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Abstract Fish protein hydrolysates (FPHs) were prepared
from freshwater carps (Catla catla, Labeo rohita, and
Cirrhinus mrigala) using flavorzyme at different degrees of
hydrolysis (DHs) ranging from 5 to 20%. The 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH) free-radical-scavenging
activity of the FPHs prepared from the three species were
in the range of 50-82%; the ferric reducing power of the
FPHs prepared from catla was the highest. The linoleic
acid peroxidation inhibition activity of the prepared FPHs
varied from 71 to 91%. The emulsion activity index of the
FPHs prepared from catla and rohu decreased significantly
with an increase in the DH (p < 0.05). The emulsion sta-
bility index of the FPHs prepared from the three species
was the highest at 20% DH. FPHs prepared from fresh-
water carps possess good antioxidant and surface-active
properties and are therefore suitable to be used as natural
antioxidants in health-food formulation and as water-sol-
uble antioxidants in the food-processing industry.

Keywords Freshwater carps - Antioxidant activity -
Emulsification property - Flavorzyme - Fish protein
hydrolysates

Introduction

Inrecent years, fish protein hydrolysates (FPHs) have received
significant attention owing to their bioactive properties. FPHs
are mainly derived using food-grade proteases from various
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sources. Application of enzymatic hydrolysis to FPH pro-
duction is a highly convenient technology and an easy
approach for improving the quality and usability of FPHs [1].
FPHs comprise amino acids and peptides of varying sizes
depending on the extent of hydrolysis and nature of proteases
[2]. The peptides present in FPHs have been reported to
exhibit bioactive properties, such as antioxidant properties,
angiotensin-I converting enzyme (ACE) inhibitory activity,
immune modulation, antithrombotic and antidiabetic proper-
ties [3-6]. The peptides responsible for bioactivity have a
molecular mass of less than 6000 Da, and the number of
amino acid residues varies from 2 to 20 [7].

The properties of FPHs are mainly governed by the amino
acid sequence and the composition of released peptides; they
also depend on the nature of the substrate used for hydrolysis,
the type of enzyme, and the extent of hydrolysis [8]. Among
the bioactive properties of FPHs, antioxidant activity has
been studied extensively considering its applications in food
processing. Prevention of lipid oxidation is essential to
minimize nutritional and economical losses in the food-
processing sector and to protect consumers against oxida-
tive-stress-mediated diseases [9]. Long-term use of synthetic
antioxidants is suspected to have toxic effects. There is a
growing interest in nontoxic natural antioxidative com-
pounds as an alternative to synthetic antioxidants. FPHs
prepared from different species such as grass carp
(Ctenopharyngdon idella), mackeral (Scomber austriasi-
cus), sardinella (Sardinella aurita), and red snapper (Lut-
Jjanus vitta) have been reported to exhibit antioxidative
properties [10-13]. In addition, the FPH provides higher
nutritional benefits due to the presence of low molecular
weight peptides and free amino acids [14].

India occupies the second position in the world in terms of
aquaculture production, and carps are the major species cul-
tured here, especially Catla catla, Labeo rohita, and Cirrhinus
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mrigala (Indian major carps). The utilization of these carps is
mainly in fresh and iced forms. Preparing FPHs with
nutraceutical value may strengthen the link between their
production and utilization. Studies on the bioactive properties
of protein hydrolysates from the muscles of Indian major carps
limited or rarely found in the literature. Hence, the objectives
of the present investigation are to prepare FPHs from fresh-
water carps using flavorzyme and to evaluate their emulsion
and antioxidant properties. Flavorzyme is a mixture of pro-
teases obtained from Aspergillus oryzae, and it exhibits both
endoprotease and exopeptidase activities. Consequently, it
can cause the formation of a wide range of peptides. In addi-
tion, it is known to minimize the bitterness of hydrolysates. It
is one of the most studied proteolytic enzymes to produce
protein hydrolysates with potential bioactive properties,
including antioxidant properties. Our research interest is to
produce protein hydrolysates from freshwater carps as a
functional food ingredient with bioactive potential. With this
rationale, we have chosen flavorzyme in the present study.
This study supports the possibility of using freshwater carps
for the preparation of muscle protein hydrolysates as a base for
the development of functional food ingredients.

