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Abstract

Background and objectives: Production of fish protein hydrolysate is a method for
converting the low-value economical underutilized fish species to value-added products.
This study aimed to evaluate the different proportions of distilled water to the substrate
on the functional characteristics, antioxidant and nutritional quality of fish protein
hydrolysate of bigeye ilisha (Ilisha megaloptera) produced by enzymatic hydrolysis.
Methods: After defatting of minced fish, the hydrolysis process was carried out using
three different 4:1, 5:1 and 6:1 distilled water to substrate proportions by using alcalase
enzyme in three replications. The protein hydrolysate samples were analyzed for
approximate composition (soluble protein, moisture, fat and ash), functional
characteristics (solubility, foam capacity, and foam stability), antioxidant properties
(DPPH radical scavenging activity and reducing power) and mineral composition.
Results: In this study, the ratio of distilled water to the substrate affected the protein
hydrolysate properties and the highest amounts of hydrolysis degree and DPPH radical
scavenging activity were observed in samples with 5:1 ratio. Fish protein hydrolysate
obtained from 4:1 ratio had the highest amount of soluble protein, and no significant
difference was observed in term of solubility with samples obtained by 5:1 ratio.
Moreover, there were no significant differences in terms of lightness and foam capacity
of samples obtained from 4:1 and 6:1 proportions.

Conclusion: According to the results of the study, using a 4:1 ratio of distilled water to
substrate led to the production of fish protein hydrolysates from bigeye ilisha with higher
functional properties and nutritional composition.

Keywords: Alcalase Enzyme, Fish Protein Hydrolysate, Bigeye Ilisha (llisha
Megaloptera), Functional Properties, Antioxidant Properties
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Introduction

There is an increased demand for protein in
the world due to population increase and
changing of food preferences. Having a high
digestibility, fish is one of the great sources of
protein. Some species of tiny fish species that
are classified as high-fat fish, such as yellow
stripe scad (Selaroides leptolepis) and kilka
(Clupeonella engrauliformis), are known as
low-consumption species (1). On the other
hand, the waste from fish processing factories
is also rich in protein sources that are
economically disadvantageous and cause
inappropriate waste, producing one of the
major environmental contaminants of the
world (2). One of the biological techniques
for using low-value fish waste and low-
consumption and protein-rich fish species is
the enzymatic hydrolysis of fish proteins that
results in the production of a biologically
active protein hydrolysate. The fish protein
hydrolysate is the result of the enzymatic
degradation and the conversion of proteins to
smaller peptides and can be widely used in
foods. The major biological activity of fish
protein  hydrolysate is antioxidant and
antihypertensive activities (3). Due to the
presence of bioactive peptides, chondroitin
sulfate, and antioxidant properties, these
materials are suitable for cancer treatment. On
the other hand, they have high digestibility
due to the shortage of the peptide chain and
can be used as a protein supplement for
human, livestock and aquatic food (1).

Protein hydrolysis affects molecular size,
hydrophilic groups, and hydrolyzed polar
groups, and directly influences the functional
characteristics and their application as food
additives. The degree of hydrolysis has a
direct effect on the solubility of the protein
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hydrolysate. In general, the most useful
feature of the protein hydrolysate in the food
industry is its high solubility over a wide
range of pH (4). On the other hand, the
solubility of the protein hydrolysate affects its
other functional properties, including the
foam production capacity and emulsifying
power. It has been proven that along with the
functional  characteristics, the protein
hydrolysate  has  different  antioxidant
properties, depending on the combination of
free amino acids and their peptides (5).

In recent years, extensive studies have been
conducted on the hydrolysis of proteins and
the effective factors involved in its optimal
production method. Pacheco-Aguilar et al. (6)
prepared protein hydrolysate with various
levels of hydrolysis (10%, 15%, and 20%)
from Atlantic salmon (Merluccius productus).
Evaluating the effect of different pH levels on
its functional characteristics, these researchers
marked that the solubility of all treatments
was approximately 100% and different
degrees of hydrolysis had no significant effect
on the amount of emulsifying activity of
protein hydrolysates produced. Ovissipour et
al. (7) applied different enzymes (alcalase,
proteomics, nutrase, flavourzyme, and
trypsin), pH levels (3.3 and 12), and
temperatures (70 and 85°C) to produce
protein hydrolysate from Persian sturgeon
(acipenser persicus), concluding that the
hydrolysis conditions had a significant effect
on the properties of protein hydrolysates
produced, and combination of alcalase
enzyme with low pH and high temperature
increased the hydrolysis degree and led to a
higher protein recovery.

