-axis) against the
scavenging activity (Y-axis) (Rabiei et
al., 2019b).

ABTS radical scavenging activity

Freshly prepared ABTS (2,2’-azino-bis
(3-ethylbenzothiazoline-6-  sulphonic
acid) solution (reacting 10 mL of 7.4
mM ABTS with 10 mL of 2.6 mM
potassium persulfate for 12h in the

darkness at room temperature) was
diluted with methanol to obtain an
absorbance of 1.1+0.02 at 734 nm. Then,
2850 pl of ABTS solution was added to
150 ul of FPH solution at different
concentrations and after incubation at
23+2°C for 1 h, the absorbance was
recorded. Blank sample was prepared
using 150 pL of distilled water instead of
the FPH. ABTS scavenging activity was
determined using the following formula
(Gilgin, 2006):

ABTS scavenging activity (%) = [(Ablank-Asample) /Ablank]* 100

The 1Cso value was obtained by drawing
a graph of the protein hydrolysate
concentration  (X-axis) against the
scavenging activity (Y-axis) (Rabiei et
al., 2019b).

Statistical analysis

All experiments were carried out in
triplicate and the results were presented
as meanzstandard deviation. Data were
analyzed using SPSS 22 software. The
normal distribution of data was checked
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using  Kolmogorov-Smirnov  test.
Analysis of Variance (ANOVA)
followed by Duncan’s test was used to
identify statistical differences between
means. P value less than 0.05 was
considered statistically significant.

Results

The approximate composition of Saurida
tumbil muscle

The approximate composition of
Saurida tumbil muscle (%) was as
follows: Moisture=74.80+1.99; protein=
19.71 + 1.68; lipid = 4.41 £ 0.09 and ash =
1.29+0.01

70
60
50
40

30

protein hydrolysate yield

alalase alalase  alalase

Cc
d
20 f f e
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The yield of Saurida tumbil muscle
protein hydrolysis

As presented in Figure 1, the yield of
protein hydrolysate was significantly
higher for Papain compared to Alcalase
enzyme (p<0.05). In both Alcalase and
Papain hydrolysis, with the increase in
enzyme concentration and the duration
time of hydrolysis the yield of
hydrolyzed protein was significantly
increased (p<0.05). The highest protein
yield (59.9%) was observed for 4%
Papain enzyme for 180 min (p<0.05).
These results indicated the high
efficiency of the Papain enzyme in the
hydrolysis of fish mince.

a
b b =

alalase papain 2% papain 2% papain 4% papain 4%

2%-90min 2%-180min 4%-90min 4%-180min  90min 180min 90min 180 min

treatment

Figure 1: The yield of protein hydrolysate of Saurida tumbil muscle.

Inhibitory activity of DPPH free
radicals

As presented in Figure 2-A, for both
Alcalase and Papain treatments, the
inhibitory  activity  of  different
concentrations of protein hydrolysates
against DPPH showed significant
increase with increase in enzyme
concentration from 2 to 4 % and also
with increase in hydrolysis time from 90

min to 180 min (p<0.05). The most
inhibitory activity was observed for
protein hydrolysis at concentration of 2
mg/mL prepared by 4% Papain for 180
min (43.72%) followed by 4% Alcalase
for 180 min (40.77 %) (p<0.05).
Moreover, 4% papain treatment
provided the least ICso (2.44 mg/mL) for
inhibition of DPPH radicals (p<0.05)
(Fig. 2-B).
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Figure 2: DPPH free radical inhibitory activity (A) and I1Cso of DPPH free radical (B) of Saurida

tumbil muscle protein hydrolysate.