Materials and methods
Fish

Freshwater carps, viz. C. catla, L. rohita, and C. mrigala,
were procured from a private farm at Shimoga, Karnataka,
India. The fish were fed using the conventional feed (rice
bran and groundnut oil cake) during the culture period.
Harvesting was performed in February, and the fish were
brought to the laboratory under iced conditions. The length
and weight of the three species of the Indian major carps used
were between 30 and 40 cm and 550 and 900 g, respectively.

Chemicals

Flavorzyme (from A. oryzae, activity >500 U/g, density
1.10-1.30 g/mL), 2,2-diphenyl-1-picrylhydrazyl (DPPH)
free radicals, iron (II) chloride, butylated hydroxy anisole
(BHA), butylated hydroxyl toluene (BHT), a-tocopherol,
linoleic acid, Sephadex G-25, aprotinin, vitamin B,, and
tryptophan were purchased from Sigma—Aldrich, Inc. (St.
Louis, MO, USA). All the other chemicals and reagents
used were of analytical grade.

Preparation of substrate

The fish were washed with chilled water and dressed. The
meat was separated using a meat—bone separator (SG, a
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model of Toyo Seikan Kaisha Limited, Tokyo, Japan) and
washed with chilled potable water (4 £+ 1 °C). The quan-
tity of water used for washing was 1:3 (meat:water, w/v).
The slurry was agitated for 3 min and allowed to settle for
7-10 min. Water was decanted and filtered through a
muslin cloth. Excess water was removed manually by
squeezing the mince. The water-washed meat was frozen at
—35 °C using an air-blast freezer (Armfield, Armfield
Limited, Ringwood Hampshire, England) and then stored
at —20 °C until further use.

Preparation of fish protein hydrolysates

FPHs were prepared from the three freshwater carps using
flavorzyme according to the procedure described by Ela-
varasan and Shamasundar [5]. The frozen mince was
thawed at 4 & 2 °C and used for the preparation of
hydrolysates. The fish mince was mixed with water in a
1:2 ratio (fish mince:water). The following conditions
were used for hydrolysis: temperature = 50 °C, pH
6.5 £ 0.2, and time of hydrolysis = 60 min. The mixture
was pre-incubated at 50 °C, and the hydrolysis reaction
was initiated by adding the enzyme. The concentration of
the enzyme added was derived from the plot of the log of
the enzyme to substrate concentration versus degree of
hydrolysis (DH) to achieve DHs of 5, 10, 15, and 20%
(data not given). The DH was calculated as the ratio of a-
amino nitrogen released during hydrolysis to total protein
nitrogen in the sample taken for the hydrolysis reaction.
Total protein nitrogen was estimated using the Kjeldahl
method [15], and o-amino nitrogen was determined
according to the method described by Taylor [16]. The
hydrolytic reaction was deactivated by heating the reac-
tion mixture in a boiling water bath for 15 min. It was
filtered using Grade 4 Whatman filter paper (GE Health-
care UK Ltd, Amersham Place Little Chalfont, Bucking
Hampshire, UK), and the filtrate was oven dried at
80 £ 2 °C till the moisture content was less than 5%.
Hydrolysates were designated based on the species used
for hydrolysis, i.e., as HCF (catla), HRF (rohu), and HMF
(mrigal), and stored under desiccation at ambient
temperature.

Analyses

DPPH free-radical-scavenging activity

The DPPH free-radical-scavenging activities of the FPHs
were determined according to the method described by Yen

and Wu [17] at a protein concentration of 10 mg/mL. The
DPPH free-radical-scavenging activity was calculated as:
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DPPH free radical scavenging activity(%)
B AbsSample % 100

=1
AbsComroI

Appropriate control was maintained using double-dis-
tilled water instead of sample. BHA and BHT were used at
a concentration of 200 ppm as positive controls to compare
the activity. The analysis was performed in triplicate, and
the mean values with standard deviation were reported.

