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Abstract Previously, we have reported the composition, mo-
lecular mass distribution and in vivo immunomodulatory ef-
fects of common carp roe protein hydrolysates. In the current
study, antioxidative activity and functional properties of com-
mon carp (Cyprinus carpio) roe (egg) protein hydrolysates,
prepared by pepsin, trypsin and Alcalase, were evaluated.
The three hydrolysates showed excellent antioxidant activities
in a dose dependent manner in various in vitro models such as
2,2 diphenyl-1-picrylhydrazyl (DPPH) radical scavenging ac-
tivity, 2,2'—azino-bis(3-ethylbenzthiazoline-6)-sulfonic acid
(ABTS") radical scavenging activity, ferric reducing antioxi-
dant power (FRAP) and ferrous ion (Fe”") chelating ability.
Enzymatic hydrolysis significantly increased protein solubili-
ty of the hydrolysates to above 62 % over a wide pH range (2—
12). Carp roe hydrolysates exhibited good foaming and emul-
sification properties. The results suggest that bioactive carp
roe protein hydrolysates (CRPHs) with good functional prop-
erties could be useful in health food/nutraceutical/pharmaceu-
tical industry for various applications.
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Introduction

Large quantities of protein rich fish processing by-products or
underutilized fish species are discarded as waste, without any
attempt to recover the essential nutrients and bioactive pep-
tides. In vitro enzymatic hydrolysis is widely used method to
extract bioactive peptides/protein hydrolysates from variety of
food proteins. Enzymatic hydrolysis of fish proteins is an ef-
ficient way to recover the essential nutrients and potential
bioactive peptides with well-defined functional properties.
Application of proteolytic enzymes is often an attractive
means for improving functional properties of food proteins,
without losing their nutritional and biological value.
Hydrolysates produced by enzymatic hydrolysis contain well
defined peptide profiles. Pepsin, trypsin, and Alcalase have
been tested successfully for the production of bioactive pro-
tein hydrolysates from variety of fish proteins (Chalamaiah
et al. 2012). Fish protein hydrolysates have been reported to
have good potential for nutritional, pharmaceutical, cosmetic
and nutraceutical application as functional ingredient due to
their health promoting effects (Chalamaiah et al. 2012).
Enzymatic hydrolysis has been applied to many food pro-
teins to release bioactive peptides with desired functional
properties. Several recent studies have shown that protein hy-
drolysates with antioxidant activity can be produced from var-
ious fish proteins by enzymatic hydrolysis (Bougatef et al.
2009; Cheung et al. 2012; Slizyte et al. 2009). During enzy-
matic hydrolysis, peptide bond cleavage allows the release of
active peptides capable of sequestering oxygen radicals, che-
lating pro-oxidant metal ions and inhibiting lipid peroxidation
in food systems (You et al. 2010). In addition, enzymatic
hydrolysis generates low molecular weight peptides with ex-
cellent functional characteristics. The functionalities of fish
protein hydrolysates are affected by the type of protein, en-
zyme used, and degree of hydrolysis (DH) (Klompong et al.
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2007). Antioxidant activity has been reported for fish protein
hydrolysates prepared from several fish protein sources,
which include pink perch muscle (Naqash and Nazeer
2013), tuna liver (Je et al. 2009), cod backbone (Slizyte
et al. 2009), silver carp processing by-products (Zhong et al.
2011) and Labeo rohita egg (Chalamaiah et al. 2013).

India is one of the major producers of common carp. The
spawning of common carp occurs throughout the year in trop-
ical India with fecundity ranged from 100 to 230 g eggs/kg
body weight (~10 to 23 % of total fish weight) (FAO 2006). In
India, large quantities of common carp roes are discarded as
waste, without any attempt to recover the essential nutrients
and bioactive molecules. Therefore, the production of protein
hydrolysates with antioxidant activities as well as good func-
tional properties can pave the way for better utilization of this
species. In our previous study, the chemical composition, mo-
lecular mass distribution and immunomodulatory effects of
common carp egg protein hydrolysates have been reported
(Chalamaiah et al. 2014). Studies related to antioxidant activ-
ity and functional characteristics of common carp roe hydro-
lysates are scanty. Hence, in the present study enzymatic hy-
drolysis of common carp roe was performed using pepsin,
trypsin and Alcalase to produce antioxidant protein hydroly-
sates with good functional characteristics. The objectives of
this investigation were to study the antioxidant activity and
functional properties of protein hydrolysates prepared from
common carp roe (egg) using pepsin, trypsin and Alcalase
enzymes.