In another research, Klomklao S, Benjakul (5)
carried out the optimization of the production
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process of protein hydrolysate from tuna
(Katsuwonus pelmais) based on alcalase
enzyme concentration, reaction time and
waste to buffer ratio. According to their
results, the optimal hydrolysis condition was
determined at 3% enzyme, 20 min reaction
time and 1:2 waste to buffer ratio
(weight/volume). According to studies, the
ratio of distilled water (or buffer) to the
substrate can be one of the factors affecting
the hydrolysis process conditions. Based on
various ratios, it is possible to prepare a
protein hydrolysate with different degrees of
hydrolysis. The bigeye ilisha (llisha
megaloptera) is a species of ray-finned fish in
the family Clupeidae and one of the less-
consumed and discarded by-catch species.
This fish does not have human consumption
and is mostly used to produce silage and
animal food or is returned to the sea with
other bycatch catches. Since this fish makes
up 2.5% of the mean catch weight of bycatch
(northwest of the Persian Gulf-Khuzestan
province) (9), it has a considerable potential
to produce side products (fish oil, protein
hydrolysate and gelatin).

According to the literature, there is no report
on protein hydrolysate produced from bigeye
ilisha and evaluation of its functional and
antioxidant  characteristics. ~ With  this
background in mind, this study aimed to
produce protein hydrolysate from low-
consumed fish of bigeye ilisha and assess its
antioxidant and functional properties to be
applied in various food combinations with the
use of different distilled water to substrate
proportions.

Materials and Methods
Chemical Compounds
The alcalase enzyme was purchased from the

Novozyme Co. (Denmark), whereas DPPH
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reagent and ascorbic acid were acquired from
Sigma Co. (Germany). Other chemicals and
solvents used were bought from Tetrachem
and Fluka companies with laboratory grades.
It should be noted that double distilled water
was applied for distillation in all solutions.

Research Design and Classification

In order to produce protein hydrolysate and
evaluate the effect of various proportions of
distilled water to the substrate, research
design and classification of samples were
initiated by preparing the bigeye ilisha (llisha
megaloptera) fish with approximate weight of
45 grams from local market of Abadan, Iran.
The fish were immediately frozen and
transferred to the processing laboratory of
Gorgan University of Agricultural Sciences
and Natural Resources after suitable freeze-up
(1:3 fish to ice ratio). After thawing of fish at
room temperature, manual filleting (without
separation of skin) was carried out by cutting
heads and gutting the fish. After washing, the
fillets were minced with the aid of a meat
grinder (Model: CNFW2, Bush Co., Slovenia)
with a diameter of 0.4 cm, and the products
were maintained in a freezer at -20°C after
packing and until the hydrolysis process.

At this stage, the defatting of the minced fish
was performed according to the method by
Thiansilakul et al. (10). To this end, the
minced fish was mixed with isopropanol at a
ratio of 1:2 (w/v), and after proper stirring,
the mixture was heated for 30 minutes at
70°C. After separating the fatty masses that
were collected at the surface, the defatted
minced meat was washed in two phases with
five times the volume of distilled water, and
the dewatering operation was carried out
manually. Afterwards, the defatted minced
meat was dried for 24 hours at room
temperature (25°C). In order to perform the
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hydrolysis process, the defatted samples were
divided into three groups with three
replications, mixed with distilled water at
various ratios of 4:1, 5:1, and 6:1 (w/v), and
was heated at the temperature of 85°C for 20
min in Bain-Marie (Model: WNB14,
Memmert Co., Germany) (2).