Ferric reducing antioxidant power (FRAP) assay

The ferric reducing power of FPHs was determined using
the method described by Oyaiza [18] at a protein concen-
tration of 40 mg/mL. Color development was measured at
700 nm using a double-beam spectrophotometer. BHA and
BHT were used at a concentration of 200 ppm as positive
controls. The higher absorbance of the reaction mixture
indicated a higher reducing power. The test was performed
in triplicates, and the mean values with standard deviation
were reported.

Peroxidation inhibition activity in the linoleic acid
model system

The linoleic acid peroxidation inhibition (LAPI) activity
of the FPHs was measured according to the method
described by Osawa and Namiki [19] at a protein con-
centration of 10 mg/mL. The degree of oxidation of
linoleic acid was measured using the ferric thiocyanate
method, which was reported by Mitsuda et al. [20]. A
natural antioxidant a-tocopherol was used as the internal
standard. The experiments were performed in triplicate.
The ability of the FPHs to inhibit peroxide formation in
linoleic acid model system was calculated using a for-
mula mentioned below and expressed as the percentage
of the inhibition.

AbSSample

— x 100
AbsControl

Lipid peroxidation inhibition(%) = 1

Emulsion properties

Emulsion properties of the FPHs, such as the emulsion
activity index (EAI) and emulsion stability index (ESI),
were studied. EAI was determined according to the method
described by Pearce and Kinsella [21]. The turbidity of the
emulsion prepared was measured at 500 nm. The absor-
bance values measured immediately (Ag) and 10 min after
emulsion formation (A;y) were used to calculate the EAI
and ESI as follows:

2 x 2.303 x Abssoonm
EAI(m*/g) =
(/) 0.25 x proteinweight(g)
Ay x At
AA

where AA = Ay — Ao, At = 10 min, Ay = absorbance at
0 min, A,y = absorbance after 10 min.

ESI(min) =

Fractionation of HCF-DH 5% using size-exclusion
chromatography

The FPHs obtained from catla with a 5% DH (HCF-DH
5%) were used for fractionation using size-exclusion
chromatography. The choice of HCF-DH 5% for fraction-
ation was based on the experimental results obtained for
the antioxidant properties. Approximately, 0.5 g of HCF-
DH 5% was dissolved in 5 mL of distilled water and fil-
tered using a syringe filter made of nylon with a 0.2-pm
pore size. An aliquot of 2 mL of a hydrolysate solution was
loaded into a Sephadex G-25 gel (filtration column
(1.6 cm x 96 cm) pre-equilibrated with distilled water.
Elution was performed with distilled water, and fractions
(3 mL each) were collected at a flow rate of 30 mL/h.
Moreover, the absorbance at 280 nm was recorded. The
different fractions collected were pooled separately, freeze
dried (Edward Freeze Dryer, Super Modulyo, UK), and
stored under desiccated conditions at ambient temperature.
The DPPH free-radical-scavenging activity and ferric
reducing power of the fractions were analyzed at a protein
concentration of 3 mg/mL, as described earlier. The stan-
dard molecular weight markers used were aprotinin
(6512 Da), Vitamin B12 (1356.37 Da), and tryptophan
(204.22 Da). The molecular weight was determined by the
plot of Ve/Vo versus log o molecular weight; Ve is the
elution volume and Vo is the void volume.

Amino acid composition in the fraction of HCF-DH
5%

The amino acid composition in the fraction of HCF-DH 5%
was analyzed. The amino acid content was determined
after derivatization with phenylisothiocyanate (PITC),
according to the Waters Pico-Tag method reported by
Bidlingmeyer et al. [22] using the Waters Pico-Tag HPLC
amino acid analyzer (Water Model 712 WISP, Waters,
Watford, Herts, UK).

Statistical analysis
Statistical analysis was performed to test the effect of DH

and the type of species on the antioxidative properties. The
data were subjected to analysis of variance (ANOVA). The
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significant difference between the means was determined
by Duncan’s multiple range comparison test using a
statistics program (SPSS.16.0 for windows, SPSS Inc.,
Chicago, IL).

Results and discussion

In the present investigation, FPHs prepared from fresh-
water carps were produced at different DHs using fla-
vorzyme and evaluated for their antioxidant and surface
active properties.