Materials and methods

Enzymes and chemicals Enzymes, pepsin (from HOG stom-
ach, 1:3000) and trypsin (from bovine pancreas, 1:250) were
obtained from Loba Chemie Pvt. Ltd. (Mumbai, India).
Alcalase (2.4 L-AU-A/g), DPPH (2,2 diphenyl-1-
picrylhydrazyl), ABTS (2,2'-azino-bis(3-
ethylbenzthiazoline-6-sulfonic acid), ferrozine and ferrous
chloride were purchased from Sigma (St. Louis, MO, USA).
Potassium ferricyanide, ferric chloride, ammonium thiocya-
nate and trichloroacetic acid (TCA) were procured from Hi
Media Laboratories Pvt. Ltd. (Mumbai, India).

Roe sample preparation Common carp (Cyprinus carpio)
roes (eggs) were obtained from a local fish market (Andhra
Pradesh Fisheries Department, Hyderabad) immediately after
processing and brought to the laboratory, stored at 4 °C for <
2 h before experimental work. Fresh roes were separated from
blood vessels, skeins, and homogenized using high speed
mixer (Sumeet, India) to get fish roe homogenate. The roe
homogenate was dried at 48+2 °C for 8 h in a cabinet tray
dryer (Chemida, Mumbai), ground to powder using a high
speed mixer and passed through 180 p mesh to get fine
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powder. The roe powder was stored in Schott duran screw
cap bottle (Schott Duran, Germany) at —20 °C until used for
experimental work.

Preparation of protein hydrolysates from common carp roe
(egg) Protein hydrolysates were prepared using optimum en-
zyme concentration as reported in earlier study (Chalamaiah
et al. 2014). Carp roe powder (5 g, protein basis) was
suspended in 150 ml of distilled water. The mixture was ad-
justed to the optimum pH (2.0 for pepsin or 8.0 for trypsin and
Alcalase) for enzyme activity. The mixtures were pre-
incubated at 37 °C for pepsin and trypsin or 55 °C for
Alcalase for 10 min prior to enzymatic hydrolysis. The protein
hydrolysis reaction was initiated by the addition of the enzyme
at a level of 1.5 % (w/w for pepsin and trypsin or v/w for
Alcalase). The enzymatic reaction was performed for
180 min with continuous stirring by maintaining optimum
temperature (37+1 °C for pepsin and trypsin, or 55+1 °C
for Alcalase). The enzyme activity was terminated by keeping
the mixture in boiling water bath at 85-95 °C for 20 min. After
enzyme inactivation, pepsin reaction mixture was neutralized
to pH 7.0 with IN NaOH. The slurry was then centrifuged at
13,000g using Eppendorf centrifuge (Model 5810 R,
Germany) for 30 min at 4 °C and the soluble aqueous fraction
was decanted, vacuum dried, and stored in Schott Duran
screw cap bottles (Schott Duran, Germany) at —20 °C until
further experiments.

Determination of antioxidant activities

DPPH radical scavenging activity DPPH (2,2 diphenyl-1-
picrylhydrazyl) radical scavenging activity was determined
according to the method of Klompong et al. (2007), with slight
modification. Various concentrations (0.5, 1.0, 1.5, 2.0 and
2.5 mg/ml) of common carp roe protein hydrolysates were
taken in 4 ml distilled water and 1 ml of 0.15 mM DPPH
was added, and incubated for 30 min at room temperature in
dark and absorbance was read at 517 nm using UV-Visible
spectrophotometer (Perkin-Elmer Lambda 1, USA). Distilled
water was used for control sample. Radical scavenging activ-
ity was calculated using the following formula.

(C-CB)—(S-SB)

100
(CCB)

(1)

C, CB, S and SB are the absorbance of the control, blank
control, sample and blank samples.