After cooling the mixture in water and ice, the
pH of the mixture was adjusted using sodium
hydroxide solution (0.2 N) at 5.8 pH
(optimum pH for alcalase enzyme activity),
and the alcalase enzyme was added to 2%
amount of the total protein content of the fish.
The enzymatic hydrolysis process was
performed in a shaking incubator (Model:
KS4000ic, IKA CO., Germany) at 200 rpm at
60°C for two hours. In the end, the hydrolysis
process was completed by heating the
hydrolyzed mixture at the temperature of
95°C for 20 min in Bain-Marie. The
temperature of the mixture was reduced by
using a water and ice bath. To obtain the
protein of the hydrolyzed solution, the sample
was centrifuged in a refrigerated centrifuge
(Model: 5810 R, Eppendorf Co., Germany)
for 20 min at 8000 rpm and at 10°C. The
supernatant was dried after being collected
using a freeze-drying machine (Model:
ALPHA 1-2 LD PLUS, Christ, Germany),
and the protein hydrolysates were maintained
in a dark air-tight container at -20°C until use

).

Hydrolysis Degree Estimation
In order to measure the degree of hydrolysis,

50 ml of trichloroacetic acid solution (20%
w/v) was added to the protein hydrolysate
solution, and the concentration of the protein
solution in trichloroacetic acid was determined

after centrifuge (20°C at 1000 rpm) using
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Biuret method. The degree of hydrolysis was

estimated based on equation 1 (11).

(1)

Soluble nitrogen in 10% TCA

hydrolysis degree (%) = Total nitrogen

Proximate Analysis

Moisture, fat, ash and protein values were
assessed using the AOAC method (12). In
addition, the moisture content was expressed
on a dry weight basis.

Colorimetry

To measure the color of the samples, some of
the protein hydrolysates were deposited on
the plate and the color was measured using a
colorimetric device (Model: CAM 500,
Lovibond Co., UK). In this regard, the
variable of L* is for expressing the lightness
index from zero (black dimension) to 100
(white dimension), whereas the a* and b*
indexes are for expressing the red-green
dimension (+a* showing more red dimensions
and —a* showing more green dimensions) and
the yellow-blue dimension (+b* for more
yellow dimensions and —b* for more blue
dimensions) (8).

Evaluation of Functional Properties

Solubility
At this stage, five gr of protein hydrolysate

was dissolved in 50 ml of sodium chloride
solution (0.1 M). The obtained solution was
stirred at room temperature for one hour and

was then centrifuged at 2560 g for 30 min.
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The resulting supernatant was passed through distilled water until a concentration of 40
a Whatman filter paper 1001, and nitrogen mg/mL of protein was obtained. Afterwards,
content was calculated according to the one ml of DPPH (0.2 mM) was added to four
Kjeldahl method (Model: KBL 20S, Gerhardt ml of the sample solution, followed by
Co., Germany). Moreover, the solubility of analysis with Vertex and 30 min of incubation
nitrogen was estimated based on equation 2 in dark. Ultimately, sample absorption
(10). amount was read at 517 nm with the help of a

spectrophotometer (Model: S12, Biochrom

@) Co., UK). Following that, the level of radical
Protein content in supernatant i ivi i i

Solubility (%) — _ P_ scavenging activity was estimated using

Total protein content in sample .

equation 4.
| (4)

Foam Production Property . . . Sample absorption amount

. . (%) DPPH radical scavenging activity = (1~ - X
In order to estimate the foam production Control absoprtion amount

property, 20 ml of the hydrolysis solution was _

_ ) The control sample was prepared using the
homogenized in a 50 ml tube at 16000 rpm
for one min (Model: ULTRA-TURAX T25

digital, IKA, Germany), and its total volume

same technique. However, the sample was
replaced by distilled water, and the positive

control sample was obtained applying

was measured at times of zero and 60 min ) . )
ascorbic acid. In this regard, the lower

after stirring. The foam capacity was . o .
absorption rate was indicative of radical

expressed based on the height of the foam . o ]
scavenging activity and higher DPPH.

created at time zero, whereas its stability was

determined based on foam height after 60 min

according to equation 3 (4). Measuring the Regeneration Power

About 0.5 ml of protein hydrolysate solution

3) was mixed with 2.5 ml phosphate buffer (M
I (.Uf)_Pmnm'y valume - secondary volumeofter homogenizationat different tines -~ 0.2) and 0.5 ml of 1% potassium ferricyanide
oam createt 1) = Prinary whime and the resulting mixture was incubated at

50°C for 20 min. After adding 2.5 ml of 10%
trichloroacetic acid and centrifuging at 3000
rpm for 10 min, the supernatant was removed,
which was then mixed with distilled water
and 1% ferric chloride. After that, the
absorption amount was read at 700 nm (10).