Antioxidant properties

In general, the in vitro antioxidant properties of bioactive
substances are assayed using more than one method. In the
present study, we used the DPPH free-radical-scavenging
assay, the ferric reducing antioxidant power (FRAP) assay,
a fatty acid model system-the LAPI assay (LAPI). The
DPPH assay indicates the ability of the test sample to
provide hydrogen (proton), and the FRAP assay indicates
the ability of the sample to donate electron. The LAPI
assay imitates the situation where the oxidation of lipids
can be minimized using the studied material. Hence, in the
present study, assays working on different mechanisms,
i.e., electron transfer and proton transfer, and a model
system that uses hydrolysates to inhibit lipid/fatty acid
oxidation were employed.

DPPH free-radical-scavenging activity

The DPPH free-radical-scavenging activities of HCF, HRF,
and HMF are shown in Fig. 1(A). The DPPH free-radical-
scavenging assay has been widely used to investigate the
scavenging activities of antioxidant compounds. DPPH is a
stable free radical that shows maximum absorbance at
517 nm in ethanol. In the presence of a proton/electron-
donating substance, the DPPH radical is reduced and forms
yellow color [23]. The results of the present study indicate
that the peptides present in FPHs could donate pro-
tons/electrons that could interact with the DPPH free rad-
ical and reduce it to a stable form. With increasing DH,
there was a marginal increase in the scavenging activities
of HCF and HMF, whereas, HRF showed a radical-scav-
enging activity independent of DH. The difference in the
capacity of the FPHs to reduce the stable nitrogen free
radical (DPPH) could be due to different amino acid
compositions, sequences, and sizes of the peptides present
in them. The DPPH free-radical-scavenging activities of
the FPHs prepared with 20, 30, and 40% DH from brown
stripe red snapper using alcalase and flavourzyme were
significantly different [13]. The protein hydrolysates
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Fig. 1 DPPH free-radical-scavenging activity (A), ferric reducing
antioxidant power (B), and linoleic acid peroxidation inhibition
activity (C) of the FPHs from C. catla (HCF), L. rohita (HRF), and C.
mrigala (HMF), influenced by the DH. Two synthetic antioxidants,
namely butylated hydroxyl anisole (BHA) and butylated hydroxyl
toluene (BHT), were used for comparison. The error bars represent
the standard deviations from triplicates. Different capital letters on
the error bars within the same DH indicate that the results are
significantly different (p < 0.05). Different small letters on the error
bars within the same species indicate that the results are significantly
different (p < 0.05)

prepared from round scad muscle using flavorzyme and
alcalase showed an increase in the DPPH free-radical-
scavenging activity with an increase in the DH [24]. The
antioxidant properties of the FPHs prepared from yellow
stripe trevally using flavorzyme and alcalase showed a
decrease in the DPPH activity with an increase in the DH
[25]. These results suggest that the nature of substrate is an
important factor that affects the DPPH free-radical-scav-
enging activity. In the present study, all hydrolysates
showed significantly lower radical-scavenging activities
than BHA (p < 0.05).

Ferric reducing antioxidant power (FRAP)

The reducing power assay is often used to evaluate the
ability of a natural antioxidant to donate electron or
hydrogen [26]. Figure 1(B) shows the ability of the FPHs
prepared from freshwater carps using flavorzyme to reduce
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Fe** to Fe?*. The higher the reducing power of the sam-
ples, the better their abilities to donate an electron. The
presence of antioxidants in the FPHs results in the reduc-
tion of the ferric cyanide complex to a ferrous form, which
was monitored by measuring the formation of Perl’s
Prussian blue at 700 nm. HCF showed a higher reducing
power than HRF and HMF at any given DH. The reducing
power of HCF decreased marginally with an increase in the
DH. A similar trend was observed in the HRF samples. The
FRAP activity of HMF did not show any significant dif-
ference (p > 0.05) with changes in the DH. However, there
was a significant difference in the activity between 10 and
20% DH (p < 0.05).

There was no correlation between the DPPH free-radi-
cal-scavenging activity and FRAP of the FPHs studied
herein. This could be due to the different mechanisms of
action, i.e., the DPPH assay works on the proton-transfer
mechanism, whereas the FRAP assay works on the elec-
tron-transfer mechanism.