Radical scavenging activity(%) =

ABTS" radical scavenging activity ABTS" (2,2'-azinobis(3-
ethylbenzothiazoline-6-sulfonic acid) radical scavenging ac-
tivity was measured by following the method of
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Khantaphant and Benjakul (2008). ABTS™ radical was pro-
duced by allowing the ABTS stock solution (7.4 mM in dis-
tilled water) to react with 2.6 mM potassium persulfate at ratio
of 1:1 (v/) in dark (at room temperature, 25+2 °C) for 14 h.
Then ABTS" solution was diluted with methanol to obtain the
absorbance of 1.1 at 734 nm. Different concentrations (0.1,
0.2, 0.3, 0.4 and 0.5 mg/ml) of the hydrolysates were taken in
1 ml of distilled water and mixed with 3.0 ml of ABTS"
solution and incubated at room temperature for 30 min in dark.
Control sample was performed using distilled water. The ab-
sorbance was read at 734 nm and percent ABTS" radical
scavenging activity was calculated using Eq. (1).

Ferric reducing antioxidant power (FRAP) Ferric reducing
antioxidant power was determined by following the method
of Wu et al. (2003), with minor modification. Two ml sample
(1.0, 2.0, 3.0, 4.0, and 5.0 mg/ml) and 2 ml 1 % potassium
ferricyanide were added to 2 ml of 0.2 M phosphate buffer
(pH 6.6), and the mixture was incubated at 50 °C for 20 min.
Then 2 ml of 10 % TCA was added and centrifuged for 10 min
at 3000 rpm. To the upper layer (2 ml) of each sample, 2 ml of
distilled water and 0.4 ml of 0.1 % ferric chloride were added.
The reaction was allowed for 10 min, and absorbance of the
solution was measured at 700 nm. The control was prepared
using distilled water instead of the sample. Increasing absor-
bance at 700 nm indicates increasing reducing power of pro-
tein hydrolysates.

Ferrous (Fe °*) ion chelating ability Ferrous ion chelating
activity of the hydrolysates was determined according to the
method of Klompong et al. (2007). Various concentrations of
roe hydrolysates (0.5, 1.0, 1.5, 2.0 and 2.5 mg/ml) were mixed
with 4.7 ml of distilled water. 0.1 ml of 2 mM FeCl, and
0.2 ml of 5 mM 3-(2-pyridyl)-5,6-bis(4-phenyl-sulfonic ac-
id)-1,2,4-triazine (ferrozine) were added to the samples and
incubated for 20 min at room temperature. The absorbance
was measured at 562 nm. The control was prepared using
distilled water. Ferrous ion chelating ability (%) was calculat-
ed using following formula.

(C-CB)—(S-SB)

Ferrous ion chelating activity(%) = ——c<p % 100
(2)

C, CB, S and SB are the absorbance of the control, blank
control, sample and blank samples.

Evaluation of functional properties of CRPHs

Protein solubility Protein solubility of the hydrolysates was
determined by following the method of Klompong et al.
(2007). Two hundred milligrams of hydrolysates were taken
in 20 ml of distilled water, and the mixture was adjusted to

desired pH value (from 2 to 12) with 0.5 N hydrochloric acid
(HCI) or 0.5 N sodium hydroxide (NaOH). The mixture was
stirred at room temperature (2542 °C) for 30 min, and then
centrifuged at 4500g for 30 min at 4 °C. Protein content in the
supernatant was determined using the Biuret method
(Weichselbaum 1946). Protein solubility was calculated using
the following formula.

Protein content in supernatant

Protein Solubility(%) = - -
rotein Solubility(%) Total protein content in sample

x 100

Foaming properties Foaming properties (foam capacity and
foam stability) were measured according to the method of
Klompong et al. (2007), with minor modification. Roe protein
hydrolysates (0.5 %) were dissolved in 20 ml of distilled wa-
ter, pH was adjusted to 2, 4, 6, 8 and 10 using 0.5 N HCI or
0.5 N NaOH, and then the contents were transferred into
100 ml measuring cylinder and whipped for 30 s. Total vol-
ume was recorded immediately at 0, 30 and 60 min. Foam
capacity and foam stability were calculated according to the
following equations.