Evaluation of Antioxidant Properties

Estimation of DPPH Radical Scavenging
Activity
According to the method by Egerton et al. (1),

the protein hydrolysate was dissolved in
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Measuring the Amount of Mineral
Compositions

The amount of mineral compositions of the
samples (calcium, cadmium, copper, iron,
potassium, magnesium, manganese, sodium,
nickel, phosphorus and sulfur) was measured
by a diffusion spectrophotometer coupled
with plasma optical emission (Model: 4300
DV, Perkin-Elmer Co., USA) based on the
AOAC method (12). To this end, four g of the
sample was mixed with four ml of 70% nitric
acid, and after incubation, the sample size
increased to 10 ml with distilled water for
sample digestion. Afterwards, the prepared
samples were analyzed (10). The condition of
the device was adjusted at 15 L/min based on
the argon flow rate to plasma, and the
concentration of mineral compositions was

expressed in mg/kg.

Statistical Analysis

In total, nine samples were taken from the
produced treatments randomly, and the
Kolmogorov-Smirnov test was applied to
evaluate the normal distribution of the data.
The results obtained from chemical tests were
analyzed in SPSS using one-way ANOVA. In
addition, Tukey’s multiple range test was
used to compare the differences in pairs of
mean at the significance level of 0.05. The

relevant samples were drawn in Excel.
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Results
According to Table 1, there was a significant

difference between treatments of protein
hydrolysate in terms of amounts of hydrolysis
degree, soluble protein, and solubility
(P<0.05). The treatment with 1:5 ratio had the
highest degree of hydrolysis, whereas the
treatment with 6:1 ratio had the lowest rate in
this regard. Meanwhile, there was no
significant between 4:1 ratio treatment and
other treatments. The protein hydrolysate
obtained from the 4:1 distilled water to
substrate proportion had the highest level of
soluble protein, compared to other treatments.
In addition, the solubility of the protein
hydrolysate obtained from the 4:1 and 5:1
proportions were higher, compared to the 6:1
ratio. However, the difference was not
significant.  Similarly, no  significant
difference was observed in the level of
moisture, fat, and ash of the protein
hydrolysates of bigeye ilisha with various

water to substrate proportions (P>0.05).
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Table 1. Effect of various waster to substrate proportions on approximate analytic values, degree of

hydrolysis, and solubility of protein hydrolysate of bigeye ilisha (llisha megaloptera)

Variable 4:1 ratio 5:1 ratio 6:1 ratio Sig
Degree of hydrolysis (%) 39.1+59.79ab 44.0+06.82a 37.0+£27.53b 0.017*
Soluble protein (mg/mL) 55.0+32.17a 45.0+61.89b 45.0+29.14b 0.00*
Moisture (%) 5.0+66.47a 4.0+80.13a 5.0+16.73a 0.519ns
Fat (%) 1.0+54.07a 1.0+68.04a 1.0+65.08a 0.374ns
Ash (%) 2.0+65.45a 2.0+48.11a 2.0+57.25a 0.932ns
Solubility (%) 77.0+75.24a 81.1+72.55a 69.1+88.12b 0.001*
Data are presented as the mean of three
repllcatlons Wlth. + standard deviation. 100 - ab p a
Different letters in each row show the 3
significant difference between the values of % 30 -
approximate analytical indexes, the degree of 3
hydrolysis, and solubility of the protein in QJ 60 -
treatments. 4
. - 9 40 -
The effect of various distilled water to \{3"
substrate proportions on the indexes of the 20 4
color of the protein hydrolysates produced is éﬁ a a a
presented in Figure 1. It seems that the e [

mentioned variable had a significant impact
only on the lightness of the protein
hydrolysates. In this regard, the highest and
lowest levels of lightness were related to
treatments with 6:1 and 5:1 proportions,
respectively. Meanwhile, there was no
significant difference between treatments with
4:1 ratio and other treatments. In addition, no
significant difference was observed in values
of redness and yellowness of protein
hydrolysates (P>0.05).
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9]
Figure 1. Effect of various distilled water to substrate

proportions on values of colorimetry indexes in protein

hydrolysates of bigeye ilisha (llisha megaloptera)

Data are presented as the mean of three
replications with + standard deviation.
Different letters in the figure show the
significant difference between the values of
colorimetry indexes in treatments.