Linoleic acid peroxidation inhibition (LAPI) activity

The ability of the FPHs to inhibit the oxidation of linoleic
acid is shown in Fig. 1(C). HRF showed superior peroxi-
dation inhibition ability compared with HCF and HMF.
The peroxidation inhibition ability of HRF was uniform,
irrespective of DH (p < 0.05). The same trend was
observed for HCF. Among the hydrolysates, HMF-DH
10% showed the lowest activity. All the hydrolysates (at
10 mg/mL) showed better activity than o-tocopherol
(61.16% inhibition). Synthetic peptides with branched
chain residues (valine, leucine, isoleucine) exert better
antioxidative activity on lipid oxidation than the peptides
with non-branched amino acids [27]. The reaction of
oxygen with unsaturated lipids involves the initiation of
free-radical formation, propagation, and termination. Ini-
tiation results from the loss of a hydrogen radical in the
presence of trace elements, light, or heat. The resulting
lipid free radicals react with oxygen to form peroxy radi-
cals. In the propagation process, peroxy radicals react with
more lipids to form lipid hydroperoxides, which are the
primary products of autoxidation. The peptides containing
basic amino acids are electron acceptors from the radicals
formed during the oxidation process of unsaturated fatty
acids [28]. FPHs may terminate the free radicals which
promote the oxidation of unsaturated fatty acids. The
hydrophobic amino acids present in the sequence of the
peptides contribute greatly to their potential antioxidant
activity [29]. The peptides derived from fish proteins have
strong antioxidant properties in different oxidative systems
[30]. However, the exact mechanism of peptides acting as
antioxidants is not clearly known; however, aromatic

amino acids and histidine contribute significantly to the
antioxidant activity. Most of the marine food-derived
bioactive peptides show a higher antioxidative potential
when compared with o-tocopherol. For example, the pep-
tide (Glu-Ser-Thr-Val-Pro-Glu-Arg-Thr-His-Pro-Ala-Cys-
Pro-Asp-Phe-Asn), which is isolated from the peptic
hydrolysate of hoki (Johnius belengerii) frame protein,
inhibits lipid peroxidation more effectively than o-toco-
pherol and efficiently quenches different sources of free
radicals [31].

Emulsion properties

Bioactive substances can be used as functional ingredients.
To use FPHs as an antioxidant/emulsifier in emulsion-
based food systems, it is essential to understand their
emulsion properties. Thus, in the present study, the EAI
and ESI of the FPHs were studied on the basis of the DH.
The emulsion properties were assayed at a single concen-
tration (1% protein solution).

EAI

The EAI and ESI of the FPHs from freshwater carps were
studied as functions of the DH, and the results are pre-
sented in Fig. 2(A, B), which show that there is no clear
relationship between the EAI and DH of the FPHs obtained
from catla and mrigal. However, the EAI of the FPHs from
rohu (HRF) decreased with an increase in the DH. It is
generally accepted that an increase in the DH results in the
formation of smaller peptides that are usually hydrophilic
in nature [25]. Hydrophilic peptides stay in the aqueous
phase and may not migrate to the oil-water interface. Thus,
an increase in the DH results in a lower EAL The EAI of
the HCF and HMF samples were not related to the DH.
This indicates that the EAI depends not only on DH but
also on the relative distribution and amphiphilicity of the
peptides present in hydrolysates.

ESI

The ESI of the FPHs from rohu (HRF) with a 20% DH
yielded a value of 67 min. The ESI value of HRF increased
with the DH and was found to be significant. The ESI of
HCF and HMF did not show any relation with the DH. The
results imply that the ESI was mainly affected not only by
the DH but also by the nature of peptide chains. In the
present study, it is evident that the FPHs have peptides with
varying sizes and sequences. The interfacial properties of
proteins and peptides are mainly determined by the amino
acid composition and the structural conformation conferred
in the oil-water interface [32].