Foam capacity(%) = [(A-B)/B] x 100

A is the volume after whipping at ‘0’ min (ml)
B s the volume before whipping (ml)

Foam Stability(%) = [(A—B)/B] x 100

A 1is the volume at 30 and 60 min (ml)
B is the volume before whipping (ml)

Emulsifying properties Emulsifying activity index (EAI) and
emulsion stability index (ESI) were determined using the
method of Pearce and Kinsella (1978). Fifteen ml of 1 %
protein hydrolysate was mixed with 5 ml of sunflower oil
and pH was adjusted to 2, 4, 6, 8 and 10 using 0.5 N HCI or
0.5 N NaOH. The mixture was homogenized for 1 min at a
speed of 18,000 rpm, using IKA T25 digital Ultr-Turrax ho-
mogenizer. An aliquot of the emulsion (50 pl) was taken from
bottom of the tube at 0 and 10 min after homogenization and
mixed with 5 ml of 0.1 % sodium dodecylsulphate (SDS)
solution (1:100 dilution). The absorbance of the diluted solu-
tion was measured at 500 nm using UV-Visible spectropho-
tometer (Perkin-Elmer Lambda 1, USA). The absorbances
measured immediately (Ag) and 10 min (A;) after emulsion
formation were used to calculate emulsifying activity index
(EAI) and emulsion stability index (ESI). EAI and ESI were
calculated using the following formula.

2 x2.303 x dil x A
BAI(m’/g) = — 5 10,000
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Where dil is the dilution factor (100);

A is the absorbance at 500 nm
¢ is the protein concentration (g/ml), 0.01
0 is the disperse phase volume fraction (0.25).

ESI(Min) = Ag x At/AA

Where AA=Ay— Ao and At=10 min

Statistical analysis All the experiments were performed in
triplicates and the mean values were reported. The statistical
analysis was done using one-way analysis of variance
(ANOVA) with post hoc multiple comparisons (least signifi-
cant difference). Statistical significant was evaluated at
P<0.05. Statistical analyses were performed using SPSS
16.0 for Windows (SPSS Inc., Chicago, IL).

Results and discussion

The percentage of degree of hydrolysis (DH) of common carp
roe (egg) after 180 min was found to be 30, 19.5, and 12.7 %
for pepsin, trypsin, and Alcalase enzymes, respectively
(Chalamaiah et al. 2014).

Antioxidant activity

Measurement of antioxidant capacity using single method
cannot provide the compound’s ability to act as antioxidant.
Hence, this study involved four in vitro methods such as 2,2
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activi-
ty, 2,2'—azino-bis(3 ethylbenzthiazoline-6)-sulfonic acid
(ABTS") radical scavenging activity, ferric (Fe’") reducing
antioxidant power (FRAP) and metal chelating activity.

DPPH and ABTS" radical scavenging activities The radical
scavenging activity of carp roe protein hydrolysates (CRPHs)
was assessed by using two in vitro free radical models, name-
ly, DPPH and ABTS". When DPPH and ABTS radicals en-
counter a proton-donating substance such as an antioxidant,
the radical is scavenged, and the absorbance is reduced by
changing the color (Liu et al. 2010). As depicted in Fig. 1,
carp roe protein hydrolysates showed good DPPH and ABTS "
radical-inhibiting activity in a dose-dependent manner. Our
findings are in line with previous results reported by
Intarasirisawat et al. (2012) and Chalamaiah et al. (2013)
who reported that the DPPH and ABTS scavenging activity
increased with increasing concentrations.
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Fig. 1 Scavenging effect of carp roe protein hydrolysates on 2,2-
diphenyl-1-picrylhydrazyl (DPPH) (a) and 2,2'-azino-bis(3-
ethylbenzthiazoline-6-sulfonic acid) (ABTS") radicals (b). (n=3, mean
+SD). Error bars represent standard deviations from triplicate
determinations. Different superscript letters (a, b, ¢) on same
concentration of the three hydrolysates indicate significant difference at
P<0.05