ICso values of BHT as standard against DPPH free radical=0.047+0.01 mg/mL

Inhibitory activity of hydroxyl free
radicals

As presented in Figure 3-A, in all
concentrations of peptide the Papain
hydrolysis provided higher activity for
inhibition of hydroxyl free radicals in
comparison with Alcalase hydrolysis
(p<0.05). The results of Figure 3-B also
showed that Papain hydrolysis provided
lower 1Cso compared to the Alcalase
hydrolysis and the lowest ICsq of
hydroxyl radicals (3.93 mg/mL) was

observed for 4% Papain for 180 min.
Moreover, this treatment showed the
highest hydroxyl radical scavenging
activity (35.32 %) (p<0.05).


https://fsct.modares.ac.ir/article-7-10472-en.pdf

Iranian Journal of Fisheries Sciences 21(6) 2022 1405

w =)
(=] o

=
(=]

% Ollscavenging effect
nN w
o o

[
=]

o

2

Concentration

-
()]

i
=

[y
N

[y
o

abap]
b § 2
@ b
beb bwa 30 min
c -
c 180min
g W papain 2%-
dd i
c | 90 min
d 4 cd: ® papain 2%-
o “| e e,_ 180 mn
i \ W papaind%-
1

IC50 Value (mg/ml)
oo

a
6
4
2
0

d
de  de
e

180 min

B papaind%-
90 min

B papain 4%-
180 min

treatment

W alcalase 2%-
90 min

® alcalase 2%-
180 min

B alcalase4%-

o alcalase4%

3

B alcalase 2%-
90 min

o alcalase 2%-
180 min

u alcalase 4%-
90 min

o alcalase 4%-
180min

B papain 2%-
90 min

B papain 2%-

Figure 3: Hydroxyl free radical inhibitory activity (A) and 1Cso of Hydroxyl free radical (B) of

Saurida tumbil muscle protein hydrolysate.

1Cso values of BHT as standard against Hydroxyl free radical= 0.24+0.02 mg/mL

Inhibitory activity of ABTS free radicals
The results of inhibitory activity of
ABTS free radicals are shown in Figure
4. With the increasing of the
concentration of peptide from 0.5 to 2
mg/mL the inhibitory activity against
ABTS free radicals was significantly
increased (p<0.05). Overally, protein
hydrolysis  with  Alcalase enzyme
showed higher ABTS free radical
inhibitory activity compared to protein
hydrolysis with Papain enzyme (Fig. 4-
A). Moreover, the lowest ICso of ABTS

free radical (1.14 mg/mL) was observed
for protein hydrolysis produced by 4%
Alcalase for 90 min (Fig. 4-B).

Ferrous (Fe 2+) chelating activity

As shown in Figure 5-A, in all
concentrations of peptide the Alcalase
hydrolysis provided peptides with higher
ferrous chelating activity compared to
the Papain enzyme (p<0.05).
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Figure 4: ABTS free radical inhibitory activity (A) and ICso of ABTS free radical (B) of Saurida

tumbil muscle protein hydrolysate.

ICso values of BHT as standard against ABTS free radical = 0.021+0.009 mg/mL

Also, the highest ferrous chelating
activity was observed for concentration
of 3 mg/mL peptide provided by 2%
Alcalase (26.95 and 27.89% for 90 and
180 min of hydrolysis  time,
respectively). Moreover, the treatment
of 2% Alcalase in both hydrolysis times
of 90 and 180 min showed the lowest
ICso of ferrous free radicals (p<0.05, Fig.
5-B).

Ferric (Fe %) reducing activity

As shown in Figure 6, the ferric reducing
activity was higher in samples
hydrolyzed with Alcalase compared to
the Papain enzyme (p<0.05). The
highest ferric reducing activity was
observed for protein hydrolyzed using
2% Alcalase for 180 min.
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Discussion

The type of protease enzyme, enzyme to
substrate ratio, substrate concentration,
hydrolysis time, temperature and pH are
of the most important factors affecting
the characteristics of protein
hydrolysates (Noman et al.,, 2019;
Tkaczewska et al., 2020). In the present
study, the effects of two enzymes of
Alcalase and Papain at two
concentrations of 2 and 4% and two
hydrolysis times of 90 and 180 min were
investigated on the yield and antioxidant
activity of protein hydrolysates prepared
from Saurida tumbil muscle.