The effect of various distilled water to
substrate proportions on values of foam
capacity and stability obtained from the

protein hydrolysates is shown in Figure 2.
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The foam capacity produced in treatment with
5:1 ratio was significantly lower, compared to
treatments with 4:1 and 6:1 proportions
(P<0.05). In terms of foam stability after 60
min, no significant difference was observed

between treatments of protein hydrolysate and

various  distilled water to  substrate
proportions (P>0.05).
50 5 a @

= 40 4 b

R 30 A

:‘? 20 -

f g 10 - aact
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Figure 2. Effect of various distilled water to substrate
proportions on values of foam capacity and stability in
protein  hydrolysates of bigeye ilisha (llisha

megaloptera)

Data are presented as mean of three
replications with + standard deviation.
Different letters in the figure show the
significant difference between the values of
foam capacity and stability in treatments.

Values of antioxidant properties of protein
hydrolysates of bigeye ilisha are shown in
Table 2. In this regard, treatment with 5:1
ratio followed by treatment with 4:1 ratio had
the highest values of DPPH radical
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scavenging activity in  the  protein
hydrolysates. On the other hand, the lowest
level of DPPH radical scavenging activity
was related to the treatment with 6:1 ratio
(P<0.05). In this regard, no significant
difference was observed in the reducing
power of protein hydrolysates and various
distilled water to substrate proportions
(P>0.05).

Data are presented as the mean of three
replications with + standard deviation.
Different letters in each row show the
significant difference between the values of
antioxidant properties in treatments.
According to Table 3, various treatments of
protein hydrolysates of bigeye ilisha yielded
different values of mineral compositions.
According to the results, it seems that the
increase of distilled water to substrate
proportions was associated with higher values
of mineral compositions of magnesium,
calcium, nickel, and sulfur. In this respect,
protein hydrolysates obtained from 4:1 ratio
had the lowest amount of compositions,
whereas protein hydrolysates obtained from
6:1 ratio had the highest level of
compositions. In addition, various changes
were observed in the values of iron, copper,
sodium, potassium, manganese, and cadmium
in protein hydrolysates obtained from various

distilled water to substrate proportions.
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Table 2. Effect of various distilled water to substrate proportions on antioxidant properties of protein

hydrolysate of bigeye ilisha (llisha megaloptera)

Variable 4:1 ratio 5:1 ratio 6:1 ratio Sig

DPPH radical scavenging b .
. 86.1+65.23 97.0+0.943° 80.0+64.12° 0.00

activity

Reducing power 0.0+811.001° 0.0+820.008° 0.0+803.010° 0.391™

Table 3. Effect of various distilled water to of protein bonds. Protein hydrolysates from

the 5:1 distilled water to the substrate
proportion had the highest level of hydrolysis
while the protein hydrolysates produced by

substrate  proportions on values of mineral
compositions of protein hydrolysate in bigeye ilisha

(llisha megaloptera)

the 6:1 ratio of distilled water to the substrate

:‘é had the lowest degree of hydrolysis. On the
e 4:1ratio | 5:1ratio 6:1 ratio other hand, the samples obtained from 4:1
§ 4 ratio showed the average degree of hydrolysis
° ° (Table 1). It seems that the degree of
Ca 930 966 1062 hydrolysis increased by increasing the
cd 0.19 0.18 0.2 distilled water to substrate proportion to a
Cu 9 6 6 specific value, which was 5:1 in the present
Fo Tee T 7c study. But fifter 'Fhat, a further mcrgase .|n the
level of this ratio led to a reduction in the

K 9164 9112 8912 degree of hydrolysis due to a decrease in the
Mg 378 406 512 concentration of peptide bonds available for
Mn <5 <5 <5 the enzyme. Therefore, the ratio of distilled
Na 19821 0525 18799 water to the substrate ghpuld be at a certain
_ level so that the activity of the enzyme
Ni 6111 6150 6453 progresses to the maximum and the final
P 7111 7150 7453 product is optimized (2). In a study by
S 4972 5114 6903 Klomklao and Benjakul (8) on Tuna Fish

Data are presented as one repeat due to the
high accuracy of the instrument.

Discussion

One of the most important factors that
strongly depends on the efficiency of the
hydrolytic process of protein is the degree of
hydrolysis, which shows the rate of breaking
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waste, the mentioned ratio was reported at
1:2, whereas it was 1:3 in the research by
Klomklao et al. (13) on Leiognathus
lineolatus.