The low molecular mass peptides (<10 kDa) present in the
CRPHs might be responsible for the exhibited radical
inhibiting activity (Chalamaiah et al. 2014). Presence of ami-
no acids such as histidine, methionine, cysteine, phenylala-
nine and tyrosine in the CRPHs might have contributed to
better DPPH and ABTS" radicals scavenging activities
(Chalamaiah et al. 2014). In the current study, ICs, value
(mg/ml) is used to evaluate the scavenging activity of
CRPHs. ICs is defined as concentration of sample required
to attain a 50 % reduction of the initial DPPH or ABTS"
radical concentration. For DPPH radical, the ICs, values were
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found to be 1.151, 1.158 and 2.255 mg/ml for Alcalase, tryp-
sin and pepsin hydrolysates, respectively. In case of ABTS"
radical, the scavenging activity of the hydrolysates was in
order of trypsin (ICs5¢=0.186 mg/ml)>pepsin (ICs59=
0.235 mg/ml)>Alcalase (IC50=0.301 mg/ml). The three hy-
drolysates exhibited significant difference (P<0.05) in DPPH
and ABTS" radicals inhibiting activity. The significant differ-
ence (P<0.05) in radical inhibiting activity of CRPHs might
be due to the difference in the sequence, amino acid constitu-
ents and size of peptides, resulted from different DH
(Chalamaiah et al. 2014). The results obtained suggest that
the three hydrolysates contained some peptides that were elec-
tron donors and could react with free radicals to convert them
to more stable products and terminate the radical chain reac-
tion (Jemil et al. 2014). The radical scavenging activities of
fish protein hydrolysates are usually associated with the amino
acid composition, sequence and hydrophobicity (Bougatef
et al. 2010; Chalamaiah et al. 2012; Gimenez et al. 2009).
DPPH and ABTS scavenging activity was also reported in
protein hydrolysate prepared from Pangasius sutchi
(Najafian and Babji 2015), Nemipterus hexodon (Nalinanon
et al. 2011) and Mustelus griseus (Wang et al. 2014). The free
radical antioxidant activity shown by carp roe hydrolysates
could be useful in the preparation of health foods/
nutraceuticals.

Ferric (Fe**) reducing antioxidant power (FRAP) The reduc-
ing power assay is often used to evaluate the ability of an
antioxidant to donate an electron or hydrogen (Klompong
et al. 2007). Antioxidative peptides in protein hydrolysate
were able to reduce the Fe*ferric cyanide complex to the
ferrous form. Fe*" complex can be monitored by measuring
the formation of Perl’s Prussian blue at 700 nm
(Intarasirisawat et al. 2012). As shown in Fig. 2, carp roe
protein hydrolysates (CRPHs) exhibited strong reducing pow-
er (absorbance at 700 nm) in a dose dependent manner (1—
5 mg/ml). The reducing power of the three hydrolysates in-
creased with increasing concentrations. Compounds with
higher reducing power have better abilities to donate electron
or hydrogen and serve as a significant indicator of its potential
for use as an antioxidant (Je et al. 2009). The strong reducing
power of CRPHs may be attributed to the increased availabil-
ity of hydrogen ions (protons and electrons) due to release of
the peptides by enzymatic hydrolysis (Liu et al. 2010). Strong
ferric ion reducing power was reported for tuna liver protein
hydrolysates by Je et al. (2009). At concentrations 2, 3, 4 and
5 mg/ml pepsin hydrolysate showed significantly lower
(P<0.05) reducing power compared to trypsin and Alcalase
hydrolysates. In the present study, ferric reducing antioxidant
power was mainly influenced by type of the protease used for
hydrolysis (Klompong et al. 2007; Wiriyaphan et al. 2012).
Various proteases generate peptides of varying sequences,
compositions and sizes depending on the enzyme specificity.
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Fig. 2 Ferric (Fe*") reducing power of carp roe protein hydrolysates
measured by the ability to donate electrons and reduce Fe**to Fe®" ions.
The formation of Fe**/ferricyanide complex was measured as the
absorbance at 700 nm. The increasing absorbance at 700 nm indicates
increasing reducing power. Different superscript letters (a, b, ¢) on same
concentration of the three hydrolysates indicate significant difference at
P<0.05

Present study results clearly showed that reducing power abil-
ity of roe protein hydrolysates mainly depend on the type of
protease, and further support the other findings reported by
Wiriyaphan et al. (2012), Bougatef et al. (2009) and Zhao
et al. (2012). The reducing power of CRPHs is comparable
to the reducing power of skipjack (Katsuwonous pelamis) roe
protein hydrolysates (Intarasirisawat et al. 2012).