In our study, with increasing of the
enzyme concentrations and hydrolysis
time in both Alcalase and Papain
enzymes, the vyield of protein
hydrolysates increased and the highest
protein hydrolysate yield (59.9%) was
observed in hydrolyzed samples with
4% Papain enzyme for 180 min. This
may be due to the increase of the
solubility of proteins in the solvent by
increasing the concentration of the
enzyme and hydrolysis time. Protein
hydrolysate yield indicates the ability of
an enzyme to separate the proteins of a
substance and depends on the
characteristics of the substrate, the
conditions of hydrolysis and the activity
of the enzyme (Rabiei et al., 2019a;
Rabiei et al., 2019b). It is quite clear that
the different enzymes have different
capabilities in  protein  extraction
according to their specific nature,
concentration and process time. Yasemi
et al. (2013) investigated the effects of
enzyme  (Alcalase, Papain  and
Protamex), temperature and hydrolysis

duration on the vyield of protein
hydrolysates prepared from viscera of
Aristichthys nobilis and found that with
increasing of the temperature and
duration of hydrolysis the yield of
protein hydrolysates increased which are
in line with our study. However, the
researchers reported that the highest
yield was observed for protein
hydrolysates prepared by Alcalase
followed by Papain and Protamex
(Yasemi et al., 2013), which are in
contradictory to our results. On the other
hand, the higher protein hydrolysate
yield provided by Papain compared to
Alcalase in our study was in line with the
results of Noman et al. (2020) who
reported that Papain was the more
effective than Alcalase in providing the
highest degree of hydrolysis and yield of
protein hydrolysate from Chinese
sturgeon (Acipenser sinensis). The
different results of published researches
may be due to the difference in substrate
properties, enzyme properties and
hydrolysis conditions.

In the present study, the inhibitory
activity of DPPH and hydroxyl free
radicals increased with the increasing in
the peptide concentration. In consistent
with our study, a direct link between
increasing peptide concentrations and
increasing the inhibitory activity of free
radicals was reported in many studies.
The researchers attributed this result to
an increase in the degree of protein
hydrolysis and its direct association with
increased antioxidant activity
(Centenaro et al., 2011; Zhang et al.,
2015; Noman et al., 2020). Moreover, in
our study with the increase in
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concentration of enzymes (Alcalase or
Papain) and hydrolysis time the
inhibitory activity against DPPH and
hydroxyl free radicals increased. The
highest inhibitory activity against DPPH
and hydroxyl free radicals was observed
for FPH prepared by 4% Papain enzyme
for 180 min. The increasing inhibitory
activity against free radicals with
increasing hydrolysis time and enzyme
concentration can be related to the more
hydrolysis of proteins and producing
smaller peptides (Halim et al., 2018;
Limaetal., 2019; Parihanto et al., 2019).
In another study, Esmaeili Kharyeki et
al. (2018) reported higher DPPH
scavenging activity of Skipjack tuna
head protein hydrolysate prepared by
Alcalase with the increasing of the
hydrolysis time from 14 to 240 min.
They attributed this effect to an increase
in the degree of hydrolysis and smaller
size of the peptides, and stated that low
molecular weight peptides and amino
acids have very high antioxidant activity
(Esmaeili Kharyeki et al., 2018). Also,
Slizyte et al. (2016) conducted a study
on salmon bone protein hydrolysate
using different enzymes and reported
that samples hydrolyzed with a mixture
of Papain and Bromelain enzymes had
the highest DPPH radical inhibition
activity and the ability to inhibit free
radicals increased with increasing
hydrolysis time from 20 minutes to 120
minutes (Slizyte et al., 2016), which is
consistent with the results of the present
study. Moreover, it is reported that by
increasing the concentration of the
enzyme to a certain extent, due to the
increase in the reaction rate, the amount

of antioxidant activity increases
(Khajavi et al., 2016). In the present
study, with increasing enzyme
concentrations from 2% to 4% in all
hydrolyzed protein concentrations, the
percentage of DPPH and hydroxyl free
radicals inhibition increased, which is in
line with the results of other studies in
this field.