The mean level of protein in the fillets of
bigeye ilisha was 21.07+£0.6%, which was
used to estimate the level of enzymes required
for performing the hydrolysis process. The
protein hydrolysates obtained had a protein
amount within the range of 45.29-55.32
mg/mL (Table 1), which suggests a high
increase in the amount of protein in the
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hydrolyzed product and can be considered as
a source of essential proteins. High levels of
protein might be due to protein solubility
during the hydrolysis process, the removal of
non-protein insoluble substances that were not
digested during the hydrolysis process, and
the partial removal of fat after the hydrolysis
process (13). This increase in protein content
is actually a kind of protein enrichment. Other
research results have also reported high
protein content in the protein hydrolysate
products (2, 14).

In the current research, protein hydrolysates
with 4:1 ratio of distilled water to substrate
showed a higher protein content, compared to
protein hydrolysates obtained from 5:1 and
6:1 proportions. It seems that the amount of
soluble protein decreased with increasing
proportion of distilled water to the substrate,
which is in congruence with the results
obtained by Egerton et al. (1) and Klomklao
and Benjakul (5). In various studies on the
tissue hydrolysis of fish using protease
enzymes, it has been stipulated that the
functional properties and nutritional value of
protein hydrolysate depend on various factors,
including the type of fish, the type and
amount of enzyme used, pH, temperature,
degree of hydrolysis, and hydrolysis time (3).

There was no significant difference between
protein hydrolysates in terms of moisture, fat
and ash levels (Table 1). In this regard, the
level of protein in the protein hydrolysates
was within the range of 1.54-1.68, which was
significantly low in bigeye ilisha considering
the fact that it is among the high-fat fish. The
results of other researchers also indicated low
contents of fat in a hydrolyzed product, some
of which reported a fat percentage below 1%
(13, 15).
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Protein hydrolysate is typically considered a
low-fat product, which can prevent or reduce
the oxidation of fat and protein in fish over
time due to the antioxidant properties. In this
respect, our findings are in line with the
results obtained by Ovissipour et al. (16) and
Pacheco-Aguilar et al. (6). For instance,
Ovissipour et al. (16) evaluated the protein
hydrolysate from belly contents of Thunnus
albacares using microbial protease enzymes,
including  alcalase, proteomics,  and
flavourzyme. These researchers concluded
that the protein hydrolysates obtained from
alcalase enzyme had a higher level of
hydrolysis, compared to protein hydrolysates
obtained from the other two enzymes.
However, no significant difference was
observed between the produced samples in
terms of fat, moisture, and ash. Pacheco-
Aguilar et al. (6) assessed the functional
features of protein hydrolysate from
Merluccius productus, reporting no significant
difference between the samples regarding
moisture, protein and ash levels.

The protein color depends on the type of raw
material and its extraction steps. Generally,
color has no effect on the functional
properties of the protein. The level of
lightness index in the treatments produced in
6:1 ratio was higher, compared to the of 5:1
ratio (Figure 1). This wvariable had no
significant difference in treatments obtained
by 4:1 ratio, compared to other treatments. In
terms of comparison of the level of hydrolysis
to the level of lightness index, the protein
hydrolysates obtained from the 5:1 ratio had
the highest level of hydrolysis and the lowest
level of lightness. In addition, the levels of
redness and yellowness in the hydrolysate
proteins using various distilled water to
substrate proportions had no significant
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difference. Similar results were obtained by
other studies in terms of the level of
hydrolysis degree and its effect on
colorimetry index through testing different
types of fish and hydrolysis degrees (13, 17).
In the study by You et al. (18) increase of
hydrolysis degree from 18% to 33% led to a
significant reduction in the lightness index
from 29.1 to 23.2 and an increase in the
redness index.

Dong et al. (19) evaluated the antioxidant and
biochemical properties of protein hydrolysate
in Hypophthalmichthys molitrix, expressing
that the level of lightness in the protein
hydrolysate of Hypophthalmichthys molitrix
significantly decreased after four hours of
hydrolysis using alcalase and flavourzyme
enzymes. The results of the mentioned
research approved that the degree of
hydrolysis significantly affected the color
intensity of the protein hydrolysate.
Therefore, the difference in the color of the
protein  hydrolysates depends on the
combination of the primary raw material and
the conditions of the hydrolysis process, and
is probably due to changes in the degree of
hydrolysis, as well as in the size of the
peptides and amino acid sequences of the
protein hydrolysates (8, 18).