Metal (Fe’") chelating activity Transition metals such as iron
and copper are well-known stimuli of lipid peroxidation and
their chelation helps to retard the peroxidation and subse-
quently prevent damage to cells and tissues (Nasri et al.
2013). Metal chelating activity of carp roe protein hydroly-
sates (CRPHs) is presented in Fig. 3. The results showed that
hydrolysates obtained by three proteases displayed excellent
Fe?"ion chelating activity in a dose dependent manner. At
lower concentrations (0.5, 1, and 1.5 mg/ml) the three hydro-
lysates showed significant difference (P<0.05) in chelating
activity, whereas at higher concentrations (2 and 2.5 mg/ml)
no significant difference (P>0.05) was observed. These re-
sults are similar to those found in protein hydrolysates pre-
pared from cuttlefish (Sepia officinalis) muscle (Hmidet et al.
2011) and skipjack roe (Intarasirisawat et al. 2012) by enzy-
matic treatment. The metal chelating activity of CRPHs was in
the order of pepsin (IC5y=0.615)>Alcalase (IC570=0.948)>
trypsin (ICso=1.341). Various proteases could produce pep-
tides of varying chain lengths of different amino acids, based
on their specificity. Intarasirisawat et al. (2012) reported that
the peptide chain length is essential for the chelating activity
of roe protein hydrolysates. Generally, histidine containing
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Fig. 3 Metal (Fe’") chelating ability of carp roe protein hydrolysates.
Error bars represent standard deviation from triplicate experiments.
Different superscript letters (a, b, ¢) on same concentration of the three
hydrolysates indicate significant difference at P<0.05

peptides are well known to act as strong metal ion chelators
(Chalamaiah et al. 2012). The Fe*" ion chelating activity ob-
tained in the current study might be related to the presence of
histidine residues (Chalamaiah et al. 2014). The low molecu-
lar mass peptides in the CRPHs could chelate the prooxidants
(Fe*', Cu®") and thereby decrease lipid oxidation, and con-
tribute as indirect antioxidants (Hmidet et al. 2011). These
results suggest that peptides in the CRPHs could be potential
antioxidants through metal chelating ability.

Functional properties

Protein solubility High solubility of fish protein hydrolysates
is important characteristic for many food applications, and it
influences the other functional properties such as foaming and
emulsification properties (Kristinsson and Rasco 2000).
Figure 4 shows the solubility profiles of carp roe protein hy-
drolysates (CRPHs). Roe hydrolysates obtained by pepsin,
trypsin and Alcalase showed more than 62.8 % solubility over
a wide range of pH 2 to 12. At pH 2, 3, 4 and 5, the three
hydrolysates exhibited relatively lower solubility when
compared to the solubility at pH values 8, 9, 10, 11 and 12.
Klompong et al. (2007) reported lower solubility at pH 2, 3, 4,
and 5 for yellow stripe trevally meat protein hydrolysates.
Protein hydrolysates usually exhibit low solubility at their
isoelectric points. The three hydrolysates showed higher sol-
ubilities (>87 %) at pH values 6 to 12. This indicates that pH
influences the charge on weakly acidic and basic side chain
groups of peptides. Enzymatic hydrolysis by pepsin, trypsin
and Alcalase substantially improved the solubility of CRPHs
when compared to solubility profile of un-hydrolyzed roe pro-
teins. Solubility is one of the most important characteristic of
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proteins/protein hydrolysates which has pronounced effect on
other functional properties such as emulsification and foaming
capacities (Kristinsson and Rasco 2000). Higher solubility
profiles (from 62.8 to 100 %) obtained in the current study
might be due to reduction in the molecular size and an increase
in the number of polar groups by enzymatic hydrolysis
(Chalamaiah et al. 2014). Conversion of proteins into peptides
leads to more soluble products (Gbogouri et al. 2004).
Solubility profiles of carp roe protein hydrolysates are com-
parable with the solubility profiles of Cirrhinus mrigala roe
protein hydrolysates (Chalamaiah et al. 2010). High solubility
of CRPHs could be useful in the preparation of various
food/pharmaceutical formulations.

Foaming properties Foaming capacity of carp roe protein
hydrolysates (CRPHs) is presented in Fig. Sa. Foams are
biphasic colloidal systems with a continuous liquid and a
dispersed air phase (Liu et al. 2010). Carp roe protein hy-
drolysates showed superior foaming capacity (71-188 %)
when compared to the untreated carp roe proteins, which
exhibited lower foam capacity (41-78 %) at various pH
values of 2—10. For a protein/protein hydrolysate to exhibit
good foaming capacity, rapid migration to the air—water in-
terface, unfolding and rearranging at the interface are very
important characteristics. In the present study, CRPHs likely
contained peptides with more hydrophobic amino acids and
adsorb rapidly at the air-water interface. pH markedly affect-
ed the foaming capacity of CRPHs. The hydrolysates pro-
duced by the three enzymes showed different pattern of
foaming capacity at all the pH levels (2-10). This could be
attributable to the fact that peptides in the hydrolysates
might have different compositions, sizes, and variations in
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the net charge of peptides (Pacheco-Aguilar et al. 2008).
Klompong et al. (2007) reported foaming capacity for yel-
low stripe trevally protein hydrolysates at different pH
values (2 tol0), which are comparable to the present study
results. Previous study by Chalamaiah et al. (2010) reported
lower foam capacity values for Cirrhinus mrigala roe pro-
tein hydrolysates than the present study values.