Lower values of ICsp indicate higher
antioxidant activity. In the present study,
the lowest ICsp of DPPH and hydroxyl
free radical scavenging (2.44 and 3.93
mg/mL, respectively) was observed in
hydrolyzed samples with 4% Papain
enzyme for 180 min time (Zhang et al.,
2015). In our study, the low ICso of
DPPH and hydroxyl free radical in
samples hydrolyzed with Papain enzyme
confirmed the higher antioxidant activity
of these samples compared to the
samples hydrolyzed with Alcalase
enzyme. During the hydrolysis process,
many small peptides and free amino
acids are formed depending on the type
of enzyme used. On the other hand,
changes in the size, level and
composition of free amino acids as well
as small peptides affect antioxidant
activity. In this regard, Halim et al.
(2018) in a study on Monopterus sp.
protein hydrolysates with different
molecular weights showed that lower
molecular weight peptides had a higher
ability to inhibit DPPH free radicals due
to further donation of hydrogen atoms
(Halim et al., 2018). Noman et al. (2019)
showed in a study that more than 97% of
sturgeon (Acipenser sinensis) protein
hydrolysates prepared with Papain
enzyme at different times of hydrolysis
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had lower molecular weight than 1000
Daltons and with increasing hydrolysis
time more proteins with lower molecular
weight were produced (Noman et al.,
2019). Differences in the ability to
inhibit DPPH and hydroxyl free radicals
between protein hydrolysates prepared
by different Alcalase and Papain
enzymes could be due to differences in
the type and composition of amino acids
as well as peptides with different length
created during the hydrolysis process of
these two enzymes (Kim, 2011).

Kim (2011) reported ICso values of
2.64 mg/mL for DPPH free radical
scavenging in fish protein hydrolysate
(Misgurnus anguillicaudatus), which is
in line with the results of the present
study. Also, Kim (2011) studied the
antioxidant  activity of  different
hydrolysates (Styela clava) prepared
using different enzymes and they found
that the I1Cso values for DPPH free
radical  scavenging of  samples
hydrolysated using Alcalase, Termoase
and Pepsin were 0.35, 0.75 and 0.0015
mg/mL, respectively.

In the present study, hydrolyzed
samples with Papain enzyme showed the
lowest ferrous chelating activity, the
lowest ferric reduction activity and the
lowest removing of ABTS radicals,
while these samples showed the highest
DPPH and hydroxyl free radical
inhibition activity. This suggests an
inverse relationship between DPPH and
hydroxyl inhibitory activity with Fe?*
chelating, Fe®" reducing activity and
ABTS inhibition activity. In line with
the present study, it was reported in
conducted studies that the protein

hydrolysates with the highest DPPH free
radical inhibition activity, showed the
lowest ABTS inhibition activity (Rabiei
et al., 2019a) and the lowest Fe chelating
activity (Slizyte et al., 2016).

In the present study, with increasing
the peptide concentration from 0.5
mg/mL to 2 mg/mL, the ABTS free
radical inhibition activity increased and
the highest free radical inhibition
activity (79.21%) with ICsg value of 1.14
was observed in the hydrolyzed sample
prepared using 4 % Alcalase enzyme for
90 min, although it did not show a
significant difference with the values of
samples obtained by Papain enzyme. In
a study conducted by Nahvi et al. (2017),
the most activity of ABTS free radical
scavenging by Clupeonella cultriventris
protein hydrolysates was 85.32% (Nahvi
et al., 2017) and this value was reported
for about 60% for Sardinella longiceps
protein hydrolysate in study of Jeevitha
et al. (2014) and they stated that this rate
was observed at maximum peptide
concentration of 5 mg/mL(Jeevitha et
al., 2014), which is consistent with the
result of this study.