Solubility is one of the most important
functional properties of a protein hydrolysate.
High solubility levels are required in many
applications of proteins, especially emulsions,
foams, and gels. The solubility of proteins
provides a homogeneous dispersion of
molecules within the colloidal system and
improves interfacial properties (10, 14). The
highest solubility of protein hydrolysate was
related to the protein hydrolysates obtained
from 4:1 and 5:1 proportions (Table 1). In the
treatment with 6:1 ratio, there was a
significant reduction in solubility, compared
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to other treatments. The higher solubility level
of protein hydrolysate in treatments with 5:1
and 4:1 proportions, compared to 6:1 ratio,
might be due to a higher degree of hydrolysis.

In a research by Dong et al. (19) and
Gbogouri et al., there was a linear relationship
between the degree of hydrolysis and
solubility. The solubility increased by
increasing the degree of hydrolysis since it led
to a decreased length of the peptide chains,
and smaller peptides were able to form
hydrogen bonds with water by creating
greater polarity, which increased solubility.
The high solubility of protein hydrolysates
suggests the potential for this compound to be
used in the formulation of food systems by
providing an attractive appearance and gentle
mouthfeel for the production of new products
(20). In this respect, our findings are
consistent with the results obtained by Liu et
al. (21), who reported increased solubility
along with an elevated degree of hydrolysis.

The amount of expansion created in foam
after applying perturbation at time zero was
indicative of the foam production ability of
protein hydrolysate. In the present study, the
highest rate of foam capacity in protein
hydrolysate was related to 4:1 and 6:1
proportions, whereas the lowest rate was
observed in the protein hydrolysate obtained
from 5:1 ratio (Figure 2). Meanwhile, no
significant difference was observed in the
level of foam stability among the treatments.
High degree of hydrolysis increases the
solubility of the protein. Nonetheless, it has
negative effects on protein’s functional
features, such as foam production ability and
emulsifying properties. In this regard, it could
be stated that increased level of hydrolysis
results in a reduced molecular size of peptides
obtained, and a higher amount of the peptides
are dissolved in water by creating hydrogen
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bonds with water molecules. Therefore, the
peptides obtained do not get the chance to
employ their functional properties (19).

In the current study, the treatment with 5:1
ratio had the highest hydrolysis degree and
the lowest foam capacity. The foam stability
level of the protein hydrolysate refers to foam
stability 60 min after perturbation. In the
current research, no significant difference was
observed among the treatments regarding
foam stability, and all three treatments were
homogeneous in this regard. Similar results
were obtained by Liu et al. (21), who reported
the level of foams produced from protein
hydrolysate from the waste of fish production
factory. Sanchez and Patino (22) pointed out
that increased concentration of protein led to
higher air diffusion and foam production
levels. In another research by Thiansilakul et
al. (10), after 10 min, the protein hydrolysate
with 3% concentration had the highest foam
stability level. After that, minor differences
were  observed among the  protein
hydrolysates with various concentrations
regarding foam stability level.

DPPH determines the ability of a substrate to
transport electrons or hydrogen atoms that can
react with free radicals to produce more stable
compounds. Reducing powers are measured
to assess the electron donation capability of
hydrolyzed compounds to free radicals. With
this electron donation, an oxidized antioxidant
molecule can be able to reconstruct itself (23).
The antioxidant property of the protein
hydrolysate is due to high amounts of
tyrosine, trypsin, methionine, lysine, cysteine,
and histidine amino acids, which, as a proton
or hydrogen donor, has a positive charge for
reacting with single electrons in free radicals.
The process of hydrolysis exposes more
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amino acids by opening the structure of
proteins and leads to the improved antioxidant
activity of the protein hydrolysate, compared
to the original protein.