@ Springer
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Approximate molecular weight and antioxidant
activity of the peptide fractions in HCF-DH 5%

FPHs contain peptides with various sizes and some free
amino acids depending on the DH. Size-exclusion chro-
matography techniques separate the peptides into different
fractions with various molecular-weight ranges. In the
present study, based on the overall antioxidant activity,
HCF-DH 5% was chosen for fractionation using size-ex-
clusion chromatography. Fractionation of HCF-DH 5%
yielded three different peptide fractions (Fig. 3). The
approximate molecular weights of the peptides of Fractions
1, 2, and 3 were >7020-2546, 2379-987, and 923-658 Da,
respectively. The antioxidative properties of the fractions
assessed are given in Table 1. Fraction 2 showed the
highest DPPH free-radical-scavenging activity, followed
by Fractions 1 and 3, and Fraction 3 showed the highest
FRAP. The FRAP of the peptide fractions increased with a
decrease in the molecular-weight range. From the results, it
is evident that the size may not be the factor in determining
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the antioxidant activity of peptides and that peptide com-
position and sequence play an important role [33].

Amino acid composition of Fraction 2 from HCF-
DH 5%

The amino acid composition of Fraction 2 of HCF-DH 5%
is presented in Table 2. Fraction 2 was chosen to obtain the
amino acid profile because it showed a high radical-scav-
enging activity and moderate FRAP. Amino acid residues
such as histidine, cysteine, tyrosine, proline, hydroxypro-
line, and tryptophan as well as their positions play a crucial
role in determining the antioxidant properties. In the pre-
sent study, Fraction 2 contained a high proportion of gly-
cine, proline, and tyrosin. Amino acids such as histidine
and cysteine were not detected in the sample. It has been
reported by Chen et al. [34] that peptides exhibit stronger
antioxidant properties if they are rich in alanine, valine,
leucine, and arginine. In the present study, these amino
acids are present in moderate quantity and may be
responsible for the stronger antioxidant properties. The
ratio of total hydrophobic amino acids to the total amino
acid content in Fraction 2 was 42.31%. The hydrophobic to
total amino acid content ratio is believed to play an
important role in determining the antioxidant potential of
the fractions/hydrolysates [34, 35].

To conclude, in the present study, FPHs obtained from
water-washed mince of three freshwater carps, namely
catla, rohu, and mrigal were prepared using flavorzyme at
four different DHs (5, 10, 15, and 20%). The antioxidative
properties of the FPHs were varied in different species and
influenced by the DH. The molecular weight of the FPH
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Table 1 Approximate molecular weights of the peptide fractions obtained from HCF-DH 5% using size-exclusion chromatography and their

antioxidant properties

Fractions Molecular weight DPPH free-radical-scavenging Ferric reducing
distribution (Da) activity (%)* antioxidant power®

F-1 7020-2546 66.83 &+ 0.94 0.183 & 0.004

F-2 2379-987 76.06 + 2.51 0.292 + 0.001

F-3 923-658 40.54 + 0.31 0.480 + 0.021

* Mean =+ SD from triplicate determinations

Table 2 Amino acid composition of Fraction 2 obtained from HCF-
DH 5%

Amino acids Amino acid content (%)

Aspartic acid' 0.93 & 0.014
Glutamic acid' 4.01 £ 0.050
Hydroxy proline 2.20 £+ 0.020
Serine 4.59 £+ 0.010
Glycine 18.73 & 0.130
Histidine ND

Arginine 443 £ 0.110
Threonine 7.60 £ 0.050
Alanine? 6.80 £ 0.050
Proline® 12.30 & 0.050
Tyrosine 8.70 £ 0.030
Valine? 5.50 + 0.040
Methionine? 3.00 + 0.030
Cysteine ND
Isoluecine? 4.95 + 0.040
Luecine® 7.12 + 0.020
Phenylalanine® 0.12 + 0.002
Tryptophan® 2.5 + 0.006
Lysine 6.47 £ 0.180
TAA 99.95
THAA/TAA (%) 4231

! The aspartic and glutamic acid contents include asparagine and
glutamine respectively

2 Hydrophobic amino acids

ND not detected, THAA total hydrophobic amino acids, TAA total
amino acids

fraction from catla with 5% DH varied from 7020 to
658 Da. The FPHs from freshwater carps have the potential
to be used as an antioxidant in functional food formulation.
The FPHs prepared herein can find applications in the
development of peptide-based natural healthcare products.
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