In the present study, with increasing
of peptide concentration from 1 mg/mL
to 3 mg/mL the ferrous chelating activity
increased. With increasing peptide
concentrations, the carboxyl and amine
groups are likely to increase in the side
chains of acidic and alkaline amino
acids, which are the main inhibitors of
metal ions increased (Giménez et al.,
2009). Jeevitha et al. (2014) also
reported that increasing the
concentration of Sardinella longiceps
protein hydrolysate from 1 to 5 mg/mL
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resulted in the increase of percentage of
ferrous chelating activity (Jeevitha et al.,
2014).

Also, with increasing of the
concentrations of Alcalase and Papain
enzymes from 2% to 4%, the activity of
ferrous chelating and ferric reduction
activity decreased and their ICso values
increased. Protein hydrolysates prepared
by the Papain enzyme also showed lower
ferrous chelating and ferric reduction
activity than Alcalase enzyme, and
increasing the hydrolysis time from 90 to
180 min did not have a significant effect
on this rate. In line with these results,
Slizyte et al. (2016) reported that salmon
bone protein hydrolysate prepared with a
mixture of Bromelain and Papain
enzymes for 20 minutes showed the
highest ferrous chelating activity and the
lowest DPPH free radical inhibition
activity. They stated that larger peptides
have a better ability to chelate ferrous
ions, and this property decreases as the
size of the peptide decreases over
hydrolysis time (Slizyte et al., 2016).
Halim et al. (2018) also reported that
higher molecular weight peptides of
Monopterus sp. protein hydrolysates had
a higher ability to chelate ferrous ion
(Halim et al., 2018). In the present study,
protein hydrolysate prepared with 2%
Alcalase enzyme for 180 min showed
the highest ferrous chelating activity
(27.89%) and the lowest ICso (5.33). The
reason for this could be the production of
larger peptides in hydrolyzed samples
with Alcalase enzyme than those
obtained by Papain enzyme. However, a
definite statement in this regard requires
determining the molecular weight of the

peptides and its relationship to the
antioxidant activity of the peptide.

Although Saurida tumbil protein
hydrolysates showed promising
antioxidant activity in our study, further
studies are required to achieve peptides
with promising anti-bacterial, anti-viral,
anti-inflammation, anti-cancer and etc.
activities. This is especially of great
necessity because of the emergence of
bacterial antibiotic resistance due to the
widespread use of conventional
synthetic antimicrobials and also the
adoption of survival mechanisms such as
viable but non-culturable (VBNC) state
by multiple bacteria under stressful
conditions and the lack of convenient
and accessible diagnostic techniques for
these bacterial states (Khezri et al.,
2020; Zolfaghari et al., 2020). Also, due
to the change in the lifestyle of human
societies and various daily stresses and
the increase of various inflammatory,
cancer, and etc. diseases, it is necessary
to conduct studies with the aim of
achieving effective natural compounds
to prevent these diseases.

In conclusion, the type of enzyme, its
concentration and the time of hydrolysis
affected the vyield and antioxidant
properties of Saurida tumbil muscle
protein hydrolysates. Samples
hydrolyzed by Papain showed higher
protein recovery and also DPPH and
hydroxyl free radicals scavenging
activity than those prepared by Alcalase
enzyme. Moreover, hydrolyzed samples
with Alcalase enzyme showed higher
ferrous chelating and ferric reducing
activity than those hydrolysate prepared
by Papain enzyme. ABTS radical
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scavenging activity did not show any
significant difference between
hydrolyzed samples with Papain or
Alcalase enzymes. Generally, hydrolysis
with papain at concentration of 4% for
180 min provided the best properties,
which can be considered in the
formulation of functional foods.
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