In the current research, there was a significant
difference between protein hydrolysates
obtained from various distilled water to
substrate proportions regarding the level of
free  radical inhibition. The protein
hydrolysates obtained from 5:1 ratio followed
by the protein hydrolysates resulting from the
4:1 ratio showed the highest levels of radical
scavenging ability, respectively (Table 2). On
the other hand, treatment obtained from 6:1
ratio had the lowest radical scavenging
ability, compared to other treatments.
According to the results, no significant
difference was observed among the treatments
obtained from various distilled water to
substrate proportions in terms of reducing
power (Table 2). While all three products
produced protein hydrolysate with an
appropriate reducing power, no advantage
was observed for any of the treatments after
their comparison. In general, the accurate
identification of the antioxidant function of
the protein hydrolysate is in accordance with
hydrolysis progress, and various reports exist
in this regard.

Thiansilakul et al. (10) reported that the
activity of DPPH radical scavenging activity
of protein hydrolysate produced from round
scad increased by per each hydrolysis degree
using the alcalase enzyme. Klompong et al.
(4) evaluated the protein hydrolysate of
Selaroides leptolepis fish using alcalase and
flavourzyme enzymes and various hydrolysis
degrees, concluding that increased degree of
hydrolysis reduced the free radical inhibition
activity and reducing power. However, better
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free radical scavenging ability was detected at
low hydrolysis degrees of hydrolyzed
products. Khantaphant et al (24) showed that
the increase in the reducing power of Fe+2
occurred by protein  hydrolysate  of
brownstripe red snapper when there was an
increase in the hydrolysis degree of the
treatments, and this feature prevented the
oxidation progress. Morales-Medina et al (25)
reported that a higher degree of hydrolysis in
protein hydrolysates was obtained from
Trachurus  mediterraneus and  Sardina
pilchardus reduced the DPPH radical
scavenging activity and decreased the
reducing power. According to these results, it
seems that the protein hydrolysate obtained
from bigeye ilisha had the power to donate an
electron to free radicals and reduce the
oxidation activity, the level of activity of
which depends on the degree of hydrolysis,
process condition and type of enzyme used.

The protein hydrolysate obtained from bigeye
ilisha with the use of various distilled water to
substrate proportions had various mineral
compositions, as shown in Table 3. Sodium,
potassium, calcium, and magnesium were
observed at higher levels while copper and
manganese were very low. In addition, the
amount of iron was moderate. These observed
metals can act as pro-oxidants in the protein
hydrolysate and provide the conditions for
oxidation of this compound. The transfer of
metal ions, especially copper and iron, is one
of the main factors of the oxidation process
catalyzers (10).

By increasing the distilled water to substrate
proportion, the amounts of magnesium,
calcium, nickel, and sulfur minerals increased
in the protein hydrolysates, in a way that
protein hydrolysate obtained from 4:1 ratio
had the lowest amount of these elements,
whereas the protein hydrolysates obtained
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from 6:1 ratio had the highest level of these
compositions. However, changes in other
elements had no specific trend. Sathivel et al.
(26) evaluated the biochemical and functional
properties of wastes of Clupea harengus,
reporting that potassium,  magnesium,
potassium, sodium, sulfur and calcium were
abundantly found in protein hydrolysate from
Clupeidae and wastes of fish, amounts of
which could be different and changed
depending on the substrate used. Moreover,
the protein hydrolysate had proper amounts of
sodium chloride to maintain or adjust the pH
during adjusting the pH value for the
hydrolysis  process, which limits the
application of protein hydrolysate (27).
Evaluating the combinations, functional
features, and antioxidant activity of protein
hydrolysate from Decapterus maruadsi,
Thiansilakul et al. (10) expressed that the
amount of sodium, potassium, calcium, and
magnesium in the protein hydrolysate was
found in high amounts while nickel was not
observed.

The production of protein hydrolysates
provides the basis for the use of low-protein
sources and their conversion into a protein-
rich protein product. The conditions of the
hydrolysis process, including the proportion
of distilled water to the substrate, had a
significant effect on the functional and
antioxidant  properties of the protein
hydrolysate produced. Protein hydrolysates
from bigeye ilisha with 4:1 ratio of distilled
water to substrate showed the highest amount
of soluble protein and solubility. In terms of
hydrolysis degree and their functional
features, there was no significant difference
with protein hydrolysates obtained from 5:1
ratio. As a result, the production of protein
hydrolysate from bigeye ilisha with 4:1 ratio
of distilled water to the substrate is
recommended to produce protein hydrolysates
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with high functional properties and 5:1 ratio
in order to produce protein hydrolysates with
high antioxidant properties.
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