As shown in Fig. 5b, the three hydrolysates exhibited good
foam stability. Not much difference was observed between 30
and 60 min foam stability of the three hydrolysates. Foam
stability of CRPHs was considerably influenced by the pH
of'the dispersing medium. Trypsin hydrolysate showed higher
foam stability (100-141 %) after 30 min than pepsin and
Alcalase hydrolysates. Generally, larger peptides in the hydro-
lysates could form flexible films around the air bubbles and
form more stable foam. Foam stability values obtained in the
present study were higher than the values reported by
Pacheco-Aguilar et al. (2008) for protein hydrolysates pro-
duced from Pacific whiting (Merluccius productus) muscle.

The high foaming capacity of CRPHs could be useful in food
industry for various applications.

Emulsifying properties The capacity of protein hydrolysates to
form stable emulsions is important since interaction between
proteins and lipids is essential for application in many food
systems. Emulsifying activity index (EAI) and emulsion stabil-
ity index (ESI) of carp roe hydrolysates are depicted in Fig. 6a
and b. Roe hydrolysates obtained by pepsin, trypsin and
Alcalase exhibited good EAI and ESI at various pH values (2,
4, 6, 8 and 10). pH markedly affected the EAI and ESI of
CRPHs. This indicates that the sequences and compositions of
amino acids in peptides of pepsin, trypsin and Alcalase

a
—e— Pepsin
__| —°— Trypsin
40 —v— Alcalase
—&— Unhydrolyzed egg proteins
301
g
Q)
E 20/
<
8
10 A
0 T T T T
0 2 4 6 8 10 12
pH
b
60 —— PepSiI.l |
—o— Trypsin
504 —v— Alcalase
—2— Unhydrolyzed egg proteins
401
=
é 30 1
%
m
20 A
10 A
0 :
0 2 4 6 8 10 12

pH

Fig. 6 Emulsifying activity index (a) and emulsion stability index (b) of
common carp roe protein hydrolysates as influenced by pH. Data is
expressed as mean from three replicate experiments with standard
deviations
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hydrolysates might be different, leading to varying charge of the
resulting peptides at a particular pH and might have resulted in
varying EAI and ESI. Pacheco-Aguilar et al. (2008) reported
significant effect of pH on EAI and ESI of Pacific whiting
(Merluccius productus) muscle protein hydrolysates. In the pres-
ent study, pepsin hydrolysate with 30 % DH showed higher EAI
and ESI (at pH 6, 8 and 10) than trypsin and Alcalase hydroly-
sates. Generally, higher degree of hydrolysis brings about the
loss of emulsifying properties (Kristinsson and Rasco 2000;
Gbogouri et al. 2004). Several previous studies reported positive
relationship between peptide length and emulsifying properties
of protein hydrolysates (Kristinsson and Rasco 2000; Liu et al.
2010). Klompong et al. (2007) reported similar EAI at both 15
and 25 % DH for yellow stripe trevally protein hydrolysates.
Pepsin hydrolysate with 30 % DH likely contained peptides with
more amphiphilic characteristics that might favour the migration
of peptides to oil-water interface (Chalamaiah et al. 2014). The
results obtained in the present study are comparable to the results
of Zhao et al. (2012), who reported higher EAI at higher %DH
for rice dreg protein hydrolysates.

Conclusions

The present study demonstrated that the three proteases (pep-
sin, trypsin and Alcalase) are efficient in converting
underutilized carp roe proteins into bioactive protein hydroly-
sates with excellent functional properties. The three hydroly-
sates exhibited excellent antioxidant activity in a dose depen-
dent manner in various in vitro models such as DPPH radical
scavenging activity, ABTS" radical scavenging activity, ferric
reducing antioxidant power (FRAP) and metal (Fe*") chelat-
ing activity. The results suggested that the three hydrolysates
had good functional properties at various pH values (2—12).
The present study results suggest that the carp roe protein
hydrolysates with biological activities could be useful in func-
tional foods/health foods/nutraceuticals/pharmaceutical for-
mulations for various food and therapeutic applications.
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